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Abstract

OBJECTIVES: The current study aimed to evaluate the influence of Spirulina platensis inclusion on biochemical indices
besides meat quality in broilers.
METHODS: One hundred newly hatched meat-yielding chicks purchased from a local hatchery in Gamasa City were
randomly divided into five groups, with 20 birds per group.
RESULTS: Spirulina platensis acted as an excellent growth-promoting agent. Spirulina platensis inclusion at doses of 0.5,
1, and 2 g in the poultry diet enhanced growth performance indices, as body weight, body weight gain, feed con-
sumption. Spirulina positive influence on meat quality was evident through decreased thawing and cooking losses, an
increase in water holding capacity, and anti-oxidative potential as a significant increase in glutathione peroxidase and
superoxide dismutase activities. A hypolipemic effect was clear by a decrease in total cholesterol, serum low-density
lipoprotein cholesterol, and serum triacylglycerol levels, and rising in serum high-density lipoprotein levels. This study
showed increased villus height and width.
CONCLUSION: From the preceding results, Spirulina platensis is recommended as a feed additive via enhancement of
performance parameters, meat quality, anti-oxidative potential, hypolipidemic effect, and intestinal absorption.
Increasing the dose to 4 g had the opposite effect on the previous parameters.
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1. Introduction

S pirulina platensis (SP), a filamentous cyanobac-
terium, possesses several health benefits, ther-

apeutic aspects, and numerous additional biological
actions. The pharmaceutical and medicinal activities
of SP could be due to its nutritional significance,
especially its high protein content, in addition to
fatty acids [1]. A large proportion of current research
has proven the anti-oxidative actions of Spirulina by
improving disease resistance, efficiently eliminating
free radicals, and suppressing lipid peroxidation,
thus enhancing the production of poultry in addi-
tion to achieving a high level of profitability [2].

Spirulina contains high amounts of protein
(55e65%) in addition to vital amino acids, vitamins,
and minerals [3]. Moreover, it is considered an
abundant supply of fatty acids and carotenoids,
mainly (GLA) which supposes health profits [4] and
is utilized all over the world as a feed constituent
within meat yield, in addition to egg producer ra-
tions to improve the color of both yolk and flesh and
the fertility of eggs [5]. The greater SP carotenoid
component aids in retinol supplementation and of-
fers anti-oxidative action in addition to boosting
immunity [6]. Ref. [7] showed that SP at a dose of
five grams per kilogram was able to improve the
meat quality of meat-yielding chicks owing to
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increased eicosapentaenoic acid (EPA) and docosa-
pentaenoic acid (DPA), in addition to docosahexae-
noic acid (DHA) within the thigh muscles of
meat-yielding chicks. In addition, SP can substitute
for antibiotics in broiler diets. Ref. [8] reported that
2, 4, or 8 g supplementation of SP per kilogram
ration elevated and reduced BW in addition to
FCR(Feed conversion ratio) of meat-producing
chicks. PUFA encountered within SP could aid in
reducing the profiles of serum lipids [9]. A well-
constructed small bowl results in enhanced nutri-
tional consumption, in addition to additional growth
pattern improvement [10]. The development of the
bowl is assessed via morphometric measures of villi
height in addition to crypt depth utilization, along
with an extended villus that causes a rise within the
surface of the mucosal area and enhances digestive
potency. The objectives of the current study were to
recognize the influence of Spirulina platensis inclu-
sion within poultry diets on growth performance,
antioxidant activities, meat quality parameters, lipid
profile, and intestinal histopathological examination
of meat-yielding chicks.

2. Material and method

2.1. Preparation of Spirulina platensis

SP source was the National Research Center.
Spirulina from the Red Sea, dried it in an oven at
60 �C for 24 h, pounded it into powder, and then
placed the powder in polyethylene bags to be stored
until it was needed in formulations [11]. SP chemical
composition was mentioned in Table 1.

2.2. Experimental animals

One hundred meat-producing chicks were sub-
divided randomly into five groups; each replicate
was kept for forty-two days within floor cages con-
taining litter. Conventional breeding, besides man-
agement procedures, was considered throughout
the experiment, including applying GOVS (animals

ethics committee Guidelines) and rulers for the
treatment of animals used in research [12]. The
foods, besides water, were presented to the birds for
their satisfaction. Constitution of feed components
based on [13] as shown in Table 2. Feed utilization
and death rates were documented daily. The birds
were weighed independently every week. Finally,
the BWG and FCR were measured after the exper-
iment was completed.

2.3. Study design

The subsequent The experimental setup looked
like this: one hundred meat-producing chicks were
subdivided into five groups: a) (G1): chicks of the first
group were given a control ration for 42 days (20
chicks); b) (G2): chicks fed a basal diet combined with
a SP 0.5 g per kilogram diet for 42 days (20 chicks)
[14]; c) (G3): chicks fed basal diet combined with SP
1 g per kilogram feed for 42 days (20 chicks); [14] d)
(G4): Chicks were fed a basal diet combined with SP
at 2 g per kilogram feed for 42 days (20 chicks) [15];
and E) (G5): Chicks fed a basal diet combined with
SP 4 g/kg feed for 42 days (20 chicks) [16].

Table 1. Chemical composition of Spirulina platensis algae (as air dry
basis).

Nutrient value

Crude protein% 43.39
Moisture% 4.67
Crude fat% 16.46
Crude fiber% 0.75
Soluble carbohydrate% 1.97
Total ash% 32.67
Calcium% 2.44
Total Phosphorus% 6.27

Table 2. Chemical compisition of experimental diet.

Ingredients (%) Starter diet
(0e21 days)

Finisher diet
(23e42 days)

Corn ground 50 46
Rice broken 05 08
Soybean meal 21 18.7
Corn gluten meal 60% 2.5 2
Corn gluten meal 30% 05 05
Fish meal 06 05
Wheat bran 04 08
Vegetable oil 0.70 0.50
Lysine sulfate 0.50 0.50
Liquid methionine 0.30 0.30
Molasses 03 04
Marble chips 01 01
Di-calcium phosphate 0.50 0.50
aVitamin/mineral premix 0.50 0.50
Total 100 100
Chemical composition (analyzed)
Metabolizable energy,

kcal/kg
3089 3007

Crude protein 21.87 20.02
Crude fat 3.26 3.08
Crude fiber 4.24 4.49
Total ash 6.38 6.14
Calcium 0.91 0.64
Total phosphorus 0.77 0.52
Available phosphorus 0.43 0.32
a Each kg of premix containing Vit. A (1,200,000 IU), Vit. D3

(350,000 IU), Vit. E (4000 mg), and Vit. B1 (250 mg), and Vit. B2
(800 mg), and Vit. B6 (600 mg), and Vit. B12 (3.2 mg), vit. K3
(450 mg), nicotinic acid (4.5 g), calcium pantothenate (1.5 g), folic
acid (120 mg), biotin (5 mg), choline chloride (55 g), Fe (3 g), Cu
(2 g), Mn (10 g), Zn (8 g), I (120 mg), and Co (40 mg).
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2.4. Growth performance

Finally, when the experiment was over, perfor-
mance indices like BW, BWG, and FI were evalu-
ated to cover the whole rearing period. (FCR) were
measured via dividing FI by BWG [17]. Body
weights were recorded independently upon initial
day age to determine the average first body weight,
in addition to being weighed weekly for every bird,
and were utilized for estimation of average body
weight within every subgroup every week. Gains in
body weight, at each period, was measured by
subtracting BW between the initial weight and the
final weight determined by BWG [18]. Each bird's
BWG was added and divided by birds from every
group to acquire the mean body weight gain for
every week. Feed intake (FI/bird) ¼ feed offered
quantity minus feed residence/bird number within
each replicate. Feed conversion ratio (FCR) g of
experimental diets was utilized for the production
of 1 g of body weight gain within every group, as
stated by [19], like this:

ðFCRÞ¼ feed intake
�
gram

�
bird

�
week consumption

BEG=g=bird=week

2.5. Dissection of chickens

Overall, birds from each group were euthanized
in a humane manner. Blood samples were collected
in non-heparinized test tubes and centrifuged at
3000/15 rpm to obtain a clear serum sample [20] for
lipid profile estimation. A small piece of tissue
(white muscle or right liver lobe) was carefully
excised on ice to avoid squeezing the tissue, blotted
dry with filter paper, and weighed to measure
enzyme activity and oxidative stress parameters at
25 �C. Skinless breast samples (M. pectoralis
superficialis) were prepared to determine meat
quality parameters. Samples were vacuum-pack-
aged and placed at �45 �C for further analysis.
Duodenal tissues were excised and washed with
normal saline for histopathological analysis.
Euthanasia was achieved after administration of
nembutal (20e30 mg/kg) [21]. Nembutal was
introduced through the veins of the wings using
germ-free needles.

2.6. Assessment of oxidant/antioxidant status in
liver homogenates

Oxidant and antioxidant parameters were
assayed using diagnostic kits that Bio-diagnostic

offers in Egypt. The tissue was homogenized as
previously described [22]. Hepatic tissue (1 g) was
blended with 9 ml of (e-cold PBS a pH 7 PBS that
was ice-cold. When the homogenization reactions
were completed, supernatant aliquots were uti-
lized for measuring GPx (Glutathione peroxidase)
concentration estimation when the homogenate
had been transported to a tube specialized
centrifuge and rotated for 20 min at 10,000 rpm.
The supernatant was kept at �80 �C until the test
procedure was completed. Glutathione peroxidase
activity (GPx) was assessed using colorimetric
determination. According to Ref. [23], (MDA) be-
sides (SOD) activities were evaluated using an
enzymatic colorimetric technique according to
Ref. [24].

2.7. Assessment of meat quality indices

Gathered muscles from the breast were utilized to
examine the index value of potential hydrogen after
24 h (potential hydrogen 24). (WHC) was estimated
as follows: % loss in muscle sample weight after
centrifugation [25]. The percentage alteration
among the primary and eventual weight was the
thawing loss value [26]. Cooking loss was assessed
using the method of Ref. [27]. The gathered breast
muscles were utilized for quality index estimation,
potential hydrogen after 24 h (potential hydrogen
24), and water-holding capacity [28]. Thawing loss
and cooking loss [27].

2.8. Lipid profile measurement

Lipid profiles were assessed calorimetrically using
serum samples provided by BioMerieux kits (Spin-
react, Spain) using a typical test technique.
Cholesterol amount was assessed by the CE method
[29] and the cholesterol level was assayed by the
CHOD/PAP method, using readymade commercial
genesis reagent kits provided by Spectrum, Catalog
no 230 002.

Test principle:

The HDL-C assay is a precipitating method that
uses readymade kits provided by spectrum catalog
no 267 001 for the determination of HDL-C con-
centration in serum according to Zhao et al. [29].
VLDL-C and LDL precipitate with phosphotung-
state in addition to magnesium ions. HDL)
remained in the supernatant of the solution. HDL-
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cholesterol was measured by the following re-
actions, explained below: Test principle:

LDL-C. LDL besides CMs, LDL was precipi-
tated using H3PW12O40, determined according to
the Friedewald equations [29] using readymade kits
provided by the spectrum catalog no is 280 001 for
the determination of LDL-C concentration in serum.
Test principle: LDL-C ¼ total cholesterol (HDL-
C + triacylglycerol/5). Assessment of TGs was car-
ried out using the lipase method using readymade
Genesis Lab kits provided by Spectrum by the GPO/
PAP method catalog no 314 002 explained in Zhao et
al. [29]. Test principle by the hydrolysis of serum
triacylglycerol into glycerol and free fatty acids.
Glycerol was transformed into G3P in the presence
of adenosine triphosphate and glycerol kinase. This
was then oxidized by the GPO to create H2O2. A
rose-colored dye is produced when the oxidative
condensation of chlorophenol and 4-amino-
antipyrine occurs with H2O2 in the presence of
peroxidase (POD). Color saturation was calculated
as 550.

2.9. Histopathological analysis

For analysis, 2 cm samples (3 from each group)
were extracted from the small bowl (duodenum,
jejunum, and ileum) and fixed in (NBF) (ten
percent). Briefly, the specimens were dehydrated by
exposing them to increasing concentrations of ethyl
alcohol (75e100) %. Samples were placed in xylol I
and II, fixed in paraffin oil, cut into 4 mm cross-slices
and longitudinal slices using a microtome (Leica RM
2155, Wetzlar, Germany), and stained with (H&E)
[30]. Twenty-five images per group) were taken via
an AMScope 5.0 Megapixels digital inspection sys-
tem (AMScope, Irvine, CA, United States of Amer-
ica) via a low-power field (40�magnification). (VH)
was estimated (micrometer) from point to the

villus's base, besides (CD) was estimated through
villus-crypt conjugation to the crypt's distal bound-
ary. Villi heights, VW beside CD, for areas from the
epithelial layer were evaluated using Mitcam soft-
ware (Motic Images plus 2.0, HK, China).

2.10. Statistical analysis

The acquired data were statistically analyzed. Via
a statistical software program (SPSS version 20,
United States of America). Data are expressed as the
mean ± SE from the experimental study. Analysis of
variance was used to determine alterations between
the means of all groups via (MRT). One-way anal-
ysis of variance (ANOVA) was used with Duncan
multiple comparison tests to determine the differ-
ences between the means of different groups.
Variance outcomes were regarded as of consider-
able importance if the p value was less than or equal
to 0.05, as stated by Ref. [31].

3. Results

3.1. Growth performance results

A significant (p � 0.05%) increase in BW, BWG,
and FI following SP administration in all groups,
except for G5, showed a significant (p � 0.05%)
decrease in comparison with G1 (Table 3). Con-
cerning FCR, it revealed a significant (p � 0.05%)
decrease in all groups except for G5, show a sig-
nificant (p � 0.05%) increase in comparison with G1
(Table 3).

3.2. SP influence upon some markers of oxidative
damage besides a protective enzyme action
presented at liver homogenate

A significant (p � 0.05%) increase in GPx activity
was observed, especially in (G3 and G4) compared
with G1. G5 showed a significant (p � 0.05%)
decrease compared to the control group (Fig. 1A). A
significant (p � 0.05%) increase in SOD activity in all
groups except G5 revealed a significant (p � 0.05%)
decrease in comparison with that of the control
group (Fig. 1B). MDA levels exhibited a significant
(p � 0.05%) decrease in all groups except G5, which
revealed a significant (p � 0.05%) increase in com-
parison with that of the control group (Fig. 2A).

3.3. Meat quality results

PH24 residues constant (Table 4), the exudative
loss percent decreased significantly (p � 0.05%)
within the overall groups compared to the control
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group (Table 4). The cooking loss percent was
significantly reduced (p � 0.05%) within all groups
compared with the normal group presented within
Table 4. A considerable increase in water-holding
capacity within chickens was observed in all groups
compared to the control group (Table 4).

3.4. Lipid profile outcomes

The acquired outcomes revealed a significant
(p � 0.05%) decrease within the profile of lipids
(cholesterol, LDL-C, and TG) after treatment of
birds with SP dry leaves G2, G3, and G4,

Table 3. Influences of dietary Spirulina platensis on growth performance parameters in broiler chickens after six weeks.

Growth performance
parameters

G1 G2 G3 G4 G5

Initial weight (g) 44.0 ± 0.58a 44.33 ± 0.88a 45.53 ± 0.09a 45.33 ± 0.09a 44.10 ± 0.87a

Final weight (g) 2120.0 ± 5.77d 2415.0 ± 7.64c 2738.3 ± 4.41b 2875.0 ± 2.89a 1720.0 ± 11.5e

BWG (g) 2076 ± 6.35d 2370 ± 6.89c 2692.77 ± 4.42b 2829.7 ± 2.9a 1676 ± 10.7e

FI (g) 3977 ± 8.62c 4471.3 ± 17.6c 4649.3 ± 13.3 b 4779.0 ± 2.89a 3652.7 ± 9.39d

FCR (%) 1.91 ± 0.01b 1.88 ± 0.01b 1.72 ± 0.01C 1.69 ± 0.00C 2.19 ± 0.02a

FCR ¼ feed conversion ratio, BWG ¼ weight gain, FI ¼ feed intake. G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal
diet plus 1 gm S. platensis; G4 Basal diet plus 2 gm S. platensis. G5 Basal diet plus 4 gm S. platensis. Data are presented as mean ± SE.
Mean; mean values with different superscript letters in the same rows are significantly different at (p � 0.05).

Fig. 1. (A) Influences of Spirulina platensis dietary supplementation upon GPx activity in liver homogenate of different group birds (Mean ± S.E).
G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal diet plus 1 gm S. platensis; G4 Basal diet plus 2 gm S. platensis. G5 Basal
diet plus 4 gm S. platensis. Data represented as mean value ± standard error (S.E.). a,b,c Different superscripts indicate a significant difference
(p � 0.05). (B) Influences of Spirulina platensis dietary supplementation upon SOD activity in liver homogenate of chickens of different groups
(Mean ± S.E). G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal diet plus 1 gm S. platensis; G4 Basal diet plus 2 gm S.
platensis. G5 Basal diet plus 4 gm S. platensis. Data represented as mean value ± standard error (S.E.). a,b,c Different superscripts indicate a
significant difference (p � 0.05).

Fig. 2. (A) Influences of Spirulina platensis dietary supplementation upon MDA level in liver homogenate of chickens of different groups
(Mean ± S.E). G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal diet plus 1 gm S. platensis; G4 Basal diet plus 2 gm S.
platensis. G5 Basal diet plus 4 gm S. platensis. Data represented as mean value ± standard error (S.E.). a,b,c Different superscripts indicate a
significant difference (p � 0.05). (B) Influences of Spirulina platensis dietary supplementation upon lipid profile (mg/dL) in serum of chickens
different groups (Mean ± S.E). G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal diet plus 1 gm S. platensis; G4 Basal diet plus
2 gm S. platensis. G5 Basal diet plus 4 gm S. platensis. Data represented as mean value ± standard error (S.E.). a,b,c Different superscripts indicate a
significant difference (p � 0.05).
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respectively, although increasing doses at G5
significantly (p � 0.05%) increased lipid indices
compared to the control group (Table 5; Fig. 2B).
HDL-c was significantly (p � 0.05%) increased
compared to that in the control group (Table 5;
Fig. 2B).

3.5. Histopathological findings

Our results showed a significant (p � 0.05%)
elevation of VH in addition to VW in small
bowl slices after SPA administration (Table 6;
Fig. 3AeE, 4).

4. Discussion

Hatched broiler chicks are susceptible to various
infectious diseases, oxidative stress, and high
ambient temperatures, which lead to increased
mortality and economic losses [32]. Spirulina acts as
a formidable competitor. As asubstitute for antibi-
otics in chicken feeds. These substances showed
possible therapeutic benefits, such as antimicrobial,
anti-inflammatory, antitumor, immunostimulatory,
and colorant activities [33]. The protein content of
SP varies between 55 and 65%, with essential amino
acid composition. Because of its superior nutritional
profile and higher carotenoid content, the blue-
green algae Spirulina platensis (SP) has been used for
hundreds of years as a food source for both humans
and animals [34]. In addition to cyanocobalamin, it
contains l-ascorbic acid, vitamin B6, vitamin B2, and
vitamin B1. Therefore, it is globally used to enhance
meat quality. In addition to chlorophyll, Spirulina
platensis is regarded as a great source of other

nutrients, including b-carotenes, amino acids, phy-
cocyanins, and tocopherols [35]. Our results
revealed a significant increase in BW, BWG, and FI
and better FCR within whole bird groups except
group five exhibited considerable reduction as re-
ported by Ref. [36]. Our results agree with those of
Ref. [37] who similarly reported an analogous
pattern within the growth performance of birds
supplemented with SP supplements. WG was
considerably influenced (p � 0.05) by Spirulina pla-
tensis addition. The improvement of WG within
broilers could be due to supplementation of a
greater component of Spirulina platensis, which has
an outstanding nutritional profile besides its greater
carotenoid and protein component, varying from 55
to 56%, encountered all of the indispensable amino
acids essential for growth performance [38]. Our
results are also in line with those of previous
studies; the addition of SP to meals significantly
increased BW, in addition to WG. The improvement
of feed intake quality may be the primary mecha-
nism by which dietary interventions, aside from

Table 4. Influences of dietary Spirulina platensis on meat quality parameters in breast muscles of chickens.

Meat quality parameters G1 G2 G3 G4 G5

PH24 5.80 ± 0.08ab 5.70 ± 0.06ab 5.77 ± 0.03a 5.93 ± 0.08b 5.50 ± 0.06ab

Water holding capacity % 73.29 ± 0.79b 78.02 ± 0.89a 78.61 ± 0.47a 78.61 ± 0.47a 74.82 ± 0.99ab

Thawing loss% 5.16 ± 0.08a 4.50 ± 0.12b 4.60 ± 0.12b 4.62 ± 0.06b 4.80 ± 0.06ab

cooking loss% 18.57 ± 0.46a 12.67 ± 0.49b 10.76 ± 0.11c 10.82 ± 0.08c 10.79 ± 0.07c

G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal diet plus 1 gm S. platensis; G4 Basal diet plus 2 gm S. platensis. G5
Basal diet plus 4 gm S. platensis. Data are presented as mean ± SE. Mean; mean values with different superscript letters in the same rows
are significantly different at (p � 0.05).

Table 5. Influences of dietary Spirulina platensis on lipid profile (mg/dL) in chickens.

Lipid profile parameters G1 G2 G3 G4 G5

Total cholesterol (mg/dL) 162.67 ± 1.45a 139.67 ± 0.88b 137.00 ± 1.15bc 130.67 ± 0.67c 170.00 ± 2.83a

HDL (mg/dL) 59.00 ± 0.57ab 61.00 ± 0.57ab 63.67 ± 0.88a 65.33 ± 1.45a 54.67 ± 2.60b

LDL (mg/dL) 73.03 ± 1.52a 65.00 ± 1.15b 56.67 ± 0.88c 54.67 ± 0.88c 69.00 ± 0.58ab

Totaltriacylglycerol (mg/dL) 82.20 ± 0.59a 76.00 ± 1.73ab 75.33 ± 1.45b 73.00 ± 1.73b 79.07 ± 0.58ab

G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal diet plus 1 gm S. platensis; G4 Basal diet plus 2 gm S. platensis. G5
Basal diet plus 4 gm S. platensis. Data are presented as mean ± SE. Mean; mean values with different superscript letters in the same rows
are significantly different at (P � 0.05).

Table 6. Influences of dietary Spirulina platensis on villi length and
width in chickens.

parameters Villi length (mm) Villi width (mm)

Control 1427.46 ± 5.16b 294.08±9b

0.5 gm group 1025.146±9d 221.56 ± 2.8c

1 gm group 1249.205±9c 182.87 ± 3.7d

2 gm group 2187.45 ± 6.7a 324.56 ± 3.8a

4 gm group 551.138 ± 6.2e 97.66 ± 3.06e

G1 Control basal diet, G2 basal diet plus 0.5 gm S. platensis, G3
basal diet plus 1 gm S. platensis; G4 Basal diet plus 2 gm S. pla-
tensis. G5 Basal diet plus 4 gm S. platensis. Data are presented as
mean ± SE. Mean; mean values with different superscript letters
in the same rows are significantly different at (P � 0.05).
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WG from broiler birds' SP diet, have a significant
impact on BW [39]. The positive influence of SP
might be a cause of improved food consumption in
addition to microbial count balance within the gut
as a result of antibacterial constituents such as
laminarin and fucoidan [40]. Broilers fed algae meal
gained weight rapidly, in addition to considerably
(p � 0.05) consuming their meal. Moreover,
elevated levels of highly digestible nutrients found

in SP, such as carotenoids, proteins (lectins, for
example), essential unsaturated fatty acids, pig-
ments, and indispensable amino acids, in addition
to PPhs, demonstrated increased antioxidant ca-
pacity and supported improved bird health and
growth in environments with higher temperatures
[41]. In our study, the SP-fed groups exhibited a
significant (p � 0.05) increase in SOD and GPx
levels and a decrease in MDA levels. Our results are
in agreement with those in Ref. [36]. Superoxide
dismutase, in addition to glutathione peroxidase, is
considered a free radical scavenger enzyme within
cells. Earlier research referred to the fact that Spir-
ulina encountered antioxidants such as carotenoids,
vitamin E, selenium polypeptide pigments, or phe-
nolcarboxylic acids, some of which may aid in anti-
oxidative activity along with or beside numerous
other micronutrients [42]. In particular, Spirulina is
thought to be a great source of phycocyanin, which
functions as an antioxidant bili protein pigment and
is connected to another potent (ARS) [43]. Another
explanation may be that phenylic acid is linked to
increased blood levels of glutathione peroxidase
and superoxide dismutase in the SP groups. In
addition to caffeic acids, several other phenolic
compounds found in SP, including those containing
salicylic, synaptic, chlorogenic, and quinic acids,
may also be responsible for their antioxidant activ-
ities, either alone or in concert [44]. In addition to

Fig. 3. (A) Control intestine: showing normal architecture of villi (arrowhead). (B) 0.5 gm group: showing minimal inflammatory cells in between
villi. Image magnification ¼ 400� and 100x (arrowhead). (C) 1 gm group: showing crypt proliferation with few interstitial inflammatory cells. (D)
2 gm group: showing marked crypt proliferation with focal aggregation of inflammation. (E) 4 gm group: showing mild villius desquamation (thin
arrow) with the proliferation of crypts and moderate inflammatory cells separating the proliferated crypt (thick arrow).

Fig. 4. Influences of Spirulina platensis dietary supplementation upon
villi length and width (mm) in chickens of different groups. G1 Control
basal diet, G2 basal diet plus 0.5 gm S. platensis, G3 basal diet plus
1 gm S. platensis; G4 Basal diet plus 2 gm S. platensis. G5 Basal diet
plus 4 gm S. platensis. Data represented as mean value ± standard
error (S.E.). a,b,c Different superscripts indicate a significant difference
(p � 0.05).
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lycopene, S. platensis contains additional caroten-
oids, such as lutein and polysaccharides, which are
thought to have antioxidative properties [45]. Meat
quality parameters exhibited significant improve-
ments in the current research, including decreased
exudative loss, cooking loss, and increasing WHC.
The outcomes of our research were supported by an
earlier study, which concluded that Spirulina might
influence the quality of Japanese quail meat by
reducing exudative loss [46]. Ref. [47] showed that
including antioxidants in meals was a great way to
promote development, somewhat restore the body's
overall antioxidant fitness, and reduce exudative
loss. Ref. [48] showed how antioxidants preserve the
functioning of membranes, which increases their
significance as semipermeable barriers, as opposed
to drip loss. According to Ref. [49], dietary antioxi-
dant inclusion also stops exudative loss from pale,
soft, exudative muscles in stress-predisposed pigs.
This activity appears to be a consequence of less-
ened (PLC) action through the greater antioxidant
tissue membrane component, as a result of exuda-
tive loss that occurs when phospholipids are
involved in the oxidation of the intracellular mem-
brane, in addition to membrane weakness. In our
study, the reduced exudative loss as a result of SP
supplementation, probably due to cell membrane
oxidation, was delayed. Development is considered
a result of the optimistic influence of bioactive
compounds, comprising SP antioxidants and muscle
fibers, which stimulate their ability to maintain
water [50]. The constructive effect of SP on carcass
conformation, in addition to the quality of meat,
could be explained by the enhancement of energy
partitioning for the development of muscles. In
addition, SP has an optimistic influence on a great
component of nutrients, causing enhancements in
the efficiency of feed in addition to nutrient trans-
formation to lean meat. The hypolipidemic effects of
SP found in this investigation have been verified
previously [51]. Ref. [37] reported that HDL-C levels
were elevated by SP administration. Spirulina pla-
tensis, in addition to lowering serum cholesterol
and TG levels among groups, statistically, but not
quantitatively [52]. Through the assessment of SP in
local laying hens, found that cholesterol levels were
significantly lowered in spirulina-administered
chicks compared with the control. Decreasing
serum lipid levels in SP-fed chicks has been re-
ported as a result of the C-phycocyanin component
of SP, which suppresses pancreatic lipase activity in
a dose-dependent manner [53,54]. In addition to
SP's ability to suppress cholesterol production and
uptake within the intestine, the polyphenol
component of SP may inhibit steapsin action while

reducing hematological lipid levels [55]. In addition
to the jejunum, the duodenum also plays a crucial
role in the absorption and digestion of nutrients in
chicks that produce meat. A fully formed small bowl
results in increased nutritional intake and improved
growth patterns [10]. In addition to growth, our
study demonstrated increased villus breadth and
height in small bowl slices treated with SPA, indi-
cating a positive impact on intestinal health and
nutritional absorption. Our results were similar to
those of previous studies on broilers, which found
that SPA administration had a positive impact on
VW and VH from the small bowl, improving feed
conversion ratio and nutrient absorption in addition
to body mass [13]. Our findings reveal the optimistic
influence of Spirulina platensis administration on gut
morphology, digestibility, and, therefore, FI. A
nutritional supplement of Spirulina platensis to
poultry diets possesses a considerable (p � 0.05)
increase in villi height and width. Rise within the
VH could be a result of protein components,
ranging from 55% to 65% in Spirulina platensis. Our
study agrees with [56] who concluded that SP
administration at a dose of ten grams per kilogram
of diet significantly increases the length of the
villous in addition to minimizing the count of
harmful bacteria in meat-producing birds. SP
administration enhanced the length of villi and
increased the number of goblet cells within chicks
given 1, 1.5, and 2 g SP/kg diet in comparison with
control chicks [57]. Ref. [58] reported that SP inclu-
sion by 15% within the basal diet considerably
(p � 0.05) increased the size of intestinal segments
compared with the control group. Elevated villous
length and width and crypt could be the result of
the pre- and probiotic effects of SP in broilers. As a
result of elevated villi length and width, nutrient
absorption was considerably elevated, resulting in
better broiler performance.

5. Conclusion

It was concluded that (SPA) administration via 0.5,
1, 2 gm/kg dose was considered a growth enhancer
substitute, improving birds production patterns
characterized by increased final BW, BWG, and FI
and decreased FCR. It acts as a hypolipidemic sub-
stance that decreases cholesterol, LDL-C, and tri-
glyceride levels, while increasing HDL-C levels. It
also enhanced antioxidant activity by increasing
GPx and SOD activity and decreasing MDA levels.
Improvements in meat quality decreased drip loss,
whereas cooking loss increased in WHC. Improves
intestinal histology and increases villus length and
width. Increasing the dose to 4 g/kg had the
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opposite effect on the previous parameters. Given
its cost-effectiveness and ability to support broiler
growth, SP could be a natural feed supplement for
the enhancement of broiler production.
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