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ABSTRACT The goals of the current research are to
ascertain the impacts of Dunaliella salina (DS) on quail
growth, carcass criteria, liver and kidney functions, lipid
profile, and immune response. Two hundred and forty 7-
day-old quail chicks were divided equally into 4 separate
groups with 6 replicates with 10 birds each. The groups
were as follows: 1) control diet (the basal feed without
DS), 2) control diet enriched with 0.25 g DS /kg, 3) con-
trol diet enriched with 0.50 g DS/kg, and 4) control
diet enriched with 1.00 g DS/kg. Results elucidated
that the birds which consumed 0.5 and 1 g DS/kg diet
performed better than other birds in terms of live body
weight (LBW), body weight gain (BWG), and feed
conversion ratio (FCR). There were no significant
changes in feed intake (FI) and carcass characteristics
due to different dietary DS levels. Compared to the

control group, DS-treated groups had better lipid pro-
file (low total cholesterol and LDL values and high
HDL values) and immune response (complement 3 val-
ues). The quails consumed feeds with different levels of
DS had greater (P < 0.038) C3 compared to control.
Adding 0.5 and 1 g DS/kg lowered blood concentrations
of triglycerides and total protein (TP) values. The high
level of DS (1 g/kg) had higher albumin values and
lower AST values than other groups (P < 0.05). The
creatinine values were at the lowest levels in the group
consumed 0.50 g DS/kg feed. No changes (P > 0.05)
were demonstrated among experimental groups in the
ALT, urea, and lysozyme values. In conclusion, adding
D. salina to growing quail diets enhanced growth,
immune system, blood lipid profile, and kidney and liver
function.
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INTRODUCTION

Recently, there has been a rising necessity for diets
additives that have better sustainability indicators that
may be utilized to safely produce health-promoting
diets, along with novel and value-added supplements
(Reuben et al., 2021; Emam et al., 2023). The utilization
of natural additives in poultry feeds is expanding since it
is a successful approach to boost healthiness and
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performance (Abd El-Hack et al., 2020; Rafeeq et al.,
2022; Abd Elzaher et al., 2023). The studies of these
additives and identifying their advantageous and disad-
vantageous characteristics are important (Alagawany et
al., 2022; Soliman et al., 2023). Algae are prominent
topics of discussion these days because they contain sig-
nificant amounts of polyunsaturated fatty acids
(PUFA) (Liu et al., 2022), and pigments (antioxidants)
like B-carotene (Bhat and Madyastha, 2000).
Furthermore, it was reported that microalgae feed-
addition has the potent to lower blood cholesterol,
strengthens the immune system (Raja et al., 2007), pro-
motes the productivity and the quality of products
(meat and egg) (Madeira et al., 2017), offers resistance
to disease through antibacterial and antiviral action
(Dewi et al., 2018), improves gastrointestinal health and
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function (Camacho et al., 2019), promotes probiotic col-
onization and feed utilization (Camacho et al., 2019;
Abdel-Wahab et al., 2023).

The main carotenoid-producing species of microalgae
are Dunaliella salina (DS). According to Al-naghrani
and Sayegh (2023), it is the most abundant commercial
source of natural S-carotene, which has extensive use in
nutrition, medicinal, and cosmetic products. B-carotene
is produced by DS, making up 10 to 14% of its dry mat-
ter (Sathasivam and Juntawong, 2013). Because of its
benefits on health, B-carotene functions as an essential
compound and has been increasingly employed as diet
supplements (Baker and Giinther, 2004). The DS con-
tains a variety of nutrients, including minerals, vita-
mins, lipids, protein, pigments, antioxidants, etc. The
DS content of amino acids include all essential amino
acids, in addition to nonessential ones (Darsi et al.,
2012).

Furthermore, according to Molino et al. (2018), DS
contains different types of fatty acids including satu-
rated fatty acids, monounsaturated fatty acids, and
PUFA. Dunaliella salina is thought to be a significant
source of enzymes (Bhalamurugan et al., 2018) and it
can also synthesize lutein and lycopene (Bishop and
Zubeck, 2012). There are three isoforms of phosphorgly-
cerate dehydrogenase (GPDH) in D. salina (GPDH-1,
GPDH-2, and GPDH-3). The GPDH is the first enzyme
involved in glycerol synthesis, and may therefore play a
critical role in glycerol accumulation. In addition to
being a well-known pro-vitamin A source (Tsai et al.,
2012), DS has a high protein content (57%) and a great
amount of vitamins C and B12 (Kumudha and Sarada,
2016; Sierra et al., 2021).

The biological features of DS are mostly ascribed to
active chemicals including B-carotene, chlorophyll, and
polyphenol (Salim et al., 2021). The majority of DS
functional characteristics that were found in previous
studies included antioxidant, and immunostimulatory
activities (Hyrslova et al., 2022). The effective natural
antioxidants, like zeaxanthin and B-carotene, are abun-
dant in DS (El-Baz et al., 2022). Ferdous and Yusof
(2021) have reported that violaxanthin of DS has the
potent to protect against inflammation and oxidation.
The utilization of DS as a new feed additive for nutritive
objectives has garnered more interest recently
(Mohammed, 2018). According to Tertychnaya et al.
(2020) Dunaliella salina has the following chemical com-
position: 36.40% crude protein, 33% carbohydrate, 7.8%
lipids, 5% hlorophylls, 158 mg/100g total phosphorus,
210 mg/100 g calcium, 4.5% Carotenoid, 4.5 mg/100 g
TIron, and 102 mg/100 g ascorbic acid.

Few studies have tested the significance of DS as a
feed additive compared to other components with anti-
oxidant, antimicrobial, and anti-inflammatory activity
in Japanese quail. It is hypothesized that adding DS to
quail diets will yield advantageous outcomes. Therefore,
the objective of this investigation was to examine the
influence of DS on growing quail performance, carcass
characteristics, blood lipid profile, and the functionality
of the kidney, liver, and immune system.

MATERIAL AND METHODS

The animal study protocol was approved by the
Ethics Committee of Zagazig University (ZU-IACUC/
2/F/312/2023).

Tested Material and Analysis

Dunaliella salina, the lyophilized microalgae powder
of D. salina was kindly supplied by the National
Research Center in Cairo, Egypt. Total phenolic and fla-
vonoid contents were analyzed by spectrophotometer
(Unicum UV 300) according to Ibrahim et al. (2023).
The composition of total phenolic compounds was 47.82
ung/e DM Gallic acid, 46.84ug/g DM Chlorogenic acid,
25.05 ug/g DM Caffeic acid, 12.42 ug/g DM Rosmarinic
acid, 8.21 ug/g DM Cinnamic acid, 3.95 ug/g DM
Ferulic acid, 3.06 ug/g DM Syringic acid. The composi-
tion of flavonoids was 22.58 ug/g DM Catechin, 14.88
ung/¢ DM Naringenin, 14.25 ug/g DM Quercetin, 11.10
ug/¢ DM Rutin, 9.80 ng/g DM Hesperetin, 7.06 ug/g
DM Kaempferol, 6.05 ug/g DM Daidzein, 8.48 mg/ Gal-
lic acid equivalents (GAE)/ g DM total phenolic con-
tents and 5.93 mg/ Quercetin equivalents (QE)/ g DM
total flavonoid contents. Moreover, D. salina microalgae
contained 949.69 mg of total amino acids (TAA) and
424.2 mg of essential amino acids (EAA).

Design and Bird Husbandry

Two hundred and forty unsexed 7-day-old quail chicks
with initial body weight of 31.85 4+ 0.001g were distrib-
uted equally into 4 separate groups with 6 replicates
with 10 birds each. The groups were as follows: 1) con-
trol diet (the basal feed without DS), 2) control diet
enriched with 0.25 g DS/kg, 3) control diet enriched
with 0.50 g DS/kg, and 4) control diet enriched with
1.00 g DS/kg.

Birds and Housing

Quails were raised through the trial period in an open-
sided farm (natural ventilation). The trial was extended
from one to five weeks of age. Chicks received the stan-
dard growth diet for quail (National Research Council,
1994). Water and diet were always accessible. The com-
ponents and nutritive value of the standard diet (control
or basal diet) are shown in Table 1. Crude protein, fiber
and ether extract of the basal diet were analyzed accord-
ing to according to AOAC (2006). Environmental,
hygienic, and managerial conditions were adjusted to be
the same for all animals.

Growth and Carcass Properties

Live body weight (LBW) was determined at the first,
third, and fifth week of age to calculate the body weight
gain (BWGQG) over the intervals (1-3, 1-5, and 3—5
wk). During the same intervals, feed intake (FI) was
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Table 1. Ingredients and nutrient contents of the basal diet of
growing Japanese quail.

Table 2. Live body weight and body weight gain of grower quail
as affected by dietary levels of Dunaliella salina.

Ingredient (%) (%)
Maize 8.5% 51.80
Soybean meal 44% 36.70
Maize gluten meal 62% 5.21
Soybean oil 2.90
Limestone 0.70
Di-calcium phosphate 1.65
Salt 0.30
Premix’ 0.30
L-Lysine 0.13
DI-Methionine 0.11
Choline chloride (50%) 0.20
Calculated”

ME, Kcal /Kg 2995
Crude protein 24.00
Calcium 0.80
Nonphytate P 0.45
Lysine 1.30
TSAA 0.92
Analyzed” (as DM)

Crude protein 23.99
Fiber 3.78
Ether extract 5.29

'Provides per kg of diet: Vitamin A, 12,000 L.U; Vitamin D3, 5,000 L.U;
Vitamin E, 130.0 mg; Vitamin K3, 3.605 mg; Vitamin B1 (thiamin), 3.0
mg; Vitamin B2 (riboflavin), 8.0 mg; Vitamin B6, 4.950 mg; Vitamin B12,
17.0 mg; Niacin, 60.0 mg; D-Biotin, 200.0 mg; Calcium D-pantothenate,
18.333 mg; Folic acid, 2.083 mg; manganese, 100.0 mg; iron, 80.0 mg; zinc,
80.0 mg; copper, 8.0 mg; iodine, 2.0 mg; cobalt, 500.0 mg; and selenium,
150.0 mg.

%(Calculated according to National Research Council (NRC) 1994.

3According to AOAC (2006).

recorded and feed conversion ratio (FCR) was calculated
as FI/BWG. From each experimental group, 6 quails
were selected at random to evaluate the carcass assess-
ment. Weights of carcasses and giblets (liver, gizzard,
and heart) were recorded and expressed as g/kg of live
weight.

Blood Chemistry

Blood samples were obtained from 6 quails that had
been sacrificed for carcass traits for each group. These
samples were collected in sterilized tubes. Once the
blood had clotted, it was subjected to centrifugation at a
speed of 3,500 rpm (equivalent to 2,328.24 G) for 15 min
to separate serum. The serum was then stored at a tem-
perature below -20°C until biochemical tests were done.
The following biochemical components were assessed:
total protein (TP), albumin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), urea, creat-
inine, triglycerides, total cholesterol, high-density lipo-
protein (HDL), complement 3, and lysozyme. These
tests were conducted using chemicals obtained from Bio-
diagnostic Co. (Giza, Egypt). Computing of low-density
lipoprotein (LDL) was performed using the Friedewald
et al. (1972) model. LDL = TC — HDL — TG/5.

Statistics

One-way ANOVA was used to statistically examine
the significance of variances at a level of 5%. Tukey’s

Live body weight (g)
Treatments 1 wk 3wk 5wk

Body weight gain (g/d)
1-3wk 3-5wk 1-5wk

Dunaliella salina level (g/kg diet)

0 31.86 91.25  176.70°  4.24 6.10 5.17"
0.25 31.84 94.16  178.92>  4.45 6.05 5.25"
0.50 31.85  102.77  191.31*  5.07 6.32 5.70"
1.00 31.87 90.92  191.49*  4.86 6.54 5.70°
SEM! 0.001 2.33 2.50 0.17 0.12 0.09

Pvalue 0.963 0.307 0.022 0307 0511  0.022

Means in the same column significantly different (p < 0.05).
'SEM: standard error means.

Multiple Range Test was used to determine the signifi-
cance of variance among experimental groups. For all
statistical tests, SPSS (2008) statistical software version
11.0 was utilized.

RESULTS
Live Body Weight and Body Weight Gain

The impacts of different levels of DS in growing quail
diets on LBW and BWG during the experimental peri-
ods are presented in Table 2. The low level of DS (0.25
g/kg) did not affect (P> 0.05) LBW and BWG through-
out the experimental period compared to the control
group. Bird groups that consumed 0.5 and 1 g DS /kg
diet showed significantly greater LBW at the 5th week
of age and BWG from 1 to 5 wk (P = 0.022) compared
with that in the control group. Results demonstrated no
significant effects (P > 0.05) of the various DS levels on
the LBW (1 and 3 wk) and BWG (1—3 wk and 3—5 wk).

Feed Intake and Feed Conversion Ratio

Results indicated no significant impact of different
dietary DS levels on FI during the experiment (Table 3).
FCR values were significantly improved with the addi-
tion of 0.5 and 1 g DS /kg of quail diet during the whole
period (from 1 to 5 wk), while in other periods (1—3 wk
and 3—5 wk) did not affect significantly. Compared with
the control group, the low level of DS (0.25 g/kg) did
not affect (P> 0.05) FCR.

Table 3. Feed intake and feed conversion ratio (FCR) of grower
quail as affected by dietary levels of Dunaliella salina.

Feed intake (g)
1-3wk 3-5wk 1-5wk

FCR (g feed /g gain)
1-3wk 3-5wk 1-5wk

Treatments

Dunaliella salina level (g/kg diet)
0 16.32 23.32 20.85 4.00 3.84 4.03*

0.25 16.61 24.40 21.49 3.76 4.04 4.09"
0.50 16.95 25.28 22.08 3.35 4.00 3.88"
1.00 16.25 23.22 20.76 3.34 3.55 3.64"
SEM' 0.16 0.38 0.24 0.16 0.09 0.07

Pvalue 0.461 0.171 0.171 0.414 0.214 0.043

Means in the same column significantly different (p < 0.05).
'SEM: standard error means.
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Table 4. Carcass traits of grower quail as affected by dietary lev-
els of Dunaliella salina.

Treatments Carcass % Gizzard % Heart % Liver %
Dunaliella salina level (g/kg diet)

0 78.27 2.03 0.76 2.39
0.25 85.02 2.23 0.89 2.37
0.50 76.25 1.78 0.83 2.49
1.00 86.51 2.00 0.98 2.43
SEM' 1.94 0.08 0.04 0.11

P value 0.160 0.228 0.340 0.980

Means in the same column significantly different (p < 0.05).
'SEM: standard error means.

Carcass Traits

As illustrated in Table 4, different levels of dietary DS
failed to exert any significant effect on all tested carcass
parameters including percentages of the carcass and gib-
lets (heart, gizzard, and liver), as well as dressing,.

Renal and Hepatic Function Tests

Table 5 displays results from the hepatic and renal
panel tests of growing Japanese quail. Birds received
diets supplemented with 0.5 and 1 g DS/kg had lower
(P <0.001) TP and globulin than those received control
diet or those received 0.25 g DS/kg. But DS at 1 g/kg
had significantly lower serum globulin than 0.5 g/kg.
The inclusion of the high level of DS (1 g/kg) had the
greatest (P = 0.002) albumin values. There were no sta-
tistical variations among tested groups in the ALT val-
ues, while AST was at the lowest value (P = 0.001) in
the group that received a diet supplemented with 1 g
DS/kg. Blood urea values were not influenced (P > 0.05)
by supplementing quail diets with various doses of DS.
Birds received the diet supplemented with 0.50 g DS /kg
had the lowest serum creatinine values, while birds
received the diet enriched with 1 g DS /kg had the high-
est creatinine values when compared to other experi-
mental birds (P < 0.001).

Lipid Profile

Data in Table 6 illustrate the influence of different die-
tary DS levels on serum lipid profile. Total cholesterol
and LDL values were lowered (P < 0.05) in DS-adminis-
trated quails versus those of the control. Adding 0.5 and

1 g DS/kg quail diet decreased triglyceride values (P <
0.002) in contrast to the control and 0.25 g DS-treated
group. When comparing with birds in the control group,
birds that consumed diets with DS had greater (P <
0.001) circulatory concentrations of HDL; the highest
values were observed at 0.5 and 1 g of DS /kg.

Immunity

As indicated in Table 6, the quails consumed feeds
with varying levels of DS had greater (P < 0.038) C3
compared to control. C3 values in birds fed 0.25 and
0.5 g DS/kg were significantly superior to those fed 1 g
DS/kg. However, lysozyme values were unaffected (P >
0.05) by adding DS to quail diets.

DISCUSSION

The common trend in poultry production is to ascer-
tain animal safety in feed, leading to enhancements in
health and production (Elnesr et al., 2019). The effective
utilization of natural resources is crucial for guarantee-
ing both food security and sustainability. The utilization
of microalgae has the potential to support the sustaining
of production in the agricultural food sectors. The nutri-
tive components of microalgae, including carbs, pro-
teins, antioxidants, fatty acids, pigments, and vitamins,
make them a great option for feeding animals and
human, owing to their significant advantages for poultry
health and productivity. This study contributes further
details regarding the utilization of DS in poultry diets.
Several studies have shown that the use of DS algae can
promote growth and a healthy gut microbiome (Hajati
et al., 2020; Abdel-Wahab et al., 2023). This agrees with
the findings of Alghamdi et al. (2024) who showed that
LBW and BWG were increased by adding up to 1 g/kg
Dunaliella salina and Spirulina mixture of broiler
chicken feed. According to our study findings, DS sup-
plementation improves quail performance. This agrees
with the findings of Abdelwahab et al. (2020) stated
that BWG and FCR obtained by replacing fish meal
with a low concentration of DS (33.0%) were compara-
ble to those from a control diet. As stated by Fernandes
et al. (2020), DS has considerable levels of biologically
active components which make it appropriate to use in
poultry nutrition. Seaweed species have a high content

Table 5. Liver and kidney functions of grower quails as affected by dietary levels of Dunaliella salina.

Liver and kidney functions’

Treatments TP (mg/dL) ALB (mg/dL) GLOB (mg/dL) ALT (U/L) AST (U/L) Urea (mg/dL) Creatinine (mg/dL)
Dunaliella salina (g/kg diet)

0 6.53" 3.22° 3.30" 10.33 121.21% 44.22 0.52"

0.25 6.52° 3.21° 3.31% 10.35 121.94* 40.75 0.51°

0.50 6.47" 3.20P 3.26" 10.59 121.76* 46.40 0.46°

1.00 6.44" 3.26" 3.17° 10.24 116.58" 40.23 0.61*
SEM? 0.01 0.01 0.01 0.07 0.71 1.09 0.02
Pvalue <0.001 0.002 <0.001 0.365 0.001 0.478 <0.001

Means in the same column significantly different (p < 0.05).

ITP: total protein; ALB: albumin; GLOB: globulin; ALT: alanine aminotransferase; AST: aspartate aminotransferase.

2SEM: Standard Error Means.
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Table 6. Lipid profile and immunoglobulins of grower quails as affected by dietary levels of Dunaliella salina.

Lipid profile and immunoglobulins'

Treatments TC (mg/dL) TG (mg/dL) HDL (mg/dL) LDL (mg/dL) C3 (mg/dL) Lysozyme (mg/dL)
Dunaliella salina level (g/kg diet)

0 72.12° 89.02° 29.98° 24.30" 157.94° 1.62

0.25 62.89" 87.71% 31.71° 13.64° 190.18% 2.02

0.50 61.08" 72.10° 33.25% 13.41° 202.87" 0.80

1.00 57.87" 58.09° 33.25" 13.01° 175.60" 1.13

SEM? 1.88 4.16 0.42 1.77 16.47 0.58
Pvalue 0.013 0.002 <0.001 0.030 0.038 0.103

Means in the same column significantly different (p < 0.05).

'TC: total cholesterol; TG: triglycerides; HDL: high density lipoprotein; LDL: low density lipoprotein, C3: Complement 3.

2SEM: standard error means.

of vitamins and S-carotene and offer an excellent supply
of minerals, carbs, and amino acids especially essential
ones (Abouelezz, 2017; Abd El-Hack et al., 2019; Hajati
et al., 2020). Enriching laying hen feeds with DS exhib-
ited improvements in the duodenal and ileal villus length
and villi-to-crypt ratio, and enhanced capability of the
liver to metabolize carotenoids (Fernandes et al., 2020).
The nutrients of DS (such as proteins, carbs, and fats)
support growth and basic metabolism; causing better
body weight (Pratiwi, 2020; Mawed et al., 2022).
According to Fadl et al. (2021), DS is an algae species
that possesses a considerable amount of B-carotene,
which improves growth performance. Thus, the
enhancement in growth could potentially be ascribed to
the adjustment of the gut-beneficial microbiota and
immunity (Ma et al., 2022).

Supplementing diets with DS had no impact on FI
during any stage of the current research. These results
are consistent with those of Fernandes et al. (2020) and
Alghamdi et al. (2024). Alvarenga et al. (2011) detected
no significant differences in FI when broiler chicks’ feed
was enriched with algae extracts. Furthermore, the FI of
rats treated with DS was not significantly changed (El-
Baz and Aly, 2018). Fernandes et al. (2020) concluded
that the experimental diets’ palatability, gross energy,
and fiber fraction were not significantly altered by add-
ing increased doses of DS.

The values of FCR depend on FI and BWG. In the
current work, the presence of 0.5 and 1 g DS/kg in quail
diets failed to change FI, while it yielded a considerable
improvement in FCR. There was a significant improve-
ment in FCR due to the supplementation of D. salina
and Spirulina mixture to broiler diets through 3 to 6 and
1 to 6 wk of age (Alghamdi et al., 2024). Such effect
could be ascribed to the DS composition of certain con-
stituents that enhanced nutrient absorption through the
digestive system. This improvement may be attributed
to the phenolic compounds, flavonoids and antioxidant
activities of DS (Ibrahim et al., 2023). The existence of
Gallic acid, Chlorogenic acid, Caffeic acid, Rosmarinic
acid, Cinnamic acid, Ferulic acid, Syringic acid, Cate-
chin, Naringenin, Quercetin, Hesperetin and Kaempferol
in DS microalgae clarified their antioxidant properties
(Ibrahim et al., 2023). Furthermore, the DS content of
vitamin A (important for animal growth and

development, and for maintaining epithelium) may be
the cause of the benefits on FCR (Ambrosio et al.,
2006).

Dietary DS supplementation boosted serum bio-
chemical indices of quail. This is because DS contains
certain bio-active compounds like S-carotene, enzymes,
lycopene, vitamins, amino acids, vanillin, methyl gal-
lalte and lutein (Ibrahim et al., 2023). Therefore, it can
be used as prebiotics and have an affirmative influence
on the health of birds and blood biochemical parame-
ters, which may be owing to the antioxidative impacts
of these components. The alterations in body physiol-
ogy and metabolism can affect quail health-related
attributes (Emam et al., 2023). The augmented activ-
ity of hepatic function is recommended when green
microalgae were fed (AL Suwaiegh, 2023), which led to
greater albumin values as recorded in the current work.
Dietary supplementation of green microscopic algae
boosted blood TP (Al Suwaiegh, 2023). Abdelwahab et
al. (2020) displayed that adding DS did not demon-
strate any significant influence on TP levels in blood
compared with the control diet. In this work, supple-
menting diets with 0.5 g DS/kg declined blood creati-
nine, while the level of the DS with the 1 g/kg having
the highest value among all the treatments. Senosy
et al. (2017) demonstrated the same creatinine-lower-
ing effect in microalgae-fed animals. Song et al. (2023)
indicated that the levels of creatine kinase were signifi-
cantly diminished after the treatment with D. salina.
Alghamdi et al. (2024) reported that dietary supple-
mentation of different doses of D. salina and Spirulina
mixture did not affect urea levels. On the other hand,
the lowest levels of creatinine were recorded in chickens
fed a diet supplemented with 1.5 g of D. salina and
Spirulina/kg, but the highest (P < 0.05) values were
recorded in chickens fed the control diet (Alghamdi
et al., 2024).

Such effect on renal function is possibly related to the
antioxidant properties of DS; since the damage to the
renal filtration rate could be caused by reactive oxygen
species (ROS) (Fang et al., 2019; Yousef et al., 2019).
The supplementation of green microalgae improved bio-
chemistry assessments, having beneficial effects on meta-
bolic rate for energy and safeguarding effects on renal
function (Al Suwaiegh, 2023).
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In most animal models, the administration of DS had
a significant impact towards bettering liver function (EI-
Baz and Aly, 2018). The DS declined the activity of
blood AST and ALT (Raja et al., 2007). Alghamdi et al.
(2024) explained that 5 weeks of administration with dif-
ferent levels (1—2 g/kg diet) of D. salina and Spirulina
mixture reduced the activity of blood ALT. The AST
activity was reduced in groups (0.5 and 1 g/kg D. salina
and Spirulina mixture) compared to the control. Con-
versely, Hyrslova et al. (2022) elucidated no change in
the activity of liver function enzymes after DS treat-
ment. The beneficial impacts of DS on liver enzyme
activities may be due to antioxidant influences of carote-
noids and high content of omega-3 fatty acids, which
possibly helpful in preventing oxidative stress that dam-
ages the liver by inducing glutathione synthesis, a cru-
cial agent against damage of hepatic cells, and
consequently altering hepatic function panel (Zhu and
Jiang, 2008; Chitranjali et al., 2014). According to Mad-
kour and Abdel-Daim (2013), the existence of carote-
noids, which have antioxidant properties, in DS extract
exerts a liver-protecting effect. They verified that the
high doses of DS are capable of inducing the regenerative
process of hepatocytes, hence reducing the leak of liver
enzymes into the bloodstream.

D. salina is one of the natural carotenoid sources and
is considered an antioxidant remedy to solve problems
related to oxidative stress (El-Baz et al., 2016). Because
algal DS has an antioxidant activity that positively
impacts lipid profile, it could be an optimal choice as
feed supplementation for numerous health advantages.
Diets treated with DS improved the blood lipid panel in
the present research.

The hypolipidemic activity of DS is related to the
decrease in the synthesis and absorption of cholesterol in
the digestive tract, which might decrease blood levels of
triglycerides, cholesterol, and LDL and increase HDL in
birds (Alwaleed et al., 2021; Abdel-Wahab et al., 2023).
Additionally, the antioxidant properties of microscopic
algae may lower blood cholesterol levels by suppressing
the activity of pancreatic lipase (Deng and Chow, 2010).
According to Shalaby et al. (2014), DS microalga may
act as a digestive lipase, especially pancreatic, which is
important for breaking down triglycerides to release
fatty acids into the intestine. El-Baz and Aly (2018),
stated that DS may have a reducing effect on blood cho-
lesterol, triglycerides, and LDL due to the decrease in
the absorption of consumed cholesterol in the gut or
through interfering with cholesterol biosynthesis. Raja
et al. (2007) indicated that the administration of DS
diminished the blood cholesterol levels compared with
the control. Hyrslova et al. (2022) added DS to the diet
of rats with hypercholesterolemia and noted an extreme
decrease in bloodstream levels of LDL and VLDL after 8
weeks.

Numerous pharmaceutical actions, including protec-
tion effects against oxidation, microbes, and inflamma-
tion, have been found in DS components (Pratiwi,
2020). In the current investigation, groups that received
diets with DS had the greatest values of immune

response parameters. Microalgae supplements, including
DS, enhance immunity and protect against inflamma-
tion (Camacho et al., 2019). Algal DS produces exopoly-
saccharides  with  immunostimulatory  properties
(Harvey and Ben-Amotz, 2020). It has also been shown
that some components found in DS, such as f-carotene,
strengthen the body’s immunity (Alishahi et al., 2014).
B-carotene is capable of stimulating the immune system
effectively in poultry (Abdel-Wahab et al., 2023). In the
present work, quails that fed meals enriched with DS
exhibited considerably higher complement 3 values (P <
0.05). In general, the high activity of complement bene-
fits organisms (Reda et al., 2020). So, in the present
study, the higher complement activity in DS-fed quails
indicates positive effects on health. Values of IgM and
IgG improved in broiler-fed diets containing D. salina
and Spirulina (0.5 and 1.0 g/kg) compared with the con-
trol group (Alghamdi et al., 2024).

Alishahi et al. (2015) found that supplementing diets
with DS markedly increased immunological functions.
El-Baz et al. (2022) demonstrated that DS and carote-
noids improved the inflammatory response against car-
rageenan by suppressing the oxidative stress and pro-
inflammatory cytokine pathway. Consequently, accord-
ing to the present research findings and the notable
nutritional benefits of DS, it can be employed as a func-
tional feed additive to enhance health and performance.
This reveals the need for innovation, investigation, and
development in utilizing DS to enhance poultry produc-
tion.

CONCLUSIONS

Supplementing the diet with DS could be suggested as
a means to enhance productive performance and immu-
nity. Moreover, the dietary administration of DS bet-
tered blood lipids and the functionality of the kidney
and liver of growing quail. To conclude, DS represents
promising feed additives for the nutrition of growing
quail.
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