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Abstract
Beta-carotene pigment was extracted from 3 isolates of some microalgae (cyanobacteria and green algae) which were isolated
from the local environment of Mosul city. The maximum concentration of the pigment in the acetone extract of Chlorella alga
(RC) was (1179.1 ppm), whereas the minimum was in the lower layer after separation of cyanobacteria Gloeocapsa (F2G) and
was (271.2 ppm). The efficacy of Beta- carotene pigment and the acetone extract against bacteria and pathogenic fungi was
studied and the results showed that all the samples of the used genera (cyanobacteria and green algae) had showed
inhibitive efficacy against bacteria and fungi. The acetone extract of Chlorella surpassed the other extracts of raw cyanobacteria
(acetone) and this applies to the beta- carotene pigment F1 extracted from Chlorella and its efficacy against bacteria and
fungi, whereas the lower layer F2 showed the least effect against bacteria and fungi.
Key word: b-carotene, Micro algae, Antimicrobial.

Introduction
Algae are simple autotrophic organisms, i.e. they have

the ability to produce organic carbon through
photosynthesis, their individuals vary in size, cellular
structure and biological characteristic (Frost et al., 2012).
Microalgae are considered by some as being composed
of bluish green algae (cyanobacteria) with primitive
nuclei, some small real nuclei chlorophyta (Miazeketal.,
2015) and Gloeocapsa which belongs to the family
Chroococcaceae with oval cells and rounded ends,
spherical or semi- spherical and each cells is surrounded
by a distinguished gelatine sheath (Athbi, 2014). As for
Fischrella algae, the thallus is diverse and of different
shape, either single stranded or multi- stranded green
coloured and usually trailing. A few of them consist of
upright branches which consist of oval cells (Wehr and
Sheat, 2003). The green alga Chlorella belongs to the
family Chlorellaceae; it lives in sweet water and is of
single cell, each of which (µ8-L) thick and is non- flagellate
(Shim et al., 2008). Algae are considered one of the
richest biological sources with biologically effective
compounds resulting from secondary metabolism, and
they are sources for many of them such as Carotenoids,
Terpens, Chlorophyll, fatty acids, alkaloids, phenols and

other compounds used in manufacture and development
of medicines to treat diseases such as cancer, aids,
rheumatism, inflammations and viral, microbic or fungal
infections (Almeida et al., 2011; Harmsen, 2011).

Carotene pigments are natural pigments produced
by different groups of living beings like plants, animals
and microorganisms, and they take different colours like
yellow, orange, red and purple (Li et al., 2012). Carotene
pigments are characterized by ease of extraction and
purification, their low cost, and also they have no negative
side effects (Frengova and Behkova, 2002; Wang et al.,
2012). Beta- carotene pigment is of a ring- shape
composition made of a long chain of double bonds.
Temperature consolidates the attachment of the double
bonds resulting in their light colour (Fratianni et al., 2010),
it also does many functions in the human body, namely
limiting the hazard of developing cancer, and heart and
cardiovascular diseases due to their anti- oxidation
characteristics (Wang et al., 2008). Nowadays attention
increased to the beta- carotene pigment which is one of
the biologically active compounds that works with high
efficacy (Ambati et al., 2014).

To analyse the beta- carotene pigment, many methods
were used including chromatography which is
characterized by being on a high degree of sensitivity*Author for correspondence : E-mail : mirausama@uomosul.edu.iq



and particularity in establishing results. It includes thin
layer chromatography (Sathya, 2017; Bhagarathy et al.,,
2011) and high performance liquid chromatography
(HPLC) (Madhurima and Pooja, 2013). The study aims
to extract the beta- carotene pigment from some
microalgae and to study their effect on bacteria and
pathogenic fungi.

Materials and Methods
Samples of the study were taken from higher

education laboratories of the college of education/
department of biology, and they were diagnosed as:

Cyanobacteria , Gloeocapsa , Fischrella  and
Chlorella Vulgaris.

Extraction of beta- carotene pigment
Beta- carotene pigment was extracted from some

microalgae (cyanobacteria and green algae) after drying
the wet mass taken from a farm of two weeks old using
the method of (Harborne, 1984), a weight of 2g was taken
and added to 50 ml of acetone then enwrapped with
aluminium foil with stirring via magnetic stirrer for 24
hours, then put into the separating funnel and added to it
a mixture of ether and methanol with a proportion of
37.5:5 ml respectively, then a polar an a non- polar layers
were formed, and then the sample size was reduced via
Rotary Vacuum Evaporator at a temperature of 40- 60 c’

and then put in dark flasks.
Purification and diagnosis of beta- carotene pigment

Some steps and methods were followed to purify the

Fig. 1: Mobile Phase Petroleum Ether : Acetone. Fig. 2: Mobile Phase Hexane : Acetone.
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2- Beta- carotene pigment estimation using the high
performance chromatography separation technique
(HPLC)

Beta-carotene pigment was estimated in
cyanobacteria and algae isolates according to
(Madhurima and pooja, 2013) using the high performance
liquid chromatography (HPLC) device where the carrier
phase of acetonitrile: distilled water (80:20ml) was used
as well as a separation column (C18- ODS) (25cm*4.6
cm), and the ultra- violate ray detector (uv- vis) was
used with a wavelength of (450 nm) and a rate of flow (1
ml/minute). From the separation process resulted the
drawing of peak curve for each sample along with its
time of retention and the area of the curve for the standard
beta- carotene pigment.
Anti microbial activity of beta carotene from micro
algae

The method of well diffusion (Magaldie et al., 2004)
was followed, to test the inhibitive activity of B- carotene
against Gram positive isolates Staphylococcus aureus
and Gram negative isolates Psuedomonas aeruginosa,
Escherichia coli, Proteus and Klebsiella, by growing
them on petri dishes with Nutrient agar medium and

Table 1: Values of Rf for Cyanobacteria (Gloeocapsa).

S. Pigment Rf Moving phase Source
No. values
1- Tycopene 0.07 Hexane: Acetone Bhagavathy et al.,
2- Myxoxanthin 0.15 Hexane: Acetone 2011
3- Violaxanthin 0.22 Petroleum ether: Bhagavathy et al.,
4- Lutein 0.43 acetone 2011
5- Chlorophyll b 0.54 Petroleum ether: Alma et al., (2018)
6- Chlorophyll a 0.65 acetone Alma et al., (2018)
7- B- carotene 0.94 Petroleum ether: Sathya, (2017)

acetone Sathya, (2017)
Petroleum ether: Alma et al., (2018)

acetone
Petroleum ether:

acetone

Table 2: Values of Rf for Cyanobacteria (Fischrella)

S. Pigment Rf Mobile phase Source
No. values
1- Neoxanthin 0.081 Petroleum ether: Alma et al., (2018)
2- Myxoxanthin 0.15 Acetone Bhagavathy et al.,
3- Violaxanthin 0.2 Hexane: Acetone (2011)
4- Chlorophyll a 0.31 Hexane: Acetone Bhagavathy et al.,
5- B- carotene 0.94 Hexane: Acetone Bhagavathy et al.,

Petroleum ether: (2011)
Acetone Alma et al., (2018)

beta- carotene pigment among which were thin layer
chromatography (TLC) and high performance liquid
chromatography (HPLC).

1- Thin layer chromatography: Silica gel plates were
used of dimensions (20×50 cm) where a spot of isolated
beta- carotene samples was put on, and the plate loaded
with the samples was put into a developing glass tank
that contains solvents system; the first: petroleum ether:
acetone (70:30ml) (Sathyu, 2017) and the second: Hexane:
acetone (75:25ml) (Bhagavathy et al., 2011), then
standard samples were prepared of the beta- carotene
pigment and after the separation was finished, separated

spots were noticed via ultra- violate ray source to
calculate the rate of flow (RF).

Rate of flow (Rf) =

solventthebyeredcedis
cesubssolvedthebyeredcedis

covtan
tancovtan

Fig. 3: Standard curve of beta-carotene pigment.
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inoculum by the spreading method in Broth agar medium.
The dishes were left for 5 minutes, then 5 holes of 6mm
were made in each dish, 50 µl of acetone extract (R)
were added, and B- carotene pigment (F1) and the lower
layer after separating the pigment (F2) and acetone of
100% concentration as a control element (C1) and a
mixture of ether and methyl with a proportion of (15:2ml),
respectively as a second control element (C2).

As for the fungi isolates used they are: Candida
albicans, Alternaria alternaria and Fosarium solani.
They were grown on PDA medium and pollinated by

extracted using acetone, whereas polar ones were
extracted using methanol.

The study of (Al- Mandeel, 2010; Naghavi et al.,
2015) showed the use of solvents that contain ether polar
solvent and that acetone is of the solvents preferred to
be used as polar constituents in the solvent systems used
in efficient separation of most of the common pigments
including carotenoids. Mezzomo et al., (2011) showed
that the maximum total productivity of carotenoids pigment
was by soaking in acetone, hence the Harborne method
was used.

Table 4: Quantum estimation of B- carotene pigment extracted from
cyanobacteria and green algae via the high performance liquid
chromatography (HPLC).

Isolates Extracts Retention Concentration
time ppm

Raw acetone extract (RG)
Gloeocapsa Upper layer ether (F1G) 7.7037.7037.703 924.2638.6271.2

Lower layer methanol (F2G)
Raw acetone extract (RF)

Fischrella Upper layer ether (F1F) 7.7037.7037.703 1092.2891.2354.8
Lower layer methanol (F2F)
Raw acetone extract (RC)

Chlorella Upper layer ether (F1C) 7.7037.7037.703 1179.1780.3410.3
Lower layer methanol (F2C)

  Standard beta- carotene pigment 7.767 20

spreading from PDA slants and containing
saline liquid (5ml). The dishes were left to
dry and 5 holes were made in each dish in
the same fashion of the method used earlier
for bacteria.

Results and Discussion
Extraction of beta- carotene pigment

The extraction of beta- carotene
pigment from the cyanobacteria and algae
isolates was congruent with the study of
Ruivo et al., (2014), as it indicated that the
efficacy of carotenes pigment extraction
depends on the polarity of solvents and the
pigments. Non- polar carotenes were

Fig. 4: Gloeocapsa Raw acetone extract (RG).
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Fig. 5: Gloeocapsa Upper layer ether (F1G).

Fig. 6: Gloeocapsa Lower layer methanol (F2G).

Purification and diagnosis of beta- carotene pigment
After conducting the extraction, some steps and

methods for the purification of the beta- carotene pigment

were performed
- Thin layer chromatography technique (TLC):
In this stage thin layer chromatography technique



Fig. 7: Fischrella Raw acetone extract (RF).

Fig. 8: Fischrella Upper layer ether (F1F).

was used with the beta- carotene pigment extracted from
cyanobacteria and green algae, and the tables below show
the (Rf) values for the extracted pigment:

From the results in table 4 we find that the retention
time for the standard pigment was (7.767 minutes) and
this matches the retention time for the extracted samples
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Fig. 9: Fischrella Lower layer methanol (F2F).

Fig. 10: Chlorella Raw acetone extract (RC).

of the pigment in the studied isolates. Sathya (2017)
mentioned that beta- carotene extracted from the small
green algae appeared at a retention time (10.76 minutes).

Aluc et al., (2018) mentioned that beta- carotene pigment
separated from the green algae Chlorella vulgaris and
Scendesmus regularies appeared at retention times
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Fig. 11: Chlorella Upper layer ether (F1C).

Fig. 12: Chlorella Lower layer methanol (F2C).

(41.32 minutes) and (41.31 minutes) respectively.
Results of the quantum estimation showed that the

maximum concentration of the pigment was (1179.1 ppm)
in the acetone extract for the Chlorella algae (RC) and
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Fig. 13: Antifungal activity of b-carotene extract from micro algae.

the minimum concentration of the pigment was (2712
ppm) in the lower layer of the cyanobacteria Gloeocapsa
(F2G). As for the acetone extract of the Fischrell and
Gloeocapsa, the concentrations of the pigment were
(1092 and 924.2 ppm) respectively, and the concentrations
of the beta- carotene in the algae Chlorella, Fischrella
and Gloeocapsa were (780.3, 891 and 638.6 ppm)

respectively. And finally for the lower layer of the algae
Chlorella and Fischrella, the concentrations of the
pigment were (410.3 and 364.8 ppm) respectively.

The results of research and studies, one of which
was the study of Damergi et al., (2017), showed that at
the extraction of carotenes pigment from Chlorella

Beta-Carotene Extraction from Some Microalgae, Cyanobacteria and Chlorophyta with its Antibacterial 8093



Fig. 14: Antibacterial activity of b-carotene extract from micro algae.

vulgaris algae, the total concentration of the pigment
was (417 g/µg) of the dry weight of the alga and the
concentration of B- carotene pigment varied between
(50- 45 g/µg). Emeish (2012) was able to isolate
Dunaliella salina alga from the Dead Sea, and he
extracted B- carotene from it with a concentration of
(941.1).

Anti-microbial activity of beta-carotene extract from
micro algae

The acetone extract of cyanobacteria had more
effect on negative Gram bacteria than on positive Gram
bacteria, whereas the acetone extract of green algae had
more effect on positive Gram bacteria compared to
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Fig. 15: Antibacterial activity of b-carotene extract from micro algae.

Table 5:  Illustrating the anti- effect of beta- carotene pigment against bacteria and fungi.

CCCCCCCCC FFFFFFFFFF GGGGGGGGGG *G BBBBBBBB
C2 C 1 F2 F 1 R C2 C 1 F2 F 1 R C2 C 1 F2 F 1 R
- - N 19 26 - - 17.5 20 24.5 - - 16.5 17 20 PPPPPPP
- - N 20 25.5 - - 18 21 24 - - 15.5 19 22 PPPPPPPPPPP PPPPPPPPPP
- - N 21 34.5 - - 17 17 24 - - 17.5 20 21.5 KKKKKKKKKK
- - N 20 31.5 - - 18 19 22 - - 17.5 20 20 SSSSSSSSSSSSSS SSSSSS
- - N 18 29.5 - - 20 20 23 - - 18 19 21 EEEEEEEEEEE EEEE FFFFF
- - N 18 23.5 - - 15.5 19.5 22 - - 13.5 18 22 CCCCCCC CCCCCCCC
- - N 20 24 - - 16 19 23 - - 15 17.5 20 AAAAAAAAAA
- - N 20 22.5 - - 18 20 20 - - 16.5 18 18 FFFFFFFF

R: Raw samples, F1: Fraction 1 (b-carotene) higher layer, F2: Fraction 2 (lower layer), C1: Control 1 (acetone),
C2: Control 2 (ether: methanol), N: Non applied to it

negative Gram bacteria. The acetone extract of Chlorella
(green algae) markedly outmatched the other raw
(acetone) extracts of cyanobacteria in its efficacy against
bacteria and fungi. This also applies to the beta- carotene
pigment F1 extracted from Chlorella and its anti- effect
against bacteria and fungi.

As for the lower layer after separation F2 for all the

genera, it showed lower efficacy against bacteria and
fungi than the raw extract R, also the upper layer F1 the
beta- carotene.

All the samples for the different genera used
(cyanobacteria and the green, and all their extracted parts)
they showed efficacy against all pathogenic bacteria
genera and fungi.
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The study of (Bhagavathy et al., 2011) indicated that
the acetone extract of Chlorococcum humicola showed
an effect against positive Gram bacteria compared to
the negative Gram bacteria, whereas regarding its effect
on fungi, it showed an effect against Asperigellus flavus
fungus, and showed no effect against Candida albicans.
As for the B- carotene pigment it showed the best
inhibition area against E. coli, but no effect against P.
aeruginosa bacteria. Regarding fungi it showed its
highest effect against C. albicans, and its lowest effect
was against Aspergillus flavus.

Conclusions
Microalgae (cyanobacteria and green algae) produce

beta- carotene pigment and the best concentration of the
pigment was in the green alga (Chlorella) when
diagnosed by high performance liquid chromatography
(HPLC). The acetone extract (R) for the cyanobacteria,
green algae, beta- carotene (F1) and the second layer
after separation (F2) have anti- effect against bacteria
and pathogenic fungi, the thing that offers a possibility of
using them as antibiotics in the future.

Acknowledgment
Authors are grateful to the Department of Biology,

College of Education for Pure Science, Mosul University,
Ministry of Higher Education and Scientific Research,
Mosul, Iraq and Ministry of Science and Technology,
Environment and Water Department, Baghdad, Iraq for
supporting this study with HPLC data.

References
Almeida, D.E., D.S. Falcao, D.M. Lima, D.A. Montenegro, S.

Lira and M. Athayde- Batista (2011). Bioactivities from
marine algae of the genus Gracilaria. Int. J. Mol. Sci., 12(7):
4550- 4573.

Athbi, Ahmad Muhsin (2014). Algae Practical, Ministry of
Higher Education and Scientific Research, Basra
University, Darul Kutub for printing and publication/ Basra
University (In Arabic).

Alam, T., L. Najma and A. Al- Harrasi (2018). Extraction of natural
pigment from marine alage. Journal of Agricultural and
marine sciences, 23: 81- 91. Doi: 10. 24200/Jams.

Alus, Y., G.B. Kankilic and I. Tuzun (2018). Determination of
cardenoid in two algae species from the saline water of
kapulukaya reservoir by HPLC. Journal of Liquid
chromatography and related technologies, 41(2): 93- 100.

Ambati, R.R., S.M. Phang, S. Ravi and R.G. As wathanarayana
(2014). Astaxanthin: source, Extraction, stability, Biological
activates and its commercial applications. A review mar.
Drugs, 12: 128- 152.

Al-Mandeel, F. Abdullah (2010). Using of Natural products

and Biological Features for Potamogeton Species
Taxonomy Growing in the Tigris River within Mosul City.
Ph.D. thesis, Biology, University Of Mosul-Iraq. (In
Arabic).

Bhaga vathy, S., P. Sumathi and J.S. Bell (2011). Green algae
Chlorococcum humicola : A new source of bio active
compound with antimicrobial activity. Asian pacific
Journal of tropical Biomedicine, 51- 57.

Damergi, E., J. Schwit Zguebel, D. Refard, S. Sharma, C. Holliger
and C. Ludwig (2017). Extraction of carotenoid from
Chlorella vulgaris using green solrent and syngas
production from residual biomass. Journal home page
(Algal Research), 25: 488- 495.

Emeish, S. (2012). Production of Naturel B-Carotene from
Dunaliella living in the Dead sea. Jordan Journal of earth
and Environmental sciences, 4(2): 23-27 ISSN 1995- 6681.

Frost, P., D. Schindler, E. Porter- Goff and C. Middleton (2012).
The algae of the kawartha Lakes their place in the
ecosystem, when they become a hazard and what controls
their growth. (P.37).

Frengova, G.T. and D.M. Beshkova (2009). Carotenoids from
Rhodotorula and phaffia: Yeasts of biotechnological
importance. J. Ind. Microbial. Biotechnol., 369: 163-180.
Archiva zootechnica 14: 75-83, 2011-83.

Fratianni, A., L. Cinquanta and G. Panfili (2010). Degradation of
carotenoid in orange Juice during microwave heating. Lwt-
food science and technology, 43: 867- 871.

Harmsen, P. (2011). Micro algae: the green gold of the future?
Large-scale sustainable cultivation of microalgae for the
production of bulk commodities. print: propress, wage
ningen UR. TSBN 978- 94- 6173- 069- 6. www.algae.wur.nl.

Harborne, J.B. (1984). “ Phytochemical methods” A guide to
modern techniques of plant analysis, 2nd edition London,
Chapman and Hall.

Li, Z., M. Sun, Q. Li, A. Li and C. Zhang (2012). Profiling of
carotenoid in Six microalgae (Eustigmato phycane) and
assessment of Meir beta- carotene productions in bubble
column photo bioreactor. Biotechnol. let., 34(11): 2049.53.

Magaldi, S., C. Mata-Essayag, H. Decapriles, C. Perez, M.T.
Collela and C. Olaizola (2004). Well diffusion for antifungal
susceptibility testing. Int. J. Infect. Dis., 8: 39- 45.

Maizek, K., W.I. wanek, Remacle, A. Richel and D. Goffin (2015).
Effect of metals, metalloids and metallic nanoparticles on
microalgae growth and inductrial product bio. synthesis:
A Review. Tnt. J. mol. Sci., 16: 23929- 23969.Doi: 10.3390/
ok, l161023929. www.mdpi.com/Jarnals/I jms.

Madhurima, B. and B. Pooja (2013). Rapid, accurate and routine
HPLC method for large- scale screening of pro vitamin A
carotenoids in oilseeds, Journal of plant Biochemistry
and Biotechnology.

Mezzomo, N., B. Maestri, R.L. Dossantos, M. Maraschin and
S.R.S. Eerreira (2011). Pink shrimp (P. brasiliensis and P.
paulensis) residne: Influence of extraction Method on

8096 Maha Falah Al-Taie and Mira Ausama Al-Katib



carotenoid concentration. Talanta, 85(3): 1383- 1391. http:/
/dx.doi.org/10.1016/J.talanta.2011.06.018.

Naghari, F.S., P. Hanachi, M.R. Soudi and A. Saboora (2015).
The capability of Rhodotornla slooffiae to produce
carotenoid. Zahedan Journal of Research in medical
sciences, 17(2): 52- 56.

Ruivo, M., P. Cartaxana, M.I. Cardoso, A. Tenreiro, R. Tenreiro
and B. Jesus (2014). Extraction and quantification of
pigment in aerobic an oxygenic phototrophic bacteria.
Limnology and oceanography: Methods, 12: 338- 350.

Shim, J.Y., H.S. Shin, J.G. Han, H.S. Park and B.L. Lim (2008).
Prote ctive effects of chlorella Vulgaric on liver to xicity in
cadmium-admini-admini stered rats. J. Med. Food., 11(3):
479- 485.

Sathya, S. (2017). Separation of algal pigments By thin layer
chromatography (TLC) and High performance Liquid
chromatography (HPLC). World Journal of
pharmaceutical Research, 16: 1275-1284. Issn 2277-7105.

Wang, B. Lin, L. Lu and W. Chen (2012). Optimization of B-
carotene production by a newly isolated Serratia
marcescens strain. Electron. J. Biotech, 15(6): 1-3.

Wang, W., L. Shinto, W.E. Connor and J.F. Quinn (2008).
nutritional biomarkers in alzheimer’s disease: the
association between carotenoids, 4-3 fatty acid, and
dementia severity. J. Alzheimer’s Dis., 13: 31-38.

Wehr, J.D. and R.G. sheath (2003). Fresh water Algae of North
America. Ecology and classification. Academic press.
Elsvier science (USA).

Beta-Carotene Extraction from Some Microalgae, Cyanobacteria and Chlorophyta with its Antibacterial 8097


