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REVIEW

Traditional and modern uses of onion bulb (Allium cepa L.): a systematic review

Joaheer D. Teshikaa,�, Aumeeruddy M. Zakariyyaha,�, Toorabally Zaynaba, Gokhan Zenginb,
Kannan RR Rengasamyc, Shunmugiah Karutha Pandianc, and Mahomoodally M. Fawzia,�
aDepartment of Health Sciences, Faculty of Science, University of Mauritius, R�eduit, Mauritius; bDepartment of Biology, Science Faculty,
Selcuk University, Konya, Turkey; cDepartment of Biotechnology, Alagappa University, Karaikudi, India

ABSTRACT
Onion, (Allium cepa L.), is one of the most consumed and grown vegetable crops in the world. Onion
bulb, with its characteristic flavor, is the third most essential horticultural spice with a substantial com-
mercial value. Apart from its culinary virtues, A. cepa is also used traditionally for its medicinal virtues
in a plethora of indigenous cultures. Several publications have been produced in an endeavor to
validate such traditional claims. Nonetheless, there is still a dearth of up-to-date, detailed compilation,
and critical analysis of the traditional and ethnopharmacological propensities of A. cepa. The present
review, therefore, aims to systematically review published literature on the traditional uses, pharmaco-
logical properties, and phytochemical composition of A. cepa. A. cepa was found to possess a panoply
of bioactive compounds and numerous pharmacological properties, including antimicrobial, antioxi-
dant, analgesic, anti-inflammatory, anti-diabetic, hypolipidemic, anti-hypertensive, and immunopro-
tective effects. Although a large number of in vitro and in vivo studies have been conducted, several
limitations and research gaps have been identified which need to be addressed in future studies.

KEYWORDS
Allium cepa; onion bulb;
medicinal; traditional;
pharmacological;
ethnopharmacology

Introduction

The diversified genus Allium encompasses around 918
species among which Allium cepa L., commonly known as
onion, is botanically classified under the Amaryllidaceae
family (theplantlist.org). The word “onion” is derived from
the Latin word ‘unio’ which means ‘single’ or ‘one’ because
the onion plant produces only single bulb (Corzo-Mart�ınez
et al. 2007). Allium cepa was commonly known by many
other conventional or alternative names such as Egyptian
onion, common onion, shallot and many more. Onion is an
essential spice as well as commercial vegetable. Its edible
portion stem, also known as a bulb, consists of an inner
fleshy and outer dry membranous scaly leaves, and it is the
primary organ of interest (Fig. 1). The shape of the bulb can
be a globe, a flattened globe, sometimes with a flat top,
spindle-like or almost cylindrical (Brewster 2008). Usually,
they exist in various colors such as white, yellow, purple,
red, green, and can also be classified according to its
pungency (Slimestad et al. 2007). When bulbing begins,
photosynthate produced by the leaf blades is transported to
the leaf bases. This causes the core to swell resulting in the
formation of a bulb. When the bulb ripens, the outer scales
develop into a dry and impermeable skin, which help in pre-
venting desiccation. Eventually, the bulb reaches maturity,
and the leaf blade ceases to form on the inner bulb resulting
in a hollow pseudostem. As the leaf sheath weakens, the
pseudostem detaches from the leaf blades and the foliage
falls (Rubatzky and Yamaguchi 1997).

Onion is considered to be one among the oldest
vegetables and was mentioned in several ancient scriptures
(Singh 2008). By the middle ages, it became one of the
fundamentals in many cuisines in most parts of the world
and therefore is always on demand throughout the year. In
fact, onion is the third most essential horticultural crop after
potato and tomato, with more than 170 countries commer-
cially cultivating it globally. The current worldwide onion
production is estimated to be 78.31 million tons with the
average productivity of 19.79 t/ha (FAO 2015). India ranks
first with regards to the total area under onion cultivation,
which is expected to be 1.09 million hectares and is the
second largest onion producer with 15.88 million tons,
followed by China (22.46 million tons) (FAO 2015). In
general, onion is cultivated and traded for its versatility,
namely as fresh shoots for green salad onion and a bulb for
consumption (cooked and raw), pickling, use in processed
food, dehydration, and seed production (Brewster 2008). In
fact, its use depends highly on its pungency; for instance,
slightly mild onions can be used in salad preparation while
the highly pungent varieties are suitable for sauces and
gravies (Wiczkowski 2011).

With regards to its global consumption, Libyans
are the one who consumes the highest amount of onion,
which accounts for an average of 30 kg annually per capita
followed by the Americans (16 kg) (FAO 2015). Apart from
its culinary uses, onion has been reputed in the indigenous
knowledge of medicine for ages. Ancient Egyptians used to

CONTACT Kannan RR Rengasamy cr.ragupathi@gmail.com Department of Biotechnology, Alagappa University, Science Campus, Karaikudi 630 003, India;
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worship the bulb, as they believed in its spherical shape and
concentric rings which represented eternity while the Greek
and Phoenicians sailors consumed it to prevent scurvy and
other diseases (Swenson 2008).

Various studies have explored the biological profile of
this plant, and a profusion of literature has revealed and
published on onion dealing with chemical analysis, flavor
and discoloration precursors (Corzo-Mart�ınez et al. 2007;
Dong et al. 2010; Jones et al. 2004; Kato et al. 2013; Lanzotti
2006; Rose et al. 2005; Wiczkowski 2011). A wide range
of phytocompounds including phenolic acids, flavonoids
(quercetin, kaempferol), anthocyanins, and organosulfur
compounds have been identified in onion. However, there is
currently a lack of updated compilation of available data on
its traditional uses, chemical profile, and pharmacological
properties. In this context, we aimed to review the pharma-
cological benefits as mentioned above in an attempt to
preserve and promote its medicinal uses. A literature search
was performed using articles published from 1990 to 2018
using databases such as PubMed, Science Direct and Google
Scholar. Other sources such as books, dissertations, and
online materials were also taken into consideration. The
scientific name of the plant was identified according to
the International Plant Name Index (www.ipni.org) and The
Plant List database (theplantlist.org). The major chemicals
were identified using the PubChem database.

Traditional uses of Allium cepa

Allium cepa has been traditionally used for its remedial
characteristics in the management of various ailments.
The essence of A. cepa proliferated into ancient Greece
where it was used as a blood purifier for athletes. During
the invasion of Rome, gladiators used to rub down onion
juice to firm up the muscles. The Greek and Phoenicians
sailors consumed it to prevent scurvy. Moreover, the Greek

physician Hippocrates, used to prescribe onion as a wound
healer, diuretic and pneumonia fighters. In the 6th century,
onion was described as one of the indispensable vegetable or
spice and medicine in India (Kabrah 2010).

In the present review, we found that the Asian nations,
viz., India and Pakistan were among the majority to use
onion for the treatment of various diseases. Overall, it was
observed that A. cepa was most regularly used in low-
developed countries. This could be probably due to the lack
of medical facilities and the easy availability of traditional
remedies including onion. As shown in Table 1, it can be
noted that A. cepa is commonly taken raw or as a decoction
for treating infectious diseases. It is also used in a wide
variety of preparations for internal and external use to
relieve several ailments including digestive problems,
skin diseases, metabolic disease, insect bites and others
(Silambarasan and Ayyanar 2015; Sharma et al. 2014; Hayta
et al. 2014; Jaradat et al. 2016).

Phytochemistry of Allium cepa

Several phytochemical studies have been performed on
A. cepa, and it was found to harbor myriad of compounds
responsible for its peculiar flavor and medicinal properties.
Among the different classes of phytochemicals, phenolic
compounds have received much attention due to their
contribution to the biological properties of medicinal plants.
A study (Prakash et al. 2007) was conducted on four
varieties of A. cepa (red, violet, white, green) for their respect-
ive phenolic composition through high performance liquid
chromatography (HPLC). Ferulic acid, gallic acid, protocate-
chuic acid, quercetin, and kaempferol were identified.
There were significant variations in the number of phenolic
compounds in each variety, ferulic acid (13.5–116lg/g),
gallic acid (9.3–354lg/g), protocatechuic acid (3.1–138lg/g),
quercetin (14.5–5110lg/g), and kaempferol (3.2–481lg/g).

Figure 1. An onion bulb dissected to show the dry outer protective skin layer (SK); the fleshy, swollen sheaths derived from bladed leaf bases (SH); the swollen
bulb scales without leaf blades (SC); and, towards the center, the sprout leaves (SP) with successively increasing proportions of leaf blade, which will elongate and
emerge when the bulb sprouts.
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Table 1. Traditional uses of Allium cepa for medicinal purpose.

Continent Region Mode of preparation/dosage Ailments References

ASIA
India Raw Cardiovascular diseases

Ingestion
Adjuvants

(Silambarasan and
Ayyanar 2015)

NI Hemorrhoids and lower
gastrointestinal bleeding

(Pandikumar
et al. 2011)

The juice of its bulb is given 3 times a day
for a month

Stone disease (antilithic) (Agarwal and
Varma 2015)

NI Cut wounds
Rheumatism, headache

(Ayyanar and
Ignacimuthu 2011)

Bulb extracts mixed with Mentha leaves
extract is taken orally for a week
Inhalation

Epilepsy (Semwal et al. 2010)

Paste is applied externally on skin allergy. Skin allergy (Sharma et al. 2014)
NI Stomach pain, blocked nose, sinusitis,

phinitis
(Deb et al. 2015)

Half teaspoon of bulb extract is taken orally
with honey early morning on an empty
stomach for two weeks

Menstrual disorders (Oligomenorrhea) (Bhatia et al. 2015)

Rhizome juice of Allium cepa is applied on
the eyes to get relief from eye diseases
(three drops-thrice a day for 24 days)

Eye diseases (Ayyanar and
Ignacimuthu 2005)
(Kala 2005)

Eat raw bulbs Fever (Pradhan and
Badola 2008)

NI Alopecia (Hair loss) (Hajare 2015)
Palestine Bulbs juice and oil Hypoglycemic, hypolipidemic, stomachic,

bacteriostatic, anthelmintic, rubefacient,
Anti-inflammatory, antiseptic. For
pulmonary infection, For urinary
retention, Abscesses, Cough & aphrodisiac,
ear infection, demulcent, mouth ulcers.

(Jaradat 2005)

About 20–30ml of the bulb juice are
to be given five times a day

Diarrhea (Jaradat et al. 2016)

Pakistan NI Stimulant, diuretic, aphrodisiac, expectorant (Aziz and Sharma 2016)
NI Anti-bacterial, dysentery cure, stung cure,

bruise and pimples
(Ishtiaq et al. 2015)

Decoction, Juice, Infusion, Vegetable, Paste Carminative, cough, fever, flu,
constipation, jaundice

(Ahmed et al. 2014)

One tea spoon of bulb juice thrice a day. High blood sugar (Mushtaq et al. 2009)
Turkey Infusion

Crushedþ salt
Cicatrizant, rheumatism, asthma, cancer,

diuretic, fungal infection, headache,
hypertension, rheumatism, Sprain, edema,
bruise
Gastrointestinal diseases, renal colic,
menstrual pain, analgesic, bronchitis

(Hayta et al. 2014)
(Sargın et al. 2013)
(Dogan and
Ugulu 2013)

Jordan Fresh bulbs or bulb juice are taken orally Diabetes, loss of appetite, coughing, liver
diseases and prostate cancer

(Alzweiri et al., 2011)

Russia and
Central Asia

Galenical Skin diseases (Mamedov et al. 2005)

AFRICA
Mauritius Decoction Type 1 diabetes Type 2 diabetes

High level of cholesterol Renal failure
Hearing loss
Erectile dysfunction
Cataract

(Mootoosamy and
Mahomoodally 2014)

Nigeria Maceration
Decoction

Hypertension
Reduce flatulence

(Gbolade 2012)

Rwanda Decoction Liver disease (Mukazayire et al. 2011)
Uganda Chewing, cooking, oral in water and in food Sexual Impotence and Erectile Dysfunction (Kamatenesi-Mugisha

and Oryem-
Origa 2005)

Kenya Bulb pounded and sap applied. Snake bites (Antivenin) (Owuor and
Kisangau 2006)

EUROPE
Serbia Decoction

Cataplasm
Tonic, colds, coughs

Injuries, swelling, hematomas, cuts,
toothache, draining pus from
infected areas.
Inflammations and infections of the
urogenital tract, cystitis

(Jari�c et al. 2015)

Italy Decoction or eaten raw
Eaten raw
Topic use by rubbing

Stimulating milk production, antispasmodic
antiseptic, blood purifying, diuretic,
hypotensive, wounds, cold, insect bites,
greasy skin, warts, sting nephritis, ear
pain, urinary diseases

(Menale et al. 2016;
Menale and
Muoio 2014)

(continued)
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Moreover, a number of flavonoids were also detected
in different onion varieties: quercetin aglycon, quercetin-3,
40-diglucoside, quercetin-40-monoglucoside, quercetin-3-
monoglucoside (Zill-e et al. 2011), quercetin 3-glycosides,
delphinidin 3,5-diglycosides (Zhang et al. 2016), quercetin
3,7,40-triglucoside, quercetin 7,40-diglucoside, quercetin 3,40-
diglucoside, isorhamnetin 3,40-diglucoside (P�erez-Gregorio
et al. 2010) and more (see Table 2). When compared to
other species of vegetables and fruits, A. cepa has 5 to 10
times higher content of quercetin (300mg kg�1) than broc-
coli (100mg kg�1), apples (50mg kg�1), and blueberries
(40mg kg�1) (Hollman and Arts 2000).

In addition, several studies have identified various
anthocyanins in onion: cyanidin 3-O-(300-O-b-glucopyranosyl-
600-O-malonyl-b-glucopyranoside)-40-O-b-glucopyranoside,
cyanidin 7-O-(300-O-b-glucopyranosyl-600-O-malonyl-b-glu-
copyranoside)-40-O-b-glucopyranoside, cyanidin 3,40-di-
O-b-glucopyranoside, cyanidin 40-O-b-glucoside, peonidin
3-O-(600-O-malonyl-b-glucopyranoside)-5-O-b-glucopyrano-
side and peonidin 3-O-(600-O-malonyl-b-glucopyranoside)
were present in minute amounts from pigmented parts of
red onion (P�erez-Gregorio et al. 2010). Additionally, four
anthocyanins with the same novel 4-substituted aglycone,
carboxypyranocyanidin, were isolated from methanolic
extracts of red onion. The structures of two of them were
identified as 5-carboxypyranocyanidin 3-O-(6"-O-malonyl-
b-glucopyranoside and 5-carboxypyranocyanidin 3-O-b-glu-
copyranoside (Fossen et al. 2003). Moreover, peonidin
3
0
-glucoside petunidin 3

0
-glucoside acetate and malvidin 3

0
-glu-

coside were successfully identified by Fredotovi�c et al. (2017).
Vazquez-Armenta et al. (2014) identified dipropyl disul-

fide and dipropyl trisulfide as the main constituents in
onion oil. A class of biologically active organo-sulfuric com-
pounds, S-alk(en)yl-L-cysteine sulfoxides (such as alliin and
c-glutamylcysteine) were dominant. Upon crushing the plant
material, allicin, methiin, propiin, iso-alliin, and lipid-soluble
sulfur compounds (such as diallyl sulfide, diallyl disulfide)
are released which are responsible for the smell and taste
of fresh onion. The irritating lachrymatory factor which
is released by chopped onion has been presumed to be

produced spontaneously following the action of the enzyme
alliinase (Imai et al. 2002). Another compound from the
sulfur volatiles, thiopropal S-oxide, is a lachrymatory factor
uniquely found in onions, which eventually converts to
methylpentanols, another tear up factor (Thomas and
Parkin 1994). Moreover, several radicals of disulfides (allyl,
methyl, propyl) were found in red onion varieties by thin
layer chromatography using dichloromethane extraction
(Griffiths et al. 2002). Quantitative analysis showed that di-
and trisulfides, such as cis- and trans-methyl-1-propenyl
disulfide, methyl-2-propenyl disulfide, dipropyl disulfide,
cis- and trans-propenyl propyl disulfide, methyl propyl
trisulfide, and dipropyl trisulfide, were in abundance
representing about 60% of sulfur-compounds.

Additionally, Dhumal et al. (2007) confirmed the
presence of pyruvic acid, reducing, and non-reducing sugars
in both red and white onion. The amount (g/100 g FW) of
reducing, non-reducing, and total sugars (6.69, 9.56 and 16.1
respectively) were higher in red onion compared to that
of white onion (3.17, 7.17 and 10.4, respectively). The
pungency of A. cepa is measured indirectly as pyruvic acid
content, which is a product of alkenyl-cysteine sulfoxide
enzymatic degradation (Vavrina and Smittle 1993; Yoo et al.
2006). Among the organic acids detected in the bulb extracts
were ascorbic, citric, malic, succinic, tartaric, and oxalic acids.

Furthermore, Liguori et al. (2017) detected some
aldehydes and ketones in onion landraces belonging to
Bianca di Pompei cv., cultivated in Campania region (Italy).
Furfuraldehyde was the most abundant in all samples,
and its highest content was found in Aprilatica landrace.
Propionaldehyde and 2-methyl-2-pentenal contents were dif-
ferent in landraces samples. The concentration of 1,2-cyclo-
pentanedione differed at harvest time; in spring months,
Aprilatica, Maggiaiola, and Giugnese onions had a higher
content than those yielded in winter (Febbrarese and
Marzatica). The butyrolactone compound was found only in
onions harvested in spring periods (Aprilatica, Maggiaiola,
and Giugnese).

An antifungal peptide, allicepin, was isolated by aqueous
extraction, ion exchange chromatography on DEAE- cellulose,

Table 1. Continued.

Continent Region Mode of preparation/dosage Ailments References

Spain Infusion
decoction
raw
crushed

Skin diseases, sinusitis, flu, cold, bronchitis,
pneumonia, asthma, sore throat,
teeth disorders, high blood pressure.
Anti-catarrhal

(Menendez-Baceta
et al. 2014)
(Gonz�alez
et al. 2010)

Middle Navarra NI Whitlows, pimples, wounds and grazes,
to healing skin infections, boils

(Cavero et al. 2011)

Balkan Peninsula Heated and externally applied
as a poultice

Wound healing (Jari�c et al. 2018)

France Decoction Flu syndrome (Boulogne et al. 2011)
SOUTH

AMERICA
Brazil Maceration, infusion Diabetes, asthma, bronchitis, expectorant,

flu, cough, cough with catarrh
(Ribeiro et al. 2017)

Colombia Maceration, Snake bite (V�asquez et al. 2015)
NORTH

AMERICA
Mexico Infusion/oral Diabetes, cough, epilepsy, vermifuge,

sore throat, toothache, flu, rash,
body pain cramps

(Josabad Alonso-Castro
et al. 2012)

Abbreviation: NI- Not indicated.

4 J. TESHIKA ET AL.



Ta
bl
e
2.

Is
ol
at
ed

co
m
po

un
ds

fr
om

A.
ce
pa

an
d
th
ei
r
bi
ol
og

ic
al

pr
op

er
tie
s.

O
ni
on

ty
pe

Ex
tr
ac
tin

g
so
lv
en
t

Co
m
po

un
d
(s
)
id
en
tif
ie
d

O
bs
er
ve
d
bi
ol
og

ic
al

ac
tiv
ity

(if
te
st
ed
)�

M
ec
ha
ni
sm

of
ac
tio

n
Re
fe
re
nc
es

Ye
llo
w

Et
ha
no

l(
50
%
)

Q
ue
rc
et
in

An
tio

xi
da
nt

In
cr
ea
se
d
th
e
an
tio

xi
da
nt

ca
pa
ci
ty

of
th
e
hy
dr
op

hi
lic

fr
ac
tio

n
in

th
e
ra
t
se
ru
m

(G
rz
el
ak
-B
ła
sz
cz
yk

et
al
.2

01
8)

Ba
ct
er
ia
le

nz
ym

e
ac
tiv
ity
-e
nh

an
ce
r

In
cr
ea
se
d
th
e
ac
tiv
ity

of
a-
gl
uc
os
id
as
e,
b-
gl
uc
os
id
as
e,
an
d

b
-g
al
ac
to
si
da
se

re
le
as
ed

fr
om

ba
ct
er
ia
lc
el
ls
(e
xt
ra
ce
llu
la
r

ac
tiv
ity
)
to

th
e
ce
cu
m

H
yp
ol
ip
id
em

ic
Re
du

ce
th
e
le
ve
ls
of

al
an
in
e
tr
an
sa
m
in
as
e,
as
pa
rt
at
e

tr
an
sa
m
in
as
e,
to
ta
lc
ho

le
st
er
ol
,n

on
-H
D
L
ch
ol
es
te
ro
l,
tr
ig
ly
ce
r-

id
es
,a
nd

in
cr
ea
se

H
D
L
le
ve
li
n
ra
ts

fe
d
hi
gh

-f
at

di
et
s

Ye
llo
w

So
lv
en
t
fr
ee

m
ic
ro
w
av
e
ex
tr
ac
tio

n
Q
ue
rc
et
in

ag
ly
co
n

N
T

–
(Z
ill
-e

et
al
.2

01
1)

Q
ue
rc
et
in
-3
,4
’-d

ig
lu
co
si
de

N
T

–
Q
ue
rc
et
in
-4
’-m

on
og

lu
co
si
de

N
T

–
Q
ue
rc
et
in
-3
-m

on
og

lu
co
si
de

N
T

–
Ka
em

pf
er
ol

N
T

–
M
yr
ic
et
in

N
T

–
Ye
llo
w

80
%

et
ha
no

lc
on

ta
in
in
g

0.
1%

hy
dr
oc
hl
or
ic
ac
id

Q
ue
rc
et
in

3-
gl
yc
os
id
es

N
T

–
(Z
ha
ng

et
al
.2

01
6)

D
el
ph

in
id
in

3,
5-
di
gl
yc
os
id
es

N
T

–
Cy
an
id
in

3,
5-
di
gl
yc
os
id
es

N
T

–
Cy
an
id
in

3-
gl
yc
os
id
es

N
T

–
Q
ue
rc
et
in

N
T

–
Q
ue
rc
et
in

3-
gl
yc
os
id
es

N
T

–
Ye
llo
w

Fr
es
hl
y
Cu

t
O
ni
on

s
H
yd
ro
ge
n
su
lfi
de

N
T

–
(L
øk
ke

et
al
.2

01
2)

M
et
ha
ne
th
io
l

N
T

–
Pr
op

an
et
hi
ol

N
T

–
D
ip
ro
py
ld

is
ul
fid

e
N
T

–
G
re
en

Se
qu

en
tia
lly

ex
tr
ac
te
d
w
ith

he
xa
ne

an
d
et
hy
la

ce
ta
te
.

Th
e
re
si
du

al
m
at
er
ia
lw

as
th
en

ex
tr
ac
te
d
w
ith

an
hy
d-

ro
us

m
et
ha
no

l

5-
(h
yd
ro
xy
m
et
hy
l)
fu
rf
ur
al

Ca
nc
er

ch
em

op
re
ve
nt
iv
e

Re
du

ce
d
m
ur
in
e
he
pa
to
m
a
(H
ep
a
1c
1c
7)

ce
lls

su
rv
iv
al

(IC
50
¼
99
7
l
M
),
in
du

ce
d
m
ax
im
um

qu
in
on

e
re
du

ct
as
e
(Q
R)

ac
tiv
ity

at
a
co
nc
en
tr
at
io
n
of

95
8
lM

.A
ls
o
in
du

ce
d
m
ax
im
um

ac
tiv
ity

of
gl
ut
at
hi
on

e
S-
tr
an
sf
er
as
e
at

a
co
nc
en
tr
at
io
n

of
95
8
l
M

(X
ia
o
an
d

Pa
rk
in

20
07
)

Ac
et
ov
an
ill
on

e
Ca
nc
er

ch
em

op
re
ve
nt
iv
e

Re
du

ce
d
m
ur
in
e
he
pa
to
m
a
(H
ep
a
1c
1c
7)

ce
lls

su
rv
iv
al

(IC
50
¼
10
60

l
M
),
in
du

ce
d
m
ax
im
um

qu
in
on

e
re
du

ct
as
e
(Q
R)

ac
tiv
ity

at
a
co
nc
en
tr
at
io
n
of

88
8
lM

.A
ls
o
in
du

ce
d
m
ax
im
um

ac
tiv
ity

of
gl
ut
at
hi
on

e
S-
tr
an
sf
er
as
e
at

a
co
nc
en
tr
at
io
n

of
88
8
l
M

5-
hy
dr
ox
y-

3-
m
et
hy
l-4
-p
ro
py
ls
ul
fa
ny
l-

5H
-f
ur
an
-2
-o
ne

Ca
nc
er

ch
em

op
re
ve
nt
iv
e

Re
du

ce
d
m
ur
in
e
he
pa
to
m
a
(H
ep
a
1c
1c
7)

ce
lls

su
rv
iv
al

(IC
50
¼
89
0
l
M
),
in
du

ce
d
m
ax
im
um

qu
in
on

e
re
du

ct
as
e
(Q
R)

ac
tiv
ity

at
a
co
nc
en
tr
at
io
n
of

66
5
lM

,a
nd

do
ub

le
d
Q
R
ac
tiv
ity

at
83
.0
lM

.A
ls
o
in
du

ce
d
m
ax
im
um

ac
tiv
ity

of
gl
ut
at
hi
on

e
S-
tr
an
sf
er
as
e
at

a
co
nc
en
tr
at
io
n
of

66
5
lM

M
et
hy
l

4-
hy
dr
ox
yl
ci
nn

am
at
e

Ca
nc
er

ch
em

op
re
ve
nt
iv
e

Re
du

ce
d
m
ur
in
e
he
pa
to
m
a
(H
ep
a
1c
1c
7)

ce
lls

su
rv
iv
al

(IC
50
¼
11
5
l
M
),
in
du

ce
d
m
ax
im
um

qu
in
on

e
re
du

ct
as
e
(Q
R)

ac
tiv
ity

at
a
co
nc
en
tr
at
io
n
of

65
lM

,a
nd

do
ub

le
d
Q
R
ac
tiv
ity

at
20
.4
lM

.A
ls
o
in
du

ce
d
m
ax
im
um

ac
tiv
ity

of
gl
ut
at
hi
on

e
S-
tr
an
sf
er
as
e
at

a
co
nc
en
tr
at
io
n
of

10
9
lM

W
hi
te

Ac
et
on

e
ex
tr
ac
t
w
as

pa
rt
iti
on

ed
be
tw
ee
n
Et
O
Ac

an
d
H
2O

Ce
po

si
de

A,
B,
C

An
tif
un

ga
l

An
tif
un

ga
la

ct
iv
ity

w
as

in
th
e
or
de
r
ce
po

si
de

B
>
ce
po

si
de

A
>
ce
po

si
de

C.
Th
e
th
re
e
co
m
po

un
ds

di
sp
la
ye
d
sy
ne
rg
is
tic

ac
tiv
ity

ag
ai
ns
t
Bo
tr
yt
is
ci
ne
re
a
an
d
Tr
ic
ho
de
rm

a
at
ro
vi
rid
e.
O
n

th
e
oh

er
ha
nd

,F
us
ar
iu
m

ox
ys
po
ru
m

f.
sp
.l
yc
op
er
sic
i,
Sc
le
ro
tiu
m

(L
an
zo
tt
i

et
al
.2

01
2)

(c
on
tin
ue
d)

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 5



Ta
bl
e
2.

Co
nt
in
ue
d.

O
ni
on

ty
pe

Ex
tr
ac
tin

g
so
lv
en
t

Co
m
po

un
d
(s
)
id
en
tif
ie
d

O
bs
er
ve
d
bi
ol
og

ic
al

ac
tiv
ity

(if
te
st
ed
)�

M
ec
ha
ni
sm

of
ac
tio

n
Re
fe
re
nc
es

ce
pi
vo
ru
m
,a
nd

Rh
iz
oc
to
ni
a
so
la
ni

w
er
e
ve
ry

lit
tle

af
fe
ct
ed

by
th
es
e
sa
po

ni
ns

W
hi
te

D
is
til
le
d
w
at
er
,2

-o
ct
an
ol
,a
nd

di
ch
lo
ro
m
et
ha
ne

A
ld
eh

yd
es

(L
ig
uo

ri
et

al
.2

01
7)

Pr
op

io
na
ld
eh
yd
e

N
T

–
2-
M
et
hy
l-2
-p
en
te
na
l

N
T

–
Fu
rf
ur
al
de
hy
de

N
T

–
5-
M
et
hy
l-2
-f
ur
fu
ra
ld
eh
yd
e

N
T

–
Su

lfu
r-
co
nt
ai
ni
ng

co
m
po

un
ds

1-
Pr
op

an
et
hi
ol

N
T

–
Pr
op

yl
en
e
su
lfi
de

N
T

–
D
im
et
hy
ls
ul
fid

e
N
T

–
M
et
hy
lp

ro
py
ld

is
ul
fid

e
N
T

–
ci
s-
M
et
hy
l-1
-p
ro
pe
ny
ld

is
ul
fid

e
N
T

–
5-
M
et
hy
l-1
,3
-t
hi
az
ol
e

N
T

–
tr
an
s-
M
et
hy
l-1
-p
ro
pe
ny
ld

is
ul
fid

e
N
T

–
3,
4-
D
im
et
hy
lt
hi
op

he
ne

N
T

–
M
et
hy
l-2
-p
ro
pe
ny
ld

is
ul
fid

e
N
T

–
D
ip
ro
py
ld

is
ul
fid

e
N
T

–
1,
2,
4-
Tr
ith

io
la
ne

N
T

–
tr
an
s-
Pr
op

en
yl
pr
op

yl
di
su
lfi
de

N
T

–
ci
s-
Pr
op

en
yl
pr
op

yl
di
su
lfi
de

N
T

–
M
et
hy
lp

ro
py
lt
ris
ul
fid

e
N
T

–
D
ip
ro
py
lt
ris
ul
fid

e
N
T

–
Ke

to
ne

s
1,
2-
Cy
cl
op

en
ta
ne
di
on

e
N
T

–
Bu

ty
ro
la
ct
on

e
N
T

–
Ph

en
ol
s

G
al
lic

ac
id

N
T

–
Fe
ru
lic

ac
id

N
T

–
Q
ue
rc
et
in

N
T

–
Ka
em

pf
er
ol

N
T

–
Ch

lo
ro
ge
ni
c
ac
id

N
T

–
Re
d

Ac
id

an
d
al
ka
lin
e

hy
dr
ol
ys
is
,a
nd

en
zy
m
-

at
ic
au
to
ly
si
s

Q
ue
rc
et
in

3,
7,
4’
-t
rig

lu
co
si
de
,

N
T

–
(P
� er
ez
-G
re
go

rio
et

al
.2

01
0)

Q
ue
rc
et
in

7,
4’
-d
ig
lu
co
si
de

N
T

–
Q
ue
rc
et
in

3,
4’
-d
ig
lu
co
si
de

N
T

–
Is
or
ha
m
ne
tin

3,
4’
-d
ig
lu
co
si
de

N
T

–
Q
ue
rc
et
in

3-
gl
uc
os
id
e

N
T

–
Q
ue
rc
et
in

4’
-g
lu
co
si
de

N
T

–
Is
or
ha
m
ne
tin

4’
-g
lu
co
si
de

N
T

–
Cy
an
id
in

3-
gl
uc
os
id
e

N
T

–
Cy
an
id
in

3-
la
m
in
ar
ib
io
si
de

N
T

–
Cy
an
id
in

3-
(3
"-
m
al
on

yl
gl
uc
os
id
e)

N
T

–
Pe
do

ni
di
n
3-
gl
uc
os
id
e

N
T

–
Cy
an
id
in

3-
(6
"-
m
al
on

yl
gl
uc
os
id
e)

N
T

–
Cy
an
id
in

3-
(6
"-
m
al
on

yl
-

la
m
in
ar
ib
io
si
de
)

N
T

–

(c
on
tin
ue
d)

6 J. TESHIKA ET AL.



Ta
bl
e
2.

Co
nt
in
ue
d.

O
ni
on

ty
pe

Ex
tr
ac
tin

g
so
lv
en
t

Co
m
po

un
d
(s
)
id
en
tif
ie
d

O
bs
er
ve
d
bi
ol
og

ic
al

ac
tiv
ity

(if
te
st
ed
)�

M
ec
ha
ni
sm

of
ac
tio

n
Re
fe
re
nc
es

Pe
on

id
in

3-
m
al
on

yl
gl
uc
os
id
e

N
T

–
Cy
an
id
in

3-
di
m
al
on

yl
am

in
ar
ib
io
si
de

N
T

–
Re
d

80
%

et
ha
no

lc
on

ta
in
in
g

0.
1%

hy
dr
oc
hl
or
ic
ac
id

D
el
ph

in
id
in

3,
5-
di
gl
yc
os
id
es

N
T

–
(Z
ha
ng

et
al
.2

01
6)

Cy
an
id
in

3,
5-
di
gl
yc
os
id
es

N
T

–
Cy
an
id
in

3-
gl
yc
os
id
es

N
T

–
Cy
an
id
in

3-
(6��
-m

al
on

yl
)-

gl
uc
op

yr
an
os
id
e

N
T

–

Q
ue
rc
et
in

N
T

–
Re
d

M
et
ha
no

l-a
ce
tic

ac
id
-w
at
er

(2
5:
4:
21
,v
:v
:v
)

Cy
an
id
in

3
gl
uc
os
id
e

N
T

–
(F
er
re
re
s

et
al
.1

99
6)

Cy
an
id
in

3-
ar
ab
in
os
id
e

N
T

–
Cy
an
id
in

3-
m
al
on

yl
gh

tc
os
id
e

N
T

–
Cy
an
id
in

3-
m
al
on

yl
ar
ab
in
os
id
e

N
T

–
Q
ue
rc
et
in

3,
4’
-d
ig
lu
co
si
de

N
T

–
Q
ue
rc
et
in

7,
4’
-d
ig
lu
co
si
de

N
T

–
Q
ue
rc
et
in

3-
gl
uc
os
id
e

N
T

–
D
ih
yd
ro
qu

er
ce
tin

3
gl
uc
os
id
e

N
T

–
Is
or
ha
m
ne
tin

4’
-g
lu
co
si
de

N
T

–
Re
d

M
et
ha
no

l-A
ce
tic

ac
id

Q
ue
rc
et
in

3,
7,
4’
-O
-

b
-t
rig

lu
co
py
ra
no

si
de

N
T

–
(F
os
se
n

et
al
.1

99
8)

Q
ue
rc
et
in

4’
-O
-b
-g
lu
co
py
ra
no

si
de

N
T

–
Q
ue
rc
et
in

3,
4’
-O
-

b
-d
ig
lu
co
py
ra
no

si
de

N
T

–

Ta
xi
fo
lin

4’
-O
-b
-g
lu
co
py
ra
no

si
de

N
T

–
Re
d

5%
M
et
ha
no

ic
ac
id

Cy
an
id
in

3-
gl
uc
os
id
e

N
T

–
(T
er
ah
ar
a

et
al
.1

99
4)

3-
m
al
on

yl
gl
uc
os
id
e

N
T

–
Cy
an
id
in

3-
la
m
in
ar
ib
io
si
de

N
T

–
3-
m
al
on

yl
la
m
in
ar
ib
io
si
de

N
T

–
Re
d

M
et
ha
no

l
5-
ca
rb
ox
yp
yr
an
oc
ya
ni
di
n
3-

O
-(
6"
-O
-m

al
on

yl
-

b
-g
lu
co
py
ra
no

si
de

N
T

–
(F
os
se
n
an
d

An
de
rs
en

20
03
)

5-
ca
rb
ox
yp
yr
an
oc
ya
ni
di
n
3-
O
-

b
-g
lu
co
py
ra
no

si
de

N
T

–

Br
ow

n
W
at
er

Al
lic
ep
in

An
tif
un

ga
l

Ex
er
te
d
an

in
hi
bi
to
ry

ac
tiv
ity

on
m
yc
el
ia
lg

ro
w
th

in
se
ve
ra
l

fu
ng

al
sp
ec
ie
s
in
cl
ud

in
g
Bo
tr
yt
is
ci
ne
re
a,

Fu
sa
riu
m

ox
ys
po
ru
m
,

M
yc
os
ph
ae
re
lla

ar
ac
hi
di
co
la

an
d
Ph
ys
al
os
po
ra

pi
ric
ol
a.

(W
an
g
an
d

N
g
20
04
)

So
ch
ac
ze
w
sk
a

80
%

m
et
ha
no

l
Q
ue
rc
et
in
-3
,4
’-d

iO
-b
-g
lu
co
si
de

N
T

–
(Z
ie
li� n
sk
a

et
al
.2

00
8)

Q
ue
rc
et
in
-3
-O
-b
-g
lu
co
si
de

N
T

–
Q
ue
rc
et
in
-4
’-O

-b
-g
lu
co
si
de

N
T

–
N
I

M
et
ha
no

l
Q
ue
rc
et
in

An
tio

xi
da
nt

Ex
hi
bi
te
d
D
PP
H
(IC

50
¼
87
.5
l
g/
m
l),

FR
AP

(IC
50
¼
90
.4
l
g/
m
l),

an
d
O
H
�(

IC
50
¼
78
.6
l
g/
m
l)
ra
di
ca
ls
ca
ve
ng

in
g
ef
fe
ct

(N
ile

et
al
.2

01
7)

En
zy
m
e
in
hi
bi
tio

n
In
hi
bi
te
d
th
e
en
zy
m
es

ur
ea
se

(IC
50
¼
8.
2
l
g/
m
l)
an
d
xa
nt
hi
ne

ox
id
as
e
(IC

50
¼
10
.5
l
g/
m
l)

Q
ue
rc
et
in
-4
’-O

-m
on

og
lu
co
si
de

An
tio

xi
da
nt

Ex
hi
bi
te
d
D
PP
H
(IC

50
¼
65
.2
l
g/
m
l),

FR
AP

(IC
50
¼
70
.5
l
g/
m
l),

an
d
O
H
�(

IC
50
¼
60
.5
l
g/
m
l)
ra
di
ca
ls
ca
ve
ng

in
g
ef
fe
ct

En
zy
m
e
in
hi
bi
tio

n
In
hi
bi
te
d
th
e
en
zy
m
es

ur
ea
se

(IC
50
¼
15
.5
l
g/
m
l)
an
d
xa
nt
hi
ne

ox
id
as
e
(IC

50
¼
17

lg
/m

l)
Q
ue
rc
et
in
-3
,4
’-O

-d
ig
lu
co
si
de

An
tio

xi
da
nt

Ex
hi
bi
te
d
D
PP
H
(IC

50
¼
80
.5
l
g/
m
l),

FR
AP

(IC
50
¼
85
.4
l
g/
m
l),

an
d
O
H
�(

IC
50
¼
75
.6
l
g/
m
l)
ra
di
ca
ls
ca
ve
ng

in
g
ef
fe
ct

(c
on
tin
ue
d)

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 7



Ta
bl
e
2.

Co
nt
in
ue
d.

O
ni
on

ty
pe

Ex
tr
ac
tin

g
so
lv
en
t

Co
m
po

un
d
(s
)
id
en
tif
ie
d

O
bs
er
ve
d
bi
ol
og

ic
al

ac
tiv
ity

(if
te
st
ed
)�

M
ec
ha
ni
sm

of
ac
tio

n
Re
fe
re
nc
es

En
zy
m
e
in
hi
bi
tio

n
In
hi
bi
te
d
th
e
en
zy
m
es

ur
ea
se

(IC
50
¼
10
.5
l
g/
m
l)
an
d

xa
nt
hi
ne

ox
id
as
e
(IC

50
¼
15
.3
lg

/m
l)

Is
or
ha
m
ne
tin

-3
-g
lu
co
si
de

An
tio

xi
da
nt

Ex
hi
bi
te
d
D
PP
H
(IC

50
¼
72
.4
l
g/
m
l),

FR
AP

(IC
50
¼
75
.2
lg

/m
l),

an
d

O
H
�(

IC
50
¼
68
.7
l
g/
m
l)
ra
di
ca
ls
ca
ve
ng

in
g
ef
fe
ct

N
I

Es
se
nt
ia
lo

il
D
ip
ro
py
ld

is
ul
fid

e,
D
ip
ro
py
ls
ul
fid

e
An

tio
xi
da
nt

Ca
co
-2

ce
ll
lin
e
de
riv
ed

fr
om

hu
m
an

co
lo
n
ca
rc
in
om

a
(A
TC
C

H
TB
-3
7)

un
de
rw
en
t
si
gn

ifi
ca
nt

re
du

ct
io
ns

in
re
ac
tiv
e
ox
id
at
iv
e

sp
ec
ie
s
(R
O
S)

co
nt
en
t
af
te
r
48

h
of

ex
po

su
re

to
ea
ch

co
m
po

un
d.

H
ig
he
r
re
du

ct
io
ns

w
er
e
sh
ow

n
w
he
n
Ca
co
-2

ce
lls

w
er
e
ex
po

se
d
to

a
m
ix
tu
re

of
bo

th
co
m
po

un
ds

(L
la
na
-R
ui
z-
Ca
be
llo

et
al
.2

01
5)

N
I

25
%

et
ha
no

l
Le
ct
in

(a
gg

lu
tin

in
)

Im
m
un

op
ro
te
ct
iv
e

Pr
om

ot
ed

th
e
re
st
or
at
io
n
of

ly
m
ph

oi
d
ce
ll
co
un

t
an
d
pr
om

ot
ed

th
e
im
m
un

e
re
sp
on

se
by

do
se

de
pe
nd

en
tly

el
ev
at
ed

th
e

pr
od

uc
tio

n
of

pr
o-
in
fla
m
m
at
or
y
m
ol
ec
ul
es

(C
O
X-
2
an
d
ni
tr
ic

ox
id
e)

an
d
ex
pr
es
si
on

le
ve
ls
of

im
m
un

e
re
gu

la
to
ry

m
ol
ec
ul
e

(T
N
F-
a)

(K
um

ar
an
d

Ve
nk
at
es
h

20
16
)

N
I

25
%

et
ha
no

l
Le
ct
in

(a
gg

lu
tin

in
)

Im
m
un

op
ro
te
ct
iv
e

U
si
ng

m
ac
ro
ph

ag
e
ce
ll
lin
e,
RA

W
26
4.
7
an
d
ra
t
pe
rit
on

ea
lm

ac
ro
-

ph
ag
es
,t
he

co
m
po

un
d
sh
ow

ed
an

in
cr
ea
se

in
th
e
pr
od

uc
tio

n
of

ni
tr
ic
ox
id
e
at

24
h,

an
d
st
im
ul
at
ed

th
e
pr
od

uc
tio

n
of

pr
o-
in
fla
m
m
at
or
y
cy
to
ki
ne
s
(T
N
F-
a
an
d
IL
-1
2)

at
24

h.
Al
so

en
ha
nc
ed

th
e
pr
ol
ife
ra
tio

n
of

m
ur
in
e
th
ym

oc
yt
es

at
24

h.
Al
so

el
ev
at
ed

th
e
ex
pr
es
si
on

le
ve
ls
of

cy
to
ki
ne
s
(IF
N
-c

an
d

IL
-2
)
in

m
ur
in
e
th
ym

oc
yt
es
.

(P
ra
sa
nn

a
an
d

Ve
nk
at
es
h

20
15
)

N
I

10
0%

m
et
ha
no

l
Q
ue
rc
et
in

40
-g
lu
co
si
de

An
ti-
al
le
rg
y

D
is
pl
ay
ed

b
-H
ex
os
am

in
id
as
e
in
hi
bi
to
ry

ac
tiv
ity

(IC
50
¼
6.
5
l
M
)

(S
at
o
et

al
.2

01
5)

Is
or
ha
m
ne
tin

40
-g
lu
co
si
de

An
ti-
al
le
rg
y

D
is
pl
ay
ed

b
-H
ex
os
am

in
id
as
e
in
hi
bi
to
ry

ac
tiv
ity

(IC
50
¼
17
.5
l
M
)

Q
ue
rc
et
in

An
ti-
al
le
rg
y

D
is
pl
ay
ed

b
-H
ex
os
am

in
id
as
e
in
hi
bi
to
ry

ac
tiv
ity

(IC
50
¼
3.
2
l
M
)

cv
.S
kv
irs
ky

96
%

et
ha
no

l
1,
3-
di
on

-5
-o
ct
yl
-c
yc
lo
pe
nt
an
e,
1,
3-

di
on

-5
-h
ex
yl
cy
cl
op

en
ta
ne

Ph
yt
oa
le
xi
n

In
hi
bi
t
co
ni
di
al

ge
rm

in
at
io
n
an
d
ge
rm

-t
ub

e
gr
ow

th
of

Bo
tr
yt
is

ci
ne
re
a
in

liq
ui
d
cu
ltu

re
(D
m
itr
ie
v

et
al
.1

99
0)

N
I

50
%

et
ha
no

l
Zw

ie
be
la
ne

A
(c
is
-2
,3
-d
im
et
hy
l-5
,6
-

di
th
ia
bi
cy
cl
o[
2.
1.
1]
he
xa
ne

5-
ox
id
e)

An
tif
un

ga
l

Am
pl
ifi
es

th
e
di
sr
up

tiv
e
ef
fe
ct

of
Po
ly
m
yx
in

B
on

th
e
va
cu
ol
e

of
Sa
cc
ha
ro
m
yc
es

ce
re
vi
sia

e,
w
hi
ch

ha
s
be
en

fo
un

d
to

re
pr
e-

se
nt

a
ta
rg
et

fo
r
an
tif
un

ga
la

ge
nt
s.

(B
or
jih
an

et
al
.2

01
0)

N
I

Es
se
nt
ia
lo

il
Is
oa
m
yl
al
co
ho

l
N
T

–
(M

na
ye
r

et
al
.2

01
4)

D
im
et
hy
ld

is
ul
fid

e
N
T

–
D
ia
lly
ls
ul
fid

e
N
T

–
D
im
et
hy
lt
hi
op

he
ne

N
T

–
M
et
hy
lp

ro
py
ld

is
ul
fid

e
N
T

–
M
et
hy
l1

-p
ro
pe
ny
ld

is
ul
fid

e
N
T

–
D
im
et
hy
lt
ris
ul
fid

e
N
T

–
Al
ly
lp

ro
py
ld

is
ul
fid

e
N
T

–
D
ip
ro
py
ld

is
ul
fid

e
N
T

–
1-
Pr
op

en
yl
pr
op

yl
di
su
lfi
de

N
T

–
3,
5-
D
im
et
hy
l-1
,2
,4
-t
rit
hi
ol
an
e

N
T

–
M
et
hy
lp

ro
py
lt
ris
ul
fid

e
N
T

–
M
et
hy
l1

-p
ro
pe
ny
lt
ris
ul
fid

e
N
T

–
M
et
hy
l-1
-(
m
et
hy
lth

io
)e
th
yl
-d
is
ul
fid

e
N
T

–
D
im
et
hy
lt
et
ra
su
lfi
de

N
T

–
3-
Et
hy
l-5
-m

et
hy
l-1
,2
,4
-t
rit
hi
ol
an
e

N
T

–
3-
Et
hy
l-5
-m

et
hy
l-1
,2
,4
-t
rit
hi
ol
an
e

N
T

–
M
et
hy
l1

-(
m
et
hy
lth

io
-

pr
op

yl
)
di
su
lfi
de

N
T

–

2-
U
nd

ec
an
on

e
N
T

–
Tr
id
ec
an
e

N
T

–
D
ip
ro
py
lt
ris
ul
fid

e
N
T

–
(c
on
tin
ue
d)

8 J. TESHIKA ET AL.



Ta
bl
e
2.

Co
nt
in
ue
d.

O
ni
on

ty
pe

Ex
tr
ac
tin

g
so
lv
en
t

Co
m
po

un
d
(s
)
id
en
tif
ie
d

O
bs
er
ve
d
bi
ol
og

ic
al

ac
tiv
ity

(if
te
st
ed
)�

M
ec
ha
ni
sm

of
ac
tio

n
Re
fe
re
nc
es

Al
ly
lp

ro
py
lt
ris
ul
fid

e
N
T

–
D
i-1
-p
ro
pe
ny
lt
ris
ul
fid

e
N
T

–
2-
H
ex
yl
-5
-m

et
hy
l3

(2
H
)-
fu
ra
no

ne
N
T

–
2-
Tr
id
ec
an
on

e
N
T

–
2-
M
et
hy
l-3
,4
-d
ith

ia
he
pt
an
e

N
T

–
D
ip
ro
py
lt
et
ra
su
lfi
de

N
T

–
M
et
hy
lp

al
m
ita
te

N
T

–
Et
hy
lp

al
m
ita
te

N
T

–
M
et
hy
ll
in
ol
ea
te

N
T

–
Et
hy
lo

le
at
e

N
T

–
N
I

80
%

et
ha
no

la
nd

bo
ile
d
w
at
er

Tr
an
s-
(
þ)

-S
-p
ro
pe
ny
l-L
-c
ys
te
in
e

su
lfo
xi
de

(P
eC
SO

)
N
T

–
(U
ed
a
et

al
.1

99
4)

y-
gl
ut
am

yl
pe
pt
id
e
(y
-G
lu
-P
eC
SO

)
N
T

–
N
I

Es
se
nt
ia
lo

il
M
et
hy
lp

ro
py
ld

is
ul
fid

e
N
T

–
(V
az
qu

ez
-A
rm

en
ta

et
al
.2

01
4)

D
im
et
hy
lt
ris
ul
fid

e
N
T

–
Is
op

ro
py
ld

is
ul
fid

e
N
T

–
D
ip
ro
py
ld

is
ul
fid

e
N
T

–
D
im
et
hy
lt
et
ra
su
lfi
de

N
T

–
D
ip
ro
py
lt
ris
ul
fid

e
N
T

–
N
I

70
%

m
et
ha
no

l
Q
ue
rc
et
in

3,
4’
-d
ig
lu
co
si
de

N
T

–
(F
re
do

to
vi
� c

et
al
.2

01
7)

Q
ue
rc
et
in

4’
-m

on
og

lu
co
si
de

N
T

–
M
yr
ic
et
in

N
T

–
Q
ue
rc
et
in

ag
ly
co
ne

N
T

–
Is
or
ha
m
ne
tin

N
T

–
Pe
on

id
in

3’
-g
lu
co
si
de

N
T

–
Pe
tu
ni
di
n
3’
-g
lu
co
si
de

ac
et
at
e

N
T

–
D
el
ph

in
id
in

3’
-g
lu
co
si
de

N
T

–
M
al
vi
di
n
3’
-g
lu
co
si
de

N
T

–

N
I:
N
ot

in
di
ca
te
d.

N
T:
N
ot

te
st
ed
.

� T
he

re
po

rt
ed

bi
ol
og

ic
al

ac
tiv
iti
es

in
cl
ud

e
on

ly
th
os
e
of

th
e
is
ol
at
ed

co
m
po

un
ds

fr
om

on
io
n
w
hi
ch

ha
ve

be
en

te
st
ed
,a
nd

no
t
fr
om

ot
he
r
so
ur
ce
s.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 9



affinity chromatography on Affi-gel blue gel, and FPLC-gel
filtration on Superdex 75 (Wang and Ng 2004). Another
compound isolated from onion bulbs is Zwiebelane A
(cis-2,3-dimethyl-5,6-dithiabicyclohexane 5-oxide), which
was found to enhance the potential fungicidal activity of the
typical bactericidal antibiotic Polymyxin B (Borjihan et al.
2010). Zwiebelane A is the compound responsible for the
flavor released by onion during frying. Additionally,
Tverskoy et al. (1991) isolated two new phytoalexins: 5-
octyl-cyclopenta-1,3-dione and 5-hexy-cyclopenta-1,3-dione
from the bulbs of A. cepa which were elucidated by gel
filtration, HPLC and thin layer chromatography (TLC). The
main chemical constituents present in A. cepa are shown in
Figure 2 and their bio-functions are summarized in Table 2.

Pharmacological properties of A. Cepa

Antimicrobial activity

Allium cepa has been described as a potent antimicrobial
agent to fight against infectious diseases. Many bacteria,
fungi, and viruses were found to be susceptible to different
solvents extracts of A. cepa (Table 3). Sulphur compounds
have proven to be the principal active antimicrobial agent
present in onion (Rose et al. 2005). Many studies (Liguori
et al. 2017; Thomas and Parkin, 1994; Vazquez-Armenta
et al., 2014) have reconsidered the effect of organosulphur-
containing compounds on the growth of microorganisms. A.
cepa also possesses other antimicrobial phenolic compounds
including protocatechuic, p-coumaric, ferulic acids, and cat-
echol. Quercetin and kaempferol have been found as signifi-
cant contributors to this activity. The effectiveness of
kaempferol was greater than quercetin in inhibiting bacterial
growth of B. cereus, L. monocytogenes, and P. aeruginosa
and was as effective as quercetin in inhibiting the growth of
S. aureus and M. luteus (Santas et al. (2010). Other studies
also showed that quercetin oxidation products from yellow
onion skin such as 2-(3,4-dihydroxyphenyl)-4,6-dihydroxy-
2-methoxybenzofuran-3-one demonstrated selective activity
against Helicobacter pylori strains while 3-(quercetin-8-yl)-
2,3-epoxyflavanone showed antibacterial activity against
both multi-drug resistant Staphylococcus aureus and H.
pylori strains (Ramos et al. 2006).

Moreover, Benkeblia (2004) observed that essential oil of
three types of onion (yellow, green and, red) displayed
marked antimicrobial activity against specific pathogens,
including Staphylococcus aureus, Salmonella enteritidis,
Aspergillus niger, Penicillium cyclopium, and Fusarium oxy-
sporum (Benkeblia 2004). Several researchers (Begum and
Yassen 2015; Hamza 2015; Palaksha et al. 2013; Zohri et al.
(1995) have studied the activity of onion extracts on the
Gram-negative bacteria Klebsiella spp. However, contradict-
ing results were obtained from Srinivasan et al. (2001) and
Gomaa (2017) whereby there was no inhibition of K. pneu-
monia with onion extracts.

Besides, the antibacterial activity of the red variety of A.
cepa extract was found to be higher compared to yellow and
white varieties (Sharma et al. 2017). In the study of Park
and Chin (2010), onion extracts did not express

antimicrobial activities against two pathogens (E.coli and L.
monocytogenes). Ziarlarimi et al. (2011) also found that the
aqueous extract of onion did not show any effect against
E.coli and this corroborates with the study of Penecilla and
Magno (2011) in which the hexane and ethanol extracts
were also ineffective.

The similar result by Ponce et al. (2003) who studied
antimicrobial activities of natural plant extracts, reported
that onion oleoresin did not present inhibitory activity
against L. monocytogenes in agar diffusion method. Also,
they suggested that the lack of antimicrobial activity of
onion might be due to its used concentration and low purity
of onion oleoresin. Interestingly, Azu et al. (2007) found
that A. cepa was effective against P. aeruginosa isolated from
patients suffering from urinary tract infections indicating its
potential in the management of such condition. In vivo
study of Ur Rahman et al. (2017) showed that birds fed with
onion at a rate of 2.5 g/kg of feed had a decrease of E. coli
population and a significant increase of Lactobacillus spp.
The result corresponded to that of Goodarzi et al. (2014)
whereby broilers were fed with diets containing 10–30 g
onion/kg.

Interestingly, a recent study conducted by Lekshmi et al.
(2012) showed how nanoparticles synthesized from onion
displayed a positive effect in inhibiting Klebsiella spp.
Saxena et al. (2010) also reported the synthesis of silver
nanoparticles by using onion extract and demonstrated that
these nanoparticles, at a concentration of 50lg/mL, pre-
sented a complete antibacterial activity against E. and
Salmonella typhimurium.

Moreover, onion extracts are potent against fungal spe-
cies, and its essential oil inhibits the dermatophyte fungi
(Zohri et al. 1995). Aspergillus niger and Fusarium oxyspo-
rum were strongly inhibited (minimum fungicidal concen-
tration (MFC)¼ 75 and 100mg/mL, respectively) by the
ethyl alcohol extract of dehydrated onion (Irkin and
Korukluoglu 2007; Irkin and Korukluoglu 2009). Anti-fungal
saponins (ceposide A and C) discovered by Lanzotti et al.
(2012) were able to inhibit the growth of soil-borne patho-
gens (R. solani), air-borne pathogens (A. alternata, B. cen-
erea, Mucor spp and Phomopsis spp) and antagonistic fungi
(T. atroviride and T. harzianum). High inhibitory effect
against M. furfur (minimum inhibitory concentration
(MIC)¼ 8.062mg/ml) and C. albicans (MIC ¼4.522mg/ml)
were reported by Shams-Ghahfarokhi et al. (2006). Koci�c-
Tanackov et al. (2009) stated that essential oil of A. cepa, at
a concentration of 7%¸ had complete inhibition on the
growth of two yeasts (C. tropicalis and S. cerevisiae) and this
was also confirmed by the study of Kivanc and Kunduhoglu
(1997). High concentration of the essential oil also weakened
the growth of molds (A. tamarii and P. griseofulvum) as well
and complete inhibition was observed for E. astelodami.

Goren et al. (2002) conducted a clinical experiment to
find out if dehydrated A. cepa could be used in the treat-
ment of AIDS. Eight persons (from 28 to 30 years old) who
were HIV positive started a dietary regimen comprising of
9–13 g/day of A. cepa extract. After the treatment, all the
HIV positive patients experienced a total remission of
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Figure 2. Chemical strucures of major bioactive compounds from Allium cepa.
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Figure 2. Continued
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Figure 2. Continued.
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Figure 2. Continued
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Figure 2. Continued.
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Figure 2. Continued
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clinical symptoms associated with AIDS and were able to
resume their healthy lifestyle.

Other pharmacological activities of Allium cepa

Allium cepa has a miscellany of phytochemicals involving
flavonoids, phenolic acids, and organosulfur compounds
which contributes to its bioactivities. A. cepa possess a wide
range of pharmacological properties including antimicrobial,
antioxidant, analgesic, anti-inflammatory, anti-diabetic,
hypolipidemic, anti-hypertensive, and immunoprotective
effects, which are displayed in Table 4.

Dietary antioxidants play a crucial role in the suppression
of oxidative stress, which may cause initiation and progres-
sion of several diseases, including cancer, diabetes, inflam-
mation, and cardiovascular diseases (Razavi-Azarkhiavi et al.
2014). Recently, numerous studies have emphasized the anti-
oxidant activity of A. cepa. Kaur et al. (2009) studied the
antioxidant activity in ten cultivars of Indian onion. Red
cultivars (Sel-383, N-53, Pusa red, and Sel-402) displayed
higher ferric reducing antioxidant power (FRAP), cupric
reducing antioxidant capacity (CUPRAC) compared to white
cultivars (Pusa white flat, Pusa white round and Early
grano). In the study of Lee et al. (2015), the antioxidant
activity of fifteen onions of white, yellow, or red colors,
based on the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay.
Red onions displayed the highest DPPH scavenging effect
unlike white onions were less active. The DPPH assay also
showed correlations with anthocyanin (r2¼ 0.65) and quer-
cetin (r2¼ 0.76) contents which indicates that onions with
higher levels of anthocyanin and quercetin tend to exhibit
higher antioxidant power. Abdel-Salam et al. (2014) found
that the essential oil of red onion showed stronger scaveng-
ing effect against DPPH radicals (30.81%) compared to the
essential oil extract of garlic (22.04%). Gorinstein et al.
(2008) observed the phenolic content in the red onion to be
higher than in white onion and garlic, which could explain
its higher antioxidant activity compared to garlic.

Ouyang et al. (2017) reported the DPPH radical-scaveng-
ing activity, FRAP radical-scavenging activity, and OH� rad-
ical scavenging activity of total polyphenols from onion
(IC50¼ 43.24 mg/mL, 560.61 mg/mL, and 12.97mg/mL,
respectively). In addition, these polyphenols significantly
inhibited xanthine oxidase activity (IC50¼ 17.36mg/mL).
Moreover, (Sellappan and Akoh, 2002) investigated into the
total polyphenols and Trolox equivalent antioxidant capacity
(TEAC) of Vidalia onion varieties: Nirvana, DPS 1032,
Yellow 2025, King-Midas, and SBO 133 grown at Vidalia,
Georgia, which ranged from 73.33 to 180.84mg/100 g FW
and from 0.92 to 1.56lM TEAC/g FW, respectively. In
another recent study, Ma et al. (2018) found that polysac-
charide extracted from A. cepa displayed strong antioxidant
activity towards 2,20-azinobis(3-ethylbenzothiazoline-6-sul-
fonic acid) (ABTS) radical cations, Fe2þ chelating and super-
oxide anion radical scavenging.

Onion extracts of different cultivars in Ontario were also
found to significantly induced apoptosis, decreased the rate
of proliferation, and slowed the migration of human

adenocarcinoma (Caco-2) cells. Bioactive flavonoids and
organosulfur compounds present in onions have been
reported to affect signal transduction pathway, leading to
cell cycle arrest in the G1 and G2/M (Manohar et al. 2017).
The ethyl acetate extract of onion also could induce apop-
tosis of human breast cancer MDA-MB-231 cells and reduce
intercellular lipid accumulation of 3T3-L1 adipocytes via the
inhibition intracellular animal fatty acid synthase (FAS)
activity (Wang et al. 2012). Also, the methanol extract of
onion displayed inhibition of two kinds of human lung can-
cer cell lines (NCI-H522, NCI-H596) with IC50 values of
1.04 and 0.79mg/mL, respectively (Rho and Han 2000).
Onion oil also showed marked suppression of HL-60 human
promyelocytic leukemia cells proliferation; the suppression
was almost identical with those obtained by the positive
controls, all-trans-retinoic acid or dimethyl sulfoxide. Also,
the combination of onion oil with all-trans-retinoic acid
showed higher effect than either alone (Seki et al. 2000).
Moreover, at a concentration of 100mg/ml, the methanol
extract of white, yellow, and red onion peel displayed an
inhibition of 78.43, 81.90, and 96.52%, respectively, against
human breast cancer cell (MCF-7) and an inhibition of
71.58, 77.93, and 98.47%, respectively, on human prostate
cancer cell (LNCaP) (Jeong et al. 2009). Onion extracts also
dose-dependently inhibited the proliferation of four human
tumorigenic cell lines such as HT-29 (colon), MCF-7
(breast), DU-145 (prostate) and HepG2 (liver) (Shon and
Park 2006).

Furthermore, Lee et al. (2012) investigated the effect of
red onion in rats and found that rat consuming red onion
experienced an increase in the plasma superoxide dismutase
activity and the glutathione peroxidase activity. Interestingly,
it was also found that liver malondialdehyde levels were sig-
nificantly decreased. Pretreatment with A. cepa also pro-
tected against doxorubicin-induced hepatotoxicity in rats
due to its antioxidant properties (Mete et al. 2016). The
ethyl acetate fraction from onion also showed excellent
enhancing effects on spatial cognitive function and learning
and memory functions and also protected against trimethyl-
tin-induced cognitive dysfunction in mice (Park et al. 2015).
Another study (Hyun et al. 2013) demonstrated that onion
extract prevented brain edema, blood-brain barrier hyper-
permeability, and tight junction proteins disruption, possibly
through its antioxidant effects in mice. The study revealed
that onion could be helpful in preventing blood-brain bar-
rier function during brain ischemia.

Besides, it was observed that A. cepa was also effective in
reducing liver oxidative stress by preventing the decrease in
antioxidant parameters such as superoxide dismutase, cata-
lase, catalase, in glutathione peroxidase in diabetic rabbits
(Ogunmodede et al. 2012). The level of free radicals was
decreased in plasma and tissues of alloxan-diabetic rats after
treating them with onion extract (El-Demerdash et al. 2005)
and this result was in agreement with the study of Baynes
and Thorpe (1999), Kumari and Augusti (2002), and
Campos et al. (2003).

Besides, onion also displayed hypoglycemic effect. For
instance, many experimental studies on animals showed that
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the hypoglycemic effects of A. cepa are attributed to its sul-
fur-containing compounds such as S-methlycysteine sulfox-
ide (SMCS) and S-allylcysteinesulpoxide which can directly
act on the pancreas and increase insulin levels in the blood
(Akash et al. 2014). SMCS from onion showed a gradual
decrease in urine sugar (Kumari and Augusti (2002). On top
of that, intake of essential oil of onion in streptozotocin-
induced diabetic albino rats caused a significant decrease in
serum lipids, lipid peroxide formation, blood glucose and
increase in serum insulin (El-Soud and Khalil 2010). In
another experiment conducted by Kumari and Augusti (2002),
they found that SMCS isolated from onion improved diabetic
condition significantly in rats, viz. maintenance of body weight
and control of blood sugar. Ur Rahman et al. (2017) also eluci-
dated that dietary supplementation of onion increase the
weight gain and feed consumption of broilers chicken, produc-
ing a positive effect on performance, gut microflora, and intes-
tinal histomorphology (Goodarzi et al. 2014).

Moreover, consumption of fresh onion juice had both
spermatogenesis and antiprotozoal effects in Toxoplasma
gondii infected rats (Gharadaghi et al. 2012; Khaki et al.
2011). Zhou et al. (2017) also found that the essential oil
of A. cepa displayed an acetylcholinesterase inhibition of
41.46% at 100mg/ml. Additionally, Nasri et al. (2012) tested
for the analgesic effect of fresh onion juice in chronic pain
model with a hot plate and acute pain in mice by formalin
test. They also investigated its anti-inflammatory properties
using carrageenan-induced paw edema in rats. As results,
fresh onion juice was able to decrease the hind paw thick-
ness significantly compared to the control group and also
demonstrated better results than the standard treatment,
diclofenac with a 10mg/kg dosage. The anti-inflammatory
effect was attributed to the fact that onion extract can
prevent the formation of leukotrienes and thromboxanes by
the inhibition of COX and LOX pathways which is usually
responsible for its anti-apoptotic effect (Alpsoy et al. 2013).

Toxicity

The exploration of medicinal plants and other natural prod-
ucts has increased drastically due to the belief that natural
products tend to be safer with minimal to no side effects.
Even though plants have many pharmacological benefits;
some of them may be toxic or generate adverse effects to
human (Celik 2012). Concerning the toxicity of A. cepa,
Votto et al. (2010) reported that at a concentration of 2mg/
ml, onion extracts (aqueous, methanolic, and ethyl acetate)
exhibited significant DNA damage in Lucena MDR human
erythroleukemic and its K562 parental cell line. In K562
cells, an increase of apoptosis was found whereas in Lucena
cells there was an increase in necrosis. This damage was
attributed to the compound quercetin and propyl disulfide
present in onion. Genotoxic effects of organosulfur
compounds were recorded in the micronucleus test on
mammalian cells (L5178YTkp/_ cells) after propyl propane
thiosulfinate exposure at the highest concentration tested
(17.25mM). Additionally, in the comet assay, propyl
propane thiosulfinate caused DNA damage in Caco-2 cells

at a high concentration (280mM), but it did not induce oxi-
dative DNA damage (Mellado-Garc�ıa et al. 2016). Moreover,
the toxic effects of aqueous onion extract were investigated
in lung and liver tissues of rats. Administration of high
doses of onion (500mg/kg) showed histological changes and
even resulted in 25% rate of mortality in the treatment
group (Thomson et al. 1998). Cattle fed with onion also
reported clinical signs such as dehydration, ataxia, pale
mucous membranes, brown-colored urine, a distinct odor of
onions and tachycardia. When the blood samples from
acutely affected animals were tested, a decrease in packed
cell volume and evidence of hemolysis was seen (Parton
2000). Knight et al. (2000) also observed that lambs fed with
onions developed clinical signs of onion toxicity, but none
of them died from the toxic effects.

Limitations and recommendation

During the preparation of literature search, a disparity in
the contemporary knowledge of the ethnopharmacology of
A. cepa was noticed, which demands more emphasis in
future studies. Despite being used traditional in many
regions, mostly Asian and African countries, there was a
lack of specific information regarding the dosage, variety of
onion used, and the detailed method of preparation.
Therefore, it is essential to perform more detailed ethnome-
dicinal studies in these regions. Furthermore, based on the
result from Tables 3 and 4, it was found that out of fifty
studies reviewed, only two were conducted in vivo. This
implies that further research should be carried out in in vivo
models. Also, it was found that some studies have not pro-
vided a consistent result. For example, for the antimicrobial
activity, there was variation in the dimension of inhibition
against the same strain of tested microorganisms. These var-
iations could be attributed to different samples of A. cepa
collected from different regions whereby they differ concern-
ing soil, climatic conditions, and agricultural and processing
techniques. This could also be due to the different extraction
techniques used. In some studies, the varieties used for A.
cepa were not mentioned, and thus it was difficult to compare
the results. Consequently, future research should prioritize
these gaps and strive to study factors responsible for altera-
tions based on phytochemical composition and bioactive
properties. Moreover, it was observed that in many studies
the conventional extraction method, maceration, was used. It
can be suggested that other modern extraction methods such
as ultrasound- assisted extraction, microwave-assisted, and
supercritical fluid extraction can be further examined to
achieve higher yield at lower cost. Last but not least, pharma-
cological data amassed on A. cepa should be further explored
for potential applications in various fields besides drug dis-
covery, such as food development, food preservation, livestock
feed, biofarming, and other biotechnological applications.

Conclusion

The current review imparts to revise and provide an
updated compilation of studies focused on A. cepa. It should
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be taken into account that there have been other reviews
aimed to compile the medicinal aspects of A. cepa with lim-
ited emphasis laid on the ethnopharmacological uses of this
crop. Nevertheless, this work can be considered as an initia-
tive to incorporate scientific shreds of evidence based on the
ethnopharmacology of A. cepa. There was also an attempt
made to critically assessed and broaden the knowledge of
the traditionally used plant for its superfluous medicinal
properties, bioactive composition, and pharmacological
aspects. A. cepa can be regarded as a source of critical phy-
topharmaceutical agents with potential applications in
emerging fields of interest.
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