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ABSTRACT

This study was aimed at the comparison of the effects 
of dietary applications of sage essential oil (Salvia offici-
nalis L.) on some digestive enzyme activities in the chyme 
of the jejunum, digestive characteristics, and selected 
bacterial microflora in the caecum. Seventy, one-day-old 
broiler chickens (Ross 308) were allocated into two equal 
groups for 42 days. The feed mixture of the experimen-
tal group was supplemented with the essential oil at the 
level of 2.306 g.kg–1. This supplementation was absent in 
the control feed mixture. The main volatile compounds 
were analysed: Eucalyptol 85, alpha-thujon 148, beta-
thujon 72, camphor 149 and borneol 37 g.kg–1. The diges-
tive enzyme activities in the chyme of the jejunum in-
creased as follows: amylolytic on days 16 (P < 0.01) and 
29 (P < 0.001) as well as cellulolytic on days 16 (P < 0.05), 
29 (P < 0.001), and 42 (P < 0.01). The proteolytic activity 
decreased on day 16 (P < 0.01). The intake of the addi-
tive, increased the digestibility of crude fibre (P < 0.01) 
on days 16, 29 and 42. The apparent assimilable mass co-
efficient of crude protein, corrected for protein catabo-
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lism, was increased in the experimental group on days 29 
(P < 0.05) and 42 (P < 0.01). The counts of Escherichia coli 
in the caecum decreased (P < 0.05) on days 29 and 42. The 
supplementation of chickens with the sage essential oil 
increased the crude fibre digestibility, the amylolytic and 
cellulolytic activities in the chyme of the jejunum, and 
decreased the counts of E. coli in the caecum.
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INTRODUCTION

The search for new substances has been intensified 
since the ban of antibiotic performance enhancers in 2006 
[26]. Therefore, an important group of effective and low-
cost feed additives is no longer available. 

One possible class of alternatives are plant extracts 
which are sources of different bioactive molecules with an 
effect on animal physiology and metabolism. Many of these 
compounds have been used in the form of whole plant ex-
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tracts for food or medicinal applications for human beings 
[35]. Phytoadditives, which are herbs or herbal derivates, 
have attracted attention in animal nutrition because of 
their potential role as alternatives to antibiotic growth pro-
moters. Their efficacy in the nutrition of chickens depends 
on: composition, inclusion level of phytogenic preparations 
into feed, bird genetics, and composition of the diets [25].

These types of additives are containing various chemi-
cal compounds such as: saponins, essential oils, tannins, 
and flavonoids. These phytochemicals are isolated from 
medicinal, aromatic and spicy plants and possess potential 
values for the manipulation of poultry digestion and pro-
ductivity.

Essential oils are very complex mixtures of volatile, li-
pophilic compounds originating from plants. Due to their 
lipophility, they possess  good intestinal and percutaneous 
absorption properties. After oral intake, they stimulate the 
secretion of digestive enzymes and increase gastric and in-
testinal motility [36]. Essential oils are able of enhancing the 
production of digestive secretions, stimulating blood cir-
culation, exerting antioxidant properties, reducing levels of 
pathogenic bacteria and may enhance the immune status [3]. 

The value of many research studies is quite limited. This 
is because the use of blends of phytogenic feed additives in 
their studies obscures the process of evaluating the indi-
vidual effects of the separate essential oils utilized.

Whereas, numerous studies demonstrated the effects of 
sage extracts on the health status and blood chemistry of 
poultry in vivo [7, 11]; there is a  supposition that phyto-
genic compounds are able to enhance the enzyme activi-
ties and nutrient absorption in the digestive apparatus of 
poultry [37]. The effects of sage essential oil on the diges-
tive characteristics, the enzyme activities in the small intes-
tine, and selected intestinal microbial population are not 
entirely evident. Therefore, the objective of this study was 
to compare the influence of dietary intake of the sage essen-
tial oil on some digestive enzyme activities in the chyme of 
the jejunum, digestive characteristics and selected bacterial 
microflora in the caecum of broiler chickens.

MATERIALS AND METHODS

Chickens and diets
Seventy, one-day-old broiler chickens of hybrid Ross 

308, were delivered from a commercial hatchery. They were 

divided at random into 2 groups of 35 animals (control/ 
sage). The chickens were housed in two floor pens located 
in one hall of a chicken fattening farm (Michalovce, Slovak 
Republic) with constant access to feed and water. Both pens 
were identical with regard to the same direction and the 
same area (0.12 m2 per broiler chicken).

Both groups were fed with mash diets (domica Ltd., 
Slovak Republic) for 42 days (Table 1). The methionine was 
used as the first limiting amino acid. The diets were pre-
pared and formulated without antibiotics and growth pro-
moters. The anticoccidial agents were added into the starter 
and grower feed mixtures of both groups.

The essential oil was isolated from the tops of sage (Salvia 
officinalis L., family Lamiaceae) by steam distillation of the 
plant biomass in Calendula Inc. (Nová Ľubovňa, Slovak Re-
public). The percentages of the main active compounds were 
analysed by gas chromatography (GC) using Hewlet-Pack-
ard 5890 Series II (injection input split splitless, capillary col-
umn HP-5, detector FIF, automatic injection HP 7673) with 
nitrogen as the carrier gas [10]. The herbal extract was added 
to diets of the experimental group with the resulting concen-
tration of essential oils at the level of 2.306 g.kg–1. The dosage 
of the sage essential oil, for the addition to the feed mixture, 
was selected according to previous results of chemical, mi-
crobiological and palatability tests [22]. The herbal ingredi-
ent was absent in the diets of the control group. The body 
weights of chickens were assessed once a week. The feed was 
weighed to evaluate the feed consumption.

Feed analysis
The samples of diets were analysed (Table 1) according 

to the official methods of the Association of Official Ana-
lytical Chemists [6]. The analyses were conducted for the 
determination of: dry mater (DM), crude protein (CP), 
crude fat (CF), ash, starch, and total carbohydrates. CF was 
analysed by the common method [34].

The ingredient composition of the experimental diets 
(g.kg–1 diet) (starter/grower/finisher) was as follows: wheat 
150.0/160.0/150.0; maize 453.5/482.5/495.5; soybean meal 
300.0/221.0/213.0; soya 30.0/59.0/57.0; sunflower meal 
20.0/20.0/20.0; rape-seed oil 5.0/17.0/28.0; calcium car-
bonate 13.0/14.5/14.0; sodium chloride 4.0/4.0/4.0; cal-
cium hydrophosphate 13.5/10.5/10.5; L-Lysine 4.0/5.0/2.5; 
DL — Methionine 2.0/1.5/0.5; and Vitamin-mineral pre-
mix 5.0/5.0/ 5.0. Anticoccidial agent in diets: starter — Ro-
benidin, grower — Narasin, and finisher — absent.
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Mineral content (mg.kg–1 diet): Mg 100.0, Mn 80.0, 
Zn 60.0, Fe 60.0, Cu 5.0, Co 0.2, J 1.0, and Se 0.15. Vitamin 
content (mg.kg–1 diet): retinol (A) 2.4, cholecalciferol (D3) 
30.0, tocopherol (E) 20.0, menadione (K3) 4.0, thiamine 
(B1) 6.0, riboflavin (B2) 3.0, pyridoxine (B6) 5.0, cobala-
min (B12) 0.02, folic acid (B9) 1.0, D-biotin (B7) 0.05, cal-
cium D-panthothenate (B5) 10.0, and niacin (B3) 25.0.

The amino acid analyses of the experimental diet were 
performed by high performance liquid chromatography 
with AAA 400 amino acid analyser (INGOS, Czech Repub-
lic). This analyser is designed for the determination of ami-
no acids on an ion exchanger column with a post-column 
derivatisation by means of ninhydrin. Lysine was deter-
mined after hydrolysis for 24 h at 110 °C with 6 mol.l–1 HCl. 
Sulphur-containing amino acids, methionine and cystine 
were analysed after cold formic oxidation for 16 h before 
the acid hydrolysis. The mineral composition of the feed 
(Ca, Na) was determined by atomic absorption spectro-

photometry (AAS) with Shimadzu AA 6200 after the feed 
sample ashing in a  muffle furnace [33]. The quantitative 
determination of phosphorus was performed spectropho-
tometrically [5]. The insoluble portion of ash in HCl was 
determined in the feed mixture as the residue of ash, after 
dissolving ash in diluted hydrochloric acid by weighing [8].

Blood analysis
Ten broilers from each group were randomly selected 

and anaesthetized with intraperitoneal injections of xyla-
zine 0.6 ml.kg–1 (Rometar 2 %, SPOFA, Czech Republic) and 
ketamine 0.7 ml.kg–1 body weight (Narkamon 5 %, SPOFA, 
Czech Republic) on 16, 29 and 42 days of age. The numbers 
of birds were 25, 15 and 5 in the groups on days 16, 29 and 
42 after selection. Blood samples for the preparation of the 
sera were taken by intracardial puncture after laparotomy 
and applied into anticoagulant-free tubes. The separation 
of sera was performed by centrifugation and the samples 

Table 1. Chemical composition of the experimental diets (g.kg–1 diet)

Ingredients
Experimental diets

Starter Grower Finisher

Dry mater 881.90 890.27 898.04

Crude protein 248.20 223.10 214.40

Crude fat 26.15 38.62 46.30

Crude fibre 44.10 35.20 31.30

Crude ash 66.00 57.90 55.30

Starch 340.34 398.02 416.55

Total carbohydrates 42.92 59.85 52.20

Calcium 9.68 9.41 9.19

Phosphorus 7.59 7.38 7.21

Sodium 1.82 1.80 1.41

Methionine 3.92 4.56 4.23

Lysine 10.05 13.39 12.05

Cystine 2.98 2.86 2.60

Metabolizable energy* 11.78 MJ 12.42 MJ 12.71 MJ

* — Calculation based on K i r c h g e s n e r  and  R o t h  [18] 
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were kept at 20 °C until examination. The determination of 
the total protein concentration in the serum was performed 
by the Bradford method at a wavelength of 595 nm [2]. The 
contents of calcium, magnesium and potassium were de-
termined by AAS [33]. The quantitative determination of 
phosphorus was performed spectrophotometrically [5].

Analysis of intestinal contents
The samples of chyme from the jejunum and the cae-

cum were placed into sterile tubes for digestive enzyme 
analyses and microbiological assays immediately after nec-
ropsy. The preparation of samples for the quantification of 
digestion enzymes activities was performed as follows. One 
gram of fresh sample was diluted with 49 ml sterile TBS buf-
fer (TRIS-hydroxymethyl aminomethane 10 mmol.l–1, HCl 
0.5 mol.l–1, pH 7.0) and homogenised. The samples were 
subsequently taken for the measurement of nonspecific 
proteolytic activity [4] with the substrate azocasein (Merck 
Ltd., Germany). The cellulolytic and the amylolytic activity 
[21] were analysed with the substrates methylhydroxyeth-
ylcellulose (Merck Ltd., Germany) and starch (Fisher Slo-
vakia Ltd.), respectively. The quantification of the protein 
concentration was performed by the Bradford method [2].

For the microbiological examination, the caecal digesta 
were diluted 10 fold (1 : 9 w/v) by blending them with the 
anaerobically sterilized TBS buffer. Thereafter, a  0.1 ml 
sample was diluted by 10-2–10-7 and spread onto steril-
ized selective nutrient media McConkey agar (Merck Ltd., 
Germany) for Escherichia coli; Slanetz-Bartley agar (Mer-
ck Ltd., Germany) for Enterococcus spp.; and Rogosa agar 
(Merck Ltd., Germany) for Lactobacillus spp. for the pur-
pose of cultivation. The numbers of Colony Forming Units 
(CFU.g–1) of wet caecal digesta of E. coli and Enterococcus 
spp., were optically enumerated after aerobic cultivation for 
24 h, whereas Lactobacillus spp. after stationary anaerobical 
cultivation for 48 h at 37 °C.

Check of digestibility
The digestibility was checked on 16, 29 and 42 days of 

age. The excreta was sampled directly from the cloaca into 
sterile glass containers on the designated day. The quanti-
fications of crude fibre, ash and portion of insoluble ash in 
HCl were performed in excreta according to methods of 
D a n ě k  et al. [8].

The digestibility coefficient (dc) was calculated accord-
ing to the formula:

 sample of excreta/ash insoluble in HCl in excreta
100 – 
 sample of feed mixture/ash insoluble in HCl in feed mixture

 
The digestibility was determined by calculating the ana-

lysed content of nutrients in feed and excreta concerning 
the content of the insoluble portion of ash. The digestibility 
measurement of crude protein of broiler chickens with the 
correction for uric acid nitrogen was performed as follows: 
the contents of crude protein were measured in the excreta 
by Kjeldahl method [19] with the instrument Foss 2300 
Kjeltec analyser (Foss Tecator, Sweden).

Because a part of the crude protein in the excreta origi-
nates from uric acid, the faecal crude protein should be cor-
rected for uric acid nitrogen. At first, the correction for the 
endogenous losses resulting from protein catabolism was 
performed by determining the crude protein balance (Nb) 
of the animal as follows: 

Nb = QiNi – QeNe

where Ni represents the crude protein content (g.kg–1) 
of the feed, and Ne the crude protein content (g.kg–1) of 
the excreta, Qi and Qe are the rates of feed intake and ex-
cretal output (g.kg–1.day–1). Subsequently, the crude protein 
losses to the moles of uric acid were converted to calculate 
the mass losses associated with uric acid excretion [29]. 
The mass correction for uric acid nitrogen is 3 g.g–1 N [17]. 
Given these values, the equation for the apparent assimi-
lable mass coefficient of crude protein corrected for protein 
catabolism (AMCN) was as follows:

AMCN = 1 – ([Qe+ 3(Nb)] / Qi)  [14, 16]

Statistical analysis
The data are expressed as means ± standard deviation 

(SD) of single values (SAS, Version 8.2; SAS Institute Inc., 
1999, Cary, NC USA). Means of the results from the treat-
ments were compared by one-way analysis of variance. 
Treatment means were statistically compared by Tukey-
Kramer multiple comparison test. Significance was de-
clared at P < 0.05, P < 0.01, and P < 0.001.
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RESULTS

The percentage ranges of the active compounds of the 
sage essential oil are reported in Table 2. Digestive enzyme 
activities (amylolytic, cellulolytic, proteolytic) were as-
sessed in the chyme of the jejunum (Table 3). The intake 
of the sage essential oil added into the feed mixture caused, 
on the one hand, enhancement of amylolytic activity on 
days  16 (P < 0.01) and 29 (P < 0.001), and on the other 
hand, a decrease on day 42 (P < 0.05). The cellulolytic activ-
ity was increased on days 16 (P < 0.05), 29 (P < 0.001) and 
42 (P < 0.01). The decrease of the proteolytic activity was 
observed in the experimental group on day 16 (P < 0.01). 
The digestibility data of crude fibre and ash, as well as, the 

Table 2. Gas chromatography analysis of active volatile 
compounds of the sage essential oil

Plant source Compound
Content 
[g.kg–1]

Sage*

Eucalyptol 85 ± 1

Alpha-thujon 148 ± 1

Beta-thujon 72 ± 1

Camphor 149 ± 1

Borneol 37 ± 1

* — the analysed density of sage essential oil was
0.915 ± 0.001 g.cm–3

Table 3. Digestive enzyme activities in the chyme of the jejunum of broiler chickens 
(n = 16; mean ± SD)

Age
[day]

Group
Amylolytic (glucose) 

[mol.l–1.min–1]
Cellulolytic activity (glucose) 

[mol.l–1.min–1]
Proteolytic activity (azocasein) 

[g.ml–1.min–1]

16
Control 0.17a ± 0.011 0.11a ± 0.025 0.77a ± 0.063

Sage 0.26c ± 0.038 0.13b ± 0.023 0.48c ± 0.062

29
Control 0.10a ± 0.013 0.07a ± 0.015 0.41a ± 0.048

Sage 0.15d ± 0.032 0.13d ± 0.038 0.41a ± 0.035

42
Control 0.14a ± 0.017 0.16a ± 0.026 0.60a ± 0.066

Sage 0.12b ± 0.015 0.23c ± 0.018 0.55a ± 0.070

Means with different superscript letters differed significantly: 
a,b — P < 0.05; a,c — P < 0.01; a,d — P < 0.001

apparent assimilable mass coefficient of crude protein cor-
rected for protein catabolism are summarized in Table 4. 

The comparison of digestibility coefficients demonstrat-
ed a better utilisation of the experimental feed mixture, as 
far as the digestibility of crude fibre is concerned. The val-
ues of this parameter were increased on days 16 (P < 0.01), 
29 (P < 0.01) and 42 (P < 0.01). The AMCN value increased 
in the experimental group on days 29 (P < 0.05) and 42 
(P < 0.01). The changes of total protein and macroelements 
(phosphorus, potassium, calcium, magnesium) in the serum 
are shown in Table 5. The level of serum total protein was 
significantly higher (P < 0.05) in the experimental group on 
day 29. The microbiological counts in the caecal chyme of 
broiler chickens are summarized in Table 6. The total counts 
of E. coli were significantly lower (P < 0.05) in the experi-
mental group on days 29 and 42. The basic growth data and 
the average feed intake of broiler chickens on days 16, 29 
and 42 are summarized in Table 7. There was observed a sig-
nificantly higher body weight (P < 0.05) in the experimental 
group in comparison to control on day 42.

DISCUSSION

As far as the chemical composition of the sage es-
sential oil is concerned, it is divided into ketones (cam-
phore, α, β-thujone), terpenes (limonene, α, β-pinene) 
and alcohols (borneol, linalool) [12]. The sage essential 
oil tested in our study contained the following active com-
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pounds: eucalyptol (1,3,3-trimethyl-2-oxabicyclo[2,2,2]
octane), α-thujone (1S,4R,5R)-4-methyl-1-(propan-2-yl)
bicyclo[3.1.0] hexan-3-one, β-thujone (1S,4S,5R)-4-meth-
yl-1-propan-2-ylbicyclo[3.1.0]hexan-3-one, camphor 
(1,7,7-tri methyl bicyclo[2.2.1]heptan-2-one) and borneol 
(endo-1,7,7-timethyl-bicyclo[2.2.1]heptan-2-ol). In ad-
dition to these compounds, the essential oil, if an extract 
equivalent to 14.9 % of dry sage is used, contains: 6.9 % ros-
marinic acid (55 % recovery), 10.6 % carnosic compounds 
(75 % recovery) and 7.3 % essential oil (42 % recovery) [9]. 
According to the cluster analysis [20], the leaf age and ori-
gin of the plants, has a significant impact on the composi-
tion of the essential oils. Additionally,  Z h e l j a z k o v  et al. 

[38] evaluated the effect of distillation times on sage essen-
tial oil yields and its composition. They concluded that the 
duration of the extraction process with the steam distilla-
tion has the potential to change the chemical composition 
of the produced essential oil.

Our study demonstrated that the dietary addition of es-
sential oil from sage can be substantial for avian and herbi-
vores in various aspects.  

The significant increase of amylolytic and cellulolytic 
activity, as well as the decrease of proteolytic activity were 
observed in the jejunum in some sampling periods. 

According to  R i d e a u  et al. [27] it is proposed that the 
modification of the chyme and transit rates during the day 

Table 4. Apparent assimilable mass coefficient of crude protein and digestibility of crude fibre and ash 
(n = 8; mean ± SD)

Age 
[day[

Group AMCN
Crude fibre 

(dc)
Ash 
(dc)

16
Control 0.25a ± 0.023 28.48a ± 0.712 39.04a ± 2.467

Sage 0.22a ± 0.017 43.36c ± 0.997 44.64a ± 3.162

29
Control 0.28a ± 0.019 33.99a ± 0.510 55.80a ± 3.471

Sage 0.35b ± 0.016 43.51c ± 1.650 52.94a ± 1.853

42
Control 0.25a ± 0.018 33.6a ± 0.874 46.18a± 3.048

Sage 0.44c ± 0.065 46.07c ± 0.848 49.84a ± 3.489

AMCN — apparent assimilable mass coefficient of crude protein corrected for protein catabolism; dc — digestibility coefficient
means with different superscript letters differ significantly: a, b —P < 0.05; a, c — P < 0.01; a, d — P < 0.001

Table 5. Biochemical parameters in the serum of broiler chickens (
n = 8, mean ± SD)

Age 
[day] Group Total protein 

[g.l–1]
P 

[mg.dl–1]
K 

[mg.dl–1]
Ca 

[mg.dl–1]
Mg

[mg.dl–1]

16
Control 154.85a ± 4.94 n.d. n.d. n.d. n.d.

Sage 153.99a ± 2.80 n.d. n.d. n.d. n.d.

29
Control 115.08a ± 5.65 15.41a ±2.98 19.07a ±1.4 11.70a ±3.33 3.09a ±0.44

Sage 120.64b ± 5.19 13.70a ± 1.96 20.27a ±2.85 11.28a ± 2.39 3.03a ±0.45

42
Control 176.88a ± 12.18 14.54a ±2.74 20.32a ±2.72 9.03a ± 2.52 2.68a ±0.48

Sage 181.14a ± 7.16 12.91a ±1.83 20.27a±2.56 12.01a ±3.51 3.11a ±0.68

n. d. — not determined; means with different superscript letters differ significantly: a, b — P < 0.05
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Table 6. Microbial counts in the caecal chyme of broiler chickens 
(n = 6; log CFU.g–1 wet digesta)

Age
[day]

Group Lactobacillus spp. Enterococcus spp. E. coli

16
Control 8.0a 5.60a 7.04a

Sage 8.18a 6.36a 6.85a

29
Control 8.32a 6.20a 7.15a

Sage 8.64a 6.60a 6.11b

42
Control 8.48a 6.89a 7.30a

Sage 8.94a 7.08a 6.69b

Means with different superscript letters differ significantly a, b — P < 0.05; CFU — colony forming units

Table 7. Basic growth data and feed intake of broiler chickens in the experiment 
(mean ± SD)

Group IBW
[g]

BW 
[g]

ADFI
[g.day–1]

day 16
(n = 35)

day 29
(n = 25)

day 42
(n = 15)

day 1—16
(n = 35)

day 17—29
(n = 25)

day 30—42
(n = 15)

Control 38.86a ± 6.71 257.11a ± 53.66 773.29a ± 237.62 1746.67a ± 340.52 29.39a ± 6.33 80.45a ± 28.67 160.63a ± 41.58

Sage 40.57a ± 4.75 257.92a ± 53.35 886.38a ± 259.29 1947.06b ± 274.14 28.69a ± 6.42 89.52a ± 29.33 203.30a ± 26.87

Means with different superscript letters differ significantly a, b — P < 0.05; CFU — colony forming units; 
IBW — initial body weight; BW — body weight; ADFI — average daily feed intake

may affect the pancreatic enzyme fate and distribution in 
the small intestine as well as they observed that intestinal 
contents and enzyme activities were higher in egg-form-
ing than in non-egg-forming laying hens.  B a s m a c i o g l u  
et al. [1] determined the effect of dietary supplementation 
of oregano essential oil on the digestive enzymes and nutri-
ent digestibility of broilers fed wheat-soybean meal based 
diets. The dietary supplementation of essential oil at two 
levels (250 and 500 mg.kg–1) with or without enzyme, sig-
nificantly increased the activity in the digestive system and 
improved crude protein digestibility.

Positive effects of the sage essential oil on the digestibil-
ity of the crude fibre in the sampling periods were observed, 

which is a positive relation with regard to the increased val-
ues of cellulolytic activity.  G u g l i e m o  and K a r a s o v  [14] 
calculated that the utilization of feed in birds is influenced 
by the mixing of urinary wastes with the undigested feed 
passing through the cloaca. Similarly, continual loss of 
mass and energy from the gastrointestinal tract in the form 
of epithelial cells, microbes and digestive secretions was 
observed. In cases where the endogenous losses of mass 
have not been quantified, the apparent assimilable mass co-
efficient (AMC) can be calculated as follows: 

AMC = (Qi – Qe) / Qi = 1 – Qe / Qi



12

H e r n á n d e z   et al. [15] demonstrated that plant ex-
tract supplementation of diets for broiler chickens for 
42 days improved apparently the whole-tract and ileal di-
gestibility of the nutrients. The improvement of apparent 
faecal digestibility of DM and the ether extract digestibility 
were significant after dietary intake of 5,000 ppm essential 
oil extract from sage, thyme and rosemary in starter feed 
but no effect was detected for CP digestibility. Whereas, the 
extracts caused an improvement of the apparent faecal di-
gestibility of DM and CP of the finisher diet. 

The positive increase of total protein level in serum af-
ter intake of the sage essential oil was observed on day 29 in 
the experimental broiler chickens. 

On the contrary,  T r a e s e l  et al. [31], evaluated serum 
proteins with electrophoresis and plasma lipid peroxida-
tion in broilers fed with diets supplemented with antibiot-
ics or the blend of essential oils from oregano (Origanum 
vulgare L.), sage (Salvia officinalis L.), rosemary (Rosma-
rinus officinalis L.) and pepper (Capsicum frutescens L.) 
crude extracts. The total globulins and betaglobulin frac-
tion significantly decreased in the experimental groups af-
ter supplementation of the diet with 150 mg.kg–1 essential 
oils after 42 days of the experiment. However, the values 
of: albumin fractions, globulins (α-1, α-2, γ-glob), and the 
albumin/globulin ratio did not change significantly. 

Therefore, the decrease in total globulins was due to 
a decrease in the betaglobulins. The decreased concentra-
tions of betaglobulins or gamma globulins in the absence of 
hypoalbuminemia usually result from the decreased con-
centration of immunoglobulins which is the result of the 
effect of the blend of essential oils. 

In addition to the dietary dosage of essential oils, the 
reason of the lower dosage of the blend of plant extracts 
with the carvacrol as the major component, into the diet, 
was the utilization of the microencapsulation technique, 
due to the volatility of essential oils [31]. Whereas, the sage 
essential oil was applied unprotected into feed mixture after 
dilution in the plant oil in the experiment. 

The sage essential oil does not influenced the levels of 
macroelements in the sera of experimental animals after 
dietary intake. According to  Č a p k o v i č o v á  et al. [7], the 
addition of sage extract (0.05 and 0.1 %) to the diet, led to 
a decreased concentration of plasma calcium (Ca reference 
values 2.09—2.52 mmol.l–1); whereas, the levels of plasma 
phosphorus and magnesium did not differ significantly 
between treatments (phosphorus, magnesium reference 

values 1.60—2.10 and 0.75—1.3 mmol.l–1, resp.). Similarly, 
F a i x o v á  et al. [11] observed that feeding chickens with 
diets supplemented  with sage essential oil had a reducing 
effect on plasma calcium levels and demonstrated a reduc-
ing effect of borneol on plasma level of the element.

The in vivo experiment demonstrated a significant de-
crease of the E. coli population in the caecal chyme of broiler 
chickens after the intake of the sage essential oil as a result 
of our observations. Gut mucus and produced mucin could 
have influence on antibacterial protection of the gastro-
intestinal apparatus of broiler chickens against E. coli. 

According to the published experimental results deal-
ing with the antimicrobial activity of essential oils, the sage 
essential oil is typical with the lower activity in comparison 
with the similar extracts from oregano, thyme, clove and 
cinnamon. This declaration is in compliance with the re-
sults of  S a n t u r i o  et al. [28] who evaluated the antimicro-
bial activities of essential oils from Origanum vulgare (oreg-
ano), Thymus vulgaris (thyme), Lippia graveolens (Mexican 
oregano), Cinnamomum zeylanicum (cinnamon), Zingiber 
officinale (ginger), Salvia officinalis (sage), Rosmarinus of-
ficinalis (rosemary) and Ocimum basilicum (basil) against 
Escherichia coli strains isolated from poultry (n = 43) and 
cattle faeces (n = 36). They observed the highest antimi-
crobial activity of the essential oils from oregano, Mexican 
oregano, thymus and cinnamon. Further,  Š a r i ć et al. [30] 
determined the chemical composition and antimicrobial 
properties of Salvia officinalis with the main components of 
essential oil: 28.64 % of camphor, 21.90 % of 1,8 cineole and 
19.92 % of α-thujone (16.92 %). The essential oil showed 
antimicrobial activity against all bacteria tested in the MIC 
range of 0.16—5.00 mg.ml–1 and MBC range of 0.63—5.00 
mg.ml–1. Similarly,  M e k i n i ć  et al. [23] tested the contents 
of phenolics and antibacterial activity of five Lamiaceae 
plant extracts (sage, thyme, lemon balm, peppermint and 
oregano) against major foodborne pathogens such as Cam-
pylobacter coli, Escherichia coli, Salmonella Infantis, Bacillus 
cereus, Listeria monocytogenes and Staphylococcus aureus. 
They determined the highest content of total phenolics and 
non-flavonoids was in the sage extract, and it showed the 
best antibacterial activity, especially against Gram-positive 
bacteria and E. coli. However, the data presented by  G o l e- 
s t a n i  et al. [13] indicated that the potential antibacterial 
activity of the essential oil remedies (Thymus vulgaris, Al-
lium cepa, Allium sativum, Eucalyptus globulus, Salvia of-
ficinalis, Dianthus caryophyllus, Mentha spicata and Men-
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tha piperita) against Escherichia coli O157 : H7 by the disk 
diffusion method, could be suitable against colibacillosis, 
although this claim has to be confirmed in experimental 
and clinical trials.

The sage essential oil is able to influence the body 
weight, but not the average daily feed intake. Similar results 
were obtained by  T r a e s e l  et al. [32] who evaluated the 
performance data in broilers fed diets supplemented with 
antibiotics or essential oils from oregano, sage, rosemary, 
and pepper crude extract. The dose of essential oils at the 
level of 100 mg.kg–1 is suitable for a final body weight and 
a weight gain similar to those which were observed in broil-
ers supplemented with antibiotic growth promoters. Fur-
thermore,  H e r n á n d e z  et al. [15] did not observe any dif-
ference in feed intake or feed conversion after a dietary in-
take of 5,000 ppm essential oil extract from Labiatae plants 
(sage, thyme, rosemary) in broilers in the feeding period 
of 42 days. However, the growth of birds was faster in the 
controls.

CONCLUSIONS 

The supplementation of diets for broiler chickens with 
the sage essential oil beneficially increased the amylolytic 
and cellulolytic activities in the chyme of the jejunum, the 
digestibility of crude fibre and caused a decrease of CFU of 
E. coli in the content of the caecum. 
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