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Abstract
Potential uses of methanolic extracts derived from cyanobacterial and microalgal biomass were evaluated as promising 
sustainable sources of bioactive phytochemicals for nutraceutical, cosmetic, and pharmaceutical applications. Among the 
cyanobacteria and microalgae tested, cyanobacterium Nostoc sp. AARL C008 biomass exhibited the highest phytochemicals, 
correlating with high occurrence of antioxidant activities. The antioxidant potential of Nostoc sp. AARL C008 was assessed 
using 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and potassium 
ferricyanide reducing antioxidant power (PFRAP) assays, giving ABTS activity of 38.99 mg TE/g extract, DPPH activity of 
9.16 mg GAE/g extract and PFRAP activity of 11.48 mg GAE/g extract. Nostoc sp. AARL C008 yielded high levels of total 
phenolic contents (54.10 mg GAE/g extract) and pigments including chlorophyll (6.42 mg/g DW) and carotenoids (1.56 mg/g 
DW). Interestingly, Nostoc sp. AARL C008 showed high potent cytotoxic activity against malignant melanoma skin cancer 
cells (A375 cells), providing IC50 of 0.42 mg/mL. LC-ESI-QTOF-MS/MS tentatively identified 83 phenolic compounds 
with favorable bioactivities from the methanolic extract of Nostoc sp. AARL C008. Among phytochemical profiles, the most 
abundant phenolic compound was p-coumaric acid (40.70%), indicating valuable biological activities. Results demonstrated 
that phytochemicals extracted from cyanobacterial biomass can be used as bioactive ingredients, with potential applications 
in the nutraceutical, cosmetic, and pharmaceutical industries.
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1 � Introduction

The recent dramatic increase in demand for healthy prod-
ucts has stimulated interest in innovative ingredients such 
as phytochemicals with beneficial bioactivities. Cyano-
bacterial and microalgal biomass are among the most 
significant polyphyletic assemblages that contain rich and 
diverse phytochemicals with high bioactivities. Examples 
of beneficial phytochemicals include chlorophylls (chlo-
rophyll a and b), carotenoids (lycopene, β-carotene, and 
xanthophylls) and phenolic compounds [1]. Abundant 
evidence confirms that phytochemicals effectively pre-
vent aging and ameliorate various others such as cancer, 
coronary heart diseases, inflammatory disorders, and 
neurological degeneration [2, 3]. Hence, phytochemicals 
have been extensively used as active ingradients in the 
nutraceutical, cosmetic, and pharmaceutical industries [4]. 
Among phytochemicals, phenolics, containing one or more 
aromatic rings bearing hydroxyl groups, have attracted 
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considerable attention. Phenolic compounds as the main 
secondary metabolites in plants are divided into phenolic 
acids and polyphenols. Phenolics usually combine with 
mono- and polysaccharides linked to one or more phenolic 
groups, or can occur as derivatives such as esters or methyl 
esters [5]. Extracts derived from biomass of cyanobacteria 
and microalgae contain a plethora of phenolic compounds 
including gallic acid, protocatechuic acid, caffeic acid and 
epicatechin, with potential as functional foods [6]. Positive 
correlation between phenolic compounds and antioxidant 
capacity has been reported for several cyanobacteria and 
microalgae [7, 8]. In addition to phenolic acids, polyphe-
nols have also been shown to have excellent antioxidant, 
antimicrobial, antidiabetic, anti-inflammatory, and anti-
cancer properties in in vitro and in vivo investigations 
[9]. Thus, this study focused on evaluating the phenolic 
potential of some cyanobacteria and microalgae that were 
reported as having a variety of bioactivities.

The primary consideration in achieving efficient extrac-
tion of phytochemicals is the selection of solvents [10]. 
Various solvents have been widely used for phytochemicals 
extraction from cyanobacterial and microalgal biomass, such 
as Tetraselmis sp., Dunaliella sp., Chlorella sp., Synechocys-
tis sp., and Oscillatoria sp. Water-soluble solvents including 
acetone, methanol, and ethanol yielded higher contents of 
phytochemicals, flavonoids, terpenoids, alkaloids, steroids, 
and saponins compared to using chloroform [11, 12]. Among 
water-soluble solvents, methanol proved to be the significant 
solvent of choice to maximize phytochemical content and 
provide essential biological properties [13]. The methanol 
used in this process is readily recovered and utilized through 
evaporation to reduce total production costs. Accordingly, 
this research focused on systematically investigating the 
optimal methanolic extraction that provided a variety of 
active phytochemicals derived from cyanobacterial and 
microalgal biomass.

Rapid screening and identification of phytochemicals with 
high bioactivities against cancer cells were successful using 
the liquid chromatography-mass spectrometry (LC–MS) 
approach. High performance liquid chromatography coupled 
with electrospray ionization quadrupole time-of-flight mass 
spectrometry (LC-ESI-QTOF-MS/MS) is a standard method 
to isolate and characterize phenolic compounds by scrutiniz-
ing their molecular weight [14]. The LC–MS instrumentation 
identified terpenoids, carotenoids, polyphenolics and fatty acid 
compounds in microalgal Nannochloropsis oculata extract that 
were bioactive molecules against cancer cells [15]. Moreover, 
over 10 polyphenol compounds with desirable bioactivities 
were observed in phytochemicals extracted from Phaedac-
tylium tricornitum, Nannochloropsis gaditana, Nannochlo-
ris sp., and Tetraselmis suecica biomass using LC–MS [16]. 
Hence, to identify the phytochemical profiles of cyanobacterial 
and microalgal extracts as fascinating bioactive compounds, 

particularly phenolics, these compounds were characterized 
by using LC-ESI-QTOF-MS/MS.

This study evaluated the bioactivities of phytochemicals 
in methanolic extracts derived from the biomass of cyano-
bacteria and microalgae. Antioxidant properties including 
radical scavenging activities of 2,2′-azino-bis-3-ethylben-
zthiazoline-6-sulphonic acid (ABTS), 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH), and the potassium ferricyanide reduc-
ing power (PFRAP) activity assays were determined. Total 
phenolic compounds and cytotoxicity activities against 
cancer and normal cells were also evaluated. Moreover, the 
LC-ESI-QTOF-MS/MS analysis was also used to identify 
phytochemicals in the methanolic extracts.

2 � Materials and methods

2.1 � Samples

Two species of cyanobacteria and six species of microalgae 
were obtained from the Applied Algal Research Laboratory 
(AARL), Department of Biology, Faculty of Science, Chi-
ang Mai University, Thailand. The two species of cyano-
bacteria were Nostoc sp. AARL C008 and Phormidium sp. 
AARL C021, while the six species of green microalgae 
were Acutodesmus sp. AARL G022, Coelastrum sp. AARL 
G133, Crucigeniella sp. AARL G135, Euastrum sp. AARL 
G001, Micractinium sp. AARL G009, and Verrucodesmus 
sp. AARL G148. The cyanobacteria were cultured in a Blue-
Green medium (BG-11), while the green microalgae were 
cultured in Jaworski’s medium (JM). Both cyanobacteria and 
microalgae were incubated at 25 ± 1 °C under continuous 
illumination using a fluorescent lamp with an intensity of 
31.97 µmol/m2/s for 30 days.

2.2 � Extraction of methanolic extract

Cyanobacterial and microalgal biomass (2.5  g) were 
extracted using absolute methanol (100 mL) by incubation 
at 4 °C for 24 h [17]. The mixture was then centrifuged at 
6000 rpm and 4 °C for 5 min. The obtained pellets were 
continually extracted until colorless and the supernatant 
was collected and subjected to UV–Vis spectrophotometry 
(250–700 nm). Selected extracts having high phytochemical 
absorption in UV–Vis wavelengths were then evaporated 
to dryness in a rotary-evaporator under reduced pressure at 
40 °C before bioactivity evaluation.

2.3 � Determination of pigment and total phenolic 
contents of methanolic extracts

The chlorophyll a content was determined following the pro-
cess introduced by Wintermans and De Mots [18] and Saijo 
[19]. Briefly, the sample suspension was filtered through a 
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glass microfiber filter. Then, 10 mL of 90% methanol was 
added to the filtrated samples. This mixture was incubated 
at 70 °C for 20 min and then centrifuged at 3,000 rpm for 
10 min. Values of spectrophotometric absorbance at 630, 
645, 665 and 750 nm obtained from the supernatant were 
recorded. The chlorophyll a content (mg/g DW) was calcu-
lated using the following equation:

where v is the volume of methanol (mL), V is the volume 
of the filtered sample (L), and l is the path length of the 
spectrophotometer cuvette (cm). A630, A645, A665, and A750 
correspond to the absorbance at 630, 645, 665, and 750 nm, 
respectively, and DW is cell dry weight.

The carotenoid content was determined following the 
method of de Quirós and Costa [20]. Briefly, 0.2 g of finely 
ground sample was mixed with 10 mL of 90% ethanol. A 
1 mL aliquot of 60% potassium hydroxide was added to the 
mixture before ultrasonication for 15 min. The mixture was 
then centrifuged at 3,000 rpm for 10 min. The supernatant 
was poured into a separatory funnel and gently mixed with 
15 mL of diethyl ether and 9% sodium chloride. The diethyl 
ether phase was collected, and the volume was adjusted to 
25 mL of diethyl ether. Finally, the supernatant was spectro-
photometrically measured at 450 nm. The carotenoid content 
(mg/g DW) was calculated using the following equation:

where A450 is the absorbance at 450 nm and DW is cell 
dry weight.

The total phenolic content was spectrophotometrically 
determined according to the Folin-Ciocalteu reagent method 
[21–23]. Briefly, 20 µL of the sample solution (the tested 
concentration at 0.2–55.0 mg/mL) was mixed with 20 µL of 
deionized water and 100 µL of 10% (w/v) Folin-Ciocalteu 
reagent. The mixture was incubated for 5 min at room tem-
perature. After adding 80 µL of 5% Na2CO3, the mixture 
was incubated for 1 h in dark condition at room tempera-
ture. The supernatant was spectrophotometrically measured 
at 765 nm, with gallic acid used as the reference standard 
(Supplementary data). Total phenolic content was reported 
as gallic acid equivalent (GAE) per g extract.

2.4 � 20‑Azino‑bis‑3‑ethylbenzothiazoline‑6‑sulfonic 
acid (ABTS) assay

The ABTS radical scavenging activity was determined 
following a modified Bunea et al. [24] and Sampath and 
Vasanthi [25] method. The ABTS solution was prepared 
by mixing 7 mM ABTS solution with 2.45 mM potassium 

(1)

Chlorophylla = {[(11.6(A
665

− A
750

) − 1.31(A
645

− A
750

) − 0.14(A
630

− A
750

))

× v]∕[V × l]}∕DW

(2)Carotenoidcontent = [A
450

× 25]∕[260 × gDW]

persulfate (final concentration). The mixture was incubated 
for 12–16 h in dark condition at room temperature. Then, the 
absorbance at 734 nm of the ABTS solution was adjusted to 
0.700 ± 0.020 using deionized water. A 5 μL aliquot of the 
sample solution (the tested concentration at 0.2–25.0 mg/
mL) was mixed with 195 μL of the ABTS solution in a 
96-well plate. The mixture was incubated for 10 min at 
37 °C and the reduction of ABTS was measured at 734 nm 
using a 96-well plate reader. Trolox was used as the refer-
ence standard (Supplementary data) and the following equa-
tion was used to determine the scavenging activity (%).

where Acontrol is the absorbance of the control reaction 
(distilled water instead of the sample was used as control) 
and Asample is the absorbance of the sample. The ABTS 
activity was reported as Trolox equivalent (TE) per g extract.

2.5 � DPPH free radical scavenging assay

The DPPH radical-scavenging activity was determined 
according to the method described by Bhadoriya et al. [26] 
and Zhou et al. [27] with minor modifications. A 50 μL ali-
quot of 1.3 mM DPPH dissolved in methanol was mixed 
with 100 μL of the sample solution (the tested concentration 
at 0.2–12.5 mg/mL) in a 96-well plate. The radical stock 
solution was freshly prepared. The mixture was incubated 
for 30 min in dark condition at room temperature. The 
absorbance of DPPH was measured at 517 nm. Gallic acid 
was used as the reference standard (Supplementary data) and 
the following equation was used to determine the scavenging 
activity (%).

where Acontrol is the absorbance of the control reaction 
(distilled water instead of the sample was used as control) 
and Asample is the absorbance of the sample. The DPPH 
activity was reported as gallic acid equivalent (GAE) per 
g extract.

2.6 � Potassium ferricyanide reducing antioxidant 
power (PFRAP) assay

The PFRAP assay was determined following the methods of 
Oyaizu [28], Mau et al. [29] and Benslama and Harrar [30] 
with some modifications. A 130 µL aliquot of the sample 
solution (the tested concentration at 0.2–50.0 mg/mL) was 
mixed with 290 µL of 0.2 M sodium phosphate buffer (pH 
6.6) and 290 µL of 1% potassium ferricyanide. The mix-
ture was incubated for 20 min at 50 °C. After 290 µL of 
10% (w/v) trichloroacetic acid was added, the mixture was 

(3)
ABTSradicalscavengingactivity = [(Acontrol − Asample)∕Acontrol] × 100

(4)
DPPHradicalscavengingactivity = [(Acontrol − Asample)∕Acontrol] × 100
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centrifuged at 3,000 rpm for 10 min. The supernatant solu-
tion (1 mL) was mixed with 1 mL of distilled water and 200 
µL of 0.1% ferric chloride. The absorbance was measured 
at 700 nm and gallic acid was used as the reference standard 
(Supplementary data). The PFRAP activity was reported as 
gallic acid equivalent (GAE) per g extract.

2.7 � Cytotoxicity activity

The cytotoxicity of the methanolic extracts on Vero cells 
and malignant melanoma cells (A375 skin cancer cells) was 
tested using the MTT assay as described by Umthong et al. 
[31]. Briefly, 105 cell/mL of Vero cells and A375 cells were 
placed into 96-well plates and incubated for 24 h at 37 °C in 
a 5% CO2 incubator. After the cell incubation, each concen-
tration of samples (the tested concentration at 0.4–2.5 mg/
mL) was treated with Vero cells or A375 cells and incubated 
for 48 h at 37 °C in a 5% CO2 incubator. Then, 2 mg/mL 
MTT solution (Bio Basic Inc., Markham, ON, Canada) was 
added and the resulting mixture was incubated for 4 h. The 
absorbance was measured at 540 and 630 nm. The percent-
age of cell viability (Supplementary data) and 50% inhibi-
tory concentration (IC50) were calculated.

2.8 � LC‑ESI‑QTOF‑MS/MS analysis of phenolic 
compounds

LC-ESI-QTOF-MS/MS analysis was performed with an 
Agilent 1200 series HPLC (Agilent Technologies, Santa 
Clara, CA, USA) equipped with an Agilent 6545 Accurate-
Mass Q-TOF LC–MS (Agilent Technologies, Santa Clara, 
CA, USA) via an electrospray ionization source (ESI). Sepa-
ration was achieved by a Poroshell 120 EC-C18, LC Column 
(2.1 × 100 mm, 2.7 µm) (Agilent Technologies, Santa Clara, 
CA, USA) at room temperature and the sample tempera-
ture was set at 10 °C. LC–MS/MS analyses were performed 
by modifying the method of Zhong et al. [14]. The mobile 
phase consisted of water/acetic acid (98:2, v/v; eluent A) and 
acetonitrile/acetic acid/water (50:0.5:49.5, v/v/v; eluent B). 
The gradient profile was described as follows: 10–25% B 
(0–25 min), 25–35% B (25–35 min), 35–40% B (35–45 min), 
40–55% B (45–75 min), 55–80% B (75–79 min), 80–90% 
B (79–82  min), 90–100% B (82–84  min), 100–10% B 
(84–87 min), and isocratic 10% B (87–90 min). A volume of 
6 µL was injected for each standard or sample and the flow 
rate was set at 0.4 mL/min. Nitrogen gas nebulization was 
set at 45 psi with a flow rate of 5 L/min at 300 °C and the 
sheath gas was set at 11 L/min at 250 °C. The capillary and 
nozzle voltages were set at 3.5 kV and 500 V, respectively. A 
complete mass scan ranging from m/z 50 to 1300 was used, 
MS/MS analyses were carried out in automatic mode with 
collision energy (10, 15 and 30 eV) for fragmentation. Peak 
identification was performed in both positive and negative 

modes while instrument control, data acquisition and pro-
cessing were performed using MassHunter Workstation 
software (Metlin_Metabolites_AM_PCDL.cdb) (Agilent 
Technologies, Santa Clara, CA, USA).

2.9 � Statistical analysis

Triplicate analyses were performed and results were sub-
jected to descriptive statistical analysis using one-way 
ANOVA (analysis of variance) and Duncan’s multiple range 
tests (p < 0.05) using SPSS statistics 17.0. Pearson corre-
lation coefficients between either antioxidant or anticancer 
capacity of the extract, total phenolic contents, and pigment 
contents (chlorophylls and carotenoids) were also calculated 
using SPSS statistics 17.0. The level of probability was set 
to p < 0.01 and p < 0.05.

3 � Results and discussion

3.1 � Screening cyanobacteria and microalgae 
that produce high contents of phytochemicals

In this study, eight strains of cyanobacteria and micro-
algae were evaluated for phytochemical production 
using the UV–Vis spectrophotometric method. The 
phytochemicals were extracted from their biomass using 
methanol as a water-soluble solvent. The type of sol-
vents strongly influenced extraction yields and bioactivi-
ties due to the solubilization of antioxidant compounds 
with different chemical structures and polarities [32]. 
Methanol was reported to be a highly efficient solvent 
to extract compounds, with high phytochemical yield 
and antioxidant activity [7]. As shown in Fig. 1, all phy-
tochemical extracts had similar absorption patterns at 
wavelengths between 250 and 700 nm (UV to visible 
spectrum). Three major absorption peaks were observed 
at 270–290 nm, 400–420 nm, and 660–670 nm. These 
results were supported by previous reports stating that 
phytochemical extracts contain various phenolic com-
pounds such as pigments that absorb UV–visible light. 
Cyanobacterial and microalgal pigments like chlorophyll 
a, chlorophyll b and beta-carotene absorb light at wave-
lengths of 400–500 nm and 600–700 nm [33]. Tavares 
et al. [34] and Kula-Maximenko et al. [35] also reported 
that chlorophyll a produced from microalgae absorbed 
maximum light at 665 nm, while fucoxanthin absorbed 
maximum light at 450  nm. In cyanobacteria, phyco-
cyanin (PC) is the principal pigment that absorbs light 
at 610–620 nm [36]. Interestingly, most cyanobacteria 
produce UV-protective compounds such as scytonemin-
3a-imine with UV–Vis absorption at 237 nm, 366 nm, 
437 nm and 564 nm [37]. Mycosporine-like amino acids 
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(MAAs), a secondary metabolite and UV-protective 
compound, were also observed at 310–360 nm of the 
absorption spectrum [38]. Results indicated that metha-
nolic extracts contained these phytochemicals as a prom-
ising source of UV protective compounds due to their 
high UV absorption efficiency. Among the eight strains, 
the cyanobacterium Nostoc sp. AARL C008 exhibited 
the highest phytochemical absorbance, followed by 
the microalga Euastrum sp. AARL G001. Absorption 
at 270–290 nm of the extracts was comparable, while 
absorption of the six strains at other wavelengths was 
lower than Nostoc and Euastrum extracts. Higher absorp-
tion values were related to extraction yields. Therefore, 
both Nostoc sp. AARL C008 and Euastrum sp. AARL 
G001 were investigated for mass production and evalu-
ated for their bioactivities.

3.2 � Mass cultivation and phytochemical content 
of selected cyanobacteria and microalgae

Table 1 shows the growth and phytochemical content of Nos-
toc sp. AARL C008 and Euastrum sp. AARL G001. Results 
revealed that Euastrum sp. AARL G001 had higher biomass 
production (1.80 g/L), biomass productivity (0.11 g/L/day) 
and specific growth rate (0.71 day−1) compared to Nostoc sp. 
AARL C008. Euastrum sp. AARL G001 also had a higher 
methanolic extract yield (17.02 g/100 g DW) compared to 
Nostoc sp. AARL C008 (3.66 g/100 g DW). Both selected 
strains contained chlorophyll a and carotenoid ranging 
from 4.23 to 6.42 mg/g DW and 1.52 to 1.55 mg/g DW, 
respectively. These results concurred with previous studies 
that recorded Chlorella vulgaris, Haematococcus pluvialis, 
and Spirulina platensis with chlorophyll a and carotenoid 

Fig. 1   UV–Vis absorption spectra of methanolic extracts from six 
species of microalgae, Acutodesmus sp. AARL G022, Coelastrum sp. 
AARL G133, Crucigeniella sp. AARL G135, Euastrum sp. AARL 

G001, Micractinium sp. AARL G009, and Verrucodesmus sp. AARL 
G148, and two species of cyanobacteria, Nostoc sp. AARL C008 and 
Phormidium sp. AARL C021

Table 1   Biomass production, 
biomass productivity, specific 
growth rate, crude extract yield, 
total chlorophyll a, carotenoids, 
and total phenolic content from 
microalga Euastrum sp. AARL 
G001 and cyanobacteria Nostoc 
sp. AARL C008

Different small letters at the same row show significant differences (p ≤ 0.05) between species

Characteristics Euastrum sp. AARL 
G001

Nostoc sp. AARL C008

Biomass production (g/L) 1.80a ± 0.011 1.09b ± 0.021
Biomass productivity (g/L/day) 0.11a ± 0.000 0.04b ± 0.001
Specific growth rate (µ) 0.71a ± 0.005 0.05b ± 0.001
Crude extract yield (%) 17.02a ± 2.469 3.66b ± 1.117
Total chlorophyll a (mg/g DW) 4.23a ± 0.06 6.42b ± 0.331
Carotenoids (mg/g DW) 1.52a ± 0.106 1.56a ± 0.057
Total phenolic content (mg GAE/g extract) 3.87a ± 0.210 54.10b ± 2.822
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ranging from 4 to 12 mg/g DW and from 1 to 2 mg/g DW, 
respectively [39, 40]. Chlorophylls and carotenoids are 
hydrophobic pigments that are widely found in biomass of 
cyanobacteria and microalgae. Babadi et al. [41] recorded 
chlorophyll a and b as major chlorophylls, pheophorbide-a, 
chlorophyllide-b, pheophytin-a and pheophytin-b in microal-
gae and cyanobacteria, whereas carotenoid profiles in cyano-
bacterial and microalgal extracts contained astaxanthin (free 
and esters), astaxanthin (free and esters), zeaxanthin, lutein, 
canthaxanthin and β-carotene as the major carotenoids [42]. 
These compounds are important biological complexes due 
to their antioxidant activities and UV absorption proper-
ties [41, 42]. Interestingly, Nostoc sp. AARL C008 had a 
higher total phenolic content of 54.10 mg GAE/g extract 
than Euastrum sp. AARL G001 with phenolic content of 
3.87 mg GAE/g extract. These results agreed with previ-
ous studies on Chlorella vulgaris (25.92 mg GAE/g extract) 
[43], Haematococcus pluvialis (74.08 mg GAE/g extract) 
[44], Spirulina maxima (45–57 mg GAE/g extract) [45], and 
Nostoc linckia (13–47 mg GAE/g extract) [46].

3.3 � Antioxidant activities

Antioxidant activities of the methanolic extracts derived 
from biomass of cyanobacteria and microalgae were inves-
tigated using ABTS, DPPH and PFRAP assays. Results 
in Fig. 2a–d showed that Nostoc sp. AARL C008 had sig-
nificantly higher antioxidant activities than Euastrum sp. 
AARL G001 based on ABTS and DPPH radical scavenging 
activities, with IC50 values at 0.20 mg extract/mg ABTS 
(38.99 mg TE/g extract) and 0.01 mg extract/mg DPPH 
(9.16 mg GAE/g extract), respectively. These results agreed 
with the IC50 values for DPPH and ABTS suggested by 
Rastogi et al. [47] and Ijaz and Hasnain [48]. Methanolic 
extracts having low IC50 values corresponded to strong anti-
oxidant activities. This result indicated that the methanolic 
extract of Nostoc sp. AARL C008 biomass had a high reduc-
ing ability because the hydrogen donors stabilized the DPPH 
radical. The hydrogen atom of the antioxidant compounds 
acted as the nitrogen atom of the ABTS radical, resulting in 
greater stability. The antioxidant activities of the methanolic 
extract derived from Euastrum sp. AARL G001 biomass had 
less ability to neutralize DPPH and ABTS radicals but the 
IC50 values were better than previously reported by Assun-
ção et al. [49] and Sivaramakrishnan et al. [50].

The PFRAP potential was assayed to measure the ability 
of the methanolic extract to reduce TPTZ-Fe3+ to TPTZ-
Fe2+ by the action of electron-donating antioxidants [51]. 
Results in Fig. 2e showed that the methanolic extract from 
Nostoc sp. AARL C008 biomass had highest PFRAP level 
of 11.48 mg GAE/g extract, Euastrum sp. AARL G001 
recorded a PFRAP level of 4.21 mg GAE/g extract. Higher 

PFRAP activity suggested that the methanolic extract had 
high reducing power, enabling donation of an electron to the 
free radical, thereby preventing or retarding the propaga-
tion reaction [52]. According to their antioxidant activities, 
results suggested that methanolic extracts obtained from 
both cyanobacterial and microalgal biomass showed poten-
tial for use as a bioactive ingredient for nutraceutical and 
pharmaceutical applications.

In the literature, the antioxidant properties of metabolites 
were related to the prevention of aging and various afflic-
tions such as cancer, coronary heart diseases, inflammatory 
disorders and neurological degeneration [2, 3]. Phenolics are 
interesting compounds and classified into four main types 
based on their different chemical structures [53] as phenolic 
acids, coumarins, flavonoids and non-flavonoids. Flavonoids 
can also be divided into flavones, flavonols, isoflavonols, 
flavanones, flavanols, anthocyanins, and chalcones. Most 
phenolics are polymerized into larger molecules such as 
tannins and lignans (polyphenols) [53]. High contents of 
total phenolic compounds were found in Nostoc sp. AARL 
C008 biomass (54.10 mg GAE/g extract), correlating with 
high antioxidant activities. Similar results were reported by 
Yu et al. [54]. Pigments belonging to polyphenol compounds 
are interesting antioxidant substances, especially chlorophyll 
and carotenoid, that are found in both Euastrum sp. AARL 
G001 and Nostoc sp. AARL C008 biomass. These com-
pounds also exhibited antioxidation, prevention of cancer 
and cardiovascular disease, and age-related macular degen-
eration. However, methanolic extracts contain numerous 
unidentified compounds that may play a role in antioxidant 
activities. Further studies are required to fully characterize 
methanolic extracts to expand the current understanding of 
the complicated occurrences in antioxidant activities.

3.4 � Cytotoxicity

Figure 2f shows the cytotoxicity test results of methanolic 
extracts derived from biomass of Euastrum sp. AARL 
G001 and Nostoc sp. AARL C008 on Vero cells and 
malignant melanoma cells (A375 skin cancer cells). The 
A375 skin cancer cells, treated with extracts from Euas-
trum sp. AARL G001 and Nostoc sp. AARL C008, gave 
IC50 values of 1.04 and 0.42 mg/mL, respectively. The 
low IC50 values suggested that the methanolic extract had 
high anticancer activity that might prevent skin cancer. 
Our results aligned with Lauritano et al. [4] and Reyna-
Martinez et al. [55]. They found that algal extracts rapidly 
inhibited lymphoma cells and melanoma cancer cells rap-
idly. Previous studies also found that high phenolic extract 
promoted cytotoxicity ability due to the presence of some 
phenolic compounds as attractive cancer inhibitors [54]. 
Nazir et al. [56] suggested that natural phytochemicals, 



Biomass Conversion and Biorefinery	

1 3

especially phenolic compounds, exhibited several bio-
logical activities including anticancer and antitumor. 

Pigments also promoted apoptosis in human cancer cell 
lines, including human prostate cancer cells and human 

Fig. 2   Equivalent antioxidant capacity of Euastrum sp. AARL G001 
and Nostoc sp. AARL C008 base on: (a, b) ABTS radical scavenging 
assay; (c, d) DPPH radical scavenging assay; (e) potassium ferricya-

nide reducing antioxidant power (PFRAP) assay; and (f) fifty percent 
cytotoxicity concentrations (IC50) of Euastrum sp. AARL G001 and 
Nostoc sp. AARL C008 of Vero cells and A375 cells
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leukemia cell HL-60 [57]. Therefore, results indicated 
that the methanolic extract from Nostoc sp. AARL C008 
biomass an interesting substance and effective bioactive 
component in cosmetic and skincare applications.

The extract had good cytotoxicity activity against A375 
skin cancer cells; however, the higher sensitivity of Vero 
cells compared to cancer cells might damage the growth 
of normal cells in the human body. Bechelli et al. [58] and 
Moo-Puc et al. [59] demonstrated that microalgal and cyano-
bacterial extracts inhibited regular cell lines (namely normal 
hematopoietic cells and MDCK cells), while Umthong et al. 
[31] and Trabelsi et al. [60] suggested that adding an extract 
purification step gave the highest inhibition effect on cancer 
cell lines but the lowest inhibition on normal cells. Thus, 
the extract required further purification and examination to 
determine its potential function before acting as a template 
for future drug or cosmetic design.

3.5 � Correlation between total phenolics, 
chlorophyll, and carotenoid contents 
and antioxidant and anticancer activities

Phenolics, chlorophylls and carotenoid compounds 
are important antioxidant components that contribute 

significantly to bioactive potential owing to their strong 
antioxidant activities [61]. Previous reports proved a linear 
correlation between total phenolic and pigment contents and 
bioactivities [23]. Results in Table 2 showed high positive 
correlation between antioxidant activities, total phenolics 
(ABTS, r = 0.992; DPPH, r = 0.939; PFRAP, r = 0.995), and 
chlorophylls (ABTS, r = 0.969; DPPH, r = 0.975; PFRAP, 
r = 0.995) at the 99% confidence level, indicating that phe-
nolic and chlorophyll groups were responsible for the anti-
oxidant activities of the extracts. A statistically significant 
negative correlation between anticancer activity and total 
phenolics (r =  − 0.995) and chlorophylls (r =  − 0.969) was 
also observed at the 95–99% confidence level. Phenolic 
and chlorophyll groups of Nostoc sp. AARL C008 extract 
highly contributed to anticancer activity. Farasat et al. [62] 
and Agregán et al. [63] suggested that the positive correla-
tion showed that antioxidant activity enhanced with increas-
ing phytochemicals contents. Survival rates of cancer cells 
decreased when increasing phytochemical content and the 
relationship between phytochemicals and anticancer activ-
ity was expressed as a negative correlation. The carotenoid 
group was insignificant contributors of antioxidant and anti-
cancer potential, possibly due to low levels of detected carot-
enoids and the insignificant difference in carotenoid content 

Table 2   Correlation between phytochemicals and bioactivities of methanolic extract from Euastrum sp. AARL G001 and Nostoc sp. AARL 
C008

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

Bioactivities Total phenolic 
content (mg 
GAE/g extract)

ABTS (mg 
TE/g extract)

DPPH (mg 
GAE/g 
extract)

PFRAP 
(mg GAE/g 
extract)

Chlorophyll 
(mg/g DW)

Carotenoid 
(mg/g DW)

Anticancer 
(IC50)

Total phenolic 
content (mg 
GAE/g extract)

Pearson correla-
tion

1 .992 (**) .939 (**) .995 (**) .987 (**) .223  − .981 (**)

Sig .000 .005 .000 .000 .672 .001
ABTS (mg 

TEAC/g 
extract)

Pearson correla-
tion

.992 (**) 1 .930 (**) .988 (**) .969 (**) .188  − .965 (**)

Sig .000 .007 .000 .001 .722 .002
DPPH (mg 

GAE/g extract)
Pearson correla-

tion
.939 (**) .930 (**) 1 .969 (**) .975 (**) .304  − .916 (*)

Sig .005 .007 .001 .001 .558 .010
PFRAP (mg 

GAE/g extract)
Pearson correla-

tion
.995 (**) .988 (**) .969 (**) 1 .995 (**) .250  − .975 (**)

Sig .000 .000 .001 .000 .633 .001
Chlorophyll 

(mg/g DW)
Pearson correla-

tion
.987 (**) .969 (**) .975 (**) .995 (**) 1 .290  − .976 (**)

Sig .000 .001 .001 .000 .577 .001
Carotenoid 

(mg/g DW)
Pearson correla-

tion
.223 .188 .304 .250 .290 1  − .268

Sig .672 .722 .558 .633 .577 .608
Anticancer 

(IC50)
Pearson correla-

tion
 − .981 (**)  − .965 (**)  − .916 (*)  − .975 (**)  − .976 (**)  − .268 1

Sig .001 .002 .010 .001 .001 .608
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between Euastrum sp. AARL G001 and Nostoc sp. AARL 
C008. The Pearson correlation coefficients (r =  − 0.976 
to − 0.915) showed strong correlation between antioxidant 
activity and anticancer activity of the extract.

3.6 � LC‑ESI‑QTOF‑MS/MS analysis of phenolic 
compounds

LC–MS has been widely used to characterize the phe-
nolic profiles of different algae, including cyanobacteria 
[14, 64]. A qualitative analysis of the phenolic compounds 
from cyanobacterium Nostoc sp. AARL C008 extract was 
achieved by LC-ESI-QTOF-MS/MS analysis in negative and 
positive ionization modes. Phenolic compounds present in 
the methanolic extract were tentatively identified from their 
mass-to-charge ratios (m/z values) and MS spectra in both 
negative and positive ionization modes ([M + H]−/[M + H]+) 
using Agilent LC–MS Qualitative Software and Personal 
Compound Database and Library (PCDL). In this study, 
LC–MS/MS enabled the tentative identification of 83 phe-
nolic compounds including phenolic acids (12), flavonoids 
(44), other polyphenols (22), lignans (3), and tannins (2) 
(Table 3).

3.6.1 � Phenolic acids

Phenolic acids have been reported as the most abundant phe-
nolic compounds in algae and cyanobacteria [63] related to 
antioxidant activities and anticancer properties. Three sub-
classes of phenolic acids were detected including hydroxy-
benzoic acids, hydroxycinnamic acids, and hydroxypheny-
lacetic acids.

Hydroxybenzoic acid derivatives  Four hydroxybenzoic acid 
derivatives were detected from the methanolic extract of 
Nostoc sp. AARL C008. Compound 1 with [M + H]− m/z at 
169.0140 was tentatively characterized as gallic acid. This 
compound was previously reported as abundant in brown 
seaweed Himanthalia elongate and described in cyano-
bacterial strains, including Nostoc spp. [64, 65]. Gallic 
acid plays a role in various bioactivities as an antioxidant 
and an antineoplastic agent, and also induces apoptosis in 
human skin cancer cells [66–68]. Therefore, the identifica-
tion of gallic acid in this study supported the antioxidant 
and anticancer activities of Nostoc sp. AARL C00 extract. 
Gallic acid 4-O-(6-galloylglucoside) (compound 2, m/z 
483.0902), m-trigallic acid (compound 3, m/z 473.0322), 
and 3,4-O-dimethylgallic acid (compound 4 m/z 197.0474) 
were tentatively identified in the negative mode.

Hydroxycinnamic acid and other phenolic acid deriva-
tives  Five hydroxycinnamic acid derivatives, two hydroxy-
phenylacetic acid derivatives and one hydroxyphenylacetic 

acid were tentatively identified. Compound (5) was identi-
fied as hydroxycinnamic acid derivative, p-coumaric acid 
with both modes. p-Coumaric acid ([M + H]+ m/z 165.0548) 
was detected as the most abundant phenolic profile from 
Nostoc sp. AARL C008 extract. p-Coumaric acid is widely 
found in plants as well as microalgae and cyanobacteria 
[64]. This compound has shown pharmaceutical activities 
including antioxidant, anti-inflammatory, antineoplastic and 
antimicrobial properties [69]. Kong et al. [70] explained that 
p-coumaric acid suppressed tumor growth in vivo by block-
ing angiogenesis. Results indicated that p-coumaric acid 
contributed high bioactivities from the methanolic extract 
of Nostoc sp. AARL C008. Dihydro-3-coumaric acid (com-
pound 6, m/z 167.0674), ferulic acid (compound 7, m/z 
195.0648) and isopeonidin 3-arabinoside (compound 8, m/z 
434.1193) were tentatively identified in the positive mode, 
whereas ferulic acid 4-O glucuronide (compound 9, m/z 
369.07473) was tentatively identified in the negative mode.

Three other phenolic acids were tentatively identified as 
dihydroxyphenylacetic acid or 3,4-dihydroxyphenylacetic 
acid (DOPAC) (compound 10, m/z 167.0356), 2-hydroxy-
phenylacetic acid (compound 11, m/z 151.0417) and pheny-
lacetic acid (compound 12, m/z 135.0482). 3,4-Dihydroxy-
phenylacetic acid (DOPAC) was previously reported as 
having antioxidant and anticancer activity [71, 72].

3.6.2 � Flavonoids

Flavonoids are the main class of phenolic compounds. In this 
study, 44 flavonoids were tentatively identified and further 
divided into anthocyanins (8), flavanols (14), flavonols (18), 
and isoflavonoids (4).

Anthocyanins  Eight anthocyanins (compounds 13–20) 
were detected from Nostoc sp. AARL C008 extract. Com-
pound 13, delphinidin 3-(6″-malonylglucoside) 5-glucoside 
([M-H] − m/z 712.147) was tentatively identified in both 
modes. Malvidin 3-galactoside (compound 14) was detected 
with [M-H]+ at m/z 494.1479, which described antioxidant 
and anticancer activities [73–76]. Furthermore, delphi-
nidin derivatives were tentatively classified to compounds 
15–20, including delphinidin 3-glucosylglucoside ([M-H] 
− m/z 626.142), delphinidin 3-(acetylglucoside) ([M-H]+ 
m/z 509.1235), delphinidin 3-O-3″,6″-O-dimalonylglucoside 
([M-H] − m/z 636.0864), delphinidin 3-O-β-D-glucoside 
5-O-(6-coumaroyl-β-D-glucoside) ([M-H]+ m/z 774.198), 
isopeonidin 3-glucoside ([M-H]+ m/z 464.1314), and del-
phinidin 3-O-(6-O-malonyl-β-D-glucoside) ([M-H]+ m/z 
552.1136), respectively.

Flavanols  In this study, 14 flavanol derivatives (compounds 
21–34) were detected from Nostoc sp. AARL C008 extract, 
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Table 3   Characterization of phenolic compounds in methanolic extract of Nostoc sp. AARL C008 by using LC-ESI-QTOF-MS/MS

No Proposed compounds Molecular formula Ionization (ESI + /
ESI-)

Molecular 
Weight (g/mol)

Observed (m/z) Antioxidant 
capacity

Anticancer 
capacity

References

Phenolic acid
Hydroxybenzoic acids
1 Gallic acid C7H6O5 [M-H]− 170.0215 169.0140  +   +  [66–68]
2 Gallic acid 4-O-(6-galloyl-

glucoside)
C20H20O14 [M-H]− 484.0853 483.0902 nd nd

3 m-Trigallic acid C21H14O13 [M-H]− 474.0434 473.0322 nd nd
4 3,4-O-Dimethylgallic acid C9H10O5 [M-H]− 198.0528 197.0474 nd nd
Hydroxycinnamic acids
5 p-Coumaric acid C9H8O4 *[M + H] +  164.0473 165.0548  +   +  [69, 70]
6 Dihydro-3-coumaric acid C9H10O3 [M + H] +  166.0630 167.0674 nd nd
7 Ferulic acid C10H10O4 [M + H] +  194.0579 195.0648 nd nd
8 Ferulic acid 4-O glucu-

ronide
C16H18O10 [M-H]− 370.0900 369.0747 nd nd

9 Isopeonidin 3-arabinoside C21H21O10 [M + H] +  433.1135 434.1193 nd nd
Hydroxyphenylacetic acids
10 3,4-Dihydroxyphenylacetic 

acid
C8H8O4 [M-H]− 168.0423 167.0356  +   +  [71, 72]

11 2-Hydroxyphenylacetic acid C8H8O3 [M-H]− 152.0473 151.0417 nd nd
12 Phenylacetic acid C8H8O2 [M-H]− 136.0524 135.0482 nd nd
Flavonoids
Anthocyanins
13 Delphinidin 3-(6″-malonyl-

glucoside) 5-glucoside
C30H33O20 [M-H]− 713.1565 712.1470 nd nd

14 Malvidin 3-galactoside C23H25O12 [M + H] +  493.1346 494.1479  +   +  [73–76]
15 Delphinidin 3-glucosylglu-

coside
C27H31O17 [M-H]− 627.1561 626.1424 nd nd

16 Delphinidin 3-(acetylglu-
coside)

C23H23O13 [M + H] +  507.1139 509.1235 nd nd

17 Delphinidin 3-O-3″,6″-O-
dimalonylglucoside

C27H25O18 *[M-H]− 637.1041 636.0864 nd nd

18 Delphinidin 3-O-β-D-
glucoside 5-O-(6-
coumaroyl-β-D-
glucoside)

C36H37O19 [M + H] +  773.1929 774.1980 nd nd

19 Isopeonidin 3-glucoside C22H23O11 [M + H] +  463.1240 464.1314 nd nd
20 Delphinidin 3-O-(6-O-

malonyl-β-D-glucoside)
C24H23O15 [M + H] +  551.1037 552.1136 nd nd

Flavanols
21 Prodelphinidin A2 3′-gallate C37H28O18 [M + H] +  760.1276 763.1353 nd nd
22 Gallocatechin-

(4alpha- > 8)-gallocate-
chin-(4alpha- > 8)-gal-
locatechin

C45H38O21 [M + H] +  914.1906 915.2052 nd nd

23 (-)-Epigallocatechin 
3-(4-methyl-gallate)

C23H20O11 [M-H]− 472.1006 471.0946 nd nd

24 Prodelphinidin A1 C30H24O14 [M + H] +  608.1160 609.1240 nd nd
25 Epigallocatechin-

(2b- > 7,4b- > 8)-gallo-
catechin

C30H24O14 [M-H]− 608.1166 607.1071 nd nd

26 8,8′-Methylenebiscatechin C31H28O12 [M-H]− 592.1581 591.1517 nd nd
27 Epicatechin-

(4beta- > 8)-gallocatechin
C30H26O13 [M + H] +  594.1373 596.1458 nd nd

28 8-C-Ascorbyl epigallocat-
echin 3-O-gallate

C28H24O17 [M-H]− 632.1013 631.0769  +  nd [77]

29 Gallocatechin-
(4alpha- > 8)-epigallo-
catechin

C30H26O14 [M-H]− 610.1323 609.1169 nd nd

30 7-Galloylcatechin C22H18O10 [M + H] +  442.0900 443.10 nd nd
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Table 3   (continued)

No Proposed compounds Molecular formula Ionization (ESI + /
ESI-)

Molecular 
Weight (g/mol)

Observed (m/z) Antioxidant 
capacity

Anticancer 
capacity

References

31 ent-Epicatechin-
(4alpha- > 8)-ent-epicate-
chin 3,3′-digallate

C44H34O20 *[M-H]− 882.1643 881.1553 nd nd

32 3′-Galloylprodelphinidin B2 C37H30O18 [M-H]− 762.1432 761.1293 nd nd
33 Epigallocatechin-

(4beta- > 8)-epicate-
chin-3-O-gallate ester

C37H30O17 [M-H]− 746.1483 745.1438 nd nd

34 8,8′-Methylenebiscatechin C31H28O12 *[M + H] +  592.1581 593.1523 nd nd
Flavonols nd nd
35 Tetramethylquercetin 

3-Rutinoside
C31H38O16 *[ M-H]− 666.2160 665.2134 nd nd

36 Quercetin 3,7,4′-O-triglu-
coside

C33H40O22 [M + H] +  788.2011 789.2088 nd nd

37 Quercetin 3-(4″-acetylrham-
noside) 7-rhamnoside

C29H32O16 [M-H]− 636.1690 635.1698 nd nd

38 Quercetin 3,7-dimethyl 
ether

C17H14O7 [M + H] +  330.0740 331.0849 nd nd

39 Quercetin 3-(2-caffeoylso-
phoroside) 7-glucoside

C42H46O25 [M-H]− 950.2328 949.2220 nd nd

40 Quercetin 3,7,4′-tri-O-
sulfate

C15H10O16S3 [M-H]− 541.9131 540.8981 nd nd

41 Quercetin 3-(6″-sinapoylso-
phorotrioside)

C44H50O26 [M-H]− 994.2590 993.2253 nd nd

42 Quercetin C15 H10O7 [M-H]− 302.0427 301.0341  +   +  [8, 78]
43 Quercetin 3-galactoside C21H20O12 [M + H] +  464.0955 465.0995 nd nd
44 Quercetin 3-O-(6-O-

malonyl-β-D-glucoside)
C24H22O15 *[M + H] +  550.0959 551.1084 nd nd

45 Quercetin 3-O-(6″-
malonylglucoside)7-O-
glucoside

C30H32O20 [M-H]− 712.1487 711.1474 nd nd

46 Quercetin 3-(2-glucosylr-
hamnoside)

C27H30O16 [M-H]− 610.1534 609.1454 nd nd

47 Quercetin 3-arabinoside C20H18O11 *[M + H] +  434.0849 435.0922 nd nd
48 Quercetin 7-glucuronide 

3-rhamnoside
C27H28O17 [M-H]− 624.1326 623.1283 nd nd

49 Quercetin 3-sophoroside C27H30O17 [M + H] +  626.1483 627.1695 nd nd
50 Quercetin 3-(2-galloylglu-

coside)
C28H24O16 [M-H]− 616.1064 615.0917 nd nd

51 Quercetin 3-O-(6″-
acetylglucoside)

C23H22O13 [M + H] +  509.1232 639.1153 nd nd

52 Quercetin 3-(2-caffeoylglu-
curonoside)

C30H24O16 [M-H]− 640.1064 639.1153 nd nd

Isoflavonoids
53 4′-O-Methyldelphinidin 

3-O-beta-D-glucoside
C22H23O12 [M + H] +  479.1190 480.1390 nd nd

54 4′-O-Methyldelphinidin 
3-O-rutinoside

C28H33O16 [M + H] +  625.1769 626.1896 nd nd

55 Dalbergin C16H12O4 [M-H]− 268.0736 267.0677 nd nd
56 Dihydrobiochanin A C16H14O5 [M-H]− 286.0841 285.0797 nd nd
Other polyphenols
Lignans
57 2′-Hydroxyenterolactone C18H18O5 [M-H]− 314.1154 313.1110 nd nd
58 Arctigenin C21H24O7 *[M + H] +  372.1573 373.1649 nd nd
59 8–8′-Dehydrodiferulic acid C20H18O8 [M-H]− 386.1002 385.1020 nd nd
Tannins
60 3-Methylellagic acid 

2-(4-galactosylglucoside)
C28H30O18 [M + H] +  654.1432 655.1615 nd nd

61 Guibourtinidol-
(4alpha- > 6)-catechin

C30H26O10 [M-H]− 546.1526 545.1311 nd nd
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belonging to catechins, epicatechins, gallocatechins, and epi-
gallocatechins. Prodelphinidin A2 3′-gallate (compound 21, 
[M-H]+ m/z 763.1353), gallocatechin-(4alpha- > 8)-gallocat-
echin-(4alpha- > 8)-gallocatechin (compound 22, [M-H]+ 
m/z 915.2052), (-)-epigallocatechin 3-(4-methyl-gallate) 
(compound 23, [M-H] − m/z 471.0946), prodelphinidin 
A1 (compound 24, [M-H]+ m/z 609.124), epigallocate-
chin-(2b- > 7,4b- > 8)-gallocatechin (compound 25, [M-H] 
− m/z 607.1071), 8,8′-methylenebiscatechin (compound 

26, [M-H] − m/z 591.1517), epicatechin-(4beta- > 8)-gal-
locatechin (compound 27, [M-H]+ m/z 596.1458), 
8-C-ascorbylepigallocatechin 3-gallatem (compound 28, 
[M-H] − m/z 631.0769), gallocatechin-(4alpha- > 8)-epi-
gallocatechin (compound 29, [M-H] − m/z 609.1169), 
7-galloylcatechin (compound 30, [M-H]+ m/z 443.1008), 
ent-epicatechin-(4alpha- > 8)-ent-epicatechin 3,3′-digal-
late (compound 31, [M-H] − m/z 881.1553), 3′-galloylpro-
delphinidin B2 (compound 32, [M-H] − m/z 761.1293), 

Table 3   (continued)

No Proposed compounds Molecular formula Ionization (ESI + /
ESI-)

Molecular 
Weight (g/mol)

Observed (m/z) Antioxidant 
capacity

Anticancer 
capacity

References

Catechol
62 5-(3′,4′-Dihydroxyphenyl)-

gamma-valerolactone
C11H12O4 *[M + H] +  208.0736 209.0795  +  nd [80]

Hydroxybenzaldehydes
63 4-Hydroxybenzaldehyde C7H6O2 [M-H]− 122.0368 121.0303 nd nd
64 2,5-Dihydroxybenzaldehyde C7H6O3 [M-H]− 138.0317 137.0269 nd nd
Hydroxycoumarins
65 3-Dimethylallyl-4-hydroxy-

benzaldehyde
C12H14O2 [M + H] +  190.0994 191.1066 nd nd

66 Isoscopoletin C10H8O4 [M-H]− 192.0423 191.0342 nd nd
Phenolic glycosides
67 Dihydrocaffeic acid 

3-O-glucuronide
C15H18O10 [M + H] +  358.0900 359.0933 nd nd

68 2-Hydroxyphenylacetic acid 
O-b-D-glucoside

C14H18O8 [M + H] +  314.1002 315.1039 nd nd

69 Urolithin A 3, 8-O-diglu-
curonide

C25H24O16 [M-H]− 580.1064 579.0959 nd nd

70 Urolithin A-3-O-glucu-
ronide

C19H16O10 [M + H] +  404.0743 405.0826 nd nd

71 2-Hydroxybenzaldehyde 
O-[xylosyl-(1- > 6)-glu-
coside]

C18H24O11 *[M-H]− 416.1319 415.1304 nd nd

72 5-(3′,5′-Dihydroxyphenyl)-
gamma-valerolactone 
3-O-glucuronide

C17H20O10 [M-H]− 384.1056 383.1090 nd nd

Phenolic terpenes
73 Carnosol C20H26O4 [M-H]− 330.1831 329.1821  +   +  [81, 82]
74 Carnosic acid C20H28O4 [M-H]− 332.1988 331.1915  +   +  [81, 82]
75 7-Methylrosmanol C21H28O5 [M-H]− 360.1937 359.1916 nd nd
76 11,12-Dimethylrosmanol C22H30O5 [M-H]− 374.2093 373.1971 nd nd
77 6,7-Dimethoxy-7-epiros-

manol
C22H30O6 [M-H]− 390.2042 389.1994 nd nd

78 Epirosmanol C20H26O5 [M-H]− 346.1780 345.1768  +  nd [83, 84]
Tyrosol
79 Hydroxytyrosol 1-O-glu-

coside
C14H20O9 *[M + H] +  316.1158 317.1224  +   +  [85, 86]

Other polyphenols
80 Dihydrocaffeic acid 

3-sulfate
C9H10O7S [M-H]− 262.0147 261.0027 nd nd

81 Phloroglucinol C6H6O3 [M-H]− 126.0317 125.0264  +   +  [14, 87, 88]
82 Dihydrophloroglucinol C6H8O3 [M-H]− 128.0473 127.0397 nd nd
83 Leucodelphinidin 3-[galac-

tosyl-(1- > 4)-glucoside]
C27H34O18 [M + H] +  646.1745 647.2009 nd nd

* Compounds were detected in both negative [M-H]− and positive [M + H]+ mode of ionization while only single mode data was presented. RT 
stands for “retention time”
nd non detect antioxidant or anticancer capacity, + detect antioxidant or anticancer capacity
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epigallocatechin-(4beta- > 8)-epicatechin-3-O-gallate ester 
(compound 33, [M-H] − m/z 745.1438), and 8,8′-methylen-
ebiscatechin (compound 34, [M-H]+ m/z 593.1523). In addi-
tion, 8-C-ascorbyl epigallocatechin 3-O-gallate (compound 
28) was described as having antioxidant activity [77].

Flavonols  Quercetin and their derivatives were the main 
flavonols of the Nostoc sp. AARL C008 extract. Com-
pound 42 showing precursor ion [M-H] − at m/z 301.0341 
in negative mode was tentatively identified as quercetin. 
High abundance of quercetin in the cyanobacterium Nos-
toc ellipsosporum was also previously described by Singh 
et al. [8]. Quercetin had been shown to effectively inhibit 
cancer growth and antioxidant capacity [8, 78]. Addition-
ally, 18 quercetin derivatives were tentatively identified as 
tetramethylquercetin 3-rutinoside (compound 35, [M-H] − 
m/z 665.2134), quercetin 3,7,4′-O-triglucoside (compound 
36, [M-H]+ m/z 789.2088), quercetin 3-(4″-acetylrhamno-
side) 7-rhamnoside (compound 37, [M-H] − m/z 635.1698), 
quercetin 3,7-dimethyl ether (compound 38, [M-H]+ m/z 
331.0849), quercetin 3-(2-caffeoylsophoroside) 7-glucoside 
(compound 39, [M-H] − m/z 949.222), quercetin 3,7,4′-tri-
O-sulfate (compound 40, [M-H] − m/z 540.8981), querce-
tin 3-(6″-sinapoylsophorotrioside) (compound 41, [M-H] 
− m/z 993.2253), quercetin 3-galactoside (compound 43, 
[M-H]+ m/z 465.0995), quercetin 3-O-(6-O-malonyl-β-D-
glucoside) (compound 44, [M-H]+ m/z 551.1084), querce-
tin 3-O-(6″-malonylglucoside)7-O-glucoside (compound 
45, [M-H] − m/z 711.1474), quercetin 3-(2-glucosylrham-
noside) (compound 46, [M-H] − m/z 609.1454), querce-
tin 3-arabinoside (compound 47, [M-H]+ m/z 435.0922), 
quercetin 7-glucuronide 3-rhamnoside (compound 48, 
[M-H] − m/z 623.1283), quercetin 3-sophoroside (compound 
49, [M-H]+ m/z 627.1695), quercetin 3-(2-galloylglucoside) 
(compound 50, [M-H] − m/z 615.0917), quercetin 3-O-(6″-
acetylglucoside) (compound 51, [M-H]+ m/z 639.1153), and 
quercetin 3-(2-caffeoylglucuronoside) (compound 52, [M-H] 
− m/z 639.1153). According to the results, quercetin and 
their derivatives correlated with the bioactivities of Nostoc 
sp. AARL C008 extract.

Isoflavonoid derivatives  Four isof lavonoid deriva-
tives were tentatively identified as 4′-O-methyldelphin-
idin 3-O-beta-D-glucoside (compound 53, [M-H]+ m/z 
480.139), 4′-O-methyldelphinidin 3-O-rutinoside (com-
pound 54, [M-H]+ m/z 626.1896), dalbergin (compound 
55, [M-H] − m/z 267.0677), and dihydrobiochanin A (com-
pound 56, [M-H] − m/z 285.0797). Dihydrobiochanin A 
showed potent antibacterial activity against cariogenic 
bacteria [79]. The identity was confirmed by comparing 
with a previous study that characterized dalbergin and 
dihydrobiochanin A in seaweed (red and green algae) 
using LC-ESI-QTOF-MS/MS. The spectrum displayed 

ionic products at m/z 267.06666 and 285.0771, respec-
tively [14].

3.6.3 � Lignans and tannin derivatives

Three lignan derivatives were tentatively identi-
fied as 2′-hydroxyenterolactone (compound 57, [M-H] 
− m/z 313.111) and arctigenin (compound 58, [M-H]+ m/z 
373.1649), 8–8′-dehydrodiferulic acid (compound 59, [M-H] 
− m/z 385.102). According to a previous study, 2′-hydroxy-
enterolactone and arctigenin were also detected in red sea-
weed [14]. Tannin derivatives (compounds 60 and 61) were 
tentatively identified as 3-methylellagic acid 2-(4-galacto-
sylglucoside)) and guibourtinidol-(4alpha- > 6)-catechin 
according to the precursor ions at [M-H]+ m/z 655.1615 and 
[M-H] − m/z 545.1311, respectively.

3.6.4 � Other polyphenols

Twenty-two other polyphenols found were classified as cat-
echol (1), hydroxybenzaldehydes (2), hydroxycoumarins (2), 
phenolic glycosides (6), phenolic terpenes (6), tyrosol (1), 
and other polyphenols (4).

Catechol,  hydrox ybenzaldehydes,  and hydrox y-
coumarin derivatives  Compound 62, displaying 
[M-H]+ at m/z 655.1615 was tentatively identified as 
5-(3′,4′-dihydroxyphenyl)-gamma-valerolactone with anti-
oxidant activity [80]. This compound played a role in bio-
activity of Nostoc sp. AARL C008 extract. 4-Hydroxyben-
zaldehyde (compound 63) and 2,5-dihydroxybenzaldehyde 
(compound 64) were tentatively identified based on negative 
mode as [M-H] − at m/z 121.0303 and 137.0269, respec-
tively. Hydroxycoumarin derivatives, 3-dimethylallyl-4-hy-
droxybenzaldehyde (compound 65, [M-H]+ at m/z 191.1066) 
and isoscopoletin (compound 66, [M-H] − at m/z 191.0342), 
were tentatively characterized.

Phenolic glycosides  Six phenolic glycoside compounds were 
tentatively identified as dihydrocaffeic acid 3-O-glucuronide 
(compound 67, [M-H]+ at m/z 359.0933), 2-hydroxyphe-
nylacetic acid O-b-D-glucoside (compound 68, [M-H]+ at 
m/z 315.1039), urolithin A 3, 8-O-diglucuronide (compound 
69, [M-H] − at m/z 579.0959), urolithin A-3-O-glucuronide 
(compound 70, [M-H]+ at m/z 405.0826), 2-hydroxybenzal-
dehyde O-[xylosyl-(1- > 6)-glucoside] (compound 71, [M-H] 
− at m/z 415.1304), and 5-(3′,5′-dihydroxyphenyl)-gamma-
valerolactone 3-O-glucuronide (compound 72, [M-H] − at 
m/z 383.109).

Phenolic terpene derivatives  Carnosol (compound 73) and 
carnosic acid (compound 74) showing as precursor ions at 
[M-H] − at m/z 329.1821 and 331.1915 were tentatively 
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identified in negative mode. Loussouarn et al. [81] and 
Salem et al. [82] also confirmed the presence of carnosol and 
carnosic acid with antioxidant and anticancer activities. In 
addition, rosmanol derivatives (compounds 75–77) were ten-
tatively characterized as 7-methylrosmanol, 11,12-dimethyl-
rosmanol, and 6,7-dimethoxy-7-epirosmanol, according to 
the precursor ions [M-H]−at m/z 359.1916, 373.1971, and 
389.1994, respectively. Compound (78) with [M-H]−at m/z 
345.1768 was tentatively identified as epirosmanol with anti-
oxidant capability [83, 84]. Therefore, carnosol, carnosic 
acid, and epirosmanol were related to the bioactivity of Nos-
toc sp. AARL C008 extract.

Tyrosol and other polyphenols  Compound (79), having 
a precursor ion [M-H] − m/z at 341.0882, was tentatively 
characterized as hydroxytyrosol 1-O-glucoside showing 
antioxidant and anticancer potentials [85, 86]. Other poly-
phenolics were tentatively characterized as dihydrocaffeic 
acid 3-sulfate (compound 80, [M-H] − at m/z 261.0027), 
phloroglucinol (compound 81, [M-H] − at m/z 125.0264), 
dihydrophloroglucinol (compound 82, [M-H] − at m/z 
127.0397), and leucodelphinidin 3-[galactosyl-(1- > 4)-glu-
coside (compound 83, [M-H]+ at m/z 647.2009). Results 
supported that phloroglucinol was detected as one of the 
dominant phenolic compounds from cyanobacterial strains 
as well as Nostoc spp. [48]. Phloroglucinol is the precursor 
of the well-known phlorotannins present in brown seaweeds 
that exert diverse biological activities including antioxidant 
and anticancer [14, 87, 88]. Therefore, the presence of 
hydroxytyrosol 1-O-glucoside and phloroglucinol in Nostoc 
sp. AARL C008 extract was related to its antioxidant and 
anticancer activities.

Screening and characterization of polyphenolic com-
pounds showed that some of the polyphenols present in 
Nostoc sp. AARL C008 had antioxidant and anticancer 
potentials (Table 3). The presence of these antioxidants and 
anticancer compounds indicated that Nostoc sp. AARL C008 
could be used as a bioactive phytochemical with potential 
applications in the nutraceutical, cosmetic, and pharmaceu-
tical industries. These results supported a previous study 
where phytochemicals of Nostoc spp. showed antifibrotic 
activity and decreased lipid peroxidation with improvement 
of liver fibrosis and splanchnic hemodynamics without any 
noxious systemic hemodynamic effects [89]. Shahidi and 
Ambigaipalan [90] suggested that antioxidative phytochemi-
cals played a role in rancidity development by deferring the 
formation of toxic oxidation products. Moreover, food sup-
plements with high phytochemicals have potential health 
benefits due to their bioactivities. Methanolic Nostoc sp. 
AARL C008 extract played an important role in bioactivi-
ties. In addition, the complete profile of polar and non-polar 
phytochemicals may support the overview of bioactive sub-
stances in this extract. The list of compounds in the water 

extract was shown in Supplementary Materials. However, 
they are other compounds that were still unidentified and 
may contribute to antioxidant and anticancer properties. 
Hence, further studies on the full characterization of the 
extracts are required to expand current understanding of 
the complicated mechanisms of antioxidant and anticancer 
activities.

4 � Conclusions

Cyanobacterium Nostoc sp. AARL C008 extract provided 
antioxidant capacity based on ABTS, DPPH, and PFRAP 
assays. Interestingly, Nostoc sp. AARL C008 extract also 
showed cytotoxicity against malignant melanoma cells 
(A375 skin cancer cells), correlating with a high level of 
total phenolic contents. Various phytochemical profiles with 
desirable properties of Nostoc sp. AARL C008 were rapidly 
and successfully identified using the LC-ESI-QTOF-MS/MS 
approach. Among the phytochemicals, p-coumaric acid was 
determined as the dominant phenolic compound, indicating 
potential positive pharmacological effects. Results demon-
strated that the methanolic extract of Nostoc sp. AARL C008 
biomass showed potential as a possible future alternative 
bioactive phytochemical, with potential applications in the 
nutraceutical, cosmetic, and pharmaceutical industries.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s13399-​021-​01974-0.
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