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Abstract: Microalgal species are known to have pigments in their cellular constitute at the maximum and are
valuable bicactive products. In the present study focused was on the evaluation of efficient extraction methods
for photosynthetic pigments from microalgal species. They are, Chlorella sp., Acrochaete sp.,
Phormidium chlorinum, Jaaginema pseudogeminatum and Chroococcus sp. There are four different extraction
methods were adopted for active recovery and are economically feasible such as direct extraction, mechanical
grinding, heating and preheated solvent method. Tt was found that mechanical grinding method has extract two
fold increased amount than the other methods. Additionally, this methods is inexpensive, less laborious and
active extraction. Tt is suggested that this method could be used for the extraction of photosynthetic pigments

from microalgae for pharmaceutical to biotechnological purpose.
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INTRODUCTION

Microalgae are oxygemnic photosynthetic orgamsm
comprises of both prokaryotic and eukaryotic forms. They
are responsible for approximately half of the atmospheric
oxygen and simultaneously use the greenhouse gas
carbon dioxide. These microalgae possess pigments such
as chlorophyll and carotenoids. Pigments like chlorophyll
and carotenoids are used to assess algal biomass and the
phylogenetic composition of an aquatic  ecosystem
(Millie et al., 1993; Jeffrey et al., 1997, Al-Kahtam et al.,
2007; Adesalu and Nwankwo, 2008). Various extraction
techniques are commonly employed to extract these
photosynthetic pigments (MacKinney, 1941; Porra et al.,
1989; Karsten ef al., 1998; Pasquet et al., 2011). Apart
from the physical extraction techniques, some enzymes
have also been reported to be used in pigment extraction
(Deniaud et oI, 2003, Kim et al., 2005, Choudhari and
Ananthanarayan, 2007).

Precise analysis of algal photosynthetic pigments
depends on the efficiency of the extraction technique.
Each technique has its own merits and demerits. Whle
evaluating any pigment extraction technique, the
parameters like extractability, compatibility, precision,
sunplicity and safety (Wright et al, 1997) must be

considered. For complete extraction of pigments, the
chloroplast membrane should be solubilized in a solvent.
In the present study, acetone was chosen as an extraction
solvent as 1t extracts most of the photosynthetic
pigments, in a wide range of polarity and furthermore,
acetone 90% 1s recommended for phytoplankton pigment
analysis (Strickland and Parsons, 1972; Jeffrey and
Hallegraeft, 1987, Parsons et al., 1984). Yet, pigment
extraction has also been performed in 100% acetone to
limit chl o hydrolysis by the thylakoid-bound enzyme
chlorophyllase, present n most diatom species and
chlorophyceae. The next thing is that the protocol which
favours complete pigment recovery in one orgamsm does
not suit for the other. So, it 1s essential to use an
extraction method which 1s suitable for most of the
microalgae and at the same time that method should be
easy to follow in any laboratories. Apart from the
extraction techniques, these pigments were quantified and
identified by spectrophotometric and chromatographic
techniques (Jeffrey et al., 1997).

With these considerations, the present work was
aimed to compare the efficiency of four different
conventional pigment extraction technmiques via.: (1) Direct
extraction method, (b) Preheated solvent method, (3)
Mechanical grinding method and (4) Heating method
among morphologically different forms of algae.
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MATERIALS AND METHODS

Culture: Phormidium chlorinum,  Jaaginema
pseudogeminata, Chroococcus sp., Chlorella sp. and
Achrochaete sp. were obtained from Microalgal Culture
Collection Centre, Department of Microbiology,
Bharathudasan Umiversity, Tiruchirappalli- 24, Tamil Nadu,

India.

Medium and culture conditions: FPhormidium chlorimim
and Jaaginema pseudogeminata, Chroococcus sp. and
Achrochaete sp. were subcultured in MN® medium
(Rippka, 1988) whereas Chlorella sp. was sub cultured in
Half Strength Chu 10 medium (Tlavarasi et al., 2011). The
cultures were maintamed at 25+2°C with 1.5 klux in
12:12 h photoperiod.

Extraction methods: All the cultures were harvested at
their respective stationary phases and lyophilized.
Lyophilized algal cells were used for each conventional
extraction method and all the extractions were performed
in triplicates. After extraction, the absorbance of the
supernatants was measured at 663 and 470 nm for
chlorophyll a and carotenoids, respectively. The pigment
content was estimated based on the equations proposed
by Lichtenthaler (1987).

Direct extraction: For 30 mg dried cells, 10 mL acetone
was added and kept in a rotary shaker for 24 h followed by
centrifugation at 8,000 rpm for 10 min. The supernatant
was collected and the absorbance was measured at
corresponding wavelengths.

Preheated solvent method: For 30 mg of lyophilized cells,
10 mL of preheated acetone was added and it was kept in
rotary shaker for 15 min followed by centrifugation at
8,000 rpm for 10 min. The supernatant was collected and
their absorbance was measured.

Mechanical grinding method: Thirty milligram of
lyophilized cells were taken in a mortar and pestle with a
pinch of glass powder. Initially, 2 ml of acetone
was added followed by grinding for 2-3 min The
solvent- ground cell mixture was centrifuged and the
supernatant was collected in a separate tube. The
procedure was repeated until the pellet become colowrless
and the collected supernatants were pooled. The
absorbance of the supernatant was measured.

Heating method: Thirty miligram of lyophilized cells were
taken in a boiling tube along with 10 mL of acetone. The
solvent-cell mixture was kept at 50°C i a water bath for
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3 h which has been shaken manually once in 30 min. The
contents were cooled, centrifuged and the supernatant
was collected. The absorbance of the supernatant was
measured at their corresponding wavelengths.

RESULTS AND DISCUSSION

The present study was imtiated in order to evaluate
the efficiency of conventional pigment extraction
methods. In this study four different extraction methods
viz, (a) direct extraction, (b) mechamcal grinding method,
(c) preheated solvent method and (d) heating method
were employed to evaluate the pigment extraction
efficiency. At the same time, morphologically different
forms of microalgae (Fig. 1) were taken in this study, in
order to know the versatility of the pigment extraction
method. Pigments like chlorophyll and carotenoids are
used to assess algal biomass from a particular
enviromment and at the same time, they are also used to
assess the algal growth under controlled envirormmental
conditions.

Figure 2 shows the overall pigment yield of the
mechanical grinding method. Error bars indicate standard
errors (n=5). Chlorella sp. showed maximum chlorophyll
a and carotenoid content of about 2.45 and 0.27 mg g~' of
lyophilized cells whereas the Acrochaete sp. found to
have 1.75 and 0.25 mg g~ of chlorophyll a and carotenoid,
respectively. In case of Phormidium chlorinum, the
chlorophyll a and carotencid content were
be 297 and 071 mg g ' whereas,
Jaaginema pseudgeminatum 1t was about 1.14 and
0.33 mg g, respectively. Regarding the pigment content
of Chroococcus sp. the chlorophyll a and carotenoid
content of about 0.49 and 0.13 mg g~' were recorded. The
extraction protocols in the literature are diverse and
represent the simple fact that no one protocol is sufficient
for use on all varieties of algae.

Among  the Chlorella  sp.,
Acrochaete sp. was found to have rigid fibrillar cell wall

found

to n

five organisms,
composed of polysaccharides whereas the rest of the
organsims possess gelatinous cell wall, which has been
completely lysed using this method. The important step
in each and every extraction method is cell lysis. The
contact of cells with solvent usually leads to cell lysis to
some extent. In order to obtain efficient cell lysis, here the
cells were ground in acetone along with glass powder.
The cells were lysed upon solvent and grinding treatment
(data not shown). This 1s one of the simple mechanical
disruption methods which 13 commonly used in many of
the phycology laboratories. The mechanical grinding
leads to rise in temperatwre that may leads to pigment
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Fig. 1(a-e): Various morphotypes of microalgae (a) Chroococcus sp., (b) Acrochaete sp., (¢) Phormidium chlorinun,
(d) Chlorella sp. and (e) Jaaginema pseudogeminatum used in the current study
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Fig. 2(a-d). Estimated pigment content of algal cells using different pigment extraction techniques, (a) Mechanical
grinding method, (b) Direct extraction method, (¢) Heating method and (d) Preheated solvent method,
1: Chlorella sp., 2. Acrochaete sp., 3. Phormidium chlorinum, 4. Jaaginema pseudogeminatum
5: Chroococcus sp.), error bars indicate standard errors

degradation. In order to avoid pigment degradation while The extraction period is a significant aspect in the
extraction the whole extraction procedure was carried out  recovery and interpretation of pigment yields. In this
under low temperature. method, the cell to solvent contact time was about one
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hour, this facilitates the complete recovery of pigments
from the cell. In contrast to the present study, it was
reported that short extraction time may fail to recover
pigments completely (Buffan-Dubau and Carmean, 2000,
Cartaxana and Brotas, 2003). Tn this study upon repeated
extraction, the color of the cell has been changed from
green to pale white revealed that the pigments were
completely recovered from the cell. It was also reported
that mechanical disruption can improve the extraction
efficiency of the solvent depending on the solvent
used and if the sample was freeze-dried. Pigment
extraction methods from algae were evaluated by many of
the researchers. Hagerthey et al. (2006) evaluated various
methods of pigment extraction for periphyton group of
algae. From the estimation, it was found that the
mechanical grinding method 1s efficient than the rest of
the pigment extraction methods (Table 1).

Table 1: Various pigment extraction methods used in the present study

Figure 3a shows the yield of pigment using direct
extraction method. The error bars indicate the standard
errors. In Chlorella sp. the chlorophyll a and carotenoid
content of about 0.20 and 0.06 mg g were estimated
using the direct extraction method. Acrochaete sp.
showed 019 and 0.05 mg g~ of chlorophylla
and  carotenoid  respectively, whereas, m
Phormidium chlorinum showed 0.18 and 0.09 mg g
correspondingly. Jaaginema pseudogeminatum showed
chlorophyll a and carotenoid content of about 0.18 and
0.08 mg g~ ' whereas, in Chroococcus sp. it was 0.04 and
0.04 mg g chlorophyll a and carotenoid content,
respectively. The direct extraction method yielded less
amount of pigment when compared to the mortar and
pestle method.

In the direct extraction method, the cell to solvent
contact time was about 24 h which is high when compared

Extraction methods
Criteria Direct Preheated solvent Mechanical grinding Heating
Solvent Acetone Acetone Acetone Acetone
Solvent-cells contact time 24h 30 min 1h 3h
Time taken for extraction 24 h+10 min 40 min 1 h+10 min 3 h+10min
Extraction efficiency Minimum Below minimum Maximum Minimum
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Fig. 3(a-d). Pigment recovered from algal cells using different pigment extraction techniques, (a) Mortar and pestle
method, (b) Direct extraction method, (¢) Heating method and (d) Preheated solvent method, 1: Chlorella
species 2: Acrochaete species 3. Phormidium chlorinum, 4. Jaaginema pseudogeminatum 5. Chroococcus

species
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to the contact time of the rest of the methods. Under good
extraction conditions, solid substances 1.e., the cell
substances should dissolve in respective solvent rapidly
and totally in a short period. However, this 1s not always
the case when dealing with cells having complex cell wall.
Moreover without any pretreatment, cells with complex
cell wall require long extraction period. Former studies
showed that long duration of extraction procedure can
mcrease the formation of degradation products like
chlorophyllide a and chl a allomers and epimers
(Furuya et al, 1998; Cartaxana and Brotas, 2003).
Although, we did not quantify degradation products,
Furuya et al., 1998 found that chlorophyll degradation
products for a 5 h extraction using DMF were more than
2-fold greater than a 2 h extraction; thus, it is likely that
2 h extraction mimmizes pigment degradaton. In this
regard, the present study showed that direct extraction
procedure does not suit much for photosynthetic pigment
extraction from algae.

Figure 3b shows the yield of pigment using heating
method. In Chiorella sp. the yield of chlorophyll a was
higher in heating method followed by mortar and pestle
method. But the pigment yield was very low when
compared to the mortar and pestle method. The pigment
vield may be affected by increase in temperature of
this extraction method. Figure 3¢ shows the overall yield
of pigment using preheated solvent method. This type of
extraction does not suit much for microalgae used in the
present study. The pigment yield was very low in this
extraction method when compared to the rest of the
extraction methods. Schumann et al. (2005) reported a
suitable pigment extraction method for the extraction of
chlorophyll from green microalgae colonizing building
facades. Similarly, many pigment extraction protocols for
photosynthetic pigments were evaluated by many
researchers (Henriques et «l, 2007). From the
results (Fig. 3d), it found  that
mechanical grinding method yielded maximum amount of
pigment than the rest of the methods employed this
study.

overall was

CONCLUSION

The present study states that the mechanical
grinding proved to be efficient among the conventional
pigment extraction methods and it will be used for the
recovery of pigments from microalgae. Moreover, this
pigment extraction method can be further used for
exploitation of various photosynthetic pigments from
microalgae.
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