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APRESENTACAO

Avancos Cientificos e Tecnoldgicos em Bioprocessos € uma obra que reune
vinte e trés capitulos com temas em pesquisas cientificas realizadas no campo da
biotecnologia, e que envolve agentes bioldgicos e bioquimicos na geracéo de produtos
ou processos. Nesta obra se concentram diversos avangos descritos nas metodologias
e nos resultados, distribuidos em quatro tdpicos principais, envolvendo: processos
quimicos e biotecnolégicos no aproveitamento de residuos; producédo de metabdlitos
e enzimas; métodos analiticos e de simulacéo; e biotratamentos envolvidos na
geracao de energias. Esta obra foi escrita por jovens pesquisadores brasileiros que
estdo desenvolvendo suas teses e/ou dissertacdes em instituicdes nacionais. Por este
motivo, os aspectos inovadores e o alcance dos resultados apresentados podem ser
um grande estimulo para aqueles que visam conhecer com maior amplitude alguns
dos aspectos biotecnologicos estudados em algumas das instituicdes de nosso pais.
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CAPITULO 22

BIOPROSPECTING CAROTENOIDS PRODUCTION IN
THREE BRAZILIAN MICROALGAE SPECIES

Sabrina da Silva Mesquita
Universidade Federal do Rio de Janeiro,
Departamento de Engenharia Bioquimica

Rio de Janeiro — RJ
Natalia Guimaraes Figueiredo

Instituto Nacional de Tecnologia, Divisédo de
Quimica Analitica

Rio de Janeiro — RJ
Inaia Costa Cutrim

Instituto Nacional de Tecnologia, Divisdo de
Quimica Analitica

Rio de Janeiro — RJ
Simone Carvalho Chiapetta

Instituto Nacional de Tecnologia, Divisédo de
Quimica Analitica

Rio de Janeiro — RJ

Claudia Maria Luz Lapa Teixeira
Instituto Nacional de Tecnologia, Divisdo de
Energia

Rio de Janeiro — RJ

Eliana Flavia Camporese Sérvulo

Universidade Federal do Rio de Janeiro,
Departamento de Engenharia Bioquimica

RESUMO: Carotenoides sao corantes naturais
com coloragéo amarelo, laranja e vermelho que
podem ser produzidos por alguns organismos.
Estes corantes sdo uma interessante alternativa
ao uso de corantes artificiais na industria de
alimentos, por serem seguros € apresentarem
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propriedades funcionais. Dentre as fontes
microbianas produtoras de carotenoides,
encontram-se algumas espécies de microalgas.
Sendo assim, 0 objetivo deste trabalho foi avaliar
a producédo de carotenoides em trés espécies
de microalgas brasileiras, durante a fase
estacionaria de crescimento, e avaliar se houve
a producédo de B-caroteno ou cantaxantina. O
maior rendimento obtido em carotenoides totais
foi nos cultivos da espécie Haematococcus
pluvialis. Todas as espécies estudadas
produziram [(-caroteno e somente a espécie
Golenkinia radiata produziu cantaxantina.
Diante dos resultados apresentados foi possivel
concluir que a espécie H. pluvialis foi a melhor
produtora de carotenoides totais. Ademais, a
espécie G. radiata, pouco estudada na literatura,
necessita ser mais explorada na tentativa de
compreender as condi¢des de cultivo favoraveis
a inducao da producéo de cantaxantina.
PALAVRAS-CHAVE: carotenoides, 3-caroteno,
cantaxantina, microalgas.

ABSTRACT: Carotenoids are natural dyes
produced by some organisms, which comprises
colors like yellow, orange and red. They are
safe and healthy which makes them interesting
alternatives for replacing artificial coloring in
food industry. Among microbial sources of
carotenoids, some microalgae species stand
out. Thus, the purpose of this study was to
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evaluate carotenoids production by three Brazilian microalgae species on stationary
growth phase and evaluate the production of 3-carotene or canthaxanthin. High total
carotenoids yield was obtained in Haematococcus pluvialis cultives. All studied species
were able to produce B-carotene and only Golenkinia radiata produced canthaxanthin.
It was possible to conclude with the presented results that H. pluvialis was the best
producer of total carotenoids. Furthermore, the G. radiata species, which was few
studied in literature, needs to be explored in attempt to understand the favorable
conditions to the induction of canthaxanthin production.

KEYWORDS: carotenoids, B-carotene, canthaxanthin, microalgae.

11 INTRODUCTION

The increasingly awareness of the consumer market regarding the use of natural
products has stimulated the addition of natural dyes to the food industry. Carotenoids
are natural colorants which present colors like yellow, orange and red. Also, they
can be produced by some plants, macroalgae and microorganisms such as fungus,
bacteria and microalgae. The production of carotenoids by microorganisms has been
shown to be more advantageous than the traditional extraction from plants sources,
since it enables short time production regardless the season (Valduga et al., 2009).
Some microalgae species produce large carotenoids amounts, like canthaxanthin
and B-carotene, which can act as antioxidants, preventing many types of cancer,
cardiovascular diseases and others. Considering the Brazilian biodiversity and few
bioprospecting studies concerning carotenoids production by Brazilian microalgae,
this work aimed to evaluate the total carotenoids production and whether carotenoids
canthaxanthin and B-carotene are produced by three Brazilian microalgae species.

2| MATERIALS AND METHODS

The native microalgae species used in carotenoids bioprospecting were: Chlorella
zofingiensis, Haematococcus pluvialis and Golenkinia radiata. Initially, it was necessary
to obtain pre-inoculum cultures. For this, each species was cultivated in conic flasks of
500 mL, containing 300 mL of WC culture medium without silica, under orbital shake
at 180 rpm, 200 + 10 pmol photons.m-2.s-1 of irradiance, and in a controlled room
temperature (23 — 27°C). After reaching the exponential growth phase, each culture
was inoculated in 300 mL of new WC medium and submitted to the same pre-inoculum
conditions to start the carotenoids bioprospecting experiments. These experiments
were finalized at stationary growth phase. Cell growth was evaluated by direct counting
using microscope and by gravimetric method (cell dry weight). Nitrate consumption
was analyzed according to Collos et al. (1999). For carotenoids analysis, cultures
were previously vacuum filtered on glass fiber membranes and pigments from the
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filtered cells were extracted using acetone 100%. Total carotenoids concentration was

estimated in accordance with Lichtenthaler (1987). The extracts were also analyzed

using high performance liquid cromathography to identify the presence of B-carotene
or canthaxanthin, according to Guarantini et al. (2009).

3 | RESULTS AND DISCUSSION

In table 1, it is possible to observe that H. pluvialis had the shortest cultivation
time and nitrate consumption. In addition to that, the best results of total carotenoids

production (total carotenoidsin culture, Y

P/X?

total carotenoids percentage in dry biomass,

Qp and intracellular total carotenoids quantity) were reached by this microalgae species.

Reports on carotenoids production by microalgae indicate that some species are able to

overproduce these pigments under stress growth conditions by secondary metabolism.

Among stress factors, there is nutrient privation, mainly nitrate, and high light irradiance.
These stressors increase the formation of intracellular free radicals, which leads to

a production of carotenoids in order to protect microalgae cells against deleterious
effects caused by these radicals. In relation to the studied H. pluvialis cultivation, it is

noted that there was no nitrate starvation to induce carotenoids production. Therefore,

two hypotheses are suggested: the starvation of another nutrient, like phosphate,

might have induced the carotenoid production (Imamoglu; Dalay; Sukan, 2009) or the
irradiance used was sufficient for this induction.

Microalgae Species
C. zofingiensis G. radiata H. pluvialis
Cultivation Time (d) 18 13 4
NO,” Consumption (%) 97 95 25
mg/L 0,40 +£0,04 0,71 £0,09 3,44 0,19
~ é f:’ Y., (mg/g) 0,98 +0,07 2,06 +0,11 11,51 + 0,46
285 % d.b. 0,1 0,2 1
F53
3 a pg/cell 0,03 + 0,005 4,7 +0,75 27 + 3,33
Q_ (mg.L".d") 0,02 + 0,002 0,05 + 0,007 0,86 + 0,05
Qualitative B-carotene Detected Detected Detected
Analysis Canthaxanthin Not detected Detected Not detected

Table 1. Total carotenoids production, qualitative analysis and nitrate consumption
% d.b.: Total carotenoids percentage in dry biomass. Y, : Total carotenoids yield in dry biomass. Qp: Global

productivity of total carotenoids.

P/X*

Regarding the production of 3,44 mg/L total carotenoids in culture and 11,51 mg/g

of total carotenoids yield by H. pluvialis, it is possible to verify that these results were
higher than 1,7 mg/L and 3,5 mg/g obtained by Goksan and Ak (2006) with another H.
pluvialis strain. In relation to the results achieved on cultivation of C. zofingiensis and

G. radiata, it is noted that these species used almost all the available nitrate (table 1),
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creating a stressor condition. However, as observed in table 1, the nitrate starvation was
not significant enough to induce the production of a large quantity of total carotenoids
by C. zofingiensis and G. radiata. Pelah, Sintov and Cohen (2004) cultivated another
strain of C. zofingiensis, whose total carotenoid yield was around ten times higher than
the one presented in this present work. Among all the studied species, G. radiata was
the second with the shortest cultivation time and also the second that presented the best
total carotenoids production. Nevertheless, the total carotenoids percentage in biomass
was five times lower than the percentage obtained by H. pluvialis and other carotenoids
overproduction species found in studies like Dunaliella bardawil, which can produce up
to 10% of biomass corresponding to 3-carotene (Ben-Amotz; Avron, 1990) or H. pluvialis
which can accumulate around 4% of biomass corresponding to astaxanthin. It was not
possible to compare G. radiata exposed results with other studies, because there is
no research on carotenoids with this species. As noted in table 1, under the studied
cultivation conditions, the canthaxantin production was detected only on G. radiata
extract. In general, in some microalgae species, this carotenoid is overproduced in
response to a stressor factor. Thus, there is a possibility that G. radiata is a carotenoid
overproduction, but it is necessary to optimize culture conditions to induce synthesis of
a large quantity of canthaxanthin. Although some studies have reported the production
of canthaxanthin by H. pluvialis and C. zofingiensis, under experimental conditions of
the present study, it did not happen. Concerning the B-carotene production, it is noted
that all species were able to produce this pigment. Research shows that B-carotene is
not overproduced by H. pluvialis and C. zofingiensis, but there is no register about G.
radiata.

4| CONCLUSION

With the presented results, it is possible to conclude that there are Brazilian
microalgae species with potential of carotenoids production. G. radiatais the only one that
is not already studied on literature. Therefore, it is necessary to study culture conditions
to understand what is favorable for canthaxanthin and B-carotene accumulation by G.
radiata. Both carotenoids are interesting for food and pharmaceutical industries and
present high commercial value, but canthaxanthin has an advantage as it presents a
higher antioxidant activity when compared with B-carotene. Moreover, it is necessary
to evaluate another culture conditions for H. pluvialis and C. zofingiensis to induce
canthaxanthin production and optimize the productivity. After reaching the optimum of
each specie, it will be possible to evaluate which species is the best producer.
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diversas publicagcbes nas areas da Quimica e Biotecnologia, assim como patentes. Recebeu a
primeira Carta Patente na UFPA em dezembro de 2013. E pioneiro na otimizagdo de processo
de producao de metabdlitos secundarios e enzimas em cultura de células vegetais e de micro-
organismos na Regi&o Norte do Brasil.
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