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Abstract: The effect of probiotic (Baciifus amyioliguefaciens) and organic acids (lactic, acetic and butyric
acid), isolated or combined, in an attempt to replace the antibictics (avilamycin+scdium monensin) on
intestinal anaerobic bacteria, allometric growth of digestive organs, intestinal morphometric and
performance of broilers challenged by Eimeria (acervulina, maxima and fenelfa) were studied in a 1to 21-d
experiment. A total of 900 male Cobb chicks were distributed in a completely randomized design in a
2 x 2 + 1 factorial arrangement, presence or absence of probiotic and organic acids more a positive control
with antibiotics, with six replicates. The probiotic promoted some changes on total anaerobic
microorganisms throughout the small intestine in both periods (p<0.02), whereas the antibiotics decreased
this counting only until 14 days (p<0.04). Antibiotics increased liver weight at 14 days (p<0.01) and reduced
the relative weight of the pro-ventricle, gizzard and all segments of the small intestine at 21 days (p<0.01).
At 14 days, the alternative additives reduced the villus height and crypt depth (p<0.03), whereas the probiotic
increased the width of the villus base (p<0.01). Antibictics reduced the crypt depth and width of the villi in the
small intestine in both periods (p<0.05). Although some changes in the intestinal microbiota and
morphology, the alternative additives, isclated or combined, did not change the birds’ performance (p>0.05),
only the antibiotics provided better results on BW gain and feed: gain in 1 to 14 and 1 to 21 d-old (p<0.05)
of broilers challenged with Eimerfa spp.

Key words: Acidifier, avilamycin, Bacillus amyloliguefaciens, sodium monensin

INTRODUCTION

The addition of antibictics in sub therapeutic doses is
broadly utilized in broiler chickens’ diets to improve
performance indexes. However, the utilization of
antibiotics as growth promoters have been questioned

generated serious concerns related to enteritis like
coccidiosis which causes significant losses in poultry’'s
performance (Kipper ef al., 2013).

Probiotics are additives that consist of live
microorganisms with beneficial action on the host,

more and more by public organs and consumers
worried about safe food. Antibiotics used in animal
feeding contribute to the dissemination of bacterial
resistance throughout the food chain (Sorum and
Sunde, 2001; Roe and Pillai, 2003), increasing the
speculation of a relationship between the utilization of
antibiotics in animal production and resistance to
antibiotics in human infections. Regarding this, in 2006,
as a preventive measure, the European Union decided
to ban the use of antibiotics in animal feed (Langhout,
2000; Huyghebaert ef af, 2011). This measure has

modulating intestinal microbicta balance (Mountzouris
et al., 2007; Sanders, 2008; Kabir, 2009). On the other
hand, organic acids are molecules with antimicrobial
effect (Byrd et al, 2001) that have the capacity to
dissociate ions and reduce bacterial cell pH (Ricke,
2003). Organic acids have species-specific action on
microorganisms (Alakomi ef al., 2000; Van Immerseel et
al., 2008), hypothesizing that there are benefits in the
association with probiotics through the joint action of
these two additives in the reduction of undesirable
bacteria.
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Therefore, this study aimed to evaluate the effect of
probiotic and organic acids addition in an attempt to
replace the antibiotics in initial diets of broiler chickens
experimentally challenged by Eimeria spp. on the
intestinal anaerobic bacteria, allometric growth of
organs of the digestive system, intestinal morphometry
and growth performance.

MATERIALS AND METHODS

The experiment was carried out according to the
principles and regulations of the Ethics Committee for
the Use of Animals-CEUA, S80 Paulo State University-
UNESP, Dracena campus (Registration No. 26, 2013).

Birds, design and experimental diets: Nine hundred
male Cobkb® broiler chicks were housed in floor pens
with new wood shaving litter and raised until 21 days
old. The birds were distributed in a completely
randomized design in a 2 x 2 + 1 factorial scheme in
which the variation of two factors was the presence or
absence of probiotic and organic acids and a positive

control treatment with addition of antibiotic +
anticoccidial. Six replications with 30 birds were used.
The utilized probiotic consisted of Bacifius

amyloliquefaciens (1 x 10? CFU/g) with addition of 1 kgit.
The blend of organic acids was made up of lactic acid
(40%), acetic acid (7%) and butyric acid (1%) with
addition of 8 kg/t. The utilized antibiotic was avilamycin
20% added with 50 g/t and the anticoccidial was sodium
monensin 40% added with 300 g/t, allotting 10 and 120
ppm of active principle, respectively.

Water and ration were provided ad fibjfum. The feeding
program was divided into two phases: pre-starter (1 to 7
days) and starter (8 to 21 days). The rations were
isoenergetic and isoaminoacidic, formulated with corn
and soybean meal according to the recommendations
by Rostagno ef al. (2011) (Table 1). The additives were
included “on top” in replacement of the inert material
according to each ftreatment. Antibiotics and
coccidiostats were not added in the mineral-vitamin
supplement to avoid any interference with the proposed
additives.

Eimeria spp. challenge: At day 10, each bird was
individually inoculated orally with 1 mL of solution of 2 x
10° sporulated oocysts/mlL of Eimeria acervulina and
2 x 10" sporulated cocysts/mL of E. maxima and E.
tenelfa. These three species were chosen because of
the importance they have in broiler chicken production
(Shirley et al., 2004), due to the high incidence and
economic losses they may cause (Willams, 1999,
2005).

Response variables

Microbiology: Samples of the content of the duodenum,
jejunum and ileum of one bird per replication were
collected for microbiological analyses. The total counting
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of anaercbic bacteria was done by diluting 1 g of the
sample in 9 mL of autoclaved peptone water
(dilution/10). Later, the content was homogenized and 1
ml of the solution was transferred to another tube with 9
mL of peptone water. The content serial dilution was
utilized to find the concentration that allowed the
counting of colonies within pre-established values,
which were up to 250 colonies.

After the dilution, 100 uL of each concentration were
pipetted in disposable petri dishes with agar brewer
cultivation medium. The content was spread using a
Drigalski handle in circular movements until complete
absorption of the liquid by the cultivation medium. The
dishes were prepared in duplicates, placed in an
anaerobiosis jar and incubated at 37°C for 48 h. After the
incubation period, the counting of the total number of
colonies in each dish was done.

Allometry of the digestive system organs: One bird
from each replication was anesthetized and slaughtered
to remove the pancreas, gizzard, pro-ventricle, liver,
small intestine and large intestine. The organs were
weighed to determine relative weight. ({organ weight, g
x 100)/bird weight, g). The length of the intestines was
measured to obtain relative length: (size of intestine, cm
x 100)/bird weight, g).

The small intestine was segmented into duodenum,
jejunum and ileum. The duodenum was considered the
beginning of the small intestine up to the end of the
duodenal loop. The jejunal portion started in the
duodenal loop up to Meckel diverticulum. Finally, the
ileum was established as the end of the jejunum up to
the caecum insertion. The measurement of the large
intestine was calculated by the colon and rectum length
added to the result of the caecum length.

Morphometry: The morphological study was carried out
by light microscopy. One bird per replication was
slaughtered at 14 and 21 days to collect two 3 cm
segments of the duodenum and two 3 cm segments of
the jejunum. The segments were washed in
physiological solution, opened by the mesenteric border,
extended by the serum tunica, fixed in formaldehyde
10% during 24 h and stored in alcohol 70%. Later, the
samples were reduced and dehydrated in alcohol,
diaphonized in xylol and inserted in histologic paraffin.
Five-micrometer (um) cuts were done to prepare slides
which were stained with Hematoxylin- Eosin (HE). 15
measurements of villus height and width and crypt depth
were done using an objective lens 5x of an optical
microscope coupled to an image analyzed system by
Leica (Image-Pro Plus version 1.0.0.1). Villus height and
width were measured from the basal region to the apex
and from one lateral end to the other, respectively. The
crypts were measured from the base to the crypt: villus
transition region.
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Performance: The analyzed performance variables
were: BW gain, feed intake, feed: gain and viability. The
viability of each experimental unity was obtained by the
subtraction: 100-mortality. Mortality was calculated in
percentage.

Statistical analysis: Data analysis was done by
Statistical Analysis System software (SAS Institute,
2012) at 5% of probability. Residue normality analyses
were done by Shapiro-Wilk Test (UNIVARIATE
procedure). The microbiological values were submitted
to logarithmic transformation. All data were submitted to
analysis of variance by MIXED procedure through
orthogonal contrasts. The effects of alternative additives
were assessed comparing diets without antibictics:
main effect of probiotic (contrast 1. diets with probioctic
vs. diets without probiotics), main effect of organic acids
(contrast 2. diets with organic acids vs. diets without
organic acids) and the effect of their interaction (contrast
3: contrast 1 x contrast 2). The fourth contrast compared
the effect of the treatment with antibiotics vs. all the other
treatments.

RESULTS

The probictic and organic acids did not present

interaction on the counting of total anaerobic
microorganisms (Table 2). At 14 days, the probioctic
increased the amount of total anaerobic
microorganisms throughout the small intestine,

whereas antibiotics decreased this counting. At 21 days
there was lower counting of total anaerobic
microorganisms added with probiotic in the jejunum.
The organic acids did not influence the number of
microorganisms in both periods.

The relative weight and length of the digestive system
organs were not changed by the isolated or associated
inclusion of alternative additives (Table 3 and 4). At 14
days, the antibiotics increased liver weight. At 21 days,
the antibiotics showed a great effect on the digestive
system organs, reducing the relative weight of the pro-
ventricle, gizzard and all segments of the small intestine.
There was an interaction between the probiotic and the
organic acids on the jejunum crypt depth (Table 5),
which presented smaller values in the isolated
presence of additives. At 14 days, probiotic addition
increased the width and decreased the height of villi in
the duodenum and jejunum, respectively. In the same
period, the organic acids decrease the crypts depth of
the duodenum, whereas the antibictics reduced the crypt
depth in the duodenum and jejunum in both periods
(14 and 21 d-old). Still, at 14 days, the antibiotics
reduced the width of the apex and the base of the
duodenal villi and the apex width of jejunum villi. At 21
days, antibiotics also reduced the apex width of jejunum
villi.
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Table 1: Composition and calculated values of the experimental

diets

Diets'

Ingredients (%) Pre-starter Starter
Corn 53.61 57.67
Soybean meal (46% CP) 38.43 35.03
Saybean oil 2.687 2.682
choline chloride 60 0.072 0.064
Salt 0.508 0.482
Dicalcium-phosphate 1.902 1.533
Limestone 0.917 0.807
L-lysine 0.283 0.210
DL-methionine 0.357 0.285
L-Threonine 0.106 0.058
L-Valine 0.075 0.024
Mineral premix? 0.050 0.050
Vitamin premix® 0.100 0.100
Kaolin* 0.900 0.900
Sum 100.0 100.0
Calculated values
AMER (kcal/kg) 2,950 3,000
CP (%) 22.20 20.80
Methionine+cystine® (%) 0.944 0.846
Lysine® (%) 1.310 1.174
Threonine® (%) 0.852 0.763
Valine® (%) 1.009 0.904
Calcium (%) 0.920 0.819
Phosphorus® (%} 0.395 0.343
Sodium (%) 0.220 0.210
Choline {(mg/kg) 375.0 330.0
Linoleic acid (%) 272 277

'Pre-starter, 1to 7 d-old; starter, 8 to 21 d-old.

’Mineral premix provided per kg of feed: Cu, 9; I, 1; Zn, 60; Fe,
30; Mn and 60 mg.

*Vitamin premix provided per kg of feed: vitamin A, 11,000.00 IU;
vitamin D3, 2,000.00 IU; vitamin E, 16.00 IJ; vitamin K3, 1.50
mg; vitamin B1, 1.20 mg; vitamin B2, 4.50 mg; vitamin B6, 2.00
mg; vitamin B12, 16.00 mcg; folic acid, 0.40 mg; pantothenic
acid, 9.20 mg; biotin, 0.06 mg; niacin, 0.035 mg; Se, 0.25 mg.
*Treatments were obtained by replacement of kaolin by additives:
Diet without additive, 0.9% of kaolin. Diet with probictic, 0.1%
probiotic + 0.8% kaolin. Diet with organic acids, 0.8% organic
acids + 0.1% kaolin. Diet with probictic + organic acids, 0.1%
probiotic + 0.8% organic acids. Diet with antibictics, 0.005%
avilamycin + 0.03% monensin sodium + 0.865% kaolin.

Digestible values.

The inclusion of alternative additives did not change the
birds' performance (Table 6). Only the antibiotics
provided better results, increasing BW gain and
improving feed: gain in the period of 1 to 14 days. The
effect of antibiotics was even greater in the pericd of 1 to
21 days, increasing feed intake, BW gain and feed: gain
ratio.

DISCUSSION

The importance of microbiology challenge in the
evaluation of antimicrobials was reported in the very first
studies on antibiotics added to feed as growth
promoters (Lillie et af., 1953, Coates et al, 1963). The
significant reduction of 23.51% in BW gain at 21 days
between the treatment with antibiotics and the group
without them shows that the challenge utilized in this
study was very expressive.



int. J. Poult. Sci,, 14 (11). 606-614, 2015

Table 2: Duodenum, jejunum and ileum microbiology of broilers at 14 and 21 d-old

Total anaerobes, CFU/g?

14 d-old 21 d-old
Effects’ D3 J | D J |
Prob
With 7.427 7.949 7.914 6.388 5.598 7.139
Without 5.839 5733 5.952 6.155 6.467 7.019
OA
+ 6.882 6.698 6.955 6.651 5.940 7.421
- 6.384 6.983 6.911 5.892 6.125 6.737
Prob x OA
With+ 7.920 7.820 8.175 7.060 5.331 7.143
Without+ 5.844 5577 5735 6.242 6.548 7.698
With- 6.933 8.077 7.653 5.716 5.865 7.134
Without- 5.834 5.888 6.169 6.067 6.385 6.339
Antib
Presence 5170 5676 5.567 6.390 6.710 6.831
Absence 6.633 6.841 6.933 6.272 6.032 7.079
SEM 0.3022 0.2523 0.2448 0.1925 0.1555 0.1751
Source of variation Probability
Probiotic 0.0117 <0.0001 <0.0001 0.5820 0.0076 0.7500
Organic acids 0.4017 0.4315 0.9030 0.0818 0.5413 0.0781
Prob x OA 0.4104 0.9409 0.1886 0.1755 0.2541 0.0820
Antibictics 0.0342 0.0071 0.0020 0.8023 0.0534 0.5580

"Prob: Prabictic, OA: Organic acids, Antib: Antibictics, With: Presence of prabiatic, Without: Absence of praobictic, +: Presence of organic

acids, -: Absence of organic acids.

2CFU/g, colony forming units per g of sample. Data submitted to log transformation.

*D: Duodenum, J: Jejunum, |: lleum

Despite the evident possibility of complementary effect
between the probiotic and the organic acids (Neal-
McKinney et al, 2012), it was not possible to
demonstrate relevant interactions with the combined
utilization of both additives in this study. The lactic acid,
which resulted from the metabolism of Bacifius
amyloliguefaciens, could complement the exogenous
inclusion of organic acids. On the other hand, the
organic acids could provide appropriate conditions for
the growth and proliferation of the utilized probioctic. The
efficiency of the combination of probiotic and organic
acids was observed in the control of Salmonella
enteritidis in a previous study conducted by Wolfenden ef
al. (2007). These authors pointed out that the
utilization of probictic + organic acids can be more
effective than their isolated use due to the fact that the
action of these two additives happens markedly in
different regions of the gastrointestinal tract. Organic
acids suffer metabolization throughout  the
gastrointestinal tract, so their potential occurs mainly in
the crop. In turn, probictics have most pronounced effect
in the caecum and cecal tonsils.

The increase of total anaerobic counting at 14 days in
the small intestine of chickens fed with probioctics may
have occurred because Bacillus amyloliguefaciens is a
facultative anaerobic bacterium. The Lacfobaciilus
population may also have been benefited, as it was
observed in the caecum of chickens that received
Bacillus amyloliquefaciens (Lei et al., 2015). However, at
21 days, the probioctic presented inverse result, reducing
the amount of total anaerobic bacteria. Ahmed et al
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(2014) observed the reduction of Escherichia colf in the
caecum of chickens fed with increasing levels of Baciifus
amyloliguefaciens, corroborating the smaller amounts
of total anaerobic found at 21 days in the birds’ jejunum.
This microbiota modulation shows that probiotic can
change microbial populations in the small intestine and
suggests that other investigations with specific
techniques that identify which microorganism are
benefited or depressed by Bacillus amyloliguefaciens
be carried out. The organic acids did not modify the
intestinal microbiota, disagreeing with previous studies
that observed the significant effect of organic acids on
the microbiology of the gastrointestinal tract (Gunal et a/,
2006, Hassan et al., 2010; Skanseng ef af, 2010,
Menconi et al., 2013). The data at 14 days made the
inhibiting effect of antibiotics on the bacterial growth of
proximal and distal portions of the intestine evident and
in accordance with previous studies that observed
smaller amounts of pathogens with the use of
antibiotics (Engberg ef al, 2000, Knarreborg ef af,
2002). However, it is worth to mention that, despite the
depressing effect of antibiotics on pathogenic bacteria,
antibiotics can increase the growth of some bacteria of
the genus Lacitobacifius that can have probiotic potential
(Dumonceaux et al., 20086).

The reduction of the bacterial load by the use of
antibiotics resulted in smaller weight and intestinal
length. Recently, similar results with antibiotics on the
intestinal parameters were reviewed by Miles et al
(2008). For years, it has been known that the bacterial
control provided by antibictics improves intestinal health



int. J. Poult. Sci,, 14 (11). 606-614, 2015

L1000 22000 9z000 clooo 2o000 6800 82110 06110 19500 PPLC0 G680°0 46500 9rL00 SGL00 nWas
90200 L1400 G0800 6FE00 £81°0 g0l lee T 4 vLl le6 60¢ 6lL°E 8090 98¢0 USsqY
69200 SLS00 19500 9rc00 lELD 060 e ole 4" Y99 ¢8c 081 1050 ¥ceo souasald
qnuy
26200 2900 90800 £2E00 1810 <60 60'¢ 86'c 99'L S8 Le'¢ £L'e 850 £0%0 -INCYIAA
£6200 S690°0 §8.00 LPE00 £81°0 o0t 6¥'¢€ gL'y cl'l 626 ¥6'C L0E €Co0 ¥2e0 -UEAA
00€00 1500 12800 €5¢00 610 eo'l 8¥'¢ [4=24 [5:1 €86 gce 6E¢ ¥Lo0 ¥0r0 +INOUIAA
€00 6¥£0°0 80800 99€0°0 ¢6l'0 01" gL'e 158 4 Sl 62°6 [4 > 9l'e 2190 80%0 +UIAA
YO x qoid
£6200 $890°0 S6.0°0 [0)2%001] c8lo 66°0 6C°¢ 80t 69°L 06 [l oL'e 0090 99€°0 -
6LE00 0500 G800 65¢00 610 90’ €ee a4 8LL 956 gce 8c¢ 9190 90%0 +
YO
96200 1100 €800 €re00 810 160 6C°¢ et 4 YLl 626 rl'e 9ge 9650 So¥0 INOYIAA
gleoo ¢ci00 96,00 95¢00 8810 80°L €ee jero 4 YLl ¥e'6 €0e L'e 6L90 9920 UAA
qoid
1 | r a 5 1 | r a 5 B piezZ|o) anoid yIUEd \S1eadg

(%) uibua (%) UBIBAN
plo-p Lg 1e sia|ioiq jo waishs aansabip jo yibue| pue jyblam anel@y i+ ajqel
aunsau able 7 ‘wnaj| ;| ‘wnunfep p ‘wnuapong :Q ‘aunsaul [BLS 1S ‘ajoUjuas-0ld (aacld ‘sealoued ‘oued,
6 wibtom Janioaq /(001 = W2 'Yybus| suisau))]; 6 Wbem Jslio1q /(001 « B Jublam uebio)];
"spioe aweblo Jo souasqy - ‘sploe olueblo Jo souasald (+ ‘onoigold Jo acuasqy JNOUIAA ‘ajoiqold Jo Soussald (UINA ‘SONoIgNUY (quuy ‘spioe aluebld yO ‘o101q0ld qold,
¥L61°0 Y610 €c80 ¥6ee0 1§2e0 ¥08.0 16620 09580 414 41] c¢0cs 0 ¥#00°0 LL¥P0 0980 61500 safolqpuy
Se8l’0 99800 90F9'0 2190 19520 G€8/.°0 9910 2eee’o €ES90 [0 2=TA0] SkLro Ze6R0 Sr98°0 L1950 YO xgald
#2850 50890 0rS60 Gl6C0 0890 66550 Y1180 SFO1°0 LE9E0 Llgco 1g9%50 £609°0 G.820 [#5 441} spioe alebio
Seeco 16eL0 90810 8.EF0 64520 6001°0 8cel0 66500 80260 88990 68680 18620 [« A] 86/8°0 hplgaid
A)lIqegold uoljeLiea Jo aunog
60000 12000 02000 0l000 €000 06+00 L¥0L0 8LE1'0 18500 €eoco 02900 1000 orl00 8cl00 n3as
98¥0°0 Y1600 8¥60°0 Srr00 l€€0 ge’l 95'¢ ¥8'€ 0Lt L6 oo'e 19T ¥59°0 ccro saussqy
PSrO0 9€80°0 62600 Ler00 0zeo 8L 6C°¢ 0g'e 85’ 8.8 e cs’e L¥9°0 06%0 aouUasald
qnuy
28r00 8€60°0 <6600 0gP00 9¢g0 L2 FASR lad 4 ¥l 116 86°C LLe 2190 0¥ 0 -INCYIAA
€050°0 04800 90600 8cr00 lgeo 6F'L 09'¢ £9°¢e 8.1 €06 60°C gscT 15990 6L+0 “UiAA
¥o¥0'0 Y4800 19600 Y00 620 Yo'l 6l1'¢ 8L€ 191 99'8 loe 9.¢c 9¥90 €0 +INOUIAA
26¥0°0 €600 S2600 0.¥0°0 FAX A or'L FAT R [AR 09°L 66'8 Z6'c ¥9'¢ 1690 leF0 +UIAA
YO xqoid
<6r00 $060°0 6¥60°0 ¥eP00 6220 8L 65'¢ PO'¥ 9L’ or'e coe £9°C 2€9°0 ¢l o -
18¥0°0 ¥e600 9r60°0 1S¥00 €eco el €5'¢e so'c €'l 88 96'c ole ¢i90 cero +
YO
€00 90600 08600 Le¥00 ceco o7 8e'e (4% 4 oLt (A <] 66C ¥.C ¢eo0 jerA v INOYIAA
00s00 2eeoo 9l600 ¥S¥0°0 6220 ¥l ¥le FASR 69°L o6 loe 09'¢ 2490 0cr o YIAA
qoid
1 | r a 5 1 | r a 5 8A07 pieZZIS) anold yUBd \S1eadg

(%) yibua

%) JuB1apn

PIO-P #1 1€ SI2|I0Jq JO WaISAs aapsabip Jo yibus| pue jybiam asaneisy € 9|qel

610



int. J. Poult. Sci,, 14 (11). 606-614, 2015

asid Sn||iA 34} Jo LIpIm gAML Xade shjiia sy} o yipim AN “idep 1dAso diig ‘wBley snji HA,
‘spioe 2uefio Jo aoussqe ‘- 'spioe auebilo jo saussaud + fanoigoud Jo saussqe noynm fanoiqod Jo saussaud ‘Yum isanoignue ‘quuy 'spioe auebio o anoigqoid ‘qoid,

T99z’0 0000 S0000 690  ¢98L0  SZ600 #0000  19S00 /6800  92k00  ¥ZL00 CHO90  ZWOOD  LLOOD  SLOOD  8i/80 safelquuy
POSE0  LGEC0  1BB80  </9¥0  98GL'0  BEOB0 95080  €6Z60  00EZ0  ZL6Z0  S0000  LIOEO  90E€S0  9€290  S09T0 10Z8°0 vOxtod
YEFED  FZEE0  89/80 6IIS0  98/80  /IS90  686.0  09LE0 18I0 BZLL0  98Z60 9180  99F0  ZB6L0  LEFOOD  8TLLO spioe awebio
€/880 GPLLO  T/960 8r6L0  LL¥90  LOZS0  S0950 90990  9R/60  BPEO0  BIS60  9/€000  ZS00D  1BFT0  ZBEFD  BYETO 0PIG04d
Aj|Iqeqold uoljeLiea Jo 821nog
T 99 186 8l'eg 61T l'e  8zEl IR €5 91T B6G /88l €0 BGC 1811 z00r Was
6 LEL 9Iz ££8 8Ll oG} 8ze 85 18 00 erl 0zt 90t 6El T4 Bl 22ussqy
88 60} ¥EL BLL 801 zrl 81z PiL'lL 0L 06 BLL 969 z6 LLL 8l 8201 aoussald
anuy
ool orl L1Z 88 zh 65} 50¢ £€0°L cr 86 69l 06/ 00t ¥EL 86T ¥E0L JnoLpnn
6 ykd} 61T 998 ¥zl oG 1 obe 800°L 08 LOL 8zl 839 60} Gl 952z 906 U
68 ock 9Iz £F8 0z1 yi:{h 88 195 88 6 yrd ! 8es 00t sgl Yrad 0941 +INOUIAL
6 ykd} gIT ¥8L vl 151 9z¢ 825° z8 01 69l z69 FLL orl o€ ci0l +UIAL
YO x qoid
16 ¥El 8lz zo8 8Ll 161 oze 129'L i 001 ¥ L vel G0l €L 12 06 -
6 62} SIz €18 Ll =1 Iee 1¥S') o8 LOL erl =1V 2014 8cl (rd L +
[0}
6 agh LT 8 gl 85} 1ze 009t 18 16 erl YL 00t sgl T4 1601 oA
6 Vi) 9Iz 528 61 €5} gee 895 18 ]! 6¥ L G.9 AN} erl ore 686 YA
qo.d
T vAw R snliA T L snliA I VAW R snjiA I VAR Whin snliA ISECTE]
wnunlar wnuspong wnunfep wnuapong
PP I1Z Plo-p ¥1
(wrl) suBwoydiopy
PIo-P |Z PUE {| 18 S48]10.q JO [BURSaIUl Hiewo ydioly G 8jqe
[6 WBram Jali0ig £ (001 x WO WyBue| aunsa)]; 16 MBem 12)01q /(001 = B JuBram uebio)],
'spioe ajuebio jo souasqy - ‘sploe olueblo jo souasald :+ ‘onoiqoad jo aouasqy INOUIAA ‘o1joiqold jo aoussald (U ‘sol Uy :quuy ‘sproe aueBiQ (yo ‘onolgqold jqold,
¥691°0 12000 LO0DO> 20000 L0000 5/020 £L000 LO0OC>  LOD0'0>  LOOD'0>  9EETO0 L9000 08000 zeoLo sanolquuy
¥0SF'0 ¥oL8'0 8PEE0 P60 ¥ZEE'0 ZL0L0 6LELD BELED  LETFO G610 090 L86¥'0  6S6F0 69610 YO xdold
S69Z°0 64120 92190 LLSED 66EE°0 S80+0 0£58°0 80000 LS¥Z'0 05920 95010 LLPL'O 80190 6.€£20 spioe ouebio
£oL¥'0 £EER0 €800  #GZG0 PEHE0 Zrreo 86280 82960 66660 0060 ¥5/50  ZLLE0 ¥ETFO 86£Z0 anolgqold
Angeqold uoljelea Jo 22In0g

panupuog i a|qeL

611



int. J. Poult. Sci,, 14 (11). 606-614, 2015

Table 6: Performance of broilers fed with experimental diets

Performance

e 1-14 d-0ld 1-21d
Effects’ BWinitial Fl BW gain F:G ratio Viability Fl BW gain F:G ratio Viability
Prob
With 39.86 537.0 432.0 1.243 99.16 1,045.9 711.7 1.456 98.61
Without 39.94 542.0 433.5 1.251 99.16 1,062.5 7225 1.471 99.16
OA
+ 39.83 544.6 434.7 1.253 98.88 1,061.9 720.4 1.461 98.60
- 3997 534.5 430.8 1.241 99.45 1,046.6 713.9 1.466 99.17
Prob x OA
With+ 39.78 536.4 429.4 1.250 98.89 1,050.2 713.8 1.444 98.33
Without+ 39.89 552.8 440.0 1.257 98.87 1,073.5 727.0 1.478 98.87
With- 39.94 537.6 434.6 1.237 99.44 1,041.6 709.7 1.468 98.89
Without- 40.00 531.3 427.0 1.244 99.46 1,051.6 7181 1.465 99.46
Antib
Presence 39.67 551.7 449.8 1.227 100.00 1,253.5 937.5 1.338 98.33
Absence 39.90 539.5 432.8 1.247 99.16 1,054.2 7171 1.464 98.89
SEM 0.1057 2.888 2701 0.004 0.248 15,727 16.928 0.011 0.338
Source of variation Probability
Probiotic 0.7404 0.3892 0.7899 0.3781 0.9977 0.1745 0.2965 0.3074 0.4918
Organic acids 0.5813 0.0936 0.4759 0.1346 0.3208 0.2095 0.5287 0.7366 0.4765
Prob x QA 0.9123 0.0612 0.1036 0.9795 0.9744 0.5816 0.8167 0.2222 0.9817
Antibictics 0.4039 0.0721 0.0092 0.0314 0.1998 <0.0001 <0.0001 <0.0001 0.5364

'Prob: Probiotic, OA: Organic acids, Antib: Antibictics, With: Presence of probictic, Without: Absence of probictic, +: Presence of organic

acids, -: Absence of organic acids

and decreases epithelial desquamation and the need of
cellular proliferation (Krinke and Jamroz, 1996), resulting
in the thinning of the intestinal wall (Jukes ef al., 1956).
Morphometric data confirmed the reductive effect that
antibiotics cause in the intestine. These results occur
mainly because the antibiotics decrease the microbial
population. In agreement, previously study observed
significantly reduction on villus area, crypt depth and
lamina propria area in germ-free chicks (Cook and Bird,
1973). Alternative additives presented less marked
results in variables of weight, length and intestinal
morphology. However, Abdel-Fattah ef al (2008)
observed an increase in relative weight, length and
density of the small intestine with the utilization of
organic acids. Adil et af. (2010} verified an increase in
the height of intestinal villi with the use of organic acids.
Likewise, Gunal ef al. (20068) and Lei et al (2015)
observed an increase of intestinal villi with the use of a
probiotic blend and Bacillus amyioliguefaciens,
respectively. These data obtained in the literature
suggest that alternative additives may generate an
opposing response to antibiotics, acting not only on the
microbial population but also on the intestinal
development Through the observed results in this study,
it can be inferred that the challenge imposed with the
inoculation of Eimerias was greater than the effect
offered by the alternative additives.

The microbial reduction related to the decrease of
cellular proliferation and the mucosal thinning in
conjunction with less lamina propria in the intestine are
some of the attributes of antibiotics that are related to the
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increase of absorptive surface area. Moreover, the lower
energy demand to maintain tissues makes the use of
energy for poultry's growth viable, improving
performance as it has been observed in chickens fed
with antibiotics. The efficiency of organic acids and
probiotics as alternative additives to antibiotics on
chickens’ performance has been proved by several
studies (Yeo and Kim, 1997; Mountzouris et a/., 2007,
Ashayerizadeh et al., 2009; Chowdhury ef af., 2009,
Hassan ef al, 2010); however, the results presented
here do not corroborate these findings. Abbas et al
(2011) demonstrated that citric acid in drinking water can
control coccidiosis in chickens challenged with £
tenelfa. Denli ef al (2003) and Gunal et al. (2006)
observed the same performance in chickens fed with
probiotics and organic acids in comparison to
antibiotics; however, antibiotics do not differentiate
themselves from control diet ({without additives),
demonstrating that all additives had the same effect due
to the lack of sanitary challenge. In assessments of feed
additives, it is important to consider the challenge that is
imposed to birds, because it is fundamental to
understand the responses that are generated. This
question requires meta-analytic studies that take into
consideration the conditions of each additive is
evaluated to help understand the contradictory effects.

Conclusion: In conclusion, the probiotic and organic
acids, isolated or associated, did not present
satisfactory results to substitute growth-promoting
antibiotics in chickens challenged with E£. acervulina,
E. maxima and E. tenelfa.
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