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A B S T R A C T
Crinum latifolium L. is an Amaryllidaceae medicinal plant known for its alkaloid 
con­stituents, but its detectable phytochemical profile may vary with extraction 
con­ditions. We compared leaf  extracts obtained by supercritical CO2 (SC-CO2) 
extraction and ethanol maceration using HPLC-ESI-MS/MS. We tentatively an-
notated 98 compounds in 12 chemical classes, with flavonoids and flavonoid 
gly­cosides forming the largest class, followed by alkaloids and phenolic acids. We 
detected 68 compounds in the SC-CO2 extract and 42 in the ethanol extract, with 
12 occurring in both, giving a Jaccard similarity index of  0.122. Based on the lit-
erature examined, 66 compounds represent potential first records for C. latifolium. 
The two extraction procedures produced distinct but complementary detectable 
profiles, and the broader chemical coverage observed for SC-CO2 under these 
conditions does not imply higher compound concentrations or extraction yields.
Keywords: Crinum latifolium, Amaryllidaceae alkaloids, supercritical CO2 extraction, ethanol 
maceration, comparative phytochemical profiling, HPLC-ESI-MS/MS, flavonoids

Р Е З Ю М Е
Чан В.К., Разгонова М.П., Голохваст К.С. Сравнительный фитохи-
мический профиль экстрактов листьев Crinum latifolium, полученных 
методом сверхкритической CO2-экстракции и этанольной мацера-
ции, с использованием ВЭЖХ-ЭСИ-МС/МС. Crinum latifolium L. – ле
кар­ственное растение семейства Amaryllidaceae, известное как источник 
ал­калоидов; при этом его выявляемый фитохимический профиль может 
за­висеть от условий экстракции. Мы сравнили экстракты листьев, полу-
ченные методом сверхкритической CO2-экстракции (SC-CO2) и мацерации 
этанолом, с использованием ВЭЖХ-ЭСИ-МС/МС. В общей сложности 
мы предварительно аннотировали 98 соединений, относящихся к 12 хи-
мическим классам; наиболее представленной группой были флавоноиды 
и флавоноидные гликозиды, за которыми следовали алкалоиды и феноль-
ные кислоты. В SC-CO2-экстракте было обнаружено 68 соединений, а в 
этанольном экстракте 42, причем 12 соединений были общими для обоих 
экстрактов; индекс сходства Жаккара составил 0,122. На основании изучен-
ной литературы 66 соединений можно рассматривать как предполагаемые 
первые находки для C. latifolium. Два метода экстракции дали различающи-
еся, но взаимодополняющие фитохимические профили. Более широкий 
химический охват, наблюдаемый для SC-CO2-экстракта в использованных 
условиях, не свидетельствует о более высоких концентрациях отдельных 
соединений или большем выходе экстракта.
Ключевые слова: Crinum latifolium, алкалоиды амариллисовых, экстракция сверх­кри
тическим CO2, мацерация этанолом, сравнительное фитохимическое про­фи­ли­ро­ва
ние, ВЭЖХ-ЭСИ-МС/МС, флавоноиды
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Comparative phytochemical profiling 
of Crinum latifolium leaf extracts 
obtained by supercritical CO2 
extraction and ethanol maceration 
using HPLC-ESI-MS/MS

Crinum latifolium L. is a perennial herb of  the family 
Ama­ryl­li­daceae, characterized by a bulbous habit, strap-
shaped basal leaves, and white to pale‑pink flowers (Dolai 
& Nan­di 2021, Gasca‑Silva et al. 2022) (Fig. 1). The species 
is distributed in tropical and subtropical Asia and is used as 
a me­dicinal plant in Vietnam (Tram & Khanh 2012).

Previous investigations of  C. latifolium have addressed 
its tra­di­tional use, isolated constituents, and biological pro
per­ties of  extracts or purified compounds (Tram & Khanh 
2012, Chen et al. 2018, Gasca‑Silva et al. 2022, Thong­phi
chai et al. 2022). These studies provide useful background; 

however, biological activity cannot be inferred solely from 
the detection of  a compound in an extract.

Phytochemical studies have established Amaryllidaceae 
alkaloids as characteristic constituents of  C. latifolium, par
ti­cularly compounds of  the lycorine, crinine, haem­antha
mine, and tazettine types (Gasca‑Silva et al. 2022). Leaves 
and bulbs have yielded compounds such as 6‑meth­oxy
undu­latine, 6‑methoxycrinamidine, undulatine N‑oxide, 
cri­na­latifolines, and 6‑epihydroxypowelline (Chen et al. 
2018, Hanh et al. 2018, Tian et al. 2021, Chaichompoo et al. 
2024, Trang et al. 2024). However, most previous work has 
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focused on individual alkaloids or selected fractions rather 
than on broad comparative profiling of  extracts obtained 
by different methods.

The detectable composition of  plant extracts depends 
strongly on solvent properties and extraction conditions (de 
Araújo et al. 2022). Supercritical carbon dioxide (SC‑CO2) 
extraction offers tunable selectivity through control of  pres
sure, temperature, and co‑solvent conditions and facilitates 
solvent removal (Arumugham et al. 2021, de Araújo et al. 
2022). Its application to C. latifolium remains limited, making 
a direct comparison with conventional ethanol maceration 
useful for evaluating extraction‑dependent chemical profiles 
(Pilařová et al. 2025).

In this study, SC‑CO2 extraction and ethanol maceration 
were applied to C. latifolium leaves to compare their detec
table phytochemical profiles by HPLC‑ESI‑MS/MS. The 
study was designed as a qualitative comparison of  extrac
tion‑dependent chemical profiles.

M A T E R I A L  A N D  M E T H O D S
Materia l  and process ing

Leaves of  Crinum latifolium were collected from the 
Hong Linh Mountain area, Ha Tinh Province, North Cent
ral Vietnam (18°33′29″N 105°47′20″E), during 15–17 June 
2024. All samples were morphologically authenticated in 
ac­cor­dance with the current standards of  the State Phar
ma­copoeia of  the Russian Federation (Pharmacopoeia of  
the Eurasian Economic Union 2020).

All reagents used in this study were of  analytical grade. 
HPLC‑grade acetonitrile was purchased from Fi­sher 
Scientific (Kent, UK), while MS‑grade formic acid and 
ethanol (EtOH) were obtained from Sigma‑Aldrich (Stein
heim, Germany). Ultrapure water was supplied by Siemens 
Water Technologies (Munich, Germany).

The leaves of  C. latifolium were dried at 50 °C for appro
ximately 6 h until they reached a constant weight. A mo­de­

rate drying temperature was used to re
move moisture while limiting pro­lon­ged 
thermal exposure of  the plant material. 

Dried leaves of  C. latifolium (11.2 g) 
were soaked in 50 mL of  ethanol for 
7 days. After extraction, the mixture was 
fil­te­red, and the crude filtrate was di
rect­ly subjected to HPLC‑ESI‑MS/MS 
ana­lysis without further purification.

Supercr i t ical  carbon 
dioxide extract ion

SC‑CO2 extraction was performed 
using an SFE‑500 system (Thar SCF Wa
ters, Milford, CT, USA). The system in
cluded a Thar Waters P‑50 high‑pressure 
pump for ethanol de­livery as a co‑sol
vent, a Siemens CO2 flow meter (Mu
nich, Ger­many) for monitoring the CO2 
supp­ly, and multiple ex­trac­tion vessels 
for pro­cessing different sample sizes. 
The li­quid CO2 and ethanol flow rates 
were set at 20 mL/min and 1.00 mL/

min, res­pec­ti­ve­ly, and the extraction was conducted at 
300 bar and 50°C. For each extraction run, 59 g of  dried 
C.  latifolium leaves were loaded into the ex­trac­tion vessel. 
The extraction was maintained for 60 min after the system 
reached the target pressure and a stable flow rate.

Liquid chromatography
Chromatographic analysis was performed using a Shi

ma­dzu LC‑20 Prominence HPLC system (Shimadzu, Kyo­to, 
Japan) equipped with an SPD‑20A UV‑Vis detector and a 
Shim‑pack Velox C18 reversed‑phase column (4.6 × 150 mm, 
2.7 μm; Shimadzu, Kyoto, Japan). Deionised water was 
used as mobile phase A, and acetonitrile containing 0.1 % 
(v/v) formic acid was used as mobile phase B. The gradient 
program started at 0 % B for 0–2 min, increased linearly from 
0 to 100 % B over 2–50 min, and remained at 100 % B from 
50 to 60 min. The eluate was monitored at 230 nm, and the 
column temperature, flow rate, and injection volume were 
maintained at 50°C, 0.25 mL/min, and 10 μL, respectively. 
The same chromatographic conditions were used for 
HPLC‑ESI‑ion trap‑MS/MS analysis. Five injections of  the 
SC‑CO2 extract and four injections of  the ethanol extract 
were performed. These technical replicate injections were 
used to assess the reproducibility of  compound detection 
rather than biological variability.

Mass spectrometry
Mass spectrometric analysis was performed using an 

amaZon SL ion trap mass spectrometer (Bruker Daltonics, 
Bre­men, Germany) equipped with an electrospray ionisation 
source operated in both positive and negative modes. The 
ion source temperature was set to 70°C, the drying gas flow 
rate to 4 L/min, the nebuliser pressure to 7.3 psi, the ca­pil
la­ry voltage to 4500 V, the end plate offset to 1500 V, the 
frag­mentor voltage to 280 V, and the collision energy to 
60 eV. Full‑scan MS and MS/MS spectra were acquired over 
an m/z range of  100–1700 at scan rates of  1 spectrum/s 

Figure 1 Crinum latifolium L. (A, B). Photo by V.C. Tran (June 2024)
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for MS and 2 spectra/s for MS/MS. Selected precursor ions 
were further examined by multistage fragmentation up to 
MS4. Instrument control, data acquisition, and processing 
were performed using Bruker Daltonics software.

Comparat ive analys is  of  phytochemical 
prof i les

Phytochemical profiles of  the SC‑CO2 and ethanol ex
tracts were compared using manually curated detection/
non‑detection data for tentatively annotated compounds. 
The overlap between the two extracts was summarised using 
a Venn diagram, and the Jaccard similarity index was cal­cu
lated as J = a/(a + b + c), where a represents the number of  
com­pounds detected in both extracts, b the number detected 
only in the SC‑CO2 extract, and c the number detected only 
in the ethanol extract. Analytical reproducibility was assessed 
by calculating the detection frequency of  each compound 
ac­ross replicate injections and classified as low (+; detected 
in ≤25 % of  runs), moderate (++; >25 % but <75 %), or 
high (+++; ≥75 %). These categories reflect only the re­pro
ducibility of  compound detection across analytical runs and 
do not represent relative or absolute compound abundance.

Tentat ive compound annotat ion
Compounds were tentatively annotated by comparing 

chro­matographic retention, ionisation behaviour, precursor 
ions, and MS/MS or multistage MSⁿ fragmentation patterns 
with previously published data. Because authentic reference 
stan­dards were not used for structural confirmation, all 
com­pound assignments were considered tentative. Only re
pro­ducibly detected peaks with interpretable fragmentation 
spectra were included in the final compound list. This ana
ly­tical workflow was used for qualitative phytochemical pro
filing rather than validated quantitative determination.

R E S U L T S  A N D  D I S C U S S I O N
Phytochemical profiling of  Crinum latifolium led to the 

ten­tative identification of  98 compounds, which were 
classified into 12 chemical groups. Table 1 summarises all 
ten­tatively identified constituents, their chemical classes, 
and their distribution across the extracts. Among them, fla
vo­noids and flavonoid glycosides represented the largest 
che­mical class, with 40 tentatively annotated compounds, 
fol­lowed by alkaloids (30 compounds), phenolic acids and 
their derivatives (8 compounds), fatty acids (6 compounds), 
phy­to­sterols (5 compounds), lignans (2 compounds), and 
quinones (2 compounds). The remaining constituents were 
distributed among several minor groups, including phe­no
lic glycosides, phenolic amides, coumarin glycosides, oxi
dised fatty acids, and sugar acids. These findings in­di­cate 
that C. latifolium possesses a chemically diverse meta­bolite 
profile, characterised not only by the presence of  Ama­rylli
da­ceae-type alkaloids but also by a substantial number of  
flavonoids and phenolic constituents.

Representative HPLC‑ESI‑MS chromatograms of  the 
etha­nol and SC‑CO2 extracts are shown in Figure 2. Both 
ex­tracts exhibited multiple chromatographic signals across 
the analytical run, with differences in the distribution of  de
tec­table signals. These chromatograms provide a qualitative 
overview of  the chemical profiles and are not intended for 
quantitative comparison of  compound abundance.

Figure 3 shows representative collision‑induced dis­so
cia­tion (CID) spectra of  selected metabolites tentatively 
identified in C. latifolium extracts by HPLC‑ESI‑MS/MS.

The MSⁿ spectrum of  crinamine (Fig. 3A) showed a 
pro­to­nated molecular ion [M+H]+ at m/z 302.29, which 
pro­duced major fragment ions at m/z 259.21 and 199.14. 
Fur­ther fragmentation of  the m/z 199.14 ion generated a 
product ion at m/z 141.10, followed by an ion at m/z 129.25. 

This fragmentation path­way 
agrees with previous re­ports for 
crinamine in C.  latifolium (Tram 
et al. 2002, Chen et al. 2018, 
Tian et al. 2021) and supports its 
ten­ta­tive anno­tation in the pre
sent study.

Lycorine (Fig. 3B) exhibited a 
[M+H]+ ion at m/z 287.25, with a 
product ion at m/z 151.11. Frag
mentation of  the m/z 151.11 ion 
sub­sequently pro­duced an ion at 
m/z 121.10. The ob­served frag
mentation pattern is consistent 
with published data for lycorine in 
C. latifolium (Tram et al. 2002, Gas
ca‑Silva et al. 2022, Thong­phi­chai 
et al. 2022, Trang et al. 2024).

Similarly, ambelline (Fig. 3C) 
gave a protonated mo­le­cular ion 
at m/z 332.31 and major product 
ions at m/z 316.30 and 272.22. 
Successive fragmentation of  the 
m/z 272.22 ion yielded ions at 
m/z 243.20 and 213.19. These 

Figure 2 Representative HPLC-ESI-MS chromatograms of  Crinum latifolium leaf  extracts obtained 
by (A) ethanol maceration and (B) supercritical CO2 extraction
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spectral features are consistent with data reported for 
ambelline in C. latifolium (Tram et al. 2002, Hanh et al. 2018, 
Gasca‑Silva et al. 2022) and with reports on other Ama­ryl
li­daceae taxa (Feu et al. 2026).

Astragalin (Fig. 3D) showed a [M+H]+ ion at m/z 
449.30, which generated a major product ion at m/z 287.20. 
Further fragmentation produced an ion at m/z 241.13, with 
the latter yielding an ion at m/z 213.07. This fragmentation 
behaviour agrees with previous reports of  astragalin in 
Moringa oleifera (Ganjayi et al. 2022) and Trifolium resupinatum 
(Mar­zouk et al. 2024), supporting its tentative annotation.

The ethanol maceration and SC‑CO2 extracts showed 
distinct but complementary phytochemical profiles. A total 

of  98 compounds were 
ten­ta­ti­vely annotated, of  
which 68 occurred in the 
SC‑CO2 ex­tract and 42 
in the etha­nol ex­tract. 
Twelve com­pounds were 
com­mon to both ex­tracts, 
while 56 occur­red only in 
the SC‑CO2 ex­tract and 30 
only in the etha­nol extract. 
The Jac­card simi­la­rity 
index was 0.122, indi­cating 
low com­po­si­tio­nal overlap 
bet­ween the two pro­files. 
Al­though the SC‑CO2 ex
tract con­tai­ned a larger 
number of  detectable 
com­pounds, this fin­ding 
re­­flects broa­der che­­mical 
co­ve­rage under the con
ditions used and does not 
in­di­cate higher compound 
con­cen­tra­tions or greater 
ex­trac­tion yields.

The compositional 
differences between the 
two extracts are con­sis­tent 
with the different phy
sicochemical properties 
of  the ex­trac­tion systems. 
Etha­nol is a polar protic 
sol­vent, whe­reas SC‑CO2 
is re­la­ti­vely non‑polar. In 
SC‑CO2 ex­trac­tion, pres
sure and temperature af
fect sol­vent density and 
con­se­quently influence 
extrac­tion yield and selec
ti­vity (Aru­mugham et al. 
2021). The addition of  
etha­nol as a co‑solvent 
can further modify the 
extrac­tion characteristics 
of  the sys­tem. Different 
sol­vents and extraction 
app­roa­ches have been 

reported for Crinum species (de Araújo et al. 2022), while 
re­cent studies have demonstrated the selective ex­traction 
of  Amaryllidaceae alkaloids using SC‑CO2 with po­lar mo
di­fiers (Pilařová et al. 2025). Under the conditions used in 
the present study, the two extraction procedures there­fore 
provided complementary chemical coverage ra­ther than 
directly comparable extraction efficiencies.

Table 1 summarises the detection frequency across 
replicate HPLC‑ESI‑MS/MS analyses. Among the 98 com
pounds tentatively annotated in this study, no previous re
ports were found for 66 compounds in C.  latifolium after 
re­viewing the available literature (Tram et al. 2002, Tram 
& Khanh 2012, Chen et al. 2018, Hanh et al. 2018, Thong

Figure 3 Representative CID spectra of  selected compounds tentatively identified in Crinum latifolium 
extracts: A – crinamine, precursor ion at m/z 302.29; B – lycorine, precursor ion at m/z 287.25; C – 
ambelline, precursor ion at m/z 332.31; and D – astragalin, precursor ion at m/z 449.30
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phi­chai et al. 2022, Gasca‑Silva et al. 2022, 
Chai­chom­poo et al. 2024, Trang et al. 
2024). These com­pounds were there­fore 
considered putative first records for C. latifo­
lium based on the literature examined. Addi
tional phytochemical and analytical studies 
on Crinum species and other Amaryllidaceae 
taxa were also consulted when eva­lua­ting the 
compound anno­ta­tions (Ghosal et al. 1985, 
Nair et al. 1998, Zhang et al. 2009, de And
ra­de et al. 2014, Guer­rieri et al. 2016, Hu­ayl
la et al. 2021, Soto‑Vásquez et al. 2022, Lin 
et al. 2025, Feu et al. 2026).

Alkaloids remain of  particular interest 
because they are characteristic metabolites 
of  Crinum. However, the detec­tion of  flavo
noids, phenolic acids, lignans, fatty acids, 
phy­to­sterols, quinones, and sugar acids broa
dens the known phy­tochemical profile of  
C.  latifolium beyond its established alkaloid 
com­po­sition. Overall, these findings expand 
the phy­tochemical information available for 
this spe­cies and provide a basis for further 
targeted chemical investigation.

C O N C L U S I O N
Our HPLC-ESI-MS/MS analysis tenta

ti­vely annotated 98  compounds in Crinum 
latifolium leaf  extracts obtai­ned by SC-CO2 
extraction and ethanol maceration. The 
two extraction procedures produced dis
tinct but com­ple­men­tary detectable phy
to­che­mical profiles, with 68  com­pounds 
de­tected in the SC-CO2 extract, 42 in the 
etha­nol extract, and 12 shared between 
them. Based on the li­te­rature examined, 66 
com­pounds represent putative first records 
for C.  latifolium. These findings expand the 
known phy­tochemical profile of  the spe
cies and show that extraction conditions 
in­flu­ence detectable chemical co­ve­rage. All 
com­pound anno­tations remain tentative and 
re­­quire con­firmation using authentic re­fe
rence standards or com­plementary struc­tu
ral methods.
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This work was supported by Program 

“Prio­ritet-2030” of  the Tomsk State 
University.

A U T H O R  C O N T R I B U T I O N S
Conceptualization – V.C.T.; metho­do

logy – V.C.T. and M.P.R.; formal analysis 
– V.C.T. and M.P.R.; investigation – V.C.T.; 
data curation – V.C.T.; writing original 
draft –  V.C.T.; writing review and editing 
– M.P.R.; visualization – V.C.T.; supervision 
– K.S.G. All authors have read and agreed 
to the published version of  the manuscript.Ta

bl
e 

1.
 C
on
tin
ue
d.

C
ol

um
n 

nu
m

be
r

1
2

3
4

5
6

7
8

9
10

E
ic
os
at
et
ra
­en
ed
io
ic
 a
ci
d*

C
₂₀H

₃₀O
₄

33
4.
44
98

 
33
5

28
9;
 1
72

26
1;
 1
75

20
4

n/
d

+
E
ic
os
an
oi
ds
 (T
sik
as
 &
 Z
oe
rn
er
 2
01
4)

M
yr
ist
ol
ei
c 
ac
id
*

C
₁₄H

₂₆O
₂

22
6.
35
50

 
22
7

20
9;
 2
06

19
3;
 1
89
; 

13
9

 
+

+
M

aa
ck

ia 
am

ur
en

sis
 (R
az
go
no
va
 e
t a
l. 
20
23
)

A
ra

ch
id

ic
 a

ci
d*

 
[E
ic
os
an
oi
c 
ac
id
]

C
₂₀H

₄₀O
₂

31
2.
53
04

 
31

3
27
7

24
7

 
n/
d

+
Cy

pe
ru

s l
ae

vig
at

us
 (A
yo
ub
 e
t a
l. 
20
22
)

Ph
yt

os
te

ro
ls

St
ig
m
as
ta
no
l*
 [S
ito
st
an
ol
; 

Fu
co
st
an
ol
; S
pi
na
st
an
ol
]

C
₂₉H

₅₂O
41
6.
72
26

 
41
7

39
9;
 3
98

38
0;
 3
63

 
+

+
Ph
yt
os
te
ro
ls 
(O
liv
a 
et
 a
l. 
20
24
)

Be
ta
-S
ito
st
er
in
 [B
et
a-

Si
to
st
er
ol
]

C
₂₉H

₅₀O
41
4.
70
67

 
41
5

39
7

37
9

 
n/
d

+
Cr

in
um

 la
tif

oli
um
 (T
ra
m
 &
 K
ha
nh
 2
01
2,
 N
hu
ng
 &
 H
ue
 2
02
0)

G
am
m
a-
Si
to
st
er
ol
* 

[C
lio
na
st
er
ol
]

C
₂₉H

₅₀O
41
4.
70
67

 
41
5

39
7;
 2
97

37
9

 
n/
d

+
Sy

ne
dr

ell
a 

no
difl

or
a 
(Y
ak
ub
u 
et
 a
l. 
20
14
)

Av
en
as
te
ro
l*
 [D
el
ta
7-

Av
en
as
te
ro
l; 
7-
D
eh
yd
ro


av
en
as
te
ro
l]

C
₂₉H

₄₈O
41
2.
69
08

 
41
3

37
7

32
3;
 2
20

31
9;
 1
72

n/
d

+
Ve
ge
ta
bl
e 
oi
ls 
(S
ch
la
g 
et
 a
l. 
20
22
)

G
ra

m
ist

er
ol

*
C
₂₉H

₄₈O
41
2.
69
08

 
41
3

37
7

32
3;
 2
20

31
9;
 1
72

n/
d

+
Ve
ge
ta
bl
e 
oi
ls 
(S
ch
la
g 
et
 a
l. 
20
22
)

Q
ui

no
ne

s
8,
8’
-D
ih
yd
ro
xy
-2
,2
’-

bi
na
ph
th
al
en
e-
1,
1’
,4
,4
’-

te
tro

ne
*

C
₂₀H

₁₀O
₆

34
6.
28
98

 
34
7

31
9;
 2
55

21
7

17
2

n/
d

+
Ju

gla
ns

 m
an

ds
hu

ric
a 
(H
uo
 e
t a
l. 
20
18
)

6-
M
et
hy
l-r
he
in
*

C
₁₆H

₁₀O
₆

29
8.
24
70

 
29

9
28

1
26
3;
 1
21

 
n/
d

+
Rh

eu
m 

em
od

i (
Si
ng
h 
et
 a
l. 
20
05
)

Su
ga

r a
ci

ds
G

lu
co

ni
c 

ac
id

* 
[G
lu
co
na
te
]

C
₆H
₁₂O

₇
19
6.
15
53

 
19
7

17
8

16
0;
 1
58

13
2

n/
d

+
+

Co
lch

icu
m 

mi
cra

nt
hu

m 
(G
ul
so
y-
To
pl
an
 e
t a
l. 
20
18
); 
Pe
ril
la
 le
av
es
 

(C
he
n 
et
 a
l. 
20
22
)

N
ot

e:
 “
*”
, p
ut
at
iv
e 
fir
st
 re
co
rd
s f
or
 C

rin
um

 la
tif

oli
um
 b
as
ed
 o
n 
th
e 
lit
er
at
ur
e 
ex
am
in
ed
.



10 Botanica Pacifica. A journal of plant science and conservation. 2026. 15(2)

Tran et al.

L I T E R A T U R E  C I T E D
Anjani, N. Srivastava & J. Mathur 2023. Isolation, pu­ri­fi
cation and characterization of  quercetin from Cucumis 
sativus peels; its antimicrobial, antioxidant and cyto­to­xi
city evaluations. 3 Biotech 13:46.

Aouadi, K., H. Hajlaoui, S. Arraouadi, S. Ghannay, M. Sno
us­si & A. Kadri 2021. HPLC/MS phytochemical profiling 
with antioxidant activities of  Echium humile Desf. extracts: 
ADMET prediction and computational study targeting 
human peroxiredoxin 5 receptor. Agronomy 11(11):2165.

Arumugham, T., R. Krishnamoorthy, S.W. Hasan, Y. Tao, 
J. Rinklebe & N. Ponpandian 2021. Supercritical carbon 
dioxide extraction of  plant phytochemicals for biological 
and environmental applications – A review. Chemosphere 
271:129525.

Ayoub, I.M., M.A. El-Baset, M.M. Elghonemy, S.A.E. Ba
shan­dy, F.A.A. Ibrahim, O.A.H. Ahmed-Farid, A.N.G. El 
Gendy, S.M. Afifi, T. Esatbeyoglu, ... & A.I. Elshamy 2022. 
Che­mical profile of  Cyperus laevigatus and its protective ef
fects against thioacetamide-induced hepatorenal toxicity 
in rats. Molecules 27(19):6470.

Azizah, M., P. Pripdeevech, T. Thongkongkaew, et al. 2020. 
UHPLC-ESI-QTOF-MS/MS-based molecular net­wor
king guided isolation and dereplication of  antibacterial 
and antifungal constituents of  Ventilago denticulata. Anti­
biotics 15;9(9):606.

Barreca, D., E. Bellocco, U. Leuzzi & G. Gattuso 2014. First 
evi­dence of  C- and O-glycosyl flavone in blood orange 
(Citrus sinensis (L.) Osbeck) juice and their influence on 
anti­oxidant properties. Food Chemistry 149:244–252.

Belmehdi, O., A. Bouyahya, J. Jekő, et al. 2021. Chemical 
ana­lysis, antibacterial, and antioxidant activities of  fla­vo
noid-rich extracts from four Moroccan propolis. Journal 
of  Food Processing and Preservation 45(10):e15816.

Bouammali, H., O. Khibech, E. Fraj, et al. 2026. Dual 
COX/5-LOX inhibition by isorhamnetin-3-O-glucoside 
from Anthyllis cytisoides: An integrated chemical-enzymatic-
computational study. Journal of  Ethnopharmacology 
358:120982.

Buzgaia, N., S.Y. Lee, Y. Rukayadi, et al. 2021. Antioxidant 
activity, α-Glucosidase inhibition and UHPLC-ESI-MS/MS 
profile of  shmar (Arbutus pavarii Pamp). Plants 10(8):1659.

Chaichompoo, W., P. Rojsitthisak, W. Pabuprapap, et al. 
2024. Amaryllidaceae alkaloids from the bulbs of  Crinum 
latifolium L. and their cholinesterase inhibitory activities. 
Phytochemistry 217:113929.

Chang, T.C. & S.T. Chang 2018. Wood photostabilization 
roles of  the condensed tannins and flavonoids from 
the EtOAc fraction in the heartwood extract of  Acacia 
confusa. Wood Science and Technology 52(3):855-871.

Chelh, T.C., S. Lyashenko, A. Lahlou, et al. 2022. Buglossoides 
spp. seeds, a land source of  health-promoting n-3 PUFA 
and phenolic compounds. Food Research International 
157:111421.

Chen, J., L. Guo, G. Yang, et al. 2022. Metabolomic profiling 
of  developing perilla leaves reveals the best harvest time. 
Frontiers in Plant Science 13:989755.

Chen, M.-X., J.-M. Huo, J. Hu, Z.-P. Xu & X. Zhang 
2018. Amaryllidaceae alkaloids from Crinum latifolium 
with cytotoxic, antimicrobial, antioxidant, and anti-
inflammatory activities. Fitoterapia 130:48–53.

de Andrade, J.P., N.B. Pigni, L. Torras-Claveria, et al. 2014. 
Cri­nine-type alkaloids from Hippeastrum aulicum and H. ca­
lyptratum. Phytochemistry 103:188–195.

de Araújo, R.L., C.L.C. de Pinho, F.O. Farias, et al. 2022. 
Crinum L. species as a potential source of  alkaloids: Ex
trac­tion methods and relevance for medicinal and phar
ma­cological applications. South African Journal of  Botany 
151:720–734.

Dolai, A. & A.K. Nandi 2021. Morphological and anatomical 
characterization of  two species of  Crinum L. The Journal 
of  the Society for Tropical Plant Research 8(1):100–105.

El-Zahar, H., E.T. Menze, H. Handoussa, et al. 2022. 
UPLC-PDA-MS/MS profiling and healing activity of  
polyphenol-rich fraction of  Alhagi maurorum against oral 
ulcer in rats. Plants 11(3):455.

Feu, A.E., L. Rafalscky, R.P.B. de Menezes, et al. 2026. Iso
qui­noline alkaloids from Amaryllidaceae plants as po­ten
tial agents against neglected tropical diseases: a review 
from 2019 to 2025. Phytochemistry Reviews 25:2631–2658.

Fitoussi, N., E. Borrego, M.V. Kolomiets, et al. 2021. Oxy
li­pins are implicated as communication signals in tomato 
root-knot nematode (Meloidogyne javanica) interaction. 
Scientific Reports 11:1-16.

Gan, R.-Y., K.-W. Kong, H.-B. Li, et al. 2018. Separation, 
identification, and bioactivities of  the main gallotannins 
of  red sword bean (Canavalia gladiata) coats. Frontiers in 
Chemistry 6:39.

Ganjayi, M.S., G. Ramesh, R.D. Prasad, et al. 2022. Ast­ra
galin, (3-O-glucoside of  kaempferol), isolated from Mo­
ringa oleifera leaves modulates leptin, adiponectin secretion 
and inhibits adipogenesis in 3T3-L1 adipocytes. Archives 
of  Physiology and Biochemistry 128(4):938–944.

Garcez, W.S., F.R. Garcez, D.F.P. Zanella, et al. 2009. Two 
unusual epicatechin and epiafzelechin derivatives from 
Mascagnia pubiflora, a plant toxic to cattle. Journal of  the 
Brazilian Chemical Society 20(4):674–679.

Gasca-Silva, C.A., J.V.D. Gomes, K.K.P. Gomes-Copeland, 
et al. 2022. Recent updates on Crinum latifolium L. (Ama
ryl­li­da­ceae): A review of  ethnobotanical, phytochemical, 
and biological properties. South African Journal of  Botany 
146:162–173.

Ghosal, S., P.H. Rao & K.S. Saini 1985. Natural occurrence 
of  11-O-Acetylambelline and 11-O-Acetyl-1,2-β-
epoxyambelline in Crinum latifolium: Immuno-regulant 
alkaloids. Pharmaceutical Research 2(5):251–252.

Guerrieri, C.G., N.B. Pigni, J.P. de Andrade, et al. 2016. Al
kaloids from Crinum erubescens Aiton. Arabian Journal of  
Chemistry 19(5):688–693.

Gulsoy-Toplan, G., F. Goger, Z. Ozturk, et al. 2018. 
Chemical constituents of  the different parts of  Colchicum 
micranthum and C. chalcedonicum and their cytotoxic acti­vi
ties. Natural Product Communications 13(5):535–538.

Han, J., M. Ye, X. Qiao, et al. 2008. Characterization of  
phenolic compounds in the Chinese herbal drug Artemisia 
annua by liquid chromatography coupled to electrospray 
ionization mass spectrometry. Journal of  Pharmaceutical and 
Biomedical Analysis 47(3):516–525.

Hanh, T.T.H., D.H. Anh, P.T.T. Huong, et al. 2018. Crinane, 
augustamine, and β-carboline alkaloids from Crinum 
latifolium. Phytochemistry Letters 24:27–30.

Hori, K., M. Wada, S. Yahara, et al. 2018. Antioxidant phe
no­lic compounds from the rhizomes of  Astilbe rivularis. 
Natural Product Research 32(4):453-456.

Huaylla, H., O. Llalla, L. Torras-Claveria & J. Bastida 2021. 
Alkaloid profile in Pyrolirion albicans Herb. (Ama­ryl­li­da
ceae), a Peruvian endemic species. South African Journal of  
Botany 136:76–80.



11Botanica Pacifica. A journal of plant science and conservation. 2026. 15(2)

Phytochemical profiling of Crinum latifolium by supercritical CO2 extraction and ethanol maceration

Huo, J.H., X.W. Du, G.D. Sun, et al. 2018. Identification and 
characterization of  major constituents in Juglans mandshurica 
using ultra performance liquid chromatography coupled with 
time-of-flight mass spectrometry (UPLC-ESI-Q-TOF/MS). 
Chinese Journal of  Natural Medicines 16(7):525–545.

Izu, G.O., N.P. Mapasa, J. Nambooze, et al. 2024. Epi­ca­te
chin isolated from Litchi chinensis Sonn. (Litchi) fruit peel 
ethyl acetate extract modulated glucose uptake in Chang 
cells and suppressed ROS production in RAW 264.7 mac
ro­phages. Antioxidants 13(10):1233.

Kheyar-Kraouche, N., A.B. da Silva, A.T. Serra, et al. 2018. 
Cha­rac­terization by liquid chromatography-mass spect­ro
metry and antioxidant activity of  an ethanolic extract of  
Inula viscosa leaves. Journal of  Pharmaceutical and Biomedical 
Analysis 156:297–306.

Kumar, A., R.K. Yadav, N.K. Shrivastava, et al. 2023. Op
ti­mization of  novel method for isolation of  high purity 
food grade α-linolenic acid from Linum usitatissimum 
seeds. Lebensmittel-Wissenschaft & Technologie 189:115466.

Lekar’, A.V., S.N. Borisenko, O.V. Filonova, et al. 2013. 
Ex­trac­tion of  caftaric and cichoric acids from Echinacea 
purpurea in subcritical water. Russ. The Journal of  Physical 
Chemistry B 7:968–975.

León-González, A.J., P. Truchado, F.A. Tomás-Barberán, 
et al. 2013. Phenolic acids, flavonols and anthocyanins 
in Corema album (L.) D. Don berries. Journal of  Food 
Composition and Analysis 29(1):58–63.

Li, W., Y.N. Sun, X.T. Yan, et al. 2014. Flavonoids from 
Astragalus membranaceus and their inhibitory effects on 
LPS-sti­mulated pro-inflammatory cytokine production in 
bone marrow-derived dendritic cells. Archives of  Pharmacal 
Research 37(2):186–192.

Li, Y., Y.-L. Zhao, N. Huang, Y.-T. Zheng, Y.-P. Yang & X.-
L. Li 2008. Two new phenolic glycosides from Viscum 
articulatum. Molecules 13(10):2500–2508.

Lin, G.D., P. Vishwakarma, P.N. Smith & R.W. Li 2025. The 
occurrence and bioactivities of  Amaryllidaceae alkaloids 
from plants: A taxonomy-guided genera-wide review. 
Plants 14(13):1935.

Lin, L.C., Y.F. Pai & T.H. Tsai 2015. Isolation of  luteolin 
and luteolin-7-O-glucoside from Dendranthema morifolium 
Ramat Tzvel and their pharmacokinetics in rats. Journal of  
Agricultural and Food Chemistry 63(35):7700–7706.

Lin, S., X. Meng, C. Tan, et al. 2022. Composition and anti
oxidant activity of  anthocyanins from Aronia melanocarpa 
extracted using an ultrasonic-microwave-assisted natural 
deep eutectic solvent extraction method. Ultrasonics 
Sonochemistry 89:106102.

Marzouk, M.M., A.Y. Ragheb, E.M. Youssef, et al. 2024. 
Isoflavone-rich extract of  Trifolium resupinatum: Anti-obe
sity attributes with In silico investigation of  its constituents. 
Revista Brasileira de Farmacognosia 34:522–535.

Masika, P.J., N. Sultana & A.J. Afolayan 2004. Antibacterial 
activity of  two flavonoids isolated from Schotia latifolia. 
Pharmaceutical Biology 42(2):105–108.

Mrabti, H.N., N. Jaradat, I. Fichtali, et al. 2018. Separation, 
identification, and antidiabetic activity of  catechin iso­la
ted from Arbutus unedo L. plant roots. Plants 7(2):31.

Nageen, B., A. Rasul, G. Hussain, M.A. Shah, H. Anwar, 
S.M. Hus­sain, et al. 2021. Jaceosidin: A natural flavone 
with versatile pharmacological and biological activities. 
Current Pharmaceutical Design 27(4):456–466.

Nair, J.J., W.E. Campbell, D.W. Gammon, et al. 1998. Al­ka
loids from Crinum delagoense. Phytochemistry 49(8):2539–2543.

Nakane, R. & T. Iwashina 2015. Flavonol glycosides 
from the leaves of  Allium macrostemon. Natural Product 
Communications 10(8):1381–1382.

Nhung, N.T.T. & V.T.B. Hue 2020. Isolation of  daucosterol 
and lycorine from the bulbs of  Crinum latifolium L., 
Amaryllidaceae. Journal of  Science of  Lac Hong University 
9:10–13.

Ogbole, O.O., E.O. Ajaiyeoba, J.A. Adeniji, et al. 2015. 
Bioassay-guided isolation of  Poliovirus-inhibiting 
constituents from Zephyranthes candida. Pharmaceutical 
Biology 53(6):882–887.

Olennikov, D.N. & N.K. Chirikova 2022. New metabolites 
of  Rhodiola rosea I. Glycosides of  herbacetin and gossy­pe
tin. Chemistry of  Natural Compounds 58(6):1014–1020.

Oliva, E., S. Palmieri, F. Della Valle, et al. 2024. Versatile and 
reliable extraction of  phytosterols employing sono­che
mical synthesized molecularly imprinted polymer. Journal 
of  Chromatography Open 6:100174.

Pepe, G., F. Pagano, S. Adesso, et al. 2017. Bioavailable Citrus 
sinensis extract: Polyphenolic composition and biological 
activity. Molecules 22(4):623.

Pham, H.Y., T.T.H. Dan, H.H. Nguyen, et al. 2022. Lignans 
from Gymnema sylvestre. VNU Journal of  Science: Natural 
Sciences and Technology 38(4):18–24.

Pharmacopoeia of  the Eurasian Economic Union 2020. 
Approved by decision of  the Board of  Eurasian 
Economic Commission No. 100 dated 11 August 2020.

Pilařová, V., K. Burianová, Š. Kosturko, et al. 2025. Super
cri­tical fluids in extraction, purification, and separation 
of  selected Amaryllidaceae alkaloids. Separation and Purifi­
cation Technology 377:133968.

Pineda, A., A. Arenas, J. Balmaceda, et al. 2022. Extracts 
of  fruits and plants cultivated in vitro of  Aristotelia chilensis 
(Mol.) Stuntz show inhibitory activity of  aldose reductase 
and pancreatic alpha-amylase enzymes. Plants 11(20):2772.

Ramos, R.C., L.G. Magalhães, R.C.S. Veneziani, et al. 2025. 
In vitro schistosomicidal activity and molecular modeling 
of  quer­citrin and afzelin isolated from the leaves of  Co­
paifera oblongifolia. Compounds 5(3):30.

Razgonova, M.P., E.I. Cherevach, L.A. Tekutyeva, et al. 
2023. Maackia amurensis Rupr. et Maxim.: Supercritical 
CO2 extraction and mass spectrometric characterization 
of  chemical constituents. Molecules 28(5):2026.

Schlag, S., Y. Huang & W. Vetter 2022. GC/EI-MS method 
for the determination of  phytosterols in vegetable oils. 
Analytical and Bioanalytical Chemistry 414:1061–1071.

Selim, D.A., E. Shawky, D.A. Ghareeb, et al. 2023. Com
pa­rative metabolomics of  the different fractions of  two 
saltwort (Salsola L.) species in relation to their anti-in­flam
ma­tory activity. Food Bioscience 51:102306.

Sharma, Y., R. Velamuri, J. Fagan & J. Schaefer 2020. Full-
spectrum analysis of  bioactive compounds in rosemary 
(Rosmarinus officinalis L.) as influenced by different 
extraction methods. Molecules 25(20):4599.

Shukla, P.K., M. Kumar, A. Misra, et al. 2018. Phar­ma­co
gnos­tical and pharmacological evaluation of  Crinum lati­
folium L. International Journal of  Pharmacy and Pharmaceutical 
Sciences 10(11):17.

Singh, N.P., A.P. Gupta, A.K. Sinha & P.S. Ahuja 2005. 
High-performance thin layer chromatography method for 
quan­ti­tative determination of  four major anthraquinone 
de­rivatives in Rheum emodi. Journal of  Chromatography A 
1077(2):202–206.



12 Botanica Pacifica. A journal of plant science and conservation. 2026. 15(2)

Tran et al.

Sofi, M.A., A. Nanda, E. Raj & M.A. Sofi 2022. Phyto­che
mical profiling of  the Methanolic root extract of  Lavatera 
cashmeriana using GC-MS and evaluation of  its potential 
antimicrobial activity. Research Journal of  Pharmacy and 
Technology 15(12):5707–5713.

Solarte, N., M.J. Cejudo-Bastante, N. Hurtado & F.J. Here
dia 2022. First accurate profiling of  antioxidant antho­cya
nins and flavonols of  Tibouchina urvilleana and Tibouchina 
mollis edible flowers aided by fractionation with amberlite 
XAD-7. International Journal of  Food Science and Technology 
57(4):2416–2423.

Soto-Vásquez, M.R., C.A. Rodríguez-Muñoz, L.R. Tallini 
& J. Bastida 2022. Alkaloid composition and biological 
activities of  the Amaryllidaceae species Ismene amancaes 
(Ker Gawl.) Herb. Plants 11(15):1906.

Šuković, D., B. Knežević, U. Gašić et al. 2020. Phenolic 
profiles of  leaves, grapes and wine of  grapevine variety 
Vranac (Vitis vinifera L.) from Montenegro. Foods 9(2):138.

Thongphichai, W., T. Uttarawichien, P. Chanvorachote 
et al. 2022. Standardization of  the ethanolic extract of  
Crinum latifolium leaves by two bioactive markers with an
ti­pro­liferative activity against TGF-β-promoted prostate 
stromal cells (WPMY-1). BMC Complementary Medicine and 
Therapies 22(1):139.

Tian, H., Q.-J. Liu, J.-T. Wang & L. Zhang 2021. Anti­mic
ro­bial crinane-type alkaloids from the bulbs of  Crinum 
latifolium. Journal of  Asian Natural Products Research 
23(11):1023–1029.

Tram, N.T.N. & T.C. Khanh 2012. Crinum latifolium L. var. 
crilae Tram & Khanh, var. n. – A new variety of  the 
species Crinum latifolium L. (Amaryllidaceae) in Vietnam. 
Academia Journal of  Biology 34(2):190–193.

Tram, N.T.N., M. Mitova, V. Bankova, N. Handjieva & 
S.S. Po­pov 2002. GC-MS of  Crinum latifolium L. alkaloids. 
Zeitschrift für Naturforschung C 57(3–4):239–242.

Trang, V.T., P.V. Cong, N.V. Dan, N.T.T. Hien, et al. 2024. Al
kaloids with acetylcholinesterase inhibitory activities from 
Crinum latifolium L. Natural Product Sciences 30(4):304–308.

Tsikas, D. & A.A. Zoerner 2014. Analysis of  eicosanoids by 
LC-MS/MS and GC-MS/MS: A historical retrospect and 
a discussion. Journal of  Chromatography B: Analytical Techno­
logies in the Biomedical and Life Sciences 964:79–88.

Tuli, H. S., P. Rath, A. Chauhan, et al. 2022. Phloretin, as a 
po­tent anticancer compound: From chemistry to cellular 
interactions. Molecules 27(24):8819.

Vallverdú-Queralt, A., O. Jáuregui, G. Di Lecce, et al. 2011. 
Screening of  the polyphenol content of  tomato-based 
products through accurate-mass spectrometry (HPLC–
ESI-QTOF). Food Chemistry 129(3):877–883.

Viet, H.A., D.T.D. Thanh, N.T.K. Oanh, et al. 2011. Opti
mized flavonoid hydrolysis and construction flavonoid 
quantitative process by HPLC from hydrolysis extract 
of  Crinum latifolium leaves. Ho Chi Minh City Journal of  
Medicine 15(1):455–462.

Wangkarn, S., K. Grudpan, C. Khanongnuch, et al. 2021. 
De­velopment of  HPLC method for catechins and re­la­ted 
compounds determination and standardization in Miang 
(traditional Lanna fermented tea leaf  in Northern Thai
land). Molecules 26(19):6052.

Wei, M., R. Zhao, X. Peng, et al. 2020. Ultrasound-assis­ted 
extraction of  taxifolin, diosmin, and quercetin from Abies 
nephrolepis (Trautv.) Maxim: kinetic and thermodynamic 
characteristics. Molecules 25(6):1401.

Woo, S.M. & T.K. Kwon 2016. Jaceosidin induces apoptosis 
through Bax activation and down-regulation of  Mcl-1 
and c-FLIP expression in human renal carcinoma Caki 
cells. Chemico-Biological Interactions 260:168–175.

Wu, X., J. Liu, D. Liu, M. Yuwen, M.A.G. Koffas & J. Zha 
2022. Biosynthesis of  eriodictyol from tyrosine by 
Corynebacterium glutamicum. Microbial Cell Factories 21:86.

Xia, J., G. Lou, L. Zhang, Y. Huang, J. Yang, et al. 2023. Un
vei­ling the spatial distribution and molecular mechanisms 
of  terpenoid biosynthesis in Salvia miltiorrhiza and S. gran­
difolia using multi-omics and DESI-MSI. Horticulture 
Research 10(7):uhad109.

Xu, X., H. Xie & X. Wei 2014. Jasmonoid glucosides, 
sesquiterpenes and coumarins from the fruit of  Clausena 
lansium. LWT – Food Science and Technology 59(1):65–69.

Yakubu, M.B., J. Yusuf  & J.B. Gambo 2014. Isolation of  
stigmast-4-ene-3-one and gamma-sitosterol from the 
aerial part of  Synedrella nodiflora Linn (Asteraceae). IOSR 
Journal of  Pharmacy and Biological Sciences 9(5):74–77.

Yang, Q.-Q., Y.-Y. Ge, A. Gunaratne, et al. 2020. Phenolic 
profiles, antioxidant activities, and antiproliferative acti­vi
ties of  different mung bean (Vigna radiata) varieties from 
Sri Lanka. Food Bioscience 37:100705.

Yang, T., Y. Hu, Y. Yan, W. Zhou, G. Chen, X. Zeng & Y. 
Cao 2022. Characterization and evaluation of  antioxidant 
and anti-inflammatory activities of  flavonoids from the 
fruits of  Lycium barbarum. Foods 11(3):306.

Yao, H., J. Duan, C. Zhang, Y. Li & C. Liu 2016. Coumaric 
acid glucosides from the Chinese fern Polypodium hastatum. 
Chemistry of  Natural Compounds 52(4):669–671.

Yin, J., J.H. Heo, Y.J. Hwang, et al. 2016. Inhibitory activities 
of  phenolic compounds isolated from Adina rubella leaves 
against 5α-reductase associated with benign prostatic 
hypertrophy. Molecules 21(7):887.

Yuan, P., N. He, M.J. Umer, et al. 2021. Comparative me
ta­bolomic profiling of  Citrullus spp. fruits provides evi
dence for metabolomic divergence during domes­ti­cation. 
Metabolites 11(2):78.

Zahid, A., A. Hussain, A. Mehmood, et al. 2025. Charac
te­rization of  total phenolic and flavonoid content in 
Pseudoconyza viscosa (Mill.) and its in-silico antioxidant eva
luation. Frontiers in Plant Science 16:1527515.

Zhang, W., Z. Yin, Q. Guo, L. Chen & J. Zhang 2023. Ionic 
liquid-based ultrasonic-assisted extraction coupled with 
HPLC to analyze isoquercitrin, trifolin and afzelin in 
Amygdalus persica L. flowers. BMC Chemistry 17:102.

Zhang, X., H. Huang, X. Liang, H. Huang, et al. 2009. Ana
lysis of  Amaryllidaceae alkaloids from Crinum by high-
performance liquid chromatography coupled with elec
tro­spray ionization tandem mass spectrometry. Rapid 
Communications in Mass Spectrometry 23(18):2903–2916.

Zheng, T., E.C.W. Wong, G.G.L. Yue, et al. 2021. Iden­ti­fi
ca­tion and quantification of  tricin present in medicinal 
herbs, plant foods and by-products using UPLC-QTOF-
MS. Chemical Papers 75(9):4579-4588.


