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Abstract
Triterpenoids, carotenoids, chlorophylls, and antioxidant capacity of individual parts of wild garlic at different times of 
harvesting were studied. Leaves, flowers, bulbs, and stems of Allium ursinum were used in this study. The contents of trit-
erpenoids, carotenoids, and chlorophylls were determined by UPLC–PDA-Q/TOF-MS, and the antioxidant capacity was 
determined by ABTS and FRAP assay. A total of 21 compounds including 3 triterpenoids, 11 carotenoids, and 7 chlorophylls 
were identified in anatomical parts of A. ursinum in March and June 2016. These compounds present in individual anatomical 
parts of wild garlic were determination in this study for the first time ever. The average content of total triterpenoids ranged 
from 750.7 to 4159.5 mg/kg dry matter (dm) and that of carotenoids and chlorophylls ranged from 14.4 to 14,424.5 mg/kg 
dm for bulbs and leaves. The average level of the antioxidant capacity ranged from 37.1 to 91.7 µmol Trolox/g dm in bulbs 
and leaves, respectively. The leaves, flowers, and stems of wild garlic are a good source of health-promoting compounds. 
They can be used as functional food ingredients, dietary supplements, and additives.

Keywords  Wild garlic · Leaves · Bioactive compounds · Isoprenoid compounds · UPLC–PDA-Q/TOF-MS

Introduction

Over the past few years, there has been growing interest 
in alternative plants, which can be a source of active com-
pounds in the treatment and prevention of diseases such as 
metabolic cancer, stroke and coronary diseases. Such plants 
may include wild garlic, which is a valuable component in 
the human diet. The compounds of wild garlic have potent 
biological activity [1]. It is used as a spice in the cuisines of 
many nations, and it has been used for centuries in medicine. 
The leaves of wild garlic are edible and can be used boiled 
as a vegetable, as a salad, or as an ingredient for pesto. The 
stems and bulbs are also edible and highly palatable [2, 3]. 

The growing period of garlic begins in early spring and ends 
at the beginning of summer. During this period, changes in 
the contents of active compounds and pigment in various 
parts of the plant occur [3].

Wild garlic is reach sources of dietary compounds, 
especially flavonoids (kaempferol), which include impor-
tant bioactive compounds [4, 5]. Health benefits of phe-
nolic compounds derive from their antitumor, antioxidant, 
antithrombotic, and anti-inflammatory properties [3, 6]. 
Polyphenols are located in all parts of plants, including 
leaves, stems, roots, fruits, and flowers [7]. Other com-
pounds present in garlic and having health benefits are trit-
erpenoids, chlorophylls, and carotenoids. Triterpenes are a 
very big group of compounds and are present in a wide vari-
ety of dicotyledonous plant species. Triterpenoids exhibit 
many biological activities such as antifungal, antibacterial, 
antiviral, antiprotozoal, and anti-inflammatory [4]. Triterpe-
noids—derivatives of triterpenes such as oleanolic, ursolic, 
or betulinic acids—are mainly located in cuticular waxes [8].

The color of Allium ursinum is due to chlorophylls and 
carotenoids, which are natural dyes and are located in the 
chloroplasts of leaves. They are used primarily in the food 
industry for coloring foods. Chlorophylls are responsible for 
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the yellow–green and blue–green color. These pigments are 
subject to degradation during various processes. Chlorophyll 
has antioxidant properties, can help prevent degenerative 
diseases, and has anticancer and antimutagenic effects [9, 
10]. In contrast, carotenoids are responsible for the orange, 
red, and yellow color of plants. Degradation of the pigments 
is affected by light, and oxygen influences the deterioration 
of flavor and color of products [9–12]. The antioxidant 
capacity of carotenoids is used in scavenging of free radi-
cal and counteracting oxidation, consequently reducing the 
risk of cardiovascular, acute inflammation problems, and 
UV light damage [7].

Natural compounds in wild garlic can be used as health 
food, functional food, and dietary supplements in the phar-
maceutical industry. There have been no previous studies 
on the influence of maturity stage on triterpenoids, carote-
noids, and chlorophylls profile and antioxidant capacity in A. 
ursinum. Therefore, the present work evaluated antioxidant 
capacity and bioactive compounds in wild garlic in different 
anatomical parts (leaves, stems, bulbs, and flowers) collected 
in March and June. Leaves, stems, roots, and flowers were 
determined for concentration of carotenoids, chlorophylls, 
and triterpenoids with UPLC–PDA-Q/TOF-MS.

Materials and methods

Reagents and standards

ABTS [2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic 
acid)], Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid), TPTZ (2,4,6-tri(2-pyridyl)-s-triazine), 
acetonitrile, formic acid, methanol all-trans-β-carotene, all-
trans-lutein, α-carotene, neoxanthin, antheraxanthin, violax-
anthin, β-cryptoxanthin, chlorophyll a, oleanolic, betulinic, 
and ursolic acid were purchased from Sigma-Aldrich (Stein-
heim, Germany).

Plant materials

The raw material used in this study comprised bulbs, leaves, 
flowers, and stems of A. ursinum L. Plants were obtained in 
March and June 2016 and were collected from the forest area 
near Rzeszów, Poland, (50°00′46″N 21°59′39″E). In each 
growing period, 100 plants were collected, and various mor-
phological parts were separated. The individual anatomical 
parts were directly frozen in liquid nitrogen and freeze-dried 
(24 h; Christ Alpha 1-4 LSC; Germany). The homogene-
ous dry material was obtained by crushing the dried tissues 
using a closed laboratory mill (IKA A.11, Germany). The 
powders were kept in a freezer (− 80 °C) until 24 h before 
extract preparation.

Identification and quantification of carotenoids 
and chlorophylls by the UPLC–PDA–MS/MS method

Sample extraction was performed as described by 
Lachowicz et  al. [13]. Freeze-dried different parts 
of wild garlic (~ 0.35  g) were mixed with 5  mL of 
hexane:acetone:methanol (2:1:1), shaken at 20  °C for 
30 min and 40 kHz. Next, the slurry was centrifuged at 
19,000g for 10 min, and the supernatant was evaporated to 
dryness. The pellet was re-extracted using 2 mL of 100% 
methanol, filtered through a hydrophilic PTFE 0.20 µm 
membrane (Millex Simplicity Filter, Merck, Darmstadt, 
Germany), and used for analysis.

For the extraction of carotenoids, a protocol similar to 
that described earlier was followed [14]. Compounds were 
separated with an ACQUITY UPLC BEH RP C18 column 
(1.7 µm, 2.1 mm × 100 mm, Waters Corp., Milford, MA, 
USA) at 32 °C. The elution solvents were ACN:MeOH 
(7:3, v/v) (A) and 0.1% formic acid (B). Samples (10 µL) 
were eluted according to the linear gradient described by 
Delphino-Rius et al. [15]. The runs were monitored at 450 
and 650 nm. The PDA spectra were measured over the 
wavelength range of 200–700 nm in steps of 2 nm. The 
retention times and spectra were compared to those of the 
authentic standards. All incubations were done in tripli-
cate. The results were expressed as milligram per kilogram 
of dry matter (mg/kg dm).

Identification and quantification of triterpenoids 
by the UPLC–PDA–MS/MS method

Samples’ extraction were performed as described by 
Farneti et al. [16]. The powder samples (~ 0.5 g) were 
extracted with 5 mL of ethyl acetate and 5 mL of hexane. 
The extraction was performed by incubation for 20 min, 
20  °C, 40  kHz under sonication (Sonic 6D, Polsonic, 
Warsaw, Poland) with occasional shaking. After the first 
extraction, the samples were kept at 4 °C overnight. On 
the next day, the samples were re-extracted in the same 
conditions. Next, the slurry was centrifuged at 19,000g 
for 10 min, and the supernatant was evaporated to dryness. 
The pellet was re-extracted using 2 mL of 100% methanol, 
filtered through a hydrophilic PTFE 0.20 µm membrane 
(Millex Simplicity Filter, Merck, Darmstadt, Germany) 
and used for analysis. Identification and quantification of 
ursolic, oleanolic, and betulinic acids were done using the 
ACQUITY Ultra Performance LC system with a binary 
solvent manager (Waters Corp., Milford, MA, USA), a 
UPLC BEH C18 column (1.7  µm, 2.1  mm × 150  mm, 
Waters Corp., Milford, MA, USA), and a Q-TOF mass 
spectrometer (Waters, Manchester, UK) equipped with an 
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electrospray ionization (ESI) source, operating in nega-
tive mode. The elution solvents were 100% methanol (A) 
and 100% acetonitrile (B) (15:85, v/v). Ursolic, oleanolic, 
and betulinic acids were eluted isocratically at a flow rate 
of 0.1 mL/min for 10 min at 20 °C. m/z for betulinic acid 
was 455.34, for oleanolic acid 455.34, and for ursolic 
acid 455.33, and the retention times were 6.89, 7.11, and 
7.59 min, respectively. The compounds were monitored at 
210 nm. All data were obtained in triplicate. The results 
were expressed as milligram per kilogram of dry matter 
(mg/kg dm).

Determination of antioxidant capacity

The samples for analysis were prepared as described previ-
ously by Lachowicz et al. [13]. Freeze-dried fruits (0.5 g) 
were mixed with 10 mL of MeOH/water (80:20%, v/v) + 1% 
HCl, sonicated at 20 °C for 15 min, and left for 24 h at 4 °C. 
Then, the extract was again sonicated for 15 min, and cen-
trifuged at 15,000g for 10 min.

The ABTS radical scavenging activity and ferric reduc-
ing antioxidant power (FRAP) methods were also used 
as described by Re et al. [17] and Benzie and Strain [18], 
respectively. Briefly, 10 µL of the supernatant was mixed 
with 990 µL of ABTS or FRAP. After 10 min of reaction, the 
absorbance was measured at 734 nm for ABTS and 593 nm 
for FRAP. Determinations by the ABTS and FRAP methods 
were performed using the UV-2401 PC spectrophotometer 
(Shimadzu, Kyoto, Japan). The antioxidant activity was 
expressed as micro mol of Trolox per gram of dry matter 
(µmol Trolox/g dm).

Statistical analysis

Statistical analysis, one-way ANOVA, and principal com-
ponent analysis (PCA) were conducted using Statistica ver-
sion 12.5 (StatSoft, Kraków, Poland). Significant differences 
between mean values were evaluated by one-way ANOVA 
and Duncan’s multiple range test.

Results and discussion

Identification and quantification of triterpenoids 
in different parts of wild garlic

The samples’ extracts from different parts of wild gar-
lic in different maturity stages were analyzed by the 
LC–PDA–ESI-MS/MS system. Results of qualitative analy-
sis obtained by the UPLC with a PDA detector and FL are 
presented in Table 1 and Fig. 1. The detected compounds 
were identified as betulinic, oleanolic, and ursolic acids 
were based on the comparison of their retention times (Rt), Ta
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MS, and MS/MS data with those of standards, if available 
[19–21]. To identify the three compounds, negative ioniza-
tion was used. Betulinic, oleanolic, and ursolic acids have 
not been determined in whole plant of wild garlic (A. ursi-
num) and its morphological parts so far.

The triterpenoids content in the wild garlic at differ-
ent maturity stages varied depending on the parts of the 
plant: the lowest concentration was in bulbs from March 
(636.1 mg/kg dm) to June (26.5% more) < flowers from 
March (1814.1 mg/kg dm) to June (22% more) < stems from 
March (2688 mg/kg dm) to June (19% more), and the high-
est was observed in leaves from March (5330.2 mg/kg dm) 
to June (44% less). A decrease in the content of triterpe-
noid compounds in the leaves may be due to changes in the 
plant and its various parts during maturation or maturity of 
leaves from June (too mature). Perhaps, the content of trit-
erpenes, probably like chlorophylls, during maturity could 
reach the maximum concentration and then was a decrease 
in the content of triterpenoids in the leaves of wild garlic. 
In addition, the difference on the content of triterpenes in 
leaves collected in June and March was likely due to the 
weakening of the wax layer on the leaf surface during ripen-
ing and consequently the reduction of the content of these 
compounds in leaves collected in June [22]. Notwithstand-
ing, the results of chromatographic analysis coupled with a 

statistical test (Table 1) showed that the leaves were not only 
a valuable source of bioactive compounds, but most of all 
contained significantly more triterpenoids than the stems, 
flowers, and bulbs. However, although, in the bulbs, betu-
linic acid was a more abundant triterpenes than ursolic and 
oleanolic acid, the dominant triterpenoid compound of the 
different anatomical parts (except bulbs) of wild garlic was 
oleanolic acid. The average content of oleanolic acids ranged 
from 280.3 mg/kg dm in the bulbs to 2370.9 mg/kg dm in 
the leaves. The other triterpenoid compounds were betulinic 
acid (from 356.1 mg/kg dm in the bulbs to 931.6 mg/kg 
dm in the leaves) and ursolic acid (from 114.4 mg/kg dm 
in the bulbs to 857.1 mg/kg dm in the leaves). The average 
total content of triterpenoid compounds contained in stems, 
flowers, and bulbs was found to be 1.4, 2.0, and 5.5 times 
lower, respectively, than that in leaves. However, It may be 
observed that, with the increase of the plant, the average 
content of triterpenoids was higher in June than that at the 
first stages of maturity. Caligiani et al. [23], researching 
botanical extracts sold as herbal and food product ingre-
dients, identified betulinic, oleanolic, and ursolic acids. 
The content of oleanolic and ursolic acids in Arctostaphy-
los uva-ursi L. leaves were 4.8 times lower and 1.2 times 
higher, respectively, than in the leaves of wild garlic in our 
research. However, the content of betulinic and oleanolic 

Fig. 1   Segment from 6.00 to 9.00 min of triterpenoids LC-DAD chromatogram at 210 nm of leaves of wild garlic from June. (1) Betulinic acid; 
(2) oleanolic acid; (3) ursolic acid
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acids in Lagerstroemia speciosa L. leaves was 4.1 and 2.9 
times lower, respectively, than in the leaves of wild garlic, 
but the content of ursolic acid was 2.5 times higher. The 
content of betulinic, oleanolic, and ursolic acids was 9.9 
times lower and 2.3 and 16.6 times higher, respectively, 
compared to the wild garlic flowers. The differences in the 
content of triterpenoids may among others be due to differ-
ent methods of their determination, type and composition of 
soil, environmental factors, and stress. Kolniak-Ostek [19] 
in their studies of different anatomical parts of pear identi-
fied three acids. The content in pear leaves was 1.3 times 
lower that the leaves in wild garlic. Different contents of 
bioactive compounds are due, for example, to the different 
materials analyzed. The content of triterpenoids depends on 
many factors, for example, degree of maturity at harvest and 
environmental conditions [24]. Triterpenoids are known for 
their anticancer, anti-inflammatory, and antioxidant proper-
ties. They were also reported to protect plants against micro-
bial attacks [25] (Fig. 1).

Determination of chlorophylls and carotenoids 
in anatomical parts of wild garlic

Identification and quantification of 18 compounds belong-
ing to chlorophylls (7) and carotenoids (11) were based on a 
comparison of their retention times (Rt) and MS and MS/MS 
data with available standards and published data. The iden-
tification and concentration carotenoids and chlorophylls 
results are presented in Table 2.

Carotenoids

The carotenoids were determined based on the UV spectra, 
retention times, and comparison of their MS and MS/MS 
data with available standards and literature data [26–31].

Peaks 1 and 2 (Rt 2.95, 3.55 min), which showed a molec-
ular ion at m/z 601 and fragmentation at m/z 583, 565, 221, 
and 181, were identified as neoxanthin and violaxanthin [32, 
33]. Peak 5 (Rt 5.21 min and λmax 267, 445, and 474), which 
showed an ion at m/z 568 and MS/MS fragments at m/z 551 
and 553, was identified as all-trans-lutein, consistent with 
the authentic standard, wavelengths of absorbance maxima, 
and literature data [31, 34]. Peak 7 (Rt 5.85 min and λmax 
335, 420, 446, and 474) was identified as 13-cis-lutein, with 
[M–H]+ at m/z 568 and fragmentation MS/MS ion at m/z 551 
and 553 [27, 29, 34] Peaks 8 and 10 (Rt 7.45 and 7.77 min, 
and λmax 454, 481), with [M–H]+ at m/z 553 and fragmenta-
tion at m/z 461 and 119, were identified as α-cryptoxanthin 
and β-cryptoxanthin. These compounds were consistent with 
authentic standards, wavelengths of absorbance maxima, and 
literature data [26, 30, 34]. Peaks 12–16 (Rt 8.79, 8.92, 9.00, 
9.08, and 9.12 min) were identified as α-carotene and isomer 
β-carotene, based on the [M–H]+ characteristic molecular 

ion at m/z 537, and characteristic fragments at m/z 445 [30, 
31, 34]. The presence of all-trans-β-carotene was confirmed 
by co-elution with an authentic standard. The main com-
pounds included 9-cis-β-carotene, 13-cis-β-carotene, and 
15-cis-β-carotene, all with [M + H]+ at m/z = 537. These 
compounds were identified by their characteristic UV–Vis 
spectrum and chromatographic preserve relative to the other 
geometrical isomers of carotene [34–36] (Table 3).

The total content of carotenoids in A. ursinum leaves 
from June was over 1.4 times higher with respect to the 
leaves from March (9142.3 and 6550.5 mg/kg dm, respec-
tively) (Table 3 and Fig. 2). The content of carotenoids in 
stems from June (853.1 mg/kg dm) was almost 1.6 times 
higher than in stems from March. Leaves from June con-
tained 1.6 times more carotenoid compounds compared to 
the flowers from March. In bulbs from June, 6.8 mg/kg of 
carotenoids was detected, while only 5.7 mg/kg dm was 
found in bulbs from March. Among 11 identified carot-
enoids, 5 were dominant. They were: trans-β-carotene 
(from 3262.7 mg/kg dm in the leaves to 3.3 mg/kg dm in 
the bulbs); all-trans-lutein (from 1287.6 mg/kg dm in the 
leaves to 0.8 mg/kg dm in the bulbs); α-cryptoxanthin (from 
1133.6 mg/kg dm in the leaves to 93.1 mg/kg dm in the 
stems); 9-cis-β-carotene (from 703.2 mg/kg dm in the leaves 
to 0.9 mg/kg dm in the bulbs); and β-cryptoxanthin (from 
582,0 mg/kg dm in the leaves to 0.6 mg/kg dm in the bulbs). 
The average total carotenoid contents ranged from 7846.4 
to 6.2 mg/kg dm for the leaves and bulbs, respectively. 
The average total carotenoid content in stems, flowers, and 
bulbs was found to be 11.4, 7.5, and 1265.5 times lower, 
respectively, than that in leaves. The content of identified 
compounds was higher after collection in June than that in 
March.

Various amounts of different carotenoids have been 
reported previously in vegetables and fruits [30]. The con-
tent of carotenoids in carrot was 9856 mg/kg dm, in grape-
fruit 266.5 mg/kg dm, in spinach 5224.5 mg/kg dm, and in 
sweet potato 61.8 mg/kg dm [30]. The results were varied; 
the carotenoid content observed in the wild garlic was higher 
than the content in grapefruit, but lower than the content 
in carrots and spinach. Saini et al. [28], in studies on the 
contents of carotenoids in selected vegetables, reported 
2386.2 mg/kg dm in spinach, 1691.5 mg/kg in coriander 
leaves, 1092.6 mg/kg dm in fenugreek, 46.5 mg/kg in broc-
coli, and 39.5 mg/kg in Brussels sprouts.

Chlorophylls

Peak 3 (Rt 4.08 min, and λmax 411, 653) was identified as 
pheophorbide, showing a molecular ion [M + H]+ at m/z 593, 
and a fragment ion at m/z 533, which is consistent with the 
authentic standard, wavelengths of absorbance maxima and 
literature data [37]. Peak 4 (Rt 4.92 min, and λmax 443, 601) 
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had a molecular ion at m/z 629 and MS/MS fragment ion 
at m/z 597 and 566, suggesting that this chlorophyll was 
chlorophyllide a [31, 37]. Peak 6 (Rt 5.45 min and λmax 462, 
648) assigned to chlorophyllide b showed a molecular ion 
[M + H]+ at m/z 614, and a fragment ion at m/z 583 and 
552 [37, 38]. Peaks 9 (Rt 7.57 min, and λmax 462, 648) was 
identified as chlorophyll b, which showed an ion [M + H]+ 
at m/z 907, and fragmentation MS/MS at m/z 629, which 
is consistent with the wavelengths of absorbance maxima, 
literature data [31, 37], and the authentic standard. Peak 11 
(Rt 8.18 min, λmax 431, 662) was identified as chlorophyll a, 
which showed an intense ion peak at m/z 893, and fragment 
ions at m/z 615 and 607. Peak 17 (Rt 10.03 min, and λmax 
430, 653), with [M + H]+ at m/z 885 and fragmentation ions 
MS/MS at m/z 607 and 547, was identified as pheophytin b, 
which is consistent with literature data [37, 39] and wave-
lengths of absorbance maxima. Peak 18 (Rt 10.35 min, and 
λmax 408, 666) had a molecular ion [M + H]+ at m/z 871 and 
a fragment ion m/z 593 and 533, thus indicating that this 
compound was pheophytin a [37] (Table 3).

The total content of chlorophylls in different parts of A. 
ursinum leaves from June was over 1.3 times higher with 
respect to the leaves from March (Table 3 and Fig. 2). The 
content of chlorophylls in other parts of the plant was as 

follows: the lowest in the bulbs from March (7.8 mg/kg 
dm) to the bulbs from June (7% more), then in flowers from 
March (678.3 mg/kg dm) to June (27% more), and then in 
stems from March (582.6 mg/kg dm) to June (72% more). 
Among seven identified carotenoids, three were dominant: 
chlorophyll b (from 5.4 mg/kg dm in the bulbs to 3865.0 mg/
kg dm in the leaves); chlorophyll a (from 1.6 mg/kg dm in 
the bulbs to 2273.1 mg/kg dm in the leaves); and pheophytin 
b (from 6.0 mg/kg dm in the flowers to 287.6 mg/kg dm in 
the leaves). The average content of chlorophyll compounds 
contained in stems, flowers, and bulbs was found to be 4.9, 
8.3, and 815.7 times lower, respectively, than that in leaves. 
Anatomical parts of wild garlic were characterized by high 
contents of chlorophylls, which is indicative of fruit ripeness 
because the green color and chlorophylls were intensive.

Various amounts of different chlorophylls have been 
reported previously in vegetables and fruits [30, 32]. Stinco 
et al. [30], in studies on the content of chlorophylls of some 
vegetables and fruit, observed values of 48995.2, 162.8, 
and 4.6 mg/kg dm in spinach, broccoli, and guava, respec-
tively. The results were heterogeneous; the chlorophyll com-
pound contents observed in wild garlic were higher than 
those in broccoli and guava, but lower compared to spin-
ach. Lisiewska et al. [33] in studies on the concentration of 

Fig. 2   Segment from 2.50 to 10.50  min of carotenoids LC-DAD 
chromatogram at 450  nm of leaves of wild garlic from June. (1) 
Neoxanthin; (2) violaxanthin; (3) pheophorbide a; (4) chlorophyl-
lide b; (5) all-trans-Lutein; (6) chlorophyllide a; (7) 13-cis-lutein; 

(8) α-cryptoxanthin; (9) chlorophyll b; (10) β-cryptoxanthin; (11) 
chlorophyll a; (12) α-carotene; (13) all-trans β-carotene; (14) 9-cis-
β-carotene; (15) 13-cis-β-carotene; (16) 15-cis-β-carotene; (17) pheo-
phytin b; and (18) pheophytin a 
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chlorophylls in raw and frozen leaves and whole dill plants 
observed values of 130 and 77 mg/kg, respectively.

The results for carotenoids and chlorophylls observed in 
fruit and vegetables are difficult to compare with our results 
due to differences between dry and fresh weight, different 
methods of determination applied, and different anatomical 
parts and whole materials.

The content of carotenoid and chlorophyll depends on the 
maturation stage and cultivar. Probably, the lower content 
of chlorophyll in the leaves of June may be due to mature 
leaves. The gradual increase of chlorophyll content along 
with the growth of the plant may be related to the changes 
that occur with the different parts of plants as well as the 
whole plant. During intensive growth, intensive synthe-
sis and increased chlorophyll content are observed. Once 
the chlorophyll maximum content has been reached in the 
plant, than the chlorophyll content decomposes and gradu-
ally decreases. The results of the changes in the content of 
chlorophyll during the ripening of the plant are confirmed in 
the studies by Grey [40] and Mishra et al. [41]. The opposite 
is in the fruit, because during fruit ripening, the content of 
chlorophylls degraded and converted to colorless metabo-
lites, and then carotenoids become perceptible, because that 
the low content of chlorophylls is indicative of fruit ripeness. 
Vegetables are a good source of chlorophylls compared to 
fruits [31, 33, 42]. Furthermore, A. ursinum leaves should 
be collected before the flowering period, i.e., from March to 
May. In time increase in plant, they become fibrous, hard. 
Acceptable level in intake of leaves ranges from 50 to 100 g 

of fm per day. This is related to the fact that the plant con-
tains a mild toxin—protoanemonin—which during drying 
or heating transforms into anemonin, a substance that is not 
toxic and has an analgesic effect [39, 43].

Antioxidant capacity

The results of the antioxidant capacity of parts of wild garlic 
in different maturity stages tested by the ABTS and FRAP 
assay are presented in Fig. 3 and Table 4. Statistical signifi-
cant differences in the antioxidant properties were observed 
between measured parts (leaves, flowers, bulbs and roots) 
and between maturity stages using these assays. The aver-
age content of the antioxidant capacity, measured by the 
ABTS assay, in the parts of wild garlic ranged from 33.9 in 
bulbs to 83.7 µmol Trolox/g dm in leaves, respectively. The 
average level of antioxidant capacity measured by FRAP 
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Fig. 3   Antioxidant capacity [µmol Trolox/g dm]1,2 of different parts 
of wild garlic in different maturity stages. Number 1 indicates that 
values are means ± standard deviation. n = 3; Number 1 indicates that 

a–f means ± SD followed by different letters within the same line rep-
resent significant differences (p < 0.05)

Table 4   Mean content of antioxidant capacity [µmol Trolox/g dm] of 
different parts of wild garlic in different maturity stages

a Values are mean for leaves, stems, flowers, and bulbs from different 
maturity stages (March and June)
b a–f Means ± SD followed by different letters within the same line 
represent significant differences (p < 0.05)

Antioxidant 
capacity

Leaves Stems Flowers Bulbs

ABTS 91.7aAb 37.1D 45.1C 50.9B
FRAP 11.7A 2.7D 5.3C 5.8B
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assay in different parts of wild garlic ranged from 2.1 in 
bulbs to 9.0 µmol Trolox/g dm in leaves. The level of anti-
oxidant capacity (measured by ABTS and FRAP assay) in 
leaves and stems from March was 12.8, 7.0 and 2.2, 39.0% 
lower than parts from June. Whereas, the results of anti-
oxidant capacity (analyzed by ABTS and FRAP assay) in 
bulbs and flowers from March increase around 22.2, 0.5 and 
35.5, 19.6% to compared bulbs and flowers from June. From 
the obtained results, leaves showed the highest scavenging 
capacities of free radical compared to the others parts. A 
changes of FRAP and ABTS values could affect the degree 
of maturity, the growing season of plants, i.e., physiologi-
cal changes in the period of plant development, as well as 
weather conditions prevailing in the initial and final stages 
of plant growth. Furthermore, a decrease in the content of 
antioxidant capacity in the bulbs and flowers may be due to 
changes in the plant and its various parts during maturation 
or maturity of bulbs and flowers from June [44]. According 
to Nencini et al. [45], the level of antioxidant capacity (ana-
lyzed by FRAP assay) in leaves and bulbs of garlic (Allium 
sativum) were 2.1 and 1.9 folds lower than leaves and bulbs 
of wild garlic. Differences between the results may be due 
to conditions of storage, species diversity, different seasons 
of the collected material, and climatic conditions.

The antioxidant capacity of different parts of wild garlic 
is positively correlated with the content of selected bioactive 
compounds (triterpenoids, carotenoids, and chlorophylls) 
(Table 5). Triterpenoids are known for their anti-inflamma-
tory, anticancer, and antioxidative properties [22]. The anti-
oxidant capacity of wild garlic was positively correlated with 
the content of triterpenoids (r2 = 0.60 for ABTS and 0.41 for 
FRAP). The strongest correlation was found for ursolic acid 
and the ABTS method (r2 = 0.82), with a lower correlation 
for the FRAP method (r2 = 0.65). Carotenoids have a system 
of conjugated double bonds, which mainly influence their 
antioxidant activity. The antioxidant activity of carotenoids 
is used in scavenging of free radicals and counteracting oxi-
dation, consequently reducing the risk of acute inflammation 
and cardiovascular problems. Chlorophyll has antioxidant 
properties, as well as antimutagenic and anticancer proper-
ties [31]. In our research on different parts of wild garlic, 
we found a positive correlation between the total content of 
carotenoids and antioxidant capacity (r2 = 0.95 and 0.85 for 
the ABTS and FRAP assay). The strongest correlation was 
found for carotene and the ABTS method (r2 = 0.97), with 
a lower correlation for the FRAP method (r2 = 0.85). Fur-
thermore, a positive correlation between chlorophylls and 
antioxidant capacity (r2 = 0.91 for ABTS and r2 = 0.77 for 
FRAP) was found in parts of wild garlic. The strongest cor-
relation was found for chlorophylls and the ABTS method 
(r2 = 0.95), with a lower correlation for the FRAP method 
(r2 = 0.77). Mueller and Boehm [46] in their studies on anti-
oxidant properties of β-carotene isomers and metabolites 

reported that β-carotenes have 10–25-fold higher antioxi-
dant activity against ROO, and 2.5–3 times higher activity 
in bleaching ABTS·+ than α-tocopherol. Qiao et al. [47] 
in their studies on triterpenoids of sour jujube obtained 
ambiguous results. Some triterpenoids showed high antioxi-
dant capacity, which was 10–18.9-fold higher than activity 
of ascorbic acid, while others showed low ability to reduce 
free radicals. Therefore, it could be concluded that the anti-
oxidant capacity of parts of wild garlic correlated with the 
presence of the triterpenoids, carotenoids, and chlorophylls 
and their compounds. Moreover, the high antioxidant capac-
ity of wild garlic depended on the chemical composition 
of bioactive compounds and parts and perhaps influence to 
the inhibition of diseases associated with oxidative damage, 
such as coronary heart disease, stroke, and cancers [48, 49]. 
Wild garlic had high concentrations of antioxidant capacity 
and triterpenoids, carotenoids, and chlorophylls and their 
antioxidant properties might have a significant impact due 
to their chemical structures.

Principal component analysis (PCA)

The study results of leaves, bulbs, flowers, and stems of 
wild garlic in their triterpenoids, chlorophylls, and carot-
enoids were emphasized during principal component 
analysis. Main PCAs for the research different parts of 
wild garlic accounted for 95.20% of the sum variability, 
PC1 for 70.75% and PC2 for 24.41% are presented in 
Fig. 4. The results obtained in the analysis of PCA show 
of four clusters:

Table 5   Correlation between antioxidant activity and all bioactive 
compounds*

* α = 0.05

Bioactive compounds ABTS FRAP

Betulinic acid 0.60 0.72
Ursolic acid 0.82 0.65
Oleanolic acid 0.47 0.28
Triterpenoids 0.60 0.46
Neoxanthin 0.92 0.81
Violaxanthin 0.35 0.40
Lutein 0.94 0.82
Cryptoxanthin 0.95 0.86
Carotene 0.97 0.85
Carotenoids 0.95 0.85
Pheophorbide 0.92 0.84
Chlorophyllide 0.91 0.77
Chlorophyll b 0.91 0.78
chlorophyll a 0.95 0.77
Pheophytin 0.86 0.67
Chlorophylls 0.91 0.77
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•	 Leaves and flowers with a higher concentration of chloro-
phyll compounds (chlorophylls), carotenoid compounds 
(carotenoids), all-trans-β-carotene (8), carotenoid com-
pounds (carotenoids), chlorophyll b (15), chlorophyll 
a (16), and a positive correlation with the antioxidant 
capacity (ABTS and FRAP assay).

•	 Stems and bulbs with a higher concentration of positive 
correlation with ursolic acid (UA), oleanolic acid (OA), 
betulinic acid (BA), and bioactive compounds were 
detected.

•	 Neoxanthin (1), violaxanthin (2), 13-cis-lutein (4), 
β-cryptoxanthin (6), α-carotene (7), 15-cis-β-carotene 
(11), pheophorbide a (12), chlorophyllide a (13), chlo-
rophyllide b (14), pheophytin b (17), and pheophytin a 
(18) with a higher correlation with antioxidant capacity 
ABTS and FRAP.

•	 9-cis-β-Carotene (9), 13-cis-β-carotene (10), all-trans-
lutein (3), and α-cryptoxanthin (5) with a negative cor-
relation with different parts of wild garlic.

Conclusions

During wild garlic ripening, the content of analyzed com-
pounds grew and was highest in June. Therefore, maturity 
stage had a significant influence on the antioxidant capac-
ity and the concentration of triterpenoids, carotenoids, and 
chlorophylls. The different parts of wild garlic contained 18 
compounds that are members of the natural plant pigments 

carotenoids (11) and chlorophylls (7). It was found that the 
leaves, from parts of wild garlic at different maturity stages, 
were the highest in active compounds, while bulbs exhibited 
the lowest content. Leaves and stems, if regularly consumed, 
could be a significant source of antioxidant capacity and 
bioactive compounds: triterpenoids, carotenoids, and chlo-
rophylls in the diet. The bioactive compounds in leaves of 
A. ursinum collected in March and June display bioactive 
properties for humans. They could be a promising source 
of bioactive nutraceuticals and nutritional supplements or a 
food additive with potential health benefits.
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