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ABSTRACT - This study aimed to investigate the effect of dietary supplementation of oregano essential oil on the
performance and on the occurrence of diarrhea in weanling pigs, as well as its antioxidant and antimicrobial activity evaluated
in vitro. It was compared four treatments (diets): negative control; positive control, 0.5% ZnO (preventive diarrhea) +
0.05% zinc acitracin (growth promoter); or 0.003% of essential oil of oregano, combined or not with preventive of diarrhea.
Weight gain, feed intake and feed conversion were evaluated from 27 (weaning) to 62 days of age of the animals, and the
occurrence of diarrhea was evaluated on the first 14 days of the experiment. The positive control diet and the oregano oil
+ zinc oxide diet were the ones that provided the best zootechnical performance. The number of piglets with diarrhea, as
well as the duration of diarrhea, were lower in animals fed positive control and oregano oil + zinc oxide diets. Oregano oil
had in vitro bacteriostatic action on all the tested microorganisms and bactericidal action against four bacteria. The in vitro
antioxidant activity of oregano oil was 98.88% through linoleic acid/B-carotene system methodology, and 174.17 mg/mL
by the DPPH method, expressed as CEg,. Oregano oil shows potent antioxidant effect and a strong antimicrobial activity,
however, it does not improve the zootechnical performance neither it is efficient in preventing diarrhea in weanling pigs.
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Oleo essencial de orégano como aditivo alimentar para leitdes: potencial
antimicrobiano e antioxidante

RESUMO - Com este estudo objetivou-se verificar o efeito da suplementacdo dietética do 6leo essencial de orégano
no desempenho e na ocorréncia de diarréia em leitdes recém-desmamados, bem como suas atividades antimicrobiana e
antioxidante avaliadas in vitro. Foram comparados quatro tratamentos (dietas): controle negativo; controle positivo,
0,5% ZnO (preventivo diarréia) + 0,05% bacitracina de zinco (promotor de crescimento); ou com 0,003% de 6leo essencial
de orégano, combinado ou ndo ao preventivo da diarreia. O ganho de peso, consumo de ragdo e conversao alimentar foram
avaliados dos 27 (desmame) aos 62 dias de idade dos animais, e a ocorréncia de diarréia foi avaliada nos primeiros 14 dias
de experimento. A dieta controle positivo e aquela com 6leo de orégano + 6xido de zinco foram as que proporcionaram
o melhor desempenho zootécnico. O numero de leitdes que apresentaram diarréia, assim como a duracdo da diarréia, foi
menor nos animais que receberam as dietas controle positivo e dleo + 6xido de zinco. O 6leo de orégano teve acéo
bacteriostatica in vitro sobre todos os microorganismos testados e acdo bactericida contra quatro bactérias. A atividade
antioxidante in vitro do 6leo de orégano foi de 98,88% pela metodologia do sistema B-caroteno/acido linoléico, e de
174,17 mg/mL pelo método de DPPH, expresso em CEg,. O oleo de orégano apresenta potente efeito antioxidante e
forte atividade antimicrobiana, mas ndo melhora o desempenho zootécnico nem é eficaz na prevencdo de diarréia em
leitdes recém-desmamados.

Palavras-chave: aditivos naturais, nutrigdo, Origanun vulgare, promotor de crescimento, suinos

Introduction promote an average increase of 16.4% in weight gain and

6.9% in feed efficiency (Cromwell, 1991). However, despite

In nutritional programs for swine, antibiotic and of the evidenced ability on improving the growth

anti-microbial additives that act as growth promoters performance, the use of these products in animal nutrition

have been used in sub-therapeutic and constant doses has been restricted by virtue of legislation in some
ever since the 1950s. In post -weaning, these additives countries.
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The reduction in the use of antibiotics as growth
promoters inanimal production has led to the investigation
of variants in which substances found in vegetables are
presented as alternative options to the use of these
products. The possible mechanisms of action of herbal
extracts in animal organisms are related to alterations in
the intestinal microbiota, increase indigestibility, absorbance
of nutrients, and antimicrobial and immunomodulator
effects (Mellor, 2000). Anthelmintic, antibiotic and
antioxidant activities have been proven in some active
compounds present in herbal extracts (Kamel, 2000;
Hernandez et al., 2004). The fast metabolization and
short half-life of active compounds lead to the belief that
there is a minimum risk of accumulation in the tissues
Kohlert etal. (2000).

More than 30 chemical antibacterial compounds have
been found in oregano (Origanumvulgare), but only three
or four out of them act isolatedly in the concentration
found in this vegetable (Kamel, 2000). Phenolic carvacrol
compound isan example and according to Smink (2003), it
acts in the cellular wall of the bacteria promoting the
rupture of the outer membrane, altering its permeability in
relation to cations, causing their death.

The main effects studied in in vitro experiments
include the antimicrobial and antioxidant effects of herbal
extracts (Aderetal., 2000; Lambertetal., 2001; Kalemba
& Kunicka, 2003). However, although in vitro actions
have been proved to exist, the results of experimental
research on the comparison between the addition of
synthetic antimicrobials and vegetable extracts in swine
dietsare scarce and with varying results (Oetting et al., 2006;
Hauptlietal.,2007). This study was accomplished aiming
at evaluating the effect of oregano essential oil in the
diets of weaned piglets in relation to their growth
performance, incidence of diarrhea, blood parameters, as
well asantioxidantand antimicrobial activities determined
in vitro.

Material and Methods

The antioxidant and antimicrobial activities were
determinedinvitro inthe oil extracted fromin natura leaves
of Origanum vulgare which were submitted to the steam
drag distillation (4 hours) using the modified ‘Clevenger’.
The oil was stored in a refrigerator in amber-colored glass
jars with silicone tops. For the antimicrobial activity
evaluation, the microorganisms used were Escherichia coli
(ATCC8739), Salmonella typhimurium (ATCC14028),
Shigella dysenteriae (NCTC7919), Clostridium perfringens
(NCTC8798), Staphylococcus aureus (ATCC29213) and

Bacillus cereus (ATCC14579), which were acquired
lyophilized from the Colecdo de Culturas do Instituto Adolfo
Lutz in Séo Paulo.

The evaluation of antibacterial activity was done
through the minimal inhibitory concentration and minimal
lethal concentration of oregano essential oil, through the
microdillution in soybean casein broth according to the
AOAC methodology (1995). The initial mass used for the
microbiological analysis was 20 mg. The oil was diluted in
280 uL methanol, stock solution, from which 200 puL was
transferred to tubes containing 1,300 uL soy casein broth
(work solution). The inoculum was prepared from 100 uL
bacterial solution in a concentration of 1.5x108 ufc/mL for
tubes containing 5 mL the soy casein broth. It was
transferred 100 uL pure soybean casein broth toall the wells
in the last row (negative control) and after that 100 pL
culture medium with the inoculum was added into all the
wells. The work solution from the first well was transferred
in triplicates and the microdillutions were made at the
following concentrations 10; 5; 2.5; 1.25;0.625;0.312; 0.156
and 0.078 mg/mL. The covered dishes were incubated at
35°C for 24 hours and read with the aid of developer trifenil
tetrazolium chloride solution. For positive control,
chloramphenicol was used. After the determination of the
minimal inhibitory concentration, 10 uL from the well with
no bacterial growth were transferred to Petri dishes
containing sterile nutrientagar. The plaques were inverted
and incubated in a heater at 35°C for 24 hours. At this point,
a reading was done in which the minimum inhibitory
concentration of oil corresponded to the lowest concentration
without any microbial growth in the platelets.

For the in vitro antioxidant activity of the oregano
essential oil, two methodologies were used: B-carotene
Linoleic acid and DPPH (1,1-diphenyl-2-picryl hydrazyl)
system. Concerning to the first one, the antioxidant activity
was determined according to the methodology described
by Marco (1968), with modifications. For the preparation of
the B-carotene linoleic acid emulsion, 1 mg -carotene was
added to 10 mL of chloroform. After homogenization, 1 mL
this solution was transferred to a round-bottom flask
containing 22 uL linoleic acid and 90 uL Tween 40. The
chloroform mixture was evaporated at 50°C for 10 minutes,
50 mL aerated distilled water was added (saturated in oxygen
for 30 minutes) and shaken into an emulsion. From the
B—carotene linoleic acid emulsion, 5 mL were taken for the
blank readingand 10 mL to be added to 10 pL of oregano oil
diluted in 10 mL methanol. They were heated in a water bath
at 50°C for 15 minutes and then cooled for 10 minutes. The
reading was carried out in spectrophotometer with a wave
length of 470 nm in 15- minute intervals for 2 hours. The
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activity was determined in percentage (%) of antioxidant
activity according to the equation: % antioxidant activity
=100- (initial absorbance —final absorbance) sample x 100/
(initial absorbance — final absorbance) blank.

The method used for the determining antioxidant
activity through radical DPPH (1,1-diphenyl-2-picryl
hydrazyl) was the Brand-Williams et al. (1995) with
modifications from Mensor etal. (2001). Initially, asolution
0f0.004% DPPH in methyl alcohol was prepared. To prepare
the sample, 40 mg oregano oil was diluted in 10 mL alcohol
at 97%. Methyl alcohol at 97% and the solutions of the
samples at different concentrations (5, 10, 25, 50, 125 e
250 uL/mL)were added to the tubes containing 1 mL DPPH.
They were homogenized and left to rest protected from
the light for 30 minutes. A control was prepared with
2.5 mL methanol and 1 mL DPPH solution. After 30
minutes of reaction, the absorbance was read in 517 nm in
a spectrophotometer and converted into percentage of
antioxidant activity using the following equation:
% antioxidant activity = 100 — (absorbance of the sample)
x 100/(control absorbance). The CEg, or the minimum
concentration with 50% antioxidant activity was
calculated using linear regression.

The growth performance experiment was conducted at
the experimental swine nursery at the Centro Nacional de
Pesquisa de Suinos e Aves — Embrapa, from 19t July to
oth September 2007. Four diets were evaluated: negative
control —basal diet, without antibiotics growth promoters
and without oregano oil; positive control — basal diet with
the addition of 0.5 % zinc oxide (diarrhea preventive) and
0.05% zinc Bacitracin (growth promoter); oregano essential
oil — basal diet with the inclusion of 0.003% oregano
essential oil; oregano essential oil + zinc oxide — basal diet
with the inclusion of 0.003 % oregano essential oil and
0.5% zinc oxide.

The pre-initial diets (Table 1) were supplied for 14
days from the day of the weaning. In the next phase, the
initial diet was given for all the pigs, from the 15t to the
35t day post-weaning. The experimental diets were
formulated considering the nutritional requirements of
piglets in the nursery phase and according to the
nutritional composition and availability of the nutrients in
the ingredients used (NRC, 1998; Rostagno et al., 2005).
The kaolin (inert) of the basal diet was substituted by the
additives, in accordance to the treatments. The mineral
and vitamin supplements were devoid of any kind of
growth promoter or antibiotic. The animals were fed
ad libitum during the experimental period (35 days).

One hundred and twenty piglets with an average age
of 27.3 + 0.44 days and an average initial weight of

9.25+0.12 kg were distributed in five animals of the same
sex per pen, totaling three pens of male and three pens of
female per diet. The experiment was conducted in blocks
over time, with a difference of 14 days from one group to
another. In the first group, 80 piglets were used, half
castrated males and half females, distributed in the four
diets. In the second group, 40 animals were used,
distributed in the same manner as the first group. In each
group, the piglets were distributed in blocks according to
sex and initial weight without considering the genetic
ascendance. Evaluations were carried out in relation to
growth performance (body weight, feed consumption,
weight gain and feed conversion ratio), blood parameters
and also to evaluate the occurrence of diarrhea on the first
14 days after weaning, using the following score:

Table 1 - Nutritional composition and ingredients of the basal

diets

Ingredients % Pre-initial Initial
Ground corn 10.87 39.29
Pregelatinized corn 20.00 -
Wheat flour 10.00 10.00
Whey powder 5.00 3.00
Lactose 10.71 -
Soybean oil 3.29 4.06
Sugar 3.00 -
Soybean meal 15.00 39.72
Texturized soybean protein 16.87 -
L-lysine 0.44 0.10
DL-methionine 0.32 0.06
L-threonine 0.30 0.03
L-tryptophan 0.04 -
Dicalcium phosphate 1.79 1.46
Limestone 0.76 0.87
Salt 0.35 0.35
Vitamin premix! 0.20 0.15
Mineral premix?2 0.15 0.10
Choline chloride (60%) 0.14 0.05
Kaolin 0.55 0.55
Antioxidant (BHT) 0.01 0.01
Mycotoxins adsorbent 0.20 0.20
Calculated composition

Crude protein (%) 20.00 22.00
Metabolizable energy (kcal/kg) 3,450 3,400
Ca (%) 0.83 0.80
Available P (%) 0.49 0.42
Digestible lysine (%) 1.30 1.15
Digestible methionine + cistine (%) 0.75 0.64
Digestible threonine (%) 0.83 0.72
Digestible tryptophan (%) 0.22 0.23
Choline (g/kg) 1.20 1.00
Na (%) 0.19 0.18

1 Content/kg of the pre-initial diet - vit. A - 12,000 UI; vit. D;— 3,000 UI; vit E - 30
Ul; vit. K53 mg; vit. B, _2.7 mg; vit. B, - 8 mg ; vit. By _4 mg; vit. B,, 40 mg;
biotin - 0.16 mg; folic acid - 1.2 mg; pantothenic acid- 18.7 mg; nicotinic acid-
40 mg. Initial diet - vit. A - 9,000 UI; vit. D5 - 2,250 UI; vit E - 22.5 Ul; vit. K, -
2.25 mg; vit. B, - 2 mg; vit. B, - 6 mg; vit. B - 3 mg; vit. B,, - 30 mg; biotin -
0.12 mg; folic acid - 0.9 mg; pantothenic acid - 14 mg; nicotinic acid - 30 mg.

2 Content/kg of the pre-inicial diet: Se - 0.6 mg; I - 2.25 mg; Co - 1.5 mg; Cu - 15 mg;
Zn - 150 mg; Fe -150 mg; Mn - 60 mg. Initial diet: Se - 0.4 mg ; I - 1.50 mg; Co -
1.0 mg; Cu - 10 mg; Zn -100 mg; Fe -100 mg; Mn - 40 mg
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0-normal feces, 1 —pasty feces; 2- liquid / pasty feces and
3-liquid feces.

For the evaluation of blood parameters, blood samples
were collected through venous puncture from 48 females
(12 per diet) on day 28 of the experiment, in tubes containing
2 mL of the anticoagulant EDTA. The evaluated blood
parameters were: erythrocytes, hemoglobin, hematocrits,
average globular volume, melanin concentrating hormone,
average globular hemoglobin concentration, platelets,
total leucocytes, neutrofils, eosinophils, monocytes,
lymphocytes and basophils, as well as the ratio neutrofils/
lymphocytes.

The results of the performance and the blood
parameters were submitted to analyses of variance
considering the effect of diet, sex and block inside sex for
the performance data, and the effect of diet and block for
the blood parameters. When a significant difference
(P<0.05) was shown in the F test, the diet means were
compared using the Tukey’s test. For the diarrhea data,
the number of days that the piglets had diarrhea were
analyzed using logistic regression, considering the same
effects used in the variance analyzes. The statistical
analyzes were done using the software SAS (2001).

Results and Discussion

Oregano essential oil produced bacteriostatic action
on all the microorganisms tested and bactericide action
against four bacteria. For the Salmonella typhimurium
and Clostridium perfringens, the minimal lethal
concentration was the same as the minimal inhibitory
concentration (Table 2). Salmonella typhimurium causes
typhoid fever and can infect human beings. It can be
transmitted through water and food contaminated by fecal
material (Jay, 1994). This same activity has already been
observed in other studies in relation to the Salmonella
enterica (Santurio et al., 2007) and Salmonella sp
(Busatta, 2007).

Table 2 - Invitro antimicrobial activities of oregano essential
oil on some microorganisms

Microorganism Minimum Minimum
inhibitory lethal
concentration concentration
Escherichia coli 0.5 mg/mL -1
Salmonella typhimurium 0.5 mg/mL 0.5 mg/mL
Shigella dysenteriae 0.5 mg/mL 1.0 mg/mL
Clostridium perfringens 0.5 mg/mL 0.5 mg/mL
Staphylococcus aureus 0.5 mg/mL 2.5 mg/mL
Bacilus cereus 0.5 mg/mL -1

1 Not determined.

The antioxidant activity observed for the oregano
essential oil was 98.88% by the methodology of the
[B-carotene/ Linoleicacid system. According to classification
of Hassimotto etal. (2005), numbers for oxidation inhibition
higher than 70% indicate good antioxidant action. By
comparison, the hydroxi- butyl- toluene, considered astrong
synthetic antioxidant, presents only 88.65% of protection
against oxidation. The results of antioxidant activity for the
DPPH method were expressed in CE;,, which describes the
concentration of oil capable of decreasing the initial
concentration of the radical DPPH in 50%. The CEg,
obtained for the oregano essential oil was 174.17 mg/mL.
For the hydroxyl- butyl- toluene, the result was 80 mg/mL.
By comparing the two tested methodologies and literature
data (Almeida-Doriaetal., 2000; Capeckaetal., 2005), itcan
be said that oregano essential oil is a powerful antioxidant,
mainly in relation to inhibiting the oxidation of fatty acids.

The body weight on day 14 of trial was higher (P<0.05)
inanimals fed the positive control and oregano essential oil
+ zinc oxide diets, compared to those fed the negative
control and oregano essential oil diets, which differed
(Table 3). The same happened with the live weight at the
end of the experiment. Similar results were obtained by
Oetting et al. (2006) whose work showed significant
higher weight gain and feed consumption with the use of
conventional antimicrobials in relation to vegetable extracts.

Feed conversion ratio of the piglets receiving the
positive control diet was better P<0.05) than of those that
received the negative control diet during the 1-35 day
period. The diets consisting of oregano essential oil + zinc
oxide and oregano essential oil showed intermediate
results and did not differ from the other two treatments.
According to Hernann et al. (2003), the use of vegetable
extracts compared to conventional antimicrobials in nursery
phase did not result in significant differences on feed
conversion ratio.

The daily feed intake during the 0-14 day period was
higher (P<0.05) in animals fed a positive control diet,
compared to negative control and essential oil of oregano,
but it did not differ from the essential oil of oregano + zinc
oxide. In the 15-35 day period and the total period (1-35
days), the response in feed intake was similar to that
observed in the 0-14 day period.

The average weight gain was higher (P<0.05) in the
three periods in those animals fed a positive control and
oregano essential oil + zinc oxide diets, compared to the
negative control and oregano essential oil diets. There was
no difference on growth performance (weight gain and feed
intake) between the negative control and oregano essential
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Table 3 - Growth performance of weanling piglets fed diets with essential oil of oregano
Variables Diets SEM
Negative Positive Oregano Oregano essential
control Control essential oil oil + zinc oxide
Average weaning age (days) 27.0 26.9 27.6 27.5 0.44
Weaning weight (kg) 9.38 9.14 9.25 9.24 0.12
Live weight at 14 days (kg) 9.77b 11.24a 9.63b 11.03a 0.30
Live weight at 35 days (kg) 19.59b 23.82a 19.87b 23.04a 0.61
Feed conversion ratio 15 to 35 days 1.52 1.56 1.45 1.55 0.07
Feed conversion ratio 1 to 35 days 1.71a 1.60 b 1.65ab 1.61ab 0.03
Daily Feed intake 0 to 14 days (kg) 0.185b 0.272a 0.194b 0.257ab 0.019
Daily feed intake 15 to 35 days (kg) 0.708b 0.932a 0.707b 0.883a 0.035
Daily feed intake 1 to 35 days (kg) 0.499b 0.668a 0.502b 0.632a 0.026
Daily weight gain 0 to 14 days (kg) 0.028b 0.150a 0.027b 0.128a 0.020
Daily weight gain 15 to 35 days (kg) 0.467b 0.599a 0.488b 0.572a 0.020
Daily weight gain 1 to 35 days (kg) 0.292b 0.419a 0.304b 0.394a 0.017

Averages followed by distinct letters in rows differ (P<0.05) significantly by Tukey test.

SEM = standard error of mean.

oil diets. Thisconfirmsthe results by Hernannetal. (2003),
Utiyamaetal. (2006) and Costaetal. (2007), who did not
find any significant differences in the performance of
piglets that received vegetable extracts in different
proportions and levels, compared to a diet free from any
growth promoter. The positive control showed superior
results for body weight, daily feed intake and daily
weight gain inthe 14 to 35- day period. These results are
consistent with those obtained by Oetting et al. (2006),
where the antimicrobials improved live weight, daily feed
intake and daily weight gain in all the nursery phases,
and they also promoted higher villous patterns in the
ileum of weaned piglets, compared to vegetable extracts
of cloves, thyme and oregano. According to Tavares
(1990), antimicrobials promote changes in the microbial
population inthe intestine through their bactericidal and
bacteriostatic action against pathogenic bacteria, thus
supporting the growth of beneficial bacteria.

Ingeneral terms, according to Hauptli etal. (2007), the
results of experimental studies comparing the addition of
synthetic antimicrobials and herbal extracts in pigs diets
vary. Thus, it was not possible to clarify the mode of action
of plantextracts in differentanimal species. Further studies
are needed to prove its effectiveness and to determine the
best ratio among different types of plant extracts and their
concentrations in the dietand the optimal level of inclusion
to maximize the performance of the animals and make them
a viable alternative to the use of antibiotics as growth
promoters (Oetting etal., 2006).

The number of pigs with diarrhea (scores 2 and 3) was
lowamong animals fed positive control and essential oil of
oregano + zinc oxide diets, and the number of piglets
without diarrhea (scores 0 and 1) was high (P<0.05).

Among the piglets with diarrhea, the average duration,
in days, was longer (P<0.05) in the piglets fed oregano
essential oil and negative control diets. Most animals that
had diarrhea for five and six days in the evaluated 14-day
period (Table 4) had been on these diets. These results
suggest that the oregano essential oil, at the studied dose,
did not have the expected effect as antimicrobial neither
improved the digestibility and absorption of food.

The value of hematocrit was influenced (P<0.05) by
diets. The diet with the essential oil of oregano + zinc oxide
was higher than negative control but it was not different
from the others (Table 5). Hahn & Baker (1993) concluded
that the pharmacological dose of zinc (2,500-3,000 ppm)
does not lead to toxicity and does not alter the hemoglobin
and hematocrit. Therefore, this effect could be attributed to
the essential oil of oregano individually, or to the essential
oil of oregano + zinc oxide combination.

The average globular hemoglobin concentration in
pigs receiving the essential oil of oregano was higher (P<0.05)
than those who received the diet with essential oil of
oregano + zinc oxide, without differing from the others.

Table 4 - Duration of diarrhea (days) in piglets during the first
14 days after weaning, fed diets containing
antimicrobials

Diet Days with diarrhea

0 1 2 3 5 6 Total
Negative control b 1 2 1 5 4 8 8 29
Positive control a 14 9 4 2 0 1 O 30
Oregano essential oil b 2 3 6 2 4 7 6 30
Oregano essential oil +
zinc oxide a 11 11 2 4 2 0 0 30
Total 28 25 13 13 10 16 14 119

Diets followed by distinct letters differ (p<0.05) significantly by the X2 test.
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Table 5 - Blood parameters in piglets at 55 days of age fed diets containing antimicrobials

Variables Diet

Nagative Positive Oregano Oregano essential oil

control control essential oil + zinc oxide
Erythrocytes (x 108 mm?3) 6.58 + 0.25 6.65 + 0.20 6.75 + 0.20 6.98 + 0.20
Hemoglobin (g/dL) 11.43 + 0.48 12.36 + 0.37 11.80 + 0.37 12.20 + 0.37
Hematocrit (%) 36.41b + 1.46 39.20ab + 1.14 36.90ab + 1.14 40.99a + 1.14
Platelet (mmS3) 532 + 48 405 + 38 473 + 38 480 + 38
Average globular volume (fL)! 55.95 + 1.62 59.15 + 1.27 55.05 + 1.27 58.73 £ 1.27
Melanin concentration volume (pg)? 17.48 + 0.50 18.64 + 0.39 17.57 + 0.39 17.65 + 0.39
Average globular hemoglobin concentration (g/dL) 31.33ab + 0.73 31.47ab + 0.57 32.37a + 0.57 29.84b £ 0.57
Total leucocytes (x108 mm?3) 18.20 + 1.70 17.70 + 1.33 17.78 + 1.33 17.49 + 1.33
Neutrofils (%) 44,02 = 2.62 39.87 = 2.05 42.87 = 2.05 39.87 = 2.05
Eosinophils (%) 1.69 + 0.81 1.68 + 0.64 1.90 + 0.64 2.35 + 0.64
Monocytes (%) 1.65 + 0. 1.36 + 0.30 1.70 + 0.30 2.36 £ 0.30
Lymphocytes (%) 52.68 + 2. 57.04 + 1.94 53.48 + 1.94 54.70 £ 1.94
Neutrofils/limphocytes ratio 0.85 + 0. 0.73 + 0.07 0.81 + 0.07 0.74 £ 0.07

Means followed by distinct letters differ (p<0.05) significantly by Tukey test.
L fL = fentoliters, fento = one quadrillionth (10°1%).
2 pg = picogram, pico = one trillionth (10712).

Accordingto Dukes & Reece (2006), values from 30to 34 g/dL
for pigs are normal. The animals that received the essential
oil of oregano + zinc oxide showed values slightly below the
normal, attributed to zinc oxide or to the combination of the
essential oil of oregano + zinc oxide. The average globular
hemoglobin concentration provides the average percentage
of cell volume occupied by hemoglobin and it represents
an aid for the diagnosis of anemias when it is below normal
concentration. In contrast, high concentrations reduce the
solubility of hemoglobin, which may lead to crystallization.
For all other analyzed blood variables, there were no
statistical differences among treatments.

Conclusions

The antioxidant and antimicrobial activities evaluated
in vitro show that essential oil of oregano is a potent
antioxidant, especially in inhibiting the oxidation of fatty
acids and with strong antimicrobial activity. However, the
essential oil of oregano at the studied dose does not
improve growth performance neither prevent diarrhea in
weaned pigs.
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