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ABSTRACT

Algae have become a prominent topic of discussion due to their rich content of
polyunsaturated fatty acids (PUFA) and antioxidant pigments, such as fB-carotene. Research
indicates that incorporating microalgae into animal feed could help in lowering blood
cholesterol, enhancing immunity function, improving the quantity and quality of poultry
products, and enhancing resistance against diseases through antimicrobial attributes.
Additionally, microalgae contribute to the better digestive system condition and function,
promote microflora colonization, and improve nutrient absorption. Among the most important
carotenoid-producing microalgae species, Dunaliella salina stands out as a primary natural
source of B-carotene, making it highly valuable in nutrition, medicine, and cosmetics. -
carotene accounts for approximately 10-14% of its dry weight. Moreover, Dunaliella salina
1s packed with essential nutrients, including minerals, antioxidants, vitamins, pigments lipids,
and proteins. It also contains all essential amino acids, along with several non-essential ones,
further enhancing its nutritional and functional significance. Studies have demonstrated that
diets enriched with D. salina improve blood lipid profiles by reducing cholesterol synthesis
and absorption in the digestive system. This leads to lower levels of triglycerides, cholesterol,
and LD, while increasing HDL levels in animals. Additionally, D. salina may function as a
digestive enzyme activator, particularly by stimulating pancreatic lipase, which is crucial for
breaking down triglycerides and releasing fatty acids into the intestine. The cholesterol-
lowering effect of D. salina may be attributed to its ability to either reduce dietary cholesterol
absorption in the gut or interfere with cholesterol biosynthesis pathways. In this review, we
will discuss the biochemical content of Dunaliella salina and its uses as antioxidants,
immunostitmulant and growth promoters in poultry nutrition.
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INTRODUCTION

By 2050, the global population is
projected to reach approximately 9.8 billion.
This population surge, along with socio-
economical transformations, such as
urbanization, shifting demographics, and
rising income levels, is expected to double
the demand for poultry products. Given their
efficiency in converting nutrients into
consumable protein, poultry plays a crucial
role in meeting the increasing need for
nutrient-dense food (Kleyn and
Ciacciariello, 2021). The increasing demand
for animal protein is directly related to the
ever-increasing world population, making
efficient poultry production more important
(Tona, 2018). Recent years have seen a
drastic reduction in the time it takes for
chickens to reach market weight, thanks to
improvements in production methods made
possible by breakthroughs in breeding
techniques in response to the worldwide
surge in demand for chicken meat (Al-
Abdullatif and Azzam, 2023). Feeding mode
is very important factor in meat quality since
the feed composition can affect or change
strongly the characteristics of chicken meat
(Jaturasitha ef al, 2008) .Additionally,
waterfowl, particularly ducks and geese,
represent an important source of animal
protein, with the potential to expand within
the livestock industry (El Sabry et al., 2023).
The demands for safe and effective feed
supplements have risen significantly in
recent years as producers seek to enhance
animal health and improve meat quality
(Reuben et al., 2021, Emam et al., 2023).
Natural feed supplements are increasingly
used in poultry diets due to their ability to
improve production and overall health (Abd
El-Hack et al, 2020). Among these
supplements, microalgae, bacteria, fungi,
yeasts, and insects are widely utilized.
Microalgae, in particular, are rich in
bioactive compounds, including PUFAs (Liu
et al., 2022), antioxidants, sterols, which
have antimicrobial effects, pigments,
sulfated polysaccharides, with antiviral
properties, and B-carotene (Xue et al., 2002).

It was reported that incorporating microalgae
into poultry diets can reduce blood
cholesterol levels, strengthen the immune
system, and enhance meat and egg
production and quality (Madeira et al.,
2017). Additionally, it possesses anti-
microbial capabilities, supports gastro-
intestinal health and function, promotes
probiotic microflora  colonization, and
improves feed efficiency (Camacho et al.,
2019; Abdel-Wahab et al., 2023).

Recently, attention has been given to D.
salina as a promising feed additive
(Mohammed, 2018). Currently, 28 species of
Dunaliella have been identified, with five
thriving in freshwater environments and the
remaining 23 found in saline conditions
(Shariati and Hadi, 2011). The alga was first
observed in 1838 in salt evaporation ponds
in southern France by Michel Félix Dunal
and was later named in his honor by
Teodoresco in 1905 (Oren, 2005). D. salina
is highly adaptable to extreme salinity and
can accumulate commercially valuable
compounds, such as carotenoids, lipids, and
glycerol (Al-naghrani and Sayegh, 2023).
According to the National Center for
Biotechnology Information, the algae belong
to the class Chlorophyceae, order
Chlamydomonadales, and family Dunaliella-
ceae (Jin et al., 2003).

A major challenge of the 21% century is
ensuring food security for the rapidly
growing population despite finite natural
resources. Currently, around one in nine
people worldwide suffer from under-
nutrition, with protein-energy malnutrition
being a leading concern (Torres-Tiji ef al.,
2020). Researchers are increasingly
exploring feed additives that can be safely
used to promote healthier diets (Reuben et
al., 2021, Emam et al., 2023). It is
anticipated that supplementing duck diets
with D. salina could positively influence
performance, carcass traits, renal and hepatic
functions, blood lipid panel, immunity, and
antioxidant status. The present review
provides detailed information about the use
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of D. salina in poultry diets and focuses on
its beneficial role in the promotion of the
physiological and productive performance of
poultry, through its impact as a potential
natural immuno-stimulant and antioxidant.

Components of D. salina

The chemical composition of D. salina
consists of 36.4% crude protein, 33%
carbohydrates, 7.8% lipids, 5% chlorophyll,
158 mg/100g phosphorus, 210 mg/100g
calcium, 4.5% carotenoids, 4.5 mg/100g
iron, and 102 mg/100g ascorbic acid
(Tertychnaya et al., 2020). Additionally, D.
salina possesses three isoforms of glycerol-
3-phosphate  dehydrogenase = (GPDH)—
GPDH-1, GPDH-2, and GPDH-3—<critical
for glycerol accumulation. D. salina is the
most significant natural source of J-
carotene, producing it in  various
commercially viable forms, including oil
suspensions, beadlets, and water-soluble
powders, which are widely used in the
medical and nutraceutical  purposes.
Additionally, dried Dunaliella is
incorporated into animal feed (Borowitzka
and biotechnology, 2013). Many anti-cancer
drugs originate from natural products, and
D. salina, known for its high p-carotene
content, has been studied for its potential
role in treating fibrosarcoma (Raja et al.,
2007).  This  unicellular, biflagellate
microalga is commercially exploited for its
production of B-carotene, glycerol, and other
valuable bioactive compounds. Dunaliella
bardawil, a related species, has been found
to promote normal mammary cell growth
while inhibiting cancerous cells (Fujii et al.,
1993). B-carotene is well-documented for its
antioxidant and anti-cancer properties
(Krinsky, 1988). Studies indicate that
individuals with higher B-carotene levels in
their bloodstream have a lower risk of
developing cancer (Williams, et al., 2000).
Furthermore, B-carotene exhibits strong free
radical-scavenging abilities and plays a role
in lipid oxidation prevention (Bitterman et
al., 1994). 1Its applications range from
dietary supplements to cancer treatment
(Simpson and Chichester, 1981). Notably,

the 9-cis-f-carotene variant has been
identified for its role in preventing
cardiovascular diseases and malignancies
due to its antioxidant properties (Levin et al.,
1997). Research on sarcoma-aftlicted rats
has shown that administering D. salina
powder led to a marked reduction in hepatic
and renal RNA and DNA levels, with tumor
tissue  analysis  revealing  significant
regenerative effects (Raja et al., 2007).

Microalgae like D. salina have been
classified as non-toxic and safe for human
consumption (El-Baz et al., 2019). Algae
serve as valuable sources of bioactive
compounds, making them a promising
resource for developing innovative food
products (Lordan et al., 2011, Draaisma et
al., 2013). As the primary commercial
source of [-carotene, D. salina finds
extensive use in cosmetics, pharmaceuticals,
and nutrition (Al-naghrani and Sayegh,
2023). With B-carotene comprising 10—14%
of its dry weight (Sathasivam and
Juntawong, 2013), it is a key component in
many dietary supplements due to its
numerous health benefits (Baker, et al.,
2004).

Beyond B-carotene, D. salina contains an
array of beneficial nutrients, including
carbohydrates, proteins, lipids, minerals,
vitamins, and antioxidants. Its amino acid
profile includes glutamic acid, aspartic acid,
histidine, serine, lysine, glycine, alanine,
tyrosine, methionine, valine, isoleucine,
leucine, threonine, arginine, and
phenylalanine (Darsi et al., 2012). As a rich
source of pro-vitamin A (Tsai et al., 2012),
D. salina also contains essential fatty acids,
including linolenic acid, linoleic acid, stearic
acid, palmitic acid, myristic acid, margaric
acid, oleic acid, erucic acid, and arachidonic
acid (Molino et al., 2018). Furthermore, it
produces lycopene and lutein, making it a
valuable source of enzymes (Bhalamurugan
et al., 2018). Due to its high protein (57%),
vitamin C, and B12 content, D. salina is
widely used as a pro-vitamin A supplement
(Machado Sierra et al., 2021). The microalga
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Dunaliella salina i1s recognized as a rich
source of bioactive compounds, including 3-
carotene, chlorophyll, and polyphenols,
which contribute to its significant biological
properties (Salim et al, 2021). This
microalga is particularly known for its high
production of zeaxanthin and [-carotene,
both of which act as potent natural
antioxidants, enhancing its potential in
various health-related applications (El-Baz
et al., 2022). Additionally, research has
shown that violaxanthin, a carotenoid
derived from D. salina, exhibits strong anti-
inflammatory and antioxidant properties,
making it highly valuable for therapeutic
purposes (Ferdous and Yusof, 2021).
Numerous studies have highlighted D.
salina's functional activities, particularly its
antioxidant and immunostimulatory effects
(Hyrslova et al., 2022). This microalga is
also highly beneficial in animal nutrition due
to its high PB-carotene content, which has
been shown to provide neuroprotective
effects by safeguarding against central
nervous system oxygen toxicity (Bitterman
et al., 1994). Moreover, D. salina plays a
role in alleviating gut inflammation through
its antioxidant and immunomodulatory
mechanisms (Abdelwahab et al., 2020)

Effects of Dunaliella salina on poultry
performance

Algae, including various types, such as
brown, green, and red macro (Figure 1) and
microalgae, are being explored as a
promising nutrient source for poultry.
Packed with beneficial components like
polyphenols, polysaccharides, fatty acids,
and amino acids, they offer significant
advantages. Research shows that integrating
algae into chicken diets can lead to notable
improvements. Laying hens experience
increased egg production (4.0-8.6%) and
heavier eggs (1.3-1.5 g), while broiler
chickens show enhanced growth
performance (5-22% increased body weight)
and improved feed conversion ratio (4-15%
improvement). Optimal amounts vary
depending on the algae type, with
microalgae suggested at around 2% and
macroalgae ranging from 1-5%. Considering
the specific algae type and desired benefits is
crucial for optimal outcomes. These findings
underscore algae's substantial potential as a
valuable addition to poultry feed, promoting
better health, enhanced performance, and
improved product quality (Coudert et al.,
2020).

Figure 1. Dunaliella salina: A: Green and orange cells, B: Light micrograph, C: Orange powder, and

D: Green powder.

D. salina shows promise as a valuable feed
additive for young quail chicks. Quail fed
diets containing 0.5 or 1.0 g DS/kg exhibited

significantly improved growth performance
compared to chicks on a control diet or one
with a lower DS concentration. These
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benefits include increased growth, in terms
of birds’ weight and weight gain, and a
better feed utilization, indicating the chicks
efficiently converted their feed into body
mass. Overall, this study suggests that
incorporating Dunaliella salina into the diet
of growing quail at these specific levels has
the potential to be a beneficial strategy for
promoting better overall growth (Alagawany
et al., 2024).

D. salina thrives with bicarbonate for f-
carotene production. Researchers optimized
culturing with bicarbonate (a cheaper carbon
source) and achieved a significantly higher
B-carotene yield compared to previous

methods. However, high bicarbonate
concentrations might stress the algae,
suggesting a trade-off between cost-

effectiveness and optimal B-carotene output
(Xi et al., 2020). Beta-carotene (BC), a vital
nutrient for poultry, gets converted to
vitamin A and contributes to vision,
immunity, and overall health. Poultry relies
on dietary sources like corn, marigold, and
alfalfa for BC, which not only pigments egg
yolks but also acts as an antioxidant in eggs
and meat. Studies suggest BC strengthens
the immune system and may even benefit
cardiovascular health and reduce
inflammation. Interestingly, wild birds have
eggs richer in BC than chickens, and hens
can keep depositing BC in eggs despite their
own liver stores decreasing. Overall, BC is
essential for poultry nutrition, impacting
their health, product quality, and immune
function (Calislar, 2019).

Leftover ~ biomass after extracting
carotenoids from Dunaliella salina has a
high essential amino acid crude protein and
n-3 PUFAs. Studies using defatted
Dunaliella salina powder (made after scCO2
extraction) as a feed additive for broiler
chickens showed promise at low inclusion
levels (0.1-1% of feed weight). Chicks fed
with 0.1% defatted powder gained more
weight and had a better feed conversion
ratio. However, these benefits disappeared or
became negative at the greater inclusion

doses. Overall, this suggests leftover
biomass from Dunaliella salina can be
valuable and the defatted powder has
potential as a low-dose antibiotic alternative
in animal feed (Harvey and Ben-Amotz,
2020).

Effects of Dunaliella salina as antioxidant
Increased interest in assessing antioxidant
capacity across food, pharmaceuticals, and
clinical research stems from the recognized
involvement of reactive oxygen species
(ROS) in aging and disease progression,
leading to cellular damage through lipid
peroxidation. D. salina green microalgae
renowned for its exceptional ability to
accumulate carotenoids, stands out for its
antioxidant properties. The antioxidative
action of [-carotene primarily involves
radical trapping, attributed to its ability to
prevent various cancers and modulate
immune response and cellular
communication. Carotenoids, including -
carotene, neutralize singlet oxygen through
physical mechanisms, shielding lipids,
proteins, and DNA from further oxidative
harm. The superior antioxidant efficacy of
natural carotenoid blends, characterized by
their  isomeric  diversity, outperforms
synthetic counterparts. Collectively,
carotenoids  offer  diverse  protective
mechanisms against free radicals, thus
proving invaluable in mitigating oxidative
stress (Murthy et al., 2005).

The study presents a novel HPLC method
for analyzing and separating carotenoids in
DS algae developed in Taiwan. The method
efficiently separates seven carotenoids, with

B-carotene being the most prevalent.
Interestingly, the combined -carotenoid
extract displayed significantly stronger
antioxidant activity in various assays

compared to individual, purified carotenoids
like B-carotene, lutein, and zeaxanthin. This
suggests that D. salina holds promise due to
its high content of antioxidants and cis-
carotenoids  that might be crucial
contributors to their overall antioxidant
capacity (Hu et al., 2008).
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Obesity and high-fat diets hurt the heart. A
study by El-Baz et al (2020) tested a
substance (crf-DS) from Dunaliella salina
algae in obese rats. The rats that got crf-DS
showed signs of better heart health
compared to obese rats that didn't. This
suggests crf-DS may protect hearts from
obesity damage. The study evaluated the
hepatic protective effects and antioxidant
properties of Dunaliella salina methanolic
extract in mitigating liver damage induced
by paracetamol overdose in rats. Rats
overdosed with paracetamol exhibited liver
damage and oxidative stress, characterized by
elevated serum levels of liver damage markers,
malondialdehyde, cholesterol, and nitric oxide,
alongside reduced activities of antioxidant
enzymes. Treatment with the extract of D.
salina at 500 and 1000 ppm or silymarin
significantly mitigated liver damage markers,
reduced oxidative stress indicators, and
induced antioxidant enzyme activities in
comparison to the paracetamol-intoxicated
group. Liver histopathology also revealed
reduced  necrosis, congestion, and
inflammatory cell infiltration in rats treated
with D. salina. These findings indicate that
DS possesses potent hepatic protective
properties against the damage that is
inducted by paracetamol, likely by
enhancing the activities antioxidant enzymes
and inhibiting the process of lipid oxidation
(Madkour and Abdel-Daim, 2013).

Dunaliella salina, shows promising source
of natural antimicrobials and antioxidants.
Extracts and oil from Dunaliella salina
fought disease-causing microbes and
exhibited antioxidant activity in lab tests.
This suggests they could act as natural
preservatives in food, animal feed, and
pharmaceuticals. Additionally, the high
content of unsaturated fatty acids in D.
salina makes it a potential candidate for
biodiesel production. Overall, it was
reported that Dunaliella salina's potential for
various beneficial applications (Cakmak et
al.,2014).

Dunaliella species can accumulate a wide
variety of bioactive molecules, making them
highly valuable in the global food,
aquaculture, animal feed, pharmaceutical, and
nutraceutical  industries.  Currently, the
commercial production of B-carotene from D.
salina is economically viable. However,
several challenges hinder the large-scale
commercialization =~ of  Dunaliella-based
antioxidant enzymes. These include the high
costs of biomass production, suboptimal
cultivation conditions, technical difficulties in
scaling up production, and the absence of cost-
effective downstream processing technologies.
Additionally, the instability of antioxidant
enzymes at room temperature further limits
their commercial applications. To overcome
these limitations, optimizing abiotic stress
factors during cultivation can enhance the
antioxidant systems in Dunaliella.
Implementing a multi-factor stress strategy
proves to be more effective than relying on a
single stress factor. Moreover, using a
photobioreactor-based monoculture system
provides greater flexibility in design and better
control overgrowth conditions, leading to
improved productivity and higher-quality
bioactive compounds (Roy ef al., 2021).

Scientists  investigated the use of
nanoparticles loaded with Dunaliella salina
algae, renowned for its antioxidant-rich
content including zeaxanthin and B-carotene,
to enhance wound healing. Their study
revealed that extracts from Dunaliella salina
contained substantial amounts of these
beneficial compounds. Through the creation
of two types of nanoparticles-high-efficiency
and medium-efficiency, the researchers
demonstrated significant wound healing
properties, with the high-efficiency variant
proving most effective. This efficacy was
attributed to the antioxidant properties of
Dunaliella  salina's carotenoids. These
nanoparticles not only reduced levels of
TNF-a, a molecule linked to inflammation,
but also elevated levels of VEGF and
collagen, essential for blood vessel growth
and skin  regeneration, respectively.
Microscopic examination confirmed the
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nanoparticles' effectiveness in promoting
healing, marking a notable advancement in
wound treatment research (El-Baz et al.,
2023).

Effects of Dunaliella salina on immunity
Microalgae are among the richest natural
sources of carotenoids, particularly green
microalgae such as Dunaliella salina,
Haematococcus  pluvialis, and various
Chlorella species (Zhang et al., 2014). For
example, while the lutein content in
marigold flowers is typically reported to be
around 0.3 mg/g, microalgae can contain
lutein levels exceeding 4 mg/g (Ho et al.,
2014). Dunaliella strains are well known for
their high content of lutein, zeaxanthin, and
B-carotene (Jin and Melis, 2003). Among
these strains, D. salina is one of the most
extensively studied due to its status as the
richest natural source of [-carotene
(Hosseini Tafreshi and Shariati, 2009).
Notably, approximately 50% of the total B-
carotene in D. salina exists in the 9-cis
isomeric form, which has unique biological
benefits (Khoo ef al., 2011). Furthermore, D.
salina contains other valuable carotenoids
with  potential medical applications,
including  violaxanthin, antheraxanthin,
zeaxanthin, a-carotene, and lycopene (Fu et
al.,  2013). The Dunaliella  genus
encompasses multiple species, and even
within the same species, different strains
exhibit varying carotenoid production
capabilities and compositions. This diversity
presents opportunities for selecting and
developing  strains  with  enhanced
carotenogenic properties to meet specific
industrial and medical demands (Borowitzka
and Siva, 2007).

Dunaliella salina algae extract (WEDS)
affects the immune system in mice in
interesting ways. WEDS can either rev up or
calm down the immune response depending
on the initial state of the immune system. In
mice with weak immunity, WEDS
strengthens a specific immune response. In
mice with an overactive immune system,
WEDS help to tone it down. WEDS also

influences immune cells, promoting their
growth and activity. These findings suggest
WEDS has potential as a treatment to
regulate the immune system, acting as a
booster when needed or a calming agent for
overactive immune response (Zheng et al.,
2004). The findings indicate that Dunaliella
salina powder (DSLP) has potential as an
immunomodulatory agent against breast
cancer. Administering DSLP at higher doses
resulted in a significant reduction in tumor
formation in rats. The mechanism of action
involves DSLP slowing cancer cell growth,
inducing cancer cell death, and potentially
restoring the body's natural defenses against
cancer. These results suggest DSLP could
serve as a preventive measure against breast
cancer, highlighting its promising role in
immune modulation against the disease
(Srinivasan et al., 2017).

Researchers investigated an immuno-
modulatory  substance  derived  from
Dunaliella salina microalgae. They isolated
a particular fraction, known as the ethyl
acetate  fraction, from the algae's
exopolysaccharides (EPS) and examined its
effects on human immune cells. This
fraction exhibited a complex response
dependent on dosage, at lower doses, it
inhibited cell growth, while at higher doses,
it promoted cell growth, increased cytokine
production, and  stimulated @ TNF-a
production in immune cells, indicating an
immune-boosting effect. Conversely, the
ethyl acetate fraction acted differently on
macrophages, suppressing their growth and
nitric oxide production at higher doses.
Chemical analysis identified the presence of
a five-sugar molecule, specifically a penta-
saccharide, within the active fraction. It was
suggested that this particular penta-
saccharide from Dunaliella salina holds
promise as a therapeutic agent for regulating
the immune system Researchers investigated
an immunomodulatory substance derived
from Dunaliella salina microalgae. They
isolated a particular fraction, known as the
ethyl acetate fraction, from the algae's EPS
and examined its effects on human immune
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cells. This fraction exhibited a complex
response dependent on dosage: at lower
doses, it inhibited cell growth, while at
higher doses, it promoted cell growth,
increased  cytokine  production, and
stimulated TNF-a production in immune
cells, indicating an immune-boosting effect.
Conversely, the ethyl acetate fraction acted
differently on macrophages, suppressing
their growth and nitric oxide production at
higher doses. Chemical analysis identified
the presence of a five-sugar molecule,
specifically a penta-saccharide, within the
active fraction. This suggests that particular
penta-saccharide from Dunaliella salina
holds promise as a therapeutic agent for
regulating the immune system (Goyal et al.,
2019).

Dunaliella salina, single-celled green algae,
emerges as a potential star in shrimp
farming. This review highlights its benefits
as a natural shrimp feed. Packed with
protein, carbohydrates, and pigments,
Dunaliella salina not only promotes shrimp
growth but also contributes to their health.
The high content of B-carotene and phenols
in these algae seems to boost the shrimp
immune system. This review specifically
examined the optimal conditions for growing
Dunaliella salina, the nutrients it offers, and
its positive effects on various commercially
important shrimp species. Based on these
findings, the review recommends exploring
Dunaliella salina as a potential feed for a
wider range of shrimp, making it a valuable
option for shrimp farmers (Pratiwi, 2020).

CONCLUCISON

As a natural source of antioxidants, D. salina
is considered a promising remedy for
oxidative stress-related conditions. Given its
ability to positively influence lipid
metabolism, it has been identified as an
optimal dietary supplement with numerous
health benefits. Consequently, incorporating
D. salina into animal feed or human diets
holds great potential for promoting
metabolic health and reducing the risk of

lipid-related disorders and
conditions.

inflammatory
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