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Abstract: Allium is a genus that is widely consumed and used as traditional medicine in several
countries. This genus has two major species, namely cultivated species and wild species. Cultivated
species consist of A. cepa L., A. sativum L., A. fistulosum L. and A. schoenoprasum L. and wild species con-
sist of A. ursinum L., A. flavum L., A. scorodoprasum L., A. vineale L. and A. atroviolaceum Boiss. Several
studies report that the Allium species contain secondary metabolites such as polyphenols, flavonoids
and tannins and have bioactivity such as antioxidants, antibacterial, antifungal, anti-inflammatory,
pancreatic x-amylase, glucoamylase enzyme inhibitors and antiplatelets. This review summarizes
some information regarding the types of Allium species (ethnobotany and ethnopharmacology),
the content of compounds of Allium species leaves with various isolation methods, bioactivities,
antioxidant properties and the structure-antioxidant activity relationship (SAR) of Allium compounds.
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1. Introduction

Antioxidants play important roles in health. They are also used to reduce disease risk
and have the ability to protect the body against oxidative damages, which cause several
diseases (diabetes, cancer, and neurodegenerative disorders, etc.). Antioxidants can control
oxidative processes, leading to food quality descent caused by reactive oxygen species
(ROS) and free radical reactions in the body [1,2].

ROS and free radicals are the main causes of oxidative stress, which can trigger several
degenerative diseases such as cancer, coronary heart disease and vascular disease [3]. Based
on the dangers posed by ROS and free radical reactions, it is necessary to have natural
antioxidants that can prevent oxidative stress. Several studies reported that the leaves of
the Allium species have good antioxidant activity [4-6].

Allium is a genus of the Liliaceae family easily found in Asia, Europe and America [7].
This genus has more than 700 species such as A. cepa L., A. sativum L., A. fistulosum
L., A. schoenoprasum L. A. ursinum L., A. flavum L., A. scorodoprasum L., A. vineale L., A.
atroviolaceum Boiss., A. psekemense B. Fedtsch., A. kurtzianum, A. chinense and A. rubellum
and many other species from other countries [8,9]. In the last 10 years, several studies
have reported that Allium contains several secondary metabolites in the bulbs, flowers and
leaves [6,10-13]. Secondary metabolites are rich in health benefits because they have several
bioactivities such as antioxidant, anticancer, antibacterial, antifungal, anti-inflammatory
and anti-platelet [5,14-26]. Based on this, this review focused on the antioxidant activity
found in the leaves of nine Allium species that have been extensively studied [27]. This
review will also discuss the relationship between antioxidant activity and the structure of
several compounds contained in Allium leaf extract.
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2. Ethnobotany and Ethnopharmacology of Allium Species

Allium cepa L., onions, is the most cultivated plant widely used as a spice because of its
distinctive taste and aroma [28]. The plant has fibrous roots and consists of 3-8 leaves. The
base of the leaves is fleshy and forms bulbs that are round or elongated according to the
variety [29]. A. cepa has several types of varieties, namely yellow onions, white onions, red
onions and green onions [30]. This plant is easy to grow in areas with fine, rock-free and
well-draining soil types. In addition, this species is known to have a hypocholesterolemic
effect and can prevent heart disease [31].

Allium sativum L., garlic, is an annual plant that has been cultivated about 5000 years
ago in the Middle East, is easy to grow in cold areas and has bulbs consisting of several
cloves. There are 440 cloves in each stem. The bulb can grow to a size of 25-70 cm with
long, flat and folded leaves [30,31]. The flowers are greenish-white and about 3 mm in
length [32,33]. Several studies reported that this plant contains compounds that have low
toxicity, for example, sulfur compounds such as allicin and fructose polymers [34]. As well
as A. cepa L., the plant is also reported to have heart disease-preventing effect [31].

Allium fistulosum L., known as Japanese bunching onions, welsh onions or spring
onions is one of Allium species known for originating from Romania which has similarities
to scallions and smells and tastes similar to A. cepa L. Unlike other species, this plant
does not form bulbs and has hollow leaves [35]. In Japan and China, this plant is used
as a vegetable or as a traditional medicine to improve the function of internal organs and
metabolism and treat several diseases such as headaches, diarrhea, stomach pains and
colds [32,36].

Allium schoenoprasum L., chives, is one of the important spice plants in Central Europe
and is widely cultivated in several countries such as Austria, France, Germany and the
Netherlands. Morphologically, this plant can adapt easily to dry and sunny habitats [37].
This species has a thin bulb, shaped like a cone with a length of 2-3 cm and 1 cm in length.
The leaves are hollow and can be consumed because they have a mild onion taste. Another
characteristic of this plant is that it has a soft, tube-shaped hollow stem with a diameter of
23 mm and purple flowers. In some countries, this species is used as traditional medicine.
In Indonesia, A. schoenoprasum is used to treat hypertension. Meanwhile, in East Asia, this
is used to relieve flu and lung congestion [38].

Allium ursinum L., known as bear garlic, ramsons or wild garlic, is mostly found in
forest areas close to rivers. There are also those who call it forest garlic [39]. This plant
can grow to a height of 50 cm with white flowers and bulbs of a size of less than 6 cm [15].
In the middle of the century, the plant is used to treat dyspepsia, cardiovascular disease,
cancer, obesity and diabetes [40].

Allium flavum L., known as small yellow onion, is a species native to Southern, Cen-
tral and Eastern Europe and Western Asia. This plant has leaves and bulbs that can be
consumed and commonly used as a spice in several dishes such as salads, soups and
stews [10]. This species has a height of about 10-60 cm with round elongated bulbs at
the top. Other characteristics include having lanceolate-shaped leaves with stripes up
to 2 mm long and small yellow flowers. This plant commonly grows in rocky meadows
in the Mediterranean region and is used as traditional medicine because of its strong
hepatoprotective, immunostimulant and antihypertensive properties [41].

Allium scorodoprasum L., wild leek, is an annual plant widely grown in the North and
East Anatolia region which is commonly used as a mixture in the manufacture of cheese,
yogurt and bread [42]. This species is 25-90 cm tall with bulbs 1-2 cm in diameter. In
addition, this plant has leaves of 2-5 strands, each of a diameter of 2-8 mm, and flowers
are dark red and purple. Morphologically, this species is adaptable in calcareous areas,
grasslands, rural areas and clay slopes. Pharmacologically, this plant is used as an antiseptic,
wound healing, treating hypotension and diuretic and can prevent aging, cardiovascular
disease and liver disease [43].

Allium vineale L. known as crow garlic is a plant that is considered as a weed and
originates from Eurasia. The 30-100 cm tall plant has membranous bulbs and linear leaves.
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The first leaf, with a length of 3-5 cm, will become the midrib and the next leaf will cover
the previous leaf blade. This species is commonly used as traditional medicine in curing
several diseases such as pneumonia, ulcers, bronchitis, digestive disorders, and others [44].
A. vineale bulb can be used as a substitute for A. sativum in cooking, while the leaves are
used as a salad [45].

Allium atroviolaceum Boiss. is an annual herb originating from Zagros, a region in
Iran [46]. This species is used as a vegetable and also a source of vitamins [47].

3. Isolation Methods and Compound Content of Allium Species Leaves
3.1. Allium cepa

Several studies report the isolation of A. cepa with many methods. Samples were
extracted using the solvent extraction/conventional maceration method with 70% ethanol
solvent in a ratio 5:1 to the sample [7]. In another study conducted by Amabye et al., the
ethanol extract was characterized by HPLC to determine the amount of phenolics [40].

From some different isolation methods, it was also reported that A. cepa leaves contain
anthocyanin pigments [48], phenolics (catechin, cinnamic acid, ferulic acid, p-coumaric acid and
sinapic acid) [40], tannins, saponins [49], glycosides/aglycones, quercetin 4-O-3-glycopyranoside,
quercetin 3,4-O-p-diglycopyranoside, quercetin 3,7,4-O-f3-triglycopyranoside [7], carotenoids
and glutathione [27,50] (Figure 1).
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Figure 1. Compounds obtained from A. cepa leaf extract using different isolation methods.

11 12

13 14

(1) anthocyanin [48];

(2) catechin; (3) cinnamic acid; (4) ferulic acid; (5) p-coumaric acid; (6) sinapic acid [40]; (7) tannin; (8) saponin [49];
(9) glycoside; (10) quercetin 4-O-(3-glycopyranoside; (11) quercetin 3,4-O-p-diglycopyranoside; (12) quercetin 3,7,4-O-3-
triglycopyranoside [7]; (13) B-caroten; (14) glutathione [27].

3.2. Allium sativum

Studies concerning A. sativum also use several isolation methods. Sample residue
was extracted using petroleum ether, chloroform and ethyl acetate. Then, the chloroform
extract was analyzed using silica gel column chromatography (60-120 mesh) with mobile
phase CHCI3-MeOH (90:10; 80:20; 70:30; 50:50) and guided by TLC with mobile phase
CHCl3-MeOH (90:10) and iodine vapor was used as a detecting agent. In the CHCl3-MeOH
fraction (70:30), a single stain of oleanolic acid compound was obtained [49]. Isolation was
carried out to obtain methanol, chloroform and aqueous extracts using the conventional
maceration method [51]. In addition, five new compounds were obtained in the form
of cyclic organosulfur compounds. The five compounds were successfully isolated from
the acetone extract, which was partitioned with the EtOAc-H,O mobile phase (1:1) and
separated by normal phase silica gel column chromatography with CHCl3-MeOH mobile
phase (1:0; 100:1; 50:1; 30:1; 10:1; 0:1) to produce nine fractions and followed by reverse-
phase silica gel column chromatography with MeOH-H,O (2:8; 4:6; 6:4; 8:2; 1:0) as mobile
phase until thirteen fractions were obtained. Subsequently, the thirteen fractions were
purified by HPLC to obtain five pure compounds [52].

Several studies report that A. sativum leaves contain a triterpene compound, namely
oleanolic acid [53]. The research conducted by Wilson et al. reported that the leaf extract
of A. sativum contained terpenoids in the methanol extract, glycosides in the chloroform
extract and saponins, terpenoids and glycosides in the aqueous extract [51]. In addition,
phytochemical tests on aqueous extracts showed the presence of flavonoids, alkaloids, steroids,
triterpenes [54], S-allyl-L-cysteine, glutamyl-S-allyl-L-cysteine, S-allyl-L-cysteine sulfoxide
(allin) [55,56], foliogarlic disulfane A;, foliogarlic disulfane A,, foliogarlic disulfane A3, foliogar-
lic trisulfane Ay, foliogarlic trisulfane A, [52], quercetin 3-O-3-D-glucopyranoside (isoquercitrin),
quercetin 3-O-3-D-xylopyranoside (reynoutrin), kaempferol 3-O-3-D-glucopyranoside (astra-
galin) and isorhamnetin 3-O-3-D-glucopyranoside [57] (Figure 2).
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Figure 2. Compounds obtained from A. sativum leaf extract using different isolation methods. (15) S-
allyl-L-cysteine; (16) y-glutamyl-S-allyl-L-cysteine; (17) S-allyl-L-cysteine sulfoxide [55]; (18) foliog-
arlic disulfane A; (19) foliogarlic disulfane Ajy; (20) foliogarlic disulfane Aj; (21) foliogarlic trisul-
fane Aj; (22) foliogarlic trisulfane A; [52]; (23) quercetin 3-O-3-D-glucopyranoside; (24) quercetin
3-O-B-D-xylopyranoside; (25) kaempferol 3-O-3-D-glucopyranoside; (26) isorhamnetin 3-O-3-D-
glucopyranoside [57].

3.3. Allium fistulosum

Based on research conducted by Fukaya et al., seven compounds were isolated using
a simple maceration extraction method with acetone as a solvent. Furthermore, the extract
was partitioned with EtOAc-H,O (1:1) to obtain the EtOAc fraction then separated using
normal phase silica gel column chromatography [CHCl3-MeOH (1:0; 200:1; 100:1; 50:1; 0:1)];
[hexane-acetone (1:0; 6:1; 4:1; 3:1; 2:1; 0:1)] and reverse phase [MeOH-H,O (6:4; 7:3; 8:2;
9:1; 1:0)]. The last step is purification using HPLC [58]. There is no difference from other
methods in the isolation of apigenin compounds carried out by Immaculate V. et al. using
the TLC method and purified by HPLC. Aqueous extracts were analyzed by GC-MS [59].
The acetone extract was partitioned with EtOAc-H,O as a solvent and separated by silica
gel column chromatography with CHCl3-MeOH (100:1) as mobile phase to obtain five
fractions. Furthermore, fraction 3 was purified again by silica gel column chromatography
with n-hexane-acetone (6:1) as mobile phase [60].
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Several isolation methods of several studies reported that A. fistulosum leaf extract
contains flavonoids (myricetin, quercetin, rutin, kaempferol, naringenin and hesperetin),
polyphenols (benzoic acid, salicylic acid, ferulic acid, caffeine, p-coumaric acid, coumarin,
vanillic acid, gallic acid and cinnamic acid) [61], kujounin Az, kujounin B;, kujounin
By, kujounin Bg, allium sulfoxide Ay, allium sulfoxide Ajz, kujounin A; [58], apigenin
4’ ,5,7-trihydroxy-flavone) [35], dichloroacetic acid, 1-buten-3-yne, 1-chloro-, (Z)-,-pinene,
D-limonene, thymol [59], onionin A1, onionin A; and onionin A3 [60] (Figure 3).
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Figure 3. Compounds obtained from A. fistulosum leaf extract using different isolation methods.
(27) myricetin; (28) quercetin; (29) rutin; (30) kaempferol; (31) naringenin; (32) hesperetin; (33) benzoic
acid; (34) salicylic acid; (35) ferulic acid; (36) caffeine; (37) p-coumaric acid; (38) coumarin; (39) vanillic
acid; (40) gallic acid; (41) cinnamic acid [61]; (42) kujounin Ajz; (43) kujounin By; (44) kujounin
B;; (45) kujounin Bs; (46) allium sulfoxide Aj; (47) allium sulfoxide Aj; (48) kujounin A; [59];
(49) apigenin [35]; (50) dichloroacetic acid; (51) 1-buten-3-yne; (52) x-pinene; (53) 3-pinene; (54) D-
limonene; (55) thymol [59]; (56) onionin A;; (57) onionin A;; (58) onionin Ag [60].

3.4. Allium schoenoprasum

In a study conducted by Dominguez et al., A. schoenoprasum leaves were extracted
using conventional maceration with an ethanol solvent [62]. In some studies, the sample
was also extracted using a hydrodistillation method and analyzed by GC-MS [63]. The
extract was partitioned with EtOAc-H,O (1:1) and isolated by normal phase silica gel
column chromatography with CHCl3-MeOH (1:0; 200:1; 100:1; 50:1; 0:1) as mobile phase,
then, fraction 2 was isolated using reverse-phase silica gel column chromatography with
MeOH-H,O (6:4; 7:3; 8:2; 9:1; 1:0) as mobile phase and purified by HPLC with HyO-MeCN
(60:40) as mobile phase [58]. In addition, the Folin—-Ciocalteu method was also used to
analyze the phytochemical content [64].

A. schoenoprasum leaf extract from some studies with different methods reported
that these contain bis-(2-sulfhydryethyl)-disulfide, 2,4,5-trithiahexane, tris-(methylthio)-
methane [63], quercetin, kaempferol, myricetin, catechin, rutin, chlorogenic acid, p-coumaric
acid, ferulic acid, caffeic acid [62,65], folionin A;, folionin A,, folionin B [66], sitosterol,
stigmasterol, campesterol, cholesterol, free fatty acid, monoacylglycerin, diacylglycerin,
triacylglycerin, linoleic acid, palmitic acid, spirostanols (deltonin, saponin A), furostanols
(deltoside, protodioscin) [67] and I-ketose [68] (Figure 4).



Molecules 2021, 26, 7175 8 of 27

Figure 4. Cont.



Molecules 2021, 26, 7175 9 of 27

00
HO._ A OH

81

82
0 CH
J\/\/\/\/‘\/\/\/\ J

HO

83 ~4
H
OH ',on 1
H
H
eSS OL
HO™ 00

HLC
O
HO
OH 3 HO OH
H o H OH
Hi OH
O H QH
85 86
H4C 5t
CH
4 HO H
" /\'0]/\0
Hi
87 88

Figure 4. Cont.



Molecules 2021, 26, 7175

10 of 27

HO
H.C | .
W N Ay
HLCHOG ./ \_ /~OH
R ==X
o O on
-+ N -
| 1
A H b
HO | Soa .
} 00 L.
HO- ™ | L '
! pos Q)
Q" 1 o SH
HO ] O/ M
CH, | :
A ~0OH
HO \
OH
K9

Figure 4. Compounds obtained from A. schoenoprasum leaf extract using different isolation methods. (59) bis-
(2-sulfhydryethyl)-disulfide; (60) 2,4,5-trithiahexane; (61) tris(methylthio)-methane; (62) quercetin; (63) kaempferol;
(64) myricetin; (65) catechin; (66) rutin; (67) chlorogenic acid; (68) p-coumaric acid; (69) ferulic acid; (70) caffeic acid [61,63];
(71) folionin Ay; (72) folionin Aj; (73) folionin B [66]; (74) sitosterol; (75) stigmasterol; (76) campesterol; (77) cholesterol;
(78) free fatty acid; (79) monoacylglycerin; (80) diacylglycerin; (81) triacylglycerin; (82) linoleic acid; (83) palmitic acid;
(84) spirostanols; (85) deltonin; (86) saponin; (87) furostanols [67]; (88) I-ketose [68]; (89) protodioscin [67].

3.5. Allium ursinum

Studies concerning A. ursinum also use several isolation methods. In a study con-
ducted by Barla et al., a sample was extracted with an aqueous-ethanol solvent for 2 h
at 80 °C to obtain a powdered extract [69]. In another study, a sample was extracted
using two maceration methods, namely by water infusion and water decoction. Then,
the determination of the amount of phenolic content was conducted by the colorimetric
assays [70].

From some different isolation methods of several studies, it was reported that A. ursinum
extract contains p-coumaric acid, ferulic acid, kaempferol, kaempferol-3-O-glycoside, ursolic acid,
quercetin, phenol compound [7,10,71], allicin [21], malondialdehyde (MDA), carotenoids [27,50,68],
kaempferol-3,7-di-O-3-D-glucopyranoside, kaempferol-(acetylhexoside)-hexoside, acetyl-
kaempferol-deoxyhexose [71], propylene sulfide, dimethyldisulfide, dimethylthiophene,
(E)-methyl-2-propyl disulfide, (Z)-methyl-2-propenyl disulfide, dimethy] trisulfide, di-2-
propenyl disulfide, 2-vinyl-1,3-dithiane, (E)-propenyl propyl disulfide, (Z)-propenyl propyl
disulfide, methyl-2-propenyl trisulfide, 3,4-dihydro-3-vinyl-1,2-dithiine, 2-vinyl-4H-1,3-
dithiine, dimethyl tetrasulfide, (E)-di-2-propenyl trisulfide, (Z)-di-2-propenyl trisulfide,
di-2-propyl trisulfide, di-2-propenyl tetrasulfide [72], inulin, nystose, and I-ketose [68]
(Figure 5).
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Figure 5. Compounds obtained from A. ursinum leaf extract using different isolation methods. (90) p-coumaric acid; (91) fer-
ulic acid; (92) kaempferol; (93) kaempferol-3-O-glycoside; (94) ursolic acid; (95) quercetin [39]; (96) allicin [21]; (97) malondi-
aldehyde; (98) -caroten; (99) kaempferol-3,7-di-O-3-D-glucopyranoside [71]; (100) propylene sulfide; (101) dimethyldisul-
fide; (102) 2,4-dimethylthiophene; (103) (E)-methyl-2-propyl disulfide; (104) (Z)-methyl-2-propenyl disulfide; (105) dimethyl
trisulfide; (106) di-2-propenyl disulfide; (107) 2-vinyl-1,3-dithiane; (108) (E)-propenyl propyl disulfide; (109) (Z)-propenyl
propyl disulfide; (110) methyl-2-propenyl trisulfide; (111) 3,4-dihydro-3-vinyl-1,2-dithiine; (112) 2-vinyl-4H-1,3-dithiine;
(113) dimethyl tetrasulfide; (114) (E)-di-2-propenyl trisulfide; (115) (Z)-di-2-propenyl trisulfide; (116) di-2-propyl trisulfide;
(117) di-2-propenyl tetrasulfide [72]; (118) inulin; (119) nystose; (120) I-ketose [68].
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3.6. Allium flavum

Rezgui et al. also conducted research concerning A. flavum. The study conducted
refluxing samples two times for 1 h with MeOH-H,O (7:3) [11]. The solvent was evaporated
and then VLC (silica gel RP-18, MeOH-H,O 50:50) was conducted to produce several
fractions to separate using CC (Sephadex LH-20, MeOH). The last step was the MPLC
method (RP-18 silica gel, MeOH/H,O gradient 40-100%) to obtain pure compounds [11].
In addition, in another study, samples were suspended in 5 mL 1 mol/1 K;HPO, with pH
7.0 and centrifuged for 10 min to obtain an aliquot of the supernatant, which will be used
in the SOD activity test [27].

The results of several studies with different methods reported that A. flavum leaves contains
three new compounds of spirostane-type glycosides, namely (205,25R)-2«-hydroxyspirost-5-
en-33-yl, (205,25R)-2x-hydroxyspirost-5-en-33-yl, (20S,25R)-spirost-5-en-33-yl [11], flavonoids
and carotenoids [27] (Figure 6).
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Figure 6. Three new compounds of spirostane-type glycosides obtained from A. flavum leaf ex-
tract: (121) (20S,25R)-2o-hydroxyspirost-5-en-33-yl; (122) (20S,25R)-2«-hydroxyspirost-5-en-33-yl;
(123) (20S,25R)-spirost-5-en-33-yl [11].

3.7. Allium scorodoprasum

Prior to the antioxidant activity test, Tasci et al. first performed a sample extraction
with 80% using an ultrasonic bath [12].

A. scorodoprasum leave contains flavonoid and carotenoid compounds [27]. In addition,
in research conducted by Tasci et al., the organosulfur compound obtained was allicin [12]
(Figure 7).
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Figure 7. Compounds obtained from A. scorodoprasum leaf extract using ultrasonic bath: (124) 3-
caroten [27]; (125) allicin [12].

3.8. Allium vineale

Several methods were used to isolate compounds from A. vineale. One of the methods
used was a sample hydrodistilled first for 4 h and extracted with CH,Cl,. The filtrate was
obtained and then evaporated to remove the solvent to obtain essential oils that have a
sharp odor [45]. In other research, a sample A. vineale was first boiled using distilled water
before being extracted with ethyl acetate and a concentrated organic layer. The extract
obtained was then partitioned using silica gel chromatography with hexane, ethyl acetate
and methanol as mobile phases to obtain twenty-five fractions [16].

Based on the previous studies using different isolation methods of this species, it
contains 2-furaldehyde, (2E)-hexenal, (3Z)-hexenol, 2,4-dimethylthiophene, allyl methyl
disulfide, methyl (Z)-1-propenyl disulfide, methyl (E)-1-propenyl disulfide, benzaldehyde,
dimethyl trisulfide, diallyl disulfide, allyl (Z)-1-propenyl disulfide, allyl (E)-1-propenyl
disulfide, 1-propenyl propyl disulfide, methyl (methylthio)methyl disulfide, allyl methyl
trisulfide, 4-methyl-1,2,3-trithiolane, methyl propyl trisulfide, methyl (Z)-1-propenyl trisul-
fide, methyl (E)-1-propenyl trisulfide, dimethyl tetrasulfide, allyl (methylthio)methyl
disulfide, diallyl trisulfide, allyl (Z)-1-propenyl trisulfide, p-vinylguaiacol, allyl propyl
trisulfide, 5-methyl-1,2,3,4-tetrathiane, methyl (methylthio)methyl trisulfide, allyl methyl
tetrasulfide, allyl (methylthio)methyl trisulfide, 4-methyl-1,2,3,5,6-pentathiepane [45],
chrysoeriol, chrysoeriol-7-O[2 00-O-E-feruloyl]-B-D-glucoside and isorhamnetin-3-O-3-D-
glucoside [16] (Figure 8).
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Figure 8. Compounds obtained from A. vineale leaf extract using different isolation methods. (126) 2-
furaldehyde; (127) (2E)-hexenal; (128) (3Z)-hexenol; (129) 2,4-dimethylthiophene; (130) allyl methyl
disulfide; (131) methyl (Z)-1-propenyl disulfide; (132) methyl (E)-1-propenyl disulfide; (133) benzalde-
hyde; (134) dimethyl trisulfide; (135) diallyl disulfide; (136) allyl (Z)-1-propenyl disulfide; (137) allyl
(E)-1-propenyl disulfide; (138) 1-propenyl propyl disulfide; (139) methyl (methylthio)methyl disul-
fide; (140) allyl methyl trisulfide; (141) 4-methyl-1,2,3-trithiolane; (142) methyl propyl trisulfide;
(143) methyl (Z)-1-propenyl trisulfide; (144) methyl (E)-1-propenyl trisulfide; (145) dimethyl tetrasul-
fide; (146) allyl (methylthio)methyl disulfide; (147) diallyl trisulfide; (148) allyl (Z)-1-propenyl trisul-
fide; (149) p-vinylguaiacol; (150) allyl propyl trisulfide; (151) 5-methyl-1,2,3,4-tetrathiane; (152) methyl
(methylthio)methyl trisulfide; (153) allyl methyl tetrasulfide; (154) allyl (methylthio)methy] trisulfide;
(155) 4-methyl-1,2,3,5,6-pentathiepane [45]; (156) chrysoeriol; (157) chrysoeriol-7-O[200-O-E-feruloyl]-
-D-glucoside; (158) isorhamnetin-3-O-3-D-glucoside [16].

3.9. Allium atroviolaceum

Based on the research method conducted by Sebtosheikh et al., samples were cut into
small pieces and extracted by hydrodistillation using a Clevenger-a type of apparatus for
4 h. The extract obtained was then evaporated using anhydrous sodium sulfate and stored
at 4 °C. Then, the dry extract was analyzed using GC-MS [73,74]. In another research, dry
samples were extracted by maceration with HyO and 70% ethanol for 48 h. The extract was
filtered and evaporated to remove the solvent to obtain water and ethanol extract [46].

Several studies reported that isolation of A. atroviolaceum leaves using different meth-
ods resulted in several essential oils such as dimethyl trisulfide, ethyl linolenate, phy-
tol [73], norbornene, 3,4-dimethylthiophene, isocitronellene, methyl 1-propenyl disul-
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fide, dimethyl trisulfide furan, trans-2-(2-pentenyl)-furan, limonene, diallyl disulfide,
1,3-dithiane, 1,2-dithiolane, methyl (methylthio)methyl disulfide, 4,6-dimethyl-[1,2,3]-
trithiane, 5,9-undecadien-2-one, 6,10-dimethyl-(Z), 1,1’-thiobis-3-(methylthio)-propane, 4-
(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-buten-2-one, 5-methyl-2-phenyl-2-hexenal, 2-methyl-
3-oxo-cis-cyclohexanebutanal, 1,2,4-cyclopentanetrione, 3-(2-pentenyl)-, di-2-propenyl tetra-
sulfide, formic acid, 1,2-dithiolane,1.1-dioxide, tetradecanoic acid, 1-(2-ethyl-[1,3]dithian-2-
yl)-3-methyl-butan-1-ol and 6,10,14-trimethylpentadecan-2-one [74] (Figure 9).
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Figure 9. Compounds obtained from A. atroviolaceum leaf extract using different isolation methods. (159) dimethyl trisulfide;
(160) ethyl linolenate; (161) phytol [73]; (162) norbornene; (163) 3,4-dimethylthiophene; (164) isocitronellene; (165) methyl
1-propenyl disulfide; (166) dimethyl trisulfide furan; (167) trans-2-(2-pentenyl)-furan; (168) limonene; (169) diallyl disulfide;
(170) 1,3-dithiane; (171) 1,2-dithiolane; (172) methyl (methylthio)methyl disulfide; (173) 4,6-dimethyl-[1-3]-trithiane;
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(174) 5,9-undecadien-2-one, 6,10-dimethyl-(Z); (175) 1,1’-thiobis-3-(methylthio)-propane; (176) 4-(2,6,6-trimethyl-1-
cyclohexen-1-yl)-3-buten-2-one; (177) 5-methyl-2-phenyl-2-hexenal; (178) 2-methyl-3-oxo-cis-cyclohexanebutanal; (179) 1,2,4-
cyclopentanetrione,3-(2-pentenyl)-; (180) di-2-propenyl tetrasulfide; (181) formic acid; (182) 1,2-dithiolane,1.1-dioxide;
(183) tetradecanoic acid; (184) 1-(2-ethyl-[1,3]dithian-2-yl)-3-methyl-butan-1-ol; (185) 6,10,14-trimethylpentadecan-2-one [74].

4. Allium Species Leave Bioactivity and Test Methods
4.1. Antimicrobial

One of the activities found in several species Allium is as an antimicrobial. This
activity serves as a source of antibiotics against microorganisms such as pathogens and
microorganisms that can cause defects in food [75]. Amabye et al. reported that the
antimicrobial activity of the ethanol extract of A. cepa leaves can inhibit the pathogen
Streptococcus pneumoniae [40]. S. pneumoniae is a pathogen that has an important role in
causing invasive diseases such as pneumonia, septicemia, meningitis and some types of
eye infections [76-78]. An antimicrobial activity assay was carried out using the agar well
diffusion with sterile dimethyl sulfoxide (DMSO) as a negative control and gentamicin as
a positive control to determine the sensitivity of each bacterial species to be tested. The
study showed that there was antimicrobial activity in the ethanol extract of A. cepa leaves,
which managed to inhibit S. pneumoniae with an inhibition zone between 11.87-19.23 mm
at 20 mg/mL and the minimum inhibitory concentrations (MIC) value at 10 mg/mL.

In other studies also using the agar cup method, A. cepa leaf extract showed good
antimicrobial activity in inhibiting the growth of bacteria and fungi such as Aspergillus sp.,
Botrytis sp. and Penicillium sp., each with an inhibition zone of 817 sq.mm, 817 sq.mm and
377 sq.mm, respectively [79]. Antimicrobial activity was also found in other Allium species
such as A. ursinum [69], A. sativum to Listeria monocytogenes [78,79] and A. atroviolaceum [46].
Krivokapic et al. reported that antimicrobial activity was also present in A. ursinum leave.
The test was carried out by the microdilution plate method to determine the MIC and
minimum microbial concentration (MMC) value. The result indicated that the leaf extract
had antimicrobial activity inhibiting the growth of 20 bacteria and fungi [10]. Other studies
also state that A. ursinum leaf extracts contain organosulfur compounds such as propylene
sulfide, (E) methyl-2-propenyl disulfide and (Z) methyl-2-propenyl disulfide and several
other compounds that have antimicrobial activity [72].

4.1.1. Antibacterial

Research conducted by Solomon et al. reported the presence of antibacterial activity in
A. cepa leaves with different types of extracts, namely ethanol extract, hot extract and cold
extract. The three extracts were compared to see the difference in their compound content
and the efficiency of their antibacterial activity. The hot extract contains more flavonoids
and saponins than the other two extracts. Hot extract also showed the best antibacterial
activity among ethanol extract and cold extract in inhibiting the growth of Escherichia coli,
Streptococcus and Stephylus [80].

4.1.2. Antifungal

Parvu et al. reported that the ethanol extract of A. ursinum leaves has antifungal
activity. This study uses the agar dilution assay by determining the MIC value. Although
the content of allicin compounds in the leaves is not as much as in the flowers, the anti-
fungal activity in the ethanol extract of A. ursinum leaves is able to fight several types of
fungi with the MIC value of 120 uL/mL (A. niger), 80 uL/mL (B. cinerea), 100 pL/mL (B.
paeoniae), 160 uL/mL (F. oxysporum f. sp. tulipae),120 uL/mL (P. gladioli) and 80 pL/mL (S.
sclerotiorum) [21].

4.2. Antioxidant

Research on antioxidant activity in Allium species has been widely reported. Antioxi-
dant activity is found in many Allium species with different test methods. Dominguez et al.
reported the antioxidant activity of A. schoenoprasum based on the total iron reduction’s
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potential technique [62]. In several studies, the antioxidant activity test of A. schoenoprasum
and A. ursinum used different methods such as DPPH radical-scavenging ability, ferric re-
ducing antioxidant power (FRAP) assay and ABTS radical scavenging assays [17,52,54,55].
The use of some of these methods is intended to compare the results of activities between
one method and another and to determine which method is more appropriate to be used
in certain species. Parvu et al. did the same, which uses two methods, namely DPPH
bleaching method and the trolox equivalent antioxidant capacity (TEAC) assay, where the
antioxidant activity of the leaf extract was shown to be higher by the TEAC method than
DPPH bleaching method [64].

4.3. Anti-Inflammatory

Inflammation is a condition in which catabolism is more dominant or faster than
anabolism [81]. Inflammation can also be defined as a reaction to defend the body in
eliminating factors that can cause damage and the formation of homeostasis in the body.
This causes increased blood flow due to the increased permeability of capillaries and
white blood cells to the site of inflammation, resulting in inflammatory symptoms such as
redness, swelling and pain [82]. Several previous studies reported that the Allium species
has several bioactivities, one of which is anti-inflammatory [83-87]. Parvu et al. reported
that A. schoenoprasum leaf extract with three different concentrations (25, 50 and 100%) had
anti-inflammatory activity. The research was conducted by the method of testing in vivo
using a turpentine oil-induced inflammation model, while in terms of in vitro, the three
extracts were able to inhibit phagocytosis by reducing nitro-oxidative stress [64].

Pan et al. reported that anti-inflammatory activity was also present in A. sativum
aqueous leaf extract. The extract was previously screened for phytochemicals. The results
showed that the extract contained carbohydrates, reducing sugars, lipids, flavonoids,
ketones, alkaloids, steroids and triterpenes. The study used two different anti-inflammatory
activity testing methods, namely carrageenan-induced paw edema and histamine-induced
paw edema. Both methods showed that A. sativum aqueous leaf extract was able to lower
the paw edema significantly [88]. The same activity is also found in A. fistulosum aqueous
leaf extract or welsh onions. However, this study only used a carrageenan-induced paw
edema method. The results showed that the aqueous extract was able to inhibit the
development of paw edema by reducing the activity of the catalase (CAT), superoxide
dismutase (SOD) and glutathione peroxidase (GPx) enzymes found in paw edema mice by
43, 74 and 50%, respectively [87].

4.4. Antitumor

Tumors are pathological cells that can interfere with cell growth to be abnormal.
Tumors, often called neoplasms, are divided into benign tumors and malignant tumors.
Malignant tumors are often referred to as cancer [89]. The prevention and cure of tumors
can be obtained from natural ingredients that contain compounds that have antitumor
activity. A number of Allium species are known to have antitumor activity, such as A.
cepa, A. sativum, A. fistulosum and A. schoenoprasum [90]. Shirshova et al. reported that the
aqueous and EtOH-H,O extract of A. schoenoprasum leaves have antitumor activity. Several
compounds such as sitosterol, stigmasterol, campesterol, cholesterol, deltonin, saponin
A and mono-, di- and triacylglycerin were isolated and tested for antitumor activity in
40 male BDF mice. EtOH-H,O extract of A. schoenoprasum leaves was given to mice that
have been divided into four groups and given previous treatment and injected with tumor
strains Ehrlich carcinoma (EC). The results showed that the extract of A. schoenoprasum leaves
can inhibit tumor growth. The results can be seen by comparing tumor volume and mass
between the experimental group and the control group [67].

4.5. Antiplatelet

Platelets are small cell fragments that clump in the area of the injured blood vessel [91].
Platelets have an important role in hemostasis, which functions in stopping bleeding [92].
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Dysfunctional or abnormal platelets can cause cardiovascular damage, such as myocardial
infarctions and strokes. Several studies have developed antiplatelet drugs such as aspirin
to overcome the problem of abnormal platelets [93]. Several studies have reported that
some Allium species have antiplatelet activity. Saplontai-Pop et al. reported that A. cepa
bulbs have antiplatelet activity. The activity test used platelet-rich plasma (PRP), which is
based on the kinetic curve of decreasing plasma OD [94], while the research conducted by
Ko et al. used the platelet aggregation turbidometric assay [95]. Hiyasat et al. reported that
A. ursinum leaf extract has antiplatelet activity. Testing of antiplatelet activity in vitro was
conducted using light transmission aggregometry which has been induced with adenosine
diphosphate (ADP), collagen, A23187, epinephrine and arachidonic acid (ARA) [17]. In
other species such as A. fistulosum and A. schoenoprasum was also found the presence
of antiplatelet activity using the electrical impedance aggregator method. Although the
activities possessed by these two species are not as good as in other species, such as A.
sativum and A. ascalonicum [65]. While A. atroviolaceum extract has excellent antiplatelet
activity and is able to inhibit platelet aggregation in vitro induced by ARA and ADP with
each ICsg value of 0.4881 (0.4826-0.4937) and 0.4945 (0.4137-0.5911) mg/mL [74].

4.6. Pancreatic a-Amylase and Glucoamylase Enzyme Inhibitor

The reduction of carbohydrate digestion can be carried out by controlling the activity
of hydrolysis enzymes, a-amylase and glucoamylase. Controlling this activity can affect
postprandial hyperglycemia, which is considered to have a prophylactic healing effect in
patients with type 2 diabetes mellitus [96]. The inhibition of hydrolytic enzyme activity is
one of the right efforts to suppress carbohydrate digestion and monosaccharide absorp-
tion [97]. In human physiology, pancreatic x-amylase is a type of a-amylase which is found
in plants, fungi and bacteria [98]. The amount of pancreatic c-amylase synthesized in the
rough endoplasmic reticulum is regulated by the amount of food substrates [99], whereas
glucoamylase is an enzyme that can be produced from a number of organisms such as
Aspergillus niger and Aspergillus awamori. This enzyme plays a role in producing a certain
amount of glucose [100] (Table 1).

Meshram and Khamkar succeeded in isolating oleanolic acid compounds from the
chloroform fraction of A. sativum leaves using an enzyme activity inhibition test of pan-
creatic x-amylase and glucoamylase carried out by the Miller method [101], which was
modified. The study reported that oleanolic acid showed excellent inhibition of both en-
zymes. The highest inhibition value occurred at a concentration of 100 ug/mL was 57.50%
with ICsg 83.56 pug/mL for the glucoamylase enzyme, while it was 62.43% for pancreatic
a-amylase with ICs 55.51 pug/mL [53].

Table 1. Test Methods for Antioxidant Activity and Other Bioactivities of Allium Species Leaves.

Species Antioxidant Test Methods Other Bioactivities
A. sativum The phosphomolybdenum reduction assay [102] Antimicrobial [103,104]; Anti-inflammatory [88];
Inhibitor pancreatic x-amylase and glucoamylase [53]
A. ursinum DPPH radical-scavenging ability [70,71,105]; ferric reducing Antimicrobial [72,105]; Antifungal [21]; Antiplatelet [17]

antioxidant power (FRAP) assay [68]; ABTS radical scavenging
assays [23]

A. schoenoprasum

DPPH radical-scavenging ability; ferric reducing antioxidant
power (FRAP) assay [68]; DPPH bleaching method; the Trolox
equivalent antioxidant capacity (TEAC) assay [64]; the total iron
reduction’s potential technique [62]; ORAC (oxygen radical
absorbance capacity) [65]

Anti-inflammatory [73]; Antitumor [67]; Antiplatelet [65]

A. fistulosum

DPPH free radical scavenging assay [61]; ORAC (oxygen radical
absorbance capacity) [65]

Anti-inflammatory [87]; Antiplatelet [65]

A. scorodoprasum

Ferric reducing/antioxidant power (FRAP); DPPH radical
scavenging activity assay [12]

A. vineale

Ferric thiocyanate method; ferric ions (Fe3*) reducing antioxidant
power assay (FRAP); DPPH free radical-scavenging activity [16]
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Table 1. Cont.

Species Antioxidant Test Methods Other Bioactivities
A. cepa Antioxidant enzyme method [27] Antimicrobial [40,79]; Antibacterial [80];
Anticardioprotective [49]
A. flavum - Anticancer [11]

A. atroviolaceum

- Antimicrobial [46]; Antiplatelet [74]

5. Antioxidant Properties

Antioxidants are a system to protect our bodies from osulfide, allyl methyl tetrasulfide,
allyl (methylthio)methyl trisulfide, 4-mexidative stress caused by free radical and reactive
oxygen species (ROS) [48]. Oxidative stress can occur due to the formation of ROS and the
detoxification of increased levels of ROS in balance, causing impaired cellular function [106].
Oxidative stress due to ROS can cause several chronic diseases such as cancer, coronary
heart disease and osteoporosis. Free radical reactions can attack biomolecules, especially
the polyunsaturated fatty acids of cell membranes. ROS which are included as free radicals
include superoxide anion (O,°~), perhydroxyl radicals (HO,*®), hydroxyl radicals (*OH)
and nitric oxide and other species such as hydrogen peroxide (H,O5), singlet oxygen (10,),
hypochloric acid (HOCI) and peroxynitrite (ONOO™) [107,108]. The formation of ROS
starts from the uptake of O, then activates NADPH oxidase and produces superoxide
anion radicals and continues with the conversion of O, that becomes H,O, by SOD [109].
Antioxidants break the chain of free radical reactions by donating their own electrons to
free radicals without becoming free radicals [106,110].

Based on their activity, antioxidants are classified into two types, which are enzy-
matic and non-enzymatic. Enzymatic antioxidants are antioxidants that involve several
enzymes such as GPx, CAT and SOD in catalyzing free radical and ROS neutralization
reactions, while non-enzymatic antioxidants can come from natural materials such as
fruits, onions and others. These natural materials contain several compounds that have
antioxidant activity such as flavonoids, alkaloids, carotenoids and phenolic groups [111].
Testing of antioxidant activity can be carried out by some test methods such as DPPH
free radical scavenging assay, oxygen radical absorbance capacity (ORAC) assay, trolox
equivalent antioxidant capacity (TEAC) assay, ferric reducing antioxidant power (FRAP)
assay, cupric reducing antioxidant capacity (CUPRAC) assay, reducing power assay and
other methods [112-114].

Antioxidant compounds can also be obtained from some Allium species such as A.
fistulosum, A. ursinum, A. schoenoprasum, A. flavum, A. cepa, A. scorodoprasum, A. sativum, A.
cepa and A. vineale [69,70,102]. These compounds can be isolated from all parts of the plant
such as bulbs, leaves, roots, flowers and bark [109]. This study will discuss the antioxidant
activity of the compounds contained in Allium species leaves.

Testing of antioxidant activity in the species A. sativum was carried out using the DPPH
and FRAP assay. Some studies reported that the antioxidant activity of the A. sativum leaves
is very high, with ICsp 7.21 4= 0.39 mg/mL in the DPPH assay and 7.99 mol/g in the FRAP
assay [114]. In 2005, Kim et al. succeeded in isolating four flavonol compounds from A.
sativum leaves. These compounds are quercetin 3-O-3-D-glucopyranoside (isoquercitrin),
quercetin 3-O-f-D-xylopyranoside (reynoutrin), kaempferol 3-O-3-D-glucopyranoside
(astragalin) and isorhamnetin 3-O-3-D-glucopyranoside. The four compounds were tested
for their antioxidant activity using the DPPH method, hydroxyl radical-scavenging activity
and the ferric thiocyanate method [57]. Singh and Kumar also reported the presence of
antioxidant activity in A. sativum leaves using the phosphomolybdenum reduction assay.
The method is based on the reduction of Mo (IV) to Mo (V) in the methanol extract by
formatting a green phosphate complex subsequence or Mo (V) [102].

El Hadidy et al. reported that there were three major compounds isolated from A.
fistulosum leaf extract. They are myricetin, quercetin and rutin. From the three compounds,
myricetin is the most abundant compound in the Giza 6 and photon varieties, among
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other compounds, which is 38.75%. The antioxidant activity test using the DPPH method
showed that the activity decreased after three months of storage based on the percentage
of antioxidants [61]. The ethanol extract of A. ursinum leaves, which also uses the DPPH
radical scavenging assay, showed antioxidant activity of 77% with an ECs( value 322 g/mL.
The activity was influenced by the presence of phenolic compounds in the extract [69].
Research on antioxidant activity was also carried out on A. schoenoprasum leaves which used
two methods, DPPH bleaching assay and TEAC. The results using DPPH showed weak
antioxidant activity with an ECsg value (6.72 + 0.44 g/mg), whereas the TEAC method
used to determine the total oxidant scavenging activity showed a value of 132.8 =23 g
Trolox eq./g [64].

6. Structure-Antioxidant Activity Relationship Compounds in Allium

The structure-activity relationship (SAR) is an approach used to determine the rela-
tionship between the structure of a compound and its bioactivity [115]. The presence of
certain substituents can affect the strength of compound activity; for example, the different
number and position of a hydroxyl group will provide different antioxidant activities [116].
The following are some of the compound structures that have been isolated from Allium
leaf extract: (Figure 10).
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Figure 10. Compound structures are successfully isolated from Allium leaf extracts. (186) api-
genin [35]; (187) myricetin [117]; (188) naringenin [118]; (189) kaempferol [119]; (190) catechin [120];
(191) quercetin [121].

6.1. Apigenin

Apigenin (4',5,7-trihydroxy-flavone) is a compound that has been isolated from the
A. fistulosum leaves, such as in a study conducted by Immaculate V. et al. This compound
shows a bright orange color when observed under UV light with an Rf value (0.83). Based
on HPLC analysis data, this compound showed one major peak at 2.629 min and nine minor
peaks (10.700; 13.604; 15.744; 17.324; 18.579; 19.525; 19.683; 21.360; 25.383), in minutes [34].
Li et al. reported that apigenin has low antioxidant activity, which is due to the absence of
a single hydroxyl group in ring A and a single hydroxyl group in ring B with an activity
value (1.5 mM) [122].
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6.2. Myricetin

Myricetin (3',4',5',3,5,7-hexahydroxyflavone) was also isolated from A. fistulosum.
This compound is classified into the flavonoid group, which has six hydroxyl groups at
positions 3, 5,7, 3/, 4" and 5 [117]. The presence of a hydroxyl group at position 5 in ring
B greatly affects its antioxidant activity so that it becomes stronger with the ICsy (4 uM)
and 463.40 + 22.28 uM in testing using DPPH radical scavenging activity [118,120,123].

6.3. Naringenin

Naringenin 4’ ,5,7-trihydroxyflavanon is a flavanone compound of the flavonoid group
with a molecular weight of 272.26 (C15H1205) [124-127]. This compound had been isolated
from A. fistulosum [61]. It has a saturated heterocyclic ring C with hydroxyl substituent
at positions 4’,5,7. The presence of a hydroxyl group in ring A and a single hydroxyl
group in ring B affect the naringenin value in the TEAC test (1.5 £ 0.05 mM), so that its
antioxidant activity is lower than that of quercetin which has two hydroxyl substituents in
ring B [122,124].

6.4. Kaempferol

Kaempferol can be found in fruits and vegetables [102,115]. This compound is also
easily found in some Allium species [119]. In recent years, several studies had reported the
presence of kaempferol in A. fistulosum, A. ursinum, A. schoenoprasum, A. sativum and other
species [40,103]. Kaempferol (3,4’ 5,7-tetrahydroxyflavone) is a yellow tetrahydroxyflavone
compound that belongs to the flavonoid group with hydroxyl groups at positions 3, 4/,
5,and 7 [115,122,127]. Kaempferol has a wavelength band (367 nm) which is longer than
compounds that only have three hydroxyl groups such as apigenin (337 nm). The presence
of a reduction of the 2,3-unsaturated bond in ring C did not affect its antioxidant activity,
whereas the presence of a single hydroxyl group in ring B, which is conjugated with a
conjugated double bond, has little effect on increasing antioxidant activity [124]. Farkas
et al. reported that kaempferol has antioxidant activity in inhibiting heat-induced oxida-
tion in a B-carotene-linoleic acid-model-system (65.3%) [128]. In testing using the DPPH
radical scavenging activity method, kaempferol has an ICsj value 28.05 £ 0.28 uM and
1.3 £ 0.08 mM in tests using the TEAC (Trolox equivalent antioxidant activity) [129,130].

6.5. Catechin

Catechin (3,3’ 4’,5,7-pentahydroxyflavan) is a compound commonly found in several
types of green tea, cocoa, red grapes and onions [49,120,131-133]. It also can be found
and isolated from A. schoenoprasum [62]. This compound belongs to flavanol compound
groups which have five hydroxyl substituents at positions 3, 3/, 4/, 5 and 7 [133]. In recent
years, this compound had been reported to have antioxidant activity [125,133]. Silva et al.
reported that catechin had antioxidant activity of 1.9 & 0.1 pmol in the DPPH radical
scavenging assay and 1.4 £ 0.3 uM trolox equivalents/uM flavonoids in the ORACRroo
assay. o-catechol group in ring B showed a good effect on antioxidant activity [134]. In
addition, the high planarity due to the intramolecular hydrogen bonding between the
3-OH and 6'-H substituents in flavanol compounds such as catechin can also provide a
good antioxidant activity [135,136].

6.6. Quercetin

Quercetin (3,5,7,3' 4/ -pentahydroxyflavon) is one of the flavonoid compounds found
in plants such as onions, apples, berries and others. Its presence can be easily found in
several Allium species such as A. cepa, A. sativum, A. ursinum and A. fistulosum [4,56]. This
flavonol compound consists of three rings and five hydroxyl groups [123,137,138]. Several
studies reported that quercetin has the ability as an antioxidant in reducing the formation
of ROS [139-145]. The strength of antioxidant activity depends on the number of hydroxyl
groups possessed, such as quercetin, which will provide stronger activity than naringenin
and apigenin with three hydroxyl groups [116,117,121]. This is indicated by the value of
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ICsy that is smaller and TEAC values that are larger compared to the two compounds with
each ICs (10.89 £ 0.03; >1000; 463.40 £ 22.28 uM) and TEAC (4.7, 1.53, 1.45 mM) [118-142].
At the same time, the formation of a resonance-stabilized quinone structure due to the
hydroxyl group adjacent to the ring C [125]. Antioxidant activity will decrease when there
is glycolation of the hydroxyl group at position 3 on ring C [121].

7. Conclusions

Allium species such as A. cepa, A. sativum, A. fistulosum, A. schoenoprasum, A. ursinum, A.
flavum, A. scorodoprasum, A. vineale and A. atroviolaceum have a great role in the health field.
Those contain secondary metabolites that have several bioactivities such as antioxidant,
antimicrobial, antibacterial, antifungal, anti-inflammatory and others. Their bioactivities
are influenced by certain structure and functional groups.
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!hﬂ:l‘lﬂ.‘. AMipm s g gemus thad = widely corsunesd and vsed as racibional medicme in several
coumiries. This geams bas o mair species, namedy rultivated species and wild species. Cultivaled
speciesoomsistof A o L. Assetmim LA fistefosom L. and A sehorsaprmsim L amd wild species con

e ol AL uradauet LA e L A eondoprasun L, AL edacale L.oared A siresiolicen Bode. Several
studies report (hat B Alliny species cosbin secen dary setabolibs sudy o polyphenok, Qavenaids
arwl tanrans gind ave bicactivite sack as mbBosklnn s, artibacterial, pebifueesal, fmb-inRamm o
pncreabie eam iz, glocnamyiise enepme mhibinres and angiplatelers. This ieves aommanzes
some infommation regording the trpes of Al species icthrobatany nd ethnophacmacolegyl,
iz combend of cormpennats of Al spocies leaws wvidh rarious isolabion scilods, bioadivibes,
anbiaxidasd properties and the stucture-antiesddant achvity rebutionship BART ol Albure compounds,

Keywuedi: Allian specie buavis; ackinsidant propertis: SAR

1. Introdusction

Anbosidant play important roles in bealthe They are also wed o redoce disease nsk
and have the abdlity to protect the bod ¥ against paidative damages, which cause several
dizeases (diabeles, cancer, and neurodepenerative dizerders, aic.] Anboxddants can conbol
anldative provessis, leading o food guality descent caused by redctive gnygen specis
(RCYE) amad frew radical reachons i the body [1,2]

B and frew radicals ace the main canges of axidabive stress, which can friggzer several

degenerative diseases such ag cancer, coronary heart disease and vascular disesse [2]. Based
an the dangers posad by BOS and free redical meactisms, it 15 mecsssary to e natuzal
am fxrmicd movks thad o prevent osidative stress, Several studies regorted tht the leaves of
the glern speciess buve good antuoxd dant activity [+-6].
Allfung i5 8 pemas of the Lifsase fmily easily found m Asiz, Borope asd America [
'Tl'l.ﬁgunmhnﬁ muiee than 70Kl :piﬂhs such &= A o L. A. arhcwnr L, H.‘I'EEI'HLKITIH
L., A. sehoemoprasum Lo AL wrsimom L, A floewer L, A sosdoprsaimy L, A ofmsale L, A,
ibrominfaceam Bodes, A, peekemense T Fedbach., A burtrieem, A chinenae and AL nibelliene
and many other specles from other countes [549]. In the last 10 years, several shudies
have reprorted that Altlim contaire sveral secondary metabolites inofbe bulibs, Oowers and
@B es [ 10-17]. Serorchary metabalites ans rich in health benefits because they have several
himactivities such az antiomdant, anhcarcer, andiiscleral, antifungal, anb-inflammatory
and anti-platelet |5, 1420 ]. Bazed on this, this review focused oncthe anticeddant activity
foured in the leaves of nine Al species that have been estensively studied 127], Tha
review will alse dsciss the neabionship beteocen antiosidant activity amd e strodiare of
several oompounds oomtadnesd inAllieon leal estract
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L Ethinubotany and Ethnopharmacolisgy of Affmm Species

Alldstm cpa L, ondens, i e most cultivabed plant wiclely wsed a3 g spive becaase of its
distindtive fasle and aroma [25] The plant has fbroes rools and consdsts of 3-8 keaves. The
biase of the loaves s Nesly and forms bulbs that ate round arelengated acooeding 1o the
variety [75], A, ropwr has several types of varieties, namely yellow ondome, whing andons, med
amianes and green oniors [ 3], This plant s easy fo prow in aress with fine, rock-tose and
well-drairing sed types. In addibion, this spedes is knswn ks have 3 hypachalesternlemss
effect and can prevent beart disease [111

Alldston sibtewm L., gardic, s an armual plant that bas been cultivabed abwoak S0 years
ago in the Middle East, 1% easy to grow inoonld aneess and has bullbs comedsting of seveeral
clavies. There are §—=0 clowes moeach stem. The bulb can grow b sxe of 25710 cm with
k:nﬂ. flat and folded leaves [ WAL The lowers ane p;'nnmm-whlt\- anad absaut 2 im0
length |12,53]. Severral studies repuerted that this plant coniains compoeands that have law
tomicity, for esample, siE bar compoumed s such as allicin and ruckese palymers [14], As well
as A L, the plant is abo reported to have heart diseose-preventing effect [30],

Altdien St Lo, kiwvwn as Japanese burching onians, wilsh eilons of spring
andnne k= one of ARy species knosm for orginating from Bomanda which has similarities
10 seatlions and smells and tastes cimilar fo A g0 L. Unkike othes species, this plant
does not form bulbs and has holloow leaves [35]. In fapan and China, this plant & used
asa uﬁﬂnbk o 2 4 traditeonal medicine to hn!:u'mr: the hmnfhhumlwsmund
kbl o and et several diseoses such as beadaches, diarrbsea, sbomwch pains and
cilds 152 %]

Adlfaon sedmerarprasmm L, chives, is ane of the impociant spice plants in Central Enrope
and 15 widely cultdvated in several countries such as Austria, France, l'.':urnum_].' and the
Muthwrlards, Morphologically, this plant cm adapd easily b dry and sumay habitats |37
This speciies he a thin bulb, sbeaped like 2 come with @ length of 2-3¢onand 1 emvin length
The leaves are hollor and can be consupie d because they have a mild onion laste. Another
characterlstic of this plant s ihai Lt has & soft, tabe-shaped hidlow siemn with a dliameter of
T3 and purple fewers. D some coundThs, Ehis specis is used as traditienal med icins
In Indomesia, A oty is ceed toteeat hypertensdon. Meanwhile, in Bast Sa, the
i used ta releve fu and lung cengestiom [22],

Al prsinrmn L, known as bear g flic, ramsons o wild E.rr]in.', 15 mastly fourd in
furest areas close be ivers, Them: are alss those whocall o forest garlic {25 This Hand
can g 1o a heght of 50 on with white Posers and bulbs of a soe of Tess than Gon [ 15]
In the: midele of the century, the plant is wesd b treat dy spepsia, candiovascular diseeeas,
cancer, aesity and diabetes [40]

Altswan faevam L, krown as small velkwy oniom, is a species mative o Soathem, Cen-
tral and Epstern Europe and Western Asie. This plat bas leaves aod bulbs that can be
cemaumed and commenly used & a spice in several dishes such as salads, =oups and
stews [10], This species bas a bebzht af abeae 10-60 o with sound elongated bulles al
ihiz top, b characteristics Inchude having lneeolate-shapesd beaves with stripes up
1o 2 mm lorg and small yellow Howers. This plamst commomly grows in rocky mendows
in thir Meditperanean regan and s waed as radibonal maedicne because ol its strong,
hepatepeotective, immuncstimulant and antibyperencive properbies [41]

Al scpmdapraeum Lo, wild beek, is an anmaal plant widely growsn i he Horth aod
East Anatelia region which is commonly used as a misture in the mamefaciure of cheese,
vogurt and bread [42[. This species is 2501 am tall with bulls 1-2 cm in diameter. In
addetittom, this plant has leaves of 2-% strareds, sach of a diameter of 2-5 mm and Aowers
arme dack red and purple Marpholopeally, this species s adaptable in calcareous aners,
grazalamds, rnral anses amd clay slopes. Pharmacalogically, this plant is used as an antiseplic,
wound healing, treating hypodersan and diuwetic and com prevent agmg, candiovascular
disease and liver disease [47]

Affiws wiale L. kv as crow garlic s @ plant than is considered as a wesd and
ariginates from Eurasia The 30-100 cm tall plant has membranos bulbs amd Beear leaves.
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The Giest beaf, with a bu'q:qﬁ1 aof 35 em, willl e srmss e midreib and Hhe rsest keaf wall cover
the provious bead blade. This species is commuonly used de tradibional medicine in curing,
several diseases sach as 'Fm:umm'uL:._. ulcers, bronchitis, digestive disorders, and others [£1).
A vimends bulb can be wsed as a substitute foc A aslfonw inceoking, while the baves are
tmed as a salad [475]

Afie afroentidieine Bois i an anmamal herk originating frim Sagros, a region m
Iram [dn]. This species is used as a vepefable and alsoa soorce of vitamins [47]

1. lsolatien Methiods and Compound Content of Alfinie Specles Leaves
E0. Al oo
Sevpral shud ies peport the ikolation of A, o with many methods, Samples were
extracted IIFiI1|:[ Ehee sixhvenit exlvac o conventional maceration method with 0% ethanal
solvent in o rabio 5:1 to the sample [7]. by avather study corducted by Amabye ctal, the
ethanal extract vwas characteri zed by HIPLE b determine the amoant of phanalics MO
Frin sowmee different isodation methods, it was abo reported that A ope leaves contain
arrtwrcyanin pigrrents [45] phenodios [Goechin comanmic ackd, fenetic acd, paosimaric ackd and
sinaple actd} U], nnins, sapomms [44], gheocsdes Saghroones, quencetin 40 f-ghaoopymanoeside
cquervety A 4-CHG-diglyeopyranodde, quemetin L7 A-CHE- ooy mmesiche | UL carateroids
and glutathiome [27 50] {Figure 1}
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Flgare 1, Compoands obdsned from A oge beall ectoct nsing different isolsion methind= 1) mthocparan 14950
&1 catechin. |3) cinramic aad; |4) fenalle acwd; (5) pomumanc acid; (6} smapic ackd [40]; (7] tanmmn; 3) saponmn (&)
0 mlvcoaile (103 et 300 gl inpursred e (T1] guesncardin 3 4-0- 8 -di glcegy rancsac; {121 {|umarintin BT AP
1r|H|:\r|.I:'rF-:.'rn'|..|li|.L' F]_. (130 E-carodery (140 H|u|.u||‘|:l.1|1|.' |I=%

X Al satmmime

Srmdies concerning A, ariue also use sveral iselation methisds. Sample nesidue
wis exbractod usivg petrobeum ether, chilsmotoem and ethy] acetate, Then, the chloraform
extract wiss analyzed udng mlica gel columm chromatography (802120 mesh ) with maobile
phiase CHCE-MeOH (U0 B020; 050 50:50) and guaided by TLC with mobile phase
CHO-MeOH (20210 and sodine vaper was used as a detecting agent In fhe: CHOD -MeOH
fraction (050}, a single stain of oleanolic acd compound was obtamed [19]. Bolabion wes
carrbid ol bo obiain methanocl, il ovoform amd agueous extracts using the comventions]
maceratiom method [51] In additiem, five new compounds were obtaimed i the form
af eyl orpanasulfur compoand . The fAve comipaunds woens sucresshully iasdatsd fram
the acetone extract, which was partitioned with the EfOMc-H 0 mokile phaso (1:1) and
peparated by normal phose silica ped calurmn chromatography widh CHC L -MeOH maolsile
E1HHE (1:0% 100D, 30:0; 3T, 1R k1 4o prud.utrmrr Fres-tinons ard Folloneesd by reverse-
phase silica gel cotumn chromatography with MeC RO (28 daf; dod; 5:2; 1:00 as mabile
phase until thitteen fractions weee ehtained. Sab=egquently, the thivieen fracions were
purtiisd by HIPLE bt olbtain five purne compauneds [52]

Several studivs report that A, sifivi leaves contffl) o tnberpene compound, namely
aleanalic acid [51]. The research conducted by Wilson et al. reported that the keal exbract
af A, sativwon pantalned lerpenicids in the nethanol estrac, glycod des mothe chlorotorm
extract and sapomins, lerpencids and glyvcosides nthe aqueous exract [51], by adadigion,
phodchimrcal bests om Aqueins; extracks shiseed the prsence of fhevoraids, allaloide, sterids.
1'rit|."r|.1'n|:-.1 [Sd]. Sallyi-Laysbene, ghutamyl-SallylLoysteme, S-abyl-L-oyssrine solfosice
falling 55,5, fohogadic dsuFane A, Sling@ic dsulane A, liogadic denEane Ay, fliegar-
Jrr'h.'l:ull'am Ay, Fl.:-l'uq,-:lr.lu: il A [ 57) suerrtin 3{3-5-]}-El.1mmmd-n I::lnul:p.:ru'ulrm'h.
quaroetin FO-3- Desy bopyrarsiside freyneutring, kaempfers 3-O-8-Dasloeopyramside natra-
galin} and isrhamnetin F0-f-D-glocopy mnsside (57 (Figure 25
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Figuwne 2 Compoiands obtained fromn A sabipas leal escirao using diferest isolation me thods. (15) 5

altyHL-cysdemme; (16) y-glutemy b s-allv-E-cysteima (17 S-al - L-oysteme sulfedce |53% (181 fohiog-
arli dzsuldae Mg (1) dnlisgackic désulbam A._'nblfl habegadhic dhaulinee: Ay |20 lnliagadic frsil-
fane Ay, (82) follogarhic tmsulfane Ay [52] (8) quercetin 30 3-Dglucapyraraside: (24) querastin
Felk e vlopyrannshde; {25 kaemplernl 3003 -Daflucnpymancaide; (b8 isodmnetin 30s 0.
loiogrerancrick 177,

23 Al At s

Rased on research conducted by Fukaya et al, seven compoands weerne isobbe@sing
a sirnple maceration extractoen methed with acetone & a solvend. Farthermone, the ectract
Bﬂ- P:rHl!.ﬂnn::I with EH}.-".C-HIG {L'i} fnrn!:'!.qi.q merﬂgﬁ.’:fmﬁrm them snpaml:-r.'d |.1;‘|.r:|_!:|I
normal phase silich gel column chremategraphy [CHEL-MelEH (1-40; 20001 100:1; 50:1; :13]
Themame-vee b (140G &8 40 3005 205 1] and meverse phise [Me8H-HR O (685 7335 B2
1; 1:01]. The last step & punficaten using FPLC [55]. There is no differences from other
msethods iy the lsclation of aplgenim cempoonds carried out by Immacualate Vet al. using
the TLC mwthad and purified by HFLC. Siquemss eiracts were analyeed by GO-MS [54]
Thie acetome exdract veas partitioned vith B c-HaO s o sodvent and separaked by silica
gel eotumin chromaatography with CHCD MeOH (1H2L] a8 mabile phase o ebizin fve
fractionia. Purthermiore, fraction 3 was purified agamn by silica gel coluran chromatography
with si-hexare-avetowe (61} &= mobtle phase <0}
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]
Several isolabion metheds of sveral studies mEnH;ld. that A. J:Tn:mfn:.uur lizad extract

eontains Aavonoids imyricetin, quercetin, rtin ksemplerol, naringenin and hespereting,
pﬂ]yplmqh[hm:dcuﬂ,sulq.']hudd E:mhnnﬂ.-ﬁnﬁmq.mmul:mﬂ.mm.
va.nl]llc acid, gallic acid and cnamic acid) [¢1], Eugunin A, kuounin H-_| kugounin

(4" 5. 7-trihydrocy-Favane) |45], dth]tﬂ'nmh:u:kl, !I-Iﬂ:drl'l-}].'ﬂt' 'Ii-|:|1.i.'|r|:h— L& -pmenie,
D-leminnene, thyamed [ 59], amionin Ay, omaonin Ag and emiomdn & J60] (Figame 9)
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Figure §, Compounds obteined from A, fsfulnaoe keaf entroct using different isolation nfffods
(270 peyelcet e, (26 ojueroeting (290 rutlng (300 g lensl |31) sadnginlng @Y hespereing (33) Beaile
goiel: (341 sabeylic acil: 1550 ferubcpcid: 1361 caffeine ul e icaced; {39 cosmmarin: 15391 varallic
ackl: (41) galkic acid; 1) cinnamic acid [r0]: (421 Bujounin Ag: (43) kupounin 5, 44) Eajoosin
By 445 kujecmin By 63 allium suFoside fy; (47) allium sulosdids &y (48 kagumin & |59,
() apigenin [51 (800 dichlormacetic acsd; 1F1) 1-baten-J-me: 5 s-pinene: (530 [-pinerss 154) D-
Tirncmeera; (53 vranal [5%]: (560 oniorom A O oroonin A (38 ondormn A J00],

3 Al sefnismoprdsnem

Lina stusly comducted by Dominguez el al, A, scheropniseir leaves were exiracted
ustng comyentiomal maceration with an ethamel olvent [62] In some studies, the h‘l:l'el-l:"
was akn extracted using a hydrodistllabion eethod and analy: @ by CO-BS [09]. The
extract was p.nhtimad with EHJ.-'-\..:-CI-I:D 11:1) ared isnlated b:.-' niormal pil.u.n:l salica E"l
colamn chromatagraphy with CHC]-MeOH (1:0; 20061; 10060; 30:1; 0:1) a8 mobike phoe:,
then, fraction 2 was isolated using reverse-phase silica gel coluinn chromatisgraphoy with
MeOH-H-0 (64, 723; B:2;9:1; 1:0) 25 mobile phase ard parified by HPLC swith Ho0-MeCRH
(R a5 maobile phase 53] In additton, the Folin—Cloealten methad was alse used o
analyre the phytochesical candent [#4]

A sehpenmprasum keab extract fmm some sludies with diffesent methods reporhed
thiat thiste comtaim bis-( 2sulfhydevethylb-disulfide, 2,4 5 trithisheane, tei-{methylthio)-
awethane |65 ], querceting keempherol, my riceting catechin, ratin, chlemygenic acid, p-ooumanc
acid, ferulic acid, cafleic acid [a2a0], folionin Ay, fedionin Az, foliontn B {66], siosteral,
stigmasheral, campesterol, cholesterol, free fatty acid, monoacy[glveerin, diacylglyoerin,
Tr;h":l.'lﬁ]}'ﬂ-'l‘ll‘:,. lirelimic s, rmlrn'ihc acid, 5|_:-t1'|:r.::|mls. [deltin, nn]'min A, Fumoetannks
(caltrside, protodicerm} [67] ard Eketose [R5 ] {Figure 4}
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Figare 4. Compounds cbtained from A, sclecmoprasuss leaf estmct using different isolation methods. (5891 Bie-
-2-H.ﬂﬂ1yd|._..'e|.h:.l'|-diu.|lri.1|.'. ol 24 Srithlabesane; (A1) s | mitbry Hidomethene, (62} quenceding (630 kaemplonol
] mvricvties 681 codeching (86 rutu; (87 chlomopenic acid, 8} p-commmanic ocid: (690 ferodie pcid; (0] caffeic acid [rlnth
1) folionin Az 4721 Enbordn Aqz 731 folaonin B (o6 (78 @nstemnl; 175) stigmasterol; Gh) compestenal: (7)) cholistemi:
§TH Frows daliy dicl; I:ﬂ:l:m.nu{‘-_\.'lp;lfnrin; R0 e ylphvewrn; (RT) biacylglyoscs: (@3] linabae acid; [83) goaliraias acid;
34| spirastrmods; (583 deltonivg (26} saponon; {87 furestanols [i57]: (881 -ketose [0 (890 protedioscin [67].

5 Al wrsimum

Stadies concermdng A nrsiiune also use several solatiom methods. In 2 study con-
ducted by Barla et al, a sample was extracted with 2 aguesus-ethanol selvent for 2 h
at & U0 b b a powdered extract |54 In ancther stady, a sample was extracted
using twn maceratiom methesds, ramely by water mobasiom and water decoction, Then,
the determination of the amemi of phenolic combent was conducied by the coborimetric
aazays |71,

Froam some d ifferent sofation me thods of several stodies, 1 was repostad Bhak A, ursiuim
extract corains p-oourmank acd, femlic ackd, kserapfemi, kaempfarok3-Chgheooside, anselic ackd
U, p:l'leru.ﬂ cenpipaotmd [FELT [ alisn]2], rnall.lndhld-.-h}'d-t' MDA, camhenids | 77 FL65],
kaempberol-3,7-di.0 8 -Dghucopyranas do, kacm@rol Jacetvihesaside)-hewod di, aoetyl-
kaempieral-decoayhesmse [71], propylene sulfide, dimethyddisalfide, dlim:.-tl'n'fﬂa.u:q:itm

(B inel]-2-propyt disulide, (2 anethyl2-propeoyl dimlide; dirvedhy] tiwalfile, di-2-
propenyl disulfice. Z-vinyl-1 S-dithiane, {E-propeny] propyl disclfde, (Zpropenyd propyl
disulfide. methyl-2-propemyl trisulfide, 3 d-dibyd moe-Fwingl-1.2-dithime, 2-vinyl-tH-13%-
dithiine, d.'lrn.i-'liq.r] tetrasulfide, {EI-d.i-Lp'n;qm}!l trisulfide, {I]-di&-prcpﬂ'l.}rl trisulfide,
di-2-propyl trsubfide, di-2-progeny] btrasalbfide [72], inukn, nystose, and kebose [05]

I;H.l.'.'l.l.l.'l.' Ly
4 - o |
o l'TH._ cr Pl’i ﬂ"
Il [ S i HL1 (Kl .Ja%_
Iq:ﬂ- ; e «rg :i__. —EQ,J‘-TH \E T i
||-,:~|"""E.-" HO™ B "IJ' OH
[a 2 Iu
) a1 "1




Mol 024, 21T

Il of 37

e AH H,
,_H_T _:.:u(,[;,_,-l Hie, L 1" N
o - E
_ : (o
1T % ol ™ WOy Ol
Sl uﬂ.t' Ml D_L,-rm_a' o IA,:- L'T
! CH; ""hf oo
- O Hi : (w0
-:IZHI ik H"' +y
a1 ol ag
g
g Do L
iy 57 g
. #TH
|
I_"::I_-.._]__l.'l rr‘_rd-_qq._r-ﬂf o
L 'IHI"TA‘F' (¥ H"»\“ Mg D 1I\'l.-—"._
Ll 6 S IS _.-'-.__ I é-’ 5 Q,q,ﬁx
HLL .-«-L__I__, et
(' 1]
w= m m 10z
,.'5"'5"‘_\“"\.-"'- ___.";\-\.b.-"'ﬁ\.";__.-l" __.5*-\.!:'.-5-\.\_\. ﬂ__{!lhb_.ﬁ_\_;::ﬂ"
1m 104 105 1%
g : J o
I.|
(:l\-‘ﬁ' g rfh‘ﬂ*s P T
g
w7 1o gL 1
=
1 F"H ..-'F"h i 5 qJ
1 1z 113 114
B S B FF g Mg g
115 116 117
M H
iy
wo HO
o OHDH
HO [ ohe ey o
a & a]
Bl ]
Y DeeH -
WO anl
il
1a 119 120

Figuare & Compounds ohkained from A oreasen beal estract msang ddferent solabion seethods. (00 peconmanc aod; (47 fers
alic acid; (23] kll.'ru.r\llmﬂ_: (23] ]\.lurrq:imll-l--\'_lﬁhfluiljr_: [0} warsirlic acid; {95] cuisscnlin |.":||_: (#6] ablicin I_' L mT trtan bl
aldebrde |98} bcarcten; (980 kmnpfu'ngkf’-ﬁ-L'I-E-l'l'-,qllxw:.'mmmdc 171 (190 propylese sulfide: {100} dmeth v disal-
dlie (1021 La-dimethy Ibaophene; (00 | E-methey B I-prropy] dsalfide: (104) (2 Fmetyl-I-paopes vl disatfide: (108 dismesdnd
sl | 10a) di-Zepropenyl disulide: (1070 Zovimi=1,3d thiane; (1083 (F)propenyd progyd disulfide; (00 12 propend
propyd clislFicla; (110} H-H‘Ly!-l-pﬂ.‘?u\y] st (111} f'i.d-dii!,-:la'n-l-ulnfl-'l,l-dlﬂ‘iliﬁ_ 11LY} 2ty - H-1 Sl i
113 dimethyd betresulide: (1141 (E)-di-2-propenyl msulfide: (115 (Zrdi-3-propeny] msulfide: (1161 d-2-propyl msulfide;
(1T i 2 epavpeny] bradalbide: [ 72] (ULE) boudivg | 1190 nysbonee; (100 I hetoe o8],
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Resinat et al. alse conducted research comceming A. oy, The study cond ucted
el i samaples e times for 1 hswith MeOH-HaO0m 3 [11]. The solvent was evaporabed
and then VLT (slice s KI-TH, MeldH-H-0 5050} was conduchsd ke proadice: vy |
tractions{@ sparabe using CC (Sephades LH-20, Me3H]. The last step was the BPLE
mezthed (RI-18 silica gel, MoOH 110 gradient d0-L00%) o obdain pure eompounds ]11]
I addikiom, in anobher a|:|.1l.|:|r. samplis wene =l.|=lpuldld m S L T el S B HPDY with rH
Toand centrifigmed for 10 min e obtain an albquet of the supematand, which il be beed
i the SO0 acHety ese |27

The pesidits of spveral studies with difkeeent rnsthods nlpn'rlﬁﬂur A Tonm keaves crmibamres
Hireo mwamtpm.nd: of spires tane- hype glg.ncmca namety {205 250 2o dydroaoyspimncst-5-
er-Hi-yl, (205,258 -2a-hy dnosy spimst-Sen-d Byl QUSISE pimet-Som-2 -y |1 1] s
and carotencoids [27] {Figure o)

o
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LiE
R m o nH
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Lal Lyl ]
€FH
HIKG

113

Figure &. I'B.H:" Ay cotmpoundd of spimskane-bepo |.|;|_|.1.a'l.'l-rh sidniranl fem A, fovesr leal o
frmct El?[ﬂﬁ.ﬁﬁﬁa-@dﬁxymhﬂ-h-ﬂﬂ-}llﬁﬂil-;E!J.F.ESR}-Wh:.'dmw_lqur:ﬂ-Sﬁ-ﬁﬂ-}l.
[L25} (2015 255 s st Seuen 3 1]

AT, Al spnridepirdsnim

Prioe bothe antiosidant acivity test, Tascles al. fest perd ormied o sample exiraction
vl by S0 g an ultrasonic bath 2]

Al sporudoprissn leave comtains Aavonoid and camotennid componmds [27] naddition,
in research conducted by Tasa et al., the w;_:;a.m::ru]l"u:r -:n'rnp-uurh.i obtained was allicin [ 12]
{Fegure 7.
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Figure T, Compourds dbtained from A. scoradoprasum beaf evaract usng ahmsorac bath: {1241
carnkbai I_"._I_. (1255 ellicin r.:]

I8 Al pavitile

Several methods were wsed b selake compoeunds (rom A, vk, One of the metbods
wsecd was o samphe hpdeosd st Thad first for 4 hand extracted woith CHaO:, The filrate ws
abtairesd and then evaporated to remow e the sohvent tooobitain essential oifs that have a
sharp ador [45]. In other research, a sanple A ireale was first bodled ueing distilled waber
before being extracted with othyl scctate and o cancentrated arganic layer, The oxtract
ol was then parbtoed using silica ged dhromabography with hesone, ety | acetale
and metharol s maobide phases o obtain beenty-fave fractores [ o],

Based om the previous shadies usrg differmt isodation methods of the species, it
comitains 1-I"|.'rr.1.|.|.1c~h].||.'|-|:l-. (2E)-hexanad, (3F)-howmnl, 2,4-diem mh}'lthlnphm. .:.II.}'I wrh}'l
disulfice, methyl (21-1-propenyl disaltide, methyl {£1-1-propeoyl dsulfide, baeakd e,
dirnethyl trisulfide, dialll disulfide, ally] (£} 1-propenyl disalbide, allyl {£)-1-propeny]
disulfide. 1-propeny] propyl disulfide, methy] {methylthioimethyl disalfde, ally] methyl
irisulfhde, $-meilvi-1,2 3-trithiolane, methd propel rsalfide, methy] - 1-propeny] oiswel-
fidde, moethyl (E3-1-propeny ] wisulfide, dimethy] perasulfide, allyvl (methedthiemsethy]
disulfide, diallyl tr=alfide, allyl (Zj-1-propeny] frisulfide, prinylguaiacol, allyl propyl
Iresulbficde, ﬁ-m'-th:,-'l-]_l?.-t-lm.:thl:unn. r|1-.:l+]1_1_.'l [wth}'l Hhinrrr'cﬂ'.:,"l Erisulfide, al I!.rJ mﬂh}'k
tetrasulfide, -.'l“}'l I:mu:lﬂ'..g,'i.ﬂnm:lmeﬂﬁg.-{ Erisulfade, -i-mcthy]-l:,l.’-!-j.ﬁ--pc-ntnﬂﬁicpam [45]
chrynoeriol, chrysoeriol-7-0Of2 00- 00 E-fern k1 |- D-ghucoside and isorbamietin-3-0-3-0-
glacoside [16] {Figure 5
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Figure B Compeaands obbagad droen AL vl leal o eadt 1.Il'ir|E dhlborerd svolasom mutbaads (Lhel 2
furaldel e, (12712 EFbesennl; (126} (32 Fheaned,; (129 2 4-dirmethy it ophene; (130 allyl methyl
dtsuMide; (830 meethv | (E 1 sprope gL dbeutlide, (13 2) mediv] (6 1 propeny] dsulide; (133 bealde
Frvcle: (1) dmmesthal trenilFeles (135) clially] dsutcle; (136] allyl I2-1-proopergd disuifide; (1377 allyl
(Fal -Fﬂ.'li:-un'r'l daau ks 113} ]11r:|p|ln:. 1 rl'I'I.1]I:|.| dhicufide; [138) meblvw] {othelEismethyl dizal-
Fides {7900 allv] methy] msulfide: {1410 4methe k1.2 S idhiclane (1421 methvl propy] trsulide
(045 mrithx ] (201 o] Crisu e (3840 musthy ] | ElT=p opeyed trisul ficde; (185) dmedy ] betrasul
A (1) allyl imethylBao ety disudfde; 1087 dially ] breulfide; (9851 alv] (& 1-poopreny ] bisad-
tide: 1M4%91 p-vewiguaiaoed (150 allyl propy] trealfde (151) Smethyl-1,2 3 4-tetrathoane: (1523 methyl
rnui'hylll‘l.'l.llnulll'yl e s A1EAN allvl it ] deteasalicle; (154) alkyd frnthy i o st bad. #n sl
(155 =methyl-1.LA.S 6 peniathie pane [45]; (1580 dhyrsooriol; (187 dhrysoerol -F-08HK0-C8 E-fenadord|-
fi-Cglucn=ide; (138 1 mrbammetin-2 O-f-Dglucside [16],

FA Allient plroom ot

Based on the reseanch method congducked by Sebicshiikh et al ; samples were cul Intbo
small pieves and extracted by hydrodistllation using 2 Clevenger-a type of apparatus for
4 The extract cbtained was then evaparated wing ankydeas sodioen ealfabe and stored
atd "L, Tham, Ehe dr:,-' cxlract was an.:l:.-:::d L=ing G 3AS [7370). In anceber rmardi.dr:,'
samples were exirached by maceratian with Ha O and 0% ethan for 48 b, The extroct wis
filtened and evaporated b remove Ehe solvent to sbtain water and ethemal extract 5],

Feveral studies meporied that isolation of A. afremobceim keaves =ing differenl methe-
ods resbied in several essental wils such as dimethel wsalfide, ethyl brgdenate, phy-
ol [73], morbomene. 3d4-dimethylibiophene, socitromellene, methy] 1-propeny] desal-
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fide, dimethod Erizulfide furn, l.r.nr.lu-i-lli-rn.\m“1}'lll-|"u'r.an,. liEsnae e, d'i.:kl:,.'l Aisalfide,
T, 3-dithiane, 1,2-<dighinlone, muethyl (methyitheoimethy] disolhide, -.I-_.fl—d'i.l.-leth_'.rl.-li_.EJl-
trithaane, &-undecadben-2-one, #, 10-dionethy -2}, 1.1 '-rhi.-.-.bu-?l-lrrn‘:ﬂu.']r]'in:l-'p-mpan:, §-
(2.6 6-trimethyi-1-cvclshe sen- L F-butere2-one, S-methyl-2-phenyl-2-bexenal, 2-methyl-
Fomo-cis-cyclohexamebutanal, 12 4-oyclopentanettione, 3 2-pentenyli-, di-2-propeay] era-
sulfide. formme acid, | 2-dthialane ] 1-dewide, briradecanaic aod, 1-42-ethy H 1 5 }dbithian-2-
vi-F-methy Hbutam-L-o] 2oud &, 10, 1 4-trimethy] pentad scan-2-ome 73] [Faure 9)
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Figare 8. Compaumds obrtamed from A stroriodacesan keal extact useg difforent sobhbion methods. (1590 dimethyl misciide:
b0 ethv] Lmalosiade; (161} pdodal [TI] 1182 sischorming: | 163 3, d-damedh pihiog hisy (18] soatrocsllene [ T85) miethyl
I-Frl'l|:l|n| ¥l dimuldide: (V0] IJiIrJ.'H‘h':.'] trisud de i (16T drien-2-[2-pevirbetierd)-Furan; (168 lirsweesw; | 1E0] diadh] disulhide:
1@l 1 -didhiane; (171 1.E-digdolane; {1720 methy | Cmethylthinmetbiv] disalfide, 73 4 t-dimetby 1 1-5]-0n drimme;
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T SscunclecadsesLome A ibdimetbyd -8R (1751 LD thinkas-3-dmethy lickpropane [178) LA h-trmethyl-1-
el -:.-Il-]-l'.u.'trr\.—lqll‘u.-. 17T S -rl'l.'ﬂq.‘]-!-pl‘l.'nﬂ-l—lu::l:l:al_ (LTE) 2w bher ) 2-ased-g oyl e mnebutasal ; (1781 3,4
oydopentarstrione 2 (2-penteryll (088 di-2-propeny] tetrasulfide; (TE1) formac aced; (62) | 2-dithiolane 1 -diomcde)
(183 irtradecanolc acld, (184) 1<2-ctbnd|1,3j i thian- 25U meth vl Eutan-1-ol: | 185) 00,3 rimednd pemtadecanZ-ane |74

Ao Al Species Leave Floactivity and Test Methods
4.1 Axtiorcrabiuf

O ot the pctivities found in several species Alunr & o2 on anbimicrobial, This
activily serves as a source of antibiotics agamst microorganisms such as pathoszenis and
micrrganiamms that can cause defects B food [75] Amabye el al, wpaned that the
antimicrobial activity of the ethamnd extract of A cepa leaves can imhilbil the pathiogen
Streptocacrns prewmoniioe [IOL 5 peneimnriee s a pathegen that bes an mportant role m
causing, invasnve diseases sach e Fﬂeurn.-.'.ui.:. scpl:immi.:, mmi.l.'.f;il.'i: and somae by of
evo infections [7-78E An antimicrobial activity sssay was arried st using the agar well
aiffusive with sterike dimetho ] sulboside {DMS00 a5 2 negative combrol and geotomicin s
a pisitive ameml to determine thie sensitvity of each bacterial species to be ested. The
study showed that there was anbmicrobial activity in the ethanol extract af 2L oy leaves,
which managed o mhibit 5 pretimoese with an mhikdtion sone bebween 11 EP-1925 nam
at 20 s L and the minimum inkikitory coneentrations (MIC) value at 10 mg/mL

[m other studies alse wing the agar cup method, A o leaf extract showed goed
antimicrobial activity ininhibiting the growth of bacteria and fungi such as Aspergilies 5p.,
Buodeptls s, amal Praic@finm spoeach withian nhibitlon zone of 817 sgamm, 817 s5mim and
AT sey e, respectively [0, Antismbcrobial sctivity was alb=o foud inootber Allien species
suchios AL sirsinn [69], A, aibeam o Lsterks mimocfogenes [TE5] and A ot roinedacein [40]
Eorivpapic et ak. reparted that an temicrebdal ackviky was also present i A, wesioum leave.
The test was carried put by the microdilution plate methaod to determine the MIC and
mirimum micreldnl comoengratiom MAMO v alue, The resultindicated that tee leaf estrac
had antimdicrobas] activity inhibiting the growth of 20 bacterda and Fungd [LO]. Ohber shedis
also stab@at A, wrsiawor leaf extracts comtain erganesulfur compounds such as propylene
sulfide, (£ methyl-2-propeny | disalfide and (2] methyl-T-propenyl disulfide snd several
ather compoands that have antimicroebial activity [72]

d 1. Antibacheral

Research comducbed by Solomam etal, regeeried the presence of antibacterial activity in
A e leaves with different bypes of extracts, namely ethanel extract, hot extract ard cold
extract The three setracts were compared tosee the differancs in theie compdmd conbent
and the eEictency of their antibackerial activity. Tha hat extract contains miome fAavoneds
and spponins than the odber two extracts, Hot extrack also showed the best antibacterial
activity ameng ethanol extract and cold extract ininhibibing the growth of Escbenichio coli,
Streptocorons and Stephofas [50]

402 A fungzal

Parvu ot al. reported that the ethanol extract af A s leaces hae antifungal
actiwity. This study uses the agar dilubien assay by determindng the MIC value. Although
thes conkent of allicin mrmgroands in the leoves is med as moush s i the fowers, the andi-
lungal activity in the ethanol extract of A. ursineee leaves s able 1o Geht seveal types of
funggi with the MIC value of 120 L /ml{A. wiger), B pl S mi (B, rrener), 100 pl/ml (8,
paramieh, D0 LSl 48 axgsporim 1 sps tulipe ) 120 gL ml (P piadolf and 50 pliml (5
selerafinruad) [21]

4L Adtioxident

Research on antivsidamt activiky in Af e species bos been widely mported, Anlosi-
dant activity is fonmd mmany Al species with different fest maethods. Domdnigoesz o al,
raporied the anticadant activity of A sdvoennprasam based om thie total iron reduction s
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prtential trelnique 62 In several gudies, the antioodant activity test of A, sdfmemaprecum
and A, prstim umed different methods such as DFFH radical-scovenging ability, ferric re-
ducing antod dant posver (FRAF) assay and APTS radical scavengmg, asays |17 525055],
Thie use af some of these methods is inlended W compase the results of activities between
aree method amd andther ared 1o determine which method is e apgropriate oo b wed
i certam spacies. Parvn of al. did the sames, which oees tvens methods, namely THPH
hleaching method and the tralox sguvalent anbosdant capacity [TEAC) assay where Hhe
an twidant activity of the leaf extract wes shown 1o be higher by the TEAC method than
DEPH Huﬂ:Hn,g: b {54,

4.3 Auh-Infsmnmiory

Inflammation is a condibion in which catabolism ks mene domimant or faster than
angboliEm [H] [Inflammaban cam also be defined as a reaction to defend the body m
eliminativg factaes that can cause damage ared the formation of hereostasis in the body.
Thiss couses increased bleod floww due to the increased permeability of capillaries and
wehibe brbood cells b the sibe of inflammation, nealting o mlommatery syopioons such s
reclness, swellmy and pain |52 Several previows studies reported that the Al spreaes
ha= wsveral bioackvities, omne of which is anti-mflammmatocy [2=57] Farvo etal. nepoched
that A. sehovnoprasion leaf extract with thnee different cancentratioms {15, 30 and 10875} had
an fi-tm {lemmatoery activiky: The nesearch s corducted by the method of tedimg in vive
using o turpentine ail-mdhaced inflammation modd, while in terms of i vitns, the three
extracts were able teinhibit phagooytoss by reducing nitro-ocidative stoess [0d]

Panet ol reported that ami-infammatory ativine was also present i A, satimm
aquenis leaf exitact, The extract was previgusty screened for phviochemicaks. The resulis
shewwed that the extract comviamad carbobivd rates, rechacing sugars, prids, flavenaoid,
kotones, alkaloids eovds anmd m'rn-:ptm-.: Tha study ueed tweo different anti- mEm‘uma'Mr:,'
activity besting metheds, namely carrageenan. -induced paw edoma and histamine-induced
paw edemin Both methusds :h-uw-:tl nak A, st evio AXJuIEEIS Jenf extract was dbbe 4o lower
the paw edema signmificanily [#A8] The same activity is aku found in A, fetnfwnm agueons
leal extract or welsh omdens. However, this study only used a carmgesna crind uced paw
edema methnd  The resulis showed that the aquemis extract was able o mhibit the
developmwmt of paw edema by reducing the activity of the catalase (CATY, aaperide
slimmuteee (FO and ghaathiome peromicass (0P eniymis booned i paw edima mice by
43, 74 aned S, respectively [67).

4. Antiturmor

Tumors an* pathodogcal cells that can interfens with cell growth o be abrormal
Tumisrs, eften called nm‘phﬁw. are divided miba I:r:'mg;.n buarees md.mahp;um EUmioT s,
Muolignani bumiors ave afen seferred bo as comcer [#9] The prevention and care of umoerns
con be cbibained From natural ingredients ot combain compounds that bave aasti barmsre
activity, A mumber of Alitun species are known 1o have anbbamon acliviky, sudh as A,
cepa, A srdtpunn A fstlosem and A sohoenppmesim [90], Shisshowa et al, reported that the
auaeaes ard EHOH-HA0 extract of A sl leaves kave antitumor activity, Several
compeunds such as stosteral, stigmasternd, campestersd, cholesterol, deltvnin saponin
Aand momo-, di- and tracylghcenn were salated and tested for anbibumoe activity in
40 mate BOF mice. EROH-HpO extract of A sfocropresir leaves wos given to mice that
hinwer Brewens divided fite four grmaps and given previos beadrmenband injecthed with hamor
strains Elrhivh corcnowan (EC). The posalts shunwed dhat the extract of A. scfoemoprasug loaves
can inhibdt tumer growthe The psuls can be seen by companng tomier valume and mass
bubaen Ee poperimental group and the contmol group [67].

A5 Astiplatelet

Platekets ane sonall cetl fragremts thatclamg in the area of the ingared blosd vessel [91]
Mateleis have an Enportant rele i hemostass, which functons bn stop ping bleading [52]
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Dysfancticnal or abmarmal platelots can canse cardiovasoular danage, such as myocandial
infarctivms and stroke, Several studies bave developed antiplabelet dnags such 49 aspirin
to pvercoemie the problem of abreemal platelets [20]. Several shedies have reported that
some Al speces have antiplatelet actvity,. Sapluniai-Pop el al. reported that A. apr
bulbs have andiplabelet activity, The activity best used platelet-rich plasena (PRI, which &
hassd imthe kinebic corve of decresring plasma OF [SUL while the research canducted by
Koot al wed the platel el ageregatiom berbidemmetric assay 195 Hivasat et al. peported that
A wrzinuire leaf autract bas antiplatebet acHyity Testing of antiplatelet activity in viteo was
conducted uwsing light fransmizsicn aggrepamutry which boe been indsced with adencosine
sliptessphiate { ADP), collaggen, AZNET, epinephnne aml arachislonic scid {ARA)[17] In
ather species such as A fstilesion and A, sdroemmpresan was also fowed the presenoe
of antiplatebet activity nsing the dectrical tmpedance aggregator method . adtheagh the
activitties pmm:md by thipes hwia apecies ane not as Hnnd a= im oiber Ao, such as A,
sitrines and A, ecalimiemmn [65), Whils A abroeselicaos extract has excellent avbplatelet
actiwity and i able o inkibit plabelel aggregation in vitro induced by ARA and ADP with
each 10q,; value of 0LASE] {ILES20-114937) and L4945 (041 37-05511) mag/ mi [74).

£6, Pamerrabic w-Aondase aad Srconnndase Bz Inddbiter

The reduction of rarbahy drate digesbion can be carnied cul by condelling the activity
of bydnalysis engymes, a-amylase and glucoamylase, Controlling this activity can affec
pestprardial by perglycemin, which 2 considered to have a prophylacts healing effect in
patients with type 2 diabetes mellitus 99 The mbibition of hydrolybic ereyvme activity &
ave vl 1w ebght efforts to supgness Carlobyvd aie digestion and monesaccharioe absoep-
oy |57], Inhuman physicogy, pancreatic g-arylase 15 a vpeof a-amdase which s found
in plants, fumgt and bactera [968] The amoont of pancnsatic a-amylasze symithesred m e
rewigh endoplaseic reficulum s regalated by the amount of Baed substrates [99], whereas
glucoamylase is an enzyme that can be produced from a number of organisms such. s
Aspergillss siger ame Asserailing apvimied. This eneyoe plars o rabe in producng o cerbaim
ampunt of glecose [100] [Table )

hleshram and Khambkar sucoeeded in isolating oleannlic acd compounds from the
chlarofore fraction of A saficum leaves v=ing an eneyme activity inhibibon et of pan-
creatic c-amylase and ghiscoamylase carsied out by the Miller method [100 ] which s
midified, The study reporiad that aloanolic ackd showeed excellant inhibition of both en-
aymes, The highest inhbilion value cocureed at a concentration of L wg /ml was 57.5%
wiih Hsg 8356 pedmL for the plucoanylase engyvme, while it was 62.43% for pancreatic
a-amylase with Bla 5551 g/ ml [53),

Table 1 Test Methode foe Anhoxidant Aty and Uhbver Bicactivities of Alfom Bperies e

Speciam Monticod dant Tesi Mathods Cthier Blanctivitias
A clisdis Thwr phiessihandy bokimast, naducsnh sis |12 An bl [L05 10 E Asb-millanmalary (2450
Trdtdlsi e paancreet i aceaey lase aned geluooses jlase {55]
A v LHPTH radical-scaverging shibay [0071 105 demie meduong Apbmiorabed |FL1SE Arssergall 1] Andipledet [17)
ardarsilam pras (PEAT wssa [ 18] ABTS madical sewvengiey
assargs [ I5]
Ao aceimErE LA DM raclical-soavenzing ability; ferdic peduceg erdocitane Anl-Ineamanaoory [71F Ansmanin 57] Anipiseaka [ria]
peewer [FRAF sasay [¢5]; DITFPH blraching mesthed; o Troke
aupurs e detmaidant sagacity ITEAC) assay Bl the il on
pedicn s potenial iechmge (o] ORAC fosygen radica
shaarboroe mipaciby) (5]
A. fedadsiniin DR PH fr sidical sy vggig asssy [inl ], CRRAC pasvgan sickual Acmilaaunaloy 27 Argdilet 5]

b copacity b [+5)

AL soeais prean

Ferne neduang aricosd arv power ITIAPT: CETH radical
s g Aty amay [12]

A il

Fai B Yl mvehod; fordcons TR ) andodng asidant
s aaay (FRATL DETIE Tice sadicel-semeenegag adivily [15]
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Table L. Cant
Specia Ardlnident Tosl Mathnds Ciher Blamctivitios
A, cipai Artsisdsil einsvae sl [57] Agvmararnobegl |10 5E A rilakterial |Hi)
Armbcanlg anecive [
A e - Mrlicanaer |11}
L advipdebacepin A rewdrpdial i Aediplabebed [T1R
£ Antioxidant Properties

Apdioxidants are a svstem to protect our bodies Brom osulbide, allyl cnethy] betrasuliade,
.:]I:..'] I:n'rei'.'l1:r']ﬂ1:i-.1_|n'|.|:'l:'|1:|.'] trisulfides, 4-mesxadative skress caused by free mdical and reactbve
oxygen specks (ROS) [H8] Oxidabive stess can ocour duee bo the formation of BOS and the
detoifation of mereased bevels of ROS n balanoe, cavsing tngrined ceflalar furctbon [106]
Orciefative stess due o BOS can cause seveml chronic diseases such as cancer, coronary
heart disesase ard csteoporad s, Free radical reactiors can aback Biomolecales, especially
the polyunsturated ity acids of cell membranes. BOS whadh am inchsded gz froo radicaks
inchade supemside anbon (0" |, perhydoog] radicals (HO ), hepdrosod madicads (*0H )
andd mibric e and vther species such s hydrogen peroside (Hy 0,1 singlet onygen {10-,
hypochbaric acid [HOC) and perocynitrite (OROOT) [LOT OS] The formation of RIS
starts from the uptake of Ok, then activabes NALPH exidase and produces superoaide
anien radicals and contires with the comversion of U that becomes HaOk by SO0 109
Antioxidants break this chain of free radical reactions by danating theer oum electroas b
frew radicale without bocordng free radicals | 106,1109],

Based on their .l.::l:i'n.'ij.‘]-:. ambnxidants are dassified mio bwo P which are CLLEy -
matic and mon-eney matic, Eneymatic anticeddants are angiosidants that invalve several
enzymmes such as GFx, CAT and S0 im catalyemg free radical and ROS neutralization
meactioms, while nomeenymatic anboidants cin oome from nataral materals such s
fewits, oroms and others These matural materals contain several cn'mpmmdﬁ that have
an bmid and activity such as flavonoids, alkaloidy, caratenaids and phenalic grups [111]
Temting of antioxidant ackivity cam be corned cut by some fest method = such as IPPH
free radical scavenging assay, oooygen radical absorbemce capacity (ORAC) assay, tobox
exqubvi e antioxidant capackty (TEAC) assay, ferrh peducing antieddant power (FRAL)
assay, cupric reducing antioxidant capacity {CUPRALC) assay, reducing poswer assay and
ather metheds [112-114].

Antioxidant compounds cin 2lso be ebtained from some Allllon speces such as A
Eatufosom, A, wrsirmne, A sdoemprcan, A, fernm, A. aepa, AL :.:nuu‘lull.ursmr.l_. Al setfoum, A
e amidl A, bl |55, 71,0102] These u:.lu.'lpuumhl cam b isolabed froam all ks wl ||'r|."|:ll|||'r|
such as bulbs, leaves, roots, Aewers and bark [109] This study will discoss the antivaddant
activity af the compounds comtained i Al species leaves.

lestinyg o ambiroadant activity in the speoies A safimum was carried out using the DFFFH
and FRAP asay. Some studies reported {bat the antioidant achivity of the A sifitnm leaves
i3 very high, with [Cag 7.21 £ 0.3 mpdmL in the DPPH assay and 7.9 molf in the FRAF
assay [LI4E In 2005, Kim et al. succe@@ed in isolating foar favonal compounds from A,
sitfouin leaves, These convpounds ae quencetin 3-0-f-Deglucop yrancelde (soguernchiving,
quercetin 3Ok f-Danvlopyranaside (reynoutring, Kaempferol 3-000-Deplucopy rancside
[Axtragalin) and i=nthamoetm: W=C0-F-D-phoacopyranovide. The four compounds were bested
for their anbsxidant activity u.;i.'n[; e DIPH mr.-ﬂm-.i,h:,.'chm:.rl. :I'ill.llﬂl-l-il:..i'-"ﬂ'lﬂll'ﬂ__ actnrily
and the ferric thicoyanate methed [57]. Singh and Kumar alsp reported the presence of
antmsidand achivity in A srtesm leaves asing b phosphomelybbenunm reduction assay
The methad is based on the reducton of Mo %7 to Mo (Y 0 the methanol extract by
Tormf@ting a green phospherte complex subsequence or Mo (V12T

El Hadidy et al. reported that there wers thiee emajor compounds isebated from A
fratuininm lesfstrack. They are myriceting quercelin and rutine From thie thoee comp ounds,
myricetin is the most abundant compound in the G & aned photon varieties, among
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athar |:|;|u'r||]:|l;|-|-:|rn':lqI witch 15 38755 The aetboxddant ul:l\.-:l!}l tgeat I.l.d!% e DIPIH sl
shemsed that the activity decneosed atber three monthe af skorage based on the percenibage
of antioaddants [i-1]. The ethanol extract of A. nrsioum beaves, which also nees the DPTH
radical stavenging assay, showed antiosidant activity of 77 with an ECgy valee 322 5 /mL.
The activity was nfluenced by the presence of phenelic compound= in the extract |54]
H=parch an anbisidantactsaty was alse carmed out on A sokdmaprasim eaves whic b
twen methods, DPPH bBleaching assay and TEAC. The misults using DPPH dhimved weak
an tpddant actvity with am ECxp wvalue (.72 £ (L4 g/mg), whoreas the TEAC methed
wsed o debermine the total oxidant scavemging activiky shinveed a value af 1228 + 33
Tridum g5 [54]

b Strachire-Anticaidant Activity Helatdonship Compoonds in Al

I'be structure—activaty relationship (SAR} = an appmoach used ko dejermine the rela-
tianship botvwoen the structune of o compouard aned iks bioactivity [115]. The precence of
certaim substituenls can affect the strength of comground activity; for example, the differcnt
namnlbrer and position of a hydeosy] groap will provide differest aobosidant sctivites [116]
The fullowingg 2re some of the compound structures that have been solated from Ailinone
Teaf exdract: {Figume 100
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Figure 18 Compnund sructunes are successfully isalated from Al leal extracts. [184) apd
gaevin [ 15 CIET merisastus [117]: (IEE) masngesnn | VT=]; {1890 Eaimpdinsd J106F | 1840) catechin [1207]
(197]) qercetin [121]
. Apspeman

Apigenin (5, - tbepd rosy-flavane) i3 a compoarsd that hos been molated from the
A. fiatuinsow leaves, such as ina study conducted by Immaculate W ot al This compound
alwiwz a bright orange coler when cbeerved wnder UV lght with an B value (0830 Based
o HPLC ansalyais data, this compaoand shomed ome major peak at 2,62Y min and mne i
peake (HEFIHE FRG04; 15.748d; 17,524 18.57Y; 19.525; 19.0K3; 21 300 15 383}, 10 muiniabes [ 4]
La etal. TE'Eh'lﬂHd Ehat apignrli.n. has o anbiesidand ackiviby, which = due o the absonce of
a einggle hydrcooy]l group in ring A and a single hydraxyl geoup in eing Bwith an activity
vahue (1,5 mbd) [122].
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&} Myricetin

Myricetin {3',4° 5 35,7 -hesahpd rony Aavone| was alse isobited from A, fefakeun
This cosm peund 1s chassified ino ff) favenod group, which has six hydroxyl groups ai
positions 3,5, 7, 3, 4 and 5 | 117]. The presence of 2 hydrood group af posikion 37 in ring
B greatly affects its antioxidant activity so that it beoomes stronger with Ehe 1) (4 ub)

and &340 £ 3 Eﬁpb.Hn hq.l:hgu:llngl]I-‘PT—Iud.i:ulmmadh'ﬂr]l-'-_.l"'ll,ll'l].

b Mesingenma

Maringenin J-",ﬁ,..'-'-tnh}'dnm__.lﬂn'.'arrm = a flavarems r-.'lmpn:u.lrd af the flasvonaid TP
with o molecnlar woalght of 27026 15 H200) [ 124-137]. This compeund had been iendabed
fram A fabulosan [GE] It bos o sabarabed beterocyelic ring © with hydrosy] substituent
at positions ' 5,7, The presence of a hydrowyl group in ring A and a single hydraxy]
group in ring B atfedt the narngenin value in the TEAC test (1.5 £ (105 M), so that its
anticsdidant activity 1s lower than that of quencetit which has twe ydmogy] subetiteents n
rimg B 1221 34)

6 gyt @
Ravmpderol con be found in fruits and vegetables [ @01 7°] This compinmsl is also
easily fomnd im soame Al specs | | 1Y) In recend years, several stadies had reporied the
presenoe af knempteral in A, fshlosiom, A prstanm, A scimenoprasum, A, safiawn and ofher
speedies (50, 1] Kaempferol (54" 8.7 -tetrabydrowy flaveme) is b yellos tetrabydroyy Saveme
coumpound that bebag to the flavonoid group with hvdraxyl groups at poesatons 3, &,
5 amd T [115, 120, 137]. Kaempfernl bas a wav'elength band (367 non) which = Lenger than
cornpoiinds that only have theee hydevaoyl groups such o apigenin (337 nmj. The presence
of & redu@on of the 23-unsoturated boeed inoring © did met affect i antiosidant sctivity,
whereas the prisence of a single hydmosyl grmip in dng B, which s comgugated {ith 4
comjugated double bond, has lithe effect on increasing antiooodant activity [124). Farkas
wtal. :'qm'wd. that I'.:n'u'l.plinwﬂ hsis andtoeckdant n:ﬁvityin I:1I1IH1h1; hsat-mndueed axid a-
o in a @-cambene-linnkic il!i.l’-lﬂ{hhl‘_l,mﬂﬁ_?hl- |12 In tesiing u.;:i.nlq;'lhe P H
radicul seavenging activiby method, kaempderol hee an 1y, value 2B05 + 0,28 M ond
1.3 3 008 mb i ests using the TEAC (Troloo equivalsmt anbosidand actisdty) [129,150].

&5 Caleclun

Cadechan {33 48°5, T-pendahydroxyflavank 12 a compaund comimonly foard 10 seseral
types of green tea, cocan, red grapes and omdons 49,130,153 1-133] 1t aleo can be fnund
and isolated From A scleroprsie [52], This compoond hl.hﬂ'u;.ﬂ ber flavanol compound
grugrs which have five hydray] substituents of positions 3,3, 4, 3and 7 | 130, In necend
vears, this compiound had been reporhed b have anBosckdant activity [125,033]. Silva etal
reporied that catechin hiad antloxid ant activiey of 19 £ 000wl inthe (FPH radical
seavenging assay and 14 = 03 phd teobox equivalents ) pbd favenoids mothe ORAC
assay. p-catechol group in ring B showed o pood effect on anbiosidant activibe [13), In
add itiom, the high planarity due to the mirametecular hrdrogen bonding bebween the
3-0H and & -1 substituents in Aavanol compoands sech & catechin can also provide a
good anibeoddant activity [13513%5],

S Lurntin

Chuercetin (3,573 4 -penthydrosyflaven) is ane af the flavoroid compamands foand
in plangs such as anions, apples, berrios amd others, [k presence can be casily foursd in
several Afinw specied such as A cepa, A aslivnm, A- ursdmoen and A fixtielosam [4,50]. This
Nlavonod comprund consists of theee dngs amd fve bydeessy] gesaps [125157,058] Several
studies reporied that quercetin has the abilin as an andioxidant in redunmg the formation
af RO [Le-L5] The strengdh of antioxidant activity depends on the number of by drosyl
groaps 'F-:n.lsmd_.:-.uj'u as qm:rmti.n wwbsdch will Flrn'l.'idc- stromger .:|.|:|'.il.".|1.'|.l than naringenin
and apigenin with three hypdrosy] greaps [DL6 1171 21]. This is indicated by the vahs of
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IC s thiat 12 smnaller and TEAC vahwes that ave lagger compared by the tweo compands with
ench BC4y (10,89 £ 0UD; =100 46340 £ 2128 uM) and TEAL {47, 1.53, 145 mM) [115-147),
At the same time, the formation of o resonance-stabilized quinone structure duwse b the
hydinasy| group adpcent b the ring © [125) Anteaidant activity will decrease when thens
b= glvoalation of the hydmsy] group at pasition 3om ring C [121]

7. Conclusions

Allfatn specios such as A v, A sationem, AL fstulosen, A sobimapmsmy, A, i, A
Parmny, A, sooroprmium, A tineale and A etoolbican We @ great role in the healih field
Thise comtain secondary metabalites that have several Bloackivities such as anbosldant,
an tiicrodhial, antitacteral, antifungal, anti-infammatory and ofsers. Their bicactivites
are influenced by certain stracture and functional groups,
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Abstract C_relatine is a very popular amino acid widely utilized in the sports world due to its functions mainly related to muscle building and increasing
perl%’”!{yl}é(f)The present work investigates the behavior of creatine aqueous solutions and of creatine aqueous in the presence of [...] Read more.
(This article belongs to the Special Issue Materials for Healthcare ( /journal/molecules/special_issues/Healthcare_Materials ))
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Abstract Cells have developed intelligent systems to implement the complex and efficient enzyme cascade reactions via the strategies of organelles,
bacterial microcompartments and enzyme complexes. The scaffolds such as the membrane or protein in the cell are believed to assist the co-localization

of enzymes [...] Read more.
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Abstract High concentrations of antibiotics have been identified in agueous media, which has diminished the quality of water resources. These

compounds are usually highly toxic and have low biodegradability, and there have been reports about their mutagenic or carcinogenic effects. The aim of
this [...] Read more.
(This article belongs to the Special Issue Feature Papers in Applied Chemistry ( /journal/molecules/special_issues/Papers_Applied_Chemistry ))
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Abstract Treatment of several autoimmune diseases and types of cancer has been an intense area of research over the past two decades. Many

signaling pathways that regulate innate and/or adaptive immunity, as well as those that induce overexpression or mutation of protein kinases, have [...]
Read more.
(This article belongs to the Special Issue Molecular Docking_in Drug Design Il (/journal/molecules/special_issues/molecular_docking_drug_design
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Abstract Silver nanoparticles (AgNPs) have recently gained interest in the medical field because of their biological features. The present study aimed at
screening Rhizophora apiculata secondary metabolites, quantifying their flavonoids and total phenolics content, green synthesis and characterization of R.
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Abstract L ysozymes are hydrolytic enzymes characterized by their ability to cleave the 3-(1,4)-glycosidic bonds in peptidoglycan, a major structural
component of the bacterial cell wall. This hydrolysis action compromises the integrity of the cell wall, causing the lysis of bacteria. For more than 80 [...]
Read more.

(This article belongs to the Special Issue Recent Advances in Antimicrobial Materials ( /journal/molecules/special_issues/Antimicrob_Mater ))

Open Access Article = ¥ (/1420-3049/27/19/6304/pdf?version=1664012355)

Silver Nanoparticles Formulation of Flower Head’s Polyphenols of Cynara scolymus L.: A Promising Candidate against Prostate (PC-3) Cancer
Cell Line through Apoptosis Activation (/1420-3049/27/19/6304)

by ) Amgad I. M. Khedr (https://sciprofiles.com/profile/843751), (' Marwa S. Goda (https://sciprofiles.com/profile/1835836),

Maged S. Abdel-Kader (https://sciprofiles.com/profile/1938220), =) Jihan M. Badr (https://sciprofiles.com/profile/1473231) and
Reda F. A. Abdelhameed (https://sciprofiles.com/profile/2288869)
Molecules 2022, 27(19), 6304; https://doi.org/10.3390/molecules27196304 (registering DOI) - 24 Sep 2022

Abstract Cynara scolymus L. (Family: Compositae) or artichoke is a nutritious edible plant widely used for its hepatoprotective effect. Crude extracts of
flower, bract, and stem were prepared and evaluated for their in vitro antioxidant activity and phenolic content. The flower crude extract exhibited [...] Read
more.

(This article belongs to the Special Issue Bioactive Compounds and Antioxidant Activity of Extracts from Different Natural Plants (
ljournal/molecules/special_issues/antioxid_extra ))
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Abstract Sodium-ion batteries (SIBs) have attracted increasing interest as promising candidates for large-scale energy storage due to their low cost,
natural abundance and similar chemical intercalation mechanism with lithium-ion batteries. However, achieving superior rate capability and long-life for
SIBs remains a major challenge owing [...] Read more.

(This article belongs to the Section Electrochemistry (/journal/molecules/sections/electrochemistry))
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Abstract The present study aimed to explore the effects of ultra-high pressure (UHP) on the cathepsin (B, D, H, and L) activities, protein oxidation, and
degradation properties as well as quality characteristics of iced shrimp (Liftopenaeus vannamei). Fresh shrimps were vacuum-packed, treated [...] Read
more.

(This article belongs to the Special Issue Quality Control in Food Processing_( /journal/molecules/special_issues/quality_food ))
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