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Introduction
Pine bark extract harbors a variety of beneficial bioactive

Abstract

The aim of this study is to determine the effect of dietary pitamin as an antibiotic replacementin broiler chicken.
The treated groups were as follows: 1) the control, 2) the antibiotics (8 mg of avilamycin kg of diet) and 3) the
pitamin (70 mg of pitamin kg of diet) groups. Body weight gain, feed intake, and feed efficiency were significantly
higher in the pitamin group than in the antibiotics and control groups (p<0.05). Carcass weight, dressing
percentage, and the weight of breast and thigh muscle recorded significantly higher levels in the pitamin group as
compared to the other groups (p< 0.05). The addition of pitamin to the diets for broilers reduced abdominal fat by
23.35% and stimulated the growth of the thymus, the spleen, and the bursa of Fabricius. TAG levels of the
pitamin group declined by 12.03 and 10.45% as compared to the control and antibiotics groups, and their TC
levels were reduced by 15.17 and 14.39%, and LDL-C levels were reduced by 10.56 and 11.24%, respectively.
Serum IgG was increased significantly by 137.43 and 36.80% in the pitamin group as compared to the control
and antibiotics groups, respectively (p< 0.05). The numbers of Bifidobacterium and Lactobacillus on the cecum
digesta were significantly higher in the pitamin group than in the antibiotics and control groups and the numbers
of Escherichia coli and Salmonella tended to be reduced (p<0.05). In conclusion, when Korean red pine bark
extract, pitamin, was added to the broiler diets ata concentration of 70 mg of pitamin kg* of diet, it resulted in better
growth performance as compared to the antibiotics by improving immunity and the cecal beneficial microfloral
population.
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These days the emergence of antibiotic-resistant bacteria
has become a serious social issue. The horizontal transfer of antibiotic

substances including proanthocyanidin, bioflavonoid as a polyphenol,
and organic acids, and the majority of proanthosyanidins are catechin
and epicatechin subunits (Rohdewald, 2002) and has a profound
antioxidant capacity related to the inhibition of the action of free radicals
and activated oxygen molecules as compared to vitamins Cand E
(Silliman et al., 2003). Pine bark extract has been demonstrated to
prevent cancer and cardiovascular diseases (Ozlem et al., 2009),
to suppressinflammation, to increase immunity (Grimm et al., 2006).
Pine bark extract has been shown to evidence antimicrobial activity
in pathogenic prokaryotic (gram-positive and gram-negative) and
eukaryotic (yeast and fungi) microorganisms (Torras et al., 2005).
Antioxidant materials in pine bark extract have been reported to
reduce the numbers of Escherichia coli 0157:H7 and Salmonella
Typhimurium in cooked ground beef during the storage period
(Ahn et al., 2007).

resistance genes in the environment (Shakibaie et al., 2009), the
discovery of resistant bacteria in livestock farm products (Toroglu et
al., 2009) have become medical and social issues of great concern.
With the increasing popularity of antibiotic-free organic livestock farming
inthe past decade, the European Union ruled that feeds used for the
production of organic livestock products be completely organic and
that the use of antibiotics be no longer permitted (Commission
Regulation EC 2277, 2003). Following this lead, regulations
conceming the use of antibiotics in environmentally-sensitive settings
and in organic livestock farming are being implemented in countries
around the globe, including Korea. Therefore, itis imperative to develop
new altemative substances to replace antibiotics to minimize the damage
orloss that plant-intensive livestock farming industry may suffer by the
exclusion of antibiotics from animal feed, and to insure continuous
improvement of livestock productivity (Sang et al., 2010).
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The usage and current situation of antimicrobial agents for
application to livestock have been already fairly thoroughly reviewed
(Dibner and Richards, 2005) and antimicrobial phytochemicals from
plant extract have been identified as substitutes for them (Cowan,
1999). Pitamin is a standardized Korean red pine bark extract
manufactured by Nutrapharm Co. Ltd. (Seoul Korea), and contains
bioflavonoids, members of the polyphenol family, which are commonly
observed in French maritime pine bark extract (pycnogenol), grape
seed extract, green tea extract, and gingko leaf extract (Lee et al.,
2008). In a previous work (Chai et al., 2007) it was suggested that
pitamin might be utilized as a anti-wrinkle agent based on its rate of
catechin absorption. The possibility of using itin laying hens (Hong
et al., 2008) and broilers was studied (Kim et al., 2009). Against this
background, the hypothesis was formed that pine bark extract, pitamin,
can be used as a replacement for an antibiotics in broiler diets. In
summary, the positive effects of pitamin reported in previous studies
can be applied to antimicrobial agents for broilers, and more research
will be necessary to determine the appropriate level of addition for
the use of pitamin as an antibiotic replacement agent in the diet.

The objectives of this study was to evaluate the growth
performance, carcass characteristics, blood lipids, serum
immunoglobulin, and cecum microorganisms in broiler chickens.

Materials and Methods

Experimental design: All experimental procedures, including those
dealing with animals, were conducted in accordance with the scientific
and ethical regulations in the Scot PIL training manual (1994), and
this study was approved by the Institutional Animal Care and Use
Committee of Kangwon National University, Korea.

A total of 270, one-day-old male broiler chicks (Ross 308)
were purchased from a commercial hatchery. After attained the body
weight of 44 + 1.30 g the chicks were discretionarily arranged into
three treated groups with three repetitions and 30 chicks for each
repetition, and the experimental diet was administered for 35 days.
The treated groups were as follows: 1) control, 2) antibiotics (8 mg of
avilamycin kg of diet) and 3) pitamin (70 mg kg of diet). The level
of pitamin was determined by the results of succession study over
many repetitions on the basis of the report of Kim et al. (2009). The
antibiotic and pitamin were added at the expense of corn and all
nutrient levels including crude protein and metabolic energy were
the same as isocalorific and isonitrogenous diets.

Broilers were maintained under standard conditions (density:
10 chicks m2) with free access to diets and water. The bottom of each
pen was covered with chaff to a height of 10 cm. The temperature of
the feeding room was to be set at 33°C from the first day to the third
day, then reduced by 2-3°C per week and maintained at 25°C from
the 22" day. Its relative humidity was 70% and 24 hr continuous
light was utilized.

Body weight and Feed intake: Feed was supplied for ad libitum
consumption and feed intake of 30 animals per each repetition was
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measured for 7 consecutive days. Feed intake (FI), body weight
gain (BW), and feed efficiency (FE) of each stage according to
broiler growth were calculated when the experimental chicks were
21 and 35 days old. FE was calculated by dividing BW during a
specific period by Fl. Feed and water were withdrawn 12 hr prior to
slaughter. 15 chickens (five from each pen) were sacrificed via
cervical dislocation (Close et al., 1997). The carotid arteries were
cut and then after 90 seconds of bleeding the chickens were placed
in hot water (58-60°C) for around 4 min. Their feathers were removed
by passing a defeathering machine for the elimination for 2 min. After
the blood, feather, head (cut at the first cervical vertebra) and shank
were isolated and evisceration was conducted, the carcass was
weighed. The dressing percentage, breast and thigh muscle,
abdominal fat, bursa of Fabricius, spleen and thymus weight were
measured.

Blood lipid and immunoglobulin analysis: When the experiment
was ended on 35" days, 1 ml of blood was obtained from the wing
veins of the chickens and stored at room temperature for 30 min.
Serum was isolated via the centrifugation of blood at 2,200 xgfor 15
min at 4°C and stored at -80°C until biochemical analysis.
Triacylglycerol (TAG), total cholesterol (TC), high density lipoprotein
cholesterol (HDL-C) and low density lipoprotein (LDL-C) were
analyzed using commercial enzyme kits (Sigma Co. Ltd., USA) with
an automatic analyzer (Autoanalyzer 7150, Hitachi, Tokyo, Japan)
and immunoglobulin levels were assessed via the double-antibody
sandwich ELISA method using a commercial kit (Bethyl Laboratories,
Inc., Montgomery, TX, USA). IgG (chicken IgG ELISA quantitation
set, E30-104), IgA (chicken IgA ELISA quantitation set, E30-103)
and IgM (chicken IgM ELISA quantitation set, E30-102) were
assessed by response and via measurements of their optical density
at 450 nm with a precision microplate reader (Molecular Devices,
Inc., New York, USA).

Microbiological analysis: The cecum isolated was keptin sealed
anaerobic jars (Oxoid, Basingstoke, UK) equipped with AnaeroGen
sachets (Oxoid, Hampshire, UK). Immediately, the cecal digesta
were diluted by 10 fold (1:9, w/v) by blending them with
anaerobically sterilized phosphorus buffered saline (PBS, 0.1 M,
pH 7.0). For enumeration, dilution procedures were conducted in
an anaerobic chamber (5% hydrogen, 5% CO,, balanced
nitrogen). After a 0.1 ml sample diluted by 10%*~107was spread
onto sterilized flat selective media - Lactobacillus SPP. (MRS agar,
Oxoid, Basingstoke, UK), Bifidobacterium SPP. (bifidobacterium
selective agar, BIM-25 medium), Salmonella (SS agar Difco,
CMO0099) and Escherichia coli (McConkey Purple agar) for culture.
Salmonella and Escherichia coli were aerobically cultivated for 24
hrat 37°C and Lactobacillus SPP. and Bifidobacterium SPP were
subjected to stationary cultivation for48 hr. The numbers of colonies
on each flat medium was measured using a microorganism counter
and presented as a common logarithm of colony-forming units
(CFU) g of wet cecal digesta.

Statistical analysis: All data were analyzed via ANOVA using the
Generalized Linear Model procedure of SAS software (SAS, 2004)
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and the statistical significance was confirmed using Duncan’s multiple
range test (p<0.05).

Results and Discussion

Growth performance: For overall period, BW (p<0.001), Fl
(p=0.009) and FE (p=0.002) in brailer chickens fed on diets containing
pitamin were significantly higher than in the antibiotics group and the
control group (p<0.05) (Table 1). According to the results of this
study broiler performance parameter; BW, FI and FE could be
considerably improved via the addition of pitamin as compared to the
antibiotics and control groups. These results differed from the findings
of a previous study (Kim et al., 2009) which was reported that the
body weight gain in broiler chickens fed on diets with 50 mg of
pitamin kg™' of diet and antibiotics was similar to each other, but the
body weight gain of the group fed on diet with 100 mg of pitamin
kg of diet was lower than in the antibiotics group.

This better growth performance of the pitamin group was
considered to be attributable to the fact that antioxidant capacity,
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increased immunity, and antimicrobial substances in pitamin worked
to improve the health of animals (Torras et al., 2005; Cheshier et al.,
1996). Torras et al. (2005) determined that the antioxidant capacity
of pycnogenol from French maritime pine bark extract was significantly
higher than that of vitamin E and C and grape seed extract, and
pycnogenol strongly suppressed the growth of harmful bacteria and
was quite effective in stimulating the growth of beneficial
microorganisms. When these data were combined with this present
results, therole of pitamin in the stimulation of growth performance did
seem tobe very important in broiler chicken.

Carcass characteristic: Carcass characteristics and weight of
immune organs in the birds fed pitamin were presented in Table 2.
Carcass weight (p<0.001), dressing percentage (p<0.001) and the
weight of breast muscle (p<0.001) and thigh muscle (p<0.001) were
larger in the birds receiving pitamin than those taking antibiotics and
those in the control group; this difference was statistically significant
(p<0.05). The antibiotics group evidenced levels significantly higher
than the control group (p<0.05). Abdominal fat levels in the pitamin

Table - 1: Effect of dietary pitamin on body weight, feed intake and feed efficiency of broiler chickens

Period of measurement (day) i Significance
2 3 SE (P value)
(BW)g

1021 721° 748 771 7.704 0.001

221035 1,049 1,065% 1,085% 5.968 0.012

11035 1,770° 1,813 1,856 12.743 <0.001
(F) g

1021 938 952° 975 6.382 0.018

221035 1,999 1,989 1,995 5.388 NS

11035 2,937° 2,941° 2,950° 4.044 0.009
(FE)

1021 0.75¢ 0.77° 0.79° 0.006 <0.001

221035 0.52° 0.52% 0.532 0.002 0.068

11035 0.60° 0.60° 0.62° 0.004 0.005

1) Control = no pitamin, 2) Antibiotics = added with 8 mg of avilamycin kg™* of diet, 3) Pitamin = added with 70 mg of pitamin kg of diet. **Means within a

row withouta common superscripts are significantly different (p<0.05)

Table - 2: Effects of dietary pitamin on weight ofimmune organs and carcass characteristics of broiler chickens

ltems Groups Significance
1 2 3 SE (P value)
Carcass weight, g 1,287° 1,328° 1,367° 11.743 <0.001
Dressing percentage 72.711° 73.29° 73.64° 0.107 0.011
Breast muscle weight (%) 22.71° 2315 23472 0.111 <0.001
Thigh muscle weight (%) 18.20° 18.51° 18.83° 0.096 <0.001
Abdominal fat weight (%) 1.672 1.60° 1.28° 0.021 0.005
Bursa weight (%) 0.12° 0.16° 0.20° 0.011 <0.001
Spleen weight (%) 0.04° 0.09° 0.18° 0.020 <0.001
Thymus weight (%) 0.12° 0.16° 0.20° 0.012 0.001

1) Control = no pitamin, 2) Antibiotics = added with 8 mg of avilamycin kg™ of diet, 3) Pitamin = added with 70 mg of pitamin kg™ of diet. '% of breast and thigh
muscle weight to carcass weight, % of abdominal fat, bursa, spleen and thymus weight to live weight. 2*Means within a row without a common superscripts

are significantly different (p<0.05).
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Table - 3: Effects of dietary pitamin on immunoglobulins and blood lipids of broiler chickens

Parameters Groups Significance
1 2 3 SE (P value)
Triacylglyceride (mgdI) 136.3? 13392 119.9° 249 <0.001
Total cholesterol (mg dI') 88.76° 87.95° 7529 0.201 <0.001
LDL cholesterol (mg dI" 32.66° 32912 29.21° 0.595 <0.001
HDL cholesterol (mg dI") 19.55° 19.71° 21.30° 0.288 <0.001
19G (ug ml) 45.76° 79420 108.65° 9.086 <0.001
IgM (ug ml) 4397° 44.21° 66.05° 3.657 <0.001
I9A (ug ml") 30.50° 30.31° 45.83° 2568 <0.001

1) Control = no pitamin, 2) Antibiotics = added with 8 mg of avilamycin kg of diet, 3) Pitamin = added with 70 mg of pitamin kg* of diet. 2*Means withina row

without a common superscripts are significantly different (p<0.05).

Table - 4: Effects of dietary pitamin on cecal bacterial populations in broiler chickens (log,; cfu g”)

Bacterial population Groups Significance
1 2 3 SE (P value)

Bifidobacteria 7.04° 8.13° 9572 0.367 <0.001

Lactobacillus 7.12¢ 8.07° 913 0.290 <0.001

E. coli 9470 6.74° 5.06° 0.643 <0.001

Salmonella 8.85° 7.04° 4.53¢ 0.622 <0.001

1) Control = no pitamin, 2) Antibiotics = added with 8 mg of avilamycin kg of diet, 3) Pitamin = added with 70 mg of pitamin kg™ of diet. 2*Means within a row

without a common superscripts are significantly different (p<0.05)

group (p=0.005) were significantly lower than those of the antibiotics
group and the control group (p<0.05). The abdominal fat was reduced
by 23.35% as compared to the control group. The decreasing rates
of abdominal fat between the antibiotics group and the control group
did not differ significantly. With regard to the weight of the immune
organs of the broilers, the pitamin group evidenced significantly
heavier weights of the thymus (p<0.001), the bursa of Fabricius
(p<0.001), and the spleen (p<0.001) as compared to the antibiotics
group and the control group (p<0.05). The weights of the immune
organs of the antibiotics group were significantly higher than the
weight of the control group (p<0.05). The lower level of abdominal
fat after feeding with pitamin was considered to be related to the
reduced blood lipid level (Table 3) and the phenol components
contained in pitamin can contribute to this change. Polyphenolic
compounds from pine bark extract were reported to be quite effective
ininhibiting lipid synthesis and stimulating lipid degradation (lkeguchi
et al., 2006). The pine bark extract was also shown to suppress the
accumulation of lipid droplets on fat tissues (Hasegawa, 2000) and to
have a strong effect of breaking down lipids via the stimulation of
B-receptor mediated activity (Mochizuki and Hasegawa, 2004;
Hasegawa, 1999).

The addition of pitamin to the broiler diets was observed to
significantly stimulate the growth of the thymus, the spleen, and the
bursa of Fabricius. The heavier weight of immune organs resulted in
a growing serum immunoglobulin level (Table 3). The thymus,
spleen, and bursa of Fabricius are important antibody-producing
organs in birds. For the increased weight of the thymus, pitamin
taken up by the broilers was thought to enhance the growth of
thymocytes and could maintain a consistent increase in serum IgG
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production. The growth of immune tissues is the basis of immune
system functionality and the immune organs of birds differ slightly
from those of rats and mice. The bursa of Fabricius tends to be
consistent in birds, and is thus often utilized for studies of the
development and functional maturity of B-lymphocytes. The thymus
and the bursa of broiler wither as the birds mature, and then the
immune responses of birds is dependent on the spleen and the
peripheral lymph nodes (Wang et al., 2000). According to Grimm
(2006) pine bark extract prevented the harmful inflammation caused
by immune system response and the increased weight of immune
organs observed in this study was considered to promote the growth
ability of broilers by suppressing inflammation.

Blood lipids and immunoglobulin analysis: TAG (p<0.001),
TC (p<0.001) and LDL-C (p<0.001) levels in the blood of broilers
were lower in the pitamin group than in the control group and the
antibiotic group, and their difference was significant (p<0.05). The
HDL-C (p<0.001)levels in the pitamin group were significantly higher
than those of the control and the antibiotics group (p<0.05) (Table 3).
Forthe decreasing rate of TAG, the level of the pitamin group was
reduced by 12.03 and 10.45% as compared to the control and the
antibiotics groups and TC declined by 15.17 and 14.39%, and
LDL-C did by 10.56 and 11.24%, respectively. Although this study
did not investigate the cholesterol contents in chicken meat, its levels
could be assumed to be lower in birds fed on pitamin. Blood cholesterol
inanimals is well known to be accumulated in vivo after moving to
muscle tissues and eggs. Hong et al. (2008) reported that when
different levels of pitamin were added to the diet for laying hens, the
total cholesterol and LDL-C contents in blood were reduced
significantly, and this is similar to the findings of this study. They said
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that the reduced levels of blood cholesterol ultimately contributed to
lower cholesterol levels of eggs. The reason for the decreased
blood lipid levels following the intake of pitamin was considered to
be polyphenal in the pine bark extract, and the results of this study
were similar to those of previous studies (Ikeguchi et al., 2006;
Devaraj et al., 2002). According to lkeguchi et al. (2006), when
the cholesterol and the bile acids eliminated through the feces of
rats fed on a combination diet of high-cholesterol and pine bark
extractincreased, the TC levels in blood and the liver were reduced
and the HDL C levels grew. Devaraj et al. (2002) reported that
after subjects took pycnogenol or French maritime pine bark extract
the LDL-C levels were reduced and the HDL-C levels were
significantly increased. They determined that there were no
significant differences in LDL oxidizability or plasma lipid peroxides
following pycnogenol intake, and concluded that pycnogenol
significantly increases the antioxidant capacity of plasma and exerts
favorable effects on lipid profiles.

Blood immunoglobulins were presented in Table 5. The IgG
levels (p<0.001) of the pitamin group were significantly higher than
those of the antibiotics group and the control group (p<0.05). Their
IgG levels increased by 137.43 and 36.80% as compared to the
control group and antibiotics group, respectively. The level of the
antibiotics group was significantly higher than that of the control group
(p<0.05). Although the IgA (p<0.001) and IgM (p<0.001) levels of
the pitamin group and the antibiotic group were higher than those of
the control group, no significant differences were noted
between the pitamin group and the antibiotic group. The higher
blood IgG in broilers fed pitamin was considered to be
attributable to the fact that the broilers of pitamin group resulted in
more proliferation the cell ofimmune organs as compared to antibiotics
group (Table 2).

Microbiological measurement: The numbers of Bifidobacteria
(p<0.001) and Lactobacilli (p<0.001) were larger in the pitamin
group than inthe antibiotics and control groups, and the differences
were significant (p<0.05). The numbers of Escherichia coli (p<0.001),
Salmonella (p<0.001) of the pitamin group were significantly smaller
than those of the control group and the antibiotics group and the
numbers in the antibiotics group were significantly lower than those
of the control group (p<0.05) (Table 4). In a novel finding of this
study, the numbers of Bifidobacteria and Lactobacilli, which were
known to be beneficial microorganisms, of the pitamin group were
higher compared to the antibiotics and control group, whereas the
numbers of harmful microorganisms-Escherichia coliand Salmonella-
were lower as compared to those of the antibiotics or control groups.
That was considered to be caused by polyphenols, strong
antimicrobial materials contained in pine bark extract (Ahn et al.,
2007). Torras et al. (2005) reported that pycnogenol, an extract of
maritime pine bark, considerably inhibited the growth of harmful
microorganisms and was effectivein stimulating the growth of beneficial
ones. The decreased colony counts of Escherichia coli and
Salmonella found in the broilers fed on pitamin were related to the
increased colony counts of Bifidobacteria and Lactobacilli on the
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cecum. As the total intestinal Bifidobacterium and Lactobacillus species
compete with potential pathogens for nutrients and intestinal adhesion
areas, they decline the intestinal pathogens. Additionally,
Bifidobacterium and Lactobacillus species secrete bacteriocin, one
of the materials active to Escherichia coli, and Bifidobacterium species
generate organic acids and substrates to other microorganisms.
The majority of organic acids formed by the fermentation of
Lactobacillus species are lactic acid and acetic acid, and all of these
substrates can suppress intestinal pathogenic colonization (Gibson
and Wang, 1994). The significantly reduced numbers of the cecal
Escherichia coli and Salmonella noted in the pitamin group can be
considered to be a component of this mechanism. According to the
results of this study, the broilers fed on pitamin specifically stimulate
the growth of Bifidobacterium and Lactobacillus species on the cecum,
which enhances health and suppresses the growth of Escherichia
coliand Salmonella, which are not beneficial or are harmful.

Inconclusion, the addition of 70 ppm of pitamin in the diets for
broiler chickens increased the growth of Bifidobacterium and
Lactobacillus species and reduced the numbers of Escherichia coli
and Salmonella among cecal microorganisms, improved the growth
of the cells of majorimmune organs; the spleen, the thymus and the
bursa of Fabricius, and boosted the immunoglobulin IgG content.
Therefore, pitamin can be utilized as a natural antimicrobial agent for
organic livestock farming to reduce the risk of bacterial resistance to
antibiotics and to produce safer poultry.
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