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Abstract 

The purpose of this research was to investigate whether Spirulina 

platensis (SP) had an impact on the growth performance, blood me-

tabolism, antioxidant and oxidative status, MDA, and GPX-3 genes 

of Awassi male lambs. A total of 24 Awassi lambs (3.5-4 months) 

with an average initial weight of 27kg were used in the study. The 

lambs were divided into three groups: the control group fed a basal 

diet without SP supplementation, while the lambs in T1 and T2 were 

fed a basal diet supplemented with 2 and 3% SP, respectively. Lambs 

administered with 2% SP enhancement growth performance and in-

creased carcass weight. It seems that 2% Spirulina supplementation 

significantly surpasses (P<0.05) those lambs fed control and 3% SP 

in daily gain in weight and had a lower feed conversion ratio. The 

levels of malondialdehyde decreased numerically in the liver and 

considerably (P<0.05) in the serum by supplementing Spirulina in the 

diet. Additionally, spirulina powder increased antioxidant capacity, 

which raised the liver and serum levels of GPX. While controlling 

the proportionate transcription of antioxidant genes, spirulina powder 

enhanced the proportionate amount of expression of genes linked to 

GPX-3's antioxidant activity by 3.068 times. It can be concluded that 

the 2% spirulina has a substantial effect on daily gain, immunity, an-

tioxidant status, and carcass characteristics.  

Keywords: Daily Gain, Spirulina Platensis, Antioxidative Status, 

gene regulating. 
Introduction  

      Spirulina platensis (SP) is a dietary supplement that is widely utilized in animal 

diets. Essential vitamins, minerals, and amino acids are all present in spirulina [1]. 

Some species of Spirulina are not harmful to the liver, kidneys, or reproductive sys-

tem [2]. Nevertheless, Spirulina supplementation led to an increase in daily weight 

gain and live body weight of fattening lambs [3, 4, 5]. The immunomodulatory and 

antioxidant qualities of Spirulina in various animal species have been the subject of 

an increasing number of studies. Through scavenging free radicals, lowering DNA 

degradation, lowering lipid peroxidation, and increasing antioxidant enzyme activity, 
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Spirulina can enhance antioxidant activities [6]. Additionally, Spirulina might en-

hance immunological activity by stimulating T and B cells, enhancing the synthesis 

of cytokines and antibodies, and increasing macrophage phagocytic activity [7, 8, 9]. 

Higher colostrum concentrations of immunoglobulin (IgG) were observed in cows 

fed a diet supplemented with spirulina [10]. Moreover, fattening lambs can benefit 

from spirulina supplementation as an immunostimulant, growth promoter, and antiox-

idant in their feed [4]. 

    Therefore, this investigation aimed to determine the effects of spirulina supplemen-

tation on growth, MDA oxidative stress, antioxidant status, meat quality, serum lipid 

metabolism, and gene expression related to the antioxidant GPX3 and oxidative 

marker-related gene (MDA) on Awassi male lambs. 

 

Materials and Methods 

Animal and Experimental Design 

  This experiment was carried out from April 2024 to June 2024 in a private farm in 

Bahrka, Erbil governorate-Iraq. Twenty-four Awassi male lambs (3.5-4 months) with 

an average initial weight of 27 kg were used in the present work. After [10] day peri-

od of adaptation, the lambs were weighed and divided into three equal groups [8 

Lambs for each]: lambs in control group fed a basal diet [25% alfalfa hay and 75% 

concentrate ration] without spirulina supplementation (0% SP), while in treatments 

T1 and T2 fed control diet with 2 and 3% SP, respectively for 60 days. Before feed 

was offered in the morning (4% of live weight), each lamb was weighed once a week. 

The daily feed intake for each treatment was recorded after discarding the residue of 

the previous day. The percentage of crude protein of alfalfa hay was 13.02%, and 

[Table 1] represents the chemical composition of the concentrate ration. 

 

Table (1): Ingredient and chemical composition of the ration 

Feedstuff % Chemical composition* % 

Corn 14.39 Dry mater 94.23 

Wheat bran 5.77 Ash 6.70 

Barley 60.00 Crude fat 1.88 

Soybean meal 48% 14.07 Crude protein 16.80 

Salt 0.96 Energy [Mj/ kg DM] 2678 

Limestone 4.56   

Vitamin+Mineral Premix 0.25   
   *Determined according to AOAC [11]. 

 

Blood Sample and Antioxidant Status 

   At day 60 of the feeding experiment, blood samples were taken from the lamb's 

jugular vein, and the serum was separated by centrifuging the blood for 10 minutes at 

3000 rpm. The serum was refrigerated at -20°C for later analyses. Lipid profile traits 

(Triglycerides, Total protein, Cholesterol, HDL, LDL) in the serum were analyzed by 
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an auto analyzer (Humalyzer-3000, USA). Antioxidant (SOD), Superoxide Dis-

mutase Level SOD activity was recorded according to Marklund and Marklund [12], 

and Oxidative Stress, (MDA) Malondialdehyde was measured using a spectropho-

tometer and the Thiobarbituric Acid (TBA) test technique of Buege and Aust [10].  

 

Slaughtering of the animals and carcass traits 

   As explained by Al-Sherwany and Alkass [13, 14], at the end of the experiment, 

all lambs were slaughtered in the slaughterhouse. Immediately after skinning was 

completed, the hot carcass was weighed, then chilled for 24 hours at 40C and an 

electric saw was used to divide the carcass along the vertebral column into two 

halves.  

 

 RNA isolation, cDNA synthesis, and qPCR 

     After slaughtering, until RNA extraction, liver samples were excised, snap-frozen 

in liquid nitrogen, and stored at −80 ºC. Bio-Rad, Fisher Scientific, Melford, or Sig-

ma Aldrich supplied all chemical materials used for analytical grade. RNA and PCR 

products were estimated via agarose gel electrophoresis. Agarose 0.7% (w/v) was 

dissolved in 0.5X TBE buffer and dyed with GelRedTM for gel electrophoresis. 2ml 

of RNA or cDNA were loaded with 2ml of DNA loading dye and 6µl SDH2O. 

GeneRulerTM 1kb DNA ladder was used as the DNA size marker. Samples were 

electrophoresed for around 90 min and visualized under a UV illuminator.  

 

 QRT-PCR thermo-cycle 

     A quantitative reverse transcription-polymerase chain reaction was performed on 

48 samples. QRT-PCR, including both positive and negative controls. The process 

involved 30 thermal cycles with the following conditions: denaturation at 95°C for 

fifteen seconds, annealing of molecules at 57.5°C for sixty seconds, and extension at 

72°C for fifteen seconds. Quant Fast SYBR Green PCR kit (Cat. no. 204054, Qi-

agen, Hilden, Germany) and optical grade plates were used in the QRT-PCR, which 

was carried out using a Bio-Rad CFX96 touch system (Bio-Rad Labs, Hercules, CA, 

USA). 

    By using the housekeeping gene β-actin as an internal control, the relative change 

in gene expression for QTR-PCR was analyzed using the 2-ΔΔCt method of Livak 

and Schmittgen [15]. Each sample was tested in triplicate, and the quantity of each 

measured sample was normalized to the β-actin housekeeping gene. Cycle threshold 

(CT) values were assigned based on the average of the triplicates. By deducting the 

experimental CT values for each sample from the CT values of the β-actin targets, 

the ΔCT values were calculated. For each amplified gene target, the reference point 

was the group with the greatest mean ΔCT value [which indicates the lowest gene 

expression], with its mean ΔCT value adjusted to zero. This calibrator [ΔΔCT] was 

then used to compare the mean ΔCT values of different groups. According to SAS 
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[16], the exponential nature of PCR was taken into consideration by converting the 

ΔΔCT data to fold changes using the formula 2^(-ΔΔCT) Table (2). 

Table (2): Description of the investigation's primers 

Gene Primer 

F/R 
Primer Seq   5´ → 3´ 

Primer  

Length 

ORF 

Length  
Primer 

TM/°C 
 

GPX3 
GPX3-F AGCCACCCTCAAGTATGTTC 20 nt. 

451 bp 
66 67 

°C GPX3-R AGGACAGGAGTTCTTCAGGA 19 nt. 66 

MDA 
MDA_F TCCTGGTGATGACTTCTGCT 22 nt. 1302 

bp 

63 53 

°C MDA_R TGCTGGTCTTCTGGAGTATCA 19 nt. 58 

ACTB 
ACTB_F GTCCGTGACATCAAGGAGAAG 21 nt. 

375 bp 
65 66 

°C ATCB_R AGGAAGGAAGGCTGGAAGAG 20 nt. 66 

    GPX3= Glutathione peroxidase=, MDA= Malondialdehyde, ACTB= Housekeeping gene [beta 

actin] 

Statistical analysis 

    Using SAS's general linear model (GLM) [16] to determine how diet supplemen-

tation with Spirulina affects biochemical parameters and growth performance. The 

mean effects of diets were then compared using the Duncan [17] (α=0.05). 

 

Results and Discussion  

Growth performance  

      Growth performance of Awassi male lambs fed on different levels of spirulina 

powder is presented in Table (3). Spirulina supplementation significantly influenced 

[P<0.05] average daily gain (ADG) (290 and 273g/d) for T1 and T2, respectively, in 

comparison to the control (265g/d). Feed conversion ratio was significantly [P<0.05] 

different between groups, and the best value was recorded in T1, which was 

6.55kg/kg. Daily feed intake was significantly lower (P<0.05) in 2%spirulina, which 

was 1.91kg/d, compared to the control and 3% spirulina (2.1 and 2.0kg/d), respective-

ly. Spirulina powder levels 2 and 3% significantly affected (P<0.05) hot carcass 

weight, compared to the control. The current findings were consistent with those re-

ported by Peng et al. [18], who demonstrated that daily gain, carcass weight, and dai-

ly feed intake increased significantly (P<0.05) when Hu sheep's fed with spirulina 

supplementation for 60 days. Moreover, lambs administered spirulina-enriched feed 

had higher live weights and ADG than lambs that received no supplement [3, 4].   

Table (3): Effect of spirulina supplementation on growth performance in Awassi 

male lambs 

Treat. IW Kg FW Kg 
ADWG 

g 

TWG 

Kg 

ADFI 

kg/d 

FCR 

kg/kg 

Hot 

Carcass 

weight kg 

Control 26.8 42.7 b 265 b 15.9 a 2.1 a 7.5 a 20.4 b 

T1 27.3 44.7 a 290a 17.4 a 1.91 b 6.55 b 23.8 a 
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* SEM: Standard Error Mean; Control 0% SP; T1= 2% Spirulina; T2= 3% Spirulina; IW: Initial 

Weight; FW: Final weight, ADWG: Average daily weight gain, TWG: Total weight gain. AD-

FI=Average daily feed intake. FCR= Feed conversion ratio. a-b-c Various letters within a column 

indicate significant differences due to spirulina supplementation level [P<0.05].  NS: Non-

significant [P>0.05]. 

Antioxidant activity and the Amount of Oxidation products 

Effect of spirulina powder on oxidative stress and antioxidant activity, as shown 

in Table (4). Adding spirulina powder significantly (P<0.05) raised superoxide dis-

mutase (SOD) levels for lambs in T2, which was 12.5u/ml compared to control 

9.6u/ml in the liver. Similarly, it was noted [19] a rise in the activity of SOD in the 

blood plasma of ewes fed SP. Conversely, glutathione peroxidase (GPX) was consid-

erably increased by 2% SP supplementation, detecting 68.1u/l in the liver and 

152.7u/l in serum as opposed to 58.4 u/l in the liver and 118.7 u/l in the serum in the 

control. Total antioxidant capacity (T-AOC) was also strongly increased by 2% SP 

level, reporting 46.1 nmol/g in the liver and 642.8 nmol/l in the serum. On the other 

hand, malondialdehyde [MDA] in the serum was decreased significantly (P<0.05) in 

T1 and T2 (7.4 and 7.1nmol/m, respectively), in comparison to the control group 

[8.1nmol/m]. Likewise, Fouda et al. [20] reported that MDA concentration decreased 

in lambs fed SP compared to the control. It seems that oxidative stress causes MDA, 

a biomarker of lipid peroxidation [21]. Considering phycocyanin, polysaccharides, α-

tocopherol, and β-carotene are effective antioxidants that can prevent reactive oxygen 

species-mediated lipid peroxidation, Spirulina has an antioxidant activity associated 

with these active ingredients [22].  

Serum lipid metabolite 

The impact of supplementing spirulina powder on serum lipid metabolites is pre-

sented in Table (5). Lambs fed a diet with 2% SP had significantly (P<0.05) low-

er serum cholesterol (0.8mmol/L). Conversely, serum triacylglycerol had dramatical-

ly dropped (0.3mmol/L) for both levels of spirulina supplementation, as compared to 

the control (0.4mmol/L). In addition, high-density lipoprotein (HDL) rose and low-

density lipoprotein (LDL) dropped significantly (P<0.05) by supplementing Spirulina 

in the diet. The concentrations of total protein increased significantly (P<0.05), which 

were 46.3, 55.7, and 57.1g/L for control, T1, and T2, respectively. Similarly, other 

workers found that Spirulina treatments significantly increased serum total protein, 

albumin, and globulin concentrations, which was attributed to an increased protein 

content of Spirulina [23, 24, 25]. Also, in agreement with the present study [4] pre-

sented that Spirulina depressed the level of cholesterol in fattening lambs. 

Furthermore, previously [20] demonstrated that serum triglycerides and cholester-

ol concentrations decreased significantly in the supplemented diet with SP compared 

T2 27.1 43.5 a 273 ab 16.4 a 2.0 a 7.3 a 21.6 ab 

* SEM 0.308 0.086 0.308 0.098 0.086 0.098 0.615 

P-value NS 0.0001 0.006 0.0001 0.0001 0.0001 0.0001 
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to the control. Spirulina is low in calories and high in protein, vitamins, chlorophyll, 

beta-carotene, gamma-linolenic acid, and other compounds that assist in regulating 

fat metabolism. In accordance with the findings of the study, spirulina supplementa-

tion could serve as an effective way of decreasing the risk of lipid metabolism in 

Awassi male lambs. 
 

Table (4): Effect of spirulina supplementation on activities of antioxidants and oxida-

tion products in serum and liver of Awassi male lambs  

Item Section Control T1 T2 
P-

values 

*SE

M 

SOD U/mL 
Liver 

Serum 

9.6 b 

10.2 b 

12.2 a 

12.6 a 

12.5 a 

10.3 b 

0.0001 

0.007 

0.871 

0.042 

GPX  U/L 
Liver 

Serum 

58.4 c 

118.7 c 

68.1 a 

152.7 a 

62.7 b 

150.7 b 

0.0001 

0.042 

0.136 

0.111 

MDA nmol/m 
Liver 

Serum 

6.8 a 

8.1 a 

5.3 a 

7.4 b 

5.6 a 

7.1 b 

0.0001 

0.0001 

0.043 

0.943 

T-AOC/liver 

[nmol/g] 

T-AOC/serum 

[nmol/l] 

Liver 

Serum 

34.6 b 

445.4 b 

46.1 a 

642.8 a 

42.2 a 

625.1 

ab 

0.0001 

0.0001 

0.090 

0.639 

* SEM= Standard error of the mean; Control= 0% SP; T1= 2% Spirulina; T2= 3% Spirulina; SOD= 

Superoxide dismutase; GPX= Glutathione peroxidase; MDA= Malondialdehyde; T-AOC= Total an-

tioxidant capacity. a-b-c Various letters within a row indicate significant differences due to spirulina 

supplementation level [P< 0.05].  NS: Not significant [P>0.05]. 

 
 

Table (5): Effect of spirulina supplementation on lipid profile and total protein of 

Awassi male lambs. 

Treatments 
Cholesterol, 

mmol/L 

Triacylglycerol, 

mmol/L 

LDL 

mmol/L 

HDL 

mmol/L 

Total pro-

tein, g/L 

Control 1.7 a 0.4 a 1.4 a 0.6 b 46.3 b 

T1 0.8 b 0.3 b 0.7 b 0.8 b 55.7 a 

T2 1.1 ab 0.3 b 0.8 b 1.1 a 57.1 a 

* SEM 0.067 0.014 0.102 0.036 0.776 

P-value 0.005 0.003 0.009 0.001 0.0001 
*SEM= Standard error of the mean; Control= 0% SP; T1= 2% Spirulina; T2= 3% Spirulina; LDL= 

Low-density lipoprotein; HDL= High-density lipoprotein. a-b-c Various letters within a column in-

dicate significant differences due to spirulina supplementation level [P<0.05]. 
 

Gene expression pattern associated with antioxidants 

The effect of spirulina powder supplements on the GPX-3, fold-change gene ex-

pression in Awassi lambs was shown in Figure (2). Supplementing Spirulina in the 

diet from 2 to 3% had positively affected the GPX-3 gene expression compared to the 
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internal reference ß-actin. It can be observed from Figures [1 and 2] that spirulina 

supplementation had a substantial impact on the mRNA expression patterns of anti-

oxidant-related genes in the liver, such as GPX3 and MDA. Relative GPX3 mRNA 

expression levels in the liver were considerably elevated [P<0.05]. Lambs fed a sup-

plement with 3% spirulina powder showed an overall increase in GPX3 expression 

(P<0.05) versus the control group. 

In contrast, the oxidative marker MDA [Malondialdehyde] gene expression de-

creased with increasing spirulina powder levels in the diet. Furthermore, spirulina 

powder (2 and 3%) up-regulated GPX-3 gene expression change fold (2.078 and 

3.068-fold), respectively, in comparison to the internal reference ß-actin gene (1.00-

fold). Phycocyanin, polysaccharides, α-tocopherol, and β-carotene are all related to 

Spirulina's antioxidant activity as they may operate as powerful antioxidants that pre-

vent reactive oxygen species from encouraging lipid peroxidation. Despite the present 

findings, it was discovered [26] that spirulina supplementation of crossbred bulls of 

Limousine ancestry did not influence the fundamental mRNA expression levels of 

pro-inflammatory and antioxidant genes in PBMCs throughout the experimental 

groups. 

 
Figure (1): Expression pattern of antioxidant-related genes MDA= Malondialdehyde 

[A] in the liver of Awassi lambs 
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Figure (2): Expression pattern of antioxidant-related genes GPX3 = glutathione pe-

roxidase. B, in the liver of Awassi lambs. 

       According to the results in the text, it can be concluded that supplementing 2% of 

Spirulina to the lamb's diet had the most significant impact on immunity, antioxidant 

status, and carcass characteristics. Furthermore, the SP could be administered to the 

diets of fattening lambs as a growth-promoting and antioxidant feed addition. Moreo-

ver, SP regulated the relative antioxidant ge 

ne expression, and 3% spirulina supplementation up-regulated the relative gene ex-

pression of genes associated with antioxidant capacity GPX-3 by [3.068-fold] com-

pared to the internal reference gene B-actin by [1.00-fold]. Also, down-regulating 

MDA relative gene expression, which is responsible for oxidative stress in the liver 

of Awassi male lambs fed with 2 and 3 percent spirulina, following 60 days. 

 

References  

1)   Holman, B. W. B., & Malau-Aduli, A. E. O. (2013). Spirulina as a livestock 

supplement and animal feed. Journal of Animal Physiology and Animal Nutrition, 

97(4), 616–623. https://doi.org/10.1111/j.1439-0396 

2)   Chamorro, G., & Pages, M. N. (1989). Dominant lethal study of Spirulina max-

ima in male and female rats after short-term feeding. Phytotherapy Research, 

10(1), 28–32. https://doi.org/10.4315/0362-028X-52.2.125 

3)   Bezerra, L. R., Silva, A. M., Azevedo, S. A., Mendes, R. S., Mangueira, J. M., 

& Gomes, A. K. (2010). Performance of Santa Inês lambs submitted to the use of 

artificial milk enriched with Spirulina platensis. Ciência Animal Brasileira, 

11(2), 258–263. https://doi.org/10.1007/s11250-022-03115-9 

4)   El-Sabagh, M. R., Abd-Eldaim, M. A., Mahboub, D. H., & Abdel-Daim, M. 

(2014). Effects of Spirulina platensis algae on growth performance, antioxidative 

status, and blood metabolites in fattening lambs. Journal of Agricultural Science, 

6(3), 92–98. https://doi.org/10.5539/jas.v6n3p92 

1.000

2.078

3.068

0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

control spirulina%2 spirulina%3

R
E

L
A

T
IV

E
 G

E
N

E
 E

X
P

R
E

S
S

IO
N

GPX3 GENE EXPRESSION 



Journal of Kerbala for Agricultural Sciences Issue (3), Volume (12), (2025) 

  

202 
 

5)   Kashani, A., Holman, B. W., Nichols, P. D., & Malau-Aduli, A. E. (2015). Ef-

fect of dietary supplementation with Spirulina on the expressions of AANAT, 

ADRB3, BTG2, and FASN genes in the subcutaneous adipose and Longissimus 

dorsi muscle tissues of purebred and crossbred Australian sheep. Animal Feed 

Science and Technology, 57, 1–8. https://doi.org/10.1186/s40781-015-0047-3 

6)   Wu, Q., Liu, L., Miron, A., Klimova, B., Wan, D., & Kuca, K. (2016). The anti-

oxidant, immunomodulatory, and anti-inflammatory activities of Spirulina: An 

overview. Archives of Toxicology, 90(8), 1817–1840. 

https://doi.org/10.1007/s00204-016-1744-5 

7)   Gad, A. S., Khadrawy, Y. A., El-Nekeety, A. A., Mohamed, S. R., Hassan, N. 

S., & Abdel-Wahhab, M. A. (2011). Antioxidant activity and hepatoprotective ef-

fects of whey protein and Spirulina in rats. Nutrition, 27(5), 582–589. 

https://doi.org/10.1016/j.nut.2010.04.002 

8)   Garcés, C. N., Vela, D., Mullo, A., Cabezas, V., Alvear, A., & Ponce, C. H. 

(2019). Spirulina supplementation during the transition period by grazing dairy 

cattle at tropical highland conditions. Tropical Animal Health and Production, 

51(2), 477–480. https://doi.org/10.1007/s11250-018-1691-7 

9)   Mao, T. K., Van de Water, J. A., & Gershwin, M. E. (2000). Effect of Spirulina 

on the secretion of cytokines from peripheral blood mononuclear cells. Journal of 

Medicinal Food, 3(3), 135–140. https://doi.org/10.1089/jmf.2000.3.135 

10)   Buege, J. A., & Aust, S. D. (1978). Microsomal lipid peroxidation. In S. 

Fleischer & L. Packer (Eds.), Methods in Enzymology (Vol. 52, pp. 302–310). 

Academic Press. https://doi.org/10.1016/S0076-6879(78)52032-6 

11)   Association of Official Analytical Chemists (AOAC). (2000). Official meth-

ods of analysis (17th ed., W. Horwitz, Ed.). AOAC International. 

12) Marklund, S., & Marklund, G. (1974). Involvement of the superoxide anion 

radical in the autoxidation of pyrogallol and a convenient assay for superoxide 

dismutase. European Journal of Biochemistry, 47(3), 469–474. 

https://doi.org/10.1111/j.1432-1033.1974.tb03714.x 

13) Al-Sherwany, D. A. O., & Alkass, J. E. (2021). A comparative study on 

growth, carcass traits, and body composition of Awassi and Karadi lambs raised 

under two levels of feeding and slaughtered at different weights: 1- Growth per-

formance and carcass traits. The Iraqi Journal of Agricultural Science, 52(5), 

1101–1108. https://doi.org/10.36103/ijas.v52i5.1448 

14) Al-Sherwany, D. A. O., & Alkass, J. E. (2021). A comparative study on 

growth, carcass traits, and body composition of Awassi and Karadi lambs raised 

under two levels of feeding and slaughtered at different weights: 2- Body compo-

sition and carcass tissue distribution. The Iraqi Journal of Agricultural Sci-

ence, 52(5), 1109–1116. https://doi.org/10.36103/ijas.v52i5.1449 

15) Livak, K. M., & Schmittgen, T. D. (2001). Analysis of relative gene expres-

sion data using real-time quantitative PCR and the 2(−ΔΔCT) method. Methods, 

25(4), 402–408. https://doi.org/10.1006/meth.2001.1262 

https://doi.org/10.36103/ijas.v52i5.1448
https://doi.org/10.36103/ijas.v52i5.1449
https://doi.org/10.1006/meth.2001.1262


Journal of Kerbala for Agricultural Sciences Issue (3), Volume (12), (2025) 

  

203 
 

16) SAS Institute. (2004). SAS user’s guide: Statistics (Version 7th ed.). SAS 

Institute Inc. 

17) Duncan, D. B. (1955). Multiple range and multiple F tests. Biometrics, 11(1), 

1–42. https://doi.org/10.2307/3001478 

18) Peng, W., Qiu, X. Q., Shu, Z. H., Liu, Q. C., Hu, M. B., Han, T., & Zheng, C. 

(2015). Hepatoprotective activity of total iridoid glycosides isolated from 

Paederia scandens (Lour.) Merr. var. tomentosa. Journal of Ethnopharmacol-

ogy, 174(4), 317–321. https://doi.org/10.1016/j.jep.2015.08.032 

19) Christodoulou, C., Kotsampasi, B., Dotas, V., Simoni, M., Righi, F., & 

Tsiplakou, E. (2023). The effect of Spirulina supplementation on ewes’ oxida-

tive status and milk quality. Animal Feed Science and Technology, 295, 

115544. https://doi.org/10.1016/j.anifeedsci.2022.115544 

20) Fouda, W. A., Ellamei, A. M., & Helal, A. M. (2025). Effect of microalgae 

(Spirulina platensis) as dietary additive on blood metabolites, antioxidant status, 

and immunological responses of growing Barki lambs. Egyptian Journal of Nu-

trition and Feeds, 28(1), 63–75. https://doi.org/10.21608/ejnf.2025.420498 

21) Deger, S., Deger, Y., Bicek, K., Ozdal, N., & Gul, A. (2009). Status of lipid 

peroxidation, antioxidants, and oxidation products of nitric oxide in equine 

babesiosis. Journal of Equine Veterinary Science, 29, 743–747. 

https://doi.org/10.1016/j.jevs.2009.07.014 

22) Khan, Z., Bhaduria, P., & Bisen, P. S. (2005). Nutritional and therapeutic po-

tential of Spirulina. Current Pharmaceutical Biotechnology, 6, 373–379. 

23) Hanafy, A. (2023). Enhancing fattening lamb performance with Spirulina 

platensis: Insights into growth, blood metabolism, and antioxidant status. Jour-

nal of Applied Life Sciences International, 26(1), 31–38. 

https://doi.org/10.9734/JALSI/2023/v26i1597 

24) Mokhtar, M. H., Suliman, A. I. A., & Abdou, S. G. (2023). Effect of macro 

and microalgae supplementation on productive performance, some blood consti-

tutes, and economic efficiency of growing Farafra male lambs. Archives of Ag-

ricultural Science Journal, 73–83. https://doi.org/10.21608/aasj.2023.295398 

25) Mohan, B. M., Mvan, S., Devasena, B., & Gangaraju, G. (2024). Influence of 

Spirulina supplementation on nutrient digestibility and serum biochemical fac-

tors in Nellore ram lambs. International Journal of Agriculture Extension and 

Social Development, 7(6), 106–111. 

https://doi.org/10.33545/26180723.2024.v7.i6Sb.716 

26) Keller, M., Manzocchi, E., Rentsch, D., Lugara, R., & Giller, K. (2021). Anti-

oxidant and inflammatory gene expression profiles of bovine peripheral blood 

mononuclear cells in response to Arthrospira platensis before and after LPS 

challenge. Antioxidants, 10(5), 815. https://doi.org/10.3390/antiox10050814 

 

https://doi.org/10.1016/j.anifeedsci.2022.115544
https://doi.org/10.21608/ejnf.2025.420498
https://doi.org/10.1016/j.jevs.2009.07.014
https://doi.org/10.33545/26180723.2024.v7.i6Sb.716

