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Abstract

Microalgae biomass is considered as a sustainable feed for the
production of high value compounds such as enzymatic and
non-enzymatic antioxidants that are widely used in food, pharmaceutical,
textile, leather as well as in the chemical industry. Increasing the yield of
microalgae, achieving optimal culture conditions, optimal storage of
antioxidant molecules after processing and downstream processing with
energy saving are among the main obstacles to the production of
antioxidants. Today, antioxidant compounds produced by microalgae as
a result of stressful conditions, as important products in the field of
human health, have received commercial attention. Oxidative stress due
to acidity, metals, UV and temperature can cause the production of
antioxidants in many different species of microalgae such as Dunaliella
algae. Dunaliella algae cultivation has several advantages, including
high growth rate, low production cost, as well as the ability to grow in
stressful conditions such as high salt concentrations, high light intensity,
and nitrogen restriction. This article provides an overview of
the production of antioxidants in the Dunaliella microalgae cellular
metabolism, the activity of antioxidant enzymes (POD, SOD, CAT) and
strategies to increase antioxidant accumulation in microalgae.
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1. Catalase
2. Superoxide Dismutase
3. Peroxidase
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Figure 1. Classification of antioxidants [18,24].
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Table 1. Commercial uses of enzymatic and non-enzymatic antioxidant.

Antioxidants Applications

Added to cosmetic products to protect against skin damage.

Protect against lipid peroxidation, heat, and cold stress in poultry production.
SOD ; ) ) [31,32,33]
As a therapeutic agent for treatment of inflammatory disorders.

S S 2 $s9
FY-AY oo — )5, 50 g @’L.\J

Normal cells protector during radiotherapy for cancer patients.

Eliminate excessive H202 in the textile industry, pulp, and paper industry used for
bleaching fibres and pulp, and as a bactericidal disinfectant in food processing and in

the pharmaceutical industry.

CAT : : _ [25.28]
In aesthetics (mask treatment) to increase cellular oxygenation in the upper layers of

facial epidermis.

—

Reducing the risk of diabetes mellitus.

GPX* Immune system booster . [34.35]

Natural
antioxidants

Protective role against neurogenerative diseases.
o 9 g [35.36]

Decreases the risk of tumours of the head and neck, oral, cavity and colon.

£

el 90 Ol3annST 51 3o

Glutathione Anti-wrinkle formation, and as a modifier of skin smoothness. [37]

As a food preservative and bread improver, protective activity against heart diseases,

Vitamins reduced the risk of colorectal adenomas and prostate cancer, reduction of thyroid [38]
hormone levels

Anticancer agents, additive to cosmetics and multivitamin preparation

Carotenoid . N ) [39]

arotenol Food colouring agent, pro-vitamin A in food and animal feed.
PUFA Prevention of heart and inflammatory diseases. [40]
Flavonoids As cancer preventive agents, protection_ a_lgainst type 2 diabetes Functional [41]

food additive.
3 Extending the shelf life of vegetable oil, frying oil, animal feed, cereals,
BHA . : [42]
chewing gum, potato flakes and cosmetic products.

BHT* Increasing the shelf life of animal fats, chewing gum, animal feed, [43]

vegetable oils.

Used as preservative for enhancing storage stability of vegetable oils,
TBHQ5 margarine, fish oil, fried foods, essential oils, nuts, edible animal fats, [44]
butterfat, and packed fried foods.

Synthetic
Antioxidants

Propyl gallate As an antioxidant agent in foods and vegetable oil [44]

1. Glutathione Peroxidase
2. Glutathione Transferase
3. Butylated Hydroxyl Anisole
4. Butylated Hydroxyl Toluene
5. Tert-Butylhydroquinone
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Figure 2. (a) Nutrient deficiencies promote increased storage of
lipids and starches, degradation of proteins, a production of
reactive oxygen species (ROS) in microalgae. (b) irradiance (hv)
from the sun over stimulates photosynthesis, causing an excess of
electrons and the production of reactive oxygen species (ROS).

Mycosporine amino acids (MAA) are produced to shield the cell
from irradiance [71].

1, bl COp Yo yo5 o V- Jaas o Suldl s
COz wiar o p halS Ceel by slos 5 D2 S (o0 2l 2
O3l 4 omie 5 (6598 gl (o il ol el 45T 09 oo
DHAR ¢APX SOD e [V logi o (ol o Jlad
55, ¥ Do Lo sl o5 oo Lodlo Mllips Sl i o
O 95 GRS S5 g (g 23 YA) YL sl 2o
L aglie o s ,S 0l 4l qoye e p Joog,See Ve ooV Y
OloaST 5T Lo 5T cadlas [V sl ol 53l aoglie &g
Jlie 5o 0l e (5 SBgennd wnST g 5 VB wile
JorllpSe Lo 5 (—2aleST i 6500 (25 51 (26 5
5510 oyl Caliizes (slageal VYV ]oisS allio g aas las
Omly sl Rl 50 Cuoglie St 1 (20 Wl o0 g 95 o
o2l Gy 1y Les 5 aslllae sz s [V ]l ol 55 5
SlLad>s g 0 S o oy Mligo Sd> ,o Slagus| ]
5 9550 (eIl @l Celed oo 1 (s sl (55

SIS (5T 01 35T Celad 005508 Jalge 51 (oS 5 B-Y-0
a5 Mlligs 3o ST il o351 cudlad 5550 50 Slidios 5]
) Jsle 99 (oS 5 Sl a5 addllas wiz g ol 5 00 ole G
53 Jelse iz 5l (oS 5 a5 was oo plad Sl S (oo (L3
L aolio ;0 Mo 3o (o il (SlanuST 5T slognly odgs
oS helge ol 5550 Bl ele o (2 yme y0 (528,513
Wb oS (ST il Gl S a g sl il
Se— S + YL 5,05+ UV-B ol 5 5la slo e
SeoS 3 YU (5,95 L olyom UV-B (slags [0+ YYVF] 50 2
4 Zu i POD SOD CAT cllad il58l el 459,
gl oo (sl 08 Ll ph o eadal) miesd e sl Jobe
ssba (a1l sl clad oy S5 31l al b
7S 039 99=eS LUVB o5 5l @ S ey B
(039 39eS s UV-B a5 cS 5 eopl b [vB 0l e
$oe Hlligs o SlawaST 5T @3l codlad Gialidl )o ol (o
1, APX 3 CAT e dlad aslgi o (59 (il Jlosel sl

L aslie ;o Mo ;0 SOD e led a5 Jl> ;o was yiol38l

Iranian Chemical Engineering Journal - Vol. 22 - No. 128 (2023)



Al ey ad 05958 SLagu il 0y 3 g (SlaseaS) T cas 5T Gealy ¥ Jgua

Table 2. Antioxidant enzymatic response of Dunaliella exposed to different abiotic exogenous stress.

Stress Conditions

Salinity

Light

Nutrients

Light and temperature

0.05-3.00 M
NaCl

0.5-55M
NaCl

1-4.0 M NaCl

Outdoor with
natural UVR

UV-B for 6
days

UV-B and UV-
Cfor 24 h

UV-B for 4 h

Depletion of N,
P, S,NP, NS,
NPS

KNO3 (0.05,
0.5,5m M)

Low
temperature
and low light

for 24 h

Low
temperature
and medium
light for 24 h

Strains

D. tertiolecta
(UTEX999)

D. salina

D. salina

D. tertiolecta

D. salina

D. bardawil

D. salina

D. salina

D. salina

D. salina
(Gh-U)

D. salina
(IR-1 and
Gh-U)

Optimum Light

(mol Photon m2s)

150 Continuous light

150 Light: dark
cycle (12:12 h)

54 (Continuous)

250 Light: dark
cycle (12:12 h)

60-80 Light: dark
cycle (12:12 h)

150 UV-A

920

60 (Continuous)

150 Continuous ligh

100 Light: dark
(16:8 h)

100 Light: dark
(16:8 h)

REUNIY

(M)

0.1-0.5

1.5

26

(25 £ 2)

22

20

20

26

25

30

25

(28 +0.5)

(28 +0.5)

Antioxidant Enzymatic

No effect on SOD and
CAT, GTR activities
APX increased (2-fold)
at high salinities (0.2-3
M)

CAT activity decreases
with salinity SOD
increased (0.5-2 M) and
then decrease APX
decreases (0.5-2 M) and
then constant

APX increase (171%) at
4 M compared to 2M

SOD activity slightly
changed in short and
unaltered for long term
exposure but no change
in APX and GTX
activity
CAT activity increased
on 3rd day SOD activity
increased on 4th day
POD activity increased
on 3" day

APX increased by UV -
A

CAT, SOD and POD
activity increased

SOD and CAT activity
increased

CAT, SOD and APX
activity decreased with
increased nitrogen
concentration
SOD activity increased
APX activity increased
at low light level GR,
MDHAR increased at
low temperature
POD activity increased,
GTX increased in strain
Gh-U but not in IR-1 at
low temperature GR,
DHAR activity increased
in Gh-U than IR-1
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D. |
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I Trichlorfon and . 54 (Light: dark)
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f=
O 2 chlorophenol .
1
for 24, 48,and D. salina Ooégﬁ?t:tl;ous
96h v
% £ 10°Cand D. salina
= & 5°C,Methylene ' 73.6 White
S T (IPASS D- .
E o blue and fluorescent light
= 294)
o 2 norflurazon
g 1,2,3M
s ? NaCl) and PG D. salina 70 Light: dark
= § (propyl gallate)  (UTEX 200) (16:8 h)
% for 48 h

(mol Photon m™%s™)

Salinit L .
y Antioxidant Enzymatic

CAT and SOD activity
increased

[84]

CAT activity increased  [85]

SOD, CAT, GTX
activity increased APX  [86]
activity decreased
CAT activity increased
Chlorophyll and
carotenoid content [87]
decreased with
temperature
Maximum CAT activity
at 2 M NaCl and no
change in SOD activity
at1and 3 M NaCl
Minor increase in APX
activity at 3 M NaCl

- (25 £ 1)
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