
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=taar20

Journal of Applied Animal Research

ISSN: 0971-2119 (Print) 0974-1844 (Online) Journal homepage: http://www.tandfonline.com/loi/taar20

Comparison between rosemary and commercial
antioxidant blend on performance, caecal coliform
flora and immunity in broiler chickens fed with
diets containing different levels of poultry fat

Roshanak Khazaei, Ladan Esmailzadeh, Alireza Seidavi & João Simões

To cite this article: Roshanak Khazaei, Ladan Esmailzadeh, Alireza Seidavi & João Simões (2017)
Comparison between rosemary and commercial antioxidant blend on performance, caecal coliform
flora and immunity in broiler chickens fed with diets containing different levels of poultry fat, Journal
of Applied Animal Research, 45:1, 263-267, DOI: 10.1080/09712119.2016.1174125

To link to this article:  https://doi.org/10.1080/09712119.2016.1174125

© 2016 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 18 Apr 2016.

Submit your article to this journal Article views: 736

View related articles View Crossmark data

Citing articles: 1 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=taar20
http://www.tandfonline.com/loi/taar20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/09712119.2016.1174125
https://doi.org/10.1080/09712119.2016.1174125
http://www.tandfonline.com/action/authorSubmission?journalCode=taar20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=taar20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/09712119.2016.1174125
http://www.tandfonline.com/doi/mlt/10.1080/09712119.2016.1174125
http://crossmark.crossref.org/dialog/?doi=10.1080/09712119.2016.1174125&domain=pdf&date_stamp=2016-04-18
http://crossmark.crossref.org/dialog/?doi=10.1080/09712119.2016.1174125&domain=pdf&date_stamp=2016-04-18
http://www.tandfonline.com/doi/citedby/10.1080/09712119.2016.1174125#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/09712119.2016.1174125#tabModule


Comparison between rosemary and commercial antioxidant blend on performance,
caecal coliform flora and immunity in broiler chickens fed with diets containing
different levels of poultry fat
Roshanak Khazaeia, Ladan Esmailzadeha, Alireza Seidavib and João Simõesc

aDepartment of Animal Science, Sanandaj Branch, Islamic Azad University, Sanandaj, Iran; bDepartment of Animal Science, Rasht Branch, Islamic Azad
University, Rasht, Iran; cCECAV, Department of Veterinary Science, University of Trás-os-Montes e Alto Douro, Vila Real, Portugal

ABSTRACT
The aim of the present study was to evaluate the effects of a commercial antioxidant blend (CAB; Loxidan®

TD100) and rosemary powder (RP) on performance, caecal microflora and humoral immunity of broilers
fed with two different dietary poultry fat (PF) levels. Using a 3 × 2 factorial experiment, 180 male Ross
308 broiler chicks were assigned to 6 groups with 3 replicates per group, during a 42-day production
cycle according to each following treatment: 3.5% (Treatment 1, T1) or 6% (Treatment 2, T2) PF without
antioxidants; 0.1% CAB to 3.5% (Treatment 3, T3) or 6% (Treatment 4, T4) PF; and 0.1% RP added to
3.5% (Treatment 5, T5) or 6% (Treatment 6, T6) PF. All birds were vaccinated against Newcastle and
infectious bursal disease virus. During starter, grower or finisher periods the weight gain was higher in
T2 than T1. Feed efficiency was also improved during the first two periods at 6% PF level. On day 42, a
lower number of Escherichia coli colonies on caecal contents were observed when 6% PF and CAB or
RP were added. Plasma antibody titre against infectious bursal disease virus was higher in T2 than T1
and in groups T6 and T5 than T2 or T1. Both additives showed advantages, mainly in broilers fed with
6% PF.
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1. Introduction

Nowadays oils and fats are one of common feed ingredients of
broilers. The inclusion of fat, mainly triacylglycerols, in broiler
diet until 40 g/kg (Leeson & Summer 2005) shows several
advantages. Fat is a high energy source, improves the diet palat-
ability and fat–vitamin absorption, increases the intestinal
absorption of all nutrients reducing the passage rate of
digesta, modulates immunity, modifies meat composition and
quality, and can be a relatively economic feed (sub)product
from crop, livestock and fishery industries (Baiao & Lara 2005;
Nayebpor et al. 2007; Febel et al. 2008; Kellems & Church
2010). However, oxidation (oxidative rancidity) is the
main deterioration process in fats and oils and lipid-based feed-
stuffs. The oxidation process is related to a decrease in nutri-
tional value, feed palatability and broiler performance, and
can also cause health problems (Baiao & Lara 2005; Tavarez
et al. 2011)

Adding antioxidants to poultry feed is one of the most
efficient strategies to protect the sensitive nutrients in
feedstuffs. Some natural antioxidants and synthetic or com-
mercial antioxidant blend (CAB) compounds for feed inclusion
were recently studied and available in order to use in
the poultry industry (Tavarez et al. 2011; Delles et al. 2014;
Lu et al. 2014).

Whereas synthetic additives can be used in intensive
animal production, natural antioxidants can be advantageous
for organic poultry production, and their effects on animal

physiology, including performance and beneficial or detrimen-
tal bacteria prevailing on gut, should be exhaustively evalu-
ated. Rosemary (Rosmarinus officinalis L.) is an aromatic herb.
Natural major active compounds are carnosol, rosmanol and
their acid forms or flavonoids (Ibañez et al. 2003). This plant
shows antioxidant and antimicrobial qualities and can
modify bird physiology (Moreno et al. 2006). This additive
can be supplied at broiler diet as rosemary powder (RP) form
(Ghazalah & Ali 2008) or using their essential oils (Yesilbag
et al. 2011). Recently, we have tested in our laboratories the
effect of RP, as feed additive, on broilers performance and
gut gross morphometry (Rostami et al. 2015). However, to
our knowledge, the effects of RP on bird physiology were
not sufficiently evaluated in broilers fed at different levels of
poultry fat (PF).

On the other hand, the infectious bursal disease (IBD) and
Newcastle disease are viral infections observed worldwide,
which cause significant economic losses in the broiler pro-
duction industry (Miller et al. 2009, Müller et al. 2012). Other
than vaccination and biosecurity measures, new approaches
are necessary in order to improve broiler immunity and resist-
ance to virus infection.

The main aims of the present study were to evaluate and
compare the effects of RP and CAB, (Loxidan® TD 100) incorpor-
ated on diets with different PF levels, on performance, caecum
Escherichia coli microflora, haematological traits and humoral
immune response against IB and Newcastle diseases virus of
broiler chickens.
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2. Material and methods

2.1. Animals and housing

A total of 180-day-old male Ross 308 broiler chicks were allo-
cated to 18 land cages (150 cm × 100 cm × 60 cm; 6 groups ×
3 replicates; 10 birds in each group) and fed 6 diets for 42
days during 2013. The mean birth body weights were similar
between each cages. They were given free access to water
and a feed throughout experiment period.

At placement time, ambient temperature was controlled at
32°C and decreased periodically to 24°C at 3 weeks of age
and was maintained at 24°C until the termination of the
investigation.

Humidity was added to the barn atmosphere via a water
spray to maintain relative humidity between 55% and 65%.

Air circulation within the poultry barn was facilitated by
three wall-mounted 60 cm diameter fans on one end of the
barn and 160 cm diameter wall-mounted fans on the other
end of the barn to establish tunnel ventilation.

Lighting was provided by 23 w fluorescent tubes in ceiling
fixtures. Constant light was provided on day 1, but on day 2,
lighting was established at 21 h per day until the end of the
study.

A vaccination programme against Avian Influenza disease
(1st day of age; Avian Influenza – H9N2; Razi Co, Karaj, Iran),
Infectious Bronchitis disease (1st, 20th and 33rd day of age;
Infectious Bronchitis Virus – H120; Razi Co, Karaj, Iran), IBD
(16th and 29th day of age; Gumboro IBD071IR; Razi Co, Karaj,
Iran) and Newcastle disease (8th and 29th day of age; Newcastle
lentogenic vaccine; strains Hitchner B1 and La Sota; Razi Co,
Karaj, Iran) virus was practiced, in order to simulate a classical
vaccination programme.

All procedures have been approved by the Authors’ Insti-
tution’s Ethic Committee, and care was taken to minimize the
number of animals used.

2.2. Diets and experimental treatments

A three-phase feeding programme was used in this investi-
gation and consisted of provision of starter feed from 1st to
10th day, grower feed from 11th to 24th day and finisher
feed from 25th to 42nd day. The composition of the diets is
given in Table 1. The diets met or exceeded Ross 308 catalogue
recommendations. All experimental diets were provided in
powder form.

The CAB compounds (Loxidan® TD 100) were a mix of 6%
Propyl gallate (E 310), 2.4% ethoxyquin (E 324), 17% butylated
hydroxytoluene (E 321) and 25% citric acid (E 330), according
to the manufacturer-provided information (Lohmann Animal
Health, Germany).

The RP and CAB and/or bentonite were added to each diet
according each treatment.

The experimental design, a 3 × 2 factorial arrangement,
included six treatments with three replicates for each treat-
ment. Environmental conditions were similar for all following
treatments: Treatment 1 (T1) – diets included 3.5% PF (extracted
viscera oil) without antioxidants (0%); Treatment 2 (T2) – diets
included 6.0% PF without antioxidants (0%); Treatment 3 (T3)

– diets included 3.5% PF and Loxidan® TD 100 powder as anti-
oxidant (0.1% in diet); Treatment 4 (T4) – diets included 6.0%
PF and Loxidan® TD 100 powder as antioxidant (0.1% in diet);
Treatment 5 (T5) – diets included 3.5% PF and RP as antioxidant
(0.1% in diet) and Treatment 6 (T6) – diet included 6.0% PF and
RP as antioxidant (0.1% in diet).

2.3. Studied traits

2.3.1. Performance
On the 7th, 10th, 24th and 42nd day of age, body weight and
feed intake were measured. Feed efficiency (total feed intake/
total body weight gain) during each period was calculated.

2.3.2. Immunity
Humoral immune response of chickens to the Newcastle
vaccine was sampled on 29th day of age and measured
based on haemagglutination-inhibition test (Allan & Gough
1974). Humoral immune response of chickens to the IB
vaccine was sampled also on 29th day of age and measured
based on ELISA method (IDEXX Laboratories, B.V., The Nether-
lands), according to manufacturer’s instructions.

2.3.3. Microbiological cultures
Agar plates were streaked with caecum contents on 42nd day
from one bird of each replicate, and sent to the laboratory. To
determinate E. coli growth and colony counts, the agar plates
streaked on the site were used. Collecting tubes were
weighed, wrapped in aluminium sheet and autoclaved for 10
min. The culture medium was prepared and 24 h before collect-
ing samples were poured into the Petri dish. Metilan Blou (EMB,
1.01347.0500) to culture E. coli was used. Samples were trans-
ferred to the laboratory in the listed tubes and again
weighed. The amount of sample in each tube was calculated
from the difference between these two values. Tubes were
shaken for approximately 30 min. The action was performed
for bacteria isolated from caecum contents and preparation of
suspension. One millilitre was removed from the prepared sus-
pension and was added into 9 ml buffer phosphate saline in the
other tube. So the concerned suspension was prepared from
dilutions 10–1 and serial dilutions were done (10–2, 10–3, 10–
4, 10–5 and 10–6). One hundred microlitre was removed from
(10–4, 10–5 and 10–6) dilutions and poured into the Petri dish
previously prepared containing the medium and completely
distributed to all parts of the medium. Counting bacteria in
Petri dishes was done by colony counter. Bacterial counts
were reported as logarithm number of bacteria per 1 g sample.

2.4. Statistical analyses

Data were analysed by analysis of variance using a 3 × 2 factorial
arrangement with three antioxidant type treatments (no antiox-
idant, RP powder and Loxidan® TD 100) and two dietary fat-level
treatments (3.5% and 6.0% in diet), using a two-way ANOVA
procedure (SPSS 1997) and based on Yijk = μ + Ai + Bj + ABij +
eijk formula. The Duncan post hoc test was used if the initial
test result was significant at p < .05.

Statements of significance were based on p < .05.
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3. Results

During the starter period, broilers fed with 6.0% PF showed a
higher feed intake on 7th day than fed with 3.5% PF (183.4
versus 175.1 ± 2.5 g, respectively; ± SEM; p < .05). On 10th day,
the body weight was also higher when birds were fed with
6.0% PF (271.5 g) than fed with 3.5% PF (266.0 ± 1.7 g;
p < .05). However, no significant differences (p > .05) were
observed between the six treatments for both antioxidants vari-
ables or for feed efficiency, throughout the starter period.

During the grower and finisher periods, the body weight
gain was higher (p < .05) in groups T5 or T6 than in group T1
(Table 2). However, in overall (from 1st to 42nd day), the body
weight (2542.9 ± 121.4 g), feed intake (5369.1 ± 337.7 g) and
feed efficiency (2.67 ± 0.18) of broilers were similar (p > .05)
between all groups.

On 42nd day, CAB or RP feed additives reduced (p < .05) the
E. coli colonies number in caecum (Figure 1).

Both RP and CAB feed additives also improved antibody titre
against IBD virus (Figure 2). Inversely, antibody titre against
Newcastle disease virus remained similar (p > .05) in all
groups (T1 = 4.67 ± 0.61 lg2).

4. Discussion

In summary, the present study demonstrated that both CAB and
RP and diets supplemented with 6.0% PF can be advantageous
mainly in order to modulate the caecal coliform microflora and
improve humoral immunity against IB in broilers. Although final
performances were similar between groups, diets sup-
plemented with 6.0% PF also can promote the bird weight in
specific growth periods, improving feed efficiency. Additionally,
both antioxidants can increase the body weight during the fin-
isher period in broilers fed with 6% PF.

The higher feed intake and body weight on 10th day of age
observed in birds fed with 6.0% PF than fed with 3.5% PF during
the starter period suggest that the fat digestibility was not a
growth-restrictive factor, and is in consonance with the results
obtained by Noy and Sklan (1995) and Zelenka et al. (1997).
However, a limitation of fat digestion and absorption in
young chickens due low duodenal lipase levels was observed
by Al-Marzooqi and Leeson (1999). Lipase secretion increased
20–100-fold until 21st day (Noy & Sklan 1995).

Although in our study all performances were similar (p > .05)
between groups at the end of production cycle, the body

Table 1. Feed ingredients and nutrient analysis of used diets during experiment.

Ingredient (g/kg)
Starter period

(1st–10th day of age)
Grower period

(11th–24th day of age)
Finisher period

(25th–42nd day of age)

Oil (PF) 35.0 60.0 35.0 60.0 35.0 60.0
Corn 465.2 362.2 533.5 458.1 610.5 537.3
Soybean meal 348.8 370.7 302.4 315.6 256.8 266.7
Gluten 65.0 90.0 40.0 40.0 25.0 25.0
Meat meal 40.0 33.6 40.0 40.0 35.00 35.0
DL-methionine 2.6 2.1 2.1 2.2 2.0 2.1
Lysine-hydrochloride 3.5 3.0 2.1 1.9 2.0 1.9
Threonine 0.7 0.3 0.3 0.3 0.4 0.4
Choline 1.0 1.0 1.0 1.0 1.0 1.0
Ca%22P%18 15.4 16.3 15.8 16.0 12.3 12.6
CaCO3 10.9 11.1 10.9 10.8 8.6 8.4
NaHCO3 2.2 2.0 1.6 1.5 1.7 1.6
NaCl 1.6 1.9 2.0 2.2 2.1 2.2
Mineral mixturea 1.25 1.25 1.0 1.0 1.0 1.0
Vitamin mixtureb 1.25 1.25 1.0 1.0 1.0 1.0
Bentonite 5.6 43.3 11.3 48.4 5.6 43.8
Total 1000 1000 1000 1000 1000 1000
Nutrient analysis
Energy (ME) (kcal/kg) 3025.0 3025.0 3060.0 3060.0 3150.0 3150.0
Crude protein (%) 24.53 24.36 22.17 22.18 19.57 19.45
Dry matter (%) 89.75 90.45 89.54 90.13 89.24 89.83
Lysine (SID) (%) 1.36 1.36 1.13 1.13 1.01 1.01
Methionine (SID) (%) 0.63 0.64 0.53 0.54 0.48 0.49
Met + Cys (SID) (%) 0.98 0.98 0.84 0.84 0.76 0.76
Threonine (SID) (%) 0.86 0.86 0.73 0.73 0.66 0.66
Tryptophan (SID) (%) 0.24 0.24 0.21 0.22 0.19 0.19
Arginine (SID) (%) 1.44 1.45 1.28 1.29 1.13 1.13
Iso-leucine (SID) (%) 0.93 0.94 0.81 0.82 0.71 0.71
Valine (SID) (%) 1.03 1.03 0.91 0.91 0.81 0.80
Leucine (SID) (%) 2.16 2.13 1.85 1.82 1.63 1.59
Calcium (%) 1.05 2.60 1.05 1.05 0.85 0.85
Available phosphorus (%) 0.50 0.50 0.50 0.50 0.42 0.42
Sodium (%) 0.16 0.16 0.16 0.16 0.16 0.16
Potassium (%) 0.88 0.89 0.80 0.80 0.72 0.72
Chloride (%) 0.23 0.23 0.23 0.23 0.23 0.23
DCAB (mEq/kg) 230.02 233.78 208.95 209.88 189.39 188.82
Choline (g/kg) 1.9 1.9 1.8 1.8 1.7 1.7
Linoleic Acid (%) 1.32 1.17 1.39 1.25 1.48 1.34
Ether extract (%) 5.91 8.00 6.07 8.29 6.22 8.45
Crude fibre (%) 3.58 3.57 3.32 3.27 3.10 3.03

Note: PF, poultry fat; SID, standardized ileal digestible.
aCu: 3 mg/g; Zn: 15 mg/g; Mn: 20 mg/g; Fe: 10 mg/g; K: 0.3 mg/g.
bVitamin A: 5000 IU/g; Vitamin D3: 500 IU/g; Vitamin E: 3 mg/g; Vitamin K3: 1.5 mg/g; Vitamin B6: 13 mg/g; Vitamin B2: 1 mg/g; Calcium Pantothenate: 4 mg/g; Niacin:
15 mg/g.
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weight gain was higher in broilers fed with 6.0% PF than 3.5%
PF when only starter, grower or finisher period was considered.
Ghazalah et al. (2008) also observed that dietary 5% PF improve
performances (body weight, body weight gain and feed conver-
sion ratio) in broilers under heat stress conditions. In their study,
this performance also increased when metabolizable energy
was improved. However, in the present study, metabolizable
energy presumably remained constant in both dietary PF
levels and the feed efficiency improved during each period.
Nobakht (2012) has not observed adverse effects on perform-
ance when broilers were supplemented with 6% PF, but
vitamin E, a strong antioxidant, interacted negatively with PF.

In our study, a positive effect of both additives and 6.0% PF
was observed on E. coli colony counts of caecal contents, a
habitual commensal bacteria. This number reduction is very
important due to the potential control of several potential
(non-) pathogenic E. coli strains in caecum, a major gut
segment for bacterial fermentation and nutrients absorption
(Seidavi et al. 2010). Our results also suggest that both additives
can help the modulation of caecal microflora in order to substi-
tute antimicrobial substances as growth promoters.

In the present study, the humoral response against IBD, but
not against Newcastle disease, was improved by CAB, RP or

6.0% PF. An improvement of antibody titre against IB virus
was also observed by Nayebport et al. (2007) when 2–4–6%
soybean oil was increased in diet. However, antibody titre
against IBD virus or Newcastle disease virus was not enhanced
using dietary rosemary oils at 100 mg/kg level (Abd El-Latif et al.
2013). Maybe the humoral immunity enhancement observed in
our study was related with the presence of polyunsaturated
fatty acids (PUFA) from PF. Al-Khalifa et al. (2012) suggested
that broiler chickens diets rich in n-3 PUFA can have detrimental
effects on immunity with and consequently risk of infection
should be determined. However, dietary n-3 PUFA enrichment
can improve resistance and cellular immune response against
IBD, also increasing performance in a dose-dependent
manner (Maroufyan et al. 2012).

5. Conclusion

Our results suggest that CAB and RP additives can be used in
diets with 6.0% PF in order to improve broilers health, modulat-
ing the caecal microflora and the humoral immune against IBD
virus. Both CAB and RP additives also can interact with dietary

Table 2. Performance means between groups of 180 Ross 308 broilers fed with diets containing the different levels of oil and antioxidants during the grower and finisher
periods.

Treatment

Trait

From 11st to 24th day From 1st to 24th day From 25th to 42nd day

Weight gain (g) Feed efficiency Weight gain (g) Feed efficiency Weight gain (g)

PF (% in diet) 3.5 888.8a 1.77a 1154.8a 1.62a 1346.3a

6.0 975.4b 1.46b 1246.9b 1.39b 1571.0b

(±SEM) (±20.5) (±0.05) (±20.5) (±0.04) (±67.5)
Antioxidant 0 890.0 1.68 1159.2 1.55 1342.8

CAB 926.5 1.72 1196.1 1.58 1500.8
RP 979.8 1.46 1247.2 1.38 1532.2
(±SEM) (±25.1) (±0.06) (±25.1) (±0.05) (±82.7)

T1 – 3.5% PF 834.0a 1.92a 1100.0a 1.73a 1298.0a

T2 – 6.0% PF 946.0b,c 1.42b 1218.3b,c 1.36b,c 1387.7b

T3 – 3.5% PF + CAB 901.3a,c 1.88a 1167.0a,c 1.70a 1423.3b

T4 – 3.5% PF + RP 931.0a,c 1.52c 1197.3a,c 1.43b,c 1317.6a

T5 – 6.0% PF + CAB 951.7b,c 1.56c 1225.3b,c 1.46b 1578.3c

T6 – 6.0% PF + RP 1028.7b 1.39b 1297.0b 1.33c 1746.9d

(±SEM) (±35.4) (±0.09) (±35.4) (±0.07) (±117.0)

Notes: PF – poultry fat; CAB – commercial antioxidant blend (Loxidan® TD 100 at 0.1% in diet); RP – rosemary powder at 0.1% in diet. a,b,c,d – Different letters within the
same column indicate significant differences among treatment groups (p < .05).

Figure 1. Caecal Escherichia colimean colony counts (SEM ± 1 420) on 42nd day of
age in 18 Ross 308 broilers fed with diets containing the different levels of oil and
antioxidants. PF – poultry fat; CAB – commercial antioxidant blend (Loxidan® TD
100 at 0.1% in diet); RP – rosemary powder at 0.1% in diet.

Figure 2. Immune response mean (SEM ± 235.9) after vaccination against infec-
tious bursal disease virus of 18 Ross 308 broilers fed with diets containing the
different levels of oil and antioxidants. PF – poultry fat; CAB – commercial antiox-
idant blend (Loxidan® TD 100 at 0.1% in diet); RP – rosemary powder at 0.1% in
diet.
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PF improving the bird body weight and can be used in organic
and conventional, respectively.
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