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Abstract

Objective: This study was designed to evaluated the effect of organic acids as an alternative to chemotherapeutics in diets of broilers
challenged with £imeria spp.on their performance and immune system. Materials and Methods: A total of 840 male Cobb broiler chicks
were utilized. The treatments were: basal diet, without additive (BD)-unchallenged birds; BD-challenged birds; BD+organic acids-
challenged birds; BD+antibiotic and anticoccidial-challenged birds. The organic acids were a blend consisting of lactic acid (40%),
propionic acid (5%) and butyric acid (1%). The birds were challenged by oral inoculation at the age of 11 days with £ acervulina, E.
maxima and E. tenella. The performance was evaluated in the periods of 1-7, 1-14, 1-21 and 1-42 day. Blood from previously identified
birds were collected on day zero, at three and at 10 days post-inoculation forimmunological analyses. Results: The organic acids did not
increase the performance of the challenged birds. They only showed a small improvement in the viability (VB), which provided an
intermediate result between the control diet and the diet supplemented with the antibiotics. On day zero, it was observed from
hemogram of the birds that the treatment had no effect on erythrocytes, hematocrit and hemoglobin. The microbiological challenge
decreased the number of erythrocytes and the additives did not provide any improvement. These results evidenced an increase in the
immune system response with the use of antibiotics, which fight against pathogenic microorganisms in the gastrointestinal tract (GIT).
Although £imeria challenge affects performance, even then, it was not possible to demonstrate a difference between the unchallenged
andthe challenged controlin theimmunological study. Conclusion: Diet supplemented with organic acids or antibiotics did notimprove
the broiler performance and few immunological changes were observed when inoculated with £imerias.
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INTRODUCTION

Antibiotics are widely used in poultry diet as growth
promotor and to treat infections. However, the consumer
market and public agencies have been incessantly
questioning about the human health hazards due to over use
of antibiotics as growth promotorin animals feed. In 2006, the
European Union decided to ban the use of antibiotics in
animal feed not only based on concern but also taking into
account the emergence of bacteria and other microbes
resistant to antibiotics which are used to treat humans'2 On
the other hand, banning the use of antibiotics in poultry feed
poses risk of enteritis caused by opportunistic pathogens.
Coccidiosis, for example, is a disease that causes significant
losses in birds growth performance?. Therefore, it is through
that the administration of organic acids may influence the gut
and its residing microorganisms in broiler.

Organic acids present a mechanism of antibacterial
action that varies according to the organism and the
environment*. In the birds, acidifiers are being used for
antimicrobial effects®. Recently, it has been shown that
organic acid supplementation promotes an improvement in
cecal short-chain fatty acids (SCFAs) and SCFA-producing
microbiota’.

The hematology and blood chemistry is a useful tool to
establish a diagnosis, allowing a deeper understanding of
pathophysiological conditions that affect birds. The blood
count in an animal may be influenced not only by its
nutritional status but also by its sex, age, habitat, reproductive
status, breeding, some trauma, the season and stress caused
by the environment®. The interaction between immunology
and nutrition in poultry comprises an area of knowledge that
has received great importance by nutritionists in order to use
nutrition as a tool to modulate the immune system?.

Thus, the objective of this study was to evaluate the effect
of organic acids as an alternative to antibiotics on the growth
performance and the immune system of broilers.

MATERIALS AND METHODS

The experiment was performed in accordance with the
principles and regulations of the Ethics Committee on Animal
Use-CEUA, Sdo Paulo State University-UNESP, Dracena
campus, SP (protocol number 30/2014).

Birds, design and experimental diets: A total of 840 male
chicks Cobb were distributed in a completely randomized
design, housed in 28 boxes with reused wood-shavings

bedding and raised up to 42 days old. These birds were
divided into seven replicates with 30 birds per box and
distributed according to the following treatments:

«  Basal diet (BD) without additive-unchallenged birds
«  Basal diet (BD) without additive-challenged birds

«  BD+organic acids-challenged birds

»  BD+antibiotics and anticoccidials-challenged birds

The blend of organic acids was composed of lactic acid
(40%), propionic acid (5%) and butyric acid (1%), with 8 kg t™
inclusion. The antibiotic used was 20% avilamycin with50gt™'
inclusion and the anticoccidials used was 40% monensin
sodiumwith 300 g t~"inclusion, with 10 and 120 ppm of active
ingredient, respectively.

The waterand feed were provided ad'/ibitum.The feeding
program was divided into four stages: pre-starter (1-7 day),
starter (8-21 day), grower (22-33 day) and finisher (34-42 day).
The feed was isoenergetic and iso amino acid, formulated
based on corn and soybean meal according to the
recommendations of Rostagno et a/'™° (Table 1). The additive
inclusion was done in order to replace the inert material
(kaolin). Antibiotics and coccidiostats were withdrawn from
the vitamin-mineral supplement so as not tointerfere with the
effect of the treatments.

Eimeria spp. challenge: To challenge the birds, 1 mL solution
containing £ acervulina, E. maxima and E. tenella was
inoculated orally at 11 days old'. The concentrations used
were 2X10° sporulated oocysts mL™" of Eimeria acervulina
and 2X10* sporulated oocysts mL™" of £ maxima and
E. tenella. The solution was put in a glass Becker and diluted
in distilled water'?. The process was performed individually,
with each broiler retained manually. With the help of an
automatic pipette, the solution containing the inocula was
givenorally. The unchallenged treatment received 1 mL saline
solution (placebo). The three species were chosen because of
the importance they represent in broiler production due to
their high incidence and the economic losses they can
cause'™,

Evaluated variables
Performance: The following performance variables were
analyzed:

«  Weight gain (WG): Body weight gain is obtained by
subtracting the initial weight from the final weight

+ Feed intake (Fl): Feed intake is measured by the
difference between the feed supplied and the feed
consumed, corrected by the average number of birds
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Table 1: Centesimal composition and values calculated of experimental diets

Diets'
Feed stuffs (%) Pre-starter Starter Grower Finisher
Corn 53.820 57.880 60.880 66.110
Soybean meal 38.390 34.990 31.730 27.400
Soybean oil 2616 2611 3472 3.119
Choline chloride 60 0.072 0.064 0.058 0.043
Salt 0.508 0.482 0.457 0.444
Dicalcium phosphate 1.901 1.532 1.340 1.073
Calcitic limestone 0.918 0.908 0.821 0.768
L-lysine 0.283 0.211 0.188 0.231
DL-methionine 0.357 0.285 0.254 0.238
L-threonine 0.106 0.058 0.039 0.048
L-valine 0.075 0.024 0.015 0.030
Mineral supplement? 0.050 0.050 0.050 0.050
Supplement
Vitamin® 0.100 0.100 0.100 0.050
Inert (kaolin)* 0.800 0.800 0.600 0.400
Total 100.000 100.000 100.000 100.000
Calculated values
Metabolizable energy (kcal kg=") 2.950 3.000 3.100 3.150
Crude protein (%) 22.200 20.800 19.500 18.000
Methionine (%) 0.646 0.562 0.518 0.486
Methionine+cystine (%) 0.944 0.846 0.787 0.737
Lysine (%) 1.310 1174 1.078 1.010
Threonine (%) 0.852 0.763 0.701 0.656
Tryptophan (%) 0.250 0.232 0.215 0.192
Valine (%) 1.009 0.904 0.841 0.788
Calcium (%) 0.920 0819 0.732 0.638
Phosphorus (%) 0.395 0.343 0.313 0.273
Sodium (%) 0.220 0.210 0.200 0.195
Choline (mg kg™) 375.000 330.000 300.000 225.000
Linoleic acid (%) 2.745 2.790 3.270 3.146

'Pre-Starter, 1-7 days old (d.o.); Starter: 8-21 d.o.; Grower: 22-33 d.o.; Finisher: 34-42 d.o. 2Mineral supplement provided per kg of feed; Copper: 9 mg, lodine: 1T mg,
Zinc: 60 mg, Iron: 30 mg, Manganese: 60 mg. *Vitamin supplement provided per kg of feed in the pre-starter and starter stages; Vitamin A: 11,000.001U, Vitamin D3:
2,000.001U, Vitamin E: 16.001U, 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: 35mg and Selenium: 0.25 mg. Guarantee levels per kg of feed in the grower phase; Vitamin A:9,000.001U,
Vitamin D3: 1,600.001U, Vitamin E: 14.001U, Vitamin K3: 1.5 mg, Vitamin B1: 1.00 mg, Vitamin B2: 4.00 mg, Vitamin B6: 1.80 mg, Vitamin B12: 12.00 mcg, Folic acid:
0.3 mg, Pantothenic acid: 8.28 mg, Biotin: 0.05 mg, Niacin: 30 mg and Selenium: 0.25 mg. Guarantee levels per kg of feed in the finisher stage; Vitamin A: 3,000.001U,
Vitamin D3:500.001U, Vitamin E: 5.001U, Vitamin K3: 0.50 mg, Vitamin B1: 0.30 mg, Vitamin B2: 1.00 mg, Vitamin B6: 0.40 mg, Vitamin B12: 3.00 mcg, Pantothenic acid:
3.68 mg, Biotin:0.015 mg, Niacin: 5.00 mg and Selenium: 0.20 mg. “The treatments were obtained by adding the additives as a replacement to kaolin. Diet with organic
acids, 0.8% in the pre-starter and starter stages, 0.6% in the grower stage and 0.4% in the finisher stage. Antibiotic diet, 0.005% avilamycin+0.03% monensin sodium

in the pre-starter, starter and grower stages. *Digestible values

+ Feed conversion ratio (FCR): FCR is the total amount of
feed consumed by the bird, divided by the final body
weight, corrected by the weight of dead birds.

« Mortality: Mortality in each experimental unit was
obtained by the ratio between the initial number of live
birds and the number of dead birds, which was measured
daily between 7:00 a.m. and 7:00 p.m. and birds that died
after 7:00 p.m. were counted the following day. Mortality
results were converted to viability with the following
equation:

100-mortality
Productive efficiency index (PEI): The productive efficiency

index was calculated only at the end of the experiment by the
following formula:
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Where:
PEI
VB
ADWG

FCR

| (VIAB.XADWG)
(FC)/10

Productivity efficiency index

Viability (%)

Average daily weight gain (g) = average weight
gain divided by the number of days of the
experiment

Feed conversion ratio

Hematological and biochemical variables: On day zero
(before inoculation), on the third and on the tenth day after
inoculation, 2 mL blood sample of two birds per box were
collected through cardiac puncture, totaling 56 birds per
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collection. The cardiac puncture method is indicated for
collection in chicks and young chickens. The blood samples
obtained were conditioned in plastic tubes with lids
containing Glistab Vet anticoagulant (Labtest Diagnostic,
Lagoa Santa, Minas Gerais, Brazil). The samples were kept in
refrigerator according to the method recommended by
Hawkey et a/™.

In the immunity assessment, the erythrocyte (red cell)
and leukocyte (white cell) hematological profile of the
broilers was evaluated. The total concentrations of circulating
erythrocytes and leukocytes, hematocrit, hemoglobin,
mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC) and mean corpuscular
volume (MCV) were obtained. As for the biochemical variables,
the total protein and glucose concentrations were evaluated.
In the total blood, the hematocrit was determined by the
microhematocrit technique, in which the capillary was used.
Itwas centrifuged at 11,500 rpm for 5 min and the results were
presented in percentage by means of specific tables. The
hemoglobin concentration was determined by using the
cyanmethemoglobin method . The total erythrocyte count
was performed in a Neubauer chamber in blood samples
containing anticoagulantat 1:200 dilution'. The count of total
leukocytes was performed on blood extensions on glass slides
stained with hematoxylin-eosin, quick panoptic Laborclin

(Laborclin Products for Laboratory, Pinhais, Parand, Brazil).
Total proteins, glucose and hemoglobin were determined by
photocolorimetric techniques using Labtest reagent kits
(Labtest Diagnostic, Lagoa Santa, Minas Gerais, Brazil).

Statistical analysis: All data generated were subjected to a
one-way analysis of variance (ANOVA), with the help of the
General Linear Model procedure of the Statistical Analysis
System (SAS)'#followed by Tukey test for comparisons among
means with a significance level of 5%.

RESULTS AND DISCUSSION

The broiler performance is presented in Table 2. Birds fed
diet with antibiotics showed small improvements in FCR
and VB at the age of 1-7 and 1-14 days respectively. From
1-21 days, it is observed that the birds challenged with
Eimeriasshowed overall poorer performance compared to the
unchallenged one. In such period, 31.53, 22.76, 6.90 and
12.03% reduction in WG, FI, VB and FCR respectively is caused
by Eimerias spp. It is known that Eimerias impair the
digestion and nutrientabsorptionin the intestine of birds. This
harmful effect caused by Eimerias spp. was clear in this
research, validating the challenge protocol used. Dibner and
Richards™ reported that healthy birds have an increased

Table 2: Performance of broilers fed diets with or without organic acids, with or without sanitary challenge in different breeding stages

Diets?

Variables' NC NC+C OA+C PEA+C MSE? p<0.05
1-7 days old

AWG (g) 125.83 125.03 131.88 134.25 1.6236 0.1161
AFl(g) 144.44 141.16 146.08 143.52 1.8840 0.8370
FC 1.16° 1.14%® 1.11® 1.07° 0.0122 0.0456
VB (%) 98.10 97.14 99.05 99.05 0.5285 0.5491
1-14 days old

AWG (g) 423.05 412.66 425.63 429.51 4.4550 0.5983
AFl (g) 516.46 49231 510.54 517.15 5.4095 0.3366
FC 1.23 1.23 122 1.21 0.0039 0.2771
VB (%) 97.14%® 91.43° 97.14%® 98.572 0.9707 0.0354
1-21 days old

AWG (g) 898.81° 615410 635.83° 869.22° 27.0479 <0.0001
AFl(g) 1170.86* 904.36° 931.90° 1131.052 25.0081 <0.0001
FC 1.332 1.49° 1.50° 1.322 0.0176 <0.0001
VB (%) 96.67° 90.00° 94.76% 98.102 0.9922 0.0141
1-42 days old

AWG (g) 2732.89° 2434.47° 2506.07° 2755.95°2 31.2983 <0.0001
AFl(g) 4515.09 4019.10° 4062.10° 4492.95° 53.8436 <0.0001
FC 1.71° 1.732 1.722 1.67° 0.0058 0.0001
VB (%) 95.242 89.05° 91.43® 97.622 11112 0.0204
PEI 362.38° 299.750 312.99° 380.152 74630 <0.0001

TAWG: Average weight gain (g), AFl: Average feed intake (g), FC: Feed conversion, VB: Viability (%), PEI: Productive efficiency index. 2NC: Negative control diet
(no additive), C: Sanitary challenge (inoculation of sporulated oocysts of £imeria acervulina, £. maximaand E. tenella), OA: Organic acids, PEA: Performance-enhancing

antibiotics (avilamycin + monensin sodium). 3MSE: Mean standard error
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Table 3: Hematological variables of broilers fed with organic acids as an alternative to antibiotics on day zero (prior to inoculation with £imeriaspp.), at three days after

inoculation and at 10 days post-inoculation

Diets'

Variables NC NC+C OA+C PEA+C MSE? p<0.05
Day zero (before inoculation)

Erythrocytes (X 10° pL=") 2350 2.100 2.180 2.320 0.0654 0.1502
Hematocrit (%) 19.710 20.860 17.430 21.290 0.8068 0.3427
Hemoglobin (g dL™") 14.570 12.000 12.380 14.660 0.6055 0.2573
Total Leukocytes (X 10°/mm?) 9.604° 9.774° 5.338° 26.061° 2069.8100 0.0016
Third Day (after inoculation)

Erythrocytes (X 106 uL~=") 29202 2.400° 2.240° 2.380% 0.0580 0.0026
Hematocrit (%) 27.000 24.860 24.430 24.000 0.4332 0.0585
Hemoglobin (g dL™") 17.770 15.590 16.340 16.220 0.4142 0.3075
Total Leukocytes (X 103/mm3) 33.971° 20.808° 20.071° 33.5352 1937.2200 0.0289
Tenth Day (after inoculation)

Erythrocytes (X 106 uL™") 2920 2.400 2.240 2.380 0.0960 0.8642
Hematocrit (%) 25.290 23.140 23.710 24.430 0.3439 0.1385
Hemoglobin (g dL™) 16.860 14.890 14.330 15310 0.4218 0.1569
Total leukocytes (X 103/mm?3) 31.092 38.101 31.805 28.861 1928.9200 0.3886

'NC: Negative control diet (no additive), C: Sanitary challenge (inoculation of sporulated oocysts of £imeria acervulina, E. maxima and E. tenella); OA: Organic acids,
PEA: Performance-enhancing antibiotics (avilamycin+monensin sodium). 2MSE: Mean standard error

appetite and can utilize more nutrients from feed. Moreover,
reduction in cellular epithelial scaling avoid unnecessary
energy expenditure in physiological functions that do not
increase breeding.

The microbial challengeis veryimportantin evaluating the
effectiveness of antimicrobial additives. In a meta-analytical
study, Polycarpo et a/?° presented the effect of interaction
between microbial challenge and organic acids on the FCR
and VB?. In non-challenged experiments, authors observed
that organic acids improved FCR and showed results similar to
antibiotics; however, organic acids were not as effective as
antibiotics in challenged birds. Therefore, it is essential to
consider the situation in which organic acids are evaluated,
because from a known challenge context, the better response
and clear conclusion can be obtained.

In the period of 1-21 days, antibiotics improved all the
performance variables of the challenged broilers. Organic
acids did notimprove the performance of birds, except for VB,
in which organic acids provided an intermediate result
between control diet and the diet supplemented with
antibiotics. Barbieri et a/*' reported that broilers challenged
with £imeria spp.showed non-satisfactory performance when
the mixture of organic acids (lactic, acetic and butyric) was
used in their diet; only the use of antibiotic as growth
promoters was found to be effective?!. However, Abbas et a/?
reported a contradictory results and stated that increasing
doses of acetic acid control the suppressive effect of
coccidiosis?. This contradiction raises the question that may
the coccidiosis be controlled more effectively by using acetic
acid alone (in larger doses). Experiments could also be

169

conducted to understand whether the improvement in the
performance of broilers is related to the acid type or the dose
used.

The performance results obtained in the initial period
(1-21 days) were more evident in the total breeding period
(1-42 days) as the organic acids did not increase the
performance of the challenged birds. They showed only a
smallimprovementin the VB, which provided an intermediate
result between the control diet and the diet supplemented
with the antibiotics. Antibiotics, on the other hand, have
improved all performance variables, including productive
efficiency index (PEI).

In the evaluation of alternative additives, the effects were
expected to be similar or close to those of antibiotics.
However, in case of the broiler performance, this was not
observed in this study. In the literature, it is reported that
organic acids have broader effects than antibiotics in the
avian organism. Antibiotics improve performance through
antibacterial action but organicacids show more pronounced
effects like modification of the intestinal microbiota, gut
mucosa and increased activity of digestive enzymes and
pancreatic secretions. Organic acids also increased the
digestibility of minerals in diet**? but despite several
beneficial effects reported, supplementation of organic acid
did notincrease the broiler performance in this study. It might
be possible that the intensity of the £imeria challenge was
higher than the microbial control supplemented with organic
acids. Polycarpo et a/? reported that organic acids provided
poorer FCR than antibiotics only in broiler chickens under
microbiological challenge. In unchallenged situations, organic
acids presented results comparable to the antibiotic ones.
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Table 4: Biochemical variables of broilers fed with organic acids as an alternative to antibiotics on day zero (prior to inoculation with £imeriaspp.), at three days after

inoculation and at 10 days post-inoculation

Diets'

Variables NC NC+C OA+C PEA+C MSE? p<0.05
Day zero (before inoculation)

Total protein (g dL™") 3.66% 3.4 4.90° 3.26° 0.2282 0.0422
Glucose (g dL™") 123.99 123.88 102.61 112.25 9.5087 0.8408
Third day (after inoculation)

Total protein (g dL™") 2.96 2.64 1.30 2.13 0.3354 0.3353
Glucose (g dL™") 254.80% 329.862 243.75° 289.53%® 11.8417 0.0337
Tenth day (after inoculation)

Total Protein (g dL™") 1.642 3.602 3.57° 1.37° 03174 0.0058
Glucose (g dL™") 249.06 260.38 262.53 246.59 8.0489 0.8783

'NC: Negative control diet (no additive), C: Sanitary challenge (inoculation of sporulated oocysts of £imeria acervulina, E. maximaand E. tenella), OA: Organic acids,
PEA: Performance-enhancing antibiotics (avilamycin+monensin sodium). 2MSE: Mean standard error

On day zero (Table 3), it was observed that the treatment
had no effect on erythrocytes, hematocrit and hemoglobin.
Theredblood cell count (erythrocytes) found in this study was
similar to those reported by Tessari et a/?® (2.5X10°
erythrocytes uL=") as well as reference values reported by
Lima'” et al. for hemoglobin ranged from 7.0-15.0 g dL=". On
the other hand, hematocrit values observed in this study were
lower than the average levels (43.5%) reported by Tessari et
al*forbroilers.In most bird species, normal hematocrit values
are between 35-55%'%?7. Lower values indicate anemia, the
values between 25-35% are considered as moderate anemia
whereas less than 20% are considered as severe anemia. The
low levels can also be due to the fact that in the birds' first
weeks of life, theirimmune system is still underdeveloped, so
the immunity transmitted by the mother is predominant in
this period. Over the first few weeks, the defensive
mechanisms of body begin to be activated, , led to increase in
concentration of immune cells and consequently
accumulation of beneficial microorganisms to destroy
pathogens in GIT and thus benefit the immune system?,

The total leukocyte values were higher in broilers fed diet
containing antibiotics compared to control and organic acids.
These results showed an increase in the response of immune
system with the use of antibiotics, which fight the pathogenic
microorganisms in the GIT. The microbiota improves bowel
health and nutrient digestion, which in turn improve the
nutritional status of broilers by modulating the immune
response. Changes in leukocyte values prior to £imeiras spp.
inoculation confirm that leukocytosis in birds can occur even
in the absence of a persistent infectious agent?3,

Onthethird day, afterinoculation, effect of treatmentwas
observed on the total leukocytes; however, no difference
was observed when Tukey test was used to compare means.
The microbiological challenge decreased the number of
erythrocytes and the additives did not provide any
improvement. There was no difference between treatments
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with respect to the hematological variables on the third day
afterinoculation.On the tenth day post-inoculation, treatment
has no effect on hematological variables also.

The biochemical variables are presented in Table 4. There
was a smaller amount of total protein with the use of
antibiotics as compared to organic acids before and after
inoculation. Protein deficiency is associated with malnutrition,
acute infections and hemorrhages®’. However, in the
present study, it can be seen that, even with low protein
concentrations, the birds did not show any of the
characteristics mentioned above; on the contrary,
performance data at this age show that birds, regardless of
treatment, maintained a good zootechnical index. On the third
day after inoculation, the use of organic acids reduced the
glucose levels, which indicates that this additive can reduce
the stress from challenged birds. As for probiotics, prebiotics
and symbiotics, these changes were not observed in the
hematological and biochemical variables of broilers®2.

There was no effect of treatments on the Wintrobe indices
(Table 5). Wintrobe indices®, which are: mean corpuscular
hemoglobin  (MCH), mean corpuscular hemoglobin
concentration (MCHC) and mean corpuscular volume (MCV)
indicate the presence of anemia and evaluate the bone
marrow's ability to produce red blood cells of normal size and
metabolic capacity, as well as hemoglobin content. In the
present study, the MCH and MCHC values were higher than
the reference values (274 pg and 15.7-29.52 g dL™'
respectively). As for the MCV, the values detected were
155.43-174.70 fL263435 which are lower than the reference
values. The highervalues found in these variables indicate that
the birds had to utilize more energy to protect themselves
from the effect of caloric stress and produce more red blood
cells. It is noteworthy that during the blood collection period
(11-21 days old), the room temperature underwent great
oscillations, registering 35.5°C maximum temperature.
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Table 5: Wintrobe indices of broilers fed with organic acids as an alternative to antibiotics on day zero (prior to inoculation with £imeria spp.), at three days after

inoculation and at 10 days post-inoculation

Diets?

Variables' NC NC+C OA+C PEA+C MSE? p<0.05
Day zero (before inoculation)

MCH 62.64 67.95 59.61 65.67 5.2410 0.7007
MCHC 78.42 64.89 71.02 76.62 7.1461 0.5459
mcv 80.66 110.98 89.18 86.93 9.9032 0.1841
Third day (after inoculation)

MCH 66.47 72.77 71.88 63.94 3.9722 0.3549
MCHC 66.54 64.66 68.68 68.32 27714 0.7243
MCV 100.26 113.16 104.39 93.76 49735 0.0754
Tenth day (after inoculation)

MCH 60.82 67.80 63.78 63.15 3.4739 0.5642
MCHC 66.16 68.36 62.88 62.58 2.5792 0.3526
MCV 91.45 99.48 101.81 101.42 4.6498 0.3793

'MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, MCV: Mean corpuscular volume. 2NC: Negative control diet (no additive),
C: Sanitary challenge (inoculation of sporulated oocysts of £imeria acervulina, E. maxima and E. tenella), OA: Organic acids, PEA: Performance-enhancing antibiotics

(avilamycin+monensin sodium). 3MSE: Mean standard error

It was not possible to demonstrate a difference between
the performances of birds (unchallenged and the challenged
with £imeria spp.) in the immunological study. Because the
immunological variables present a greater natural variability
than the performance variables, new experiments are
suggested so that conclusions on the subject could be
elaborated with more robustness.

CONCLUSION

Dietary supplementation of organic acids does not
improve the performance of broilers challenged with
E. acervulina, E. maxima or E. tenella. Only antibiotics are able
to control the harmful effects of coccidiosis on broiler
performance.

Few immunological changes are observed due to
inoculation of £imeria spp.and supplementation of organic
acids or antibiotics. More studies are suggested to evaluate
the effects of organic acids on the immunological responses
of broiler.

ACKNOWLEDGMENTS

We thank Btech, Valinhos, Sao Paulo, Brazil for donating
the organic acids.

REFERENCES

1. Langhout, P., 2000. New additives for broiler chickens. World
Poult., 16:22-27.

Huyghebaert, G.,R. Ducatelle and F. van Immerseel, 2011. An
update onalternatives to antimicrobial growth promoters for
broilers. Vet. J., 187: 182-188.

171

Kipper, M., I. Andretta, C.R. Lehnen, P.A. Lovatto and
S.G. Monteiro, 2013. Meta-analysis of the performance
variation in broilers experimentally challenged by £imeria
spp. Vet. Parasitol., 196: 77-84.

Eidelsburger, U., 2001. Feeding short-chain organic acids to
pigs. In: Recent Developments in Pig Nutrition 3, Wiseman,
J.and P.C. Garnsworthy, (Eds.). Nottingham University Press,
England, pp: 107-121,.

Ricke, S.C., 2003. Perspectives on the use of organic acids
and short chain fatty acids as antimicrobials. Poult. Sci.,
82:632-639.

Noy, Y. and D. Sklan, 1995. Digestion and absorption in the
young chick. Poult. Sci., 73: 366-373.

Aljumaah, MR, MM. Alkhulaifi AM. Abudabos,
A. Alabdullatifo, A.H. El-Mubarak, A.R.A. Suliman and
D. Stanley, 2020. Organic Acid Blend Supplementation
Increases Butyrate and Acetate Production in Sa/monella
entericaSerovar Typhimurium Challenged Broilers. PLoS ONE,
Vol. 15, 10.1371/journal.pone.0232831

Thrall, M.A., G. Weiser, R. Allison and T.W. Campbell, 2012.
Veterinary Hematology and Clinical Chemistry. 2nd Edn., John
Wiley and Sons, New York, ISBN: 9780813810270, Pages: 784.
Da Silva, .CM. and A.M.L. Ribeiro, 2004. Interagao entre a
nutricd. In: A importancia da Interagdo Entre a Nutricdo e a
Imunologia em Aves: Producao Animal Avicultura: A revista
deavisite. pp: 18-25. https://www.avisite.com.br/revista/pdfs/
revista_edicao22.pdf.

Rostagno, H.S., LF.T. Albino, J.L. Donzele, P.C. Gomes and
R.F.Oliveira etal,2011.Brazilian Tables for Poultry and Swine:
Composition of Feedstuffs and Nutritional Requirements. 3rd
Edn., Federal University of Vicosa, Vicosa, Minas Gerais, Brazil,
Pages: 251.



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Int. J. Poult. 5ci, 20 (4): 165-172, 2021

F.Ld.C. Freitas, Kd.S. Almeida, A.A. do Nascimento,
J.H.Tebaldi, R.Z. Machado and C.R. Machado, 2017. Aspectos
clinicos e patolégicos em frangos de corte (Gallus gallus
domesticus) infectados experimentalmente com oocistos
esporulados de Eimeria acervulina Tyzzer, 1929. [Clinical and
pathological aspects in broilers (Gallus gallus domesticus)
infected experimentally with Eimeria acervulina Tyzzer, 1929
sporulated oocysts]. Rev. Bras. Parasitol. Vet, 17: 16-20.
(In Portuguese).

Holdsworth, P.A., D.P. Conway, M.E. McKenzie, A.D. Dayton
and H.D. Chapman et a/, 2004. World Association for the
Advancement of Veterinary Parasitology (WAAVP) guidelines
for evaluating the efficacy of anticoccidial drugs in chickens
and turkeys. Vet. Parasitol., 121: 189-212.

Williams, R.B., 1999. A compartmentalised model for the
estimation of the cost of coccidiosis to the world's chicken
production industry. Int. J. Parasitol., 29: 1209-1229.
Williams, R.B., 2005. Intercurrent coccidiosis and necrotic
enteritis of chickens: Rational, integrated disease
management by maintenance of gut integrity. Avian Pathol.,
34:159-180.

Hawkey, C.M.,, T.B. Dennett and M.A. Peirce, 1989. Color Atlas
of Comparative Veterinary Hematology. lowa State University
Press, lowa, USA,.

Campbell, TW. and F.J. Dein, 1984. Avian Hematology:
The Basics. In: Veterinary Clinics of North America: Small
Animal Practice, Harrison, G.J., (Ed.). Elsevier, United States,
pp: 223-248,.

Lima, G.A,, B.F.S. Barbosa, R.G.A.C. Araujo, B.R. Polidoro
and G.V. Polycarpo et al, 2020. Agaricus subrufescens
and Pleurotus ostreatus mushrooms as alternative additives
toantibioticsin diets for broilers challenged with £imeriaspp.
Br. Poult. Sci., 62: 251-260.

SAS Institute Inc., 2011. SAS/STAT" 9.3 User's Guide. SAS
Institute Inc., Cary, NC, Pages: 8285.

Dibner, JJ. and J.D. Richards, 2005. Antibiotic growth
promoters in agriculture: History and mode of action. Poult.
Sci., 84: 634-643.

Polycarpo, G.V., I. Andretta, M. Kipper, V.C. Cruz-Polycarpo,
J.C. Dadalt, P.H.M. Rodrigues and R. Albuquerque, 2017.
Meta-analytic study of organic acids as an alternative
performance-enhancing feed additive to antibiotics for
broiler chickens. Poult. Sci., 96: 3645-3653.

Barbieri, A., G.V. Polycarpo, R.G.A. Cardoso, K.M. da Silva and
J.C.Dadalt et al., 2016. Effect of probiotic and organicacids in
an attempt to replace the antibiotics in diets of broiler
chickens challenged with Eimeria spp. Int. J. Poult. Sci.,
14:606-614.

Abbas, R.Z, S.H. Munawar, Z. Manzoor, Z. Igbal and
M.N. Khan et a/, 2011. Anticoccidial effects of acetic acid on
performance and pathogenic parameters in broiler chickens
challenged with £imeria tenella. Pesquisa Veterinaria
Brasileira, 31: 99-103.

172

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Dibner, J.J. and P. Buttin, 2002. Use of organic acids as a
model to study the impact of gut microflora on nutrition and
metabolism. J. Applied Poult. Res., 11: 453-463.

Islam, KM.S., H. Schaeublin, C. Wenk, M. Wanner and
A. Liesegang, 2012. Effect of dietary citric acid on the
performance and mineral metabolism of broiler. J. Anim.
Physiol. Anim. Nutr., 96: 808-817.

Emami, N.K,, S.Z. Naeini and C.A. Ruiz-Feria, 2013. Growth
performance, digestibility, immune response and intestinal
morphology of male broilers fed phosphorus deficient diets
supplemented with microbial phytase and organic acids.
Livest. Sci., 157: 506-513.

Tessari, ENN.C,, CAF. Oliveira, A.L.S.P. Cardoso, D.R. Ledoux
and G. Rottinghaus, 2006. Parametros hematoldgicos de
frangos de corte alimentados com racdo contendo aflatoxina
B, e fumonisina B,. [Hematological parameters of broiler
chicks fed rations containing aflatoxin B, and fumonisin B,].
Cienc. Rural, 36: 924-929. (in Portuguese).

Fourie, F.L.R. and J. Hattingh, 2003. Variability in bird
haematology. Comp. Biochem. Physiol. A: Physiol.,
65: 147-150.

Adedeji, 0.5, 2013. Effect of different organic feed
ingredients on growth performance, haematological
charactersistics and serum parameters of broiler chickens.
World J. Agric. Sci., 9: 137-142.

Bienzle, D. and D.A. Smith, 2003. Heterophilic leucocytosis
and granulocytic hyperplasia associated with infection in a
cockatoo. Comp. Haematol. Int., 9: 193-197.

Jaensch, S.and P. Clark, 2004. Haematological characteristics
of response to inflammation or traumatic injury in two
species of black cockatoos: Calyptorhynchus magnificusand
C funereus. Comp. Clin. Pathol., 13:9-13.

Swenson, M.J.and W.O. Reece, 1996. Physiological Properties
and Cellular and Chemical Constituents of Blood. In: Dukes'
Physiology of Domestic Animals, Dukes, H.H., M.J. Swenson
and W.O. Reece (Eds.). 11th Edn., Cornell University Press,
Ithaca, NY., USA., ISBN-13: 9780801428043, pp: 22-46.
Abdel-Hafeez, H.M., E.S.E. Saleh, S.S. Tawfeek, I.M.l. Youssef
and A.S.A. Abdel-Daim, 2016. Effects of probiotic, prebiotic
and synbiotic with and without feed restriction on
performance, hematological indices and carcass
characteristics of broiler chickens. Asian-Australas. J. Anim.
Sci., 30: 672-682.

Winthrobe, M.M., 1933, Variations in the size and hemoglobin
content of erythrocytes in the blood of various vertebrates.
Folia Haematologie, 51: 32-49.

Borsa, A., 2009. Valores hematoldgicos em frangos de corte
de criagdo industrial. Collog. Agrariae, 5: 25-31.

Junqueira, O.S.-F. and S.K. Duarte, 2014. Animal Nutrition.
Proceeding of VI Latin American Congress on Animal
Nutrition, September 23-26, 2014 Brazilian College of Animal
Nutrition and Mexican Association of Studies on Animal
Nutrition 1-2.



