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Abstract

The aim of this study was to investigate the effects of dietary supplementation with cinnamon oil
on growth performance, behaviour, carcass traits and meat quality of broilers. One hundred and
thirty-five Cobb 700 day-old broiler chickens were randomly assigned into three equal treatment
groups with three replicates (pens) of fifteen chickens each. The dietary treatments consisted of
the basal diet as control (C) and basal diet supplemented with 0.5 (C1) or 1.0 (C2) ml of cinnamon
oil per kg of feed. On day 49, 5 birds from each pen (15 per treatment) were slaughtered and the
pectoralis major muscle samples were collected for meat quality evaluation. No effect of cinnamon
oil supplementation on the probability of a bird standing at the feeder or the drinker was observed
until the age of 17 days. Moreover, cinnamon oil supplementation did not affect body weight, feed
intake and feed conversion ratio. No significant differences were also found in internal organs’
weights and carcass characteristics among the treatments, although cold carcass weight was the
lightest in the C1 group. At the same time, colour parameters, pH,,, cooking loss, intramuscular
fat and shear values were not affected by diets. The extent of lipid oxidation in raw pectoralis major
muscle stored at 4°C for up to 9 days or at —20°C for up to 6 months was also not influenced by
the dietary treatment. The present findings suggest that cinnamon oil at the selected concentra-
tions may not have the potential to improve broiler growth performance, carcass and meat quality
characteristics.
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Broiler meat has many desirable nutritional characteristics, such as low intramus-

cular fat content and relatively high concentrations of polyunsaturated fatty acids
(PUFAs). However, increasing the degree of unsaturation of muscle membranes by
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dietary manipulation increases the susceptibility of poultry meat to oxidative de-
terioration (Engberg et al., 1996). Oxidation by free radicals is one of the primary
mechanisms of quality deterioration in foods and especially in meat products. It is
initiated in the highly-unsaturated fatty acid fraction of membrane phospholipids,
leading to the production of hydroperoxides, which are susceptible to further oxida-
tion or decomposition to secondary reaction products such as short-chain aldehydes,
ketones and other oxygenated compounds. These compounds may adversely affect
lipids, pigments, proteins, carbohydrates, vitamins and the overall quality of prod-
ucts by causing loss of flavour, colour and nutritive value and limiting shelf life
(Kanner, 1994).

Considerable interest has recently arisen in the use of natural products that would
serve as alternatives to synthetic compounds aiming to improve meat quality, with-
out leaving residues in the product or the environment. The use of natural antioxi-
dants can extend the shelf life and increase the acceptability of chicken meat by
the consumers (Fellenberg and Speisky, 2006). Furthermore, nutritional approaches
(in vivo) are often more effective than direct post mortem addition (in vitro) of the
antioxidant to the muscle because the compound is deposited where it is most need-
ed. Antioxidant supplementation allows its incorporation into the subcellular mem-
branes where it can effectively inhibit the oxidative reactions at their localized sites
and improve meat quality due to delayed lipid oxidation and muscle discoloration
(Govaris et al., 2004).

Cinnamomum zeylanicum Blume (Lauracae) is a tropical tree that grows wild
mainly in Sri Lanka, but also in Madagascar, India and Indochina (Bakkali et al.,
2008). The main compounds of cinnamon oil are cinnamaldehyde, benzaldehyde,
limonene, linalool and eugenol (Baratta et al., 1998); the major constituent of cin-
namon bark oil is cinnamaldehyde and, on the other hand, cinnamon leaf is rich
in eugenol (Ranasinghe et al., 2002). It has antioxidant properties and its action is
mainly attributed to cinnamaldehyde and eugenol, substances that react with lipid
and hydroxyl radicals converting them into stable products through their hydrogen-
donating ability (Jayaprakasha et al., 2007). In detail, components of cinnamon oil
appear to intercept the free radical chain of oxidation and donate hydrogen from the
phenolic hydroxyl groups, thereby forming a stable end-product which does not initi-
ate or propagate further oxidation of lipid (Jayaprakasha et al., 2004).

Scarce data exist regarding the influence of cinnamon oil incorporation in diet of
broilers on the oxidative stability of derived meat. The objective of this study was
to determine the effect of cinnamon (Cinnamomum zeylanicum) oil supplementation
on meat oxidative stability as well as on feeding behaviour, growth performance,
carcass traits and meat quality characteristics of broilers.

Material and methods
Animals and diets

One hundred and thirty-five Cobb 700 day-old broiler chickens, purchased from
a local commercial hatchery, were weighed and randomly assigned into three equal
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treatment groups with three replicates (pens) of fifteen chickens each. One of the
groups was the control (C) and was given basal diets, whereas the other two groups
were given the same diets further supplemented with cinnamon oil at 0.5 ml/kg feed
(C1), or at 1.0 ml/kg feed (C2). Concentration levels of cinnamon oil were chosen
based on the existing literature.

Table 1. Composition and calculated analysis of the control diet

Starter Finisher
(1-224d) (2348 d)
Composition (%)
maize 432 52.7
soybean meal (44% protein) 315 20.0
wheat 20.0 15.0
wheat bran - 9.0
soybean oil 1.9 -
salt (NaCl) 0.3 0.3
dicalcium phosphate - 0.5
limestone 0.5 1.5
vitamin and mineral premix 2.5% 1.0%*
Calculated analysis (%)

dry matter - DM 88.0 88.0
digestible energy (MJ/ kg) 12.5 11.7
crude protein — CP 20.0 18.0
lysine 1.2 0.9
methionine and cystine 0.8 0.6
ash 6.0 6.0
fat 5.0 3.5
calcium 0.8 1.0
total phosphorus 0.7 0.6

“Premix contained per kg: 2.6 g Mn, 1.4 g Fe, 0.2 g Cu, 1.5 g Zn, 7 mg Se, 28 mg Co, 28 mg I, 100.8 mg
retinol (vitamin A), 2.1 mg cholecalciferol (vitamin D,), 0.42 g tocopherol (vitamin E), 56 mg menadione (vita-
min K), 42 mg thiamine (vitamin B,), 140 mg riboflavin (vitamin B,), 1.18 g niacin (vitamin B,), 14 g phytase
and 14 g choline.

“Premix contained per kg: 7 g Mn, 5 g Fe, 0.8 g Cu, 5 g Zn, 20 mg Se, 100 mg I, 100 mg Co, 360 mg retinol
(vitamin A), 7.5 mg cholecalciferol (vitamin D,), 1 g tocopherol (vitamin E), 200 mg menadione (vitamin K),
150 mg thiamine (vitamin B,), 500 mg riboflavin (vitamin B,), 4.25 g niacin (vitamin B,) and 35 g choline.

Broilers of each group were kept in identical floor pens (3 m?), with the same
orientation. Each pen contained one bell drinker and one feeder in the same location
and the floor was cemented and covered with a 5 cm-deep layer of fresh straw. Con-
ventional husbandry procedures were employed throughout the experiment (light
exposure programme: 0—1 days: 24 h; 2—7 days: 23 h; 8-24 days: 15 h; 25-42 days:
18 h; 43 days: 19 h; 44 days: 20 h; 45 days: 21h; 46 days: 22 h; 47 days: 23 h;
48 days: 24 h, according to the Cobb 700 broiler commercial management guide).
Room temperature was maintained at 32+1°C during the first week of the study and
gradually decreased to 24°C by the end of the third week. Mortality rates of broilers
were recorded.
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The feeding programme consisted of a starter diet until 21 days of age and
a finisher diet until the end of the experiment (49 days) (Table 1). Cinnamon oil used
in the present study was purchased from Benforado D.S.A. (Athens, Greece). It was
extracted from the leaves of Cinnamomum zeylanicum and was stored in a stain-
less sealed container, appropriate for volatile compounds (1 1). Cinnamon oil main
components were (%): eugenol (76.70), benzaldehyde (9.90), limonene (4.40) and
cinnamaldehyde (1.30) (R.C. Treatt Ltd, Suffolk, UK). The preparation of cinna-
mon supplemented diets was carried out every 5 days, throughout the experimental
period. In detail, feed was placed in a plastic container and was sprayed gradually
with cinnamon oil (0.5 or 1 ml/kg). Feed was continuously mixed during spraying,
with the intention to obtain a uniform distribution. After the application of the es-
sential oil, container was sealed firmly so as to minimize the evaporation of volatile
compounds. The size of container was 0.125 m?® (length x width x height: 0.5 m x
0.5m x 0.5 m).

Feed and water were available ad libitum. Feed intake (FI) per pen and individual
body weight (BW) of broilers were recorded weekly to estimate the respective feed
conversion ratio (FCR) values. Moreover, broilers’ behaviour was recorded daily un-
til the 17th day of their age, using three Panasonic PV120 video cameras fitted with
a 3.6 mm lens. Each camera was placed in a fixed position in order to record be-
haviour patterns in each pen (1 pen randomly selected per treatment group). The
recorded data were then stored in a digital video recorder equipped with a hard disk
(TX168, Telexper Inc, USA). The number of birds standing over a feeder or a drinker
with its head towards the trough was recorded, by using time-lapse photography,
every ten minutes of an hour.

Finally, at day 49 of age, forty-five chickens (15 per treatment group) were
stunned, slaughtered and weights of liver, heart, gizzard and abdominal fat were
measured using an electronic precision balance. After overnight chilling, carcasses
were weighed and trimmed for breast fillets by removing skin and bones. The right
fillet was used for the estimation of meat quality parameters and the left one for
lipid oxidation measurements. The methods used in the present experiment were in
accordance with the national legislation and the guidelines of the Research Ethics
Committee of the Department of Animal Science and Aquaculture of the Agricultural
University of Athens.

Meat quality evaluation

Colour and pH,,

Pectoralis major muscle tissue samples left exposed to the air at room tempera-
ture for 30 min and meat colour were measured (3 measurements per sample) using
a Miniscan XE (HunterLab, Reston, USA) chromameter set on the L*, a*, b* system
(Commission International de I’Eclairage, 1976). White and black tiles were used as
standards. pH,, was measured using a Sentron 1001 pH System (Roden, the Neth-
erlands) model, with the electrode inserted into the right section of the pectoralis
major muscle 24 hours after slaughter. The pH meter was calibrated at pH 4.0 and
7.0 (Merck, Darmstadt, Germany), at ambient temperature.
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Shear force value and cooking loss

The right pectoralis major muscle was weighed, placed in plastic bag and cooked
in a water bath at 85°C for 30 min, left under running water for 15 min and then
left equilibrating, at room temperature. The samples were weighed again, in order
to estimate the percentage of cooking loss (%). Shear force was evaluated, as de-
scribed by Cason et al. (1997), on samples cut perpendicularly to the fibre direction
using a Zwick Testing Machine Model Z2.5/TN1S (Zwick GmbH & Co, Germany),
equipped with a Warner-Bratzler shear. Peak force values in N/mm? were recorded.

Measurement of intramuscular fat

Intramuscular fat (IMF) was measured according to the method first described by
Folch et al. (1957). Tissue samples were homogenized with 2:1 chloroform-metha-
nol mixture to a final 20-fold dilution, of the tissue volume of the sample. The crude
extract was diluted 1/5 of its volume with water and separated in two phases. The
lower phase contained the tissue lipids.

Measurement of lipid oxidation (MDA analysis)

Lipid oxidation was assessed on the basis of the malondialdehyde (MDA) formed
during storage, a secondary lipid oxidation product formed by hydrolysis of lipid
hydroperoxides. In the present study, MDA concentration in pectoralis major muscle
samples was determined by using a selective third-order derivative spectrophotomet-
ric method (Botsoglou et al., 1994) on days 1, 3, 6 and 9 and 4, 5 and 6 months after
storage at 4°C and —20°C, respectively. Derivative versus conventional spectropho-
tometry was adopted because it offers improved sensitivity, specificity and reliability
of the measurements, since it eliminates potential interferences from other reactive
compounds.

Statistical analysis

Performance, carcass and meat quality data were analysed with the MIXED pro-
cedure of SAS software (SAS Institute, 2005), with cinnamon oil treatment as the
fixed effect. MDA concentration was evaluated with a repeated measures model.
MDA, shear force and liver percentage values were log transformed prior to statisti-
cal analysis in order to meet ANOVA requirements for normal distribution and ho-
mogeneity of variances. The Bonferroni adjustment was used for mean comparisons
and the significance level was set at 0.05. Means are presented as least square means
+ standard error.

Behavioural data were analysed using bivariate mixed effects logistic regression.
We assumed that Mij ~ Bin (ni, Pij), where Mij denotes the number of the birds
standing over a feeder (i=1), standing over a drinker (j=2), ni the total number of
birds in pen i, Pij the probability of a random bird standing over a feeder or a drinker
and Bin represents the binomial distribution.

The basic model was as follows:

logit (Pijk) =t + o, + f, +,



888 G.K. Symeon et al.

where:
logit (p) is the log (p/ [1-p]) transformation,
P, is the probability of a chicken standing over a feeder or a drinker,
1 — the overall mean,
a,— the effect of age,
. — the effect of the time of the day,

V; — the random effect.

We assumed different random effects for standing over a feeder or a drinker. In
addition, random effects within treatment were also correlated in order to capture the
potential dependence on the effects, in the birds’ behaviour. Statistical analyses were
performed using the WINBUGS 1.4.3 software (Bayesian inference using Gibbs
Sampling, Lunn et al., 2000).

Results

Growth performance

There were no significant differences in the values of BW, FI and FCR (P>0.05)
among the groups (Table 2). At the same time, the incorporation of cinnamon oil in
diet of broilers appeared not to influence mortality rates (4.44, 6.67 and 4.44 in C,
C1 and C2 group, respectively).

Table 2. Effect of different levels of cinnamon oil dietary supplementation on growth performance
parameters of broilers (least square means + standard error)

Cinnamon oil supplementation
(ml/kg feed) Pooled |Significance level
0 05 0 S.EM.* (P-value)
Final body weight (g) 2818 2675 2524 87 0.148
Cumulative feed intake (g) 6307 6762 6222 323 0.507
Feed conversion ratio (FCR) 2.24 2.55 247 0.16 0.508

*Standard error of the means.
No significant differences were found among the treatment groups.

Broilers’ behaviour

Pf (mean coefficient estimates (95% confidence interval) of 1.661 (0.747, 2.286)
vs 1.570 (0.646, 2.189) vs 1.320 (0.406, 1.926) for the Control, C1 and C2 group,
respectively) and Pw (mean coefficient estimates (95% confidence interval) of 4.884
(3.212, 6.258) vs 4.746 (3.136, 6.172) vs 6.610 (2.993, 6.040) for the Control, C1
and C2 group, respectively) probabilities were not influenced by the cinnamon oil
supplementation (Table 3).

Moreover, both age and time of the day had a minor negative significant ef-
fect on Pw with a mean coefficient estimate of —0.02869 (—0.04091, —0.01643) and
—0.01444 (—0.02193, 0.00609) (95% confidence interval) for age and time of the
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day, respectively. On the other hand, Pf was positively correlated with age (mean
coefficient estimate of 0.00789 with a 95% confidence interval between —0.00282
and 0.01780) but negatively with the time of the day (mean coefficient estimate of
—0.1164 with a 95% confidence interval between —0.01800 and —0.00512). Pf was
significantly correlated with Pw with a correlation coefficient of 0.1246 (0.0773,
01713) (95% confidence interval).

Table 3. Estimates (95% confidence intervals) of cinnamon essential oil dietary supplementation effect
on the probability of a chicken standing at the feeder (Pf) or the drinker (Pw)

Cinnamon oil supplementation (ml/kg feed)

0 0.5 1.0

Pf 1.661 1.570 1.320
(0.749, 2.286) (0.646, 2.189) (0.406, 1.926)

Pw 4.844 4.746 4.610
(3.212, 6.258) (3.136, 6.172) (2.993, 6.040)

No significant differences were found among the treatment groups.

Internal organs (liver, heart, gizzard) and abdominal fat

The different levels of cinnamon oil supplementation did not influence abdomi-
nal fat and internal organs’ (liver, heart and gizzard) weight (g) among the broiler
groups (Table 4).

Table 4. Effect of cinnamon oil dietary supplementation on weight (g) of broiler internal organs at
slaughter (least square means + standard error)

Cinnamon oil supplementation (ml/kg feed) Pooled Significance level
0 05 1.0 S.EM.* (P-value)
Liver 522 49.8 50.0 2.3 0.754
Heart 14.2 15.2 14.7 1.1 0.821
Gizzard 33.1 29.7 29.8 1.6 0.325
Abdominal fat 37.8 28.0 35.8 4.1 0.297

*Standard error of the means.
No significant differences were found among the treatment groups.

Carcass and meat quality characteristics

Cold carcass of the control group appeared to weigh more compared to the C1
group of broilers (P<0.05). However, cinnamon oil supplementation did not have
a significant effect on the evaluated carcass traits (carcass yield, breast, leg, wing,
back-neck) of broilers (Table 5). Moreover, pectoralis major muscle quality char-
acteristics (pH,,, colour parameters, cooking loss and shear force value) were not
significantly influenced by the dietary treatment (Table 6). No significant effects
of cinnamon oil supplementation on total intramuscular lipids were also found
(Table 6). At the same time, the extent of lipid oxidation in raw pectoralis major
muscle stored at 4°C for up to 9 days or at —20°C for up to 6 months varied with the
storage time but not with the dietary treatment (Table 7).
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Table 5. Effect of cinnamon oil dietary supplementation on carcass characteristics of broilers (least
square means + standard error)

Cinnamon oil supplementation Significance
(ml/kg feed) Pooled level
0 | os | 1o SEMZ | pvalue)
Cold carcass weight (CCW) (g)  2056.6 a 1892.1b 1995.6 ab 44.9 0.047
Carcass yield (%) 73.7 71.0 73.1 1.6 0.432
Breast (% CCW) 383 37.7 39.1 0.5 0.139
Leg (% CCW) 13.8 13.8 13.5 0.2 0.666
Wing (% CCW) 5.1 5.2 5.1 0.1 0.836
Back, neck (% CCW) 24.1 24.5 23.6 0.4 0.247

a, b — mean values with different superscripts within a row differ significantly (P<0.05).
*Standard error of the means.

Table 6. Effect of different levels of cinnamon oil dietary supplementation on meat quality
characteristics of broilers (least square means + standard error)

Cinnamon oil supplementation Significance
(ml/kg feed) Pooled level

0 0.5 1.0 S.EM. (P-value)
pH,, 5.79 5.76 5.82 0.04 0.392
Colour parameters
L* 43.84 43.31 42.38 0.63 0.263
a* 5.20 5.67 5.42 0.29 0.528
b* 10.00 9.89 9.62 0.30 0.669
Intramuscular fat (%) 1.34 1.38 1.33 0.03 0.508
Cooking loss (%) 13.58 14.87 14.55 0.97 0.675
Shear force (N/mm?), log 0.037 0.043 0.036 0.003 0.134

*Standard error of the means.
No significant differences were found among the treatment groups.

Table 7. Effect of refrigerated (at 4°C) or long-term frozen (at —20°C) storage period on lipid oxidation
(MDA — ng/g) of raw pectoralis major muscle (log values) (least square means =+ standard error)

. Cinnamon oil supplementation (ml/kg feed) Pooled

Storage period** 0 05 L0 SEM.*
(days, at 4°C)
1 1.08 0.95 0.98 0.04
3 1.42 1.35 1.27 0.06
6 1.73 1.58 1.56 0.07
9 1.79 1.67 1.69 0.07
(months, at —20°C)
4 1.48 1.48 1.41 0.02
5 1.79 1.72 1.68 0.09
6 1.87 1.90 1.88 0.09

*Standard error of the means.

**Time effect was significant, since oxidation values increased with storage period (P<0.001) but the inter-
action of time with treatment was not significant; no effect of cinnamon oil supplementation on MDA values was
observed (P=0.320). Higher levels of MDA indicate higher rates of lipid oxidation.
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Discussion

Growth performance

In the present study (Table 2), cinnamon oil supplementation did not have an
influence on the BW, FI and FCR of broilers (P>0.05). Different levels of cinnamon
powder (250, 500, 1000 or 2000 mg/kg) (Koochaksaraie et al., 2011) or cinnamon
oil (500-1000 ppm) (Ciftci et al., 2009) appear not to have a significant effect on
feed intake and growth performance of broilers. Barreto et al. (2008) have reached
the same conclusions after the incorporation of a cinnamon extract (1000 ppm) in
diet of broilers. Growth performance of broilers was also not significantly influenced
after the dietary supplementation with cinnamaldehyde (100 ppm) (Lee et al., 2003).
Moreover, no differences in FI and FCR of broilers were found after the dietary in-
corporation of cinnamon powder (2—4 g/kg) (Toghyani et al., 2011) or an essential
oil extract from oregano, cinnamon and pepper (200 ppm) (Hernandez et al., 2004)
or a plant extract (100 ppm) (a blend of clove and cinnamon oil) (Isabel and San-
tos, 2009) in diet of broilers. However, the dietary supplementation with a blend of
oregano, cinnamon and pepper essential oil (200 ppm) (Garcia et al., 2007) improved
FCR (0-42 days).

The exact reasons for the discrepancies between these studies are speculative but
they could have been due to different levels of cinnamon oil supplementation, the
variability in the concentration of the major bioactive compounds (cinnamaldehyde,
eugenol) among the different parts (barks, leaves, flowers etc) of the plant used, the
period of supplementation and the broiler genotype. Moreover, the variability in the
efficacy of cinnamon oil on performance of broilers could also be attributed, among
others, to the composition of the basal diet, level of feed intake, hygienic standards
and environmental conditions. For example, feeds containing highly digestible in-
gredients limit the proliferation of bacteria in the intestinal tract because no adequate
substrate is left for bacterial growth, thereby reducing the antimicrobial potential of
plant extracts. Similar results are observed when birds are raised under low immune
challenge conditions or strict health control (Brenes and Roura, 2010).

Mortality rates were not significantly different among the treatment groups,
as was also demonstrated by Ciftci et al. (2009) in broilers fed a cinnamon oil
(500—1000 ppm) supplemented diet. At the same time, no effect on mortality values
was observed after the dietary supplementation with a plant extract (100 mg/kg) con-
sisting of capsaicin, cinnamaldehyde and carvacrol (Jamroz et al., 2005).

Broilers’ behaviour

According to the knowledge of the authors, there is no data concerning the influ-
ence of cinnamon oil supplementation on the feeding behaviour of broilers. In the
present study, inclusion of cinnamon oil in diet of broilers was not associated with
a significant difference in Pf or Pw probabilities, until the age of 17 days (Table 3).
These findings are in agreement with the results of FI, since no significant differ-
ences were found among the treatment groups (Table 2). On the other hand, Symeon
et al. (2010) observed that dietary oregano essential oil supplementation decreased
the probability of a bird standing at the feeder or the drinker. Moreover, Lee et al.
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(2003) found that dietary cinnamaldehyde supplementation had a negative effect on
water intake.

Significant negative correlations of Pw with age and time of day were demon-
strated. On the other hand, Pf was positively correlated with age but negatively with
the time of the day. It can be concluded that the birds decreased their visits to the
drinkers, but increased their visits to the feeders from the first to the seventeenth
day of recording. The present results are not in accordance with Bokkers and Koene
(2003) who observed that age was negatively correlated to the birds’ movements and
feeding behaviour. A possible explanation is that broilers’ behaviour was recorded
until the 17th day of age and not between the 21st and 42nd day, when the birds
grow faster, get heavier, spend more time lying or sitting and visit the feeders less
often compared to the first days of their life (Savory and Lariviere, 2000). Moreover,
the visits to the feeders and the drinkers became less frequent during the day. It can
be concluded that the frequent presence of birds at the feeders in the early morn-
ing may be attributed to the increased appetite that follows the resting period when
lights are off and is likely to be correlated with the feed stimulus from the daily fill
of feeders.

Internal organs (liver, heart, gizzard) and abdominal fat

The different levels of cinnamon oil supplementation did not influence abdomi-
nal fat and internal organs (liver, heart and gizzard) weight (g) among the groups
(Table 4). No significant differences in the weights of internal organs have also been
found in broilers after the dietary supplementation with cinnamon powder (24 g/kg)
(Toghyani et al., 2011) or cinnamon extract (200 mg/kg) (Barreto et al., 2008) or cin-
namaldehyde (100 ppm) (Lee et al., 2003) or an essential oil extract from oregano,
cinnamon and pepper (200 ppm) (Hernandez et al., 2004). Moreover, the incorpora-
tion of a herbal blend (10 g/kg), containing garlic, cinnamon, thyme, rosemary and
anise, in diet of broilers did not have an effect on the weight of spleen, bursa of
Fabricius, pancreas, gizzard and abdominal fat (Khaligh et al., 2011).

Carcass and meat quality characteristics

As illustrated in Table 5, cinnamon oil supplementation did not have a significant
effect on the evaluated carcass traits (carcass yield, breast, leg, wing, back-neck) of
broilers, although the absolute weight of breast (g) was significantly lower in C1
compared to the other groups (data not shown). Different levels of cinnamon powder
(250, 500, 1000 or 2000 ppm) (Koochaksaraie et al., 2011) or cinnamon oil (500,
1000 ppm) (Ciftci et al., 2009) appear not to have a significant effect on the evaluated
carcass traits. Furthermore, dietary supplementation with a plant extract based on
a blend of clove and cinnamon oil (100 ppm) (Isabel and Santos, 2009) or on
a blend of oregano, cinnamon and pepper oil (200 ppm) (Garcia et al., 2007) also
seems not to influence carcass weight of broilers. However, breast weight (% of car-
cass) appeared to increase after the incorporation of a plant extract based on a blend
of clove and cinnamon oil (100 ppm) (Isabel and Santos, 2009) or a plant extract
(100 mg/kg) consisting of capsaicin, cinnamaldehyde and carvacrol (Jamroz et al.,
2005) in diet of broilers.
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At the same time, quality characteristics of the pectoralis major muscle (pH,,,
colour parameters, cooking loss and shear force value) were not significantly influ-
enced by the dietary treatment (Table 6). In a previous experiment, sensory evalu-
ation also indicated no changes in meat flavour and odour intensity or desirabil-
ity after the dietary supplementation with cinnamon powder (2—4 g/kg) in broilers
(Toghyani et al., 2011).

As presented in Table 7, refrigerated and long-term frozen storage increased the
levels of malondialdehyde (MDA), the compound used as an index of lipid oxida-
tion. However, results indicated that incorporation of cinnamon oil into the broilers
diets at the levels of 0.5 and 1 ml/kg did not significantly influence lipid oxidation
in the refrigerated and long-term frozen pectoralis major muscle samples, although
the MDA values of the cinnamon tended to be lower compared to the control group
(Table 7).

Dietary supplementation has been proved to be a simple and convenient strategy
to uniformly introduce a natural antioxidant into phospholipid membranes where it
may effectively inhibit the oxidative reactions at their localized sites (Lauridsen et
al., 1997). Although cinnamon constituents possess intense antioxidant in vitro ac-
tion and prove beneficial against free radical damage to cell membranes (Dragland
et al., 2003), no effects of cinnamon oil supplementation (in vivo) on lipid oxida-
tion rate were observed in the present study. In contrast with the present findings,
MDA levels were decreased in blood serum after cinnamon oil supplementation in
broilers (250-1000 ppm), possibly due to suppression of lipid peroxidation via the
enhancement of hepatic antioxidant enzyme activities (glutathione peroxidise, su-
peroxide dismutase, catalase, gamma-glutamyl transferase etc) (Faix et al., 2009;
Ciftci et al., 2010). In detail, cinnamon oil supplementation appears to modify the
function of liver, hepatic metabolism and blood glutathione peroxidase activity (Faix
et al., 2009). As a result, polyunsaturated fatty acids (PUFAs) and omega-6 fatty
acid levels are increased, but saturated fatty acids (SFAs) levels are decreased in the
liver (Dalkilic et al., 2009), the serum and the meat (thigh) (Ciftci et al., 2010) of
broilers.

In conclusion, no significant differences of dietary cinnamon oil supplementation
on meat quality characteristics (colour parameters, pH,,, cooking loss, intramuscular
fat and shear values) were observed. The extent of lipid oxidation in raw pectoralis
major muscle stored at 4°C for up to 9 days or at —20°C for up to 6 months was
also not influenced by the dietary treatment. No significant differences were also
found in internal organ weights and carcass characteristics (apart from breast weight)
among the treatment groups. Cinnamon oil supplementation appeared not to affect
the final body weight, feed intake and feed conversion ratio. Finally, cinnamon oil
supplementation was not associated with a significant difference in the probability of
a bird standing at the feeder or the drinker until the age of 17 days. The present re-
sults suggest that cinnamon oil at the selected concentrations (0.5 and 1 ml/kg feed)
may not have the potential to improve broilers’ growth performance, carcass and
meat characteristics. However, further experimentation is warranted to elucidate its
exact action in broiler metabolism and development.
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