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Abstract

The aim of the present study was to determine the effect of rearing technology (rearing system and dietary supplementation with a mixed
herbal extract) on the production results, selected physiological and blood parameters, and welfare of broiler chickens during the sum-
mer production cycle. In the CON and HE groups, broiler chickens were kept on litter without access to free range; additionally, in the
HE group, birds from 22 to 42 days of rearing received a mixed herbal extract (50% Melissa officinalis L. and 50% Urtica dioica L.) in the
amount of 2 ml/l of water to drinkers with water. In the AP group, birds were reared on litter with access to pasture. During the experi-
ment, production performance and body temperature of the birds were monitored. Blood was also taken from birds in each group and
the H:L ratio, levels of corticosterone, glucose and thyroid hormones were determined. The application of 2 ml/l of mixed herbal extract
to the drinking water did not improve the production results, nor did it affect the physiological indices of the birds studied. The addition
of 2 ml/l of mixed herbal extract to the drinking water only resulted in lower corticosterone levels in the blood of the chickens on day 35
of the experiment. The free-range housing system had a negative effect on the slaughter performance of the broiler chickens. However,
housing with access to the free range resulted in lower body temperature, lower mortality, as well as lower glucose, corticosterone and
a narrower H:L ratio in the blood of the chickens during the period of increasing air temperature. It can therefore be concluded that
housing with access to a free range reduces stress levels and thus improves the welfare of broiler chickens during the summer produc-
tion cycle compared to confined housing. Comparing the rearing technologies used in the study, it was found that the free-range housing
system contributed more to improving the comfort of broiler chickens during the summer than dietary supplementation with the tested
herbal mixture extract.
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Nowadays, due to ongoing climate warming, more
and more losses in the poultry industry are associated
with hyperthermia in broiler chickens. Heat stress causes
numerous adverse changes in the birds’ body: behav-
ioural, physiological, metabolic, as well as immune sup-
pression and oxidative stress (Skomorucha et al., 2017
Abo Ghanima et al., 2020 a; Wasti et al., 2020; Khan et
al., 2021; Oke et al., 2021; Skomorucha and Sosnoéwka-
Czajka, 2021; Akinyemi and Adewole, 2022; Zhang et
al., 2023). This results in reduced feed intake and weight
gain (Khan et al., 2021; Oke et al., 2021; Akinyemi and
Adewole, 2022; Zhang et al., 2023), reduced bird welfare
(Oke et al., 2021; Zhang et al., 2023) and increased mor-
tality (Skomorucha and Sosnéwka-Czajka, 2017; Wasti
et al., 2020; Sanchez-Casanova et al., 2021). Hence, heat
stress is considered a serious problem in broiler chicken
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production worldwide, and the search for practical meth-
ods to mitigate the negative effects of heat stress on birds
is becoming a priority.

One of the key factors affecting the comfort, health
and productivity of birds is the rearing system (Sko-
morucha et al., 2011; Dong et al., 2017; Skomorucha and
Sosnoéwka-Czajka, 2017; Abo Ghanima et al., 2020 a,
b; Sanchez-Casanova et al., 2021). Al-Aqil and Zulkifli
(2009) report that birds reared in different systems are
exposed to different levels of stress. Intensive rearing of
broiler chickens involving maximized production is usu-
ally associated with a variety of environmental stressors
that reduce the welfare of the birds (Skomorucha and
Sosnowka-Czajka, 2013 a; Sugiharto and Ayasan, 2023).
An alternative to this system of keeping chickens is hous-
ing with outdoor access. According to some authors, this
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housing system is potentially beneficial for the welfare of
the birds as it allows them to exhibit natural behavioural
patterns, increases their immunity and contributes to re-
ducing the stresses that poultry face during rearing (Chen
et al., 2013; Skomorucha and Sosnowka-Czajka, 2017).
However, other studies indicate that also in housing with
outdoor access, birds may be exposed to environmental
factors that reduce their welfare (Hegelund et al., 2005;
Campo et al., 2008; Muchacka et al., 2016). Olanrewaju
et al. (2010) highlight that, among other things, the rear-
ing system determines the highest and lowest air tem-
peratures that are critical for optimal bird productivity.
In contrast, Abo Ghanima et al. (2020 a) report that the
use of an appropriate rearing system is often helpful in
achieving a suitable thermal environment onsite. The
authors demonstrated in their study the different effects
of three rearing systems on stress indices and production
performance of broiler chickens under heat stress condi-
tions. Similarly, Dong et al. (2017) observed a significant
effect of housing systems on laying performance and
blood biochemical results of native Xianju hens during
summer. Skomorucha and Sosnowka-Czajka (2017), on
the other hand, found an improvement in the welfare of
broiler chickens exposed to heat stress and maintained in
a free-range system compared to a confined system.

Herbal plants and herbal preparations continue to
be of great interest in the poultry industry. They can be
used as single herbs or mixtures of appropriately selected
herbs and administered with drinking water and/or as a
feed additive (Hartoyo et al., 2018). They improve feed
intake and utilization, stimulate the immune response,
and have bacteriostatic and antiviral properties (Sugi-
harto and Ayasan, 2023). Herbs are also seen to have
actions that reduce birds’ vulnerability to stress (Sko-
morucha and Sosnoéwka-Czajka, 2013 a). A number of
authors have also reported positive effects of the addition
of herbs to the diet on the body of broiler chickens reared
under conditions of elevated air temperatures (Attia and
Bertu, 2018; Song et al., 2018; Skomorucha and Sosnow-
ka-Czajka, 2021).

Commonly known and appreciated herbs include
lemon balm and nettle. These herbs exhibit a variety of
health-promoting properties, including a calming and an-
ti-stress effect due to their essential oil content. In addi-
tion, these plants also show strong antioxidant properties
(Bonetti et al., 2016; Kasapidou et al., 2014), so they may
be helpful in reducing heat-induced stress. However, no
information was found in the scientific literature regard-
ing the use of an extract from a mixture of these herbs
to alleviate the effects of rearing stress on the body of
broiler chickens.

Hence, the aim of the present study was to determine
the effect of rearing technology (rearing system and di-
etary addition of a mixed herbal extract) on production
performance, selected physiological and blood param-
eters, and welfare of broiler chickens during the summer
production cycle.

It was hypothesized that an appropriate housing sys-
tem or the addition of mixed herb extract to the diet could
reduce stress levels and improve the production perfor-
mance of summer-reared broiler chickens.

Material and methods

Experimental site

The experiment was conducted at a poultry farm of
the National Research Institute of Animal Production in
Aleksandrowice.

Birds and experimental design

The experiment was conducted during the summer
production cycle (June/July). The experimental material
consisted of 600 one-day-old Ross 308 broiler chicks
from the Poultry Hatchery in Lezkowice. On the first
day of life, the chicks, after being weighed and marked
with chick tags, were allocated to three groups (200 birds
per group), each consisting of five subgroups (40 birds
per subgroup). In groups I (CON) and II (HE), broiler
chickens were kept on litter without outdoor access; ad-
ditionally, in group II, birds from days 22 to 42 of rear-
ing were given a liquid alcoholic extract of a mixture of
herbs (50% Melissa officinalis L. and 50% Urtica dioica
L.) in water drinkers at 2 ml/l water (Skomorucha and
Sosnéwka-Czajka, 2021). In group III (AP), birds were
reared on litter with free-range access from day 1 of rear-
ing (Table 1).

The experimental herbs were selected mainly for their
content of antioxidant substances (essential oils, flavo-
noids, polyphenolic acids, f-carotenoids, chlorophyll (a
and b), xanthophylls and vitamins C and E). The stocking
density of chickens in the groups did not exceed 33 kg/
m? (Regulation of the Ministry of Agriculture and Rural
Development, Journal of Laws 2010.56.344, as amend-
ed), while the area of the free range per bird was 1 m?
The free range was equipped with drinkers and overhead
shelters to protect the chickens from the sun. The birds
used the free range between 7:00 and 20:00 hours.

The birds were kept for a period of 42 days. The tem-
perature inside the broiler house was 33°C in the first few
days and was then lowered gradually to 20—18°C in the
5th and 6th weeks of rearing.

Table 1. Experimental design

Group

CON

HE AP

Rearing of broiler chickens without
free-range access

Broiler chicken rearing without free-range access, from 22 to 42 days Rearing of broiler chickens with
of the study, a liquid alcohol extract from a mixture of herbs was

free—range access

added to the water drinkers at a rate of 2 ml/l of water
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Table 2. Ingredient composition (%) and nutritive value of the diets

Diet
Item Starter Grower?— Finisher®
1-21 days 22-42 days

Maize 55.35 47.21
Soybean meal 37.5 33.75
Wheat - 10.00
Rapeseed oil 2.90 4.80
Ground limestone 1.10 1.15
Dicalcium phosphate 2.10 2.00
Sodium chloride 0.30 0.30
Vitamin-mineral premix 0.50 0.50
L-Lysine 0.03 0.09
DL-Methionine 0.22 0.20
Nutritive value per 1 kg

Crude protein (%) 22.00 20.5
Metabolizable energy (MJ) 12.5 13.0
Lysine (g) 12.0 11.5
Methionine (g) 5.50 5.20
Calcium (g) 9.50 9.30
Phosphorus (g) 4.30 4.10

'Supplements per kg starter diet: vit. A 13 500 IU; vit. D, 3 600 [U; vit. E 45 mg; vit. B, 3.25 mg; vit B, 7.5 mg; vit. B, 5 mg; vit. B , 32.5 meg; vit. K, 3
mg; biotin 150 mcg; nicotinic acid 45 mg, calcium pantothenate 15 mg, folic acid 1.5 mg; choline chloride 447.6 mg; Mn 100 mg; Cu 1.75 mg; Fe 76.5 mg;
Se 0.275 mg; I 1 mg; Zn 75 mg; Co 0.4 mg; Seldox HM (antioxidant) 25 mg; Clinacox 0.5% 1 mg.

*Supplements per kg grower diet: vit. A 12 000 IU; vit. D, 3 250 IU; vit. E 40 mg; vit. B, 2 mg; vit B, 7.3 mg; vit. B, 4,25 mg; vit. B , 30 mcg; vit. K|
2.25 mg; biotin 100 mcg; nicotinic acid 40 mg; calcium pantothenate 12 mg; folic acid 1.0 mg; choline chloride 335.7 mg; Mn 100 mg; Cu 1.5 mg; Fe 65 mg;
Se 0.25 mg; 1 0.9 mg; Zn 65 mg; Co 0.4 mg; Seldox HM (antioxidant) 25 mg; Coxidin 200 100 mg.

*Supplements per kg finisher diet: vit. A 10 500 IU; vit. D, 2 500 IU; vit. E 40 mg; vit. B| 1.5 mg; vit B, 5.5 mg; vit. B, 3.25 mg; vit. B , 25 mcg; vit. K,
2 mg; biotin 100 mcg; nicotinic acid 35 mg; calcium pantothenate 12 mg; folic acid 1.0 mg; choline chloride 298.4 mg; Mn 80 mg; Cu 8 mg; Fe 60 mg; Se

0.2 mg; 1 0.8 mg; Zn 50 mg; Co 0.4 mg; Seldox HM (antioxidant) 25 mg.

The light program used was: 23 h of light/day to the
7th day, from the 8th day 20 h of light/day. The chickens
were fed freely with mixtures prepared on the basis of
concentrates (Table 2). Feed and water were manually
delivered to feed hoppers and bell drinkers, respectively.
Throughout the rearing period, the broiler chickens had
free access to feed and water drinkers.

The ethanol herb extract was made at a professional
herbal company and had a certificate of compliance with
the quality standard developed at this company (ZN-08/
NX/545).

The experiment was approved by the Second Local
Ethics Committee for Animal Experiments in Krakow
(no. 1205/2015).

Data, sample collection and laboratory analyses

During the experiment, temperature and humidity
data were collected outside and inside the broiler house.
Macroclimate measurements were taken using a Techno-
line Ltd weather station model WS-3650-IT. Inside the
broiler house, temperature and humidity were recorded
on a PL-9000 “poultry computer” from STIENEN BE.
Microclimate sensors were placed in the broiler chicken
area. In addition, at 13:00 hours, air temperature and

humidity were measured with a Testo 435 apparatus at
3 points on the diagonal of each compartment (subgroup)
and at 3 points on the diagonal of the free range at the
birds’ height. The climatic data given are an average cal-
culated from the results read from all measuring devices
at 13:00 hours.

The production results monitored were body weight
of the broiler chickens, feed conversion, and mortality.
Feed intake from each replicate and chick mortality were
monitored daily. The body weight of the chickens was
monitored once a week. Birds were weighed individually
on a WPT/F-30C scale. Feed conversion efficiency (kg
per kg weight gain) was calculated by measuring the feed
consumption and body weight. Bird mortality was pre-
sented as a percentage. On day 42 of rearing, 20 birds (10
females and 10 males) whose body weights were similar
to the group and sex average were selected from each
group. The selected birds were slaughtered by decapita-
tion, after prior stunning with an STZ 6 electric stunner.
The carcasses (with neck and giblets) were placed in
a cold store at 4°C. After 24 hours, chilled carcasses
were subjected to simple carcass analysis according
to the method described by Ziotecki and Doruchowski
(1989).
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In the 4th, 5th and 6th week of rearing (28, 35, and 39
days of rearing, respectively), blood was collected by de-
capitation from 10 birds per group, after prior stunning with
an STZ 6 electric stunner. Blood was collected into tubes
with EDTA (ethylenediaminetetraacetic acid salts) antico-
agulant and lithium heparin. From the blood collected on
EDTA, smears were manually made using two glass slides,
one with cut edges (smear slide). After preparation and dry-
ing of the smears, May-Griinwald-Giemsa staining (Alpha
Diagnostics Warsaw, Poland, Cat. No LO 001, LO 002) was
applied. The stained leucocytes were counted under a Nikon
YS 100 microscope using the Schilling differential method
(differential white blood cell count). Cells were counted us-
ing a hematology cell counter (SH 12/12, Poland). Based on
the number of isolated white blood cells, the ratio of hetero-
phils to lymphocytes (H:L) was calculated.

Blood collected into lithium heparin tubes was cen-
trifuged (MPW-52 centrifuge) and plasma separated by
centrifugation was pipetted into Eppendorf tubes. Plasma
levels were determined for corticosterone, glucose and
thyroid hormones (T, and T,). Corticosterone and thy-
roid hormones were determined in plasma by radioimmu-
noassay in an automatic gamma counter (LKB Wallace)
using rCorticosterone ['*’I] (REF: RK-548), T ['*I] (REF:
RK-6CT1) and T,["*I] (REF: RK-11CT1) RIA KIT by
Institute of Isotopes Co. Ltd, Budapest. Analysis of blood
glucose levels in birds was performed with a Mindray BS-
120 biochemical analyzer using Glucose Standard reagent
(cat. no. 239015) from Alpha Diagnostics, Poland.

39.00
37.00
35.00
33.00
31.00
29.00
27.00

25.00

temperature®C

23.00

21.00

On the same dates (days 28, 35 and 39), rectal and ra-
diation temperature of feathered (back) and nonfeathered
parts (shanks) was measured in 10 birds per group. Rectal
temperature was measured with a veterinary thermom-
eter accurate to 0.1°C, while radiation temperature using
a Cole-Parmer pyrometer. The pyrometer was placed 15
cm from the bird’s skin.

Physiological examinations and blood sampling were
performed between 13:00 and 15:00 hours.

Statistical analyses

The results were statistically analyzed by one-way
analysis of variance (ANOVA). The experimental units
were the individual bird and subgroup (compartment with
40 birds) for feed conversion. Significant differences for the
means between the experimental groups were determined
with Duncan’s multiple range test. Effects were consid-
ered significant at a probability of P<0.05 and P<0.01. The
statistical calculations were made with Statistica 12 soft-
ware.

Results

Figures 1 and 2 show the following parameters meas-
ured at 13:00 hrs: mean daily outdoor temperatures, the
air temperatures measured inside the building in each ex-
perimental group at the level of the birds, and the results
of the humidity measurement, respectively.

19.00

17.00

15.00

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

day of rearing

groupl —e—group2 group3

outside temp. optimal temp.

Figure 1. Daily external and indoor temperatures at 13:00 hrs
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Figure 2. Humidity (%) inside and outside the broiler house at 13:00 hrs
Table 3. Production results and dissection analysis of 42-day-old broiler chickens
Group
Item SEM
CON HE AP

'Body weight (g) 2731.28 2754.80 2726.15 35.01
’Feed conversion (kg) per kg weight gain 1.64 1.63 1.72 0.04
Mortality (%) 3.80 4.40 2.00 -
Dressing percentage with giblets (%) 7995 A 79.28 AB 78.56 B 0.31
Dressing percentage without giblets (%) 77.02 a 76.35 ab 75.69 b 0.32

a, b — values in rows with different letters differ significantly (P<0.05).

A, B — values in rows with different letters differ highly significantly (P<0.01).

Pooled SEM — Pooled standard error of mean.

CON - control group — kept on litter without herbal extract and without access to pasture.

HE — kept on litter with herbal extract and without access to pasture.
AP — access to pasture without herbal extract.

'n =200 per group.

n=>5 per group.

n =20 per group.

Table 3 shows the production results of 42-day-
old broiler chickens. Birds in the AP group had poorer
slaughter performance both with and without offal com-
pared to birds in the CON group at P<0.01 and P<0.05,
respectively. There were no differences between groups
in other production parameters.

Radiated and rectal temperature values are shown in
Table 4. On the 35th and 39th day of the experiment, there
was a difference in the radiated temperature of the feath-
ered parts between the AP group and the HE and CON
groups (P<0.01, P<0.05). For the unfeathered parts, the
difference in radiated temperature was recorded: on day
28 of rearing between the AP and CON group (P<0.05)
and on days 35 and 39 of the experiment between the

AP and CON and HE groups at P<0.01 and P<0.05, re-
spectively. For rectal temperature, the difference was ob-
served between the AP and CON group on day 28 of the
experiment at P<0.01 (Table 4).

Broiler chickens from the AP group had lower corti-
costerone concentrations (P<0.05) on day 28 compared
to the HE and CON groups and on day 35 of the experi-
ment compared to the CON group (Table 5). On day 35
of rearing, lower corticosterone levels were also found
in the blood of broiler chickens from the HE group com-
pared to the CON group. On day 28 of rearing, there was
also a difference in glucose levels between the AP and
CON groups and the magnitude of the H:L ratio in blood
between the AP and CON and HE groups at P<0.05.
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Table 4. Body temperature (°C) of broiler chickens (mean, n = 10)

Days of rearing Group PSO}(E);\j[d
CON HE AP
Radiated temperature of feathered parts
28 35.33 35.38 34.28 0.36
35 29.76 A 28.81 a 27.41 Bb 0.48
39 2728 A 2734 A 24.07B 0.62
Radiated temperature of unfeathered parts
28 38.55a 38.08 ab 37.13b 0.40
35 3721A 3781 A 34.03B 0.39
39 3499 a 34.88a 32.84b 0.54
Rectal temperature

28 41.95 A 41.79 AB 41.58 B 0.08
35 41.21 41.26 41.15 0.10
39 41.06 41.32 41.20 0.12

a, b — values in rows with different letters differ significantly (P<0.05).

A, B — values in rows with different letters differ highly significantly (P<0.01).

Pooled SEM — Pooled standard error of mean.

CON - control group — kept on litter without herbal extract and without access to pasture.

HE — kept on litter with herbal extract and without access to pasture.

AP — access to pasture without herbal extract.

Table 5. Blood parameter levels of broiler chickens (mean, n = 10)
Days of rearing orow Pé)gll\id
CON HE AP
T, (nmol/l)
28 9.82 9.27 8.75 0.60
35 11.19 10.88 10.35 0.52
39 11.35 10.37 9.65 0.50
T, (nmol/l)
28 57.13 60.72 49.48 4.76
35 59.04 63.91 64.26 3.94
39 74.24 74.20 72.61 2.92
Corticosterone (ng/ml)
28 3.68a 3.80a 1.71b 0.51
35 575a 4.09b 3940 0.47
39 231 2.08 2.13 0.48
Glucose (nmol/l)
28 14.60 a 13.79 ab 12.82b 0.40
35 13.95 13.40 13.29 0.48
39 13.47 12.38 13.13 0.72
H:L

28 0.55a 0.74 A 0.35 Bb 0.04
35 0.64 0.77 0.58 0.08
39 0.55 0.80 0.80 0.07

a, b — values in rows with different letters differ significantly (P<0.05).

A, B —values in rows with different letters differ highly significantly (P<0.01).

Pooled SEM — Pooled standard error of mean.

CON - control group — kept on litter without herbal extract and without access to pasture.

HE — kept on litter with herbal extract and without access to pasture.
AP — access to pasture without herbal extract.
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Discussion

In our study, free-range access did not affect the fi-
nal body weight of broiler chickens or feed conversion.
Several studies have reported lower body weights and
poorer feed conversion by birds having free-range ac-
cess compared to those housed indoors (Castellini et al.,
2002; Pavlovski et al., 2009; Skomorucha and Sosnow-
ka-Czajka, 2017). Sanchez-Casanova et al. (2021), on the
other hand, showed a trend towards higher body weights
in chickens reared with free-range access during periods
of high outdoor temperatures. In contrast, Santos et al.
(2005) and Ponte et al. (2008) showed significantly high-
er body weights in broiler chickens that had free access
to the free range.

In our study, lower mortality was observed in AP
chickens compared to CON and HE chickens. According
to Weitzenbiirger et al. (2005), poultry mortality depends
on a number of factors and therefore cannot be used to
evaluate housing systems. May and Lott (2000), on the
other hand, state that bird mortality is the best indicator
of correct rearing temperature. An increase in air temper-
ature above the thermoneutral zone leads to disturbances
in body homeostasis resulting, among other things, from
increased plasma corticosterone concentrations and con-
sequent deterioration in bird health. Studies confirm the
negative effects of elevated air temperatures on poultry
survival (Sanchez-Casanova et al., 2021; Zhang et al.,
2023). Therefore, it can be concluded that, in our study,
the housing conditions, including thermal conditions,
acting on birds with free-range access were more favora-
ble, as evident in the lower proportion of chickens dy-
ing throughout the rearing period. Similar results were
obtained by Skomorucha and Sosnowka-Czajka (2017).
The authors observed a 2.2% lower mortality rate of
broiler chickens with free-range access during the sum-
mer production cycle compared to chickens reared in-
doors.

In our study, chickens using the range area had lower
slaughter performance compared to CON birds. Also
Skomorucha et al. (2020) and Comert et al. (2016) ob-
tained poorer slaughter performance of broiler chickens
kept with free-range access compared to the confined
group. Different results were observed by Sanchez-Cas-
anova et al. (2021). The free-range system contributed
to the higher slaughter performance of the birds reared
in it. In contrast, Sosnéwka et al. (2017) reported no ef-
fect of housing systems on the slaughter performance of
chickens.

Broiler chickens, especially in intensive rearing, are
exposed to a variety of stress factors. During summer
production cycles, higher than recommended air tem-
peratures usually become a major problem. High tem-
peratures in broiler chicken rearing cause, among other
things, the development of oxidative stress, which is
recognized as a primary factor that reduces production
performance (Muchacka et al., 2016). This is confirmed
by the study of Behboodi et al. (2021), who found the

emergence of oxidative stress in broiler chickens ex-
posed to elevated temperatures and demonstrated its
negative effects on feed intake, daily weight gain, per-
centage of legs and abdominal fat in the carcass. Phyto-
nutrients are believed to enhance immunity and improve
gastrointestinal function, hence there is increasing in-
terest in the use of herbs and medicinal plants in poul-
try nutrition to improve the health and productivity of
birds exposed to stress (Barbarestani et al., 2017). Im-
provements in the production performance of broiler
chickens under the influence of diets supplemented
with herbs were obtained by Kasapidou et al. (2014),
Redoy et al. (2021), Rafeeq et al. (2021) and Akinyemi
and Adewole (2022). However, in our study, the addi-
tion of an extract from a mixture of herbs considered
to be potent antioxidants, i.e. lemon balm and common
nettle, to the drinking water at a rate of 2 ml/l had no
significant effect on body weight, feed conversion and
survival. There was also no effect of this experimen-
tal factor on the slaughter performance of the chickens.
Similarly, Skomorucha and Sosnéwka-Czajka (2013 a)
showed no statistically significant differences in final
body weight and feed conversion between chickens in
the control group and birds receiving the 2 ml/l addi-
tion of lemon balm extract to water. Also in the study
by Skomorucha et al. (2020) the addition of a mixed
herbal extract to the drinking water did not improve the
slaughter performance of broiler chickens. On the other
hand, in a study by Skomorucha and Sosnoéwka-Czajka
(2014), depending on the herb mixture used, higher
body weights, improved feed conversion or lower mor-
tality in broiler chickens were obtained.

The literature points out that the rearing system af-
fects the stress level of birds (Al-Aqil and Zulkifli, 2009).
The bodily response of birds to the stress of elevated air
temperature is an increase in body temperature (Akiny-
emi and Adewole, 2022). Skomorucha and Sosnowka-
Czajka (2017) showed a lower radiated temperature of
the unfeathered parts and lower rectal temperature of
41-day-old broiler chickens having access to the free
range during the summer rearing cycle. In our study,
birds with free-range access had a lower radiated tem-
perature and, on day 28, when a high outside temperature
was recorded, also a lower rectal temperature compared
to birds kept indoors. This may indicate that the heat load
of the indoor broiler chickens was higher than that of the
free-range birds despite the fact that the outdoor air tem-
perature to which the free-range birds were exposed on
this day was 34°C. The lower rectal temperature of the
AP birds was probably influenced by other environmen-
tal parameters such as air movement and associated cool-
ing, as well as a different type of flooring and a relatively
lower stocking rate per 1 m? which allowed for better
heat exchange between the bird’s body and the environ-
ment. The shading of the free range was also important to
protect the broiler chickens from direct sunlight.

According to Tao et al. (2006), during summer pro-
duction cycles broiler chickens are exposed to a cyclic
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increase in air temperature, which leads to a decrease in
the average daily concentration of T, in the blood, in turn
the response of T, hormone to air temperature is slower.
Gibson et al. (1986) showed lower blood T, levels in lay-
ing hens reared with access to the free range compared to
caged birds. Skomorucha and Sosnowka-Czajka (2017)
obtained lower triiodothyronine levels during periods of
high outdoor temperatures in a group of chickens with
free-range access. In our study, both T, and T, levels in
the blood of the birds were at similar levels regardless of
the rearing system. It is well known that thyroid hormones
play a key role in the regulation of body temperature and
the adaptation of thermal metabolism, hence heat stress
induces changes in the concentration of these hormones
(Sohail et al., 2010; Weitzel et al., 2017). In our study,
the thermal conditions prevailing during the summer in
the housing systems used did not alter the concentration
of thyroid hormones, suggesting that the birds were not
exposed to heat stress. However, according to Jiang et
al. (2020), the effect of heat stress on thyroid hormone
levels in broiler chickens depends on a number of factors,
including the level and duration of stress and the age of
the bird.

Important parameters in the assessment of stress and
poultry welfare are the determination of corticosterone
concentrations, biochemical parameters and the H:L
ratio in the blood of birds (Dong et al., 2017; Abo Gh-
anima et al., 2020 a). Skomorucha et al. (2011) showed
differences in corticosterone and plasma glucose in
broiler chickens reared in different housing systems, but
the authors found no differences in the H:L ratio in the
blood of experimental birds. In contrast, Abo Ghanima et
al. (2020 a) reported significant differences in the H:L
ratio in the blood of birds reared in different systems and
exposed to heat stress. Dong et al. (2017) and Rehmana
et al. (2017) observed lower plasma glucose levels in
birds with free-range access, which, according to the au-
thors, is influenced by the higher activity of birds in this
system than in confined housing. In contrast, Wasti et al.
(2020) report that increased plasma glucose concentra-
tions are associated with increased secretion of gluco-
neogenesis-stimulating corticosteroids during stress. In
our study, higher levels of corticosterone (days 28 and
35 of rearing), glucose (day 28 of rearing) and a higher
H:L ratio (day 28 of rearing) were found in the blood
of confined birds compared to AP chickens, which may
suggest that conventionally reared birds exhibited poor-
er living comfort on these days than chickens from the
other housing system. Also, a previous study (Skomoru-
cha and Sosnéwka-Czajka, 2017) showed higher glucose
and corticosterone concentrations in the blood of broiler
chickens reared indoors than in birds with free-range ac-
cess.

Some studies have shown that the addition of natu-
ral antioxidants to the diet of broiler chickens results in
a slowing of basal metabolism and a significant decrease
in body temperature (Ragab et al., 2013; Morovat et al.,
2016; Skomorucha and Sosnéwka-Czajka, 2021). How-

ever, in our study, the addition of 2 ml/l of mixed herbal
extract to water had no effect on thyroid hormone levels
and body temperature of broiler chickens. Similarly, Ak-
inyemi and Adewole (2022) and Baghban et al. (2016)
found no change in rectal temperature of broiler chickens
receiving phytoadditives in feed and exposed to elevated
air temperature.

Kannan et al. (1997) report that lower corticoster-
one levels in the blood usually mean that the organism
is less susceptible to stressors acting on it. Skomoru-
cha and Sosnéwka-Czajka (2013 a, b) found lower
levels of this hormone in broiler chickens receiving
St John’s wort extract and mixed herb extract in their
water. Similarly, in our study, the addition of 2 ml/I
of herbal mixture extract to the water contributed to
lower corticosterone levels in the blood of HE birds on
day 35 of the experiment compared to the CON control
group. The diet of birds supplemented with herbs can
also affect glucose levels (Skomorucha and Sosnow-
ka-Czajka, 2014; Morovat et al., 2016) and the magni-
tude of the H:L ratio (Khafar et al., 2019; Skomorucha
and Sosnowka-Czajka, 2021). However, in our study,
no change in glucose levels or the magnitude of the
H:L ratio was observed under the influence of dietary
mixed herb extract.

In conclusion, the application of an oxidative herb
mixture extract to the drinking water at 2 ml/l did not
improve the production performance of summer-reared
broiler chickens. Dietary supplementation with mixed
herb extract in the form and concentration used also had
no effect on the physiological indices of the birds stud-
ied. The addition of 2 ml/l of herbal mixture extract to
the drinking water only resulted in lower corticosterone
levels in the blood of the chickens on day 35 of the ex-
periment, which could suggest that the inclusion of herb-
al mixture extract in the diet of broiler chickens could
reduce the susceptibility of the organism to the stressors
acting on it. However, further research is needed to select
the appropriate dose and form of administration of the
tested herbs, which could clearly improve the physiologi-
cal status of broiler chickens during the summer produc-
tion cycle.

The free-range housing system had a negative effect
on the slaughter performance of broiler chickens. How-
ever, housing with free-range access resulted in lower
body temperatures and lower mortality in the birds, as
well as lower levels of glucose, corticosterone and a nar-
rower H:L ratio in the blood of the chickens during peri-
ods of increased air temperature. It can therefore be con-
cluded that housing with access to a sun-protected free
range reduces stress levels and thus improves the welfare
of broiler chickens during the summer production cycle
compared to a confined system.

Comparing the rearing technologies used in the study,
it was found that the free-range housing system contrib-
uted more to improving the “welfare” of broiler chickens
during the summer period than dietary supplementation
with the tested herbal mixture extract.
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