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Summary

The analyses aimed at determining the effect of replacing the antibiotic in feed mixes with various herbal additives 
on the core chicken breeding parameters such as weight gain, FCR, mortality rate, EEI, selected carcass slaughter 
parameters and some strength and morphometric parameters of the tibia bone on broiler chickens.

400 one-day-old Ross 308 male chicks were split into 8 groups of 10 chicks each in 5 repetitions. The chicks were 
allocated at random to the control group (negative – without AGP), I – receiving AGP, and to groups given 2% herbal 
additives: hop – II, lime – III, lemon balm – IV, pansy – V, peppermint – VI and nettle – VII. The study involved herbs 
contained essential oils of: hop cones (0.42%), lemon balm leaves (0.077%), peppermint leaves (2.92%), as well as 
flavonoids: pansy herb (0.37%), and lime flower (0.78%).

During the experiment chickens’ body weight was controlled on the 21st, 35th and 42nd days of breeding, set FCR, 
EEI and postslaughter evaluation were performed on 10 male chicks selected from each group. The right-leg tibia was 
sampled for analysis from chickens slaughtered on day 42. The bones were mechanically stripped of soft tissues, weighed 
(with 0.1 g accuracy), packed into labeled plastic bags and frozen (at a temperature of –25°C) until the beginning 
of analyses. An Instron Universal Testing Machine (Model 3369) was used to determine bone ultimate strength and 
maximum elastic strength and yielding deformation, bending point resistance and load-to-deformation ratio. The 
geometric properties of bones (cross-section area, second moment of interia, mean relative wall thickness) and cortical 
indexes (cortical layer, cortical index, cortical surface, cortical surface index) were estimated on the basis of measuring 
the external and internal horizontal and vertical axes in the cross section of the bones at the site of fracture. Bone 
mineralization was degreased and dried to a constant weight in a muffle furnace and mineral content was determined.

On 21st day of life the body weight of chickens receiving an admixture of lemon balm and nettle was significantly 
higher (P < 0.01) compared to the body weight of birds fed with AGP, hop and lime and control groups. The highest 
slaughter weight was recorded in chickens fed on a mix with an addition of nettle (2435 g), while significantly lower 
body weight (P < 0.05) was revealed in the control group (2112 g) and the group receiving hops (2109 g). The addition 
of lime, lemon balm, pansy and nettle significantly (P < 0.05) increased the slaughter yield of chicks compared to the 
control group, the AGP group and the group receiving hops.

The largest increase in bone elasticity occurred as a result of using additives such as hop, pansy and nettle in the 
mixes. The value of the dy in these groups compared to the control group and the group receiving an antibiotic were 
on average more than 20% higher. The value of the Wf in the group receiving pansy compared to the control group 
and the group receiving AGP were higher by 22.4% and 21.9% respectively (P < 0.05).

Regardless of the species of herb added higher values were recorded for the following parametres: Ix, A, CS and Wy/dy. 
A 2% addition of hop, nettle and pansy increased the dy value, whereas an addition of hop, lemon balm and pansy 
contributed to increased Wy compared to bone properties measured in the control group and in the group receiving 
the antibiotic. The body weight of chicks in experimental groups (except for the group fed on nettle) on the 42nd day 
of breeding was similar to the body weight of control chicks and chicks fed on mixes with an antibiotic. Moreover, 
the conversion of feed per 1 kg of weight gain with the use of lime, lemon balm and/or nettle did not deviate from 
the conversion of feed by birds in the control group and the group receivig antantibiotic. The introduction of lime, 
lemon balm, pansy and nettle increased the slaughter yield and the addition of pansy, mint and nettle contributed to 
a reduction in the share of abdominal fat compared to the AGP group.
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The European ban on antibiotic growth promoters 
(AGP) in animal feed has accelerated and led to in-
vestigations of alternative feed additives to be used in 
animal production. Breeders, as well as environmental-
ists, are increasingly more approving of herbs in which 
they see a potential to reduce the pollution caused by 
poultry production. The primary aim of using herbs 
in poultry feeding is accelerating metabolism and 
improving the birds’ health. This is achieved, among 
other things, by increasing the number of beneficial 
intestinal microorganisms at the cost of pathogenic 
bacterial flora, which results in an enhanced use of 
feed nutrients with reduced environmental emissions 
of ammonia and hydrogen sulfide (15, 27).

Studies involving herbs as a replacement for AGP 
have been carried out primarily in terms of their ef-
fect on the performance of broiler chicken breeding, 
influencing the breeding effectiveness, such as weight 
gain or feed conversion ratio. Most authors cited herein 
noted that chickens administered herbal preparations 
in feed have better productive performance (8, 40). 
The use of herbal extracts, and especially garlic, 
improved feed conversion ratio (FCR) compared to 
virginiamycin (33). Studies by Fritz et al. (13) recorded 
performance comparable with, or even better than that 
obtained with the use of avoparcin, and that was due 
to an addition of milfoil and St. John’s wort. Alcicek 
et al. (1), replacing avilamycin with exotic herbs, 
recorded a faster growth rate of chickens, improved 
slaughter yield and feed conversion ratio. Herbs affect 
slaughter parameters in a broiler carcass (26). Herbal 
additives reduce carcass fat (12, 38), and the presence 
of herbs, such as ginger, anis or dill in feed mixes 
significantly decrease the content of intramuscular fat 
(9). The use of EXTRACT in the studies by Jamroz et 
al. (17) improved feed conversion ratio, increased the 
share of breast muscle in the carcass, and at the same 
time reduced the share of depot fat. Similar results for 
chickens fed on thyme and rosemary were recorded by 
Hernandez et al. (16).

Selecting birds for rapid growth is one of the rea-
sons for reduced bone elasticity in their limbs (39, 
43). Consequently, numerous problems have occurred 
including deformations, fractures and infections, and, 
as a result, increased bird mortality rate. The altera-
tions occurring in the bone structure throughout the 
birds’ lives are reflected in their altered mechanical 
parameters. The skeleton is not only a supporting struc-
ture for the birds but it is also an important source of 
minerals for the needs of metabolism (19). Reichmann 
and Connor (34) demonstrated that the degree of 
bone mineralization affects bone strength and insuf-
ficient mineralization is linked to an increased risk of 
fractures. The overall growth, including the skeletal 
system, depends on the composition of the mixes used 
in feeding (14, 23).

The content of biologically active ingredients such 
as phytosterols, flavonoids and glycosides in herbs 

appears to facilitate bone metabolism and promotes 
proper bone density (45). On the other hand, herbs such 
as peppermint, rosemary, salvia, tilia, hop or thyme are 
rich in monoterpenes which are the main components 
of essential oils. Mühlbauer et al. (28) and Dolder et 
al. (7) proved that monoterpenes are responsible for 
inhibiting bone resorption through their direct influ-
ence on osteoclasts.

The number of studies involving the use of herbs 
in chicken nutrition and analysing their effect on the 
structural processes of bone formation, so vital to the 
animals’ welfare, is limited. The reason may be insuf-
ficient insight as the variety of herbal species is enor-
mous and their effects extremely extensive. Therefore, 
this study was deemed justified.

The study aimed to determine the effect of replacing 
the antibiotic in feed mixes with various herbal addi-
tives on the core chicken breeding parameters such as 
weight gain, FCR, mortality rate, European Efficiency 
Index (EEI), selected carcass slaughter parameters and 
some strength and morphometric parameters of the 
tibia bone on broiler chickens.

Material and methods
Animals and experimental design. All procedures used 

during the research were approved by the Local Ethics 
Committee for Animal Testing at the University of Life 
Sciences in Lublin.

400 one-day-old Ross 308 male chicks were split into 
8 groups of 10 chicks each in 5 repetitions. The chicks were 
allocated at random to the control group (negative without 
AGP), I – receiving AGP, and to groups given 2% herbal 
additiveshop (Humulus lupulus) – II, lime (Tilia cordata) 
– III, lemon balm (Melissa officinalis) – IV, pansy (Viola 
tricolor) – V, peppermint (Mentha piperita) – VI and nettle 
(Urtica dioica) – VII.

The ingredients and nutritional value of a  basal diet 
(Starter from 1 to 21, grower from 22 to 35 and the finisher 
36 to 42 days of life) are shown in Table 1. The mixes were 
administered as pellets, and nestlings were given crumbles. 
Feed and water were provided ad libitum. The study in-
volved herbs produced by Herbapol Lublin S.A. Company. 
The herbs contained essential oils of: hop cones (0.42%), 
lemon balm leaves (0.077%), peppermint leaves (2.92%), 
as well as flavonoids: pansy herb (0.37%), and lime flower 
(0.78%).

Experimental measurements. During the experiment 
chickens’ body weight was controlled on the 21st, 35th and 
42nd day of breeding and the amount of the feed consumed, 
as well as the birds’ health condition were analysed. The 
resulting data formed the basis for determining the feed 
conversion ratio measured by calculating feed consumption 
per one kilogram of weight gain (FCR). The effectiveness 
of chicken fattening was determined on the basis of the 
EEI calculated by means of the following data: length of 
the fattening period, feed conversion, final body weight and 
survival rate in respective groups. Postslaughter evaluation 
(46) was performed on 10 male chicks selected from each 
group. The right-leg tibia was sampled for analysis from 
chickens slaughtered on day 42.
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Bone measurement. The bones were mechanically 
stripped of soft tissues, weighed (with 0.1 g accuracy), 
packed into labeled plastic bags and frozen (at the tempera-
ture of –25°C) until the beginning of analyses.

The mechanical properties of bones such as the maximum 
elastic (Wy) and ultimate (Wf) strengths were determined 
in INSTRON 3369 apparatus (Instron, Canton, MA, USA) 
as described previously. In addition, the following were 
calculated: yielding deformation (dy), bending point resis-
tance (Wf/A), load-to-deformation ratio (Wy/dy) (10, 11).

Geometric and cortical properties of bones were esti-
mated on the basis of horizontal and vertical diameter mea-
surements of the mid-diaphyseal cross-section of bone. The 
cross-section area (A), the second moment of interia (Ix), and 
the mean relative wall thickness (MRWT) were determined 
using the following formulas: Ix = 3,14(V3H – v3h)/64, 
A = 3,14(HV – hv)/4, MRWT = [(V – v)/v + (H – h)/h]/2; 
the cortical layer thickness (CLT), the cortical index (CI), 
the cortical surface (CS) and the cortical surface index (CSI) 
were determined using the following formulas: CLT = H – h; 
CI = (H – h/H) × 100; CP = H2 – h2; CSI = (H2 – h2/H2) × 100. 
Where H is the horizontal external diameter of the cross-
section of the bone, h – horizontal internal diameter of the 
cross-section of the bone, V – vertical external diameter of 
the cross-section of the bone, v – vertical internal diameter 
of the cross-section of the bone (10, 11, 42).

Analysis of the feed. The content of dry matter, total pro-
tein, fat and crude fibre was determined in the feed mixtures 
according to AOAC (2). The content of mineral components 
(Ca, Mg, Cu, Fe, Zn) in feed was determined by atomic 
absorption spectrometry using a Unicam 939/959 appara-
tus, and general P (32) with a Helios α-Unicam apparatus, 
using molybdenum and vanadium as the reagent (NH4VO3, 
(NH4)6Mo7O24·H2O, H2O). The amino acid composition 
was determined by ion-exchange chromatography using an 
INGOS AAA 400 amino acid analyser with post-column 
derivatization of ninhydrine and spectrophotometric detec-
tion according to the standard manufacturer’s procedure 
and MCMiAŻ/PB-03 test procedure. The samples were 
hydrolyzed in aqueous solution (6N HCl + 0.5% phenol at 
a temperature of 110°C for 24 hours). Sulphur amino acids 
(cysteine and methionine) were determined in a separate 
analysis as oxidised derivatives (cysteic acid and methionine 
sulfone) resulting from oxidation with performic acid and 
then released from proteins during acid hydrolysis. Follow-
ing this reaction, the tested samples were again subject to 
acid hydrolysis (3).

Statistical analysis. The results obtained were statisti-
cally analyzed (SEM and effects of diet) by ANOVA and 
Tukey’s one-way range test, using Statistica v.10.0 software 
(41). P values < 0.01 and < 0.05 were considered significant. 
An asterisk indicates a  statistically significant difference 
between the control and experimental groups.

Results and discussion
Broiler Performance. Adding herbs to feed mixes 

did not reduce the growth parameters in broiler chick-
ens in the initial breeding period, as compared to the 
control group and to the group administered an AGP 
(Tab. 2). On 21st day of life the body weight of chickens 
receiving an admixture of lemon balm and nettle was 
significantly higher (P < 0.01) compared to the body 
weight of birds fed with AGP, hop and lime and control 
groups. On the other hand, the body weight of chickens 
fed on a mix with an addition of pansy and mint did not 
differ from that recorded in other experimental groups. 
The obtained results demonstrate that during the initial 
period of breeding the antibiotic added to the feed may 
be successfully replaced with herbs. Similarly, Guo et 
al. (15) observed that the rate of broilers’ growth until 

Tab. 1. Composition (%) and nutritive value of the mixtures

Item
Mixtures

Starter Grower/Finisher

Maize 55.15 57.78

Soybean meal 46% 33.0 30.0

Yeast   2.0   2.0

Dried grass silage meal   2.0   2.0

Soya oil   3.0   4.0

Dicalcium phosphate   1.5   1.2

Limestone   1.5   1.5

NaCl   0.5   0.35

DL-methionine   0.15   0.15

L-lysine   0.2   0.02

Vitamin-mineral premix   1.0   1.0

Nutritive value of the mixtures
bME (MJ) 12.74 13.03
aCrude protein (%) 21.41 19.42
aCrude fibre (%)   3.43   3.33
aCrude fat (%)   4.61   5.08
aTotal Ca (%)   1.01   0.94
aP total (%)   0.69   0.64
bAvailable P, %   0.43   0.41
bTotal Ca /available P   2.12   1.90
aCu (mg) 14.82 14.52
aFe (mg) 40.31 39.82
aZn (mg) 99.13 98.50
bNa   2.24   1.64
aTotal lysine (%)   1.21   0.99
aMet + Cys (%)   0.77   0.75

Explanations: a values analysed; b values calculated using Win-
Pasze, version PRO MAX UP Lublin;
Composition of premix starter/kg: vit. A 1 360 000 IU, vit. D3 
325 000 IU, vit. E 4000 mg, vit. K3 250 mg, vit B1 200 mg, vit. B2 
600 mg, vit. B6 300 mg, vit. B12 2000 µg, biotyn 15 mg, folic 
acid 125 mg, nicotinic acid 3500 mg, D-calcium panthotenate 
1200 mg, choline chloride 60 000 mg, Mn 9000 mg, Cu 2000 mg, 
Zn 10 000 mg, Fe 9000 mg, J 100 mg, Se 25 mg, Co 70 000 µg. 
Composition of premix grower/finisher/kg: vit. A 1 200 000 IU, 
vit. D3 300 000 IU, vit. E 3000 mg, vit. K3 200 mg, vit B1 150 mg, 
vit. B2 500 mg, vit. B6 250 mg, vit. B12 1500 µg, biotyn 10 mg, 
folic acid 100 mg, nicotinic acid 2500 mg, D-calcium panthotenate 
1000 mg, choline chloride 60 000 mg, Mn 9000 mg, Cu 2000 mg, 
Zn 10 000 mg, Fe 9000 mg, J 100 mg, Se 25 mg, Co 70 000 µg



Med. Weter. 2014, 70 (5) 283

the 21st day was faster compared to the group which 
was given an antibiotic (Virginiamycin). Demir et al. 
(6), who enriched the mixtures with garlic, noted that 
weight gain and feed conversion were not worse than 
in the group administered antibiotics. The most signifi-
cant differences between the productive performance 
of birds receiving antibiotics or herbs were identified, 
similar to these authors’ studies, in the first breeding 
period. On 35th day of life an addition of pansy and 
nettle significantly increased (P < 0.05) the birds’ body 
weight compared to the control group and the group re-
ceiving hop and tilia. The highest slaughter weight was 
recorded in chickens fed on a mix with an addition of 
nettle (2435 g), while significantly lower body weight 
(P < 0.05) was revealed in the control group (2112 g) 
and the group receiving hops (2109  g). Moreover, 
Jamroz et al. (17) demonstrated that a mixture of cin-
namaldehyde, capsaicin and carvacrol (XTRACT) was 
more effective during the initial phase of breeding, 
as it improved weight gain in slaughter chickens by 
even 8%, in reference to the negative control group. 
These authors’ studies showed that also in the subse-
quent breeding period nearly all herbs contributed to 
satisfactory weight gain in broiler chickens (Tab. 2). 
Those relationships were maintained until the end of 
the breeding process. The slaughter weight of broilers 
fed on mixes with single herbal additives was close to 
that of chickens receiving antibiotics, which denotes 
a possibility of substituting feed antibiotics without 
risking deteriorated performance. Among the studied 
herbs the best results were recorded for pansy and 
nettle, which may result from their specific compo-
sition. Tannins which are found in pansy reduce the 
permeability of the mucous membrane and have an 
anti-bacterial and anti-diarrhoeal effect, whereas flavo-
noids present in nettle relax the smooth muscles of the 
digestive tract and the bile ducts, as well as they reveal 
anti-inflammatory properties (18, 22). Other agents 

which may have contributed to the positive effect of 
plant extracts on birds’ growth were probably their anti-
oxidant properties (29). Additionally, phytoestrogens 
present in herbs reveal affinity to estrogen receptors 
and are capable of activating the latter. Since they may 
act similarly to hormones, they might affect chickens’ 
growth and meat quality (35).

No information concerning the effect of herbs used 
in these authors’ studies on the results of broiler chick-
en breeding was found in available literature. However, 
it is acknowledged that herbs do have a  beneficial  
effect, which was confirmed in the case of herbs such 
as artichoke, anise, ginger, dill, rosemary or oregano, 
as well as with commercial herbal preparations such 
as ANIMON and NATUSTAT (4, 8, 9, 30).

Feed conversion per one kilogram of weight gain in 
broiler chickens was dependent on the species of the 
herb used (Tab. 2). In the groups given hop or pepper-
mint the conversion of feed mixes was markedly worse, 
which might have been caused by the herbs’ spicy and 
bitter taste and resinous odour which is characteristic 
of hop cones, whereas in the case of peppermint the 
main compound giving it the characteristic smell and 
flavour is menthol which makes ca. 50% of all the in-
gredients of the essential oil. However, it is commonly 
believed that herbs have a positive effect on feed con-
version, though available literature did not include any 
works discussing herbs used in these authors’ studies. 
Some indirect confirmation of the results mentioned 
above may be provided by studies focusing on purple 
coneflower, herbal extracts containing salvia, thyme, 
rosemary or commercial preparations, e.g. LIVOL 
CLASSIC (8, 30, 36).

In these authors’ studies no influence of the ex-
perimental agent on broilers’ mortality rate was noted 
(Tab.  2). Although the groups control, obtaining an 
addition of flavomycin, pansy and hop cones revealed 
mortality rates at the level of 3.3%, which actually 

Tab. 2. Growth performance and carcass characteristic (x)

Item
Groups

SEM Influence 
of dietsControl I II III IV V VI VII

Body weight (g):

21. d 660cB 677bcB 676bcB 661cB 711aA 689bAB 684bAB 693bA 4.06 *,**

35. d 1415b 1542ab 1421b 1411b 1582ab 1638a 1605ab 1648a 17.88 **

42. d 2112b 2249ab 2109b 2229ab 2365ab 2288ab 2298ab 2435a 18.07 **

FCR (kg/kg) 1.-42. days 1.88B 1.97B 2.19A 1.90B 2.03B 2.01B 2.17A 1.87B 0.18 *

Mortality (%) 3.3 3.3 3.3 0.0 0.0 3.3 0.0 0.0 6.49 NS

EEI (pts) 168 194 153 165 179 179 178 205 0.82 NS

Dressing percentage (%) 71.0bB 71.1bAB 71.2bB 73.3aA 73.0aA 73.0aA 72.5abB 73.1aA 0.65 *,**

Share of breast muscle (%) 21.64 21.20 21.82 21.29 20.28 20.46 20.18 20.29 0.228 NS

Share of leg muscle (%) 18.33 19.56 18.95 20.34 17.82 19.52 18.87 19.71 0.219 NS

Share of abdominal fat (%) 2.1abAB 2.3aA 1.9abcAB 1.9abcAB 2.0abcAB 1.6bcAB 1.5bcAB 1.4cB 0.82 *,**

Explanations: A, B – values in the rows with different letters differ significantly (P < 0.01); a, b, c – values in the rows with different 
letters differ significantly (P < 0.05); SEM – standard error of the means; NS = P > 0.01;* – P < 0.01; ** – P < 0.05
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meant one dead bird per group. Although the groups 
obtaining an addition of pansy and hop cones revealed 
mortality rates at the level of 3.3%, which actually 
meant one dead bird per group. The birds died in the 
first breeding period, which suggested a coincidence 
rather than the influence of the experimental agent.

Carcass characteristics. Enriching feed mixes ad-
ministered to broiler chickens with herbs did modify 
slaughter yield (Tab. 2). The addition of tilia, lemon 
balm, pansy and nettle significantly (P < 0.05) in-
creased the slaughter yield of chicks compared to the 
control group, the AGP group and the group receiving 
hops. The lack of significant influence on slaughter 
yield was noted by Makarski and Polonis (24) and 
Phommachan et al. (31), who used mixtures contain-
ing, among other herbs, nettle, milfoil, marigold, field 
horsetail, chamomile or caraway. On the other hand, 
a deteriorated slaughter yield was observed by Sarica 
et al. (37) and Mala et al. (25). In these authors’ stud-
ies average musculature was not significantly varied, 
although experimental chickens were characterized 
by stronger musculature compared to those receiving 
the antibiotic. A beneficial effect of a plant extract on 
chickens’ musculature was recorded by Jamroz et al. 
(17).

Single herbal additives (pansy, peppermint, nettle) 
significantly (P < 0.05) reduced carcass fat in refer-
ence to the group receiving antibiotics in feed (Tab. 2). 
Among the experimental chickens no significant 
changes were observed regarding the type of herbs. 
The significantly highest share of abdominal fat was 
characteristic of broilers receiving an antibiotic, while 
its lowest content was found with nettle. It is pos-
sible that the antioxidant properties of essential oils 

are utilized by the cells, thus having a sparing effect 
on the intracellular antioxidant systems (5). The ob-
tained results correspond with earlier studies by Fritz 
et al. (12), which focused, among other herbs, on the 
nettle.

Bone measurement. Bone resistance in birds is one 
of the most vital issues during broiler chicken breeding 
which may be worsened by an inadequate composition 
of feed mixes and have a negative influence on the 
production output. These authors found that the herbs 
used and the antibiotic, Flavomycin, had an influence 
on bone elasticity (Tab. 3). The largest increase in bone 
elasticity occurred as a result of using additives such 
as hop, pansy and nettle in the mixes. The value of the 
dy in these groups compared to the control group and 
the group receiving an antibiotic were on average more 
than 20% higher. With the use of lime, peppermint 
and lemon balm, bone dy was comparable with that 
obtained for the bones of the chickens in the control 
group fed on mix with Flavomycin and the remaining 
experimental groups. On the other hand, the value 
of the Wf in the group receiving pansy compared to 
the control group and the group receiving AGP were 
higher by 22.4% and 21.9% respectively (P < 0.05). 
The values of the force above the dy of chickens’ tibia 
were similar to Wy values. After 42 days of breeding, 
the agents which significantly (P < 0.01) affected Wy 
in chickens’ bones were hop, lemon balm, pansy and 
nettle. It seems that substituting the antibiotic with 
herbs in chickens’ diet may result in increasing their 
bone mass, as demonstrated in these authors’ previous 
studies (20), and resistance to fractures due to a higher 
level of mineral absorption resulting from improved 
digestibility.

Tab. 3. Tibia bone parameters of the broiler chicken (x)

Item
Groups

SEM Influence 
of dietsControl I II III IV V VI VII

Mechanical parameters

dy (mm) 1.30B 1.29B 1.60A 1.36AB 1.38AB 1.57A 1.39AB 1.60A 0.74 *

Wy (N) 125.6bB 124.7bB 190.2aA 124.3bB 186.8aA 195.6aA 127.0bB 178.1aA 0.81 *,**

Wf (N·mm) 275.6b 276.6b 331.8ab 324.6ab 320.2ab 337.4a 317.8ab 332.4ab 0.82 **

Wy/dy (N/mm) 111.9B 112.9B 130.5A 128.0A 129.5A 126.9A 127.9A 128.4A 0.81 *

Wf/A (N·mm/mm) 13.4bB 16.3aA 13.6bB 13.3bB 13.4bB 13.7bB 13.5bB 13.1bB 0.82 *,**

Cortical indexes

CLT (mm) 2.51 2.50 2.94 2.86 2.94 2.92 2.88 2.97 0.74 NS

CS (mm2) 33.5bB 34.9bB 39.8aA 39.9aA 41.0aA 39.7aA 42.5aA 42.3aA 0.81 *,**

CI (%) 10.6 10.8 11.3 11.1 10.9 11.5 10.7 11.5 0.82 NS

CSI (%) 55.8ab 58.5ab 56.3ab 56.6ab 57.2ab 55.1b 62.2a 59.9ab 0.81 NS

Geometric features

Ix (mm4) 94.8cC 95.9cC 138.7abAB 141.5abAB 137.9abAB 131.8bB 142.6aAB 146.9aA 0.81 *,**

A (mm2) 19.5bB 19.1bB 27.5aA 28.4aA 27.5aA 29.6aA 28.9aA 29.5aA 0.82 *,**

MRWT 0.44 0.43 0.44 0.45 0.47 0.46 0.44 0.47 0.81 NS

Explanations: A, B, C – values in the rows with different letters differ significantly (P < 0.01); a, b – values in the rows with different 
letters differ significantly (P < 0.05); SEM – standard error of the means; NS = P > 0.01;* – P < 0.01; ** – P < 0.05
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One of the parameters used to evaluate the resis-
tance of bones to deformations is the Wy/dy (Tab. 3). 
An increase in this value is an indicator of the bone’s 
improved resistance. The bone’s Wy/dy, after a  42- 
-day period of using herbal additives in feed mixes, 
was significantly higher compared to this parameter 
recorded for the bones of chickens in the control group 
and in the group administered AGP in feed. Thus, sup-
posedly replacing a mix containing Flavomycin with 
herbs could lead to improved digestibility and avail-
ability of nutrients with regard to the development of 
a desirable micro flora in the digestive tract, which in 
consequence enhances the retention of minerals and 
stimulates adequate bone mineralization.

Single herbal additives in feed mixes significantly 
(P < 0.01) reduced the Wf/A of the bone in comparison 
with this value recorded while feeding chickens with 
a diet containing an antibiotic (Tab. 3). This could have 
resulted in altering the bone structure, expressed by 
high values of geometry parameters, since a significant 
influence of herbs was recorded on geometrical proper-
ties and cortical indicators. This effect was particularly 
reflected in the increased (P < 0.01, P < 0.05) values of 
the Ix, A and the CS of the bone (Tab. 3).

These authors’ studies indicate that herbal additives 
used in chicken feed in place of the antibiotic had 
a  positive effect on most bone strength parameters. 
These results are confirmed by the authors’ previous 
studies (20, 21). Not only were strength parameters not 
reduced, but they were certainly improved.

The results of the study suggests that using herbs as 
an alternative for AGP seems justified, which is con-
firmed by enhanced chicken productive performance 
and improved strength and geometrical parameters of 
bones that are vital for the animals’ welfare.

Regardless of the species of herb, added higher  
values were recorded for the following parametres: 
Ix, A, CS and Wy/dy. A 2% addition of hop, nettle and 
pansy increased the dy value, whereas an addition of 
hop, lemon balm and pansy contributed to increased 
Wy, compared to bone properties measured in the con-
trol group and in the group receiving the antibiotic. The 
body weight of chicks in experimental groups (except 
for the group fed on nettle) on the 42nd day of breeding 
was similar to the body weight of control chicks and 
chicks fed on mixes with an antibiotic, which denotes 
a possibility of substituting feed antibiotics without 
risking deteriorated breeding performance. Also, the 
conversion of feed per 1 kg of weight gain with the use 
of lime, lemon balm and/or nettle did not deviate from 
the conversion of feed by birds in the control group 
and the group receivig Flavomycin The introduction 
of lime, lemon balm, pansy and nettle increased the 
slaughter yield and the addition of pansy, mint and 
nettle contributed to a  reduction in the share of ab-
dominal fat compared to the AGP group.

Herbs and the secondary metabolites they contain 
provide a  promising alternative to antibiotics used 

until recently as feed additives. However, in order 
to take appropriate advantage of the vast richness of 
bioactive plant food compounds, it is necessary to 
continue intensive research. It is possible that better 
knowledge of the mechanisms behind some of these 
substances will contribute to improving the methods 
of their application, as well as to creating new, more 
efficient preparations.

References
  1.	Alcicek A., Bozkurt M., Cabuk M.: The effect of a mixture of herbal essential 

oils, an organic acid or a probiotic on broiler performance. S. Afr. J. Anim. 
Sci. 2004, 34, 217-222.

  2.	AOAC (2000). Official Methods of Analysis. Intern. 17th ed. AOAC Inter., 
Gaithersburg, MD, USA.

  3.	Arnoldi A.: Thermal processing and food quality: analysis and control. Thermal 
Technologies in Food Processing. Ed. F. Richardson. Woodhead Publ. Limited, 
Cambridge, England 2001.

  4.	Basmacioglu H., Tokusoglu O., Ergul M.: The effect of oregano and rosemary 
oils or alpha-tocopherol acetate on performance and lipid oxidation of meat 
enriched with n-3 PUFA’S in broilers. S. Afr. J. Anim. Sci. 2004, 34, 197-210.

  5.	Botsoglou N. A., Christaki E., Florou-Paneri P., Giannenas I., Papageorgiou G., 
Spais A. B.: The effect of a mixture of herbal essential oils or L-tocopheryl 
acetate on performance parameters and oxidation of body lipid in broilers. 
S. Afr. J. Anim. Sci. 2004, 34, 52-61.

  6.	Demir E., Sarica S., Ozcan M. A., Suicmez M.: The use of natural feed additives 
as alternative to an antibiotic growth promoter in broiler diets. Arch. Geflügelk. 
2005, 69, 110-116.

  7.	Dolder S., Hofstetter W., Wetterwald A., Mühlbauer R. C., Felix R.: Effect of 
monoterpenes on the formation and activation of osteoclasts in vitro. J. Bone 
Miner. Res. 2006, 21, 647-655.

  8.	Duffy C. F., Mathis G. F., Power R. F.: Effects of Natustat supplementation on 
performance, feed efficiency and intestinal lesion scores in broiler chickens 
challenged with Eimeria acervulina, Eimeria maxima and Eimeria tenella. 
Vet. Parasit. 2005, 130, 185-190.

  9.	El-Deek A. A., Attia Y. A., Hannfy M. M.: Effect of anise (Pimpinella anisum), 
ginger (Zingiber officinale roscoe) and fennel (Foeniculum vulgare) and their 
mixture on performance of broilers. Arch. Geflügelk. 2003, 67, 92-96.

10.	Ferretti J. L., Capozza R. F., Mondelo N., Montuori E., Zanchetta J. R.: 
Determination of femur structural properties by geometric and material va-
riables as a function of body weight in rats. Evidence of sexual dimorphism. 
Bone 1993a, 14, 256-270.

11.	Ferretti J. L., Capozza R. F., Mondelo N., Montuori E., Zanchetta J. R.: 
Interrelationships between densitometric, geometric and mechanical properties 
of rat femora: inferences concerning mechanical regulation of bone modeling. 
J. Bone Miner. Res. 1993b, 8, 1389-1395.

12.	Fritz Z., Kinal S., Schleicher A.: Evaluation of some carcass and meat quality 
traits of broilers receiving aqueous herb extracts for drinking. Annals of 
Warsaw Agricultural University, Anim. Sci. 1999, 36, 211-215 (in Polish).

13.	Fritz Z., Schleicher A., Kinal S.: Effect of substituting milfoil, St. Johnswort 
and lovage for antibiotics on chicken performance and meat quality. J. Anim. 
Feed Sci. 1993, 2, 4, 189-195.

14.	Gondret F., Larzul C., Combes S., De Rochambeau H.: Carcass composition, 
bone mechanical properties, and meat quality traits in relation to growth rate 
in rabbits. J. Anim. Sci. 2005, 83, 1526-1535.

15.	Guo F. C., Kwakkel R. P., Soede J., Williams B. A., Verstegen M. W. A.: Effect 
of a chinese herb medicine formulation, as an alternative for antibiotics, on 
performance of broilers. Br. Poult. Sci. 2004, 45, 793-797.

16.	Hernandez F., Madrid J., Garcia V., Orengo J., Megias M. D.: Influence of 
two plants extracts on broilers performance, digestibility and digestive organ 
size. Poult. Sci. 2004, 83, 169-174.

17.	Jamroz D., Orda J., Kamel C., Wiliczkiewicz A., Wertelecki T., Skorupińska J.: 
The influence of phytogenic extracts on performance, nutrient digestibility, 
carcass characteristics, and gut microbial status in broiler chickens. J. Anim. 
Feed Sci. 2003, 12, 583-596.

18.	Jamroz D., Wertelecki T., Houszka M., Kamel C.: Influence of diet type on the 
inclusion of plant origin active substances on morphological and histochemical 
characteristics of the stomach and jejunum walls in chicken. J. Anim. Physiol. 
Anim. Nutr. 2006, 90, 255-268.

19.	Kocabagli N.: The effect of dietary phytase supplementation at different levels 
on tibial bone characteristics and strength in broilers. Turk. J. Vet. Anim. Sci. 
2001, 25, 797-802.



Med. Weter. 2014, 70 (5)286

20.	Kwiecień M., Winiarska-Mieczan A.: Effect of addition of herbs on body 
weight and assessment of physical and chemical alterations in the tibia bones 
of broiler chickens. J. Elementol. 2009, 14, 705-715.

21.	Kwiecień M., Winiarska-Mieczan A.: Effect of herbal additions to the mixtures 
on mechanical and chemical parameters of the broiler chickens femoral bone. 
Pol. J. Environ. Stud. 2007, 16 (3A), 179-184.

22.	Lee K. W., Everts H., Beynen A. C.: Essential oils in broiler nutrition. Int. J. 
Poult. Sci. 2004, 3, 738-752.

23.	Liu D., Veit H. P., Wilson J. H., Denbow D. M.: Maternal dietary lipids alter 
bone chemical composition, mechanical properties, and histological charac-
teristics of progeny of Japanese quail. Poult. Sci. 2003, 82, 463-473.

24.	Makarski B., Polonis A.: Effect of herb supplement on the content of mineral 
elements in blood and tissues of turkeys. Biul. Magnezol. 2001, 6, 304-309. 
(In Polish)

25.	Mala S., Slezackova I., Strakova E., Suchy P., Veerek V.: Plant-based diets 
containing Ca-salts of fatty acids and their influence on performance, carcass 
characteristics, and health status of broiler chickens. Acta Vet. Brno 2004, 73, 
321-328.

26.	Manzanilla E. G., Baucells F., Kamel C., Morales J., Perez J. F., Gasa J.: 
Effects of Plant Extracts on the Performance and Lower Gut Microflora of 
Early Weaned Piglets. J. Anim. Sci. 2001, Suppl., 1, 473. (Abstract)

27.	Mitsch P., Zitterl-Eglseer K., Kohler B., Gabler C., Losa R., Zimpernik I.: The 
effect of two different blends of essential oil components on the proliferation 
of Clostridium perfringens in the intestines of broiler chickens. Poult. Sci. 
2004, 83, 669-675.

28.	Mühlbauer R. C., Lozano A., Palacio S., Reinli A., Felix R.: Common herbs, 
essential oils, and monoterpenes potently modulate bone metabolism. Bone 
2003, 32, 372-380.

29.	Nascimento G. G. F., Locatelli J., Freitas P. C., Silva G. L.: Antibacterial 
activity of plant extracts and phytochemicals on antibiotic resistant bacteria. 
Braz. J. Microbiol. 2000, 31, 247-256.

30.	Neupane D., Sharma S. D., Sharma R. K.: Effect of herbal and chemical toxin 
binders in feed on the performance of commercial broilers. Phytomedica 2004, 
5, 97-102.

31.	Phommachan K., Kittihonthawat S., Tongnual S., Bunchasak C., Markvi- 
chitr K.: A study of abilities of herbal choice feeding on the performance 
of Betong chickens. Proc. of 41st Kasetsart University Annual Conference. 
Subject: Anim. Vet. Med. 2003, p. 347-354.

32.	PN-76/R-64781. Feed. Determination of phosphorus. Analysis of the feed.
33.	Rahimi S., Teymouri Zadeh Z., Karimi Torshizi M. A., Omidbaigi R., Rokni H.: 

Effect of the Three Herbal Extracts on Growth Performance, Immune System, 

Blood Factors and Intestinal Selected Bacterial Population in Broiler Chickens. 
J. Agr. Sci. Tech. 2011, 13, 527-539.

34.	Reichmann K. G., Connor J. K.: Influence of dietary calcium and phosphorus 
on metabolism and production in laying hens. Br. J. Poult. Sci. 1977, 18, 633- 
-640.

35.	Robards K., Antolovich M.: Analytical chemistry of fruit bioflavonoids. 
Areview. Analyst. 1997, 122, 11R-34R.

36.	Roth-Maier D. A., Bohmer B. M., Maass N., Damme K., Paulicks B. R.: 
Efficiency of Echinacea purpurea on performance of broilers and layers. 
Archiv. Geflügelk. 2005, 69, 123-127.

37.	Sarica S., Ciftci A., Demir E., Kilinc K., Yildirim Y.: Use of an antibiotic growth 
promoter and two herbal natural feed additives with and without exogenous 
enzymes in wheat based broiler diets. S. Afr. J. Anim. Sci. 2005, 35, 61-72.

38.	Schleicher A., Fritz Z., Kinal S.: The use of some herbs in concentrates for 
broiler chickens. Rocz. Nauk Zoot. 1998, 25, 213-224. (In Polish)

39.	Shahnazari M., Lang D. H., Fosmire G. J., Sharkey N. A., Mitchell A. D., Leach 
R. M.: Strontium administration in young chickens improves bone volume 
and architecture but does not enhance bone structural and material strength. 
Calcif. Tissue Int. 2007, 80, 160-166.

40.	Stanley V. G., Gray C., Daley M., Krueger W. F., Sefton A. E.: An alternative 
to antibiotic-based drugs in feed for enhancing performance of broilers grown 
on Eimeria spp.-infected litter. Poultry Sci. 2004, 83, 39-44.

41.	StatSoft, Inc. STATISTICA (data analysis software system), version 10. 2013, 
www.statsoft.com.

42.	Śliwa E., Dobrowolski P., Piersiak T.: Bone development of suckling pigletes 
afterprenatal, neonatal or perinatal tretment with dexamethasone. J. Anim. 
Physiol. Anim. Nutr. 2008, 94 (3), 293-306.

43.	Williams B., Waddington D., Murray D. H., Farquharson C.: Bone strength 
during growth: influence of growth rate on cortical porosity and mineralization. 
Calcif. Tissue Int. 2004, 74, 236-245.

44.	WinPasze, wersja PRO MAX UP Lublin, 16.042009 VOXAC, 2000.
45.	Xu M., Dick I. M., Day R., Randall D., Prince R. L.: Effects of a herbal extract 

on the bone density, strength and markers of bone turnover of mature ovariec-
tomized. Am. J. Chin. Med. 2003, 31, 87-101.

46.	Ziołecki J., Doruchowski W.: Evaluation method of poultry slaughter value. 
COBRD Publisher, Poznań 1989. (In Polish).

Corresponding author: dr hab. Małgorzata Kwiecień, Faculty of Biology 
and Animal Breeding, University of Life Sciences in Lublin, Akademicka 13, 
20-950 Lublin, Poland; e-mail: malgorzatakwiecienar@wp.pl


