Animal Science Journal (2010) 81, 205-214

ORIGINAL ARTICLE

doi: 10.1111/j.1740-0929.2009.00701.x

Feeding of different levels of metabolite combinations
produced by Lactobacillus plantarum on growth
performance, fecal microflora, volatile fatty acids and

villi height in broilers

Teck C. LOH," Nguyen T. THANH," Hooi L. FOO,** Mohd HAIR-BEJO* and Bin K. AZHAR!

'Department of Animal Science, Faculty of Agriculture, *Department of Bioprocess Technology, Faculty of
Biotechnology and Biomolecular Sciences, “*Department of Veterinary Pathology, Faculty of Veterinary Medicine,
and *Institute of Bioscience, University Putra Malaysia, Serdang, Selangor, Malaysia

ABSTRACT

The effects of feeding different dosages of metabolite combination of L. plantarum RS5, RI11, RG14 and RG11 strains
(Com3456) on the performance of broiler chickens was studied. A total of 504 male Ross broilers were grouped into 7
treatments and offered different diets: (i) standard corn-soybean based diet (negative control); (ii) standard corn-soybean
based diet +100 ppm neomycin and oxytetracycline (positive 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. Supplementation of Com3456 with
different dosages improved growth performance, reduced Enterobacteriaceae and increased lactic acid bacteria count, and
increased villi height of small intestine and fecal volatile fatty acid concentration. Treatment with 0.4% and 0.2%
Com3456 had the best results, especially in terms of growth performance, feed conversion ratio and villi height among
other dosages. However, the dosage of 0.2% was recommended due to its lower concentration yielding a similar effect
as 0.4% supplementation. These results indicate that 0.2% is an optimum level to be included in the diets of broiler in

order to replace antibiotic growth promoters.
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INTRODUCTION

The developing resistance to antibiotics in clinical use
is recognized as a worldwide problem. Most risk asses-
sors consider that reservoirs of resistance determinants
found in food-producing animals are largely attribut-
able to the use of antibiotic growth promoters (AGPs).
These contribute to the development and the spread of
resistance to the extent which threatens the capacity
to deal with many diseases (Chesson 2006). Although
AGPs possess growth-promoting effects, feed efficiency
improvement and gastrointestinal infections preven-
tion, antibiotic resistance is a major concern. Patho-
genic bacteria resistant to several antimicrobial agents
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emerged globally in the 1980s (Aarestrup 1995). WHO
has drawn attention to the potential hazards of AGP
and recommends prudence in their use (WHO 1998).
Infections caused by enterococci, streptococci, Salmo-
nella, Campylobacter and E. coli are the current treat-
ment problems that are potentially attributable to
animal use of antimicrobials (Wegener 2006). It has
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also been shown that fecal E. coli isolated from pigs was
resistant to antibiotics such as neomycin, oxytetracy-
cline, nalidixic acid and chloramphenicol (Loh et al.
2006).

Thus, finding an alternative to AGPs in animal pro-
duction is urgent. Investigating the optimal dosages of
natural metabolites is particularly important in poultry
production. Compared to live microorganisms,
metabolites have advantages in storage, transportation
and handling. Therefore, an alternative substance that
is environmentally friendly and can easily be used on
a farm needs to be found. This study was conducted
using different levels of metabolite combinations pro-
duced by 4 strains of L. plantarum in order to evaluate
growth performance of broilers, fecal lactic acid bacte-
ria (LAB) and Enterobacteriaceae (ENT) counts, fecal
volatile fatty acids (VFA), and gut morphology. The
aim of the study was to identify the optimal dosage of
the metabolite combinations supplemented in the
diets of broiler chickens.

MATERIALS AND METHODS

Broiler chicks and experimental design

A total of 504 male Ross broilers from a local company were
raised from 1 day old to 42 days of age in a deep litter house.
Each pen consisted of 12 chicks and was randomly allocated
to the open house with wood shavings litter. Upon arrival,
the birds were vaccinated against infectious bronchitis (IB)
and Newcastle disease (ND) (IB-ND Fort Dodge, Collegeville,
USA) by intraocular route. The IBD vaccine (UPM93; MyVac,
Bangi, Malaysia) against infectious bursal disease (IBD) was
applied on day 14 of the rearing period. After vaccination,
the 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 con-
sisted of: (i) corn-soybean basal diet without antibiotic (—ve
control); (ii) basal diet with 100 ppm neomycin and oxytet-
racycline (+ve control); (iii) basal diet supplemented with
0.1% of metabolite combination from 4 strains of L. plan-
tarum RS5, RI11, RG14 and RG11 (Com3456); (iv) basal diet
supplemented with 0.2% metabolite combinations 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 pro-
duced as described by Loh et al. (2008, 2009). The diets were
formulated to meet the requirements of all nutrients for
broiler chickens. The percentage composition of starter and
finisher diets are presented in Tables 1 and 2, respectively.

Data and sample collection

The individual body weight (BW) and pen feed intake (FI)
were recorded weekly and live weight gain (WG), feed
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conversion ratio (FCR) and average daily gain (ADG) were
calculated. Twelve birds at week 6 of each treatment were
randomly selected and slaughtered for sampling as feces and
small intestines were taken for further analysis. All proce-
dures were approved by Research Advisory Committee, Uni-
versity Putra Malaysia.

Fecal lactic acid bacteria and
Enterobacteriaceae count

The fecal LAB and ENT population was determined using the
method as described by Foo et al. (2003a). Ten percent (w/v)
of fecal samples were diluted in sterile peptone water and 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 incu-
bated in an anaerobic jar at 30°C for 48 h. ENT were spread
and counted on EMB-Agar (Eosin-methylene-blue Lactose
Sucrose Agar (Merck®, KgaA, Darmstadt) and incubated
aerobically for 24 h at 37°C. 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.

Small intestine morphology

The procedure was a modified method as described by Hair-
Bejo (1990). Segments of 5 to 6 cm long were removed from
the duodenum, jejunum, and ileum as follows: (i) the middle
part of the duodenal loop, (ii) midway between the end point
of duodenal loop and Meckel’s diverticulum (jejunum), and
(iii) midway between the Meckel’s diverticulum and the
ileo-cecal junction (ileum). The intestinal segments were
flushed with 10% neutral buffered formalin solution and
were then used for morphometric analysis. For morphomet-
ric analysis, segments were fixed in 10% neutral buffered
formalin solution overnight. Intestinal samples were then
excised, dehydrated in a tissue processing machine (Leica
Microsystems K. K., Tokyo, Japan) and embedded in paraffin
wax. Sections of 4 um were cut from each of the sample,
fixed on slides, stained with haematoxylin and eosin,
mounted and examined under light microscopes. The mor-
phometric variables examined included villi height (from the
tip of the villi to the villi crypt junction) and crypt depth
(defined as the depth of the invagination between adjacent
villi). The villi height and crypt depth were measured using
an image analyzer. Values are means from the best 20 villi
and only vertically oriented villi and crypts from each slide
were measured.

Volatile fatty acid determination

The VFA concentration in the feces was determined using a
method modified from Jin et al. (1998). One gram of feces
(stored at —20°C) from each sample was weighed in a sam-
pling tube. One mL of 24% metaphosphoric acid diluted in
1.5 mol/L sulphuric acid (BHD Laboratories, Poole, UK) was
added. The mixture was kept at room temperature overnight
and centrifuged at 10 000 rpm for 20 min at 4°C. The col-
lected supernatant was kept in a 2-mL screw-capped vial
(Kimble Glass Inc., USA). The internal standard 20 mmol/L
4-methyl-valeric acid (Sigma Chemical Co., St. Louis,
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Missouri, USA) was added to the supernatant to achieve
10 mmol/L in the combination and stored at —20°C until GLC
analysis. VFA were separated by a Quadrex 007 Series
(Quadrex Corp., New Haven, CT 06525 USA) bonded phase
fused silica capillary column (15 m, 0.32 mm ID, 0.25 um
film thickness) in a 6890N (Hewlett-Packard, Avondale, PA)
equipped with a flame ionization detector. The purified
nitrogen functioned as a carrier gas with a flow rate of
60 mL/min. The temperature of the injector and detector was
230°C. The column temperature was set at 200°C in an
isothermal status. The commercial standards of 20 mmol/L
acetic, and 10 mmol/L each of propionic, butyric, isobutiric,
valeric, isovaleric and 4-methyl-valeric acids from Sigma
(Sigma chemical Co., St. Louis, Missouri, USA) were used as
external standards to identify the peaks.

Data analysis

Data were analyzed as a complete randomized design using
the General Linear Models procedure of the Statistical Analy-
sis System (SAS 1998). Duncan’s Multiple Range Test was
used to compare means of treatments. The data were pre-
sented as the mean = standard error of the mean (SEM).

RESULTS AND DISCUSSION

Growth performance

The growth performance is shown in Table 3. The BW,
total WG and ADG of chickens at 42 days of age in the
—ve control treatment were the lowest (P < 0.05)
among the treatments, while the chickens in treat-
ment, supplemented with 0.4% Com3456 from 4
strains of L. plantarum had the highest (P < 0.05), fol-
lowed by birds in the +ve control group and 0.2%
Com3456 in third place. However, there was no BW
and WG difference (P> 0.05) among chickens in the
+ve control and treatments supplemented with
Com3456, except for treatment supplemented with
0.5% Com3456, which was the lowest among treated
groups. Feed intake means were not significantly dif-
ferent (P> 0.05) among the treatments. Relating to
the FCR, the lowest result (P < 0.05) was found in
treatment supplemented with 0.4% Com3456 as com-
pared with the remaining of the treatments.

The results showed higher live BW, total WG and
ADG for the +ve control group and the 5 groups
supplemented with different dosages of Com3456
compared to that of birds in —ve control, which was fed
with corn-soybean based diet. The metabolite combi-
nations from the 4 strains of L. plantarum (Com3456)
at different levels of dosages could partially replace
antibiotic growth promoter. The optimal dosage in
terms of growth performance was 0.4% Com3456,
which gave the highest growth performance, followed
by 0.2% Com3456. In terms of improvement
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all dosage levels of metabolite combination had effects
in increasing gastrointestinal LAB. All treatments
supplemented with Com3456 had positive effects in
reducing ENT count. The results were in line with the
findings of Savadogo etal. (2004), as they reported
that metabolites exhibited broad antagonistic activity,
which has capability to inhibit pathogens from various
species such as Gram-positive (e.g. Bacillus cereus, Sta-
phylococcus aureus, L. monocytogenes, Streptococcus preu-
moniae, Enterococcus faecalis, Enterococcus faecium and
P. acidilactici) and Gram-negative (e.g. E. coli and S.
typhimurium) bacteria. The same effect of Lactobacillus
on fecal ENT count was reported in rats by Loh et al.
(2003a) and Foo et al. (2003a,b). Feeding of fermented
products that contained LAB also reduces Enterobacte-
riaceae population numbers in feces of pigs and layers
(Loh ef al. 2003b, 2007).

The ability of LAB in reducing ENT is mainly due to
competitive exclusion and the ability to produce and
secrete antimicrobial substances such as bacteriocin
and VFA to reduce pH and inhibit viability of ENT
(Reid 2001). The effect of metabolite combination in
reducing gastrointestinal ENT gave better chances for
LAB to increase their population in intestinal micro-
flora via competitive exclusion. Several studies have
proved the effect of LAB on competitive exclusion of
pathogens in different animals such as in chickens
(Pascual et al. 1999), pigs (Harvey et al. 2005), and in
humans (Tuomola et al. 1999). Competition of attach-
ment sites and nutrients are the two key fundamentals
of competitive exclusion. Besides the physical barrier,
LAB are also involved in making an unfavorable envi-
ronment for many of the unnecessary bacteria such as
Salmonella and E. coli as LAB are capable of producing
and secreting antimicrobial substances such as bacte-
riocin and VFA to reduce pH and inhibit viability of
ENT (Reid 2001). The bacteriostatic effects of VFA in
the caeca (van der Wielen et al. 2000) also play an
additional role in reducing ENT. The negative correla-
tion between ENT and LAB once again proved the
competitive exclusion of LAB against ENT. The
increased number of LAB in treated groups reduced
the ENT count.

Fecal volatile fatty acids

The fecal VFA is presented in Table 4. The main VFA
was acetic acid, followed by propionic and butyric
acids. The treatments supplemented with 0.4% and
0.3% Com3456 had the highest (P < 0.05) acetic acid
and total VFA levels. In contrast, the lowest (P < 0.05)
results were found in —ve control birds. However, no

Animal Science Journal (2010) 81, 205-214

METABOLITES ON BROILERS PERFORMANCE 211

significant difference (P > 0.05) of acetic acid and total
VFA concentration was found among the rest of the
treatments. With regard to propionic acid and other
VFA, no significant difference (P > 0.05) was observed
among all of the treatments. The butyric acid level of
birds fed with 0.1% Com3456 was significantly differ-
ent (P<0.05) with that of treatments supplemented
with 0.3%, 0.4% and 0.5% Com3456. However, no
significant difference (P> 0.05) was found among the
other 6 treatments.

The supplementation of metabolite combinations
increased fecal VFA. There was an increase of VFA in
some dosages of Com3456, especially in 0.3% and
0.5% Com3456 at week 3 and 0.4% Com3456 at week
6. One of the main reasons of the increase of VFA in
treated birds may be the increase of LAB in treatments
supplemented with metabolite combinations as LAB
and other gut microbiota ferments various substrates
like lactose, biogenic amines and allergenic com-
pounds into short-chain fatty acids and other organic
acids and gases (Gibson & Fuller 2000).

Intestinal villi height and crypt depth

The intestinal villi height and crypt depth of chickens
from different treatments are presented in Table 5. The
highest (P < 0.05) duodenal villi were found in birds
fed with 0.4% Com3456, followed by birds in the
0.3% and 0.2% Com3456 groups, while —ve control
birds had the shortest (P < 0.05). The similar (P > 0.05)
duodenal villi height was found in +ve control, 0.1%
and 0.5% Com3456, and three of them were signifi-
cantly higher (P < 0.05) than that of the —ve control
birds. Relating to the jejunal villi, the birds fed with
0.4% metabolites also had the highest (P <0.05)
results. However, the —ve control birds had the short-
est (P < 0.05) jejunal villi and were significantly differ-
ent from all of the other treatment groups. For ileal
villi, the highest results belonged to the birds fed with
0.1% Com3456, followed by 0.5%, 0.4% and 0.3%
Com3456, respectively. The similar ileal villi height
was found between +ve control and 0.2% Com3456.
The shortest ileal villi and significantly different
(P <0.05) with all of the remaining treatments was
observed in —ve control birds.

The +ve control birds had the deepest (P < 0.05)
duodenal crypt, followed by groups of 0.2% and 0.3 %
Com3456 and —ve control. Similar results (P > 0.05)
were observed in groups supplemented with 0.1%,
0.4% and 0.5% Com3456 and they were the shallow-
est (P < 0.05) among the treatment groups. For jejunal
crypts, the +ve control and treatment supplemented
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Table 5 Villi height and crypt depth at week 6 of treatments supplemented with different dosages of metabolites

from Com3456

Parameters Dietary treatmentst
—ve +ve 0.1% 0.2% 0.3% 0.4% 0.5%
control control Com3456 Com3456 Com3456 Com3456 Com3456
Villi height, pm
Duodenal 1683 = 19° 1756 = 26" 1752 = 16° 1865 = 22¢ 1871 = 15¢ 1984 * 26¢ 1765 = 18°
Jejunal 1157 = 9° 1303 = 13¢ 1373 = 21¢ 1390 = 19¢ 1272 * 19% 1532 * 24°¢ 1224 *= 20°
Ileal 719 = 12° 788 + 13° 913 =+ 14¢ 778 +£ 9P 826 * 12¢ 832 + 12¢ 849 + 12¢
Crypt depth, um
Duodenal 275 = 10° 306 *+ &° 247 + 8 296 * 7% 289 =+ 7 237 £ 42 237 £ 7°
Jejunal 219 + 7° 276 + 9¢ 276 + 7¢ 235 = 7° 218 + 5° 226 * 3° 255 =+ 4°
Ileal 134 = 4% 115 * 32 185 =+ 3! 165 *+ 5¢ 137 * 3¢ 124 + 3% 151 * 24

*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 G14). Each treatment consisted of 20

replicates.

with 0.1% Com3456 had the highest (P <0.05)
results, followed by group of 0.5% Com3456.
However, no significant difference (P> 0.05) was
found for the rest of the treatment groups. The deepest
(P <0.05) ileal crypt belonged to treatment supple-
mented with 0.1% Com?3456, followed by groups of
0.2% and 0.5% Com3456. In contrast, the +ve control
had the shallowest (P < 0.05) ileal crypt. The ileal
crypts of —ve control birds did not significantly differ
(P>0.05) with that of groups supplemented with
0.3% and 0.4% Com3456.

Villi are the key components taking part in nutri-
ents’ absorption in small intestine. High villi enlarge
the surface area of the intestinal epithelium for greater
absorption of necessary nutrients (Caspary 1992). The
increase of villi height and crypt depth was found in
birds treated with different dosages of Com3456. The
most prominent villi height increase was observed in
treatment supplemented with 0.4% Com3456, which
also had the highest growth performance among all
the treatments. The results of the present study was in
agreement with the findings of Samanya and Yamau-
chi (2002) who reported a significant increase of villi
height of duodenum and ileum in 28-day-old chicks
ted with Bacillus subtilis. The results was also supported
by Miles etal. (2006) who reported the increase of
absorptive surface in small intestine of chicken fed
with antimicrobials.

The increase of villi height from feeding broilers
with Com3456 metabolite combinations may be
attributed to their antimicrobial activity of bacteriocin
and organic acid. The role of villi as a protective barrier
against pathogenic bacteria also has positive etfects on
the increase of villi height (Paul ef al. 2007). Pathogens
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in the normal microflora in the intestinal epithelium
may contribute to altering the permeability of the
villi surface. This may lead to invasion of pathogens,
modifying metabolism and absorption of nutrients,
resulting in chronic inflammation in the intestinal
epithelium (Podolsky 1993) and lead to the decrease of
villi height (Visek 1978). The metabolites with their
important components bacteriocin and organic acids
inhibit growth of many pathogens. This may reduce
the colonization of bacteria in the epithelium and
result in reducing inflammation and infection at the
intestinal mucosa. Finally, taller villi exhibit enhanced
secretion and absorption (Paul etal. 2007). On the
contrary, reduced absorptive functions were occurred
in short villi with the reduction in the villi surface area
(Park et al. 1998). Additionally, reduction of enzyme
activities, such as mucosal lactase and sucrase (Park
etal. 1998), lactase and alkaline phosphatase (Zijlstra
etal. 1997), alkaline phosphatase and disaccharidase
(Lopez-Pedrosa et al. 1998), and total lactase phlorizin
hydrolase and mucosal protein concentration (Dudley
etal. 1998) were also observed in these short villi.
Additionally, the present study also showed the posi-
tive correlation between live BW of birds and their
duodenal and jejunal villi height. The results were
consistent with the findings of others, who reported
the positive association between an increase in villi
height and BW in piglets (Zijlstra et al. 1996), chickens
(Samanya & Yamauchi 2002), and turkeys (Ritz et al.
1995).

In conclusion, supplementation of Com3456 in the
diet of broiler chickens at different dosages improved
growth performance, reduced ENT and increased LAB
count, and increased small intestine villi height, fecal
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VFA. Treatment with 0.4% and 0.2% Com3456 gave
the best results, especially in terms of growth perfor-
mance, FCR and villi height. Therefore, metabolite
combinations from Lactobacillus plantarum are potential
replacements of AGP in the poultry industry.
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