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INTRODUCTION
The quest for alternate sources for the rise in demand 
for basic necessities such as food, quality water, 
energy, drugs and other resources arising from 
increasing world population has necessitated a search 
into underutilized and abundant resources. Algae is 
gaining popularity in the scientific community as a rich 
resource from which much benefit could be obtained 
to cope with the high demand. Algae are ubiquitous 
in nature with various types, mostly found in fresh 
water, seawater, hot springs, saline and hypersaline 
lakes, desert and even in the arctic ecosystem.[1,2] Algae 
contains chlorophyll like other plants but lacks the 
well-defined plant features like leaves, roots, vascular 
tissue, and stems. They are a complex group that 
can manifest themselves in a variety of species and 
strains that are almost infinite and are classified under 
microalgae and macroalgae. Examples of microalgae 
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species which are unicellular organisms includes 
Chlorella and Spirulina, whereas that of macroalgae 
which are multicellular organisms are seaweeds. 
The role of algae in aquatic environments is critical. 
In photosynthesis, they are able to turn water and 
carbon dioxide into sugar and produce oxygen as a 
byproduct,[3] and have a fast growth rate surviving in 
harsh conditions. Algae are ecologically important 
in waterways and have a direct effect on the benefits 
people receive from these habitats.
Various studies have demonstrated the potential 
use of algae as a reliable and renewable feedstock 
for the development of biofuels such as biodiesel, 
bioethanol, and biomethane, as well as other 
valuable bioresources such as polysaccharides, 
proteins, enzymes, lipids, vitamins, and carotenoids 
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and could find application in various industries.[4] Algae has a significant 
appeal as a safe source of bioactive molecules to serve as antimicrobial, 
anti-carcinogenic, antioxidants and anti-inflammatory medicines. 
Natural products for treatment and health benefits can be traced 
throughout human development and a number of different plants and 
algae species have been used in this regard, as these natural products 
are rich with bioactive compounds. The global algae industry generates 
about 7,000 dry tons of algae biomass per year, and valued between $ 
3.8 - 5.4 billion dollars.[5] These statistics indicate that the microalgae 
industry is growing in popularity around the world and that it will be 
widely used in the future as it penetrates consumer products in a variety 
of sectors. 
Algae is promising because it provides an abundant source of bioactive 
compounds such as carotenoids, long chain polyunsaturated fatty 
acids, sterols, vitamins, polyphenols, phytochemicals, and other 
compounds that are of concern for health benefits.[3] The scientific 
community has confirmed that carotenoids can protect against some 
cardiovascular diseases, age related eye disorders and cancers. Long-
Chain Polyunsaturated Fatty Acids finds application as food additive  
and sterols can be used in healthy diets, especially those aimed at 
reducing coronary heart disease.[6] Polyphenols are a form of antioxidant 
that protect cells and other natural body tissues from free radical.
The growing demand for bioactive compounds derived from natural 
sources necessitates the development of effective and efficient extraction 
methods. In manufacturing, a solvent-extraction technique is widely 
used. The food, pharmaceutical, and dye industries would benefit from 
a more effective solid-liquid extraction process for natural bioactive 
compounds.[7] Extraction methods that are environmentally friendly 
and healthy have been mentioned in some studies. According to Duval 
et al., (2016).[8] Pressurized gases, ultrasound, and microwave methods 
are among the most efficient extraction methods. Traditional extraction 
methods rely on the use of a suitable solvent to remove compounds 
from plant tissues. The choice of an effective solvent in conjunction with 
adequate mechanical agitation determines the mass transfer processes 
and the resulting performance of the extraction process. Phenolic 
compounds extraction in industry, makes use of water and ethanol for 
been environmentally benignant solvents. From sorghum pericarp, the 
study by,[9] increased phenolic compounds extracted with ethanol/water 
and water as solvents at high temperature. 
Hou et al., (2016), used ethanol/water as solvent to improved phenolic 
compounds extraction yield with ultrasound-assisted method.[10] Akogou 
et al., (2017), indicated that prospective studies could concentrate on 
enhancing the methods for biocolorants extraction.[11] The ultrasound 
assisted method (UAM); a promising technology was successfully 
employed in extracting compounds. To leach natural colorant,[12] used 
ultrasonic method and magnetic stirrer, ultrasound greatly increased 
colorant extraction from plants. An earlier study by,[13] successfully 
used UAM to extract pomegranate seed oil, it led to little composition 
modification of fatty acid.
This study seeks to analyze and improve bioactive compounds leached 
from different algae samples with ultrasound-assisted extraction method, 
a green technology in comparison to the traditional solvent extraction 
method and a subsequent test for phytochemicals, antioxidant activity 
and their quantitative analyses. The study also investigates the effect 
of different temperatures, power setting, exposure time and frequency 
on the yield and phytochemicals content of different algae species and 
their antioxidant activities assessed in vitro viz hydroxyl radical (•OH) 
reducing ability, ferric-reducing antioxidant property (FRAP), and 1, 
1‑diphenyl‑2‑picrylhydrazyl (DPPH) activity and total antioxidant 
capacity. The study also made use of the residue after extraction in 
producing biochar. The results could promote and add value to the 

different algae species for industrial application and their extract in the 
food and health sector. 

MATERIALS AND METHODS
Plant materials obtained
Microalgae samples were obtained from Changzhou Taihu Lake and 
Wuxi Liangxi River, the algae species found in Taihu consist of Microcystis 
aeruginosa, Microcystis flos-aquae, Microcystis ichthyoblabe, Cyclotella, 
Cryptomonas, Navicula sp. and Scenedesmus as the dominant species,[14] 
Spirogyra (genus spirogyra) was obtained from Xuanwu Lake in 
Nanjing, seaweed-Wakame (Undaria pinnatifida) samples were obtained 
from Fujian. Cultured algae (CA) samples (Microcystis aeruginosa) were 
obtained from Wuhan biotech institute. The samples were cleaned, oven 
dried and pulverized using a universal disintegrator. 

Chemicals
Dragendorff ’s reagent, Hydrochloric acid (HCl), sulfuric acid (H2SO4), 
Ascorbic acid (C6H806), sodium carbonate (Na₂CO₃), sodium hydroxide, 
ferric chloride (FeCl3), ferrous sulphate, acetic acid, sodium phosphate, 
potassium alum and gallic acid. All of the chemicals were of pure 
analytical grade. In the experiment, deionized water was used.

Ultrasonic Assisted Extraction of bioactive compounds
In this study, the conventional method (CM) of extraction was used 
alongside for comparison with Ultrasonic assisted method (UAM) in 
extracting bioactive compounds from different algae materials using 
solvents and different extraction conditions to ascertain their impact on 
the yield. The thermostatted water bath (Rapid Precision Machinery) 
was used to extract samples for the conventional method.
For the UAM, extraction of algae samples was with an ultrasound 
instrument (Ningbo Licheng Co. Ltd., China) with ultrasound frequency 
at 25KHz. The extraction solvent’s property is vital in the extraction 
process. Ethanol/water mixture was used as solvent for been benignant 
and promote effective recovery.[8] A solvent mixture of 70% ethanol and 
30% water (v/v) was for the extraction. 
The various algae samples were cleaned, oven dried and pulverized with 
a universal disintegrator (Yongshi jiupin company, China). To achieve 
the optimum extraction condition, the algae powder was introduced to 
the solvent and compounds leached at various temperatures (45°C, 55°C, 
and 65°C) and times (20 and 30 min) using ultrasound power 70% and 30%.
The sample extraction using the Conventional method was at 80°C for 
60 min. Temperature, ultrasonic power treatment, and time were set 
for each extraction condition for UAM. Each extraction condition was 
replicated three times and a thermometer was placed in the mixture to 
determine temperature. During the UAM extraction the input power 
was thought to be transformed into heat and dispersed in the medium.
The liquor extract was centrifuged at 3000 rpm for 5 min with a tabletop 
high-speed Bioridge (TG16-WS) centrifuge. The supernatant was 
condensed in an evaporator to extract ethanol and water. To guarantee 
that all soluble bioactive substances were recovered, the residue was 
re-extracted. A freeze dryer was used to dry the concentrated extracts. 
The yield for each form was calculated using the equation below

 Yield
Mass of extract

Mass of sample used
(%) = ×100  (1)
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Characterization
Morphology of Algae samples
The morphologies of different algae samples and extracts were examined 
with a HITACHI S-4800 (SEM, Japan). The algae samples were affixed 
using a conductive adhesive tape and sputter coated with gold palladium 
before being viewed at a 3 kV accelerating voltage. The initial scale was 
magnified by 3000 times.

Algae extracts chemical composition and UV-visible 
spectroscopy 
A Fourier-transform infrared spectrophotometer was used to assess the 
FTIR spectrum of different algae samples (Nicolet iS10, USA). Using 
the Attenuated Total Reflection (ATR) process, the extract was captured 
from 4000 to 500 cm-1. The absorbance was determined using a UV-Vis 
spectrophotometer (V-1200, Mapada instruments).

Algae extract of Thermogravimetric analysis (TGA) 
The TGA of various algae extract was conducted in a nitrogen atmosphere 
using a 60 ml/min flow rate on a thermogravimetric analyzer TGA/SDTA 
851e (Netzsch sta 449F5, Germany). The algae samples were subjected to 
heat at a rate of 20°C/min from 30°C to 790°C.

Phytochemical Screening
Qualitative analysis
The crude ethanolic extracts of the various samples were assayed for 
the content of alkaloids, tannins, glycosides, saponins, flavonoids, 
phenols, Quinones, protein, Coumarins, Carbohydrates, Phytosterols 
and terpenoids. The presence of phytochemicals is indicated by (+) and 
the absence of phytochemicals is indicated by (-). Standard protocols  
were used in indicating the presence or absence of each compound.[15,16]  
The analyzed samples include that of the conventional extract and 
ultrasonic method.

Quantitative Analysis of Algae samples
Total phenolic content analysis
To determine total phenol, Folin-Ciocalteu assay described by,[16] was 
used. 2.5 mL Ciocalteu’s solution (10% Folin) and 0.5 mL extract were 
mixed. 2.5 mL of 7.5 percent sodium carbonate solution was added.  
The mixture was incubated for 45min at 45°C, with absorbance taken at 
760 nm. Gallic acid (0–100 g/mL) was used as standard in the calibration 
plot. The total phenolic content of the extract was measured in milligrams 
of gallic acid equivalents (GAE).

Total alkaloids evaluation
A gram of algae samples was placed in a beaker (250mL), 40 mL of 10% 
acetic acid/ethanol was introduced, the solution was sealed and left for 
four hours before being filtered and condensed to a quarter of its initial 
amount on a water bath. Until the precipitation was complete, drops 
of concentrated ammonium hydroxide were applied to the extract. 
Precipitate was separated, rinsed using diluted ammonium hydroxide, 
and sifted after solution had settled. 
The absorbance was assessed at 512nm after 30 minu incubation in the 
dark. The calibration was created with gallic acid as standard. Using an 
average of three measurements, total alkaloid content was obtained in 
mg of Gallic acid equivalents (GAE). The alkaloid residue was dried and 
analyzed.[15]

Total flavonoid evaluation
Total flavonoid amount was assessed per the procedure by,[17]with minor 
modification. After diluting 0.25 mL sample to 1.25 mL with distilled 

water, 75 mL of 5% sodium nitrite was added, followed by 0.1 5 mL of 
10% aluminum chloride solution after six minutes. After five minutes, 
0.5 ml of 0.1M NaOH was added, then 2.5 ml distilled water. With 
normal Gallic acid, absorbance was taken at 510 nm. The results were 
analyzed in mg of gallic acid-equivalent flavonoids per gram of material.

Total Tannins Content (TTC)
To evaluate the phenolic content of Tannins, the[18] approach was used. 
1 mL extract was combined with 1 mL distilled water. 0.5 mL Folin’s 
phenol (1:2) was applied, then 5 mL 35% sodium carbonate, and the 
mixture was allowed to sit for 5 min. At 640 nm, the color intensity was 
measured. The overall tannin content was measured in milligrams per 
gram of extract.

Saponin determination
The saponin content of various algae samples was determined using a 
modified version of the method.[19] In 50 mL of 2% ethanol, 2g of plant 
sample was dispersed. The mixture was heated for four hours in water 
bath at 55°C with constant stirring. The residue was re-extracted with 
additional 50 mL 2% ethanol. The mixture was reduced to 40 mL in 
water bath at 90°C. The extract was transferred to a 250 mL separating 
funnel, 2 mL diethyl ether added and vigorously shaken. The aqueous 
layer was kept while ether layer discarded. The purifying procedure was 
carried out once more. 6 mL of normal butanol extracts were rinsed 
twice with 10 mL 5% NaCl aqueous solution, and heated in water bath. 
The sample was oven-dried. The results were expressed as a percentage 
of total saponin.

Total Antioxidant ability assays
The phosphomolybdenum method with the technique of,[20] was 
employed to determine antioxidant activity. A reagent solution was 
made with ammonium molybdate (4 mM), sodium phosphate (28 mM), 
and sulfuric acid (0.6 M) which was combined in a 1:1:1 ratio. 0.3 mL of 
each of the extract concentrations (0.02- 0.1mg/mL) which was mixed 
with 3 mL reagent. The reaction solution tubes were incubated at 95°C 
for 60-90 min. After cooling, absorbance was taken at 695 nm against 
blank. Concentrations of 0.02-0.1mg/mL of gallic acid were used as the 
standard. Triplicate of each concentration were made. 0.3 mL ethanol 
was added to 3 mL reagent as the blank.

Ferric reducing antioxidant property (FRAP assay)
Potassium ferricyanide, trichloroacetic acid, and ferric chloride can 
produce a color complex when mixed with antioxidant substances and 
measured at a wavelength of 700 nm. The reaction mixture’s increased  
absorbance suggests that these various algae extracts may be used  
as antioxidants, The algae sample extract’s ability to minimize ferric  
ions was determined per the method by,[21] 1.0 mL of varied doses  
(0.02–0.10 mg/mL) of extract and standards were mixed with 2.5 mL of 
0.2 M phosphate buffer (pH 6.6) and 2.5 mL of K3Fe (CN)6 (1 %w/v). 
Before adding 2.5 mL trichloroacetic acid (TCA) (10% w/v) to the 
mixture, it was heated for 20 min at 50°C and centrifuged for 10 min 
at 3000 rpm. 0.5 mL FeCl3 (0.1 percent w/v) was mixed with 2.5 mL 
supernatant and 2.5 mL distilled water, and the absorbance compared to 
a blank sample containing phosphate buffer at 700 nm. The extract has 
a higher reducing strength when a higher absorbance of the mixture is 
recorded.

Determination of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
The potential of natural substances to scavenge free radicals was assessed 
using DPPH radical scavenging test. The assay is focused on determining 
the antioxidant substances’ ability to absorb free radical. With slight  
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modifications, the free radical scavenging activity of the various algae 
extracts were assessed as defined by.[22] A reaction mixture had 1.0 mL 
extracts and standard (gallic acid) in varying concentrations (0.02-0.10 
mg/mL) as well as 1.0 mL DPPH solution (0.135 mM). The solution 
was vigorously agitated before being placed in the dark for half an hour 
and read at 517 nm against ethanol as blank. All the reading were in 
triplicate. The percentage inhibition of oxidation was determined with 
the equation below:

 DPPH scavenging activity
A A

A
(%) =

−







×0 1

0

100  (2)

Whereas A0 represents blank, A1 represents extract’s absorbance.

Determination of Hydroxyl radical
The different algae extracts’ hydroxyl radical activity was calculated with 
modification per the method by,[23] 0.5 mL extracts and Gallic acid at 
varying concentrations (0.02-0.10 mg/mL), 1.0 mL iron-EDTA (0.13% 
ferrous ammonium sulphate and 0.26% EDTA), 0.5 mL 0.018% EDTA, 
and 1.0 mL DMSO (0.85% in 0.1 mole/L phosphate buffer pH 7.4) were 
used in the reaction mixture. The reaction starts when 0.5 mL ascorbic 
acid (0.22%) is added and incubate for 5 min at 80°C to 90°C. The 
reaction was halted when 0.1 mL ice-cold TCA (17.5 %) was added to the 
mixture. 3.0 mL Nash reagent (75.0 g ammonium acetate, 3.0 mL glacial 
acetic acid, 2.0 mL acetyl acetone, and distilled water to a total volume 
of 1 L) was introduced and incubated for 15 min for color development. 
At 412 nm, the strength of the produced yellow color was compared to a 
reagent blank that included all of the constituents except ascorbic acid. 
The test was carried out in triplicate. 

 hydroxyl scavenging activity a b
a

(%) = −





×100  (3)

Whereas a indicates control sample and b indicates test sample 
absorbance.

GC-MS analysis and Biochar production 
The compounds from different algae species were identified using 
GC-MS method. The peaks were identified based on comparing the 
obtained mass spectra with those available in NIST library. Biochar 
produced from the residue after extraction was done according to the 
method.[24]

RESULTS AND DISCUSSION
Extract yield for different algae samples extracted with 
Ultrasonic method
The yield for the different algae samples extracted with the ultrasonic 
method are shown in Table 2. The ultrasound method had better results 
for all algae sample when compared with conventional method with the 
yield of 18.6%. The highest yield among the algae samples was that of 
Changzhou sample with 27.0%, spirogyra sample recorded the lowest 
19.5% with UAM and yet better than that of the conventional method.
The improvement in yield for the ultrasound method resulted from the 
acoustic cavitation by ultrasound through the liquid which increased the 
rupturing of algae cell wall when the bubbles violently collapse creating 
intense pressure about 103 bar.[25] at the surface of the solid matrix and 
increased contact between compounds and solvent resulting in solubility 
of compounds and their transport into medium.[25] The extraction 
medium also provides an additional extraction power to the whole 
extraction process with its ability to leach compounds, both ethanol and 
water-soluble compounds were accessed after the rupturing of cell wall 

by sonication hence the increase in yield. The difference in yield among 
various algae samples extracted with ultrasound can be attributed to 
each algae species growth environment, composition, type and quantity 
and polarity of compounds present.[26] 
The absorbance curves for different algae samples extracted by ultrasound 
method are shown in Figure 1. From the curve, Changzhou sample 
showed the maximum absorption in the visible wavelengths range 
of 400-800 nm followed by Spirogyra sample. The higher absorption 
indicates the extract had higher content of biocolorants.[7]

Phytochemical screening
The phytochemical screening of crude ethanolic extracts of various algae 
samples identified some secondary metabolites such as alkaloids, phenols, 
tannins, flavonoids, terpenoids, steroids, proteins, carbohydrates, 
phytosterols, quinones, coumarins and glycosides which agrees with,[27] 
as shown in Table 1.
Quinones and Coumarins were absent in seaweed extracts and were 
detected in all other algae samples. The phytochemical compounds like 
phenolic, alkaloids, flavonoids and tannins detected are known to have 
antioxidant potential and can help in controlling several ailments,[16] and 
their presence showcases these algae as potential sources worth investing 
into.
The optimized extraction condition used for extracting different 
algae samples were 55oC, 30 mins and power setting of 70%, which 
evidently saved time. The optimal condition was settled on after 
different temperature, time and power setting were used extraction to 
determine the favorable condition. The viscosity of liquid solvents is 
reduced at high temperatures, making it easier to penetrate the matrix 
and extract more compounds,[28] cavitation is easier to produce at higher 
liquid temperatures. The vapor pressure in the bubbles rises when the 
temperature rises too high. As a result, as the bubble closes, the buffer 
action increases while cavitation decreases. Ethanol is more likely to 
volatilize as the temperature with the liquid increases.

Total Phenolic Content 
Phenols are phytochemical component that plays an essential role in 
reducing free radicals in the body. The extraction method together with 
the extraction solvent plays a role in having more phenolic compounds 
transferred. The ultrasound method improved amount of total phenol 

Figure 1: The absorbance curves of different algae extracted by UM method.  
(a) Wuxi sample (b) Cultured algae (c) Seaweed (d) Spirogyra (e) Changzhou 
sample.
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Table 1: Qualitative analysis of UAM extracted algae samples indicating 
the presence or absence of phytochemicals.

Phytochemicals

Algae sample

Co
nv

en
tio

na
l

Sp
iro

gy
ra

Se
aw

ee
d

Ch
gz

 S
p.

W
x.

 S
p

CA

Alkaloids +++ +++ +++ +++ +++ +++

Saponins +++ + ++ +++ + ++

Glycosides +++ +++ ++ +++ +++ +++

Tannins + ++ + + + +

Phenols + ++ + ++ + +

Flavonoids + ++ +++ +++ + ++

Terpenoids +++ +++ – +++ + +

Proteins +++ +++ + +++ ++ +++

carbohydrates ++ ++ +++ +++ +++ +++

Phytosterols ++ +++ + +++ +++ +++

Quinones ++ ++ – +++ ++ +

Coumarins ++ +++ – +++ ++ ++

Present (+) Absent (-), Chgz Sp.-Changzhou sample, Wx. Sp-Wuxi sample,  
CA- Cultured Algae.

Table 2: Ultrasound assisted extraction and phytochemical content of different algae samples.

Algae

Phytochemicals

Yield
Flavonoid

(mg/g DW)
Saponins
(mg/DW)

Total phenol (mg/g 
DW)

Total Alkaloids 
(mg/g DW)

Total Tannic
 (mg/g DW)

Spirogyra 19.51 ±0.37 0.21±0.03 18.70±2.78 0.13±0.03 1.15±0.03 0.40±0.04

Seaweed 22.95 ±0.25 0.13±0.05 22.95±2.39 0.11±0.07 0.42±0.02 0.17±0.06

Changzhou sample 27.00 ±0.50 0.20±0.01 24.30±1.82 0.16±0.02 1.74±0.01 0.38±0.01

Wuxi sample 21.76 ±0.20 0.12±0.06 31.25±1.75 0.16±0.05 2.04±0.02 0.28±0.07

Cultured Algae 23.33 ±0.40 0.12±0.02 20.21±1.86 0.11±0.02 1.24±0.04 0.34±0.01

Conventional 18.61 ±0.30 0.11±0.01 ND 0.05±0.01 ND 0.20±0.02

DW-Dry weight; ND: not determined. Values presented are a mean±SD of a triplicate extraction.

Total Flavonoids Content
The various algae extract contains different amount of flavonoids as 
shown in Table 2, with the ultrasound assisted method resulting in high 
yield than conventional method. Total flavonoids content determined 
was found to be higher in the UAM extract than the conventional. This 
result then confirms the correlation between antioxidant activity, phenol 
and flavonoids contents. Thus, the antioxidant property of extracts 
can be anticipated based on its total phenols and flavonoids contents. 
Difference in quantity of total flavonoids seen can be as a result of the 
poor water solubility attributable to their phenolic nature. Some findings 
that reported high total polyphenol and total flavonoids substances in 
ultrasound assisted extract than conventional supports the drift found in 
the study.[26] As a result of the high amount of flavonoids in the extract a 
host of recurring and degenerative illnesses for example, cardiac diseases, 
vision impairment, memory lapses, cancer and Alzheimer’s diseases, 
whose underlying condition is as a result of deficiency in the level of 
antioxidant, can be prohibited or hindered.[16] Also, algae extract can be 
used to protect biological molecules (proteins) which are vulnerable to 
free radical damage.

Chemical composition of Algae Extract
The Fourier transform infrared spectra for the various algae samples 
are shown in Figure 2. FTIR is an important qualitative method of 
characterizing functional groups and their corresponding frequency. 
The various algae samples presented absorption peaks, the peak at  
3400 cm-1 correspond to the stretching vibration of O-H indicative of 
phenolic active compounds, while the peaks 2924 cm-1 and 2853 cm-1 
can be accordingly ascribed to the stretching vibration of aliphatic and 
aromatic groups (C-H). At peak 1645 cm-1, the stretching vibration of 
aromatic ring (C=C), which is a distinctive absorption peak of phenyl. 
Peaks at 1088 cm-1 and 1383 cm-1 corresponds to O-H bending of 
the biomolecule tannin.[32] The stretching vibration of C-O can be 
attributed to the peak at 1050 cm-1.[33,34] The presence of phytochemicals 
constituent in algae sample were established by the intense peaks above. 
The conventional extracted sample showed a peak at 833 cm-1 which 
corresponds with C-H bending.

Scanning Electron Microscopic Analysis
Figure 3 depicts the morphological differences of various algae 
samples before and after extraction with ultrasound. SEM was used 
to investigate the impact of extraction method on the structure of the 
algae cell. Figure 3 (a, i-iv) shows the microscopic structure of various 
algae samples before extraction and Figure 3 (b, i-iii) shows treated 
samples under optimal condition and Figure 3 (b, iv) for after treated 
with conventional method. 

content for all algae samples as compared to the conventional method and 
this can be attributed to the impact cavitation had on the cell containing 
compounds and their solubility in the extraction solvents (Table 2) 
The possible redox of phenol composites enables them to function as 
reducing agents, as hydrogen donors, as singlet oxygen quencher and as 
a metal chelator.[29]

Table 2 indicates the highest extract yield for the Changzhou sample and 
is not the highest with total flavonoid content and has a slightly higher 
phenol content than the Wuxi sample. This non-correlation between 
extract yield and flavonoid content and phenol content can be due to 
other substances, such as peptides, fatty acids, carbohydrates, pigments 
and soluble proteins.[30] The Folin-Ciocalteu reagent used to quantify 
Phenol Content essentially measures the reduction ability of the sample 
and measured other non-phenolic substances with reducing capacity, 
such as sugars and proteins, peptides and amino acids.[31] Consequently, 
non-flavonoid impurities may interfere with the aluminum chloride 
reagent for the determination of flavonoid content, resulting in a 
significant bathochromic shift and a reduction in the sample’s flavonoid 
content measured. 
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Antioxidant activity of algae extracts
Inhibition of DPPH Assay
The algae extract shows substantial antioxidant activity in in vitro 
antioxidant assays. DPPH is a stable free radical often used in studies 
of phytochemical scavenging activity. Figure 5a shows the results of the 
algae extracts’ DPPH scavenging activity in comparison to gallic acid as 
a reference standard. The stable deep violet DPPH radical is converted 
to a yellow DPPH after reacting with hydrogen donating antioxidants:

  DPPH. +AH → DPPH-H + A. (4)

As 2, 2-diphenyl-1-picrylhydrazyl radical takes on an electron in the 
presence of a free radical scavenger, the absorption drops ensuing in 
color change which is stoichiometrically proportional to the amount of 
electrons gained.[37] DPPH activity was present in all of the algae extracts, 
but it was lower than the standard. Spirogyra extract shows higher 
activity almost paralleling seaweed and Changzhou sample. Changzhou 
sample seaweed, spirogyra and cultured algae extract showed increasing 
inhibition at high concentration of 0.08 and 0.1 mg/ml. This finding is 
consistent with the total phenolic content of Changzhou extract, which 
was higher. DPPH-scavenging activity usually increases when total 
phenol content is high,[38] Also, this result is in line with the findings 
of.[39]

Ferric Reducing Power
FRAP assay primarily measures a constituent’s antioxidant ability as well 
as its reducing capacity in the reaction medium. Antioxidant activity 
was found to have a related and strong relationship with the reducing 
power in an assay, that been measured in the samples based on their 
potential to reduce Fe3+ complex to Fe2+. As the absorbance values 
increased, the extract’s reducing capacity is shown to increase. Naturally 
occurring antioxidants are referred to as reductants and the process by 
which reductants inactivate oxidants is referred to as a redox reaction.

It can be observed from the SEM images that the cell surface of the 
untreated algae samples are intact, unaltered and appear to be smooth. 
However, after undergoing treatment with the optimal ultrasound 
condition, images show increased porosity on the algal biomass as shown 
in Figure 3 (b, i-iii) explaining the high extraction yield in comparison 
to conventional method 3 (b, iv) which does not show changes to the 
surface of the biomass. Similar results with ultrasound were achieved 
by.[35,36] 

The thermal stabilities of various algae extract
Figure 4 depicts the TGA and DTG of various algae samples leached 
with UAM. The residual weight% at 800°C was high for Wuxi sample, 
cultured algae, Seaweed, Changzhou sample algae sample and was low 
for Spirogyra. The algae biomass underwent three phases of weight 
loss, the evaporation of water in algal samples caused weight loss below 
100°C. As the temperature rises from 100 to 250°C, the weight of various 
algae dropped slightly and the maximum weight loss was 10.46%. 
The rapid weight loss from 250°C to elevated temperature was mainly 
attributed to the thermal decomposition of organic compounds and 
various algae sample powder for the second and third decomposition. 
The first and second decomposition peaks ensured around 240°C and 
308.61°C respectively for spirogyra algae sample. On the other hand, the 
rapid weight loss for cultured algae sample might have ensured from the 
breakdown of more polysaccharide and protein content. 

Figure 2: FTIR spectra of different algae extracts by UAM (a) Spirogyra (b) 
Seaweed (c) Cultured algae (d) Conventional extracted sample (e) Wuxi (f ) 
Changzhou sample.

Figure 3: Scanning Electron Microscopic images of (a, i-iv) Dried untreated 
algae biomass and (b, i-iii) Algae biomass after ultrasound treatment and  
(b, iv) biomass after Conventional extraction method.

Figure 4: (1) Thermogravimetric analysis (TGA) and (2) Differential thermo-
gravimetric (DTG) of various algae extracted by UAM (a) Wuxi sample (b) 
Cultured algae (c) Seaweed (d) Spirogyra (e) Changzhou sample.

Figure 5: (a) DPPH scavenging activities for different algae extracts (b) Ferric 
reducing power of different algae extracts.
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to analyze the antioxidant capacity of plant extracts. Criteria employed 
to assess these methods include measurement of chemical processes 
that occur in possible uses, usage of biologically important molecules, 
available instrumentation, good reproducibility, adaptable for assays for 
both hydrophilic and lipophilic antioxidants and adaptability to rising 
assessment.[20] 
Antioxidants act as reducing agents in the body, scavenging free radicals. 
They must possess some degree of antioxidant ability in order to 
function effectively and efficiently. The algae extracts had higher level 
of antioxidant capacity than the Gallic acid standard in a concentration- 
dependent manner. Among the various algae samples extracted, seaweed 
extract was found to contain high antioxidant level than Spirogyra, 
cultured, Wuxi and Changzhou sample (Figure 6b). Changzhou 
sample had the lowest antioxidant yield. As an essential phytochemical 
constituent phenol has shown a large potential for minimizing free 
radicals in the body, also functions as an antioxidant.[29] 
The ultrasound assisted method of extraction presents the advantages 
of higher yield within a short time at low temperature, typically involves 
less solvent and is environmentally benignant in comparison to the 
conventional method. The UAM has an industrial potential to enhance 
production aside been used in the lab. The usage of UAM in lab and 
industry would create a link between lab scale test to the industrial pilot 
scale and increase the implementation of new ideas and methods.

Bioactive compounds present in extracts and biochar 
from residue
Table 3-5 lists the bioactive chemicals found in the various algal samples 
extracted with ethanol/water; their identification and characterization 
were premised on their elution sequence. The elution time, molecular 
weight and molecular formula. The GC chromatograms of the different 
extracts are shown in Figure 7. Indicating the observed peaks correspond 
to the chemical present in the extract and the retention duration in the 
column as indicated. The different crudes extract after GC-MS evaluation 
observed the presences of biologically active bioactive compounds, 
which supports algae species and can be applied as precursors in various 
fields. Dihydrochalcones exhibited inhibitory effect against cancer cells 
when evaluated in in vitro conditions and are also known for their 
antidiabetic effect. Dihydrochalcones are a secondary metabolite, with 
demand in biological and multivariate pharmacological properties, 
such as antidiabetic, lipometabolism regulating, anti-inflammatory, 
antibacterial, antiviral, and immunomodulatory properties.[46,47] 
Synthesized derivatives of Benzamide, and derivatives of N-(1H-
benzimidazol-2-yl) -2-mercaptoacetamide proved effective as antifungal 
when compared with standard drug ketoconazole and inhibited against 
P. aeruginosa.[48] vibrio fluvialis can be inhibited by Benzenecarbothioic 
acid.[49] 
The algae antioxidant properties might ensure from the presence of 
pigments such as chlorophylls, carotenoids, vitamins and vitamin 
precursors namely niacin, cophenol, thiamine, ascorbic acid and 
phenolic compounds like polyphenols, hydroquinone and flavonoids. 
Phospholipids and other antioxidant substances contribute to the 
oxidation process inhibition.[49] An earlier study showed the antimicrobial 
and antifungal activity algal extract against several pathogens.[50] It 
is worth noting that the extracting solvent also contributes to the 
compounds extracted. The presences of the large number of useful 
metabolites in these algae species, makes them of phytopharmaceuticals 
importance. The identification of these compounds makes the different 
algae samples a great source of bioactive compounds. 
The residue after extraction was converted into biochar, which also 
proved good at adsorption, for removal of pollutants as shown in Figure 8  
and can also be used in the agricultural sector for plant growth.

[40] The results of the FRAP assay on different algae samples are shown 
in Figure 5b. As compared to the standard and other algae samples, the 
seaweed sample extracts had significantly higher FRAP values, followed 
by Cultured algae, Wuxi sample, Changzhou sample and spirogyra 
respectively. The present study’s findings converge on the conclusion that 
seaweed extract has superior antioxidant properties to the other algae 
sample extracts. One possible explanation for the differences is that each 
algae sample accumulates different amounts of phytochemicals, which 
may influence the antioxidant levels present. The secondary metabolite 
intensities are known to be influenced by environmental factors such 
as water quality, season, geographic location, and mineral status which 
could also be contributing factor for yield differences.[41] 

Hydroxyl radical activity
Figure 6a shows the hydroxyl radical activity of algae samples and 
Gallic acid as standard. In comparison to the algae sample extracts, 
gallic acid had low hydroxyl radical activity with the exception of Wuxi 
sample. Formaldehyde was produced when hydroxyl radical generated 
in vitro utilizing ascorbic-acid-iron-EDTA solution reacted with DMSO. 
Formaldehyde formed produced a vibrant yellow color with Nash 
reagent when incubated for 15 min,

 HO. + (CH3)2SO → H2CO +Nash reagent (5)

The vibrant yellow color created was spectroscopically read at 412 nm.[42] 
In the presence of antioxidant, free hydroxyl radical is neutralized into 
water.

  HO. + AH → H2O (6)

The most reactive oxygen-centered species, the hydroxyl radical, causes 
considerable damage to nearby biomolecules. In humans, the hydroxyl 
radical is known to damage cellular DNA, even minor DNA damage 
might render a cell susceptible to malignancy.[43] The antioxidant 
activities of all of the measured samples seemed to be primarily linked to 
rising concentrations. When compared to the standard, the extracts had 
a lot more scavenging action.

Total Antioxidant activity
The presence of excessive reactive-oxygen species can cause lipid 
peroxidation, altering the structure of biomolecules in the body and 
resulting in cellular abnormalities, premature aging, mutations and 
cell death. Seaweed’s antioxidant ability in vitro has been studied and 
attributed to the existence of novel antioxidant compounds such as 
carotenoids, polyphenols and certain polysaccharides, that exhibit 
scavenger activity, capable of neutralizing reactive oxygen species 
through self-oxidation, due to their strong affinity for those oxidative 
compounds.[44,45] Standard evaluation techniques have been proposed 

Figure 6: (a) Hydroxyl radical inhibition for different algal extracts (b) Total 
Antioxidant activity of different algae extracts.



Wizi, et al.: Analysis of Bioactive Compounds from Different Algae Samples

42 Pharmacognosy Research, Vol 14, Issue 1, Jan-Mar, 2022

Table 3: Chemical constituent of crude extract of Changzhou sample.

Name of compounds Retention time Molecular formula Molecular weight

3-Ethoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris (trimethylsiloxy) tetrasiloxane 15.85 C17H50O7Si7 562

N-(Methylsulfonyl)-N, O-bis (trimethylsilyl) hydroxylamine 15.87 C7H21NO3SSi2 255

N-(Trifluoroacetyl)-N, O, O’, O’’-tetrakis (trimethylsilyl) norepinephrine 20.16 C22H42F3NO4Si4 553

3-Ethoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)tetrasiloxane 22.53 C17H50O7Si7 562

3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)tetrasiloxane 22.55 C18H52O7Si7 576

1,3,5-Triphenyl-1,5-pentanedione 24.49 C23H20O2 328

1-Penten-3-ol,4,4-dimethyl-1,3diphenyl- 24.50 C19H22O 266

2-Propen-1-one,1,3-diphenyl-, phenylhydrazone 25.99 C21H18N2 298

1,3-Di(4-methylphenyl)-2,2-dibenzylpropane C31H32 404

Xylopyranoside, methyl 4-thio-, tribenzoate, alpha-D- 27.91 C27H24O7S 492

(4Z)-4-(3,4-Dimethoxybenzylidene)-2-phenyl-1,3-oxazol-5(4H)-one C18H15NO4 309

Table 4: Chemical constituent of crude extract of Spirogyra sample.

Name of compounds Retention 
time

Molecular 
formula

Molecular 
weight

Heptane,2,5,5-trimethyl 22.51 C10H22 142

Oxalic acid, dineopentyl ester 22.53 C10H22O4 230 

Benzenecarbothioic acid, 
S-propyl ester.

23.48 C10H12OS 180

1,2,3-Butanetrione, 1-phenyl-, 
2,3-dioxime

23.49 C10H10N2O3 206

Benzamide,N-1H-benzimidazol-
2-yl-2-hydroxyl.

33.43 C14H11N3O2 253

Phthalic acid, di(3,4-
dimethylphenyl) ester

33.44 C24H22O4 374

Propanoic acid, anhydride 37.50 C6H10O3 130

Thiolane-3,3,4,4-
tetracarbonitrile, 2,5-di-tert-

butyl

37.51 C16H20N4S 300

Table 5: Chemical constituent of crude extract of Seaweed sample.

Name of compounds Retention 
time

Molecular 
formula

Molecular 
weight

1,3,5- Triphenyl-1,5-pentanedione 28.07 C23H20O2 328

2-Propen-1-one,1,2-diphenyl- 28.09 C15H12O 208

Acetic acid, 2-benzoylamino-2-
phenyl-, propyl ester

29.06 C18H19NO3 297

Beta-phenylpropiophenone, 29.08 C15H14O 210

Figure 7: (i) GC-MS chromatogram of bioactive compounds present in  
extracts of (a) Changzhou sample crude extracts(b) Spirogyra crude extracts  
(c)Seaweed crude extracts. (ii) Biochar made from algae residue after extraction 
for adsorption of Methylene blue.

Figure 8: Biochar made from algae residue after extraction for adsorption of 
Methylene blue.

CONCLUSION
The findings of this study showed that spirogyra, seaweed, Changzhou 
sample, Wuxi sample, and cultured algae samples all possess a variety 
of phytochemical constituents that can effectively boost the immune 
system against free radical’s oxidative stress and serve as a natural 
source effective bioactive constituent. In terms of yield and time, 
the study found that ultrasound extraction is a more effective and 
environmentally benignant method of extracting bioactive compounds 
than the traditional method. The use of these various algae as sources of 
phytochemical and antioxidant compounds will increase their value and 
encourage them as alternative sources. The biochar made after extraction 
proves the complete utilization of algae biomass.
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UAM: Ultrasonic assisted method; CM: conventional method; CA: 
Cultured algae; SEM: Scanning Electron Microscopic; GC-MS: Gas 
chromatography–mass spectrometry; TCA: trichloroacetic acid; EDTA: 
Ethylenediaminetetraacetic acid; DMSO: Dimethyl sulfoxide; DNA: 
Deoxyribonucleic acid; DPPH: 1,1-diphenyl-2-picrylhydrazyl; FRAP: 
Ferric reducing antioxidant property.

SUMMARY
In this study, different algae samples were subjected to ultrasound 
treatment with solvent mixture of 70% ethanol and 30% water (v/v). 
Microcystis aeruginosa, Spirogyra, Seaweed and algae from lake Taihu 
were treated with ultrasound. The analysis revealed the presence of 
bioactive compounds such as alkaloids, phenols, tannins, flavonoids, 
terpenoids, steroids, proteins, carbohydrates, phytosterols, quinones, 
saponins, coumarins and glycosides among the different algae samples. 
In vitro screening of the extracts also showed good antioxidant capacity 
(hydroxyl radical (•OH) scavenging activity, ferric reducing antioxidant 
property (FRAP), 1, 1diphenyl2picrylhydrazyl (DPPH) scavenging 
activity), the extracted compounds are of biological and pharmacological 
importance. The study showed the different algae species were enriched 
with phytochemicals, which have inhibitory effect against various 
ailments and have potential in pharmaceutical products. Biochar was 
produced from the residue after extraction ensuring the complete 
utilization of algae biomass.
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