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Abstract: The large-scale poultry production has led to the search for new feed materials that can be 
used in this sector. Such a material may be algae, which contains many biologically active compounds 
from its biomass. The aim of the study was to determine the effect of preparations based on extract of 
Spirulina platensis algae on selected biochemical parameters of the blood of the studied birds. The tested 
parameters were total cholesterol, high density lipoprotein, low density lipoprotein, triglycerides, 
calcium, phosphorus, aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase. In 
addition, the effect of the extract used on the immune system of birds and the level of specific antibodies 
after vaccination with a combination vaccine was also checked. The obtained results showed the effect 
of the preparations on the activity of liver enzymes. Potential immunomodulatory properties of one of 
used preparations were also demonstrated. 
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INTRODUCTION 
Poultry farming is a very important branch of the nutritional administration. Due to the high taste 

values, relatively low and stable prices, health-promoting properties and the lack of religious restrictions, 
poultry meat and eggs are products eagerly consumed by consumers. However, it should be remembered 
that the high genetic potential of poultry has led to intensive breeding work. Although it allowed for 
high production parameters of birds, it also had a negative impact on their health. This is the result of 
weakened bird resistance and the fact that bird’s need for individual nutrients is not always covered in 
large-scale farming (Jankowski et al. 2012). 

The solution of the problem may be feed additives, which are important component of complete 
nourish. Such additives may be algae and their extracts. Algae are single-cell organisms that belong to 
spore plants that can form colonies and multicellular thalli (Czerpak and Czeczuga 1978). They occur 
mainly in the aquatic environment and are photoautotrophs. These include blue-green algae, flagellates, 
green algae, brown algae, red algae, and borax (Czerpak and Jabłońska-Trypuć 2008). It are used both 
as food for humans and farm animals. The most commonly used for this purpose are brown algae, red 
algae and green algae, which contain in their biomass many biologically active compounds such as 
proteins, amino acids, lipids, carbohydrates, vitamins, minerals and unsaturated fatty acids (Hallmann 
2007). In addition, algae contain in their biomass compounds such as laminarin and fucoidan with 
antibacterial properties. Algae can also be used to obtain polyphenols that counteract the formation of 
free radicals (Holdt and Kraan 2011). The use of algae in poultry nutrition may, therefore, increase the 
resistance of birds and protect them against metabolic diseases  and fatty of internal organs. 
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The aim of the study was to determine the effect of preparations made on the basis of algae extract 
on the level of selected biochemical parameters of blood and the immune response of laying hens.  

MATERIALS AND METHODS 
The research was carried out at the Agricultural Experimental Station of RZD Swojec. The 

experimental material was blood collected from 72 hens of ISA Brown line. The birds were kept in 
a cage system of 3 in each cage. The cages in which the hens were kept were improved so that, in 
accordance with Directive 1999/74/EC, they provided birds with full welfare. The hens were maintained 
under standard, controlled microclimatic conditions that met the minimum requirements for this animal 
species. The birds were put into cages at 24 weeks of age. The animals for the experiment were chosen 
randomly. During the experiment, a standard light program was used. 

Nutrition 
Throughout the experiment, the hens were fed with a commercial complete feed mixture from 

Tasomix. Table 1 shows the composition of feed mixture used in the experiment. The birds had 
permanent access to water and received feed in the  amount of 130g/hen/day. 

Table 1 Composition of the feed mixture used in experiment 
Feed component Amount kg Product code 

Maize 450.99 1101 
Sunflower meal 150 4046 

Wheat 136 4009 
Thick chalk 1.2 – 4.0 mm 66 1407 
Soybean meal 45+ROV 40 4060 

Dried corn decoction BIOWIN 40 4035 
Guar 60 40 4139 
Chalk 31.1 1406 

Rapeseed oil 19 4087 
Full dried blood 9 4073 

Calcium-sodium posphate 4.4 1439 
Lysine 50% LIQUID 2.5 2870 

Bacterial Control LF2 NC 2.5 744 

Layout of the experiment 
The birds were divided into 4 groups of 18 hens in each (6 replicates (cages), 3 hens in a cage). 

Each group received a different preparation enriched with Spirulina platensis algae extract.   

Table 2 Division into groups due to the preparations used in experiment 

Group I 
the control group, the hens were additionally vaccinated before the experiment with 
a combined IBV (infectious bronchitis virus) and NDV (Newcastle disease virus) vaccine 
via a per os route 

Group II 
preparation D, enriched with Spirulina platensis algae extract; the preparation was 
administered throughout the duration of the experiment in a 5 days application – 1 ml/1l 
water, 7 days break 

Group 
III 

preparation H, enriched with Spirulina platensis algae extract; the preparation was 
administered for the entire duration of the experiment in a 5 days application – 2 ml/1l 
water, 7 days break 

Group 
IV 

preparation M, enriched with Spirulina platensis algae extract; the preparation was 
administered for 6 weeks in the system of 5 days of use – 2 ml/1l water, 7 days of break, 
additionally hens before administration of preparation M were vaccinated with 
a combination vaccine IBV and NDV by the route per os 

Table 3 presents the characteristics of the used preparations (composition in 1 kg of product). 
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Table 3 Characteristics of the preparations used in experiment 
Materials Preparation M Preparation D Preparation H 

Feed materials vegetable glycerine, 
sodium bicarbonate sorbitol 

magnesium sulphate, 
sodium chloride, 

monopropylene glycol, 
glycerine 

Dietary 
supplements 

vitamin A (1350000 IU), 
vitamin D3 (200000 IU), 
vitamin E (50000 mg), 
vitamin B1 (500 mg), 

vitamin B2 (1500 mg), 
vitamin B6 (700 mg), 

vitamin B12 (4000 mcg), 
vitamin C (25000 mg), 

pantothenic acid (300 mg), 
niacin (1000 mg), 

folic acid (300 mg), 
biotin (400000 mcg), 
vitamin K (400 mg), 
betaine (60000 mg) 

vitamin D3 (250000 UI), 
calcium chloride (80000 mg), 

magnesium (6000 mg), 
iron (360 mg), 

manganese (2000 mg), 
copper (150 mg), 

zinc (500 mg) 

choline chloride (20000 mg), 
betaine (25220 mg), 

L-carnitine (10175 mg) 

Sensory additives oregano oil, 
dry Echinacea purpurea extract - - 

Technological 
additives 

stearyl citrate (110 g), 
ethoxyquina (2000 mg), 

potassium sorbate (5000 mg) 
- 

potassium sorbate (3000 mg), 
lemon acid (1000 mg), 

glycerol-polyethylene glycol (500000 mg) 

Zootechnical 
additives - - 

tumeric oleoresin (100000 mg), 
artichoke extract (12000 mg), 

milk thistle extract (11000 mg) 

Each of the preparations contained in its composition an algae extract. The extract was produced 
at the Supercritical Extraction Department of the New Chemical Syntheses Institute in Puławy. The 
lyophilized biomass of Spirulina platensis algae submitted to the process of supercritical extraction 
using carbon dioxide as solvent, at 40 oC, under pressure 80 MPa. In the liophylisate the amount of water 
did not exceed 8% (Polish patent pending P. 412010). 

Analysis of blood parameters 
Blood for test was collected on the 30th and 120th day of the experiment in the amount of approx. 

5 ml/hen. The material was obtained from the wing vein (vena basilica). 
All necessary analysis were performed at the Biochemical Laboratory of the Department of 

Environment Hygiene and Animal Welfare of the Wrocław University of Environmental and Life 
Sciences. 

In the blood serum of birds from groups I, II and III, the following parameters were determined: 
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) – kinetic method, at 37 oC, in 
accordance with the recommendations of the IFCC (International Federation of Clinical Chemistry), 
alkaline phosphatase (ALP) – a photometric kinetic test. The content of these enzymes has been 
measured because ALT is an enzyme that occurs mainly in the liver, kidneys and muscles. AST is an 
enzyme found in all tissues of the body, especially in the cardiac muscle, skeletal muscle, liver and 
brain. The level of these enzymes is useful in determining the pathological states of the above-mentioned 
organs. The activity of both enzymes depends on the age of the hens. ALP is mainly derived from the 
bone, intestinal and hepatic fractions. Total cholesterol (TC) – enzymatic-photometric test, high density 
lipoprotein (HDL) and low density lipoprotein (LDL) with a calorimetric test – direct method and 
triglycerides (TG) – enzymatic tests. These parameters were measured because total cholesterol 
contained in the blood serum of laying hens comes from the liver and kidneys, thanks to which it is 
a parameter showing the state of these organs. The physiological level of cholesterol concentration is 
associated with the age of birds and the laying phase, a similar relationship is observed in the triglyceride 
concentration. In order to determine the above-mentioned parameters, ready-made reagent kits from 
HORIBA ABX were used. 

In the blood serum, mineral compounds were also determined: phosphorus (P) – by UV method 
with the use of phosphomolybdate and calcium (Ca) – by photometric test using ortho-cresolphtalein 
complexon, using reagents from HORIBA ABX. The content of these minerals in the blood serum was 
measured because mineral changes occurring in laying hens organisms are one of the most important 
elements associated with the production of eggs. In hens used intensively, disorders in the calcium-

372



–  201 , Brno, Czech Republic

phosphate economy of then occur. All analysis were performed with Pentra 400 biochemistry analyzer 
from HORIBA ABX. 

In addition, blood was collected from I group and IV group before, 5 days, and 5 weeks after 
vaccination. Serum levels of IBV and  NDV specific antibodies were then determined by ELISA using 
IDEXX Laboratories, Inc. reagents. 

Statistical analysis of results 
The obtained results were subjected to statistical analysis using the Statistica software. The 

normal distribution of the obtained data was checked using the Shapiro-Wilk test. The data was then 
subjected to a one-way analysis of variance. Using the Duncan test, the significance of differences 
between groups was assessed. Differences were statistically significant when P<0.05. 

RESULTS AND DISCUSSION 
Table 4 presents results referring to the biochemical parameters of the blood of the studied birds. 

Table 4 Biochemical parameters of laying hens on the 30th and 120th day of the experiment 

Group Day TC 
mmol/l 

ALT 
U/l 

AST 
U/l 

ALP 
U/l 

HDL 
mmol/l 

LDL 
mmol/l 

TG 
mmol/l 

P 
mmol/l 

Ca 
mmol/l 

I 30 3.70 10.1 203.1 384.92 1.09 1.08 13.07 1.94 7.31 
120 3.43 9.7 222.9 542.8a 0.97 0.85 11.32 1.92 7.38 

II 30 3.51 9.23 196.8 361.5 1.03 0.94 11.74 1.87 7.33 
120 3.40 13.1 218.9 382.9 0.97 0.86 11.27 1.85 7.32 

III 30 3.83 10.4 202.8 348.7 1.09 1.07 13.11 2.10 7.87 
120 3.40 10.5 212.5 363.6b 1.00 0.80 11.19 1.83 7.49 

Legend: a, b – significance of differences between groups at the confidence level P<0.05. TC – total cholesterol, ALT – alanine 
aminotransferase, AST – aspartate aminotranserase, ALP – alkaline phosphatase, HDL – high density lipoprotein, LDL – low 
density lipoprotein, TG – triglycerides, P – phosphorus, Ca – calcium. 

Analysis of the results showed differences only in the level of alkaline phosphatase (ALP). After 
120 days of the experiment the control group showed significantly higher (P<0.05) level of this enzyme 
in comparison to group III received the preparation H. The levels of other enzymes (AST, ALT) also 
differed, but these were not statistically significant. In addition, the blood of hens from the group 
received preparation H was characterized by the smallest difference in the mean values of all the studied 
enzymes between 30 and 120 days of the experiment, which may mean that livers of these birds were 
the least heavily burdened. In the case of other analyzed parameters, differences can also be noticed, 
however they are not statistically significant. 

The conducted research did not show any significant changes in the lipid profile of birds used in 
the experiment. The level of total cholesterol, its HDL and LDL fractions, and triglycerides remained 
were at a similar level throughout the duration of the experiment. These results do not coincide with the 
results obtained by Kato et al. (1984), who observed a decrease in total cholesterol and its LDL fraction 
and an increase in HDL fraction in blood serum of hyperlipidemic rats receiving the addition of Spirulina 
platensis algae. Different results were also obtained by Ginzberg et al. (2000), who showed a lower level 
of TC in the blood of White Leghorn chickens received in their diet the addition of Porphyridium sp. 

The studies carried out did not show any influence of the applied additives on the concentration 
of ALT and AST in birds' blood serum. In the course of the conducted research, it was observed that the 
hens received the H preparation were characterized by a much lower level of the ALP in comparison 
with the hens from the control group. Similar results were obtained by Abdel-Daim (2014), who showed 
that Egyptian goats baladi, which were administered erythromycin, received simultaneously the addition 
of Spirulina platensis algae at 200 mg/kg body weight, were characterized by a lower level of ALP. The 
level of AST and ALT was also reduced in the tested goats, which was not confirmed by our own 
research. Results similar to the results obtained in the course of own research were received by Ponce-
Canchihuamán et al. (2010), who did not show the effect od the addition of Spirulina maxima algae in 
the rat diet to the ALT level. 

Numerous reports describe the rich mineral composition of algae, make it possible to place these 
plants on and equal footing with products that are essential for the health of poultry and the quality of 
products obtained from it. The studies carried out did not show any influence of the applied additives 
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on the content of calcium and phosphorus in the blood of the studied birds. Different results were 
obtained by Michalak et al. (2011), which showed that hens fed with the addition of macroalgae are 
characterized by a higher content of calcium in the blood. 

Table 5 presents the results relating to the immune response of the studied birds. 

Table 5 The level of IBD and NDV specific antibodies determined in the blood of birds used in the 
experiment 

Group 
I IV 

Start After 5 days After 5 
weeks Start After 5 days After 5 

weeks 
IBV  mIU/ml 2336 1157 758 2708 875 798 
NDV mIU/ml 1669 704a 665a 1524 1636b 1306b 

Legend: a, b – significance of differences between groups at the confidence level P<0.05. 

Analysis of the results, confirmed the significance of the differences in the level of specific NDV 
antibodies. In the case of the control group, this level decreased by more than a half, while in group IV, 
where the M preparation was used, there was an increase in the level of antibodies. This is probably due 
to the high content of antioxidants in the algae extract, which acted here as an adjuvant. In the case of 
IBV, the level of antibodies decreased in both group I and group IV. This may be due to the fact that the 
birds did not drink the recommended dose of vaccine in a timely manner. The obtained results, however, 
allow to indicate the potential immunomodulating properties of preparations made on the basis of algae 
extract. 

Chu et al. (2013) reached similar conclusions by conducting a study to determine whether 
S. platensis supplementation in mice could increase the immune response to tetanus toxoid. This study 
showed that supplementing a diet with S. platensis increases the primary immune response by producing 
more antibodies. Rahman et al. (2006) conducted research on the immunostimulatory properties of 
S. platensis on Litopenaeus vannamei shrimp against white spot syndrome virus (WSSV). In this group, 
where the shrimp diet was enriched with S. platensis, the clinical symptoms of the disease were delayed 
by 12 hours. In contrast, in the group where antiviral cidofovir given by intramuscular injection was 
used, this delay was 24 hours. 

CONCLUSION 
The performed tests showed a significantly higher level of specific antibodies after vaccination 

against Newcastle disease virus (NDV) which may indicate the potential immunomodulatory properties 
of the M preparation. The preparation H used in group III significantly reduced the level of ALP in the 
blood serum of the studied birds. This may indicate an improvement in bird metabolism. 
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