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Introduction: Flaxseed oil contains a variety of unsaturated fatty acids such as linolenic acid, linoleic acid, and
oleic acid. The linolenic acid content can be up to 53%, which leads to increased nutritional value. However, the
oxidative sensitivity of these polyunsaturated fatty acids is a major concern. Diets supplemented with
polyunsaturated fatty acids have been shown to increase cellular oxidative damage. Therefore, the use of
antioxidants in diets containing flaxseed oil seems to be crucial. Spirulina platensis is rich in bioactive compounds
that provide various health benefits. Phycocyanin, a pigment-protein complex found in spirulina, has strong

antioxidant properties that help neutralize free radicals, thereby protecting cells from oxidative damage. The present
study was conducted to investigate the effect of Spirulina algae supplementation in diets containing different levels
of flaxseed oil on performance, blood and liver antioxidant parameters, and serum and egg yolk lipid parameters in
laying hens.

Materials and Methods: For this purpose, 288 laying hens (Hy-line-W36, 70 weeks of age) were used in a 2 x
3 factorial design with 6 replications and 8 birds per replication. The experimental treatments included diets
containing 3 levels of flaxseed oil (0, 1.5, and 3% of the diet) and 2 levels of Spirulina platensis microalgae (0 and 5
g/kg of the diet). To evaluate performance indices, eggs were collected twice a day and the number and total weight
of eggs were recorded at the end of each day. Egg mass, feed intake and feed conversion ratio were calculated
weekly. To evaluate blood parameters, two serum samples from each replicate (12 samples per treatment) were
prepared at the end of the experimental period. All data from this experiment were statistically analyzed in a 2x3
factorial test using SAS software and the Mixed procedure.

Results and Discussion: The results showed that hens treated with 3% flaxseed oil with or without spirulina had
the highest percentage of egg production, weight and mass, which were significantly higher than those treated
without flaxseed oil. The use of 3% flaxseed oil with 5 g of spirulina reduced feed conversion ratio compared to
other experimental treatments. Levels of 1.5 and 3% flaxseed oil with 5 g of spirulina significantly reduced
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triglyceride and VLDL concentrations. The main effects of flaxseed oil showed that 3% flaxseed oil reduced egg
yolk cholesterol. The interaction effect of 5 grams of spirulina and 3% flaxseed oil reduced egg yolk triglyceride
levels compared to the control treatment. Diets containing 1.5 and 3% flaxseed oil reduced total antioxidant capacity
and liver superoxide dismutase and total serum antioxidant capacity, while the use of 5 g of spirulina increased the
aforementioned parameters. Also, serum malondialdehyde levels increased in chickens fed diets containing 1.5 and
3% flaxseed oil without Spirulina, and the addition of Spirulina was able to compensate for this increase caused by

flaxseed oil. Laying hens have a very strong body fat metabolism, especially during the peak egg production period.

Oils, as one of the essential nutrients for animal growth and one of the main components of egg yolk, play an
important role in regulating the production performance of laying hens and egg weight. Therefore, the production
performance and egg weight of laying hens may be improved by supplementing the diet with various oils. The
reduction in yolk lipid profile in the present study could be due to the reduction of triglycerides in the blood
circulation of the birds due to the increased omega-3 intake in the flaxseed oil-containing diet, potentially limiting
the availability of lipids for yolk formation. Spirulina contains y-linoleic acid, which binds to cholesterol metabolites
in bile and prevents their accumulation. The researchers also stated that the reduction in cholesterol levels may be
related to the inhibitory effects of spirulina on the activity of HMG-CoA reductase, an allosteric enzyme required for
cholesterol synthesis in the liver. The present results showed that the increase in hepatic malondialdehyde, which is
an indicator of oxidative stress, was reduced again by the addition of Spirulina to the flaxseed oil-containing diets,
while glutathione peroxidase activity and total antioxidant capacity were increased by Spirulina treatment. The
capacity of Spirulina to restore redox balance in flaxseed oil-containing diets can be attributed to its bioactive
antioxidant compounds such as flavonoids and polyphenols and other free radical antagonists such as a-tocopherol,
ascorbic acid, p-carotene and selenium.

Conclusion: In general, the present researchers recommend using 3% flaxseed oil in the diet of laying hens to
benefit from the positive effects of flaxseed oil on performance and blood lipid parameters. However, based on the
present results, if 1.5 or 3% flaxseed oil is added to the diet, the use of Spirulina platensis algae as a natural

antioxidant is vital to prevent lipid peroxidation.
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Table 1- The ingredients and nutrients composition of experimental diets

(0 y2 2o yd) sl Sl o OLS gy duoyd VO O gy o ¥
Ingredients (% of the diet) Control diet 1.5% Flaxseed oil 3% Flaxseed oil
o 60.48 57.55 53.36
Corn

(P g 72¥F) g allows

25.36 25.23 26.14

(44% CP) Soybean meal
PS5 g ; 1.00 2.00
Wheat bran
bow 055 03 03 03
Soybean oil
o ot ; 1.50 3.00
Flaxseed oil
o el 03 2.16 2.27 2.48
Dicalcium phosphate
eels Sbe$ 10.88 11.33 11.90
Calcium carbonate
pLb S 0.32 0.32 0.32
Common salt
O S 0.10 0.10 0.10
Sodium bicarbonate
el > 0.10 0.10 0.10
DL- methionine
\ e e

ooy Josa 0.30 0.30 0.30
Vitamin premix
A

e dge JoSo 0.30 0.30 0.30

Mineral premix

Nutrient composition

Metabolizable energy (kcal/kg)

(7) & o3 15.50 15.50 15.50
Crude protein (%)

() s 475 475 475
Calcium (%)

(2) s> JB i 0.39 0.39 0.39
Available phosphorus (%)

() o 0.17 0.17 0.17
Sodium (%)

(") % 0.26 0.26 0.26
Chloride (%)

(A) iz 0.36 0.36 0.36
Methionine (%)

(A) Ot + isite 0.64 0.64 0.64
Methionine + cysteine (%)

(%) o2 0.79 0.79 0.79

Lysine (%)
By (el 0,5 oo o By (el 0,5 Joo YY By yeoling Ve U E oty ¥0+ IU Dy yoling Ve e IU A yoling :STy58 0, 55lS ya 2ljlay jlae"
P ke Vo S 1S e 4100 By ol .5 s <105 By pusbig 105 o 93 By el tp S sk e
S ke 1Y s mades 25 o VY e 05 o £o g9 15 oo B0 el 95 o Ar 51500 1S58 £ S kS o slilay jyalae”
! Supplied per kilogram of diet: vitamin A, 10000 IU; vitamin D3, 2500 1U; vitamin E, 10 1U; vitamin B1, 22 mg; vitamin B2, 4 mg;

vitamin B3, 8 mg; vitamin B6, 2 mg; vitamin B9, 0.56 mg; vitamin B12, 0.015 mg; choline, 200 mg.
2 Supplied per kg of diet: manganese, 80 mg; Iron, 50 mg; zinc, 60 mg; copper, 12 mg; sodium selenite, 0.3 mg.
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Table 2- Effects of using spirulina platensis in diets containing different levels of flaxseed oil on the performance of laying hens

Variable
Jole W o . . Shed has caps  pIS 2 ulla v
Factor "E o &S 0js & oSS 0398 Shgs B yas ” ;J;' :c; i i ‘).,
prodt?c?tion Egg Egg mass Feed intake conversion Cost &;rx f
weight /d/bird /d/bird . ost per kilogram o
(%) ght(g)  (g/dbird) (¢/dbird) i s (T
(%) S o295
Flaxseed oil (%)
75.58° 58.76¢ 44.41° 98.85 2.232 40921.35°
15 78.262 59.76° 46.23° 99.10 2.13b 42254712
3 78.412 61.26° 47.81 98.95 2.06° 44038.212
;’g\j‘”‘ ol 0.68 0.29 0.37 1.13 0.02 439.64
Ef"’;l*‘: Jool g 0.005 0.01 0.02 0.4 0.01 0.01
-valu
(pSS5kS 13 p)5) Ly
Spirulina (g/kg)
0 76.64° 59.500 45.33P 98.86 2.192 41631.67°
5 78.192 60.362 46.972 99.06 2.090 43177.262
;"E’;\L;I“" ol 0.39 0.23 0.30 1.11 0.02 415.81
I‘j’\‘;gﬁ;; Jleo! gl 0.01 0.02 0.01 0.21 0.005 0.02
Ly pnlx GBS 9,
Flaxseed oil x
Spirulina platensis
0x0 75.480 58.67° 44.28¢ 98.90 2.322 40611.24b
0x5 75.69° 58.86° 44 55 98.80 2.222 41231.47°
1.5x0 76.93% 59.22% 45.2]bc 98.90 2.18% 41160.56°
1.5x5 79.58% 60.292 47.24bc 99.30 2.10% 43348.80°
3x0 77.522 60.592 46.50° 98.80 2.12% 43123.662
3x5 79.312 61.928 49,122 99.10 2.020 44953.502
;)Il;&m‘ slas 0.72 0.41 0.53 1.19 0.05 628.37
s, & N
I;” °;“: Jlool g 0.02 0.003 0.008 0.40 0.01 0.001
-valu

(P <0.05) sl oo (s )b sime M) gl Cglite By > () (slo 1 Sikeo ¢ i o )> (st jb 3 O
&¢Means within each column of each section with different superscripts are significantly different (P < 0.05).
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Table 3- Effect of using spirulina platensis in diets containing different levels of flaxseed oil on blood serum and egg yolk lipid

parameters in laying hens

0P &S 03]
Jls Blood Egg yolk
Factor J‘)““‘fd)’ J?)‘““K VLDL! A’)‘““Kcﬁ)‘ LJ5)““JS
Triglyceride Cholesterol (mg/dI) Triglyceride Cholesterol

(mg/dl) (mg/dl) (mg/dl) (mg/dl)
(%) S o2 9)
Flaxseed oil (%)
0 3043.232 214.612 602.822 170.982 19.292
15 2842.57° 210.53P 564.46° 165.50° 18.76°
3 2637.54¢ 201.54¢ 516.78¢ 163.90° 18.16°¢
Skl (sllas 51.22 7.26 13.16 1.08 0.15
SEM
S bie Jloia] o 0.01 0.02 0.01 0.01 0.01
P-value
(PSS )2 p)5) puasiiMy Ly ]
Spirulina platensis (g9/kg)
0 2929.342 208.5 583.75? 169.232 18.77
5 2752.61° 209.3 538.82° 164.41° 18.71
Skl sllas 47.77 8.03 12.77 0.88 0.12
SEM
P Jlool o 0.01 0.60 0.03 0.03 0.68
P-value
iy Lyl (S e,
Flaxseed oil x Spirulina platensis
0x0 3120.192 215.61 624.132 172.472 19.34
0x5 2966.422 214.23 581.67° 169.532 19.24
1.5x0 2921.75% 209.17 576.65° 167.49% 18.79
1.5x5 2764.28° 212.05 552.22b 163.62% 18.74
3x0 2747.06° 201.64 550.61° 167.86% 18.20
3x5 2528.92¢ 201.52 482.76° 160.14° 18.12
Sl (sl 4132 11.79 13.06 2.52 0.94
SEM
P Jlool o 0.002 0.55 0.006 0.24 0.21
P-value

.(P < 005) bl oo gy dize BB (gl)y Cglite gy (gl (gl Silis (yisu 12 jd (s & ac

o5 ks JBo L e’
&¢ Means within each column of each section with different superscripts are significantly different (P < 0.05).
Very low density lipoprotein
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Table 4- Effects of using spirulina platensis in diets containing different levels of flaxseed oil on antioxidant parameters of liver and
blood serum of laying hens

o A8
Blood Liver
S| i ol S| i gl e
. . T Pl el o
Jo 5 sgall 5 sl Py Fgoms>
Factor TAC MDA TAC MDA (mmolidi) SoD
(mmol/ml) (mmol/1) (mmol/ml) (mmol/l) (ug/ml)
(%) oS o5
Flaxseed oil (%)
0 1.39 2.22 1.30 0.310 4.95 15.61
15 1.30 2.37 1.06 0.35% 5.18 16.01
3 1.29 2.50 1.17 0.38 5.17 15.12
ot gl 0.04 0.10 0.07 0.02 0.17 0.40
SEM
5 ine Jloio] gl 0.62 0.52 0.11 0.03 0.30 0.27
P-value
2 £ ) i Ly ]
(P oks
Spirulina platensis (g/kg)
0 1.18 2.78 1.01° 0.37 4770 14.42
5 1.312 1.89 1.310 0.33 5.46° 17.32
>hiled sllt 0.01 0.04 0.03 0.01 0.13 0.21
SEM
S Pusine Jloo] gl 0.01 0.02 0.01 0.07 0.02 0.01
P-value
el Ly ol (S (584,
Flaxseed oil x Spirulina
platensis
0%0 1.33% 2.36% 1.18% 0.33 450 14.29
0x5 1.472 1.94 1.412 0.29 5.30 17.98°
1.5x0 1.21° 2.722 0.96° 0.34 4.87 13.02
1.5%5 1.36° 1.97° 1172 0.35 5.48 14.77
3%0 1.16° 3.247 0.98° 0.41 4.95 13.72
3x5 1.38° 1.77° 1.37° 0.36 5.58 16.712
st bt 0.06 0.09 0.05 0.02 0.24 0.33
SEM
$Pine Jloiol gl 0.03 0.03 0.01 0.16 0.20 0.04
P-value

(P< 005) bl oo (g b pxe BB (gl)ly Colite Bgy (gyly (gloSiles i g b ) ab
<Bgeud ST g :SOD ¢ lans 1y 50566l :GPx ol e3:gle MDA ¢ IS glaus| ol ud s : TAC
&b Means within each column of each section with different superscripts are significantly different (P < 0.05).
ITAC: total antioxidant capacity; MDA: malondialdehyde; GPX: glutathione peroxidase; SOD: superoxide dismutase.
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