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Immune Responsiveness and Performance of Broiler Chickens
Fed a Diet Supplemented with High Levels of Chinese Star
Anise Fruit (Hlicium verum Hook. 1)
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Abstract: The aim of this study was to evaluate the effect of Chinese star arise (Illicium verum Hook. f) on the
performance and immune response of broiler chickens. A total of 288, 1 day old broiler chickens were grown
over a 42 days period. The chickens were weighed individually and randomly assigned to seven treatments.
The chickens in group 1 and 2 (positive and negative control groups, respectively) were fed starter and fimsher
diets without star amse. The chickens undergoing treatments 3-7 were fed the control starter and fimsher
diets supplemented with 1, 2, 4, 6 or 8 g of Chinese star anise per kg of diet, respectively. The weekly body
weight, weight gain, feed intake and feed conversion ratios were measured and the immune responses against
the Newcastle Disease Virus (NDV), the Infectious Bursal Disease Virus (IBDV) and the Infectious Bronchitis
Virus (IBV) were evaluated. The relative weights of the lymphoid organs (thymus, bursa and spleen) were
calculated as a percentage of the live body weight. The groups fed the diet supplemented with 1 or 2 g of star
anise/kg of diet exhibited significant improvements (p<0.05) in their body weight, daily weight gain and feed
conversion ratio. However, there was no sigmficant difference (p=0.05) m their feed mtake. The results showed
that broiler chickens fed the diet supplemented with 6 g ke~ had higher antibody titers against NDV and IBV
whereas the chickens fed the diet containing 1 g kg™' had the highest antibody titers against TBDV. No
significant changes in the relative weights of the lymphoid organs were detected. These results indicate that
Chinese star amise could be used as a natural additive to improve the immune responsiveness and performance

of broiler chickens.
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INTRODUCTION

The administration of antibiotics at sub-therapeutic
levels in poultry as growth promoters results in microbial
resistance to such antibiotics and residues m the poultry
products that can be harmful to consumers. The
deleterious effects of the broad application of antibiotics
in poultry and animals on humans have been well
documented (Pelicano et al., 2004; Edens, 2003). These
concerns have resulted in the restricted use of antibiotics
as growth promoters in the European Union, the United
States and other countries (Castanon, 2007). Following
the ban on the use of antibiotics as growth promoters in
amimal feed, the search for natural and safe altematives
that could be used to improve growth or control diseases
has increased. In this sense, aromatic plants and their
extracts are mnteresting due to their antimicrobial, antiviral
and antifingal effects. Herbal plants have been used in
therapeutic medicine since ancient times and this has led

to increased attention on the study of the chemical and
medicinal properties of many plants (Mothana and
Lindequist, 2005; Radulovic et al., 2007, Pavithra ef af.,
2010).

Chinese star anise ([{licium verum) 1s an aromatic
evergreen plant with a star-shaped fruit that i1s
native to China. Chinese star anise contains several
compounds phenylpropanoids, neolignans,
seco-prezizaane-type sesquiterpenes (Wang et af., 2011)
and essential oils such as trans-anethole, estragole,
limonene, linalool and cis-anethole (Dzamic et al., 2009).
Chinese star anise extract has shown antioxidant activities
(Smgh et al., 2006), antibactenial effects (Tauk ef al., 2003),
antiviral activities (Song et al, 2007) and antifungal
(Mugnaini ef al., 2012), insecticidal (Park and Shin, 2005)
and anticancer activities (Yadav and Bhatnagar, 2007).
However, only a few studies have been carried out using
star anise as a feed additive for poultry and its effects on
poultry performance have shown inconsistent results in

such as
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the literature. Tt was reported that the use of anise seeds
as a growth promoter in broilers resulted in positive
effects on the live body weight, body weight gain, feed
mtake and feed conversion ratio (Al-Beitawi et al., 2010).
Additionally, the body weight, digestibility, feed
efficiency ratio and microbial content of the ceca
showed improvements in broiler chickens supplemented
with essential oils from oregano, amse and citrus
(Mountzouris et al., 2011). However, Amad et al. (2011)
found ne significant effects of the essential oils of thyme
and star amise on the weight gain, body weight or feed
mtake of broiler chickens or the average weights of the
heart, liver, spleen and kidneys. Conversely, the
digestibility of the crude protein, crude ash, crude fat,
calcium, phosphorus and the feed conversion ratio were
umnproved.

In addition, using anise extract in poultry resulted in
an improvement in the antibody titers against NDV, IBDV
and IBV (Al-Beitaw et al, 2009). Durrami found that
treatment with 40 mL of amseed extract/L, of water led to
a higher antibody titer against IBDV (p<0.05) whereas no
significant differences in the antibody titers against NDV
and IBV were observed. However, Soltan et al. (2008)
found that amse supplementation (0.25, 0.50, 0.75, 1.00,
1.25 and 1.50 g anise seed/kg diet) had an insignificant
effect on the antibody titer against NDV wing a
hemagglutination mnhibition test. The addition of amise
at alevel of 0.50 g kg™ of diet significantly improved the
lymphocyte levels compared with the control. Tn addition,
the relative weight of the thymus was insignificantly
increased in chickens fed a diet containing 0.50 g kg™ and
there was no effect on the relative weights of the bursa or
spleen but the highest anise concentration (1.50 g kg™)
showed a negative effect on the relative weights of the
spleen, bursa and thymus. Furthermore, [llicium verum
shows sedative and anti-inflammatory effects. It was
reported (Tin et al, 2013) that IHlicium verum possess
potent anti-oxidative and anti-inflammatory activities and
may be useful in the field of health products.

In this study, the influence of high level of Chinese
star anise (Illicium verum Hook. ) on the performance
and immune responses of broiler chickens was evaluated.

MATERIALS AND METHODS

Chickens and husbandry: A total of 288, 1 day old broiler
chickens (Ross 308) obtamed from a local hatchery were
grown over a 42 days period. The chickens were weighed
individually and randomly assigned to seven groups
following a completely randomized design with seven
replicates per treatment group. The birds were housed n
electrically heated battery cages with continuous light
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during the experimental period. The chickens in group 1
and 2 were fed starter (days 1-21) and finisher (days 22-42)
diets without star anise and were kept as control groups
(the positive group was vaccinated and the negative
group was not vaccinated). The chickens in group 3, 4,
5, 6 and 7 were fed the starter and finisher diets plus 1, 2,
4, 6 or 8 g of star anise/kg of diet, respectively. The
chemical analysis of the commercial diet, obtained from
ARASCO is presented in Table 1. The feed and water
were provided ad libitum. This research was performed at
the Laboratory of Animal Production Department, College
of Food and Agriculture Sciences, King Saud University,
Saudi Arabia.

Preparation of the chinese star anise (Illicium verun)
fruits: The dried Chinese star anise (Ilicium verum)
fruits were obtained from a local herb store in Riyadh,
Saudi Arabia and were added to the diets after being
groundto apowderat 1, 2, 4, 6 or 8 g kg™ diet.

Performance measurements: The performance of the
broiler chickens including the body weight, daily weight
gain, feed consumption and Feed Conversion Ratio (FCR)
was determined over 6 weeks. All of the birds in each
group were weighed individually at hatching and again at
7,14, 21, 28, 35 and 42 days of age. The daily weight gain
was then calculated for the following periods: hatch-7, 14,
21, 28, 35 and 42 days of age. At the beginning of each
weelk, the feed offered to each replicate was weighed and
at the end of each weel, the remaining feed residue was
weighed and subtracted from the offered amount to
calculate the feed consumption during that week. The
feed conversion ratios were calculated for the following
time periods: hatch-7, 14, 21, 28, 35 and 42 days of age.
The mortality rate was recorded daily and any dead birds
were removed daily (in the morming) and weighed. Their
feed consumption was estimated and removed from the
group consumption.

Table 1: Chemical analysis of the basal diets

Basal diet
Ingredients Starter (days 1-21)  Finisher (days 22-42)
Metabolic energy 2900 kecal kg™! 3000 kcal kg™!
Crude protein 21.5% 18.5%
Crude fat 2.5% 3%
Calcium 1.00% 0.9%
Awvailable phosphorus 0.42% 0.4%
Sodium 0.15% 0.15%
Lysine 1.20% 1.0%
Methionine 0.50% 0.45%
Methtcysteine 0.85% 0.80%

Each kilogram of diet contains the following nutrients: vitamin A:
12000 IU; vitamin D: 5000 IU; vitamin E: 60 mg; vitamin C: 100 mg;
vitamin K: 4 mg; vitamin B12: 0.03 mg; vitamin B6: 5 mg; vitamin B2:
8 mg; wvitamin Bl: 3 mg; zinc: 70 mg; selenium: 0.2 mg; manganese:
20 mg; iron: 35 mg; Todine: 2 mg; copper: 8 mg; cobalt: 0.5 mg, choline:
200 mg; biotin: 0.2 mg; folic acid: 2 mg; pantothenic acid: 15 mg and
niacin: 40 mg
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Table 2: Body weights of the broiler chickens fed a diet supplemented with
different levels of star anise (Jiicizm verum Hook. )

Table 3: Daily weight gain of the broiler chickens fed a diet supplemented
with different levels of star anise (Jficium verum Hook. f)

Age (days)
Treatments
(g ke diet) 1 7 21 42
1 46.30 151.44 681.33 2358.0000°
2 46.28 146.97 682.56 2383.6300*
4 46.30 147.47 681.73 2246.2200"
6 46.30 143.26 680.34 2242.4500"
8 46.31 143.02 677.33 2163.8400°
Control+ve 46.34 147.26 688.53 2226.5300"
Control-ve 46.33 147.07 704.67 2291.4800%
SEM 0.01 2.98 7.42 31.7800
Pr=F 0.21 049 0.19 0.0002

The means within a column with different superscripts are significantly
different (p<0.05)

Vaccination of the chickens: The birds were vaccmated
agamst ND and IB using live attenmated vaccines at
5 days of age and again at 28 days of age as a booster
dose and against TBD at 18 day of age according to the
manufacturer’s directions (Fort Dodge Amimal Health,
USA). Blood samples were collected from 12 birds from
each group at 7, 14, 21, 28, 35 and 42 days of age
and then serum separated and stored in a deep freeze
until required. The antibody titer to ND, IB and IBD were
detected using an Enzyme Linked Immunosorbent Assay
(ELISA) kit according to the manufacturer’s instructions
(TDEXX Laboratories, Inc. One TDEXX Drive, Westbrook,
Maine, 04092, United States).

Collection of the lymphoid organs: At 21 and 42 days of
age, 5 birds from each group were slaughtered and their
total body weights were recorded. Then, the birds were
dissected and their lymphoid organs (thymus, bursa and
spleen) were carefully removed and individually
weighed. The relative weights of the different organs
were calculated as a percentage of the live body weight
(Table 2).

Statistical analysis: The data were subjected to a
one-way analysis of variance using the general linear
models procedure in SAS® (SAS, 1999).

RESULTS AND DISCUSSION

Broiler performance: The chickens were in good health
and did not suffer from any health problems during the
entire experimental period. The addition of the Chinese
star amse ([lficium verum Hook. f) fruits to the broiler
chicken’s feed led to an improvement in the broiler
performance. The results showed that the groups fed the
diet supplemented with 1 and 2 g kg™' exhibited a
significant improvement (p<0.05) mn thewr body weight,
daily weight gam and feed conversion ratio compared
with the other groups and the control. The broiler
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Age (days)
Treatments
(g ke™! diet) 1-21 2242 142
1 3245 77.3000¢ 5512008
32.55 81.0800° 5573000
4 3242 75.2500¢ 52.4600F°
3] 3231 74.3900° 52.3700F°
8 32.01 69.8800° 50.5000F
Control+ve 32.76 74.4100¢ 51.9900F°
Control-ve 3240 76.0900 53.5300"
SEM 031 1.2200 0.7600
Pr=F 0.78 <.0001 0.0002

The means within a cohumn with different superscripts are significanthy
different (p<0.05)

chickens fed the diet containing 2 g kg™ had the highest
daily weight gain during the finisher period with an
improvement i their daily weight gain of approximately,
9% compared with the control, followed by the 1 g kg™
treatment which had an improvement of approximately, 4%
(Table 3). However, the lowest body weight was found in
the groups fed the diet containing the lnghest level of star
anise (8 g kg™") with a lower daily weight gain during the
finisher stage as well as during the entire period. The
groups fed the diet supplemented with 1 and 2 g of
Chinese star amse/kg of diet showed a significant
improvement in their body weights during the entire
period (days 1-42) which were approximately, 6% (2358 g)
and 7% (2383 g) higher than the control, respectively
(Table 2). The results were consistent with previous
studies that showed that anise has a positive effect
on the live body weight, body weight gain and feed
conversion ratio of broiler chickens (Al-Beitawi et al.,
2010; Al-Kassie, 2008). The body weight, digestibility of
organic matter, feed efficiency ratio and ceca microbial
content of broiler chickens supplemented with essential
oils from oregano, amse and citrus were also found to
show improvements (Mountzouris et af, 2011). The
improvement of the broiler performance in this study
could be due the active component in star anise, anethol
which may lead to better digestion through the induction
of endogenous secretion enzymes, better absorption and
an enhanced microbial balance in the gut. This is
supported by the findings by Amad et ol (2011) who
found that the inclusion of essential oils from thyme and
star anise resulted m an mmprovement of the digestibility
of the crude protein, crude ash, crude fat, calcium and
phosphorus. This enhancement in the digestibility also
leads to an increased surface area for absorption in the
intestine and improved nutrient absorption. Additionally,
it was found that essential oils have a stimulatory effect
on pancreatic enzymes (Rao ef al., 2003) and Ghalib and
Mayada reported that anise can be used as an
antimicrobial balance m the mtestinal tract of broiler
chickens.
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There were no significant differences (p<0.05) among
the treatments during the starter phase (days 1-21);
mstead, the effects of the star anise on the broiler
performance appeared during the fimsher peried
(days 22-42) which indicates that the efficiency of Chinese
star anise on broiler performance is cumulative. By
contrast, Simsek et al. (2005) reveled that there was a
significant difference n the body weight and body weight
gain of broiler chickens fed a diet supplemented with a
blend of essential oils extracted from cloves, thyme and
anise at 20 days but no difference was found at 40 days
(p=0.05).

The Feed Conversion Ratioc (FCR) differed
significantly between the treatment groups (Table 4). The
broiler chickens fed the diet contaimng 1 or 2 g of star
anise’kg of diet showed a better feed conversion ratio
compared with the other treatments as well as the control.
However, there was no significant difference in the feed
mtake among all of the groups (Table 5). The groups fed
the diet containing 8 g kg™ of star anise exhibited no
significant differences in their feed consumption
compared with the other groups. The reduction in the feed
mtake, body weight and daily weight gain of the group
fed the diet supplemented with 8 g of star amse/kg of diet
may be due to its negative effect on the tastiness of the

Table4: Feed conversion ratio of the broiler chickens fed a diet
supplemented with different levels of star anise (Mlicium verum

Hook. )
Age (days)

Treatments

(g kg™! dief) 1-21 22-42 142
1 1.41 1.78 1.640F
2 1.47 1.70 1.64(F
4 1.41 1.87 1.740°
6 1.42 1.86 1.740°
8 1.48 1.78 1.760°
Control +ve 1.43 1.86 1.750
Control -ve 1.46 1.92 1.75¢¢
SEM 0.04 0.04 0.030
Pr=F 0.25 0.08 0.002

The means within a column with different superscripts are significantly
different (p<0.05)

Table 5: Feed intake of the broiler chickens fed a diet supplemented with
different levels of star anise (Jificitm verum Hook. )

feed and the digestive system. The results agreed with
Soltan et al. (2008) who found that the body weight gain
and relative growth rate were improved mn groups a fed
diet supplemented with 0.50 or 0.75 g of amise/kg of diet.
However, there was no significant difference among the
treatments in regards to the feed intake and feed
conversion ratio. In addition, the highest level of amse
supplementation (1.50 g kg™") exhibited a negative effect
on the growth performance. Additionally, the addition of
anise to broiler diets at levels of 0.5 and 1% was found to
improve the FCR (Al-Kassie, 2008). Another study that
used a mixture of essential oils (extracted from oregano,
anise and citrus) resulted in a significant improvement in
the FCR (p<0.05) of broiler chickens during the grower
and fimsher stages (Eckert et al., 2010).

Immune response: The effect of the Chinese star anise on
the immune response in the poultry was limited The
results of the experiment showed that the broiler chickens
fed the diet moculated with 6 g of Chinese star amse/kg of
diet exhibited higher antibody titers against NDV
compared with the positive control group (Table 6) at
6 weeks of age, although, no significant differences
were observed between the groups fed 1, 2, 4 or 8 g kg™
compared with the positive control group. This indicates
that the addition of 6 g of star anise/kg of diet to the diet
of broiler chickens has a positive effect on the immune
responise  against the Newcastle disease vaccine.
However, the results showed that the star amse did not
affect the immune response during the 1st 5 weeks of
age while a significant difference between treatments
appeared at 6 weeks of age.

The results of the antibody titers to the IBDV vaccine
1n the broiler chickens fed a diet supplemented with star
anise resulted in an improvement in the immune response
against IBDV; all of the treatments that received a diet
supplemented with anise (1, 2, 4, 6 and 8 g kg™ of diet)
showed a higher antibody titer against IBDV than the
control group. The broiler chickens that were fed the diet

Table é: Antibody titers against WDV of the broiler chickens fed a diet
supplemented with star anise ([ificium verum Hook. f)

Age (days) Age (weaks)
Treatments Treatments
(g k™" dief) 1-21 22-42 1-42 (g ke diet) 1 2 3 4 s 6
1 852.58 2930.09 378267 1 3.35 2.79 2.09 2.02 2.90008 3.4800%
2 907.34 2929.65 3835699 2 3.27 2.65 2.13 1.95 2.73000 3.4000®
4 870.67 2948.29 3818.96 4 3.35 279 221 2.07 2.70008 3.4300%
6 855.52 2962.47 3817.99 3] 3.37 270 2.14 1.96 2.85008 3.6200*
8 890.22 2771.02 3661.24 8 3.35 2.60 2.08 1.92 277008 3.5100%
Control +ve 892.83 291216 3804.99 0 (control +ive) 3.43 2.83 2.04 2.10 277000 3.2500°
Control -ve 920.87 2991.50 30921.37 0 (control -ive) 341 278 215 1.81 1.3800F 0.7800¢
SEM 21.65 52.55 63.52 SEM 0.04 0.08 0.06 0.08 0.1300 0.1000
Pr=F 0.15 0.12 0.20 p-values 0.20 0.33 0.66 019  <0.0001  <0.0001

The means within a column with different superscripts are significantly
ditferent (p<0.05)
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The means within a cohumn with different superscripts are significanthy
different (p<0.05)
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Table 7: Antibody titers against IBDV of the broiler chickens fed a diet
supplemented with star anise (Zificium verum Hook. )

Age (weeks)
Treatments
(g ke diet) 1 2 3 4 5 [
1 311 2.28 1.71 1.43 1.9300° 22700
2 311 2.11 1.70 1.49 1.8300* 2.0400°
4 3.16 2.48 1.85 1.53 1.8500° 1.9000°
6 3.19 2.52 1.77 1.58 1.7900* 1.9900°
8 312 2.31 1.70 1.58 1.7400° 1.9500°
0 (control +) 3.10 2.34 1.79 1.52 1.7000* 1.5800°
0 (control -) 3.10 2.32 1.83 1.34 1.1600° 0.8800¢
SEM 0.05 0.09 0.07 0.06 0.1000 0.0600
p-values 0.86 0.10 0.22 0.12 <0.0001 <0.0001

The means within a column with different superscripts are significantly
different (p<0.05)

Table 8: Antibody titers against IBV of the broiler chickens fed a diet
supplemented with star anise (Iicium verum Hook. 1)

Age (weeks)
Treatments
(g kg™ diet) 1 2 3 4 5 6
1 280 231 1.94 1.820*  2.0100¢0  2.3300®
2 260 208 192 1.900*  2.0800¢0  2.0900%
4 28 238 195 1.910*  2.0700¢0  2.2400%
6 275 2.21 1.82 20200 212000 238008
8 259 219 187 1.860*  2.0000¢0  2.2200%
0 (control +) 2.71 23 1.87 1.900° 1.9400+  2.0200°
0 (control -) 273 220 188 1.410° 1.0600°  0.7400°
SEM 008 008 010 0.090 0.0900 0.1100
p-values 010 015 054 0.002 <.0001 <.0001

The means within a column with different superscripts are significantly
ditferent (p<0.05)

supplemented with 1 g kg™ of star anise had a higher
antibody titer against TBDV compared with the other
treatments and the control (Table 7). The immune
response of the broiler chickens agamst IBV was similar
to that observed for the NDV vaccine (Table ). Tt was
found that the broiler chickens that were fed the diet
containing 6 g of anise/kg of diet showed the highest
antibody titers compared with the other treatments and
the positive control group. The results were also in
agreement with previous reports (Al-Beitawi et al., 2010)
found that the use of amse seeds m broiler chickens
resulted in improved antibody titers agamst NDV, IBDV
and TBV. Additionally, Bayram et al. (2007) reported that
chickens fed a diet containing anise seed had the highest
antibody titers compared with the control. However, the
results are in disagreement with Soltan et al. (2008) who
found that anise supplementation had ne significant
effects on the antibody titer against Newcastle disease,
according to a hemagglutination mhibition test. The
unprovement in the antibody titers against NDV, IBDV
and TBV in the present study may be due to the effect of
the active components of star anise such as anethole,
eugenol, methylchavicol, amsaldehyde and estragol
(Ciftel et al., 2005).

In addition, star anise has antioxidant activities
(Singh et al, 2006), antibacterial effects (Tauk et al.,
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Table 9: Relative weights of the imrmine organs of the broiler
chickens fed a diet supplemented with different levels of star anise
(Hicium verum Hook. )

21 days 42 days

Age groups

(gkg™! diety Thymus Bursa Spleen  Thymus Bursa  Spleen
lg 0.42 0.26 0.090 0.38 0.17¢ 0.11
2g 0.40 0.22 0.090 0.37 0.16* 0.09
4g 0.37 0.25 0.090 0.43 0.16° 0.11
6g 0.35 0.28 0.100 0.43 0.19* 0.10
8g 0.32 0.28 0.100 0.43 0.17¢ 0.09
Control +ve 0.34 0.23 0.090 0.37 0.18° 0.08
Control -ve 0.43 0.24 0.080 0.35 0.10 0.09
SEM 0.03 0.03 0.009 0.05 0.02 0.01
p-values 0.17 0.63 0.470 0.87 0.01 0.43

The means within a column with different superscripts are significantly
different (p<0.05)

2003), antiviral activities (Song e al., 2007) and
antifungal  effects (Mugnaim er al, 2012)
Furthermore, Hlicium verum has also shown sedative
and anti-inflammatory effects (Tm et af., 2013). Another
explanation 1s that [{icium verum has immunomodulatory
effects via the mampulation of the expression of
chemokines and cytokines (Lee ef al., 2011; Sung et al.,
201 2a, b; Sung and Kim, 2013). The differences between
this study and others may be attributed to one of the
following reasons: the majority of the previous studies
used either anise seed (Pimpinella anisum) or mixture of
compounds or essential oils, different inoculation levels,
different types of chickens, different sources of anise or
different experiment conditions and feed compositions.

Lymphoid organs: The relative weights of the lymphoid
organs (bursa, spleen and thymus) are presented in
Table 9. There were no significant changes m the relative
weights of the lymphoid organs at 21 and 42 days of age.
Although, the group fed the diet containing 6 g of star
anise/kg of diet showed a greater increase in the relative
weight of the bursa at 42 days of age, the results
were not significant. These results are in agreement with
Soltan et al. (2008) who found that anise supplementation
had no effect on the relative weight of the bursa or
spleen whereas the highest level of amse that was used
(1.30 g kg™") had a negative effect on the relative weights
of the spleen, bursa and thymus.

CONCLUSION

Under the experimental conditions used in this study,
it can be concluded that Chinese star anise could be used
as natural feed additive to enhance the performance and
immune response of broiler chickens. Moreover, chickens
fed a diet inoculated with 1 or 2 g of star anise/kg of diet
exhibited better performance compared with the other
groups. The group supplemented with 1 g kg™ of star
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anise showed the highest antibody titers against TBD
whereas the chickens supplemented with 6 g kg™ of star
anise had higher antibody titers against ND and TB. More
studies are still needed to illustrate how star anise affects
the gastrointestinal tract and immune system of broiler

chickens. We also recommend conducting similar
experiments under field conditions.
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