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A b s t r a c t  
 

Currently, in the feed industry, along with energy-saving progressive technologies, non-tra-

ditional raw materials and secondary products of food industry are widely used. Processing and use of 

non-traditional resources at food enterprises significantly increases their profitability and reduces grain 

costs in compound feeds (P. Burtin, 2003). Natural components provide high-quality feeding for ani-

mals, strengthen their health and improve production performance. Currently, studies of the biological 

activity of algae phlorotanins are still relevant. The variety of biological properties determines their 

practical use, including in the production of feed additives for animals (S.B. Wang et al., 2013). An 

important problem is the uncontrolled use of antibacterial drugs, which can lead to the transfer of 

antibiotic resistance from animal to human (I.I. Kochish et al., 2019). Probiotics, prebiotics, symbiot-

ics, organic acids, etc., serve as an alternative to feed antibiotics. These supplements are not inferior 

to antibiotics in effectiveness, but exclude their negative effects (I.A. Egorov et al., 2019). Seaweeds 

have a prebiotic effect due to the oligo- and polysaccharides and antimicrobial, immunomodulatory, 

antioxidant and anti-inflammatory activity due to bioactive compounds. Depending on the purpose of 

application and with the optimal dosage, seaweeds can positively affect animal ontogenesis, produc-

tivity and the quality of the products obtained. In poultry farming, seaweeds strengthen the immune 

state, reduce the microbial load in the digestive tract and improve product quality (A.M. Abudabos et 

al., 2012). Green algae (Entermorpha prolifera) contribute to better digestibility of nutrients, increase 

the level of metabolized energy, lead to higher egg production and a better egg quality (an increase in 

weight, shell thickness, change in yolk color), as well as reduce the yolk cholesterol level (S.B. Wang 

et al., 2013). Dried, boiled and autoclaved brown algae (Sargassum dentifebium, Turbinaria conoides, 

Dictyota dentata, etc.) in the diet of young chickens and laying hens have no adverse effects on produc-

tivity performance and feed intake while positively influence yolk coloration and the calcium content 

in the shell. Dietary brown algae Sargassum sp. reduces levels of cholesterol and triglycerides in blood 

and yolk in laying hens with an increase in the yolk carotene, lutein and zeaxanthin concentrations 

(M.A. Al-Harthi et al., 2012). Red algae (Asparagopsis taxiformis) in the diet of animals can positively 

change the microbiome of the gastrointestinal tract, increasing the diversity and abundance of benefi-

cial bacteria (B.M. Roque et al., 2019). Thus, due to its special biochemical composition, seaweeds is 

promising in feeding highly productive crosses of poultry, pigs and cattle. 
 

Keywords: algae, antibiotic resistance, intestinal microflora, immunity, probiotics, prebiotics, 

Campylobacter, polysaccharides, biochemical analysis, feed additive 
 

Currently, in the feed industry, along with the energy-saving advanced 

technologies, non-traditional raw materials and secondary food production re-

sources have become widespread, reaching 60-80%, in some cases 95%, by weight 

of feed. Processing of secondary resources at food enterprises significantly in-

creases their profitability and reduces the cost for grain in the commercial com-

pound feed [1]. 
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In 2050, due to continued population growth and climate change, 60-70% 

more animal products will be needed than currently consumed [2]. Livestock pro-

duction will require more feed, which will be a significant challenge given land 

degradation due to past intensification methods and weather conditions [3]. Ex-

panding the feed supply through new resources or additives that improve feed 

efficiency can play a key role in the development of animal farming [4]. 

Natural feed resources are one of the most effective ways to improve ani-

mal nutrition, health, functional performance and productivity [5]. 

Algae which contain large amounts of bioactives and nutrients are un-

derutilized as a crop [6-8]). In vivo studies in ruminants, pigs, poultry and rabbits 

show that some seaweeds can meet protein and energy requirements, while others 

contain bioactive compounds that enhance animal performance and health [9]. In 

seaweed, the protein yield per unit area is 2.5-7.5 tŸha1Ÿyear1, for soybeans, leg-

umes, wheat 0.6-1.2, 1-2 and 1.1 tŸha1Ÿyear1, respectively. It is also worth noting 

that freshwater conditions and arable land are not required to grow algae [10]. 

The second important problem in livestock farming is the uncontrolled use 

of antibiotics. Along with bacteriostatic and bactericidal effects against most gram-

positive and gram-negative bacteria, antibiotics have undesirable side effects, the 

microbiota of the gastrointestinal tract (GIT) is inhibited, immunity is weakened, 

and pathogens mutate and develop resistance [11]. Uncontrolled use of antibac-

terial drugs can lead to the transfer of antibiotic resistance from animals to humans 

[12], which was the reason for the ban of most of them in the United States and 

Western Europe [13]. 

Drugs that serve as an alternative to feed antibiotics include probiotics, 

prebiotics, symbiotics, and organic acids [14]. These additives are not inferior to 

antibiotics but exclude these negative effects [8]. Mariculture products, namely 

seaweed is such raw materials. They contain substances, many of which are absent 

in terrestrial organisms, and have increased biological activity [15, 16]. 

In this review, we summarized published data on the properties of micro- 

and macroalgae that determine their potential as feed resources and/or additives 

for farm animals and poultry, and examined practical examples. 

All algae are divided into 10 sections. Of these, brown algae (Phaeophyta), 

blue-green algae (Cyanophyta), and red algae (Rhodophyta) are the main [17, 18]. 

Over the millions of years of our planet’s history, macrophyte algae acquired per-

fect morphological and physiological features and adapted to changing environ-

ment, which led to their wide distribution and diverse biotic relationships with 

other species [19-21]. 

Algal fields and marine plantations have high biological productivity [21-

23]. Algae fields dampen sea wave energy, limiting destructive impact on the coast-

line during storms [24]. Algae serve as an additional substrate on which eggs and 

larvae of aquatic organisms settle, and as a refuge from predators for the young of 

many animals [25-27]. A favorable hydrological and hydrochemical regime is cre-

ated in algal rhizoids and between the plates, promoting the development of mi-

croalgae, the accumulation of detritus and the formation of a microbial film [28, 

29]. Algae are biological filters for purifying polluted coastal waters near large 

cities. Macrophyte populations in wastewater discharge sites reach their fullest 

development due to nutrition improved with additional sources of nitrogen and 

phosphorus [30-32]. A 1 ha kelp plantation is capable of extracting about 250 kg 

of nitrogen from water per day. Seaweed produces a significant proportion of the 

world’s oxygen, 80% of oxygen is produced by macrophyte seaweeds and micro-

algae, and only 20% by terrestrial plants [33, 34]. 

Macro- and microa lgae. Macroalgae. Macroalgae are brown (Phae-
ophyceae), red (Rhodophyceae) and green algae (Chlorophyceae) [35]. 
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Brown algae primarily live in shallow waters or on coastal rocks and have 

flexible stems that allow them to withstand seewaves. Because of large size and 

ease of collection, brown algae are the most studied and more commonly used in 

animal nutrition than other types of algae. The most common genera are Ascophyl-
lum, Laminaria, Saccharina, Macrocystis, Nereocystis, and Sargassum [35-38]. 

Red algae have a characteristic bright pink color caused by the pigments 

R-phycocyanin and R-phycoerythrin. Most marine red algae are found at depths 

of up to 100 m. The main genera of red algae are Pyropia, Porphyra, Chondrus 
and Palmaria. Dead coralline red algae, especially Phymatolithon and Lithotham-
nion, form calcareous deposits that are used throughout the world for calcium 

carbonate. 

The color of green algae is due to chlorophyll in the chloroplasts. Color 

may vary depending on pigment balance. The main genera of green algae are Ulva, 

Codium, Enteromorpha, Chaetomorpha and Cladophora. These algae are common 

in well-lit areas in shallow waters (39). 

The chemical composition of seaweed is variable and depends on the spe-

cies, time of collection (season of the year), habitat, and external conditions, e.g., 

water temperature, light, concentration of nutrients in water, etc. [16, 40]. Sea-

weeds are characterized by a high content of macro- and microelements, that is, 

the concentrations may exceed those in terrestrial plants [36]. The high mineral 

content is due to absorption of inorganic substances from the environment. Algae 

also contain polysaccharides and small amounts of fats, which are mainly polyun-

saturated fatty acids. C. Corino et al. [41] point out the high content of vitamins 

A, B1, B12, C, D, E, B2, B3, B5, B9 in algae. 

Among marine organisms, algae are one of the richest sources of natural 

antioxidants and antimicrobial substances [42]. Due to the significant water con-

tent (70-90%), seaweed must be dried or sold quickly due to the risk of mold. To 

produce seaweed meal, wet seaweed is passed through hammer mills with sieves 

of decreasing size. Then seaweed mass is dried in a drum dryer at 700 to 800 °C  

and finally at 70 С to 15% humidity and stored in sealed containers [4]. Uncon-

trolled use of dietary algae can negatively affect animal performance [43]. 

Microalgae. Of the 30,000 species of microalgae thought to exist, only a 

few are used and grown commercially. The most biotechnologically important 

microalgae are green algae Chlorella vulgaris, Haematococcus pluvialis, Dunaliella 

salina and the cyanobacterium Spirulina maxima. According to model calculations 

based on the cultivation of microalgae in open pools and experimental installa-

tions, the annual biomass yield is 15 t DM/ha. In phytobioreactors production 

can be doubled. These differences also depend on climate and the rate of photo-

synthesis. 

Composition of microalgae depends on the nutrient medium, time of year, 

light intensity, and temperature. Bioreactors ensure regulation of culture regimes 

and, thereof, the composition. Vitamin content depends on environmental condi-

tions, post-harvest processing and drying method. Microalgae are 7-14% ash and 

approximately 5% nucleic acids which also depends on the culture conditions. As 

with macroalgae, it is always worth paying attention to accumulation of heavy 

metals [44]. The Table indicates the main chemical components of some maro- 

and microalgae. 

Approximate chemical composition of some macro- and microalgae [38, 44] 

Name 
Content, % dry matter 

crude protein  carbohydrates  crude fat 
M a c r o a l g a e  

Ulvalactuca 10-25 36-43 0.6-1.6 
Chondrus crispus 11-21 55-68 1.0-3.0 
Laminaria digitata 8-15 48 1.0 
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Continued Table 

M i c r o a l g a e  
Spirogyra sp. 6-20 33-64 11-21 

Chlorella vulgaris 51-58 12-16 14-22 

Arthrospira maxima (Spirulina) 60-71 13-16 6-7 
 

Algae  in  pou l t r y  f a rmin g. According to many reports, 1-5% seaweed 

added to feed can be used in poultry farming to improve the immune status, reduce 

the microbial load in the digestive tract and improve the quality of the resulting 

product [45-47]. 

Calcined red seaweed is a valuable source of organic calcium for broilers 

due to greater availability compared to inorganic limestone. Red seaweed improved 

the poultry’s skeletal system, reducing limb weakness and lameness [48]. 

Green algae Entermorpha prolifera fed at 2-4% of the total diet promote 

better utilization of nutrients and energy metabolization in broilers, which may be 

due to an increase in amylase content in the duodenum. There was a positive 

effect on feed intake, feed conversion ratio and average daily gain, with a decrease 

in abdominal and subcutaneous fat thickness and, therefore, improved breast qual-

ity [46]. 

Adding 1-3% dietary E. plifera improves the egg production and quality in 

chicken, egg weight, shell thickness and the yolk color intensity increase, and yolk 

cholesterol decreases. In addition, the abundance of Escherichia coli in feces de-

creased, which could indicate improved bird health. The feed conversion ratio also 

improves [47]. 

M.A. Al-Harthi et al. [49, 50] reported that up to 6% of dried, boiled and 

autoclaved brown algae Sargassum dentifebium can be added to the diet of young 

poultry and laying hens from week 14 to week 42 without a negative effect on 

productivity and feed consumption. The yolk color improved by 12.31% and the 

shell calcium content by 9.1% compared to the control. 

M.A. Al-Harthi et al. [51] also recommend up to 6% of the brown alga 

Sargassum sp. in the diet of laying hens aged from 23 to 42 weeks to reduce the 

content of cholesterol and triglycerides in the blood and yolk. In addition, the 

amount of carotene, lutein and zeaxanthin increased, as well as yolk palmitic 

acid [51]. 

AS per A.A. El-Deek et al. [52], laying hens fed S. dentifebium at 1 g/kg 

diet in combination with green tea (1 g/kg) or vitamin E (300 mg/kg) increased 

productivity with better egg quality under heat stress (32±4 С). According to 

M.A. AI-Harthi [49], brown algae increased egg production by 1.2% and improved 

feed conversion by 5.2% compared to control. When using vitamin E, egg shell was 

6.6% thicker, and brown algae together with vitamin E increased the yolk color 

intensity by 9.1% and decreased the cholesterol content in fresh eggs by 16%. 

Replacing 3% corn in the diets of broiler chickens aged 12 to 33 days with 

green algae Ulva lactuca contributed to an increase in breast muscle mass by 2.3%, 

a decrease in the blood concentrations of total lipids by 125.1 g/100 ml, cholesterol 

by 29.5 g/100 ml, and uric acid by 2.68 g/100 ml [47]. 

In order to find an alternative to antibiotics, G. Kulshreshtha et al. [53] 

tested the red algae Chondrus crispus and Sarcodiotheca gaudichaudii on 67-day-

old Lohmann Brown Classic laying hens. In the intestines of birds fed 2% dietary 

red algae the population of beneficial bacteria Bifidobacterium longum, Streptococ-

cus salivarius and the number of Clostridium perfringerns increased. There was also 

an increase in the concentration of short-chain fatty acids, including acetic, pro-

pionic, butyric and isobutyric acids. The authors note that the chickens had a 

larger villi surface area and crypt depth. When fed 1% red algae, the weight of the 

yolk and eggs increased [53]. In further research, it was suggested that the previously 
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obtained results [53] are associated with the content of biologically active com-

pounds in algae, such as agars, carrageenans, xylans, sulfated galactins and por-

phyrins [54, 55]. 

According to Y.A. Mariey et al. [56], laying hens fed 0.2% spirulina had 

better feed conversion (4.54 vs. 3.46) and produced more eggs (52.3 vs. 63.3%), 

additionally, the egg weight increased (48.5 vs. 51.82 g) compared to the control. 

The microalgae increased the percentage of yolk to albumen. Due to the supple-

ment, the cholesterol concentration decreased in the yolk (13.5 vs. 10.2 mg) and in 

the blood (116.25 vs. 108.91 mg/100 ml). The percentage of fertilized eggs (90.87 

vs. 96.58%) and hatchability (89.81 vs. 95.75%) were higher in the chickens fed a 

spirulina supplement [56]. 

In a study of the antimicrobial properties of six red seaweed extracts 

against Salmonella enteridis using a the nematode Caenorhabditis elegans model of 

infection, only two species of macroalgae, the Sarcodiotheca gaudichaudii and 

Chondrus crispus had the necessary properties. Aqueous extracts of algae, from 0.4 

to 2 mg/ml, significantly reduced the growth and mobility of Salmonella enteritidis 

and reduced the formation of biofilms. RT-PCR results showed that the extract 

suppressed the expression of the sdiA gene (quorum sensing) and the pathogenicity 

island (island-1) genes sipA and invF in S. enteridis. It was hypothesized that the 

algae extract could reduce the S. enteritidis invasion in the host by attenuating 

virulence factors. In addition, aqueous extracts significantly improved the survival 

of infected C. elegans by interfering with the ability of S. enteridis to colonize the 

digestive tract of nematodes and increasing the expression of C. elegans immune 

genes (irg-1, irg-2, hsf-1). The authors suggest that extracts may also have benefi-

cial effects on animal and human health [54, 57]. 

M.L. Manor et al. [58], studying the effect of the microalgae Nannochlo-

ropsis oceanica on laying hens of the Shaver-White Leghorn cross, revealed an 

increase in the concentration of ω-3-docosahexaenoic acid in eggs, liver and mus-

cles, which correlated with the activation of key genes for elongation (ELOVL3, 

EKIVL4, ELOVL5) and desaturation (FADS5, FADS6) of polyunsaturated fatty 

acids. The authors point out the need for further research to confirm their findings. 

When 3-day-old chicks were infected with Campylobacter jejuni, it was 

found that laminarin or laminarin/fucoidan extracts from the brown algae Lami-
naria digitata improved feed intake, increased the expression of key genes involved 

in the immune response (IL-6, IL-8), and promoted an increase in villus height 

in the small intestine and the growth rate of chickens. Laminarin extract was 

effective in increasing villous height and TLR-4 gene expression compared to the 

control and laminarin/fucoidan extract groups. However, these supplements did 

not affect C. jejuni colonization [59]. 

A l gae  in  ca t t l e  b r eed in g. Macroalgae, when < 2% added to cattle 

diets, are capable of powerful prebiotic activity, 5.5 times greater than prebiotics 

from fructooligosaccharide (FOS) or inulin. As a result, the pathogenic load is 

reduced, the condition of the gastrointestinal tract is improved, productivity in-

creases, the immune system is strengthened, and the animals’ resistance to stress 

increases. Positive changes in the composition of the gastrointestinal tract micro-

biota resulted in increased digestibility of the entire diet and a reduction in me-

thane emissions [43]. P.S. Erickson et al. [60] state that the use of algae supple-

ments has been practiced for quite some time on organic dairy farms in the United 

States. 

Research into the causes of E. coli infection in cattle has identified feces 

as an important source of reinfection. The drug Tasco (Acadian Seaplants, Ltd., 

Canada) based on Ascophyllum nodosum, used at a dose of 20 g/kg of diet for 7 

days, effectively reduced the duration and intensity of E. coli O157:H7 excretion 
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in feces in bulls. The results obtained were confirmed in the second experiment 

when feeding the supplement to lambs at a dose of 10 g/kg for 28 days [61]). 

C.C. Lopez et al. [62] in a study on lactating cows proved that the use of A. 
nodosum in mixed feed, 100 g/kg, increased the milk iodine content compared to 

the control, up to 1.96 mg/l vs. 0.92 mg/l. In addition, the supplement increased 

the abundance of the gram-positive bacterium Lactococcus lactis, which is essential 

in cheese production [62]. 

Microalgae can stimulate the growth of microorganisms in the gastroin-

testinal tract of cattle. Supplements containing probiotic microorganisms do not 

lead to persistent microflora colonization. A.V. Konovalov et al. [63] found that a 

chlorella suspension (500 ml) increases the average daily gain in bodyweight of 

young cattle by 89 g and helps reduce the period of adaptation to changes in diet 

at 3 months of age [63]. According to C.N. Garces et al. [64], the spirulina mi-

croalgae fed to Montbéliard cattle 21 days before calving (15 and 30 g/day) did 

not affect bodyweight, productivity performance or the somatic cells counts in 

milk. In colostrum, the highest IgG content (75.6 g/l) was observed at a spirulina 

dose of 15 g/day. The lactose content in milk turned out to be the highest (5.6 vs. 

5.5% in the control) at 30 g fed per day [64]. 

According to V.V. Petryakov [65], the amount of spirulina optimal for 

increasing the protective function of cattle is 400 ml/day. In a study on red-motley 

Holstein cows, he found that feeding spirulina increased natural resistance, e,g., 

blood bactericidal activity by 8.5%, lysozyme activity by 6.5%, phagocytic activity 

of neutrophils by 2.1%. 

According to E.A. Tretyakov et al. [66], feeding black-and-white heifers 

with a chlorella suspension (500 g/day) during milk feeding contributed to an 

increase in feeding activity and average daily gain. A positive effect of spirulina on 

the rumen microflora in young animals was revealed. No differences were observed 

between the groups in physiological parameters. In the experimental group, the 

content of total blood protein increased by 6.7%, gamma globulins by 28% (vs. 

25.47% in the control). Other indicators remained within normal limits. 

Red algae Asparagopsis taxiformis in an amount of 5% of dairy cattle diet 

can reduce methane emissions. 16S rRNA gene amplicon sequencing showed that 

algae influence the composition of the rumen microbiome. In fermentation vessels 

under in vitro conditions, the relative content of methanogens decreased signifi-

cantly compared to the control. A rapid effect of A. taxiformis on the metabolic 

activity of rumen methanogens was revealed, while the effect on the microbiome 

composition (e.g., a prevalence of methanogens) was delayed [67]. 

A l gae  in  p i g  f a rmin g. The prebiotic effect and antimicrobial activity 

of laminarin and fucoidan may be useful for the preventive treatment of gastroin-

testinal diseases and increasing the digestibility of the diet in piglets after weaning. 

Laminarin supplementation (600 mg/kg) significantly increases the expression of 

mucin genes (MUC 2 and MUC 4), exerting a protective effect on epithelial cells. 

Anti-inflammatory effects and a decrease in cytokine response occurred at a dose 

of 1 mg/ml. An immunomodulatory effect was achieved using seaweed extract 

(1.8 g/day) in pregnant sows. Increased production of immunoglobulins A and G 

in pigs was observed for a 0.8% extract [68]. 

Alginic acid oligosaccharide is a natural polysaccharide isolated from the 
cell walls of seaweeds. The addition of an oligosaccharide in an amount of 100 mg 
to the diet of weaned piglets increased the average daily weight gain, antioxidant 
activity, and the blood concentrations of IL-10, IgG and IgA. The content of 
secretory immunoglobulin A, the height of the villi and the activity of disaccha-
ridase (lactase and sucrase) in the small intestine increased. The population of 
bacteria, including E. coli, decreased, and the abundance of Bifidobacterium and 
Lactobacillus increased [69]. 
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C. Corino et al. [41] summarized reports on using algae in pig diets. They 

paid particular attention to brown seaweed, emphasizing its effect on the immune 

system, gut health and antioxidant status of animals. The use of brown algae in 

the diets of weaned piglets is recommended for the prevention of gastrointestinal 

diseases. An increase in the production of immunoglobulin and cytokines has been 

noted [41]. 

It was established [70] that the brown seaweed Ecklonia cava at 0.15% of 

the diet increased average daily weight gain of weaned piglets and changed the 

intestinal microflora, the number of Lactobacillus spp. increased by 0.26%, while 

E. coli spp. and Clostridium spp. decreased by 0.26% and 0.22%, respectively. The 

supplement had no effect on villous development in the small intestine [70]. 

M. Dell'Anno et al. [71] assessed the antioxidant and antimicrobial capac-

ity of the brown alga A. nodosum and the microalga Schizochytrium sp. against the 

intestinal pathogen E. coli O138 in vitro using the broth macrodilution method. It 

turned out that A. nodosum is able to modulate the growth of E. coli for a short 

time, and Schizochytrium sp. has antioxidant capacity, which can be enhanced due 

to a synergistic effect. Given the urgent need for innovative functional feed addi-

tives, these algae can be used as an alternative to antibiotics [71]. 

Seaweed powder in sow diets (30 g/day) from 85 days of pregnancy to the 

end of lactation improved the immune status of piglets. Based on the analysis of 

T-lymphocyte subsets in 40-day-old piglets, an increase in the population of 

CD4+ CD8+ T-cells was noted in the thymus, lymph nodes, tonsils, peripheral 

blood mononuclear cells, spleen and liver [72]. 

Spirulina platensis at 2 and 3 g/day in pig diets led to an average daily 

increase in live weight by 14.3% and an improvement in feed conversion by 6.1%. 

There was a slight effect on hematopoiesis (15 and 13% more red blood cells and 

hemoglobin), and there was also a tendency to reduce morbidity by 59% [73]. 

P. McDonnel et al. [74] suggest that laminarin may improve the intestinal 

health of piglets after weaning. The authors recorded a decreased counts of E. coli 
in feces and noted an increase in the average daily weight gain. The co-use of 

laminarin and fucoidan (a sulfated polysaccharide) after weaning can reduce the 

incidence of diarrhea in piglets [74]. N. Derek et al. [75] in an experiment on 

piglets revealed an improvement in intestinal microflora and lower E. coli counts. 

The effect was presumably due to bioactive compounds alginates, fucoidans, lam-

inarins, phloratannins of the A. nodosum supplement [75]. 

In order to strengthen the immune system and further replace antibiotics 

in pig farming, M. Katayama et al. [76] recommend using seaweed (0.8%) and 

licorice (0.15%). The authors note an increase in the amount of IgA in the mucous 

membrane and blood IgG. The supplement complex was shown to enhance the 

anti-inflammatory effect. i.e., interleukin gene expression was detected [76]. 

B io log i ca l l y  ac t i v e  sub s t ance s  o f  a l gae  aga in s t  campy lo-

bac te r. Lack of sensitivity to antibiotics in bacteria is one of the most important 

risk factors for human health, since it reduces the effectiveness of drugs used to 

treat diseases. This also leads to an increase in the frequency of transfer of genes 

encoding resistance to other microorganisms, as a result of which new pathogens 

with increased aggressiveness appear in the environment. According to the World 

Health Organization (WHO), resistance of bacteria, mainly zoonotic pathogens, 

to antibiotic drugs currently poses one of the greatest threats to humanity [77]. 

The World Organization for Animal Health, concerned about the rapid develop-

ment and spread of antibiotic resistance among animal pathogens, has developed 

recommendations for veterinary services [78]. 

The active use of antibiotics as growth stimulants in animal feeding plays 

an important role in the emergence and spread of resistant bacteria [79]. The 
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intensification of agriculture, expanded range of disinfectants and antiseptics, and 

the uncontrolled use of antibiotics in livestock farming increasingly select food-

borne pathogens that are antibiotic resistant. The most epidemiologically signifi-

cant are gram-negative bacteria of the Enterobacteriaceae family and the genus 

Campylobacter. The main transmission factors for campylobacteriosis are poultry 

and poultry derived products [80]. Campylobacteriosis monitoring in Europe offi-

cially estimates approximately 200,000 cases per year [81, 82]. The causative agents 

of intestinal campylobacteriosis include thermophilic bacteria of the genus Campyl-
obacter, species C. jejuni, C. coli, C. lari, C. upsaliensis and C. helveticus [83, 84]. 

To prevent and treat campylobacteriosis in poultry, it is necessary to in-

crease the number of beneficial bifidobacteria and lactobacilli and to reduce 

stresses from changing diets and vaccinations in traditional regimens for the use 

of veterinary drugs [85]. 

Algae contain two important groups of substances that have a wide range 

of biological activities. The first group is fucoidans, which are characterized by 

antibacterial, antiviral, anticoagulant, immunomodulatory, anti-inflammatory, 

and antitumor activity [86, 89]. Another most important compounds are polyphe-

nols, namely phlorotannins, the polymers of phloroglucinol. The content of 

phloroglucinol varies depending on the type of brown algae and the place where 

they grow, reaching 20% DM [34]. Phlorotannins have been described as antiox-

idant with activity 2-10 times higher than in ascorbic acid and -tocopherol [90], 

antiviral [91], antitumor [92], neuroprotective [93], antithrombotic [94], antimi-

crobial [95], and antiallergic [96]) properties. 

Various formulations containing fucoidans as bioactive components are 

being developed for medical use, such as dressings [87]. The lack of toxicity along 

with bacteriostatic properties allows their use in the food industry, increasing the 

shelf life of products and not suppressing beneficial microflora [88]. 

Thus, the marine environment is a promising source of bioactive com-

pounds that are currently underutilized in commercial animal farming. The variety 

of biological properties of algae determines their various practical use, including 

production of feed additives for pig farming, poultry farming, and cattle breeding. 

Algae exhibit not only a prebiotic effect due to the oligo- and polysaccharides they 

contain, but also antimicrobial, immunomodulatory, antioxidant and anti-inflam-

matory properties due to bioactive compounds. Depending on the purpose of use 

and subject to the optimal dosage, algae can have a positive effect on ontogeny, 

animal performance and the quality of the resulting product. Algae can also mod-

ule the composition of microbial communities in a positive way, suppressing path-

ogenic microorganisms. Reducing the risk of infectious diseases is due to healthy 

microbiota, which can provide high resistance to intestinal colonization by path-

ogens. The condition of the intestines determines the health of the animal, the 

efficiency of utilizing nutrients and bioactive substances. The bioactive feed addi-

tives, in particular algae, which support normal intestinal microflora and stimulate 

the body’s defenses are considered as one of the most promising in the prevention 

and treatment of infections and as an alternative to feed antibiotics. 
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