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Effects of Feeding Metabolite Combinations from
Lactobacillus Plantarum on Plasma and Breast
Meat Lipids in Broiler Chickens

METABOLITES ON BROILER PERFORMANCE

ABSTRACT

The effects of feeding different doses of metabolite combination
of L. plantarum RS5, RI11, RG14 and RG11 strains (Com3456) on
cholesterol reduction in plasma and breast meat in broiler chickens and
the possible mechanism was studied. A total of 504 male Ross broilers
were grouped into 7 treatments and offered with different diets: (i)
standard corn-soybean based diet (-ve control); (ii) standard corn-
soybean based diet + neomycin and oxytetracycline (+ve control); (iii)
standard corn-soybean based diet + 0.1% metabolite combination of L.
plantarum RS5, RI11, RG14 and RG11 strains (Com3456); (iv) standard
corn-soybean based diet + 0.2% of Com3456; (v) standard corn-
soybean based diet + 0.3% of Com3456 (vi) standard corn-soybean
based diet + 0.4% of Com3456 and (vii) standard corn-soybean based
diet + 0.5% of Com3456. The metabolite combinations supplemented
in the diet of broilers reduced protein, cholesterol esters concentration
in very low-density lipoprotein particles. The present of organic acids
and proteinaceous compound in the metabolite combinations as found
in previous study also increased lactic acid bacteria count in small
intestine digesta and improved bile salts deconjugation ability of lactic
acid bacteria.

INTRODUCTION

Metabolites produced by lactic acid bacteria are known for their
antibacterial substances, such as organic acids and proteinaceous
compounds (Thu et al, 2011a), and broader application in food
industries. Recently, these metabolites have attracted attention to be
applied in animal feed as growth promoter and potentially used as
substitution of in-feed antibiotics (Thanh et al., 2009; Loh et al., 2010;
Thu et al., 2010; Thu et al., 2011b, Choe et al., 2012). It has been
shown that there is a reduction of plasma cholesterol concentration in
rats supplemented with the metabolite (Foo et al., 2003a; Loh et al.,
2008). However, the effect of feeding metabolites to broiler chickens on
blood lipids and the mechanisms involved are still unclear. Nevertheless,
it is believed very low-density lipoproteins (VLDL) play important roles in
regulating the cholesterol concentration in the body of broiler chickens.
VLDL is known to transport the lipids synthesized in the liver to extra-
hepatic tissues, such as adipose tissue, muscle, heart, etc. (Devlin, 2002).

Another possible mechanism involved in cholesterol regulation is
bile salt deconjugation. Bile is composed of major constituents include
bile acids, cholesterol, phospholipids (PL), and the pigment biliverdin
(Begley et al., 2006). It involves in emulsifying and solubilizing fats to
micelles in vivo. Bile salts are synthesized from cholesterol (Chiang,
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2004). The probability of deconjugated or free bile
acids to be excreted from the body is higher than that
of conjugated ones (Schiff et al., 1972), mainly due
to its lower solubility compared with conjugated bile
salts (Center, 1993). Therefore, an increase in bile acid
deconjugation in the intestines would continuously
drain the cholesterol pool as more bile acids are
synthesized for cholesterol compensation. Several
studies have reported bile salt hydrolase activity in
strains of lactic acid bacteria (LAB) in decongugating
bile salts, including L. acidophilus (Walker & Gilliland,
1993). The bile salt hydrolase enzyme deconjugates bile
salts by releasing the glycine and/or taurine moiety from
the side chain of the steroid core (Chikai et al., 1987).

Other studies reported the cholesterol-reducing
effects of metabolites from Lactobacillus in rats (Foo
et al.,, 2003a, b; Loh et al, 2003) and in humans
(Anderson & Gilliland, 1999). Many studies have been
conducted to study the consequences of cholesterol
levels due to feeding of LAB, but none of the studies
utilized the metabolites produced by LAB to study the
VLDL lipid profiles and their effects on the LAB in bile
salt deconjugation. Therefore, the objectives of present
experiments were to determine the effects of feeding
metabolite combinations on VLDL lipid profiles and
deconjugation ability of LAB isolated from the digesta
of small intestine in broiler chickens.

MATERIALS AND METHODS

Birds and Experimental Design

A total of 504 male Ross broilers from a local
company were reared from day 1 to 42 days of age
in a deep litter broiler house. Each pen housed 12
chicks and was randomly allocated to the open house
with wood-shaving litter. Upon arrival, birds were
vaccinated against IB and ND (IB-ND Fort Dodge, USA)
by intraocular route. The vaccine (UPM93, MyVac,
Malaysia) against IBD was applied on day 14 of the
rearing period. After vaccination, birds were wing
banded for monitoring of individual weight. Water
and feed were provided ad libitum.

The starter and finisher diets were offered to the
birds from 0 — 21 and 22 — 42 days of age, respectively.
The dietary treatments consisted of: (i) corn-soybean
basal diet without antibiotic (-ve control); (ii) basal diet
with 100ppm (w/w) of neomycin and oxytetracycline
(+ve control); (iii) basal diet supplemented with
0.1% of metabolite combination (Com3456) of 4
strains of L. plantarum RS5 (Com3), RI11 (Com4),
RG14 (Com5) and RG11 (Com3456); (iv) basal diet
supplemented with 0.2% metabolite combinations
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of Com3456; (v) basal diet supplemented with 0.3%
metabolite combinations of Com3456; (vi) basal diet
supplemented with 0.4% metabolite combinations
of Com 3456 and (vii) basal diet supplemented with
0.5% metabolite combination of Com3456.

The metabolites without bacterial cells were
produced as described by Thanh et al. (2008). The
population of L. plantarum used to produce respective
metabolite was: Com3, 5.16 x 108 cfu; Com4, 5.90 x
108 cfu; Comb, 6.26 x 108 cfu and Com6, 5.25 x 108 cfu.
The metabolites were harvested by separating cell-free
supernatant (CFS) by centrifugation at 12,000 rpm for
15 min and then stored at 4°C. The combinations were
mixed with equal volumes of each strain. Com3456
contained bacteriocins (inhibitory activity of 1600 AU/
mL), lactic acid (concentrations of Com3, 3.47 g/l
Comd4, 5.03 g/L; Com5, 4.71 g/L and Com6, 4.77 g/L)
and acetic acid (concentrations of Com3, 2.02 g/L;
Com4, 1.29 g/L, Com5, 2.12 g/L and Com6, 1.58 g/L).
The diets were formulated to meet the requirements of
all nutrients for broilers. The percentage composition
of starter and finisher diets are presented in Tables 1
and 2, respectively.

Sample Collection

Digesta samples from all the segments of small
intestine were collected from 12 broiler chickensin each
treatment. Birds were fed diets supplemented with
different levels of metabolite combinations of 4 strains
of L. plantarum. Broiler chickens were slaughtered
and blood samples were collected in Vacutainer®
tubes containing EDTA as an anticoagulant at a final
concentration of 1 mg/mL of blood mixture. The
tubes with samples were mixed well by inverting them
gently. Blood samples were then pooled in clean glass
test tubes and centrifuged at 1,500 x g for 30 min at
4°C. Plasma samples were transferred into clean test
tubes using Pasteur pipette equipped with a rubber
bulb. Plasma samples were then kept at -20°C until
further VLDL separation. Breast muscle was collected
from each bird after slaughter and kept at -20 °C for
determination of cholesterol concentration.

Very Low-Density Lipoprotein Preparation

VLDL was isolated from the plasma by ultracentrif-
ugal floatation as described by Wright et al. (1995).
The analysis of VLDL lipids was conducted as described
by Tan et al. (2005). Protein (Sigma Chemical Com-
pany Ltd., Poole, Dorset; procedure no. P5656), tria-
cylglycerol (TG) (Wako, Japan), total cholesterol (TC)
(Wako, Japan), free cholesterol (FC) (Wako, Japan)
and phospholipid (PL) (Wako, Japan) concentrations
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Table 1 - Percentage composition of starter diet
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Dietary treatments’

Ingredients -ve control +ve control 0.1% 0.2% 0.3% 0.4% 0.5%
Com3456 Com3456 Com3456 Com3456 Com3456
Corn 50.600 50.600 50.600 50.600 50.600 50.600 50.600
Soybean 29.382 29.382 29.382 29.382 29.382 29.382 29.382
Wheat Pollard 6.072 6.062 5.972 5.872 5.772 5.672 5.572
Crude palm oil 3.600 3.600 3.600 3.600 3.600 3.600 3.600
Fish Meal 55% 7.600 7.600 7.600 7.600 7.600 7.600 7.600
L-Lysine 0.250 0.250 0.250 0.250 0.250 0.250 0.250
DL-Methionine 0.200 0.200 0.200 0.200 0.200 0.200 0.200
Monodicalcium-phosphate 21 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Calcium carbonate 0.680 0.680 0.680 0.680 0.680 0.680 0.680
Choline chloride 0.060 0.060 0.060 0.060 0.060 0.060 0.060
Salt 0.250 0.250 0.250 0.250 0.250 0.250 0.250
Mineral Mix? 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Vitamin Mix? 0.060 0.060 0.060 0.060 0.060 0.060 0.060
Antioxidant 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Alumino silicates 0.135 0.135 0.135 0.135 0.135 0.135 0.135
Antibiotic* 0.010
Metabolite powder 0.100 0.200 0.300 0.400 0.500
Total 100 100 100 100 100 100 100
Calculated analysis:
Crude protein, % 22.50 22.48 22.48 22.47 22.45 22.44 22.50
ME, kcal/kg 2919.90 2918.68 2918.68 2917.48 2916.28 2915.08 2919.90

' Diets supplemented with different dosages (0.1 — 0.5%, w/w) of metabolite powder of Com3456 (a combination of 4 strains RS5, RI11 RG11 and RG14).
? Provided per kg diet: Fe 100 mg; Mn 110 mg; Cu 20 mg; Zn 100 mg; | 2 mg; Se 0.2 mg; Co 0.6 mg.
3 Provided per kg diet: Vitamin A 6,667 1U; vitamin D 1,000 IU; vitamin E 23 IU; vitamin K3 1.33 mg; cobalamin 0.03 mg; Thiamin 0.83 mg; riboflavin 2 mg; folic acid 0.33mg;

biotin 0.03 mg; pantothenic acid 3.75 mg; niacin 23.3 mg; pyridoxine 1.33 mg.

* a combination of oxytetracyclin and neomycin at the concentration of 100 ppm (w/w).

of VLDL were determined. Cholesteryl ester (CE) was
calculated by deduction of FC from TC. The ratios of
core lipids (TG/CE), surface lipids (PL/FC) and between
surface and core lipids [(PL+FC)/(TG+CE)] were calcu-
lated as described by Fungwe et al. (1992) and Loh et
al. (2002). The ratios illustrate the proportional rela-
tionship between VLDL components and relative VLDL
particle size.

Breast Meat Cholesterol Determination

The analysis was based on the method described
by de Almeida et al. (2006). One gram of sample was
weighed in a methylation tube. Ten mL of 2.14 M
ethanolic potassium hydroxide solution (Merck, KgaA,
Darmstadt) was added. The mixture was homogenized
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thoroughly before capping and sealing. The mixture
was warmed in water bath at 70°C for one hour
with occasional shaking, and then cooled at room
temperature. After cooling to room temperature, the
mixture was transferred to a fresh glass centrifuge
tube. Ten mL of petroleum ether, 5 mL of saturated
NaCl solution and 5 mL of distilled water were added
to the glass-centrifuged tubes, vortexed for 1 min
before centrifugation at 3,000 rpm for 15 min. The
upper layer was transferred into a second test tube
and re-extracted twice with 10 mL of petroleum
ether (BDH Laboratories, Poole, U.K.), re-centrifuged
and the upper petroleum phase was transferred to
capped methylation tubes and dried under nitrogen
gas until only 1 mL of the original volume was left. The
cholesterol sample was transferred to a 4 mL screw-
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Table 2 - Percentage composition of finisher diet
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Dietary treatments’

Ingredients -ve control +ve control 0.1% 0.2% 0.3% 0.4% 0-5%
Com3456 Com3456 Com3456 Com3456 Com3456
Corn 54.900 54.900 54.900 54.900 54.900 54.900 54.900
Soybean 26.900 26.900 26.900 26.900 26.900 26.900 26.900
Wheat Pollard 6.375 6.365 6.275 6.175 6.075 5.975 5.875
Crude palm oil 3.200 3.200 3.200 3.200 3.200 3.200 3.200
Fish Meal 55% 5.000 5.000 5.000 5.000 5.000 5.000 5.000
L-Lysine 0.250 0.250 0.250 0.250 0.250 0.250 0.250
DL-Methionine 0.200 0.200 0.200 0.200 0.200 0.200 0.200
Monodicalcium-
phosphate 21 1.400 1.400 1.400 1.400 1.400 1.400 1.400
Calcium carbonate 0.992 0.992 0.992 0.992 0.992 0.992 0.992
Choline chloride 0.058 0.058 0.058 0.058 0.058 0.058 0.058
Salt 0.250 0.250 0.250 0.250 0.250 0.250 0.250
Mineral Mix? 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Vitamin Mix? 0.058 0.058 0.058 0.058 0.058 0.058 0.058
Antioxidant 0.008 0.008 0.008 0.008 0.008 0.008 0.008
Alumino silicates 0.150 0.150 0.150 0.150 0.150 0.150 0.150
Antibiotic* 0.010
Metabolite powder 0.100 0.200 0.300 0.400 0.500
Total 100 100 100 100 100 100 100
Calculated analysis:
Crude protein, % 20.34 20.34 20.34 20.31 20.29 20.28 20.26
ME, kCal/kg 2912.30 2912.20 2912.20 2909.76 2908.60 2907.4 2906.16

' Diets supplemented with different dosages (0.1 — 0.5%, w/w) of metabolite powder of Com3456 (a combination of 4 strains RS5, RI11 RG11 and RG14).
? Provided per kg diet: Fe 100 mg; Mn 110 mg; Cu 20 mg; Zn 100 mg; | 2 mg; Se 0.2 mg; Co 0.6 mg.
3 Provided per kg diet: Vitamin A 6,667 1U; vitamin D 1,000 |U; vitamin E 23 |U; vitamin K3 1.33 mg; cobalamin 0.03 mg; Thiamin 0.83 mg; riboflavin 2 mg; folic acid 0.33mg; biotin

0.03 mg; pantothenic acid 3.75 mg; niacin 23.3 mg; pyridoxine 1.33 mg.

* a combination of oxytetracyclin and neomycin at the concentration of 100 ppm (w/w).

capped vial (Kimble Glass inc., USA) and then dried
under a stream of purified nitrogen gas to flush the
samples. The cap was then sealed and samples were
kept frozen at —20°C until gas chromatography (GC)
analysis. Prior to GLC analysis, 1 mL of chloroform-
methanol 2:1 (v/v) mixture was added into the vial
containing the cholesterol extract to reconstitute the
cholesterol methyl ester.

Cholesterol methyl ester was separated by using
an Agilent (Agilent Technologies, Inc., USA) fused
silica capillary column (30 m, 0.32 mm ID, 0.25 ym
film thickness) in a Hewlett-Packard Model 6890N
Gas Chromatograph. The carrier gas was high purity
nitrogen at 33.5 mU/min. High purity hydrogen and
compressed air were used in the flame ionization
detector of the gas-liquid chromatograph. Oven
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temperature was set at 310°C. The set temperature for
the injector and detector was 325°C. Peak area, which
reflects the cholesterol content, was determined using
a HP-3993A Integrator (Hewlett-Packard, Avondale,
PA). Microsoft Excel 2000 (Microsoft Corp., Redmond,
USA) was used to express the peak areas as absolute
amount of detected cholesterol. Quantification of the
cholesterol concentration was based on a standard
cholesterol curve at 2; 4; 6; 8 and 10 mg/mL.

Lactic Acid Bacteria Population in Small
Intestine Digesta

The digesta LAB population was determined using
the method described by Foo et al. (2003b). Ten percent
(w/v) of digesta sample was diluted in sterile peptone
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Table 3 - Plasma and meat cholesterol in weeks 3 and 6 of broilers fed diets supplemented with different dosages of

Com3456 metabolites.

Dietary treatments’

Cholesterol, mg/dL 0.1% 02% 03% 0.4% 05%

-ve control +ve control Com3456 Com3456 Com3456 Com3456 Com3456
Plasma, mg/dL
Week 3 111.08+4.57% 103.27+2.19° 109.33+5.99v2 109.99+1.25b 115.37+2.742 109.56+2.14%  110.51+0.91°
Week 6 149.85+4.78° 119.18+5.92% 128.80+3.83° 109.82+7.4¢ 108.60+5.02¢ 106.23+4.30¢ 106.70+4.14¢
Meat, mg/100g
Week 3 47.54+3.51° 46.65+2.66° 43.13+2.442 47.82+3.332 44.34+2 442 47.56+3.96° 45.97+2.43°
Week 6 41.40+1.39° 39.37+1.26°¢ 40.88+2.24" 38.51+1.04° 37.40+0.87" 37.52+0.52" 36.89+0.56¢

a-c Row means + SEM with different superscript are significantly different (p<0.05).

! Diets supplemented with different dosages (0.1 — 0.5%, w/w) of metabolite powder of Com3456 (a combination of 4 strains RS5, RI11 RG11 and RG14).

water, left at room temperature for an hour prior to
further ten-fold serial dilutions (v/v). Enumerations
of LAB were performed on MRS-agar (Lactobacillus-
Agar De Man, ROGOSA and SHAPE) (Merck®, KgaA,
Darmstadt). The plates were incubated in anaerobic jars
at 30°C for 48 hours. The number of colony-forming
units (CFU) was expressed as the base 10 logarithm of
CFU (logCFU) per gram. All samples were repeated in
triplicate.

Deconjugation of Bile Salts by Lactic Acid
Bacteria

Ten mL of MRS broth was added to 100 pL of each
of the 4 substrates 0.2g/mL (sodium glycocholate,
sodium taurocholate, sodium glycodeoxycholate
and sodium taurodeoxycholate). LAB colonies were
isolated on MRS-agar plate and inoculated at 1% in
MRS broth (OD adjusted at 600nm) and anaerobically
incubated at 37°C for 24 h. Bile salt deconjugation was
determined based on the release of deconjugated bile
acids as described by Liong and Shah (2005). Ten mL
of culture after the incubation period was adjusted
to pH 7.0 with NaOH (1 N) and brought up to 12.5
mL with sterile distilled water. The LAB culture was
then centrifuged at 10,000 rpm at 4°C for 10 min.
Supernatant obtained (7.5 mL) was adjusted to pH 1.0
with HCI (5 N). Two mL of ethyl acetate were added to
1 mL of the supernatant and the mixture was vortexed
for 1 min. The ethyl acetate layer was transferred to a
glass tube and evaporated under nitrogen gas at 60°C.
The residue was immediately dissolved in 0.5 mL of
0.01 M NaOH and then 0.5 mL of furfuraldehyde (1%)
and 0.5 mL of 8 M H,SO, was added. The mixture
was then vortexed for 1 min before heating at 65°C
in a water bath for 13 min. After cooling, 0.5 mL of
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glacial acetic acid was added and the mixture was
vortexed for 1 min. The absorbance was read at 660
nm (Pharmacia Novaspec I, Cambridge, England).
The amount of deconjugated bile acid released was
determined using deconjugated bile acid standard
(Sigma Chemical Co., St. Louis, MO, USA). All tested
samples were conducted in triplicate.

Data Analysis

Data were analyzed as a complete randomized
design using the General Linear Models procedure of
the Statistical Analysis System (SAS, 1998). Duncan
Multiple Range Test was used to compare treatment
means. Data are presented as the mean + standard
error of the mean (SEM).

RESULTS

Plasma and Breast Meat Cholesterol

Plasma and breast meat cholesterol of chickens in
weeks 3 and 6 are shown in Table 3. Plasma cholesterol
level of broiler chickens in week 3 was not significantly
different (p > 0.05) among the treatment groups,
except for the significant difference between +ve
control and group fed 0.3% Com3456. The pattern
of plasma cholesterol level in week 6 was different
from that of week 3. The highest (p < 0.05) level was
found in broiler chickens fed the -ve control diet and
the lowest (p < 0.05) in broiler chickens fed 0.4%
Com3456. Furthermore, plasma cholesterol of —ve
control broiler chickens was significantly higher (p <
0.05) than that of the remaining of the treatments.

For the breast meat cholesterol concentration, no
significant difference (p > 0.05) was found among the



Loh TC, Thanh NT, Foo HL
Hair-Bejo M

treatment groups when broilers were 3 weeks of age.
However, the trend of breast meat cholesterol level at
week 6 was different from that of week 3. The highest
(p < 0.05) breast meat cholesterol was observed in
broiler chickens fed the -ve control diet, followed by
group supplemented with 0.1% Com3456, while no
significant difference (p > 0.05) was found for the
remaining treatments.

Very Low-Density Lipoprotein Profiles

The VLDL lipid profiles of control groups
and treatments supplemented with different
concentrations of Com3456 is presented in Table 4.
The highest (p<0.05) FC and TG levels were found in
the -ve control and the treatment supplemented with
0.4% Com3456. In contrast, the lowest (p < 0.05)
FC and TG levels were observed in +ve control and
treatment supplemented with 0.3% Com3456. The
other treatment groups presented similar (p < 0.05)
FC and TG levels. With regard to PL level, the lowest (p
< 0.05) result was found in the +ve control group and
that fed 0.3% Com3456. The other treatments were
no significantly different (p > 0.05). The CE level was
the highest (p < 0.05) in —ve control broiler chickens,
followed by those fed 0.1% and 0.4% Com3456. In
contrast, the +ve controls had the lowest (p < 0.05)
CE concentration. The —ve controls had the highest (p
< 0.05) protein concentration among the treatment
groups, except for the 0.1%Com3456 group.

Effects of Feeding Metabolite Combinations from
Lactobacillus Plantarum on Plasma and Breast Meat
Lipids in Broiler Chickens

With regard to the surface and core lipids ratios
of VLDL particles, diets supplemented with different
concentrations of Com3456 had no effect (p > 0.05)
on the surface lipid (PL/FC) ratio. However, the highest
(p < 0.05) core lipid ratio (TG/CE) was observed in
the treatment supplemented with 0.5%, followed
by treatment supplemented with 0.4% Com3456. A
similar (p>0.05) result was found for the remaining
treatments. The ratio of the total surface to core lipid
components [(PL+FC)/ATG+CE)] of 0.5% Com3456
was also the highest (p < 0.05). However, this ratio
was similar (p > 0.05) in other treatment groups .

Lactic Acid Bacteria Count and Deconju-
gated Bile Acids

The LAB count in digesta from all the segments of
small intestine and quantity of deconjugated bile acid
released by deconjugation of different substrates of
bile acids by LAB is presented in Table 5. The highest
(p < 0.05) LAB count was found in the treatment
supplemented with 0.5% Com3456, whereas the -ve
control presented the lowest count (p < 0.05). The
LAB count in the treatment supplemented with 0.1%
Com3456 was not different (p > 0.05) from that of —ve
control. In contrast, LAB count in all other treatments
was significantly higher (p < 0.05) than the —ve control.
The deconjugated bile acids from taurodeoxycholate
and glycodeoxycholate substrates were similar (p >
0.05) among the treatment groups. However, higher (p

Table 4 - Very low-density lipoprotein lipid profiles of treatments supplemented with different dosages of metabolites from

Com3456
Dietary treatments’
Parameters?, mg/mL —ve +ve Com3456 Com3456 Com3456 Com3456  Com3456
control control 0.10% 0.20% 0.30% 0.40% 0.50%

FC 0.28+0.03t 0.16+0.01¢ 0.27+0.04% 0.23+0.01° 0.20+0.03b 0.32+0.03°  0.25+0.02%
TG 1.92+0.24b2 0.96+0.14¢ 1.55+0.25b 1.41+0.04b¢ 0.97+0.11¢ 1.94+0.14°  1.66+0.19b
PL 0.67+0.08° 0.32+0.04¢ 0.62+0.10° 0.510.01b 0.40+0.05b 0.68+0.04°  0.56=0.06
CE 1.11+0.12 0.57+0.05¢ 0.99+0. 140 0.81+0.03%  0.71+0.08% 0.94+0.05b  0.83=0.100
Protein 0.48+0.05° 0.26+0.04° 0.49+0.11° 0.28+0.03° 0.25+0.05¢ 0.18+0.04®  0.25+0.03t
PL/FC 2.33+0.22° 1.98+0.14° 2.10+0.14° 2.26+0.19° 1.92+0.20° 2.10£0.06°  2.43+0.24°
TG/CE 2.92+0.41% 2.70+0.15¢ 2.40+0.14¢ 3.010.31® 2.36+0.18¢ 3.87+0.35°  6.18+0.51°
(PL+FC)(TG+CE) 0.39+0.04° 0.38+0.02¢ 0.42+0.01® 0.40+0.01° 0.44+0.04° 0.41£0.02®  0.65+0.05°

a-dMeans + SEM in the same row with common superscript are non-significantly different.
1Diets supplemented with different dosages (0.1 — 0.5%, w/w) of metabolite powder of Com3456 (a combination of 4 strains RS5, RI11 RG11 and RG14).
2FC, free cholesterol; TG, triacylglycerol; PL, phospholipid and CE, cholesteryl ester.
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Table 5 - The LAB count in digesta of small intestine and quantity (mM) of deconjugated bile acid released by deconjugation
of LAB of broilers fed diets supplemented with different dosages of Com3456 metabolites.

Dietary treatment’

-ve +ve Com3456 Com3456 Com3456 Com3456 Com3456
control control 0.10% 0.20% 0.30% 0.40% 0.50%

LAB, logCFU/g 3.98+0.18¢ 4.31+0.05° 4.08+0.06" 4.37+0.06° 4.57+0.08° 4.54+0.08° 4.59+0.05°
Deconjugated bile
acids, mM:
Taurodeoxycholate 0.31+0.06° 0.28+0042 0.28+0.02? 0.30+0.02° 0.28+0.03? 0.31+0.04° 0.27+0,042
Taurocholate 0.23+0.04¢ 0.35+006° 0.30+0.07* 0.30+0.02%¢ 0.34+0.03% 0.41+0.05b° 0.49+0,05°
Glycocholate 0.20+0.04° 0.35+0.06° 0.29+0.04b 0.39+0.032 0.34+0.02° 0.35+0.042 0.33+0,042
Glycodeoxycholate 0.33+0.04° 0.27+0.04° 0.31+0.04° 0.27+0.02° 0.27+0.03° 0.23+0.03° 0.28+0,04°

a-cMeans + SEM in the same row with common superscript are non-significantly different.

! Diets supplemented with different dosages (0.1 — 0.5%, w/w) of metabolite powder of Com3456 (a combination of 4 strains RS5, RI11 RG11 and RG14).

< 0.05) deconjugated bile acid from taurocholate was
observed in treatments supplemented with 0.4 and
0.5% Com3456. Similar results (p > 0.05) were found for
the rest of the treatments. With regard to glycocholate,
except for the 0.1% Com3456 group, all other treated
groups and +ve control presented significantly higher
level (p < 0.05) than that of the —ve control.

Relationship of Plasma and Breast Meat
Cholesterol and Faecal Microflora Count

Table 6 shows the Pearson correlation coefficient
and significance level between cholesterol and bacterial
count. Plasma cholesterol was positively correlated
(p<0.05) with breast meat cholesterol in week 6 (r =
0.54). A negative correlation (r = -0.58, p<0.05) was
found between LAB count and plasma cholesterol
in week 6. A negative correlation was also observed
between LAB and breast meat cholesterol (r = -0.32,
p=0.056).

Table 6 — Pearson’s correlation coefficients (r) and p-value
of cholesterol and lactic acid bacteria count at 6 weeks of
age

Parameters Plasma Meat cholesterol LAB
o-value ' cholesterol

Week 6 Week 6 Week 6
Plasma 1.000
cholesterol
Meat cholesterol 0.54 1.00

(0.00)
LAB -0.58 -0.32 1.00

(0.00) (0.05)

! Pearson’s correlation coefficient.
Zvalue in brackets indicate significance level, p.

> NA: Non-applicable.
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DISCUSSION

Plasma and Breast Meat Cholesterol

The study showed the cholesterol-lowering effect
of the supplementation of Com3456 at different
levels. These results are in agreement with the findings
of Foo et al. (2003a, b) that Lactobacillus metabolites
had positive effects in reducing cholesterol in rats.
Anderson & Gilliland (1999) also reported a reduction
of serum cholesterol concentration in humans fed
fermented milk containing L. acidophilus L1. Jin et al.
(1998) also reported similar cholesterol reduction in
broiler chickens fed cultures of Lactobacillus strains.
The results was also in agreement with the study of
Brashears et al. (1998), who reported a cholesterol
removing effect of L. casei N19 and E5 and L
acidophilus L1 and ATCC 43121 grown in MRS broth
at pH 6.0 and without pH control. The same results of
plasma cholesterol reduction were reported by Loh et
al. (2003) in rats.

The cholesterol reduction effect can be explained
by the increase in microfloral LAB population, leading
to a faster rate of cholesterol catabolism by bile acids.
Moreover, intestinal LAB can convert primary bile acids
into a variety of secondary bile acids by deconjugation
ability. This effect causes a decrease of the bile acid
level in the intestine. Furthermore, it elevates fecal
excretion and accelerates the turnover of bile acids.
This leads to a faster rate of cholesterol synthesis for
the production of bile acids due to its precursor role
of bile acids synthesis (Pereira & Gibson, 2002). Some
strains of Lactobacillus are able to produce exogenous
polysaccharides, which can attach to free bile acids
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in the intestine, thus enhancing excretion of the bile
acids via the feces (Pigeon et al., 2002). The negative
correlation between LAB and cholesterol level also
supported the cholesterol lowering effect of LAB in
the intestine. In addition to bile salts deconjugation,
another way of lowering cholesterol level is the
integration of cholesterol into the bacterial cellular
membrane (Noh et al., 1997).

Very Low-Density Lipoprotein Profiles

Besides TG, VLDL particles also contain some
cholesterolandcholesterylestersandtheapolipoprotein.
The availability of cholesterol is required to form the
VLDL and transport TG and other lipids (Fungwe et
al., 1992). The results of the study showed metabolite
supplementation in the diet of broilers reduced CE
in VLDL particles compared to the —ve control. This
may contribute to the cholesterol reducing effect of
metabolite combinations supplementation. As the
levels of CE in VLDL particles were lowered, their
transportation to extra-hepatic tissues will be lowered
as well. This is supported by Fungwe et al. (1992),
who reported that the levels of cholesterol and TG are
regulated by the secretion and transport of these lipids
in the VLDL complex (Fungwe et al., 1992; Loh et al.,
2002). Furthermore, CE is the main form of cholesterol
in the body (Devlin, 2002). Watanabe et al. (2006)
also reported the lowering effects of total plasma
cholesterol, TG, LDL, and the increase in HDL in rats
fed with traditional fermented food GABA-Tempeh.

It is of particular interest that the molar ratios of the
total surface to core lipid components (PL+FC/TG+CE)
remained constant regardless of the supplementation
of metabolites. The only significantly higher TG/CE
and (PL+FO/(TG+CE) was observed in broiler chickens
supplemented with 0.5% Com3456. Similar surface
and lipid ratio suggested the non-significant difference
in VLDL particle size among the treatment groups as
the surface-core VLDL lipids ratio reflects the VLDL
particle size (Fungwe et al., 1992; Loh et al., 2002).
However, the protein concentration in VLDL particles
was significantly reduced for the 0.2 %, 0.3%, 0.4%
and 0.5% Com3456 levels. The concentration of
protein in VLDL could be used to indicate the number
of VLDL particles in the plasma (Loh et al., 2002).
These results, therefore, suggest that the numbers of
VLDL particles were reduced in broiler chickens fed
with different dosages of Com3456.

The protein concentration in VLDL, reflected the
number of VLDL particles (Loh et al., 2002). This
may be attributed to the mechanisms involved in
the metabolism of TG-rich lipoproteins in the plasma
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as VLDL particles are important in influencing the
distribution of TG in plasma to individual tissues and
to different fat depots (Griffin and Hermier, 1988). The
additional interesting result was the positive correlation
(r=0.34; p=0.03) between CE and plasma cholesterol
concentrations. This may be due to that cholesterol is
existed mainly in the form of CE (Devlin, 2002).

Lactic Acid Bacteria Count and Bile Salts
Deconjugation

The supplementation of metabolite combinations
(>0.20%) in the diet of broiler increased the LAB
count as compared with the —ve control, which had
higher deconjugation ability. Most of treatments
supplemented with different dosages of metabolite
combinations increased LAB counts in small intestine
digesta. The LAB from treatments supplemented with
metabolite combinations had higher deconjugation
ability, especially taurocholate and glycocholate. The
results of deconjugation ability of LAB are in agreement
with Tannock et al. (1994), who reported that the
concentrations of unconjugated bile acids in the small
bowels of mice colonized by lactobacilli are higher than
those of animals that do not harbor a Lactobacillus
population. Ahn et al. (2003) also reported the higher
deconjugation activity of L. acidophilus. Deconjugated
bile salts are the primary form of removal of cholesterol
from the body by excretion (Voet & Voet, 1995).
Most conjugated bile salts are recirculated through
the enterohepatic circulation. The bile salts that are
excreted must be replaced by new bile acids, which
are formed from cholesterol in the body. The more
excretion of bile salts, the more cholesterol is being
utilized from the pool within the body. Thus, the plasma
and breast meat cholesterol concentrations were
lower in those broiler chickens supplemented with
Com3456 than the —ve control chickens. The bile salts
deconjugation ability of LAB was also proven by Chikai
et al. (1987), who reported bile salt deconjugation by
Bacillus longum increased bile salt excretion in rats. The
deconjugation ability of LAB is mainly attributed to the
bile salt hydrolase activity. Bile salt deconjugation and
bile salt hydrolase activity of 5 bifidobacterial strains
and their cholesterol co-precipitating properties were
reported by Liong & Shah (2005).

CONCLUSIONS

Supplementation of Lactobacillus  plantarum
metabolite in broiler chicken diets contribute for the
reduction of cholesterol concentration in the plasma
and breast meat. The mechanisms involved include
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the reduction of CE and number of VLDL particles, as
indicated by the VLDL-protein concentration, as well as
improved bile salts deconjugation ability by increasing
LAB numbers in small intestine digesta.
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