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Abstract

Background Elderberry (Sambucus nigra L.) has been traditionally implemented in diverse preparations such as herbal
teas, syrups or juices as remedies for respiratory, febrile and other health conditions. Phytochemical and chromatographic
analyses of different organs mapped their metabolite profiles and allowed identification, and sometimes isolation, of their
main bioactive compounds.

Aim of the study Inspired by the rich and effective literature of S. nigra, this review article aims to summarize and highlight
its reported biological (traditional and research-based) and chemical profiles.

Methods The Keywords used in the search included biological activities, pharmacological reports, phytochemistry, isolated
compounds, taxonomy, botanical data, single or combination; traditional, traditionally, ethnopharmacology, folk uses, toxicity,
LD50, interactions, side effects, clinical studies, elderberry, elder, Sambucus nigra. Using different bibliographic databases,
Google Scholar, PubMed, Web of Science, Springer Link, and Science Direct with no specific limits.

Results In this context, elderberry is deemed a rich source for a myriad of bioactive compounds, mainly phenolics, and was
proven to exhibit a variety of health benefits, including antioxidant, anti-inflammatory, anticancer, anti-influenza, antimi-
crobial, antidiabetic, cardioprotective, and neuroprotective properties. This review also covers different analysis approaches
applied for S. nigra characterization in addition to literature studies attempted to optimize its extract(s) preparation process
in terms of different extraction solvents, temperatures or methodologies to enrich prepared extracts in beneficial and bioac-
tive metabolites.

Conclusion Overall, elderberry holds substantial potential as a rich dietary source of bioactive metabolites. Future research
into its application in functional foods and nutraceuticals may provide innovative strategies for the prevention and manage-
ment of various chronic diseases.

Clinical Trial Number in the manuscript Not applicable.
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Abbreviations

ABTS 2,2’ -Azinobis- (3-ethylbenzthiazoline-
6-sulfonic acid)

AGEs Strong advanced glycation end-products

AuNPs Gold nanoparticles

CD62L L-selectin

Clu Clusterin/apolipoprotein J

COX-2 Cyclo-oxygenase-2

CUPRAC Cupric ion reducing antioxidant capacity

Cyp7al Cholesterol 7a-hydroxylase

DPPH 2,2-Diphenyl-1-picrylhydrazyl

ERa Estrogen receptor alpha

fEPSP Field excitatory postsynaptic potential

FRAP Ferric reducing ability power

GLUT-4 Glucose transporter type 4

GSH Reduced glutathione

GSSG Oxidized glutathione

GPx Glutathione peroxidase
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HMG-CoA reductase
3p-Hydroxysteroid dehydrogenase
Hydrogen peroxide

Interleukin
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PONI1 Paraoxonase-1

PGE, Prostaglandin E2

PR Progesterone receptor

PS Population spike

ROS Reactive oxygen species

SARS-CoV-2 Severe Acute Respiratory Syndrome
Coronavirus 2

SAAL1 Serum amyloid

SOD Superoxide dismutase

STZ Streptozotocin

StAR Steroidogenic acute regulatory protein

TAD Diastolic blood pressure

TAS Systolic blood pressure

TNF-« Tumor necrotic factor-alpha

Introduction

Sambucus nigra L. (Viburnaceae family), often known as
European elder or black elder or elderberry, is a medicinal
shrub or small tree found in Europe, Africa, Asia, and North
America k. The plant’s flowers bloom from May to June, and
fruiting begins in July. The fruits fully ripen between late
August and early September (Atkinson and Atkinson 2002).
For centuries, elderberries have been used for diverse medi-
cal purposes. According to the British Pharmacopoeia 1788,
elderberry syrup, processed from ripe elderberry fruits, is
effective against coughs, colds, and constipation. Since 1887,
a decoction of dried elderberries has been used as a laxative in
Germany, while the tea prepared from fresh elderberries has
been used for the same purpose in Ukraine, Poland, Czechia,
and Slovakia (EMA/HMPC 2018). The white flowers of S.
nigra are also commonly utilized in folk medicine such as
in Albania, Algeria, Italy, and Spain, where they have been
consumed internally to cure bronchial infections, colds, and
stomachaches, as well as been used as an antipyretic, diu-
retic, digestive, and antirheumatic (Motti et al. 2022). In
this context, the dried flowers, or Sambuci flos, have been
included in pharmacopoeias, and their therapeutic properties
have been reported in several monographs. According to the
World Health Organization (WHO) Monographs on Selected
Medicinal Plants, elder flowers are diaphoretic, expectorant,
and used for symptomatic treatment of common cold (2022).
A similar report was also described in the European Union’s
herbal monograph on elderberry flowers indicating that decoc-
tions, infusions, liquid extracts, and tinctures of the flowers
have long been used to alleviate early symptoms of common
cold (EMA/HMPC 2018). Additionally, S. nigra was used
in Turkish traditional medicine to treat wounds, rheumatic
discomfort, common cold, and high fever (Siintar et al. 2010).

The high commercial value of S. nigra is mainly linked to
its high phenolic content (Silva et al. 2017). Research-based
studies attributed many of elderberry’s biological activities

to its high phenolic content, including antioxidant (Dawido-
wicz et al. 2006), antiflu (Torabian et al. 2019), anti-obesity
(Ulusoy et al. 2024), anti-inflammatory (Ho et al. 2017b),
and antidiabetic (Studziniska-Sroka et al. 2024a) effects.
Rutin (quercetin-3-O-rutinoside) is the most common flavo-
noid found throughout the plant, while other flavonoids found
in the flowers, fruits, and leaves include quercetin, querce-
tin-3-0-glucoside (isoquercitrin), kaempferol-3-O-rutinoside,
kaempferol-3-O-glucoside (astragaline), and quercetin-3-O-
galactoside (hyperoside). In terms of phenolic acids, the plant
is rich in chlorogenic, neochlorogenic, and cryptochlorogenic
acids (Ferreira et al. 2022b; Mtynarczyk et al. 2018).

Here in, we focused our research review on elderberry
as a plant that has been underexplored and underutilized in
the food and pharmaceutical industries. The review covers
the reported health benefits of elderberry (traditional and
experimental) in addition to its investigated phytochemical
profiles in terms of isolated, identified, characterized, or
quantified main secondary metabolites, and the analytical
methods used for these studies. The review also summa-
rizes the efforts exhibited to optimize different elderberry
extracts/preparations in the scene of higher contents of
desired metabolites and/or minimal contents of undesired
ones (if any) (Dominguez et al. 2020). This optimization is
crucial for better bioactivity profiles, which is a major con-
cern to phytochemists, nutritionists, the health care sector
and eventually consumers.

Botanical profile and taxonomy

(Charlebois et al. 2010; https://mainenaturalhistory.org/
product/free-mini-guide-black-elderberry-vs-red-elder
berry/; https://www.istockphoto.com/photos/sambu
cus-nigra).

Morphology

The elderberry plant forms shrubs and small trees in the fam-
ily Adoxaceae. These plants are primarily native to temper-
ate and subtropical regions across both hemispheres. They
are characterized by their bushy appearance, with numerous
straight canes emerging from the base, reaching heights of
up to 9 m (30 feet) and occasionally up to 10 m (33 feet). It
can live for 25 to 35 years under optimal conditions.

Canes and Bark: The canes are weakly lignified and have
a central white pith (Fig. 1A), making them somewhat brit-
tle. The bark is typically light brown, yellowish, or grayish,
featuring prominent lenticels and a deeply furrowed texture.

Leaves: The leaves are opposite, stipulate, and odd-pin-
nately compound, consisting of 5 to 11 leaflets, most com-
monly 5 to 7. Leaflets range from 3 to 9 cm in length and
exhibit a serrated margin. They are bright green to medium

@ Springer
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Fig. 1 Elderberry A Canes and
Bark, B Fruits (The copyright
of the images belongs to the fol-
lowing websites: https://maine
naturalhistory.org/product/free-
mini-guide-black-elderberry-vs-
red-elderberry/; https://www.
istockphoto.com/photos/sambu
cus-nigra)

A

green on the upper side and hairy on the underside, particu-
larly along the veins. The petiole can reach a length of 3 to
4 cm (Fig. 2A and B).

Inflorescence and Flowers: Elderberry produces flat-
topped clusters of small white or cream-colored flowers
in late spring. These flowers have a pleasant yet slightly
rancid odor and are followed by berry-like drupes that

Fig.2 Elderberry A- Whole
branch, B- Leaves, and C- Inflo-
rescence (The copyright of the
images belongs to the following
websites: https://mainenatur
alhistory.org/product/free-mini-
guide-black-elderberry-vs-
red-elderberry/; https://www.
istockphoto.com/photos/sambu
cus-nigra)
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ripen from green to red and finally black with a glossy
appearance over 6 to 8 weeks from July to September
(Fig. 2A and C).

Fruits: The fruits are spherical berries approximately
5-6 mm wide at maturity, containing several nutlets. They
are rich in anthocyanins, contributing to their intense blue-
purple coloration (Fig. 1B).
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Taxonomical data

English names: Black elderberry, Bour tree, Bore tree,

Elder, Common elder, European elder

Kingdom: Plantae

Order: Dipsacales
Family: Adoxaceae
Genus: Sambucus
Species: Sambucus nigra L
Phytochemistry

Secondary metabolites isolated from Sambucus
nigra

Various secondary metabolites were isolated from different
S. nigra organs viz. bark, seeds, flowers, leaves, and fruits.
These compounds belong to a wide range of metabolic
classes, including triterpenoids, sterols, fatty acids, cyano-
genic glycosides, phenolic glycosides, lignans, flavonoids,
and phenolic acids. Compounds isolated and reported from
S. nigra are summarized in Table 1, along with methods
of their isolation, structure elucidation, studied biologi-
cal activities, and organs from which they were isolated,
whereas their structures are presented in Figs. 3, 4, 5, 6, 7,
8,9, 10.

Chromatographic analysis of Sambucus nigra
extracts

Different organs of S. nigra were extensively investigated
using different liquid and gas chromatographic techniques
for metabolites profiling and identification. The applied chro-
matographic techniques, together with the resulting identified
metabolites, are briefly discussed in the upcoming sections.

LC/MS analysis of Sambucus nigra extracts

Liquid Chromatography coupled to Mass Spectrometry (LC/
MS) investigation of various extracts prepared from different
S. nigra organs, in addition to some processed products pre-
pared from flowers or berries (e.g. syrup, juice, tea, liqueur,
and spread) led to the identification of a myriad of metabo-
lites belonging to numerous phytochemical classes including
phenolic acids, flavonoids, anthocyanins, lignans, catechins,
coumarins, iridoids, fatty acids, organic acids, triterpenoids,
and cyanogenic glycosides. The identified metabolites are

listed in Table 2 along with the LC/MS technique utilized
for their identification, and specifications of the studied
extract(s), processed product(s) or organ(s).

GC/MS analysis of volatile components and fatty
acids in Sambucus nigra

Gas Chromatography coupled to Mass Spectrometry (GC/
MS) analysis resulted in the identification of hydrocarbons,
aldehydes, ketones, alcohols, esters, oxides, and terpenes
in addition to some fatty acids in S. nigra flowers (Kaack
2008; Kaack et al. 2006; Salvador et al. 2017; Vujanovi¢
et al. 2021) and fruits (Hale 2014; Vujanovi¢ et al. 2021).
Oxygen-containing monoterpenes represented around 98%
of the volatile constituents identified in flowers using head-
space GC/MS analysis (Salvador et al. 2017), while alkanes
were the major constituents of the essential oil obtained from
the air dried flowers, accounting for 75% of the identified
constituents (Floares et al. 2025). On the other hand, fatty
acids and alcohols, triterpenes, and sterols were identified in
the berries' dichloromethane extract (Salvador et al. 2015).
Additionally, fatty acids were the main components identi-
fied in extracts prepared from the leaves and inflorescence,
in addition to n-alkanes and n-alkane esters, triterpenes,
sterols, and monoglycerides (Basas-Jaumandreu and de Las
Heras 2019). Moreover, (Vujanovi¢ et al. 2021) reported
constitutional differences in essential oils prepared from
air-dried versus lyophilized berries. This means that the
composition of volatile, fatty, and other non-polar constitu-
ents in S. nigra varies according to several factors such as
state of the plant material (fresh or dried), drying technique,
and whether the analyzed sample is an essential oil or an
organic solvent extract. Refer to Table 3 which summarizes
the identified components in different S. organs through GC/
MS analysis.

Analysis of metabolites’ contents of Sambucus nigra
extracts and the effects of different extraction
methods

Various studies focused on determination of metabolites’
contents of different organs of S. nigra. These included
analysis of total phenolic, flavonoid, and anthocyanin con-
tents. In addition, some studies quantified selected metabo-
lites after their chromatographic identification, especially
the major phenolic acids, flavonoids, or anthocyanins in the
extracts investigated. The sections below discuss the inves-
tigated metabolites contents of S. nigra extracts, and the
effect of extraction methods applied, which can be a guide
for optimization of extraction techniques to prepare extracts
rich in desired components.

@ Springer
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Table 1 (continued)

18

Studied biological activity References

Structure elucidation

technique(s)

Isolation method

Extract

Organ

Class

Compound name

Springer

Yesilada et al. (2014)

Antiulcer

H', C* NMR, and FAB-

Successive chemical

Methanol

Leaves

Flavonol glycosides

Quercetin-3-0-glucoside

MS

separation techniques
of butanol fraction

Isorhamnetin-3-O-glu-

coside

including precipitation,

ion-exchange, silica gel,
and Sephadex column
chromatography

Analysis of total phenolic, flavonoid,
and anthocyanin contents of Sambucus nigra
extracts

Total phenolic, flavonoid, and anthocyanin contents (TPC,
TFC, and TAC, respectively) vary greatly depending on
several factors, including plant organ, extracting solvent,
extraction temperature, plant collection location, and applica-
tion of assisted extraction techniques such as ultrasound or
microwave-assisted extractions. For example, with applying
same extraction method on flowers and berries of S. nigra,
the flowers extract showed higher TPC and TFC, whereas
anthocyanins were only detected in the berries extract. On
the other hand, subjecting the aforementioned organs to an
in vitro digestion method resulted in an increase in TPC and a
decrease in TFC in both extracts, in addition to diminishing of
anthocyanins in the case of the berry extract (Ferreira-Santos
et al. 2021). Moreover, upon preparing an anthocyanin-rich
extract from S. nigra through purification of the berries aque-
ous extract by either membrane filtration or column chroma-
tography, the later showed higher TPC and TAC compared
to the membrane filtered extract (Banach et al. 2021). In
addition, the effect of solvent and solvent ratio on TPC and
TAC of S. nigra pomace was noticed. Extraction with water
at 1:30 ratio resulted in the highest TPC, whereas the high-
est TAC was achieved upon extraction with 70% ethanol at
1:20 ratio (Radvanyi et al. 2013). Similarly, (Uzlasir et al.
2021) investigated the effects of solvent nature, extraction
temperature, and extraction time on TPC of S. nigra flowers.
The results revealed that extraction with water at 100 °C for
30 min achieved the highest TPC among other investigated
extraction conditions. Likewise, (Ferreira-Santos et al. 2021)
compared aqueous extraction of S. nigra flowers at various
temperatures and reported that extraction at 90 °C yielded
the highest TPC compared to 50 and 70 °C. Another study
implied different extraction techniques: maceration, micro-
wave-assisted, or ultrasound-assisted extractions, together with
changing solvents between 50% ethanol and water, and showed
that microwave-assisted extraction using 50% ethanol afforded
the highest TPC and TFC among others (Milena et al. 2019).
Finally, TPC, TFC, and TAC of S. nigra berry 80% methanol
and flower aqueous extracts varied according to the location
of plant collection (Gentscheva et al. 2022; Porras-Mija et al.
2020). Literature studies that investigated TPC, TFC, and TAC
of different S. nigra organs, together with specifications of the
utilized extraction technique, solvent, temperature, and other
specified conditions are summarized in Table 4.

Quantitative analysis of selected metabolites
of Sambucus nigra extracts

In addition to isolation and metabolites identification of S.
nigra, some reseraches targeted total or specific metabolites
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Oleanolic acid

B-Amyrin

Fig.3 Triterpenoids isolated from Sambucus nigra (Elderberry)

quantification for comparative cross organ or extraction con-
ditions analyses and their effects on metabolites contents.
This included quantification of individual phenolic acids,
namely; hydroxybenzoic, protocatechuic, gentisic, coumaric,
vanillic, gallic, syringic, caffeoylquinic, dicaffeoylquinic,
ferulic, ellagic, cinnamic, rosmarinic, benzoic, salicylic,
sinapic, and caffeic acids, as well as flavonoids, including
hesperidin, apigenin, naringenin, quercetin, rutin, kaemp-
ferol, luteolin, vitexin, hyperoside, isoquercitrin, isorham-
netin, isorhamnetin 3-O-rutinoside, quercetin rutinoside,
morin, catechin, and epicatechin, and anthocyanins such as
cyanidin-3-sambubioside and cyanidin-3-glucoside. Accord-
ing to (Ferreira-Santos et al. 2022), the most abundant

Ursolic acid

MO

,.
o
W

a-Amyrin

HC

24-Methylene cycloartanol

20 B-hydroxy ursolic acid

phenolic acid found in S. nigra aqueous flower extract was
chlorogenic acid (up to 1198 mg/L), while ferulic acid was
the most dominant in aqueous berry extract (132 mg/L).
Rutin was the major flavonoid in flower extracts and the
only quantifiable one in berry extract (1564 and 162 mg/L,
respectively). The same study investigated the effect of
in vitro digestion on individual phenolic acids and flavonoid
contents, as well as TPC and TFC as mentioned previously.
Chlorogenic acid, rutin and quercetin contents decreased or
even diminished upon digestion in both flower and berry
extracts, whereas the contents of naringenin, ferulic, ellagic,
cinnamic, and rosmarinic acids increased. (Przybylska-Bal-
cerek et al. 2021) also revealed that chlorogenic acid and
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Il

RO

Compound name R

B-Sitosterol H

B-Sitosterol B-D-glucoside Glucose

Fig.4 Sterols isolated from Sambucus nigra (Elderberry)

rutin were the most abundant phenolic acid and flavonoid in
S. nigra aqueous berry extract after alkaline and acid hydrol-
ysis (139 and 1105 mg/g dry extract, respectively). Compar-
ing the effect of using different extraction techniques (mac-
eration, ultrasound- and microwave-assisted extractions) on
the phenolic acid and flavonoid contents of aqueous and 50%
ethanol extracts of S. nigra flowers revealed that chlorogenic
acid and rutin were the most abundant phenolic acid and
flavonoid in the investigated extracts, and that ultrasound-
assisted extraction resulted in the highest contents of them
(55 and 91 pg/mg extract, respectively) (Milena et al. 2019).
Likewise, comparing between maceration, continuous agi-
tation, and ultrasound-, microwave-, and enzyme-assisted
extractions of S. nigra berries using 60% ethanol revealed

Fig.5 Fatty acids isolated from o
Sambucus nigra (Elderberry)

that ultrasound-assisted extraction resulted in the highest
contents of rutin, chlorogenic and p-coumaric acids, whereas
enzyme-assisted extraction resulted in the highest contents
of gallic acid, in addition to caffeic and syringic acids, which
were not detectable in other extraction techniques.
Chlorogenic acid was the most abundant phenolic acid
obtained by all extraction techniques except for enzyme-
assisted extraction, where gallic acid predominated (Pascariu
et al. 2024). (Yesilada et al. 2014) adopted a more compre-
hensive quantitation study on the 70% methanol extracts of
S. nigra leaves, flowers, and berries, and assessed the cya-
nogenic glycosides content, in addition to phenolic acids,
flavonoids, and anthocyanins to ultimately determine which
organ is the richest in beneficial polyphenols, and the lowest
in content of harmful cyanogenic glycosides. In accordance
with other results, chlorogenic acid was the most abundant
phenolic acid, and leaf extract was the richest (3355 pg/g
dry weight) followed by flowers and berries (2528 and 1098
pg/g dry weight, respectively). Rutin was the most abundant
flavonoid with and its highest content is in berry extract
(3452 pg/g dry weight) compared to flower and leaf extracts
(2656 and 2025 pg/g dry weight, respectively). Anthocya-
nins were present only in berry extract, with the contents of
cyanidin-3- sambubioside and cyanidin-3-glucoside as 2593
and 2282 pg/g dry weight, respectively. Upon summation of
the contents of the quantified phenolic acids, flavonoids, and
anthocyanins, S. nigra berry extract contained the highest
total content of these beneficial metabolites. On the other
hand, the content of harmful cyanogenic glycosides was the
highest in leaf extract and the lowest in berry extract, with
the most abundant cyanogenic glycoside being sambuni-
grin (1006, 379, and 22 pg/g dry weight in leaf, flower, and
berry extracts, respectively). Hence, S. nigra berries could
be considered the safest and most beneficial organ compared
to leaves and flowers. Other metabolites such as fatty acid,
sugars, amino acids, and organic acids were quantified in

OH Q o

OH

o 11-hydroxy-9,15,16-trioxo octadecanoic acid

Q

OH
a-Linolenic acid

/\/WMOH
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Fig.6 Cyanogenic glycosides
isolated from Sambucus nigra
(Elderberry)
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Acetyl holocalin OH COCH;,

different organs of S. nigra and their contents are listed in
Table 5.

Traditional uses and ethnopharmacology
of Sambucus nigra

Different parts of S. nigra are used as food and herbal
supplements due to their high value (Sidor and Gramza-
Michatowska 2015; Smith et al. 2021). Traditionally,
extracts from the stem bark, leaves, flowers, fruits, and
roots are utilized to treat bronchitis, cough, upper respira-
tory infections, and fever. Elderberries have been historically
utilized in various preparations, such as herbal tea, syrup,
or juice (Mota et al. 2020; Sala et al. 2023). WHO (World
Health Organization) considers its fruits as a diaphoretic
herb for the treatment of fever and as an expectorant for mild
respiratory tract disorders in addition to relieving common
cold symptoms (Knudsen and Kaack 2013). Besides, their

uses in the treatment of digestive discomfort, skin condi-
tions, and inflammation (Jari¢ et al. 2007). As elderberry
is a native species throughout Europe and western Asia, in
traditional European medicine, elderberry leaves have been
primarily used externally to treat skin and dermatological
conditions. Decoctions and infusions were used for hemor-
rhoids, abscesses, eye inflammation, toothache, and gingi-
vitis. Infusions had a laxative effect when used internally,
and inhalations helped relieve headaches and reduce fever
(Skowronska et al. 2024). In Turkish traditional medicine,
elderberry was used to treat hemorrhoids and wounds, and
also to relieve rheumatic pain (Siintar et al. 2010). Further-
more, in the Balkans, fruits were recorded in traditional uses
as anti-inflammatory and immunomodulatory candidates
due to their richness in flavonoids, anthocyanins, phytos-
terols, triterpenes, and tannins (Petkova-Parlapanska et al.
2025; Vujanovic et al. 2021).

Not only berries, but the traditional uses are extended
to elder flowers as in different countries, Albania, Algeria,
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Fig. 7 Phenolic glycosides

isolated from Sambucus nigra R0
(Elderberry) (o]
0
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Italy, and Spain, eldre flowers are used to alleviate bronchial
disorders, colds, and stomachaches, and are also employed
for their antipyretic, diuretic, digestive, and antirheumatic
properties (Motti et al. 2022). Topically, flower decoction
is used as a skin toner and whitener (Pieroni et al. 2004). In
Italy, Leaves are used to heal local abscesses (De Natale and
Pollio 2007). In Palestine, they are used for fever, headache,
and urinary tract infections (Kaileh et al. 2007).
Regarding the ethnopharmacological uses, studies
have shown that the berries and flowers have anti-inflam-
matory activity through their effect on nitric oxide (NO)
production in lipopolysaccharide (LPS)-stimulated RAW
264.7 macrophages and murine dendritic D2SC/I cells
(Ho et al. 2017b). Also their effect on the production
of human proinflammatory cytokines interleukins (ILs)
{IL-1p, IL-6, IL-8} and tumor necrosis factor-a (TNF-a)

@ Springer

and inflammatory cytokine interleukin 10 (IL-10) was
confirmed. The effectiveness of elderberry in relieving
influenza virus symptoms was confirmed by in vitro
and clinical studies against different types of viruses.
It showed a significant effect, especially on the post-
infection phase through immunomodulatory property
(Kinoshita et al. 2012; Torabian et al. 2019). Addition-
ally, the Ultraviolet radiation (UV) protective effect of
elderberry fruits, which was tested as an emulsion, was
confirmed (Sidor and Gramza-Michatowska 2015). This
effect may protect the skin from skin disorders associ-
ated with overexposure to UV, such as erythema, burns,
immunosuppression, and even skin cancer (Milutinov
et al. 2024). A Supplement containing elderberry extracts
with cranberry was tested clinically to confirm its signif-
icance against urinary tract infections and its associated
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Fig.8 Lignans isolated from
Sambucus nigra (Elderberry)

R0

Compound name R, R,

(2R-trans) 2,3-dihydro-2-(4- hydroxy-3-methoxyphenyl)-3-

(hydroxymethyl)-7-methoxy-5-benzofuranpropanol acetate

(2R-trans)-2,3-dihydro-2-(4-hydroxy-3-methoxyphenyl)-3-
(hydroxymethyl)-7-methoxy-5-benzofuranpropanol

(2R-trans)-2,3-dihydro-2-(4- hydroxy-3- methoxyphenyl)-3-
(hydroxymethyl)-7- hydroxy-5-benzofuranpropanol

\\\\\\\ @

COCH, | CH,

H CH,

Hinnng ninnH
“\\\\\
HO
— 0
Compound name R
Pinoresinol H
edioresino
Med 1 OCH,
—
OH
HO
\\\\\\\\\
HO
O
™~
Lariciresinol

symptoms (Mehmood et al. 2019). The wound healing  and hyaluronidase enzymes, as well as their antioxidant
activity of elder leaves was examined and their effect was  properties using cell-free methods (Studziriska-Sroka
confirmed, through the exerted inhibition of tyrosinase et al. 2024b).
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Fig.9 Flavonoids isolated from
Sambucus nigra (Elderberry)
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Modern pharmacological research
on Sambucus nigra

Several biological activities have been reported for elderber-
ries, which could be attributed to their phenolic compounds.
These activities include antioxidant, immunostimulatory,
anti-inflammatory, antiallergic, anticancer, antibacterial, and
antiviral (Ferreira et al. 2022b; Pascariu and Israel-Roming
2022). In vitro experiments were extensively used in some
bioactivity assessments, such as antioxidant and cytotoxic-
ity assays, while in vivo studies were included in others as
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in anti-inflammatory and antidiabetic bioassays. The mod-
ern pharmacological data reported for elderberry’s different
parts are summarized in Table 6.

Safety and interactions of Sambucus nigra

Elder berries and flowers are considered safe food supple-
ments by the US Food and Drug Administration (FDA) and
the European Medicines Agency (EMA) (Fossum 2014).
This safety was confirmed in a recent study (Seymenska
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Fig. 10 Phenolic acids isolated from Sambucus nigra (Elderberry)

et al. 2024) with results showing that the lethal doses
(LDsy) for the dry fruit extract ranged from 3 to 5 g/kg body
weight, while for the dry flower extract, it ranged from
300 to 500 mg/kg body weight, depending on the route of
administration.

Although elder flowers and berries are considered safe,
they may cause nausea, vomiting, and abdominal cramps
with high doses (Tsui et al. 2001), and some precautions
were reported regarding the long-term use of berries
(Ulbricht et al. 2014). For example, elderberry may have
a lowering effect on blood pressure, and thus caution is
required for patients taking blood pressure medications
(Hasani-Ranjbar et al. 2009). Also, elderberry may cause
tachycardia, raising a red flag for patients with arrhythmia
or cardiac disorders. This effect is due to its content of cya-
nogenic glycosides, which are converted to hydrogen cya-
nide during digestion, leading to cyanide poisoning (Ulbricht
et al. 2014). Some reports indicated possible interaction(s)

of S. nigra with chemotherapy medications e.g., a case study
reported for interaction with chemotherapy used in sarcoma
(panzopanib) (Agarwal and Mangla 2024). Similar cautions
should be considered for diabetic patients due to its effect on
glucose metabolism and insulin release (Gray et al. 2000),
and for concurrent use of diuretic medications, as elderber-
ries may have diuretic action in high doses (Beaux et al.
1999). (iii).

Of note, animal nor clinical studies regarding the safety
of S. nigra during pregnancy were found. Therefore, it is
recommended for healthcare professionals not to prescribe
elderberry to treat upper respiratory tract infections during
pregnancy or lactation (Holst et al. 2014).

Conclusion

Plants have a wide range of bioactive compounds that have
a substantial impact on consumers’ health. Sambucus nigra
L. (elderberry) is traditionally used as a medicinal plant by
many native peoples and herbalists. This review aimed to
shed light on the different traditional and research-based bio-
logical activities of elderberry and its secondary metabolites.
Moreover, as far as natural product chemists, nutritionists
and health care providers are concerned about optimized
activity and/or metabolite(s) enrichment, this review also
covered the literature for effects of different extraction
conditions applied to elderberry and their impacts on the
chemical composition, and hence the biological profile of
resulted extracts. Finally, the analytical tools employed to
study elderberry have been summarized to be used as ref-
erences and guidelines for any future studies. Stem bark,
leaves, flowers, fruits, and root extracts are used to treat
bronchitis, cough, upper respiratory infections, and fever as
listed in several pharmacopoeias, recognized textbooks, and
monographs. Numerous research-based studies have recom-
mended that consuming elderberry preparations has posi-
tive health effects, as it has the potential to treat different
respiratory problems and infections, colds, cardiovascular
disorders, diabetes, and obesity. Furthermore, considerable
enhancement of the immune system, in addition to antimi-
crobial activities, and UV radiation protection were also
reported. Chemically, elderberry is a good source of several
important and valuable secondary metabolites, particularly
phenolic compounds, including phenolic acids, flavonoids,
and anthocyanins. LC/MS and GC/MS analyses were mainly
used to study, characterize, and monitor chemical discrep-
ancies of elderberry extracts and preparations. Regarding
optimized extracts preparation, different organs, collection
locations, and extraction conditions (e.g., solvent(s) and
extraction temperatures) were covered to optimize the phe-
nolic content and minimize cyanogenic glycosides content.
Despite the beneficial findings, more research is still needed
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Table 2 Metabolites identified in different Sambucus nigra (Elderberry) extracts through LC/MS techniques

Name Organ Extract Identification technique References
Phenolic acids
5-Caffeoyl quinic acid (neo- Flowers Methanol HPLC-DAD-MS Christensen et al. (2008)
chlorogenic acid) Flowers Dichloromethane and LC-PDA-MS Bhattacharya et al. (2013)
methanol
Berries Juice, liqueur, tea, and spread HPLC-DAD-MS" Senica et al. (2016)

p-Coumaroyl quinic acid
Di caffeoyl quinic acid

p-Coumaric acid

Ferulic acid

Caffeic acid

3-Caffeoyl quinic acid (chloro-
genic acid)

4-Caffeoyl quinic acid (cryp-
tochlorogenic acid)

p-Coumaric acid glucoside

Protocatechuic acid
Vanillic acid

Gallic acid

Ellagic acid

Leaves, flowers, and
berries

Flowers
Flowers
Flowers

Flowers and leaves
Flowers
Berries

Leaves, flowers, and
berries

Flowers
Flowers

Berries and flowers

Flowers and leaves
Flowers

Berries
Berries
Flowers
Flowers

Flowers

Flowers
Berries and flowers

Berries

Leaves, flowers, and
berries

Flowers
Flowers

Berries and flowers

Flowers and leaves
Berries

Leaves, flowers, and
berries

Berries and flowers

Flowers

70% methanol

50% ethanol and water
Aqueous

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Methanol

Methanol

Juice, liqueur, and spread
70% methanol

Aqueous

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Acidified methanol (1% for-
mic acid in methanol)

Methanol

Dichloromethane and
methanol

Juice, liqueur, tea, and spread
70% methanol
50% ethanol and water

Dichloromethane and
methanol

50% ethanol and water

Dichloromethane and
methanol

50% ethanol and water

Acidified methanol (1% for-
mic acid in methanol)

Juice, liqueur, tea, and spread
70% methanol

Aqueous

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Acidified methanol (1% for-
mic acid in methanol)

Methanol
Juice, liqueur, tea, and spread
70% methanol

Acidified methanol (1% for-
mic acid in methanol)

50% ethanol and water

HPLC-DAD-MS"

LC-MS/MS
HPLC-PDA-MS"
LC-DAD-ESI-MS/MS

LC-DAD-ESI-MS"
HPLC-DAD-MS
HPLC-DAD-MS"
HPLC-DAD-MS"

HPLC-PDA-MS"
LC-DAD-ESI-MS/MS

UHPLC-PDA-MS

LC-DAD-ESI-MS"
LC-PDA-MS

HPLC-DAD-MS"
HPLC-DAD-MS"
LC-MS/MS
LC-PDA-MS

LC-MS/MS
LC-PDA-MS

LC-MS/MS
UHPLC-PDA-MS

HPLC-DAD-MS"
HPLC-DAD-MS"

HPLC-PDA-MS"
LC-DAD-ESI-MS/MS

UHPLC-PDA-MS
LC-DAD-ESI-MS"
HPLC-DAD-MS"
HPLC-DAD-MS"

UHPLC-PDA-MS

LC-MS/MS

Senica et al. (2019)

Milena et al. (2019)
Ferreira-Santos et al. (2021)
Uzlasir et al. (2021)

Qazimi et al. (2024)
Christensen et al. (2008)
Senica et al. (2016)
Senica et al. (2019)

Ferreira-Santos et al. (2021)
Uzlasir et al. (2021)

Avula et al. (2022)

Qazimi et al. (2024)
Bhattacharya et al. (2013)

Senica et al. (2016)
Senica et al. (2019)
Milena et al. (2019)
Bhattacharya et al. (2013)

Milena et al. (2019)
Bhattacharya et al. (2013)

Milena et al. (2019)
Avula et al. (2022)

Senica et al. (2016)
Senica et al. (2019)

Ferreira-Santos et al. (2021)
Uzlasir et al. (2021)

Avula et al. (2022)

Qazimi et al. (2024)
Senica et al. (2016)
Senica et al. (2019)

Avula et al. (2022)

Milena et al. (2019)

@ Springer



Elderberry (Sambucus nigra L.): an ethnopharmacological, phytochemical and biological. ..

1555

Table 2 (continued)

Name

Organ

Extract

Identification technique

References

Caffeic acid hexoside

Feruloyl quinic acid

Glucocaffeic acid

Gentisic acid
p-Hydroxybenzoic acid

p-Coumaroyl caffeoyl quinic
acid

Caftaric acid
Flavonoids

Quercetin-3-rutinoside
Kaempferol-3-rutinoside
Isorhamnetin-3-rutinoside

Naringenin

Quercetin-3-glucoside

Isorhamnetin-3-O-glucoside
Quercetin-3-0-acetyl hexoside

Leaves, flowers, and
berries

Leaves, flowers, and
berries

Flowers

Flowers

Berries and flowers

Berries and flowers

Flowers

Berries and flowers

Leaves and flowers
Flowers
Berries and flowers

Flowers and leaves
Flowers and leaves

Flowers
Flowers

Berries

Leaves, flowers, and
berries

Flowers
Flowers

Berries and flowers

Flowers and leaves
Flowers

Flowers and leaves

Flowers

Berries
Flowers

Flowers and leaves
Flowers

Leaves, flowers, and
berries

70% methanol
70% methanol

Aqueous

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Acidified methanol (1% for-
mic acid in methanol)

Acidified methanol (1% for-
mic acid in methanol)

50% ethanol and water

Acidified methanol (1% for-
mic acid in methanol)

70% methanol
Aqueous

Acidified methanol (1% for-
mic acid in methanol)

Methanol
Methanol

Methanol

Dichloromethane and
methanol

Juice, liqueur, tea, and spread
70% methanol

Aqueous

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Acidified methanol (1% for-
mic acid in methanol)

Methanol
Methanol

Dichloromethane and
methanol

50% ethanol and water

Syrup

Acidified methanol (1% for-
mic acid in methanol)

Methanol

Dichloromethane and
methanol

Juice, liqueur, tea, and spread

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Methanol

Dichloromethane and
methanol

70% methanol

HPLC-DAD-MS"

HPLC-DAD-MS"

HPLC-PDA-MS"
LC-DAD-ESI-MS/MS

UHPLC-PDA-MS

UHPLC-PDA-MS

LC-MS/MS
UHPLC-PDA-MS

HPLC-DAD-MS"
HPLC-PDA-MS"
UHPLC-PDA-MS

LC-DAD-ESI-MS"
LC-DAD-ESI-MS"

HPLC-DAD-MS
LC-PDA-MS

HPLC-DAD-MS"
HPLC-DAD-MS"

HPLC-PDA-MS"
LC-DAD-ESI-MS/MS

UHPLC-PDA-MS
LC-DAD-ESI-MS"
LC-PAD-MS
LC-PDA-MS

LC-MS/MS
UPLC-PDA-MS/MS
UHPLC-PDA-MS

LC-DAD-ESI-MS"
LC-PDA-MS

HPLC-DAD-MS"
LC-DAD-ESI-MS/MS

LC-DAD-ESI-MS"
LC-PDA-MS

HPLC-DAD-MS"

Senica et al. (2019)
Senica et al. (2019)

Ferreira-Santos et al. (2021)
Uzlasir et al. (2021)

Avula et al. (2022)
Avula et al. (2022)

(Milena et al. (2019)
Avula et al. (2022)

Senica et al. (2019)
Ferreira-Santos et al. (2021)
Avula et al. (2022)

Qazimi et al. (2024)
Qazimi et al. (2024)

Christensen et al. (2008)
Bhattacharya et al. (2013)

Senica et al. (2016)
Senica et al. (2019)

Ferreira-Santos et al. (2021)
Uzlasir et al. (2021)

Avula et al. (2022)

Qazimi et al. (2024)
Christensen et al. (2010)
Bhattacharya et al. (2013)

Milena et al. (2019)
Mattok et al. (2021)
Avula et al. (2022)

Qazimi et al. (2024)
Bhattacharya et al. (2013)

Senica et al. (2016)
Uzlasir et al. (2021)

Qazimi et al. (2024)
Bhattacharya et al. (2013)

Senica et al. (2019)
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Table 2 (continued)

Name

Organ

Extract

Identification technique

References

Quercetin-hexoside pentoside

Naringenin hexoside

Morin

Isorhamnetin rhamnoside
Isorhamnetin di glucoside
Kaempferol-3-galactoside

Quercetin-3-xyloside
Quercetin-3-rhamnoside

Isorhamnetin
Kaempferol-3-O-glucoside

Isorhamnetin acetyl hexoside

Kaempferol dihexoside

Quercetin trisaccharide
Naringenin-5,7-O-di-glucoside
Naringenin-7-O-rutinoside-
5-0- pentoside
Kaempferol-3-0-di-glucoside
Kaempferol-3,7-0-di-glucosid
Kaempferol-3-O-rhamno-
side-7-O-pentoside
Quercetin-3-O-rutinoside-7-0O-
glucoside
Quercetin-3-O-rutinoside-7-0-
pentoside
Quercetin-3-O-rutinoside-7-0O-
rhamnoside
Quercetin-3-0- glucoside-
pentoside
Quercetin-3-0-glucoside-7-0-
glucuronide
Quercetin-3-0O-glucuronide
Quercetin-7-methyl ether

Quercetin-3-0-acetylglucoside

Quercetin dihexoside

Quercetin

Berries

Leaves, flowers, and
berries

Berries

Flowers

Leaves, flowers, and
berries

Berries
Leaves
Flowers

Leaves, flowers, and
berries

Berries and flowers

Leaves, flowers, and
berries

Flowers
Flowers

Flowers

Flowers

Flowers
Flowers
Berries and flowers

Flowers

Flowers

Flowers and leaves
Flowers
Berries and flowers

Juice, liqueur, tea, and spread

70% methanol

Liqueur and spread
70% methanol

50% ethanol and water
70% methanol

50% ethanol and water
70% methanol

Acidified methanol (1% for-
mic acid in methanol)

70% methanol

Aqueous
70% methanol

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Aqueous
Syrup

Aqueous

Syrup

Acidified methanol (1% for-
mic acid in methanol)

Aqueous

Aqueous infusion, 80% meth-
anol, and 80% ethanol

Methanol

Syrup

Acidified methanol (1% for-
mic acid in methanol)

HPLC-DAD-MS"
HPLC-DAD-MS"

HPLC-DAD-MS"
HPLC-DAD-MS"
LC-MS/MS

HPLC-DAD-MS"

LC-MS/MS
HPLC-DAD-MS"

UHPLC-PDA-MS

HPLC-DAD-MS"

HPLC-PDA-MS"
HPLC-DAD-MS"
LC-DAD-ESI-MS/MS

HPLC-PDA-MS"
UPLC-PDA-MS/MS

HPLC-PDA-MS"
UPLC-PDA-MS/MS
UHPLC-PDA-MS

HPLC-PDA-MS"
LC-DAD-ESI-MS/MS

LC-DAD-ESI-MS"
UPLC-PDA-MS/MS
UHPLC-PDA-MS

Senica et al. (2016)
Senica et al. (2019)

Senica et al. (2016)
Senica et al. (2019)
Milena et al. (2019)
Senica et al. (2019)

Milena et al. (2019)
Senica et al. (2019)

Avula et al. (2022)

Senica et al. (2019)

Ferreira-Santos et al. (2021)
Senica et al. (2019)
Uzlasir et al. (2021)

Ferreira-Santos et al. (2021)
Mattok et al. (2021)

Ferreira-Santos et al. (2021)
Mattok et al. (2021)
Avula et al. (2022)

Ferreira-Santos et al. (2021)
Uzlasir et al. (2021)

Qazimi et al. (2024)
Mattok et al. (2021)
Avula et al. (2022)
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Table 2 (continued)

Name Organ Extract Identification technique References

Isorhamnetin-rutinoside- Flowers Acidified methanol (1% for- UHPLC-PDA-MS Avula et al. (2022)
glucoside mic acid in methanol)

Kaempferol

Quercetin-3-laminaribioside
Isorhamnetin-3-laminaribioside

Isorhamnetin-3-O-(acetyl
galactoside)
Quercetin 3-rhamninoside
Quercetin di-glucoside
Quercetin-3-arabinoglucoside
Quercetin 3-O-malonylgluco-
side
Caffeoyl kaempferol
Quercetin coumaroyl rhamno-
glucoside
Quercetin coumaroyl rhamno-
glucoside
Quercetin malonyl diglucoside
Kaempferol coumaroyl
rhamno- glucoside
Quercetin caffeoyl pentoside
Isorhamnetin diglucoside
Kaempferol coumaroyl glu-
coside
Kaempherol-3-malonylgluco-
sede
Quercetin galloyl pentoside
Isorhamnetin octylglucoside
Acetyl-isoorientin
Hydroxy trimethoxy flavonoid
Anthocyanins
Cyanidin-3-0-glucoside
Cyanidin-3-O-sambioside-5-O-
glucoside
Cyanidin-3-O-sambubioside
Cyanidin-3,5-di-O-glucoside
Cyanidin-3-O-rutinoside
Pelargonidin-3-0O-glucoside
Pelargonidin-3-0O-sambubioside

Coumarins
Esculetin
Catechins

Catechin
Epicatechin

Procyanidin dimer

Lignans

Lignan coumaroyl glucoside
Cyanogenic glycosides
Sambunigrin

Iridoids

Ebuloside

p-Coumaroyl dihydromono-
tropein

Berries and flowers

Flowers and leaves

Berries

Flowers

Berries

Berries

Flowers

Berries

Flowers and leaves

Berries

Berries and flowers

Flowers and leaves

Methanol LC-DAD-ESI-MS"

Juice, liqueur, tea, and spread HPLC-DAD-MS"
70% methanol HPLC-DAD-MS"

Acidified methanol (1% for- UHPLC-PDA-MS
mic acid in methanol)

HPLC-DAD-MS"

UPLC-qToF-ESI/
MS-MS

UHPLC-PDA-MS

Juice, liqueur, tea, and spread
80% methanol

Acidified methanol (1% for-
mic acid in methanol)

50% ethanol and water LC-MS/MS
HPLC-DAD-MS"
HPLC-DAD-MS"
LC-MS/MS
HPLC-DAD-MS"

Juice, liqueur, and spread
70% methanol

50% ethanol and water
70% methanol

Methanol LC-DAD-ESI-MS"

Juice, liqueur, tea, and spread HPLC-DAD-MS"

Acidified methanol (1% for-
mic acid in methanol)

Methanol

UHPLC-PDA-MS

LC-DAD-ESI-MS"

Qazimi et al. (2024)

Senica et al. (2016)
Senica et al. (2019)
Avula et al. (2022)

Senica et al. (2016)
Porras-Mija et al. (2020)

Avula et al. (2022)

Milena et al. (2019)
Senica et al. (2016)
Senica et al. (2019)
Milena et al. (2019)
Senica et al. (2019)
Qazimi et al. (2024)

Senica et al. (2016)

Avula et al. (2022)

Qazimi et al. (2024)
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Table 2 (continued)

Name Organ Extract Identification technique References

Organic acids

Quinic acid Flowers 50% ethanol and water LC-MS/MS Milena et al. (2019)
Flowers Aqueous HPLC-PDA-MS" Ferreira-Santos et al. (2021)
Flowers and leaves Methanol LC-DAD-ESI-MS" Qazimi et al. (2024)

Fatty acids

a-Linolenic acid Flowers Methanol HPLC-DAD-MS Christensen et al. (2008)

Linoleic acid

Trihydroxy octadecadienoic
acid

Trihydroxy octadecenoic acid

Triterpenoids
Maslinic acid
Ursolic acid/Oleanolic acid

Berries and flowers

Berries and flowers

Acidified methanol (1% for-
mic acid in methanol)

Acidified methanol (1% for-
mic acid in methanol)

UHPLC-PDA-MS

UHPLC-PDA-MS

Avula et al. (2022)

Avula et al. (2022)
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Table 3 Volatile components and fatty acids identified in Sambucus nigra (Elderberry) oils and extracts through GC/MS analysis

Name Organ

Oil/Extract

Identification technique

References

1,8-Cineole Flowers (frozen)
2-Pentylfuran

p-Cymene

Terpinolene

6-Methyl-5-hepten-2-ol

p-Methoxystyrene

f-Ionone

Eucalyptol Flowers (frozen)
Benzaldehyde

Methyl benzoate

Methyl salicylate

Pentanal Flowers (frozen)

Hexanal

Heptanal

Octanal

Nonanal

(E,E)-2,4-Heptadienal

(E)-2-Octenal

Safranal

1-Penten-3-one

4-Methyl-3-penten-2-one

3-Hydroxy-2-butanone

6-Methyl-5-hepten-2-one

1-Octen-3-one

1-Butanol

2- and 3-Methyl-1-butanol

1-Hexanol

(E)-2-Hexen-1-ol

(E)- and (Z)-3-Hexen-1-ol

1-Heptanol

1-Octanol

1-Octen-3-o0l

a-Phellandrene

a -Terpinene

Limonene

(E)- and (Z)-p-Ocimene

(E)- and (Z2)-Rose oxide

Linalool

(E)-Linalool oxide

Hydroxy linalool

Camphor

p-Caryophyllene

y-Terpinene

Terpinen-4-ol

a-Terpineol

Hotrienol

Citronellol

Geraniol

Nerol

Nerol oxide

p-Damascenone

Benzyl alcohol

2-Phenylethyl alcohol

(Z)-3-Hexenyl acetate

1,1,6-Trimethyl-1,2- dihy-
dro naphthalene

Dynamic head space GC/
MS

Dynamic head space GC/
MS

Dynamic head space GC/
MS

Kaack et al. (2006)

Kaack (2008)

Kaack (2008); Kaack et al.
(2006)
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Table 3 (continued)

Name Organ

Oil/Extract

Identification technique

References

Phenylacetaldehyde

Decane

Heptadecane

Octadecane

Hexanal

Isoamyl acetate

Limonene

Isoamyl alcohol

2-Amylfuran

2-Nonanone

Nonanal

Furfural

Benzaldehyde

Linalool

5-Methyl furfural

Bornyl acetate

Calarene

Hotrienol

2-Phenyl ethyl acetate

(E)-p-Damascenone

Ethyl dodecanoate

Phenyl ethyl alcohol

Hexahydro farnesyl acetone

3,4-Dimethyl-5-pentiliden-
2-(5H)-furanone

4-Vinyl guaiacol

Methyl hexadecanoate

Carvacrol

Ethyl hexadecanoate

Ethyl linoleate

Methyl linoleate

Methyl linolenate

Ethyl linolenate

Hexadecanoic acid

Berries (air dried)

Decanoic acid
Dodecanoic acid
Tetradecanoic acid
Hexadecanoic acid
Octadec-9-enoic acid
Octadecanoic acid
Eicosanoic acid
Tetracosanoic acid
Hexacosanoic acid
Octadecanol
Hexacosanol
Campesterol
Stigmasterol
p-Sitosterol
p-Amyrin
Oleanolic acid
Ursolic acid

Berries (freeze dried)

Essential oil

Dichloromethane extract

GC/MS

GC/MS

Hale (2014)

Salvador et al. (2015)
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Table 3 (continued)

Name Organ Oil/Extract Identification technique References

Myrcenol Flowers (freeze dried) - HS-SPME/GC x GC- Séanchez-Hernandez et al.
Fenchone ToFMS (2023)

Thujone

Linalool methyl ether
Limonene oxide
Tagetone
Citronellal

Lilac aldehyde
Myrtenol
Verbenone

Lilac alcohol
Citral

Methyl Citronellate
Citronellyl formate
Geranial

Methyl geranate
a-Copaene
p-Bourbonene
p-Elemene
a-Bergamotene
p-Caryophyllene
Aromadendrene
a-Humulene
Germacrene D
a-Farnesene
o-Cadinene
Calamenen

n-Nonadecane
n-Henicosane
n-Tricosane
n-Pentacosane
n-Docosanol
n-Tricosanol

Methyl tetracosanoate
Methyl hexacosanoate
Benzyl tetracosanoate
Benzyl hexacosanoate
Docosanoic acid
Hexacosanoic acid

22-Hydroxy cosanoic acid

Squalene
Monolein

L-Isoleucine methyl ester

Levulinic acid
Phosphoric acid

Tri isobutyl phosphate

Phytadiene I
Phytol

Stearic acid
Monopalmitolein
n-Tetracosanal
n-Hexacosanal
n-Henitriacontane
n-Hexacosanol
n-Octacosanol

Inflorescence (fresh)

Leaves (fresh)

Pentane:dichloro-methane
7:3 (vIv)

GC-EIMS

Basas-Jaumandreu and de
Las Heras (2019)
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Table 3 (continued)

Name Organ Oil/Extract

Identification technique

References

n-Nonacosane Leaves and inflorescence
Palmitic acid (fresh)
Linolenic acid

a-Tocopherol

p-Sitosterol

Campesterol

Stigmasterol

a- and f-Amyrin

Oleanolic acid

Ursolic acid

Monopalmitin

Monoliolenin

Monolinolein

p-Damascenone Berries (air dried) Essential oil

(E)-Ocimene

p-Cymene

a- and p-Ionene

Cis- and Trans-Rose oxide

p-Cyclocitral

a-Terpineol

Ethyl caprylate

Isopentyl acetate

Linalyl anthranilate

Methyl hydrocinnamate

2-Pentyl furan

2,5,5,8a-Tetramethyl-
3,4,4a,5,6,8a- hexahydro-
2H-chromene

Indane-4-carboxaldehyde

5-Methyl-2-phenyl-2-hex-
enal

2-Hexenol

4-Heptyn-3-ol

p-Damascenone

Limonene

Cis- and Trans- -Ocimene

Terpinolene

a- Ionene

Cis- and Trans- Rose oxide

Trans-p-Mentha-2,8-dienol

a- and f-Ionone

Linalool

a-Terpineol

2-Pentyl furan

Phytol

Berries (lyophilized)

GC/MS

Vujanovi¢ et al. (2021)
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Table 3 (continued)

Name Organ Oil/Extract Identification technique References
Carane Flowers (air dried)
a-Pinene

Cis- and Trans- Rose oxide

1,2-Methyl-1,4-pentadiene

Linalool oxide

Caryophyllene

a-Terpinol

Epoxy-linalool

a-Farnesene

p-cadinene

a-Limonene diepoxide

p-Damascenone

6-Methyl-5-nonadiene-2-on

Cis- Geraniol

Cis- Geranylacetone

y-Elemene

a-Caryophyllene oxide

Trans-2-Caren-4-ol

p-Caryophyllene oxide

a-Copaen-11-ol

p-Methyl ionone

3-p-Menthen

a-Hexyl cinnamaldehyde

Linalyl anthranilate

Methyl salicylate

Methyl-2-hydroxy-1,6-di-
methyl cyclohexane
carboxylate

3,6-Dihydro-4-methyl
pyran

1,3-Isopentyl-cyclopentene

1-Benzyl-1,2,3-triazole

Benzopyran

3-Penten-2-ol

2-Penty Ifuran

4-Pentyn-2-ol

1-Undecyn

Octyl 2-methyl propanoate  Flowers (shade dried)

3,5-Dihydroxy-6-methyl-
2,3-dihydropyran-4-one

2-Propyl malonic acid

Dimethyl malonic acid

1,6-Anhydro-$-D-
glucopyranose

Oleic acid

Butanoic acid pentyl ester

Leaves (shade dried)

Aqueous ammonia olution

GC/MS

Séanchez-Hernandez et al.

(2023)
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Table 3 (continued)

Name Organ

Oil/Extract

Identification technique

References

3,3,5-Trimethyl-1,4-hex-
adiene

p-Linalool

3,7-Dimethyl-1,5,7-
octatrien-3-ol

Nonanal

Cis- and Trans-Rose oxide

Nerol oxide

cis- Dihydroedulan 11

Dihydroedulan I

6-Methyl-5-(1-methyl eth-
ylidene)- 6,8-nonadien-
2-one

6,10,14-Trimethyl- 2-penta-
decanone

Heptadecane

2,6-dimethyl-2,6-Octadiene
Octadecane

1-Octadecanol

Nonadecane

Eicosane

(Z2)-9-TricoseneHenei-
cosane

Docosane

9-Hexacosene

Tetracosane

Pentacosane

Squalen

Tetratriacontane

Flowers (air dried)

Palmitic acid
Linolenic acid
Linoleic acid
Oleic acid
Stearic acid
Arachidic acid
Behenic acid
Lignoceric acid
Cerotic acid
Montanic acid

Essential oil

Petroleum ether

GC/MS

Floares et al. (2025)
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Table 5 Contents of fatty acids, sugars, organic acids, and amino acids quantified in different Sambucus nigra (Elderberry) extracts

Name Organ Content Unit References
Fatty acids
Superecritical Hexane
CO, SFE -
PLE UAE Soxhlet Maceration
Myristic acid Pomace  0.10+0.00 0.08+0.01 0.08+0.01 0.15+0.02 0.04+0.00 g/100 g pomace (Kitryte et al.
Palmitic acid 7.13+0.09 6.95+026 6.78+0.22 9.33+0.18 6.63+0.19 2020)
Palmitoleic acid 0.07+0.01 0.06+0.02 0.07+0.00 0.14+0.01 0.11+0.00
Stearic acid 1.75+0.00 1.68+0.02 1.72+0.01 1.67+£0.01 1.73+0.06
Oleic acid 12.87+0.04 13.20+0.04 13.14+0.05 12.93+0.05 12.57+0.05
Linoleic acid 42.00+0.05 42.40+0.30 42.35+0.10 41.40+0.13 40.73+0.00
y-Linolenic acid 0.10+0.01 ND ND 0.10+0.00 0.10+0.00
a-Linolenic acid 34.13+0.09 33.99+0.35 34.61+0.04 32.04+0.06 32.79+0.20
Arachidic acid 0.16+0.01 ND ND 0.11+£0.00 0.18+0.01
Hexanoic acid ~ Flower 9.94 ug/g dried Ferreira-Santos
Nonanoic acid 15.48 dichloro-meth- et al. (2021)
Palmitic acid 59.08 ane extract
Oleic acid 18.95
Stearic acid 38.25
Behenic acid 17.61
Lignoceric acid 1.66
Sugars
Fructose Flowers  11-18 g/Kg flower fresh Porras-Mija et al.
weight (2020)
Glucose 17-22
Sucrose 0.05-0.31
(according to
location of col-
lection)
Rhamnose Flower 32.13 ug/g dried Ferreira-Santos
Cellobiose 100.73 dichloro-meth- et al. (2021)
ane extract
Glucose Berries 4.89+1.44 mg/g aqueous Przybylska-
Fructose 591+1.77 extract Balcerek et al.
(2021)
Sucrose Leaves 0.55+0.05 g/100 g aqueous  Gentscheva et al.
Glucose 3.19+0.02 extract (2022)
Fructose 2.70+0.06
Sucrose Blossoms 0.26+0.03
Glucose 1.50+0.05
Fructose 0.79 +£0.05
Organic acids
Citric acid Flowers  2.85-5.52 g/Kg flower fresh Porras-Mija et al.
Malic acid 2.51-3.67 weight (2020)
Quinic acid 0.72-1.16
Shikimic acid 0.08-0.1
(according to
location of col-
lection)
Citric acid Berries 1.03+0.14 mg/g aqueous Przybylska-
Malic acid 0.29+0.05 extract Balcerek et al.
Shikimic acid 0.14+0.06 (2021)
Fumaric acid 0.07+0.03
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Table 5 (continued)

Name Organ Content Unit References
Fatty acids
Supercritical Hexane
€O, SFE PLE UAE Soxhlet Maceration
Amino acids
Arginine Blossoms 0.048-0.051 g/100 g aqueous  Gentscheva et al.
extract (2022)

Aspartic acid 0.058-0.063
Valine 0.028-0.030
Glycine 0.038-0.042
Glutamine 0.098-0.113
Isoleucine 0.029-0.030
Leucine 0.059-0.062
Methionine 0.009-0.011
Proline 0.029-0.031
Serine 0.028-0.032
Tyrosine 0.048-0.052
Threonine 0.029-0.031
Tryptophan 0.009-0.011
Hydroxyproline 0.009-0.011
Phenylalanine 0.038-0.041

(according to

location of col-

lection)
Histidine 0.019-0.021
Cystine 0.019-0.021

SFE; Supercritical fluid extraction, PLE; Pressurized liquid extraction, UAE; Ultrasound-assisted extraction, ND; not detected
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to understand how interactions with other molecules/drugs
may alter the activity profile and potency of elderberry com-
ponents. So far, literature sources have not supplied solu-
tions to the issues concerning the interaction mechanism(s)
of elderberry components, their stability during storage, or
their use as a safe functional food.
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