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Abstract

Chlorophyll and carotenoids are essential compounds in many everyday Received: 14 August 2021
products. These substances are used not only as an additive in Accepted: 30 October 2021
pharmaceutical and health products but also as a natural food coloring. Page Number: 45-58

In addition, they have antioxidant and anti-mutagenic properties. Extraction
of these compounds is based on cell degradation methods and the chemical
solubility of the compounds. Methods of separation of these compounds
include chromatographic, solvent, supercritical, enzymatic, ultrasound, and Keywords:
microwave methods. One of the most important issues related to the

) : X ) Extraction,
extraction of chlorophyll and carotenoids from microalgae in the culture Microalaae
medium is the need for an efficient, cost-effective, and high-yield extraction gae,

Chlorophyll,

process. The greatest limitation in the biological processing of pigments is
related to the installation of equipment and operation. Therefore, the purpose Carotenoid
of this study is to investigate the main methods for the extraction of
chlorophyll and carotenoids from microalgae by considering the advantages
and disadvantages of each method.
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Figurel. (a) Extraction by ultrasound and microwave. (b) extraction by enzyme and Solvent methods.

(c) Extraction by supercritical fluid method[72].
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Table 1. Advantages and disadvantages of different methods for pigment extraction from microalgae [23,50-53,73-75].

Methodology

Solvent extraction

Enzymatic

Pressure

Supercritical extraction

High voltage electrical
discharge

Electric fields

Ultrasoundassisted

Advantages

Reduced cost in terms of infrastructure and
operating

Specificity
High cell disruption

High cell disruption
Reduced need of solvent

Eco-friendly
Optimal temperature below degradation
point for pigments

Reduced time of extraction
High cell disruption

Lower energy input
Reduced time of extraction
Reduced need of solvent

Reduced time of extraction
Reduced need of solvent

Limitations

Less efficiency
High amount of organic solvents
Time-consuming

High cost of enzymes
Requires very controlled process
Need of separation of the enzymes

High energy requirement

High cost of infrastructure

High cost of infrastructure
Hard operating process

High energy requirement

High cost of infrastructure

High cost of infrastructure
High cost of infrastructure
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Table 2. The parameters investigated in pigments extraction from microalgae using different extraction methods.

Extraction
Method

Supercritical CO,
extraction

Ultrasoundassisted
extraction

High-pressure
homogenization

Pressurized liquid
extraction

Pressurized liquid
extraction
Continuous
pressurized solvent
extraction

Pulsed electric
fields

High voltage
electrical
discharge

Supercritical CO,
extraction
Supercritical CO,
extraction

Supercritical CO,
extraction

Supercritical CO,
extraction

Product

Carotenoids
and chlorophyll

Carotenoids

Carotenoids

Carotenoids
and chlorophyll

Carotenoids

Carotenoids

Carotenoids

Chlorophyll,
Carotenoids

Carotenoids

Carotenoids

Carotenoids

Carotenoids

Species

Nannochloropsis
gaditana

H. pluvialis

Nannochloropsis
sp

Chlorella vulgaris

Phormidium spp

Gloeothece sp

C. vulgaris

N. oculata

Scenedesmus
obliquus

Synechococcus sp

D. salina

Nannochloropsis
oculata

Processing Parameters

Extraction Yield (mg/g)

S: SC-CO, Carotenoids: 0.34
p: 400 bar Chlorophylls: 2.23 [52]
T:60°C;t:3h
S: ethanol: ethyl acetate (1:1, v:v); P:
200W; F: 40 kHz; T: 41.1 °C t: 16 27.58 +£0.40 [22]
min
] Violoxanthin: 2.50+0.24
S: water/recovered with .
hexane: isopropanol (3:2, v:v) p:1000 Antheraxan.thm:l.744_ro.34 [66]
e it 6 At Zeaxanthin: 1.93+0.24
Carotene: 10.07+1.70
S: ethanol: water (9:1, v:v); p: 100
bar; Lutein: 3.70
Lutein: T: 148 °C; t: 35 min; carotene: 0.67 [66]
Carotene: T: 117 ° C; t: 25 min; Chlorophyll a: 10.83
Chlorophyll a: T: 173 °C; t: 15 min; Chlorophyll b: 6.81
Chlorophyll b: T: 170 °C; t: 3 min
S: ethanol; p: 100 b.ar; T: 150 °C; t: 20 ns [73]
min
S: ethanol; p: 180 bar; T: 60 °C; c:3 Lutein: 2.9+0.1 [74]

S: citrate-phosphate Mcllvaine
buffer/recovered with ethanol; E: 20 1.00 [75]
kV.cm?; T: n.s.; t: 25 pulses of 3ps

S: water; E: 40 kV.cm™; T: 20 to 30

°C; t: 400 pulses of 4us s (6]

S: SC-COy; p: 250 bar; T: 60 °C; t: 4 h 0.18 [53]

S: SC-COy; p: 300 bar; T: 50 °C; t: 3 h 1.51 [22]

S: SC-COy; p: 400'bar; T: 30 °C; t: 11543 [50]
90min

S: SC-CO; + Ethanol; p: 350 bar; T: 762 [51]

50 °C; t: 30 min

cycles

Carotene: 1.5+0.1

n.s.—not specified. SC-CO,—supercritical CO, extraction. S—solvent; T—temperature; t—time; c—cycles of extraction;

p—pressure; P—power; Pd—power density; E—electric field; F—frequency.
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