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ABSTRACT ARTICLE HISTORY
In this study, a total of 180 one-day-old male Arbor Acres broilers Received 1 July 2019
were randomly allotted to 5 groups with 6 replicates per group. Accepted 21 August 2019

Birds in negative control group were fed a corn-soybean meal-

based diet, and birds in positive control group, MEF group, COSE gEYWQR,DS .
. . robiotics; plant extract;

group, MEF + COSE group were challenged with E. coli K88 and broiler: E. coli K88

supplemented with 0, 1x 10" cfu MEF/kg of diets, 500 mg COSE/ '

kg of diets or their combinations, respectively. Results showed

that PC group had lower average body weight and greater E. coli

counts in caecal contents than NC group. MEF and COSE

significantly increased average body weight, serum IgA level, T-

SOD activity compared with that of PC group. MEF and MIX group

had less caecal E. coli counts than PC birds. The results indicated

dietary supplementation of MEF and COSE had a positive

moderating effect on E. coli K88-challenged broiler chickens.

Introduction

Enterotoxigenic Escherichia coli K88 is a major pathogen responsible for the diarrhoea and
infection, which could result in poor growth, increased mortality and a great economic
loss in poultry industry (Alonso, Padola, Parma, & Lucchesi, 2011). Although vaccination
strategies include the antibiotics could control colibacillosis and promote the growth of
broiler chickens, the excessive uses of antibiotics lead to antibiotic residues in animal pro-
ducts and the production of drug-resistant bacteria (Iii & Drew, 2000). The use of anti-
biotics has been banned in European Union in 2006 and limited in the United States of
America by the Veterinary Feed Directive (Food and Drug Administration, 2000). So
research aimed at identifying new antibiotic substitutes is very urgent to poultry industry.

Beneficial effects of probiotics highly depend on species- and strain-specific, tolerance
and adhesion in gastrointestinal tract (Corona-Hernandez et al., 2013). Lactic acid
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bacteria, such as Enterococcus faecalis, play an important role in intestinal tract by mod-
ulating gut microflora of animals (Han et al., 2018; Wang et al., 2018). However, lactic acid
bacteria are very sensitive to the external environment, such as feed process, storage, and
gastrointestinal tract of animal (Corona-Hernandez, Alvarez-Parrilla, Lizardi-Mendoza,
Islas-Rubio, & de la Rosa, 2013; Prakash, Tomaro-Duchesneau, Saha, & Cantor, 2011).
Microencapsulated probiotics have beneficial effects on enhancing the survivability of pro-
biotics to the adverse environment in the gastrointestinal tract and on improving the
overall health of broilers (Corona-Hernandez et al, 2008; Zhang, Li, Yun, Qi, et al,
2015b). Furthermore, the antimicrobial protein produced by E. faecalis showed antibacter-
ial activity against Escherichia coli, so E. faecalis might be used for inhibition of the growth
of pathogenic bacteria (Pantev et al., 2003; Shekh & Roy, 2012).

Plant extract is a class of new alternatives to antibiotics, and may act as prophylactic
agent (Spisdkova et al., 2013). C. oleifera seed is one of the important sources of high-
quality edible oil in China (And & Yen, 2006). Saponins, oligosaccharides and polysac-
charides extracted from C. oleifera seed have many biological effects, such as immunosti-
mulant, hypocholesterolaemic and antimicrobial properties (Liu, Jia, Gao, Li, & Tu, 2014;
Ye, Yang, Fang, & Li, 2015), but there were only a few reports on the effects of C. oleifera
seed extract in poultry, especially under infections condition.

Therefore, this study was to investigate the effects of dietary microencapsulated
E. faecalis or/and C. oleifera seed extract supplementation on growth performance,
serum antioxidant ability, immune status and caecal microflora in broiler chickens
infected with E. coli K88.

Materials and methods
Diets

Microencapsulated E. faecalis products were produced by our research group according to
Zhang et al. (2015a). The microencapsulated product was analysed to contain 1 x 10'° cfu
E. faecalis/g of product. The mean particle size of microencapsulated E. faecalis product
was 631 um (Mastersizer-2000 Laser Particle Analyzer, Malvern Instruments, Ltd.,
Malvern, UK). C. oleifera seed extract was prepared using aqueous enzymatic method,
which can synchronously obtain high quality oil and unsaponifiable lipid by using
enzymes (protease, amylase, pectinase, cellulase) to disintegrate the cell walls of oilseeds
and hydrolyse the lipoprotein in the cells (De Moura & Johnson, 2009). The product is
obtained with light brown colour, with 30% C. Oleifera polysaccharide and 30% saponin.

Experimental diets (Table 1), free of antibiotics, in mash form, were formulated to meet
nutrient requirements of Chinese feeding standard of chicken (NY/T 33-2004). Exper-
imental diets and water were provided ad libitum. Environmental temperature in the
rooms was maintained at 32-35°C in the first week and then gradually reduced to 25°C
until the end of the experiment.

Birds and experimental procedure

A total of 180 one-day-old male Arbor Acres broilers were obtained from a commercial
hatchery (Huadu Broiler Breeding Farms, Beijing, China). The broilers were randomly
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Table 1. Ingredients and nutrient composition of the basal diet (g/kg diet as fed basis).

Ingredient Day 0-28
Corn 557.50
Soybean meal 367.50
Soybean oil 29.60
Dicalcium phosphate 18.60
Limestone 12.00
Salt 3.50
L-Lysine HCI 3.09
L-Methionine 2.87
L-Threonine 0.50
Choline chloride (50%) 2.60
Vitamin premix® 0.20
Mineral premix® 2.00
Total 1000.00
Calculated chemical composition (g/kg diet as fed basis)

ME (kcal/kg) 3200.00
Crude protein 230.00
Calcium 10.00
Total phosphorus 7.00
Available phosphorus 4.10
Lysine 11.00
Methionine 5.70

2Vitamin premix provided the following per kilogram of diet; vitamin A, 9500 IU; vitamin D, 62.5 pg; vitamin K3, 2.65 mg;
vitamin By,, 0.025 mg; vitamin B,, 6 mg; vitamin E, 30 IU; biotin, 0.0325 mg; folic acid, 1.25 mg; pantothenic acid, 12 mg;
nicotinic acid, 50 mg.

The mineral premix provided the following per kg of diet: Cu, 8 mg; Zn, 75 mg; Fe, 80 mg; Mn, 100 mg; Se, 0.15 mg; |,
0.35 mg.

allotted to 5 groups with 6 replicates per group and there were 6 broilers per replicate. The
treatments were as follows: negative control (NC), birds were fed a basal diet and not chal-
lenged with E. coli K88; positive control (PC), birds were fed a basal diet and challenged
with E. coli K88; MEF group (MEF), birds were fed a diet containing 1x 10" cfu
E. faecalis/kg of diet and challenged with E. coli K88; COSE group (COSE), birds were
fed a diet containing 500 mg COSE/kg of diet and challenged with E. coli K88; MEF +
COSE group (MIX), birds were fed a diet containing 1 x 10'° cfu E. faecalis/kg of diet
and 500 mg COSE/kg of diet and challenged with E. coli K88.

Feeding experiment was from day 1 to day 28. The E. coli K88 strain was originally
obtained from the China Institute of Veterinary Drug Control (Beijing, China). The
frozen strain was thawed and 100 uL was inoculated into sterile tubes containing 10 mL
of sterile Luria—-Bertani (LB) broth. The inoculated broth was incubated at 37°C with
orbital shaking for 24 h (HZQ incubator; Harbin Donglian Electronic Technology Co.
Ltd., Heilongjiang, China). Subsequently, 1 mL of E. coli K88 preculture was transferred
to 100 mL of LB broth and incubated with orbital shaking at 37°C for 18 h. The inoculum
was diluted with sterile saline solution and plated on LB agar culture media, and the con-
centrations of viable E. coli K88 were counted after incubating for 24 h at 37°C. The stock
culture was prepared in sterile saline solution and adjusted to 1 x 10° cfu/mL of E. coli K88
as the inoculum.

From day 7 to 14, each bird in challenged groups was orally dosed with 1 mL inoculum
(10° cfu/mL of E. coli K88) per day using a polyethylene tube attached to a syringe. The
birds in NC group were administered similarly with the same amount of saline solution.

Broilers care and handling were in compliance with the Animal Ethics Committee
Guidelines of Academy of National Food and Strategical Reserves Administration
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(Beijing, China) following guidelines recommended in the Guide for the Care and Use of
Agricultural Animals in Research and Teaching (FASS, 2010).

Sampling

Birds fasted for 12 h were weighed on a cage basis at day 21 and day 28 to evaluate growth
performance. At day 21 and day 28, one bird was randomly selected from each cage, and
blood samples were taken from the wing vein. The serum samples were harvested after
centrifugation (3000 g, 10 min) at 4°C and stored at —20°C. The concentrations of
serum immunoglobulin levels were measured using chicken-specific ELISA kits (Uscn
Life Science INC., Wuhan, China) according to the ELISA procedures described by the
protocol. Another set of serum sample was collected for the determination of malondial-
dehyde (MDA) level (cat#: A003-1), glutathione peroxidase (GSH-Px) activity (cat#:
A005), total superoxide dismutase T-SOD activity (cat#: A001-3). The enzyme activities
were measured using commercially available colorimetric diagnostic kits (Nanjing Jian-
cheng Bioengineering Institute, Nanjing, China).

At day 21 and day 28, after collecting serum samples, the birds were killed by jugular
bleeding. Liver, bursa of fabricius, spleen were weighed. Relative organ weight was
expressed as the organ weight (g)/body weight (kg).

The caecal contents were removed and put in sterilized tubes, then stored at —20°C for
subsequent enumeration of microbial population. 0.5 g caecal contents were diluted with
4.5 mL of phosphate buffer saline in a flask and then diluted 10-fold from 10> to 10™°.
Diluent then were plated on Eosin Methylene Blue agar at 37°C for 24 h to enumerate
E. coli, and on Lactobacillus select agar to enumerate Lactobacillus incubating in an
anaerobic incubator at 37°C for 48 h, respectively. Flat colony counting method by count-
ing the bacteria was to determine caecal contents. Results were reported as log'® cfu/g of
caecal Lactobacillus and E. coli. All agars were obtained from Hopebiol, Bio-technology
Co., Ltd (Qingdao, China).

Statistical analysis

All data were analysed using SPSS 17.0 (SPSS INC., Chicago, IL) for one-way ANOVA.
Differences among means of treatments were compared using Duncan’s new multiple
range test. Flora counts were transformed to logarithms before analysis. Differences
were considered statistically significant at P <.05.

Results
Growth performance

The results of growth performance were shown in Table 2. Birds in PC group had lower
average body weight than NC birds on day 21 (P <.05). Birds in MEF, MIX or COSE
groups had greater average body weight than PC birds at day 21 (P <.05). No significant
differences in average body weight were observed among birds in MEF, COSE and MIX at
day 28. Feed consumption and feed-to-gain ratio were not calculated due to an indetermi-
nate amount of feed wastage.
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Table 2. Effects of microencapsulated E. faecalis and C. oleifera seed extract on growth performance in
E. coli K88-challenged broilers.

Item NC PC MEF COSE MIX P-value
Day 21

ABW (g/bird) 693 + 47° 616 +43° 690 + 40° 680+ 51° 676 + 24° <.001
Day 28

ABW (kg/bird) 1.10£0.09 0.98 +0.05 1.08 +0.06 1.09+0.10 1.08+0.13 219

2bpeans within a row with different letters differ significantly (P < .05).

ABW = average body weight.

Treatments: NC = a basal diet; PC = a basal diet + E. coli K88; MEF = a basal diet + microencapsulated E. faecalis + E. coli K88;
COSE = a basal diet + C. oleifera seed extract + E. coli K88; MIX = a basal diet + microencapsulated E. faecalis + C. oleifera
seed extract + E. coli K88.

Relative organ weight

The results of relative organ weights were shown in Table 3. Birds in MEF and MIX groups
had greater relative liver weight than PC birds on day 21 and day 28 (P <.05). Birds in
COSE or MIX groups had greater relative spleen weight (P <.05) and birds in COSE
group had a greater relative weight of bursa of fabricius (P <.05) than NC and PC birds
at day 21.

Serum paramaters

Birds in PC group had greater (P <.05) serum IgA level than birds in NC group at day 21
(Table 4). Birds in MEF and COSE groups had greater serum IgA level (P <.05), and birds
in COSE or MIX groups had greater serum IgM level (P <.05) than NC and PC birds at
day 21. Birds in MEF and MIX groups had greater serum IgA and birds in MIX group had
greater serum IgM level (P <.05) than PC birds at day 28.

According to the results in Table 5, birds in PC group had greater serum MDA level
than birds in NC group at day 21 (P <.05). Birds in MEF, COSE and MIX groups had
lower serum MDA level, and greater serum T-SOD activity than PC birds (P <.05), and
birds in COSE group had greater serum GSH-Px activity than NC and PC birds (P
<.05) at day 21. Birds in MEF, COSE or MIX groups had lower serum MDA level, and
greater serum GSH-Px activity (P <.05), and birds in MEF or COSE groups had greater
serum T-SOD activity than PC birds (P <.05) at day 28.

Table 3. Effects of microencapsulated E. faecalis and C. oleifera seed extract on relative organ weight of
broilers challenged with E. coli K88 (organ weight (g)/body weight (kg)).

Item NC PC MEF COSE MIX P-value
Day 21

Liver 28.0+34° 29.1+3.1%P 345 +42° 32.5+23P¢ 340+3.8° 002
Spleen 0.85 0.1 0.83+0.12 0.87 +0.1>° 0.99 +0.15¢ 1.02+0.2° 014
Bursa of fabricius 1.78+03° 1.91+0.2%° 216+03° 2,52 +0.4° 220+0.2° 002
Day 28

Liver 25.9 + 4430 24.1+28° 27.7 £1.7° 30.0+2.5° 284 +3.2°¢ 008
Spleen 1.09+0.2 0.99 +0.1 1.04+0.1 1.06+0.2 1.06+0.2 816
Bursa of fabricius 212+04 1.59+0.2 1.82+04 2.18+0.5 221+£06 .061

b Means within a row with different letters differ significantly (P < .05).

Treatments: NC = a basal diet; PC = a basal diet + E. coli K88; MEF = a basal diet + microencapsulated E. faecalis + E. coli K88;
COSE = a basal diet + C. oleifera seed extract + E. coli K88; MIX = a basal diet + microencapsulated E. faecalis + C. oleifera
seed extract + E. coli K88.
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Table 4. Effects of microencapsulated E. faecalis and C. oleifera seed extract on immunoglobulin level in
E. coli K88-challenged broilers.

Item NC PC MEF COSE MIX P-value
Day 21

IgA (ug/mL) 1.61+0.2° 1.95+0.1° 3.15+0.29 271404 179+ 0.2*° <.001
IgM (ug/mL) 294+ 16° 285+ 3.4° 296 +8.87° 34+27° 340+0.9° <.001
I9G (mg/mL) 3.44+0.1 3.15+0.2 353403 3.24+04 362+04 086
Day 28

IgA (ug/mL) 121+0.2° 1.03+02° 17+01° 144 +0.1%° 1.84+0.6° 010
IgM (ug/mL) 27.5+54° 27.6 +4.0° 33.4+32% 317+ 46 35.1 +4.5° 044
I9G (mg/mL) 6.47 1.8 6.17+1.2 7.14+14 7.69+15 7.86 09 244

ab< Means within a row with different letters differ significantly (P <.05).

Treatments: NC = a basal diet; PC = a basal diet + E. coli K88; MEF = a basal diet + microencapsulated E. faecalis + E. coli K88;
COSE = a basal diet + C. oleifera seed extract + E. coli K88; MIX = a basal diet + microencapsulated E. faecalis + C. oleifera
seed extract + E. coli K88.

Microbiota of caecal contents

Results of caecal microbiota were shown in Figure 1. Birds in PC group had greater (P
<.05) E. coli counts in caecal contents than NC birds at day 21 and 28. Birds in MEF
group had greater caecal Lactobacillus counts (P<.05), and birds in MEF and MIX
groups had less caecal E. coli counts than PC birds (P <.05) at day 21. Birds in COSE
group had less caecal E. coli counts than PC birds (P <.05) at day 28.

Discussion

Enterotoxigenic E. coli K88 colonized in the intestine can cause diarrhoea, release enter-
otoxins to destroy the structure and function of intestinal epithelial cells in birds, and
impair the growth of birds (Zhang et al., 2012). The current results showed that the
average body weight of chickens was depressed by E. coli K88 challenging. Function dis-
order of intestinal tract may be due to that E. coli bind to ganglioside on the intestinal epi-
thelial cell surface and reduce total percentage of intestinal mucosa, which therefore
change the host metabolic pattern and decrease growth performance (Fairbrother,
Nadeau, & Gyles, 2005; Sugiharto, Hedemann, Jensen, & Lauridsen, 2012).

Probiotics have positive influences on the modulation either innate or acquired immu-
nity, or both (Fabricio, Jodo, Z, & Gil-Turnes, 2002; Santiago-Lopez, Hernandez-

Table 5. Effects of microencapsulated E. faecalis and C. oleifera seed extract on anti-oxidative capacity
in E. coli K88-challenged broilers.

Item NC PC MEF COSE MIX P-value
Day 21

MDA (nmol/mL) 342+05° 6.28+0.7° 3.38 +[?]0.6° 471+0.7° 3.83+0.5° <.001
GSH-Px, U/mL 1793 + 166° 1695 + 1372 1936 + 157%P 2187 + 246" 1748 + 258° 005
T-SOD (U/mL) 589+7° 60.5+8° 100 + 21° 90.7 + 12°¢ 81.6+11° <.001
Day 28

MDA (nmol/mL) 6.19 + 0.8>° 726+1° 594+1.1° 547 +0.7° 511+14° 007
GSH-Px (U/mL) 1658 + 152° 1360 + 172° 1776 + 188°¢ 1973 + 145° 1881+ 176°¢ 001
T-SOD (U/mL) 76.8 +5° 85.5 +10*P 101 £11¢ 102 £9° 93.2 + 10°¢ <.001

ab< Means within a row with different letters differ significantly (P <.05).

MDA = Malondialdehyde, GSH-Px = Glutathione peroxidase, T-SOD = Total superoxide dismutase.

Treatments: NC = a basal diet; PC = a basal diet + E. coli K88; MEF = a basal diet + microencapsulated E. faecalis + E. coli K88;
COSE = a basal diet + C. oleifera seed extract + E. coli K88; MIX = a basal diet + microencapsulated E. faecalis + C. oleifera
seed extract + E. coli K88.
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Figure 1. Effects of microencapsulated E. faecalis and C. oleifera seed extract on microflora of caecal
content in E. coli K88-challenged broilers at 21 d (A) and 28d (B). *® Means within a row with
different letters differ significantly (P < .05). Treatments: NC =a basal diet; PC=a basal diet + E. coli
K88; MEF = a basal diet + microencapsulated E. faecalis + E. coli K88; COSE = a basal diet + C. oleifera
seed extract + E. coli K88; MIX = a basal diet + microencapsulated E. faecalis + C. oleifera seed extract
+ E. coli K88.

Mendoza, Mata-Haro, Vallejo-Cordoba, & Gonzalez-Coérdova, 2018). Different strains of
Lactobacillus may influence the immune system by promoting immune organ develop-
ment (Brisbin, Gong, & Sharif, 2008), increasing serum cytokine levels (Brisbin et al.,
2011). Haghighi, Gong, Hayes, Sanei, and Parvizi (2005, 2006) found that Lactobacillus
acidophilus, Bifidobacterium bifidum, and Streptococcus faecalis enhanced the systemic
antibody response in chickens. In the current study, microencapsulated E. faecalis signifi-
cantly increased serum IgA level. Extrapolating from results of Brisbin et al. (2011) and
Dong et al. (2016), E. faecalis mainly plays a fundamental role on protective or immune
responses to intestinal homeostasis.

The antioxidative properties of bacteria, such as Bifadobacterium longum, Lactobacillus
acidophilus, Lactobacillus were described (Amaretti et al., 2013). Serum MDA and T-SOD
activities are the main parameters to assess oxidative status. Results of this study showed
E. faecalis supplementation significantly reduced serum MDA level and enhanced serum
T-SOD activity (P <.05), so it is suggested that dietary microencapsulated E. faecalis sup-
plementation may be beneficial to alleviate lipid peroxidation and oxidative stress in E. coli
K88-challenged broiler chickens.

Probiotics (especially Lactobacillus species) promote gut defence function and intestinal
microflora balance (Stasova et al., 2015). The current study indicated microencapsulated
E. faecalis effectively alleviated the growth suppression caused by E. coli K88 infection. It is
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known that E. faecium strain significantly reduce the number of E. coli pathotypes adher-
ing to the gut mucosa (Carmen, Sebastian, & Kathrin, 2013). Similar results reported by
Cao et al. (2013) demonstrated that E. faecium supplementation improved growth per-
formance by decreasing caecal E. coli counts in broilers. Our results suggest microencap-
sulated E. faecalis enhanced host health status through maintaining a beneficial intestinal
microbiota, with caecal E. coli counts decreased and caecal Lactobacillus counts increased
in challenged broilers. This effect might be attributed to that some products of lactic acid
bacteria fermentation like lactic acid and short-chain fatty acids decrease the pH value of
gut, thereby inhibiting the activity of pathogenic bacteria, and contributing to intestinal
microbial balance (Pantev et al., 2003).

The current result indicated dietary supplementation of C. oleifera seed extract at 0.5 g/
kg had positive effects on body weight of E. coli K88-challenged birds. However, some
other studies reported that triterpenoids in Camellia plants were a class of compounds
and could have positive or negative effects on animals. Khalaji et al. (2011) demonstrated
that dietary supplementation with 0.3 g/kg Camellia sinensis L. plant extract had no effect
on growth performance while the dose of diet at 0.5 g/kg decreased body weight and feed
intake in broilers. Negative effects of C. oleifera may have been ascribed to negative prop-
erties of saponins, such as feed intake depression caused by the astringent and irritating
taste of saponins (Oleszek, Nowacka, Gee, Wortley, & Johnson, 1994) and low ability of
protein digestibility (Shimoyamada, Ikedo, Ootsubo, & Watanabe, 1998). On the other
hand, similar result was observed by Ye et al. (2015) demonstrated that diet supplemented
with 0.25 g/kg or 0.5 g/kg saponins increased body weight of broilers infected with E. coli.
The variations results from different studies might be attributed to the source of saponins,
additive amount of saponins, and saponins supplementation in different condition.

Many plant seed extracts have shown the beneficial effect on immune responses (Chen
etal, 2013; Debnath et al., 2018). Zhai, Li, Wang, and Hu (2011, 2014) reported that sapo-
nins derived from ginseng could be used as immune enhancers against infectious diseases
in poultry. Qiu, Hu, and Cui (2007) and Liang, Liu, and Zhao (2013) reported polysac-
charides derived from plants extract had significant immunostimulating effects in broilers.
Furthermore, Chen et al. (2013) showed saponins from radix trichosanthis had potential
antioxidant activity both in vitro and in vivo, and similar findings have also been reported
that saponins from ginseng stem-leaf could be a promising agent against oxidative stress
(Yu et al.,, 2015). This study evaluated the effects of C. oleifera seed extract on immune
function and antioxidative ability in broilers challenged with E. coli K88. Our results
showed that 0.05% C. oleifera seed extract and combination with E. faecalis significantly
increased relative spleen weight, serum IgA and IgM levels, T-SOD and GSH-Px activity.
These results indicated that plant extracts containing high-level saponins might improve
serum immunity and antioxidant capacity to defence their susceptibility to E. coli
infection.

Francis, Kerem, Makkar, and Becker (2002) and Zhang, Yang, Han, and Zhao (2014)
studied triterpene saponins obtained from the C. oleifera Abel seed pomace and found
that triterpene saponins exhibited inhibitory effects against Staphyloccocus aureus and
E. coli. Ye et al. (2015) also demonstrated that saponin identified as camelliagenin signifi-
cantly inhibited the formation of the biofilm of E. coli and S. aureus. In this study, birds
receiving C. oleifera seed extract had less caecal E. coli counts in caecal contents. The
potential antibacterial activity may be associated with the interaction between saponins
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and gram-negative cells components. Saponins binds to lipid A, which increases the per-
meability of bacterial cell wall, and then reduce motility and surface hydrophobicity of
E. coli (Arabski, Wasik, Dworecki, & Kaca, 2009; Wojnicz, Kucharska, Kicia, & Tichaczek-
goska, 2012).

Conclusion

The results indicated that dietary supplementation of microencapsulated E. faecalis and
C. oleifera seed extract can improve growth performance, enhance serum immune and
antioxidative functions, and benefit the caecal microflora in E. coli K88-challenged
broiler chickens.
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