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HEALTH, PRODUCTION, AND ECONOMIC
EFFECTS OF PHYTOBIOTICS IN THE REARING
OF BROILER CHICKENS

/DROWOTNE, PRODUKCYJNE | EKONOMICZNE EFEKTY ZASTOSOWANIA
FITOBIOTYKOW W ODCHOWIE KURCZAT BROJLEROW

Summary: TPhytobiotics, a diverse group of plant-derived bioactive compounds, are
increasingly considered effective alternatives to coccidiostats and antibiotic growth
promoters in broiler production. Due to their antimicrobial, antioxidant, digestive-
stimulating, and immunomodulatory properties, they enhance gut function, improve
feed efficiency, and support overall health. A large commercial-scale trial on Ross
308 broilers demonstrated that phytobiotic supplementation increased body weight,
reduced mortality and improved feed conversion. These production effects were
incorporated into a cost-benefit analysis using models of typical broiler farms of
different sizes. Across all variants, phytobiotics lowered variable costs—mainly
through reduced veterinary expenses and improved feed utilization—and increased
revenues due to higher sale weights and, in selected scenarios, a price premium for
antibiotic-free meat. Gross Margin improved in each of the analyzed farm types, with
the greatest economic benefits observed in large-scale systems. The results confirm
that phytobiotics provide measurable production and financial advantages, supporting
their use as a sustainable and competitive solution in broiler farming.

Keywords: broiler chickens, phytobiotics, health effects, production effects, economic
effects

Introduction

Antibiotic growth promoters (AGPs) have been used in
animal production for almost 50 years. [18, 39, 40, 49]. With the
passage of time, attention has been drawn to the problem of the
presence of antibiotic residues in milk, meat, and eggs and their
harmful effects on human health (allergenic and toxic effects).

Streszczenie: Fitobiotyki, zréznicowana grupa bioaktywnych zwigzkéw
pochodzeniaroslinnego, sg coraz czes$ciej uwazane za skuteczng alternatywe dla
kokcydiostatykow i antybiotykowych stymulatoréw wzrostu w produkcji brojleréw.
Ze wzgledu na swoje wtasciwosci przeciwdrobnoustrojowe, antyoksydacyjne,
stymulujgce trawienie i immunomodulujace, poprawiajg funkcjonowanie jelit,
poprawiajg wykorzystanie paszy i wspierajg ogdlny stan zdrowia. Duze badanie na
skale komercyjna na brojlerach Ross 308 wykazato, ze suplementacja fitobiotykami
zwigkszyta mase ciata, zmniejszyta $miertelnosc¢ i poprawita konwersje paszy. Te
efekty produkcyjne uwzgledniono w analizie kosztéw i korzy$ci z wykorzystaniem
modeli typowych ferm brojleréw o réznej wielkosci. We wszystkich wariantach
fitobiotyki obnizyty koszty zmienne — gtéwnie poprzez zmniejszenie wydatkéw
weterynaryjnych i lepsze wykorzystanie paszy — oraz zwigkszyty przychody
dzieki wyzszej masie sprzedaznej. W wybranych scenariuszach dodatkowe
korzysci finansowe skalkulowano przy zatozeniu premii cenowej za mieso
bez antybiotykéw. Marza brutto poprawita sie w kazdym z analizowanych
typéw ferm, przy czym najwieksze korzysci ekonomiczne zaobserwowano w
systemach z duza skalg produkcji. Wyniki potwierdzaja, ze fitobiotyki zapewniaja
wymierne korzysci produkcyjne i finansowe, co przemawia za ich stosowaniem
jako zréwnowazonego i konkurencyjnego rozwigzania w hodowli brojleréw.

Stowa kluczowe: kurczaki brojlery, fitobiotyki, wptyw na zdrowie, wptyw na produkcije,
wptyw ekonomiczny

The issue of using antibiotics as antibiotic growth promoters
(AGPs) has been further exacerbated by the ever-increasing
number of pathogens with antibiotic resistance, i.e., resistance to
the bactericidal or bacteriostatic effects of antibiotics. As a result
of this development, a total EU-wide ban on the use of antibiotics
as antibiotic growth promoters (AGPs) in animal production
was introduced on 1 January 2006 [7, 39]. Unfortunately, the
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actions taken did not bring the expected results. Currently,
only 30% of the world's antibiotic production is used in human
treatment; the remaining 70% is used in animal treatment and to
stabilize the composition of the digestive tract microbiota. Every
year, over 700 thousand deaths are recorded in the world as
a result of infections caused by pathogenic antibiotic-resistant
microorganisms [39, 65], of which about 25 - 33 thousand people
are in Europe. The widespread problem of antibiotic resistance
in the EU also causes substantial economic losses of more than
€1.5 billion per year, covering the additional costs of healthcare
and hospitalization [8, 39].

The total ban on the use of antibiotics as growth promoters
in feeding animals for slaughter has presented nutritionists with
the challenging task of finding alternative feed additives. On the
one hand, they had to protect the animal's digestive tract from
colonization by pathogenic bacteria; on the other hand, they
had to be inert within the animal's organism [39, 60]. Based on
the results of numerous experiments, a group of natural, fully
effective substitutes for AGPs has been developed. The wide
range of natural substitutes for antibiotic growth stimulants most
used in the poultry industry includes probiotics and prebiotics
(including crude fibre) [6, 47, 48, 59, 61], enzymes, preparations
stimulating the immune system, as well as herbs and plant
preparations, m.in. in the form of essential oils [39, 67].

Since ancient times, plants, particularly herbs, have been
utilized in the prevention and treatment of diseases in humans
and livestock. The specific properties of herbs were used by
people from all ancient civilizations, including those of the
Egyptians, Chinese, Greeks, and Romans [3, 58, 60]. The use of

specific herbs in treating a particular condition was initially based
on observations from animals and traditional folk medicine
practices. In relation to humans and animals, herbs are both
spices and medicinal remedies [46]. Herbs used as

a nutritional additive in the rearing of chickens for fattening
enhance taste sensations, stimulate appetite, and regulate
the functioning of the digestive system (e.g. Thymus vulgaris,
Carum carvi) and metabolism (e.g. Trigonella foenum-graecum,
Polygonum aviculare). They perform protective functions,
exhibiting antidiarrheal, antibacterial, and anti-inflammatory
effects (e.g., Allium, Allium cepa, Salvia officinalis). They also
have anabolic effects, reduce stress susceptibility, strengthen
the immune system (Allium, Allium cepa, Echinacea purpurea),
and eliminate the negative impact of anti-nutritional substances
[37, 52, 58]. Factors that have a positive effect on the poultry
body are biologically active compounds contained in herbs, such
as flavonoids, anthocyanins, glycosides, tannins, mucilages,
bitters, essential oils, alkaloids, terpenes, triterpenes, saponins,
iridoids, naphthoquinones, anthraquinones, phenols, phenolic
acids, and mineral salts [10]. All of these substances belong
to the group of biologically active compounds, characterized
by a high chemical diversity, known as phytobiotics (Table 1).
Phytobiotics are a broad group of bioactive compounds derived
from plants. They are synthesized naturally by plants to protect
against various pathogens, including bacteria, viruses, and fungi.
The tasks of phytobiotics also include protecting the genetic
material and photosynthetic apparatus of plants from oxidative
damage caused by ultraviolet radiation [29, 57, 58, 60].

Table 1. Bioactive properties of selected phytobiotics and their effect on the body of broiler chickens

Phytobiotic(s) Biologically active effects Impact on broiler production rates Natural source of occurrence
Garlicin
Allicin
They have an effect analogous to that of T
Ajoene antiseptic antibiotics, improving immunity by MIRUES @ LEECEIie IniEee

increases body weight, reduces the

increasing antibody titer, stimulating lysozyme ) Garlic
Phytosterols o g - e feed conversion rate, and reduces .
activity, and enhancing the phagocytic activity of . (Allium)
: : ) ) the adverse effects of environmental
Pectins macrophages, as well as stimulating digestion and
o X stress
exhibiting a chemopreventive effect

Mucilages
Flavonoids

Thymol

Linalool
Terpineol They reduce the number of harmful intestinal They reduce the risk of diarrhea Thyme

microorganisms and have antiseptic and and improve body weight and feed (Thymus vulgaris)
Borneol antioxidant effects conversion efficiency
Cineole

Bornyl octane

Menthol

Menthon They stimulate digestion, increase appetite, and
Neomentol have antiseptic properties

Terpenes

They lower total cholesterol and
triglycerides in the blood serum

Peppermint
(Mentha piperita)
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antioxidant, antibacterial, and immunostimulating
effects

Pinerine It mainly exhibits antioxidant, anticancer, anti- It has a beneficial effect on improving Black pepper
P inflammatory, and immunomodulatory properties digestion and feed conversion (Piper nigrum)
Stimulates digestion and enhances nutrient
Sihesl absorption, while also exhibiting antiseptic, Increases weight gain Rosemary
and improves feed conversion (Salvia Rosmarinus)

[4,12,16,19, 24, 27,30, 31,35, 36, 41, 44, 45, 55, 56, 60, 62-64, 66]

Polysaccharides

Flavonoids

Chlorogenic acid

Caffeic acid

Alkylamides

Polyacetylenes

They show immunomodulatory properties
(stimulating the phagocytic activity of
macrophages), antibacterial, anticancer,
antidiabetic, and antioxidant properties, and
increase lysozyme activity and antibody titers

Stimulate digestion and increase body

weight, and reduce FCR

Coneflower
(Echinacea purpurea )

[1,2,15, 20,23, 25,31, 32, 42, 60, 62]

Chlorogenic acid

Caffeic acid

Ascorbic acid

Flavonoids

Phenolics

Carotenoids

They exhibit anticancer and antioxidant effects

The use of the additive reduces the
feed conversion rate

Moringa oleifera
(Moringa oleifera)

[5,31,34,38,

43,51, 60]

Hydrocarbons

Ketones

Aldehydes

Oxides

Coumarins esters

Organic acids

They stimulate digestion by increasing bile acid
synthesis, which can directly improve digestion
and lipid absorption, as well as lower total
cholesterol

They have a positive effect on the
processes involved in the digestion
and absorption of nutrients in feed

Lavender
(Lavandula angustifolia)

[31,32,60]

Curcuminoids

They have antioxidant, anticancer,
chemopreventive, antihepatotoxic, and

Turmerones

immunomodulatory effects (they stimulate
interferon production)

Improves blood lipid profile;
increase appetite and improve
digestion through choleretic effects

Tumeric
(Curcuma longa)

Anthraquinones

They exhibit immunomodulatory properties
by stimulating the activity of granulocytes

and granulocyte enzymes (myeloperoxidase,
peroxidase); mitigate the adverse effects of

They stimulate digestion, improving
the absorption of nutrients from
the intestines and the composition
of the intestinal microbiota, and

Aloe vera
(Aloe vera L)

ACEMETIEN environmental stress; they are also characterized enhancing yield and feed conversion
by antidiabetic properties. rate. Additionally, they can protect

o ) And antioxidant effects - reducing lipid important organs, such as the liver

Salicylic acid o ) ; L ;
peroxidation and increasing antioxidant status and kidneys
[9, 14, 31,50, 53, 54, 60]
Shogaol
Gingerol

a-zingiberene

a-fernazen

Geraniol

The mixture of essential oils obtained through

Citral

steam distillation exhibits analgesic, antipyretic,
anti-inflammatory, immunostimulating, anticancer,

B-selenide

and antioxidant properties

Neridol

a-myrcene

B-bisabolol

Camphene

The impact on production results has
not been confirmed

Ginger
(Zingiber officinale)

[26, 60]
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Phytobiotics can be used in various forms:

" Dried fruits or plants are intended for food, medicinal, or
feed purposes, used in an amount of 0.5 to 5%.

" Dried extracts are concentrated plant preparations obtained
by extracting the raw vegetable material with a solvent
(such as water, ethanol, or their mixtures). Then, properly
concentrated, they achieve the consistency of a loose powder
(with a water content of up to 5%) and are dosed at a rate of
up to 0.5 kg/t of feed.

® Essential oils are mixtures of volatile organic compounds
(e.g., esters, ketones, aldehydes) characterized by an intense
smell that occurs in various parts of plants, such as roots,
fruits, and bark. The recommended amount is 0.05 %/t of
feed [58, 60].

The content and composition of the phytobiotic mixture in
herbs are primarily influenced by environmental conditions such
as:
® geographical region,

" type of soil,

® the date and method of harvesting,

®  processing and maintenance techniques,

®  storage method [46, 58].

In addition, herbs used to obtain phytobiotics should be
collected from areas free of pollution, e.g., heavy metals and
pesticides, and their cultivation should be carried out with
asignificant reduction in chemical inputs. Itis alsorecommended
to grow native herb species [46, 58].

Economic analysis of the
experiment aimed at substituting
coccidiostats with phytobiotics

control in broiler production, a Cost-Benefit Analysis (CBA) was
applied. The methodology adopted from the Horizon Europe
project’ focuses on estimating the potential benefits and
additional costs related to the implementation of innovative
practices in broiler production. The result of the assessment
is the change of the financial outcome represented by Gross
Margin (GM), which is a difference between value of production
and variable costs.

In the case of the replacement of cocidiostatics with
phytobiotics the partial budgeting technique was used - only
those items in the GM calculation were considered which change
their value (increases or reductions) after implementing this
alternative.

For the purpose of the study four models of typical broiler
farms were constructed. The typical farm (real or virtual) is
usually defined as a farm that represents the most common
type(s) of farm. Farm type, in turn, is a term indicating groups
of farms that meet specific criteria, such as production type
(e.g., raising broilers breeding), the scale of production, and
the production system [11, 33]. This paper presents results
of economic assessments for farms with the conventional
production system, and the criterion for differentiating farm
types is the flock size (small, medium, large, and very large).

The models of typical farms were constructed based on
data and information obtained through interviews with selected
farmers representing respective farm types (three farms per
farm type).

Outline of the methodology

The experiment was conducted in

Interviews with farmers

Defining
innovative
practice

a commercial chicken coop. Ross 308
chickens were placed in two groups:
control and experimental. The number
of broiler chickens in each group was

4

65,000. During the 39-day rearing
period, the chickens were fed cereal-
based feed mixtures ad libitum. In the
experimental group, a plant-based

Construction of typical
farm models

Determining the
effects of the
implementation of
the practice

product was added to the feed at a
rate of 100 g per ton. During rearing,
production indicators (FCR, body
weight, mortality) were controlled [39].

4

G

Economic evaluation methodology

To assess the economic effects of

ECONOMIC ASSESSMENT:
the difference:

+ - Production, costs, Gross Margin

changing the method of coccidiosis

" Deliverable 5.1.

* Gross Margin = revenue (sales) minus variable costs

Fig. 1. General scheme of cost-benefit analysis - evaluation stages

11
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The economic effects of introducing phytobiotics were
estimated using the results of the experiment presented in the
first part of the study. Based on this, four sets of assumptions
were prepared (Table 2) to simulate costs and benefits in model
farms. The basic variant (A1) directly refers to the experimental
results. In the other three, selected parameters of the calculation
were modified to check the model's response to more or less
favourable assumptions as part of the model's sensitivity
analysis:
®  Variant A2 is avariation of the basic one, assuming a premium

price for antibiotic-free broilers might be achieved;
® Variants B and C assume, respectively, less optimistic

assumptions regarding the level of benefits.

Results

Prior to the cost-benefit analysis the baseline models
for each farm type considered were constructed. In these
models production and financial results were calculated for the
technology based on the use of coccidiostatics. In the next step,
the variants of models introducing a system of feeding broilers
with feed supplemented with coccidiostats were constructed,
based on assumptions presented in Table 2. The results of
assessments were in the next step compared with the baseline
model, which serves as a reference.

Table 3 presents the basic production parameters
characterising individual model variants, indicating differences
from the basic models.

Apart fromthe apparent differences in the scale of production
in individual types of model farms, some differences in the size
of selected production parameters were revealed. In the "small"
farm model, the number of production cycles was significantly
lower (5.6), while, at the same time, with a slightly longer cycle,
broilers were fattened to a higher weight (3.0 kg) than in other
types. On the contrary, in the model of "very large" farms, the
average broiler weight was the lowest (2.4), but the cycle was the
shortest (41 days), and the number of production cycles was the
largest (6.5). In farms with smaller-scale production (small and
medium-sized), FCR was significantly lower.

Changes in the selected production parameters (number of
broilers, sales volume, FCR) in the phytobiotics models reflect
the impact of the cost-benefit analysis assumptions. According
to the assumptions, the most favourable in terms of production
results were variants A and A1. Variants B and C were also more
favourable than the baseline model, albeit to a lesser extent, due
to less optimistic assumptions about the scale of the benefits of
phytobiotic use.

Models of typical farms were characterised by a similar
structure of variable production costs? (Table 4), with a dominant
share of feed and chicken rearing costs, totaling 84-90%.

2 Variable costs increase with the increase in production volume, while fixed costs
(e.g. depreciation of fixed assets, administrative costs) do not change in a specific
range of production scale. In the analysis presented, the use of phytobiotics has
no impact on fixed costs, so they were omitted from the cost-benefit calculations.

Table 2. Assumptions for the cost-benefit analysis of the use of a phytobiotic supplement in broiler feeding chickens

Variants
Parameters
Al A2 B Cc
Benefits
Higher weight gain 725 725 50% 40*
[g/broiler]
Price premium lack 25 25 25
[%]
Reduction of veterinary costs 20 20 15 15
[%]
Lower chicken mr{rtallty 05 05 05 05
[percentage points]
Lower feed consumption due to better use
CULL LI L 0.065 0.065 0.06 0.05
[kg/kg increase
of body weight]
Additional Input/Costs
Dosage of phytobiotic 0.5 kg per tonne of feed**

Source: own study.
* expert evaluations using literature data [13, 17, 21, 22, 28, 40].
** price of phytobiotic: 30 PLN/kg
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Table 3. Selected production parameters of the analyzed model solutions

PHYTOBIOTICS

Types of model farms

Specification
Small Average Large Very large
Sale of broilers [pieces] 140160 302 400 778073 10342 230
in basic models
Sale of broilers [pieces]
in variants A1/A2/B/C 140 831 303937 781784 10392413
Number of production cycles 5.6 6.0 6.0 6.5
Cycle Length (days) 43.2 42.4 42.3 41.0
Average broiler weight in the
base model [kg live weight] 30 29 28 24
Sale of broilers [tons]
Base Model = 100 408.7 843.4 2126.8 24333.9
Al and A2 103.4 103.4 103.4 103.4
B 102.5 102.5 102.5 102.5
© 1021 1021 1021 1021
Feed Conversion Rate (FCR)
Base Model = 100 1.766 1.769 1.638 1.699
Al and A2 97.5 95.6 96.2 99.0
B 98.5 96.6 97.2 99.5
© 99.1 97.2 97.8 99.8
Source: own study
Table 4. Changes in the structure of variable production costs in relation to the base model (base = 100)
Cost share [%]
Type of farm
and variants of model solutions
Feed Chicks Labour Veterinary Energy Other
Small - the base model 72.18 13.09 2.78 4.28 4.20 3.46
Small
[A1, A2, B, C] 100.5 989 989 97.0 98.9 989
Medium - base model 70.87 13.70 1.98 3.98 5.84 3.64
Average
[A1,A2, B, C] 100.6 989 989 96.9 98.9 989
Large - base model 72.74 13.28 1.54 3.44 5.22 3.78
Large
[A1, A2, B, C] 100.5 98.9 98.9 96.9 98.9 98.9
Very large — base model 75.35 14.71 2.15 2.04 4.46 1.29
Very large
[A1. A2, B, C] 100.4 98.8 98.8 96.8 98.8 98.8

Source: own study
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PHYTOBIOTICS

The cost structure in the individual variants of the model
solutions changed slightly compared to the baseline models.
Because the differences in the cost structure between scenarios
of phytobiotic models were almost negligible, for simplicity
only averaged, rounded aggregate indicators for all variants are
presented.

Only the share of feed costs increased because of a higher
average feed price with phytobiotics, but also a higher feed
consumption due to the decreasing mortality and a greater
number of broilers raised. The share of all other items in the cost
structure was reduced.

The benefits - higher sales due to lower mortality, higher
production and potentially premium prices, and some cost
reductions in accordance with the assumptions for modelling
resulted with positive changes of economic indicators (Table 5).

In each variant solution, the economic parameters are more
favourable compared to the base model. The total economic effect
is the Gross Margin, which is higher across all variant solutions
than in the baseline model.

In the A1 variant, the increase in revenues from the sale of
broilers is the smallest, which is only the result of better weight
gains and a larger number of broilers sold due to reduced

Table 5. Selected economic indicators in broiler chicken production after the use of phytobiotics (baseline model = 100)

Model/variant Revenue [PLN/kg] Variable costs [PLN/kg] Gross Margin [PLN/kg]
Small - the base model 5.60 5.23 0.37
Small A1 100.5 97.7 132.0
Small A2 102.9 97.7 169.7
Small B 102.9 98.6 157.6
Small C 102.5 99.0 144.6
Medium - base model 5.63 5.11 0.51
Medium A1 100.5 97.7 1229
A2 Medium 103.0 97.7 150.2
Medium B 103.0 98.6 141.6
Medium C 102.5 99.0 132.3
Large — base model 5.45 4.64 0.81
Large Al 100.5 97.8 1131
Large A2 103.0 97.8 130.1
Capital B 103.0 98.7 1251
Capital C 102.5 99.0 119.5
Very large - base model 5.53 4.69 0.84
Very large Al 100.5 979 112.3
Very Large A2 103.0 979 128.7
Very Large B 103.0 98.7 1239
Very Large C 102.5 991 118.5

Source: own study

" Variable costs increase with the increase in production volume, while fixed costs (e.g. depreciation of fixed assets, administrative costs) do not change in a specific
range of production scale. In the analysis presented, the use of phytobiotics has no impact on fixed costs, so they were omitted from the cost-benefit calculations

14 rolish Technical Review No. 4/2025



Table 6. Additional income from the use of phytobiotics in broiler chicken farming per model farm [PLN thousand]

PHYTOBIOTICS

Model variants
Farm type
A1 A2 B Cc
Small 50.0 108.9 89.2 68.8
Average 102.3 2247 184.7 142.8
Large 233.0 532.9 4409 340.7
Very large 2593.6 6070.5 5008.4 38498
Source: own study
6071
6 000
HAl ®mA2 mB
5008
5000
4000 3850
£
8
= 3000 2594
—
a
T
& 2000
"
3
[]
£
-
1000
233 441 344
50 109 89 69 102 225 185 143 . .
Small Medium Large Very large

Source: own study

Figure 2. Increase in income from the use of phytobiotics in broiler chicken farming in relation to baseline models
in various variant solutions [PLN thousand/farm]

mortality. In other variants, the increase in revenues is significantly
higher, due to the assumption of a price premium (2.5%) for
broilers produced without coccidiostats. From the perspective of
the profitability of production, the most advantageous is the A2
solution due to the most optimistic assumptions. Although the
assumed premium is relatively small, it generates a significant
increase in the direct surplus (variant A2) compared to variant Al,
without an increased price. In accordance with the assumptions
made, variable production costs are lower in variant solutions.

At a farm scale, substituting coccidiostatics with phytobiotics
enables to generate significant additional income, especially on
farms with larger numbers of broilers (Table 6 and Figure 1).

It seems that even a small financial benefit in "small" farms,
basically exclusively family farms with their own workforce, can be
a sufficient incentive to use phytobiotics. A graphical presentation
of the economic effects of using phytobiotics highlights the
importance of implementing this practice on farms with larger-
scale production (Figure 1).

Conclusions

The results of the experiment, confirmed by literature reports,
indicate positive production effects of phytobiotics use,
primarily resulting in improved feed efficiency.

The qualitative effect of broiler breeding without coccidiostats
is also essential, and, in view of consumers' growing
expectations, may be conducive to sales with a price premium.
The cost-benefit analysis clearly indicates that the use of
phytobiotics enables positive economic effects across all
types of farms and variants of model solutions. The best
results were shown by the "A2" variant, due to a cumulative
effect of increased weight gains and the assumed price
premium, in addition to reduced mortality and lower veterinary
costs.

The economic effects of phytobiotics use are particularly
evident on large and very large farms, where even small
changes in costs or revenues can yield significant income

Polish Technical Review No. 4/2025 15
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differences given the scale of production. Nevertheless, in
small and medium-sized farms, the benefits of reducing
veterinary costs and improving feed efficiency can provide
sufficient incentives to implement this practice.

In the long term, replacing coccidiostats with phytobiotics
could be a significant factor in enhancing the competitiveness
of the Polish poultry sector
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