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Summary

The study investigated the effects of diet supplementation with 1% clove

flower buds powder combined with either 0.2% lemon balm extract or

0.2% agrimony extract (each of the two pulverized extracts supplied

through drinking water) on body weight of broilers, total feed intake,

feed conversion ratio and the carcass yield, activity of superoxide dismu-

tase (SOD, EC 1.15.1.1) and glutathione peroxidase (GSH-Px, EC

1.11.1.9) in blood, concentration of sulfhydryl ()SH) groups, malondial-

dehyde (MDA), vitamin A and E, low-density lipoproteins in the blood

plasma, serum cholesterol, total lipids, triglycerides and high-density

lipoproteins in broiler chickens at 42 days of age. On the day of hatch-

ing, 120 male and female broilers of Cobb 500 were randomly divided

into three groups. The control group (1st group) of broilers received a

basal diet (BD) without any feed and water additive. Both experimental

groups of chicks were fed BD enriched with clove (Syzygium aromaticum

L.) powder at a dose of 10 g/kg DM for 42 days. Moreover, either lemon

balm (Mellisa officinalis L.) extract or agrimony (Agrimonia eupatoria L.)

extract diluted with drinking water (2:1000) was given to broilers in the

2nd and 3rd group respectively. The results indicated that feeding the

diets enriched with selected herbal supplements failed to affect the

growth performance of broiler chickens at 42 days of age. In addition,

this supplementation had no influence on the activities of SOD and

GSH-Px, concentration of vitamin A and selected lipid metabolism indi-

ces. On the other hand, we observed beneficial effects on some indices

of the antioxidant status (increased concentration of )SH groups and

vitamin E, decreased concentration of MDA) in the blood of broilers in

both experimental groups in comparison with the control group of

chickens (p < 0.05). Furthermore, a slightly better antioxidant capacity

was found in the blood of broilers supplied the combination of clove

and lemon balm compared to clove and agrimony (vitamin E,

11.26 ± 0.73 vs. 9.73 ± 0.64 lmol/L, p < 0.05 respectively). It could be

concluded that supplementation of the diet with clove flower buds
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Introduction

The interest in phytotherapy or ‘herbal medicine’

has increased considerably in the recent years.

Recent in vitro experiments indicate that herbs are a

potential source of many phytochemicals as men-

tioned below. These biologically active constituents

of herbs can posses many beneficial properties.

Therefore, there has been considerable research

effort to use herbal substances in poultry nutrition

as natural growth performance enhancers instead of

the antibiotic growth promoters which were banned

in many European countries. Despite the large num-

ber of research articles so far published in this field,

the growth-promoting effect of herb extracts has not

been clearly proved as reviewed by (Franz et al.,

2010). The growth performance can be affected by

herbal substances in some ways: (i) their significant

antibacterial effect can suppress pathogenic microfl-

ora in the gastrointestinal tract of broilers and thus

reduce their mortality during the fattening period

(Brenes and Roura, 2010); (ii) they can improve the

taste and smell of feedstuffs and thus influence the

feed intake and growth performance of poultry

(Windisch et al., 2008); (iii) they can stimulate appe-

tite and digestion (Barreto et al., 2008).

Clove (Syzygium aromaticum L.) is considered one

of the most versatile herbs. Meanwhile, lemon balm

(Mellisa officinalis L.) and agrimony (Agrimonia eupato-

ria L.) are herbs most commonly used in our tradi-

tional folk medicine for more than 200 years

because of their beneficial effect on human health.

Recently, a number of plants and their extracts have

been used in poultry nutrition. Their functional sub-

stances (such as flavonoids, polyphenols and terpe-

noids) are mainly secondary metabolites synthesized

by plants to deter herbivorous predators, repel com-

petitors and attract pollinators. Like mentioning

later, there is a growing evidence that these herbal

substances can neutralise reactive free radicals, the

by-products of all energy generating processes of the

organism, that cause oxidative stress when left in

the cells in excess. Phospholipids are biomolecules

particularly susceptible to peroxidation (uncontrolled

chain reactions) which is initiated by free radicals

(McBride and Kraemer, 1999). Lipid hydroperoxides,

peroxyradicals and hydrogen peroxide generated

within the initiation and propagation of lipid peroxi-

dation can induce further damage to proteins and

DNA (Tirosh and Reznick, 2000).

To estimate the prooxidat/antioxidat status in an

organism, the determination of activities of antioxi-

dant enzymes (such as superoxide dismutase, gluth-

atione peroxidase) as well as concentrations of

malondialdehyde, sulfhydryl groups and vitamins in

blood are generally employed. Recent in vivo studies

in poultry conducted by Faixova et al. (2009), Faix

et al. (2009), Hoffman-Pennesi and Wu (2010) and

Toghyani et al. (2010) indicated beneficial effects of

dietary supplementation of some herbs and herb

extracts (Cinnamomum zeylanicum oil, borneol,

thymol, thyme oil and thyme) on blood chemistry

and antioxidant status of broilers.

The aim of the present study was to determine the

effect of diet supplementation with 1% clove buds

powder combined with either 0.2% lemon balm

extract or 0.2% agrimony extract supplied with

drinking water on growth performance, antioxidant

status and selected indexes of lipid metabolism in

the blood of broilers at the age of 42 days.

Material and methods

Plant material

The clove (Syzygium aromaticum L.) flower buds pow-

der was purchased from Mäspoma (Zvolen, The Slo-

vak Republic). Pulverized extracts of agrimony

(Agrimonia eupatoria L.) and lemon balm (Mellisa offi-

cinalis L.) were prepared by Calendula (Nova Bana,

The Slovak Republic). Both herbs were collected in

East Slovakia. The plant material consisted of leaves,

flowered tops and stalks dried at 30–35 �C, ground,

extracted with 50% ethanol and evaporated to

obtain a powder (prescription and protocol of Calen-

dula, The Slovak Republic).

Experimental animals, diets and treatments

The experiment was carried out on 120 one-day-old

male and female broilers of Cobb 500 which were

powder combined with lemon balm extract or agrimony extract dis-

solved in drinking water has a potential to increase the antioxidant

status but fails to influence either the growth performance or the

selected lipid metabolism indices of broilers at the age of 42 days.
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randomly allotted to three groups (40 birds per

group). Each group had four replicates (10 birds per

pen). The broilers were kept in large pens on wood

shavings. On the day of hatching, the room temper-

ature was kept at 32 �C and then was gradually

decreased by 3 �C/week to a final temperature of

23 �C on the day 21 which was then maintained

constant. Continuous lighting regimen (24 h of light

per day) was kept throughout the fattening period.

Relative humidity in the room was maintained at

70%. The experiment was approved by the Ethical

Committee of the University of Veterinary Medicine

and Pharmacy in Kosice, The Slovak Republic.

All birds were fed ad libitum with the commercial

standard diets for broilers ‘Starter’ from day 1 to 14,

‘Grower’ from day 15 to 29 and ‘Finisher’ from day

30 to 42. The control group of chickens received the

basal diet (BD) only. The composition of all BDs is

presented in Table 1. The diets for each group of

broilers were obtained by mixing 99.0 kg of BD with

1.0 kg of clove flower buds powder. Each of the two

pulverized extracts, agrimony and lemon balm, were

added to drinking water (dilution ratio 2:1000). The

broilers had free access to feed and water.

Sample collection and analysis

None of broiler chickens in any group died during

the trial. The body weight of broilers, total feed

intake, feed conversion ratio and carcass yield were

among the growth performance parameters studied.

The body weight, total feed intake, feed conversion

ratio and carcass yield of broilers in each group and

in each replicate were recorded on day 42 of life.

On day 42 of age, ten randomly chosen broilers

were slaughtered by decapitation in each group.

The blood was collected into heparinised test tubes

and centrifuged for plasma specimens at 1180 g for

15 min or the tubes were left in a standing position

at room temperature for 30 min to obtain the blood

serum. Blood and plasma samples for the analysis

of antioxidant indices were frozen and stored at

)65 �C. The haemoglobin content was analysed by

a standard kit obtained from Randox Laboratories

(Crumlin, Antrim, UK). The activity of blood gluta-

thione peroxidase (GSH-Px, EC 1.11.1.9) was deter-

mined by the method of Paglia and Valentine

(1967) using a RANSEL kit (Randox Laboratories,

UK). The concentration of malondialdehyde in

blood plasma was measured by the modified fluori-

metric method according to Jo and Ahn (1998).

The superoxide dismutase (SOD, EC 1.15.1.1) activ-

ity of erythrocytes was analysed by the method of

Arthur and Boyne (1985) using a RANSOD kit

from Randox Laboratories. Ellman’s (1958) method

was used to determine the concentration of sulfhy-

dryl groups in the plasma. The levels of vitamin A

and E were assessed using the HPLC technique

according to Tuckova and Kastel (1999).

Low-density lipoproteins (LDL), cholesterol, total

lipids and triglycerides were determined in blood

plasma. Cholesterol, triglycerides and total lipids

were determined by the method according to Tietz

(1995), LDL level according to Bachorik (1997) and

high-density lipoproteins (HDL) in blood serum by

the method of Sugiuchi et al. (1995). All the samples

were analysed immediately after processing by a

spectrophotometric method using a biochemical ana-

lyser Cobas C111 (Roche Diagnostics, Rotkreuz,

Switzerland).

Table 1 Composition of the respective basal diets given to the broil-

ers throughout the experiment

Starter

(1–14 day)

Grower

(15–29 day)

Finisher

(30–42 day)

Ingredients (%)

Maize 51.3 49.0 52.8

Wheat 15.0 14.0 20.0

Soybean meal

(46.5% CP, 1.5% fat)

29.9 31.6 23.4

Wheat bran – 2.15 –

Limestone 1.9 1.25 1.75

Monocalcium phosphate 0.89 1.0 0.9

Vitamin-mineral premix* 0.3 0.3 0.3

NaCl 0.36 0.30 0.35

L-lysine 0.10 0.15 0.15

DL-methionine 0.15 0.15 0.25

Enzymatic preparation� 0.1 0.1 0.1

Nutrient level (%)

Linoleic acid 1.0 1.0 1.0

Metabolizable

energy (MJ/kg)

11.5 12.0 12.0

Crude protein 17.5 19.0 17.0

Crude fibre 5.0 4.0 4.0

Ash 8.0 7.0 7.0

L-lysine 0.8 0.95 0.95

DL-methionine 0.35 0.4 0.4

Methionine + cysteine 0.7 0.75 0.7

Calcium 0.8 0.7 0.7

Phosphorus 0.5 0.5 0.5

*Supplied per kg of basal diet: vitamin A 8 000 000 IU; vitamin D3

1 200 000 IU; vitamin E 15 000 mg; vitamin K3 3000 mg; vitamin B1

1500 mg; vitamin B6 8000 mg; niacin 15 000 mg; choline chloride

50 000 mg; pantothenic acid 50 mg; pyridoxine 5 mg; folic acid 2 mg;

cyanocobalamine 30 lg; biotin 0.2 mg; I 2 mg; Co 1 mg, K 8.6 g;

Cl) 2 g; Cu 6.0 mg; Fe 60 mg; Zn 50 mg; Mn 50 mg.

�Supplied per kg of basal diet: a-amylase 200 U, endo-1,3,

(4)-b-glucanase 1175 U, endo-1,4-b-glucanase 2000 U, endo-1,4-b-

xylanase 2000 U, bacillolysin 225 U, 6-fytase 499.5 FYT.

V. Petrovic et al. The effect of supplementation of clove and agrimony

Journal of Animal Physiology and Animal Nutrition ª 2011 Blackwell Verlag GmbH 3



Statistical analysis

The results were subjected to one-way analysis of

variance (ANOVA) using Tukey’s multiple comparison

test for statistical analysis of results at a significance

level of p < 0.05 (statistical software, version 4.00,

GraphPad Prism 2003).

Results

The effect of diet supplementation with 1% clove

buds powder combined with either 0.2% lemon

balm extract or 0.2% agrimony extract (both pulver-

ized extracts supplied through drinking water) on

the body weight, total feed intake, feed conversion

ratio and carcass yield are shown in Table 2. Our

results showed no statistically significant differences

(p > 0.05) in the growth performance indices (such

as body weight, total feed intake, feed conversion

ratio and carcass yield) between the groups of chick-

ens because of the supplementation of diets with

herbal substances and their addition to drinking

water given.

The activities of superoxide dismutase, glutathione

peroxidase and concentration of vitamin A in the

blood plasma were not significantly affected by both

treatments as compared to the control group. The

concentration of sulfhydryl ()SH) groups was

higher, whereas the concentration of malondialde-

hyde (MDA) was lower in both experimental groups

of broiler chickens fed the basal diet (BD) supple-

mented with clove and lemon balm and/or clove

and agrimony as compared with the control group

receiving BD only ()SH groups, 0.27 ± 0.03 and/or

0.25 ± 0.02 vs. 0.17 ± 0.01 mmol/L; p < 0.05 respec-

tively, and MDA, 0.63 ± 0.02 and/or 0.65 ± 0.01 vs.

0.71 ± 0.02 lmol/L; p < 0.05 respectively). In addition,

the concentration of vitamin E was higher in the

group supplemented with clove and lemon balm in

comparison with that supplemented with clove

and agrimony (11.26 ± 0.73 vs. 9.73 ± 0.64 lmol/L;

p < 0.05 respectively) but both were higher than

that found in the non-supplemented group (p < 0.05;

Table 3).

Table 4 shows that the plasma levels of high-density

lipoproteins and low-density lipoproteins, and serum

levels of cholesterol, triglycerides and total lipids were

not influenced by dietary supplementation of broilers

Table 2 The effects of diet supplementation with 1% clove flower

buds (Syzygium aromaticum L.) powder combined with either 0.2%

lemon balm (Mellisa officinalis L.) extract or 0.2% agrimony (Agrimonia

eupatoria L.) extract, dissolved in drinking water, on growth perfor-

mance of broilers at the age of 42 days

Index

Dietary treatment

CON CLB CA SEM

Body weight (g per bird) 2059 2111 2197 48.53

Total feed intake (g per bird) 4108 4137 4086 47.86

Feed conversion ratio 2.05 1.99 1.89 0.06

Carcass yield (g) 1384 1409 1519 38.51

CON, basal diet (BD) only; CLB, BD supplemented with 1% clove flower

buds powder and drinking water containing 0.2% lemon balm extract;

CA, BD supplemented with 1% clove flower buds powder and drinking

water containing 0.2% agrimony extract.

Table 3 The effects of diet supplementation with 1% clove flower

buds (Syzygium aromaticum L.) powder combined with either 0.2%

lemon balm (Mellisa officinalis L.) extract or 0.2% agrimony (Agrimonia

eupatoria L.) extract added to drinking water on the antioxidant status

of broilers at the age of 42 days

Index

Dietary treatment

CON CLB CA SEM

SOD in RBC (lkat/g Hb) 1110 1165 1163 77.43

GPx in RBC (lkat/g Hb) 195.5 222 195.1 25.27

)SH groups in plasma (mmol/L) 0.17b 0.27a 0.25a 0.02

MDA in plasma (lmol/L) 0. 71a 0.63b 0.65b 0.02

Vitamin A in plasma (lmol/L) 3.03 2.79 2.8 0.20

Vitamin E in plasma (lmol/L) 8.64c 11.26a 9.73b 0.65

Hb, haemoglobin; SOD, superoxide dismutase; RBC, red blood cells;

GPx, glutathione peroxidase; )SH groups, sulfhydryl groups; MDA,

malondialdehyde; CON, basal diet (BD) only; CLB, BD with 1% clove

flower buds powder and drinking water with 0.2% lemon balm extract;

CA, BD with 1% clove flower buds powder and drinking water with

0.2% agrimony extract.

Mean values with different superscripts in a row signify that the

means are significantly different at p < 0.05.

Table 4 The effects of diet supplementation with 1% clove flower

buds (Syzygium aromaticum L.) powder combined with either 0.2%

lemon balm (Mellisa officinalis L.) extract or 0.2% agrimony (Agrimonia

eupatoria L.) extract dissolved in drinking water on the levels of high-

density lipoproteins (HDL), low-density lipoproteins (LDL), cholesterol,

total lipids (TL) and triglycerides (TG) in broilers at the age of 42 days

Index

Dietary treatment

CON CLB CA SEM

HDL in serum (mmol/L) 1.73 1.68 1.7 0.05

LDL in plasma (mmol/L) 0.47 0.51 0.52 0.06

Cholesterol in plasma (mmol/L) 3.63 3.51 3.61 0.16

TL in plasma (g/L) 5.25 5.04 4.91 0.36

TG in plasma (mmol/L) 0.43 0.36 0.39 0.06

CON, basal diet (BD) only; CLB, BD with 1% clove flower buds powder

and drinking water with 0.2% lemon balm extract; CA, BD with 1%

clove flower buds powder and drinking water with 0.2% agrimony

extract.
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with 1% clove flower buds powder combined with

either 0.2% lemon balm extract or 0.2% agrimony

extract diluted in drinking water.

Discussion

The aim of this research was to find effective doses

of herbal additives which could have a beneficial

impact on the growth performance and health status

of broilers. According to Ertas et al. (2005), the com-

bination of some plants extracts (oregano, clove and

anise essential oil mix) could present a better effect

on the growth performance in poultry in comparison

with their individual supplementation. Synergism

among some herbal constituents was highlighted in

the in vitro studies performed by Moleyar and Nara-

simham (1992), Didry et al. (1994), Montes-Belmont

and Carvajal (1998). Moreover, Burt (2004) reported

that an antagonistic effect has been expected as well.

We presumed that potential synergistic effects

between clove and lemon balm and/or clove and

agrimony could result in beneficial effect on both

the growth performance of broilers and their antiox-

idant status. Furthermore, to avoid potential interac-

tions among the active substances of herbs given

before the dietary intake, clove was mixed into the

diets and agrimony extract and lemon balm extract

were dissolved in drinking water.

It is known that clove posses the growth-promot-

ing properties, such as antimicrobial (Ehrich et al.,

1995; Baratta et al., 1998; Dorman et al., 2000) and

appetite and digestion stimulating properties (Kamel,

2001; Çabuk et al., 2003). Its major constituent is an

essential oil (up to 20%) characterized by the pres-

ence of up to 85.5% of eugenol (Viuda-Martos et al.,

2010). Vanselow et al. (1985) found that the dietary

supplementation of 2% clove flower buds meal had

no effect on the performance of chickens but the

addition of 5% resulted in a serious impairment of

their performance. Moreover, there is no evidence

that lemon balm extract or agrimony extract can

affect the growth performance of broilers. Our study

showed that supplementation of diet with 1% clove

flower buds powder combined with 0.2% lemon

balm extract or 0.2% agrimony extract, both pulver-

ized extracts diluted in drinking water, had no effect

on the growth performance of broilers. We presume

that our findings were related to their inefficacy to

influence the growth performance of broilers at the

doses given by one of the three ways mentioned

above. The study performed by Dalkiliç and Güler

(2009) supports our previous presumption that clove

flower buds powder is a raw material of lower

degree of purity of its active ingredients in contrast

with its extracts, because they found that the inclu-

sion of up to 0.04% clove extract in the diet can be

used as a natural growth promoter for broilers

instead of antibiotics.

Terpenoids are the major constituents of lemon

balm extracts (Khalid et al., 2008). They have strong

antioxidant properties as observed in in vitro experi-

ments performed by Lamiason et al. (1991), Campos

and Lissi (1995), Hohman et al. (1999), Triantaphyl-

lou et al. (2001), de Sousa et al. (2004), Ivanova

et al. (2005), Venskutonis et al. (2005) and Dastmal-

chi et al. (2008). Furthermore, the extracts of both

these herbs are a potent source of polyphenols (He-

ilerová et al., 2003; Correia et al., 2006; Marcincak

et al., 2008) which could protect organisms against

the oxidative stress. Polyphenols are the major con-

stituents of agrimony extracts (Gião et al., 2009).

Likewise, in vitro experiments conducted by Copland

et al. (2003), Correia et al. (2007); Gião et al. (2007,

2008, 2009) and Venskutonis et al. (2007, 2008)

showed that agrimony extracts posses a significant

radical scavenging activity and have a potent antiox-

idant capacity. In addition, clove is also an important

source of active substances with the antioxidant

properties (Dragland et al., 2003). Wang et al.

(2010) and Viuda-Martos et al. (2010) reported that

clove essential oil showed the strongest antioxidant

activity from among all tested herb extracts. As men-

tioned above, the active ingredients of both herb

extracts used in our study are able to scavenge the

free radicals in vitro. We observed that diet supple-

mentation with 1% clove flower buds powder com-

bined with either 0.2% lemon balm extract or 0.2%

agrimony extract added to drinking water had a ben-

eficial effect on the antioxidant status of broilers in

comparison with the control group of broilers. Our

explanation based on the sparing effects of the sup-

plemented active herbal substances (e.g. polyphe-

nols) on vitamin E and sulfhydryl ()SH) groups

would be a speculation only. Anyhow, the higher

concentrations of vitamin E and )SH groups may

provide a more efficient scavenging of free reactive

radicals as published by Surai et al. (1999) and

Giotta and Wang (1972) respectively. Consequently,

this could be the reason for decreased formation of

malondialdehyde in the blood plasma of broilers

observed in both experimental groups in our study.

Furthermore, Heilerová et al. (2003) found that

lemon balm had a better antioxidant activity com-

pared to agrimony but no differences were found

with respect of the amount of polyphenols between

both herb extracts. Similarly, our experiment

V. Petrovic et al. The effect of supplementation of clove and agrimony
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revealed that the group of chickens supplemented

with clove and lemon balm has the slightly better

antioxidant status in comparison with the group of

broilers supplemented with clove and agrimony.

Little is known about the effects of herb extracts

on lipid metabolism of broilers. The effect of some

functional herb substances (cyclic terpenes) on

serum cholesterol and total lipids in poultry were

reported by Qureshi et al. (1988) and Faixova et al.

(2009) respectively. On the other hand, no changes

in serum cholesterol and plasma lipids because of

dietary supplementation of herb extracts (some

monoterpenes and essential oils) to broilers were

observed by Hood et al. (1978) and Lee et al.

(2003) respectively. Najafi and Torki (2010) found

that total cholesterol, triglycerides and high-density

lipoproteins in the blood of broilers did not respond

to the dietary supplementation of clove extract.

Moreover, we lack the evidence indicating that

lemon balm extract or agrimony extract can influ-

ence the lipid metabolism of broilers. Our experi-

ments showed that neither supplementation of

clove powder and lemon balm nor clove powder

and agrimony induced changes in the selected indi-

ces of lipid metabolism in the blood of broilers at

the age of 42 days.

In conclusion, supplementation of broiler diet with

1% clove flower buds powder in combination with

either 0.2% lemon balm extract or 0.2% agrimony

extract (both pulverized extracts dissolved in drink-

ing water) had a beneficial effect on the antioxidant

status of broilers in comparison with the control

group. In addition, clove and lemon balm combina-

tion showed better antioxidant properties compared

to clove and agrimony. On the other hand, no effect

of this supplementation was reflected in growth per-

formance and selected lipid profile indices of 42-day-

old broilers.
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