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ABSTRACT - The experiment evaluated the influence of isolated or associated phytogenic additives (PA) and organic acids

(OA) on nutrient digestibility, performance and carcass characteristics of broiler chickens. Two experiments were conducted in

a completely randomized design with a 2 x 2 + 1 factorial arrangement of treatments (with or without PA x with or without OA +

antibiotic performance enhancer and anticoccidial). In the first experiment, two metabolic tests were conducted to determine

the metabolizability coefficients of the nutrients of starter and growth diets. In the second experiment, 2520 one-day-old chicks

were housed in 40 experimental units to evaluate the performance and carcass characteristics. The phytogenic additives and

organic acids, isolated or associated, improve the nutrient digestibility of the diet and replace the growth- promoting antibiotics.

The use of organic acids isolated or associated with phytogenic additives in broiler diets improves broiler performance in

comparison with free antibiotic performance enhancer at 42 days of age. Isolated or associated phytogenic additives and

organic acids provided better carcass characteristics.
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Introduction

The selection of premature birds and the major housing
density has intensified health problems and denouncements
of slaughterhouses, reflecting the increased use of antibiotic
performance enhancer (APE), and the therapeutic use of
anticoccidial and chemotherapy. However, the consumer
market of Brazilian meat, especially the European Union,
has banned the use of APE.

Phytogenic additives (PA) from plant extracts are an
alternative to APE because they promote higher nutrient
digestibility, increase digestive enzyme activity and
gastric and pancreatic juice secretion, protect the intestinal
microvilli and improve bird performance by antimicrobial
activity (Herndndez et al., 2004; Toledo et al., 2007).

Another alternative to APE are organic acids (OA),
which have shown positive results in poultry production,
for reducing the intestinal pH and bacterial growth intolerant
to pH changes (Pirgozliev et al., 2008; Ao et al., 2009),
thus providing better intestinal health for the bird to obtain
maximum nutrient absorption. Additionally, undissociated
organic acids can penetrate the lipid membrane of the
bacterial cell and decrease intracellular pH, which leads to
death (Ricke, 2003), in addition to stimulating pancreatic
secretion and providing better intestinal villus integrity
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(Dibner & Buttin, 2002). However, there are conflicting
results regarding the use of acidifiers in poultry and,
according to Hernandez et al. (2006), these effects depend
on the chemical form of the acid, pKa values, bacterial
species to be destroyed, animal species and the site of
action of acids.

The objective of this study was to evaluate the influence
of isolated or associated phytogenic additives and organic
acids on the nutrient metabolizability of the diet in the early
growth stages, as well as to evaluate the performance and
carcass characteristics of broilers.

Material and Methods

All procedures used in this experiment were approved
by the Animal Experimentation Ethics Committee (process
no. 183/2008-CEEA) Faculdade de Medicina Veterinaria e
Zootecnia of UNESP — Campus Botucatu.

Two experiments were conducted with Cobb broilers.
The first experiment had two metabolism trials with broilers,
in the Faculdade de Medicina Veterinaria e Zootecnia of
UNESP-Universidade Estadual Paulista, Campus Botucatu
at the Poultry Nutrition Laboratory. The second experiment
evaluated performance and carcass characteristics in an
integrated poultry farm, located in Ipeina - Sao Paulo,
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Brazil, and broilers were slaughtered in the experimental
slaughterhouse of the Faculdade de Medicina Veterindria
e Zootecnia of UNESP — Universidade Estadual Paulista,
Campus Botucatu. The experimental design in both
experiments was completely randomized in a factorial
arrangement with an additional treatment (2 X 2 + 1). The
diets were formulated with and without phytogenic additives
(PA) x with and without organic acids (OA) + control diet
with antibiotic performance enhancer and anticoccidial
drugs, totaling five treatments. The phytogenic additives
(Imunostart® + Enterocox® - Phytosynthese) comprised
turmeric extracts, citrus extract and grape seed extract +
Chinese cinnamon essential oil, Chile Boldo leaves and
fenugreek seeds. The organic acid mix (Premium Sal-Acido
8% - Nutriacid) comprised 30.0% of lactic acid, 25.5% of
benzoic acid, 7% of formic acid, 8% of citric acid and 6.5%
of acetic acid. The antibiotic performance enhancer (APE)
was composed of avilamycin at 20%, 10 ppm (Surmax
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200%, Elanco) plus sodium monensin at 40%, 250 g/ton
(Monenpac MC400%).

The diets of both experiments were formulated based
on corn and soybean meal and the feed composition
and nutritional requirements were obtained from the
recommendations by Rostagno et al. (2005) (Table 1). The
additives tested in this study were included in the diets as a
substitution of inert.

The first experiment included 125 one-day old broiler
chicks for two metabolism trials, housed in controlled
metabolic cages, provided with front feeder, nipple drinker
and excreta-collection trays. The chicks were vaccinated
at the hatchery against Marek’s disease and Gumboro
disease and maintained within a comfort temperature
range during the entire experimental design and execution
period. Five treatments and five replicates of five birds per
experimental unit were conducted in the first test, totaling
125 broilers.

Table 1 - Nutritional and centesimal composition of the experimental diets

Ingredients Pre-starter Starter Growth Finishing

(g/kg of natural matter) CD/APE/PA  OA/PAAO' CD/APE/PA  OA/PAAO  CD/APE/PA  OA/PAAO  CD/APE/PA  OA/PAAO
Corn 559.6 556.7 569.3 566.2 598.6 597.3 643.2 642.4
Soybean meal (45%) 373.2 373.5 355.5 356.0 319.5 319.7 278.7 278.8
Limestone 9.4 8.4 9.0 8.0 8.5 7.8 8.1 7.7
Dicalcium phosphate 19.5 19.5 18.4 18.4 17.0 17.0 15.4 15.4
Soybean oil 223 22.8 34.7 353 44.2 443 42.9 43.0
DL-methionine (99.0%) 2.3 2.4 1.7 1.7 1.6 1.6 1.6 1.6
L-lysine HCI (78.4%) 3.7 3.7 2.1 2.1 2.0 2.0 2.6 2.6
L-threonine (98.5%) 1.5 1.5 0.6 0.6 0.5 0.5 0.7 0.7
Choline chloride (60%) 0.6 0.6 0.5 0.5 0.5 0.5 0.4 0.4
Sodium bicarbonate 0.8 0.3 0.5 0.0 0.1 0.0 0.0 0.0
Salt 4.6 4.6 4.7 4.7 4.7 4.5 4.6 4.4
Inert 1.0 4.5 1.5 5.0 1.5 3.5 0.8 2.0
Vitamin supplement? 1.0 1.0 1.0 1.0 0.8 0.8 0.5 0.5
Mineral supplement’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Calculated nutritional composition

Metabolized energy (kcal/kg) 2960 2955 3050 3045 3150 3147 3200 3198
Crude protein* 221.1 221.1 211.4 211.4 197.3 197.3 183.1 183.1
Crude fiber* 30.2 31.2 29.6 30.6 28.2 28.8 26.5 26.9
Digestible lysine* 13.6 13.6 11.9 11.9 11.0 11.0 10.5 10.5
Digestible methionine* 54 5.4 4.6 4.6 4.4 4.4 4.2 4.2
Digestible methionine+cystine * 8.4 8.4 7.5 7.5 7.1 7.1 6.8 6.8
Digestible threonine® 8.8 8.8 7.7 7.7 7.1 7.1 6.8 6.8
Digestible tryptophan* 2.4 2.4 2.3 23 2.1 2.1 1.9 1.9
Linoleic acid* 24.8 24.9 31.5 1.7 36.9 36.9 36.7 36.8
Calcium* 9.4 9.0 9.0 8.6 8.4 8.1 7.7 7.6
Available phosphorous* 4.7 4.7 4.5 4.5 4.2 4.2 3.9 3.9
Potassium* 8.4 8.4 8.1 8.1 7.5 7.5 6.9 6.9
Sodium* 2.2 2.0 2.2 2.0 2.1 2.0 2.0 1.9
Chloride* 32 3.2 3.2 3.2 3.2 3.1 3.1 3.1

'CD - control diet; APE - antibiotic performance enhancer; PA - phytogenic additives; OA - organic acids; PAAO - phytogenic additives + organic acids. Considering nutritional
levels of the organic acids (Premium Acid-Salt 8: IN - 1,200 kcal/kg; FC - 11% available; Na - 4.5%).

2 MC-MIX Starter Broiler 1 kg (Mcassab®) guaranteed/kg feed levels for pre-starter and initial stages: vit. A - 11,000 IU; vit. D3 - 2,000 IU; vit. E - 16 mg; folic acid - 0.4 mg;
calcium pantothenate - 10 mg; biotin - 0.06 mg; niacin - 35 mg; pyridoxine - 2 mg; riboflavin - 4.5 mg; thiamine - 1.2 mg; vit. B12 - 16 mcg; vit. K3 - 1.5 mg; Se - 0.25 mg;
antioxidant - 30 mg.

MC-MIX Starter Broiler 1 kg (Mcassab®) guaranteed/kg feed levels growth stage: vit. A - 8,800 IU; vit. D3 - 1,600 IU; vit. E - 12.8 mg; folic acid - 0.32 mg; calcium pantothenate - 8 mg;
biotin - 0.048 mg; niacin - 28 mg; pyridoxine - 1.6 mg; riboflavin - 3.6 mg; thiamine - 0.96 mg; vit. B12, 12.8 mcg; vit. K3 - 1.2 mg; Se - 0.2 mg; antioxidant - 24 mg.

MC-MIX Broilers 0.5 kg (Mcassab®) guaranteed/kg feed levels: vit. A - 3,000 IU; vit. D3 - 500 IU; vit. E - 5 mg; calcium pantothenate - 4 mg; biotin - 0.015 mg; niacin - 5 mg;
pyridoxine - 0.4 mg; riboflavin - 1 mg; thiamine - 0.3 mg; vit. B12 - 3 mcg; vit. K3 - 0.5 mg; Se, 0.2 mg; antioxidant, 15 mg.

3 MC-MIX Mineral Broilers 0.5 kg (Mcassab®) guaranteed/kg feed levels: Cu - 9 mg; Zn - 60 mg; I - 1 mg; Fe - 30 mg; Mn - 60 mg.

4 g/kg of natural matter.
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For the second metabolism trial, three chickens from
each experimental unit were used according to space, feeder
and cage area suitability, totaling 75 broilers.

The tests were performed in two periods, 11 to 21 and
25 to 35 days of age, with five days of adaptation to the
experimental diets and five days for total excreta collection,
using the method of total excreta collection.

The excreta were collected twice a day (8h and 17h),
packed in labeled plastic bags and stored in a freezer (-10 °C).
At the end of each experimental period, the amount of feed
consumed and the total amount of excreta produced were
determined, they were thawed, weighed, homogenized and
a sample was removed and weighed for bromatological
analysis.

With the excreta and feed, the dry matter, total nitrogen
and ether extract were determined according to the
methodology by Silva & Queiroz (2002) and gross energy
using bomb calorimeter (IKA®™ - Werke). The gross energy
metabolizability coefficients (GEMC) were determined
by calculating the ratio of GEMC and gross energy (GE)
in percentage, metabolizability coefficients of dry matter
(DMMC), nitrogen (NMC) and ether extract (EEMC).
The values of apparent metabolizable energy (AME) and
nitrogen-corrected apparent metabolizable energy (AMEn)
were calculated according to Matterson et al. (1965).

In the second experiment, 2520 one-day old male
chicks were used, with an average initial weight of 50+1 g,
in a completely randomized 2 x 2 + 1 factorial arrangement
with five treatments and eight replicates, totaling 63 birds
per experimental unit.

The chicks were vaccinated at the hatchery against
Marek’s disease and Gumboro disease and housed in 4.5 m?
cages (density of 14 birds/m?), equipped with 10 cm
thick wood shavings bed, and fitted with tubular feeders
and pendular drinkers. The wood shavings bed used in
this experiment was reused from a batch of chickens
which received, via drinking water, aqueous solution
contaminated with Clostridium perfringens. The drinkers
were washed every two days, in order to increase health
challenge.

The experimental diets were divided into four phases:
pre-starter (1 — 10 days), starter (11 — 21 days), growth
(22 — 35 days) and finishing (36 —42 days) (Table 1). Water
and food were given ad libitum during the entire rearing
period and the light program was of 24 hours.

The parameters of body weight (BW), weight gain
(WG), feed intake (FI), feed conversion ratio (FCR) and
viability (VB) were determined for the periods of 1 to 21
and 1 to 42 days of age and daily mortality was recorded. At
the end of the experiment, the production efficiency factor
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(PEF) was determined by the following formula: PEF =
(BW x VB) / (FCR x slaughter age).

At the end of the experiment, four chickens were
removed, with an average weight of each experimental
unit, and fasted for eight hours. Next, they were sacrificed
by stunning followed by exsanguination, plucked and
eviscerated for determination of carcass yield, cuts (breast,
thigh + drumstick, back and wing) and abdominal fat
percentage.

The results obtained in the experiments underwent
analysis of variance (ANOVA) of the General Linear
Model (GLM) procedure using the statistical program
SAS (Statistical Analysis System, version 9.0) and, when
significant, the means of the factorial treatment (2 x 2)
were compared by F tests (o = 0.05), and to compare the
means of factorial treatments with an additional treatment
(APE), Dunnett’s test was applied (a = 0.05).

Results and Discussion

There was no interaction between phytogenic additives
(PA) and organic acids (OA) for GEMC, DMMC and
EEMC in the starter phase (11 to 21 days old) (Table 2).
However, PA supplementation improved (P<0.05) GEMC,
DMMC and EEMC, corroborating the results of Hernandéz
et al. (2004), who observed improvement for DMMC and
EEMC with the inclusion of plant extracts and essential oils
in the diet.

The improvement in these variables can be attributed
to cinamaldehyde and turmeric, the main active ingredients
in cinnamon and curcumin, respectively. Cinamaldehyde
stimulates pancreatic and intestinal enzyme secretion
(Jamrozetal., 2005) and curcumin increases bile production
in the liver and also pancreatic and intestinal lipase (Platel
& Srinivasan, 2004), and consequently the secretion of bile
salts. Thus, one can infer that the increase of enzymes and
bile salts promoted improved nutrient absorption.

Broilers fed organic acids had higher values (P<0.01)
of GEMC and EEMC than those fed diets without organic
acids. These results corroborate the studies of Pirgozliev
et al. (2008), who observed AMEn improvement in young
broilers fed diets supplemented with fumaric acid and sorbic
acid, and also corroborate studies conducted by Ao et al.
(2009), in which citric acid increased the metabolizable
dry matter and crude protein. However, Hernandez et al.
(2006) observed no differences in the metabolization of
total and ileal dry matter and crude protein in the 16 to 21
day-old period in broilers fed two levels of formic acid.
This improvement in metabolizable energy may be due
to the AME acids available in the mixture, improving the
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intestinal villus integrity and increasing the absorption of
lipids.

There was interaction (P<0.01) between PA and OA for
nitrogen metabolizability coefficient (NMC) (Table 2). The
inclusion of PA in the diets with and without OA improved
the NMC of the broilers; however, the combination of
additives resulted in lower metabolization, which, in this
case, shows no additive effect for NMC, since OA did not
improve metabolizability when compared with the control
diet. The present study contradicts the results obtained by
Muhl & Liebert (2007), who found no differences in protein
metabolizability and nitrogen balance of broiler chickens
fed commercial PA.

The results presented in this study partially contradict
those obtained by Basmacioglu Malayogluetal. (2010), who
found no differences in the metabolizability of dry matter
and ether extract in broilers fed diets containing oregano
essential oil; the same observed for lipase and amylase
activity. Cross et al. (2007) also observed no differences
in DMMC and GEMC when assessing the metabolizability
influence of different plant extracts. However, the mixture
of active principles in the PA of the present study may

have shown increased enzyme activity, which promoted
improved nutrient metabolizability.

Comparing the alternative treatments with APE
(Table 2), the broilers fed the diet without additive
supplementations showed lower values (P<0.05) for all the
variables analyzed, in comparison with those that received
APE, except for NMC, which showed no differences. The
use of PA reduced (P<0.01) the GEMC and EEMC values,
but increased nitrogen metabolizability. For the broilers
fed diets containing OA, this additive did not improve the
GEMC values, which showed lower values, in comparison
with the broilers that received APE. The association of PA
and OA did not differ statistically for the variables studied
in relation to the positive control, demonstrating that the
effects of stimulating pancreatic and intestinal enzyme
secretion and improved villus integrity promoted by the
additives provided similar results to the action of antibiotics
to reduce bacterial pathogens and lesions in the villi.

There was interaction (P<0.05) between PA and OA
for all the variables evaluated in the growth phase (25 to
35 days) (Table 2). The broilers fed PA had the highest
GEMC, DMMC, NMC and EEMC values compared with

Table 2 - Nutrient metabolization in diets containing phytogenic additives (PA) and organic acids (OA) for broilers at 11 to 21 and 25 to

35 days of age

Organic acids Probability
APE PA Mean CV (%)
Without With PA OA PA x AO APE
11 to 21 days old

Gross energy metabolizability  0.741 ~ Without 0.723y 0.727y 0.725B

coefficient With 0.728y 0.735 0.735A  <0.001 0.005 0.382 0.001 0.85
Mean 0.725b 0.731a

Dry matter metabolizability 0.738  Without 0.721y 0.727 0.724B

coefficient With 0.730 0.733 0.732A 0.026 0.148 0.569 0.041 1.16
Mean 0.725 0.730

Nitrogen metabolizability 0.598  Without 0.586B 0.587B 0.586

coefficient With 0.647Aay  0.607Ab  0.626 <0.001 0.003 0.002 <0.001 2.16
Mean 0.615 0.597

Ether extract metabolizability ~ 0.905  Without 0.869y 0.899 0.884B

coefficient With 0.886y 0.910 0.902A  <0.001 <0.001 0.717 <0.001 1.19
Mean 0.877b 0.909a

25 to 35 days old

Gross energy metabolizability  0.748 ~ Without 0.719Bby  0.742a 0.731

coefficient With 0.750A 0.749 0.750 <0.001 0.001 <0.001 <0.001 1.43
Mean 0.735 0.745

Dry matter metabolizability 0.727  Without 0.696Bby  0.736a 0.716

coefficient With 0.742A 0.736 0.739 <0.001 <0.001 <0.001 <0.001 2.01
Mean 0.719 0.736

Nitrogen metabolizability 0.603  Without 0.559Bby  0.606Aa  0.582

coefficient With 0.632Aa 0.574Bb  0.603 0.004 0.408 <0.001 <0.001 3.81
Mean 0.595 0.590

Ether extract metabolizability  0.927  Without 0.909Bb 0.946a 0.927

coefficient With 0.925A 0.932 0.928 0.878 0.002 0.018 0.054 1.35
Mean 0.917 0.939

Values expressed in g/g.
APE - antibiotic performance enhancer; CV - coefficient of variation.

Means followed by uppercase letters in the column and lowercase letters in the row differ by the F test (o = 0.05). v - differs with the antibiotic performance enhancer (APE) by

Dunnett’s test (o = 0.05).
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the broilers that were not fed the additives. However, the
association of PA and OA caused lower NMC in the broilers
than those fed diets containing only organic acids. Similar
results were found by Hernandéz et al. (2004) and Garcia
et al. (2007), who observed improved ileal digestibility of
dry matter and crude protein of the birds fed phytogenic
additives.

However, studies have shown that the use of plant
extracts and essential oils may not improve AME values and
protein and dry matter metabolizability (Cross et al., 2007;
Muhl & Liebert, 2007; Barreto et al., 2008; Rizzo et al., 2010).
According to Lee et al. (2003) and Rizzo et al. (2010), diets
with highly digestible ingredients can mask the improvement
these additives can provide to the metabolizability of
nutrients, which is not observed in this study, even when
using vegetal-derived feeds with high biological value.

The broilers fed diets supplemented with organic acids
and not supplemented with PA had higher GEMC, DMMC,
NMC and EEMC values (P<0.05), in comparison with
those fed diets without the additives, partially corroborating
Ao et al. (2009), who found that citric acid increased dry
matter and crude protein metabolizability. However, when
the birds were fed a combination of phytogenic additives
and organic acids, they had lower NMC in comparison with
those without organic acids supplementation and with PA
supplementation.

The results from this study partially contradict those
reported by Hernandez et al. (2006), who, studying the
inclusion level of formic acid in broiler diets, found no
metabolic improvement in the birds fed acid, in comparison
with the birds fed avilamycin or a basal diet.

When compared with APE, in which the use of additive-
free diets resulted in lower GEMC, DMMC and NMC, the
additives tested showed no differences for the metabolic
coefficients, confirming Garcia et al. (2007), who, studying
the supplementation of formic acid and plant extracts, did
not observe metabolic differences in comparison with the
birds supplemented with avilamycin, and also Herndndez
et al. (2006), who did not observe metabolic differences in
the broilers that received organic acid or avilamycin. One of
these causes may be the low sanitary challenge imposed to
these birds and the stimulation of pancreatic and intestinal
enzymes in birds fed PA and organic acids.

The possible causes of improved nutrient metabolizability
in the diets of broilers fed phytogenics are associated with
the stimulation and production of digestive enzymes such
as lipase, amylase, trypsin, chymotrypsin and maltase found
by some researchers (Lee et al., 2003; Jamroz et al., 2005;
Jang et al., 2007; Basmacioglu Malayoglu et al., 2010), in
addition to the antimicrobial activity and decreased pH by PA
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and organic acids alone or combined. In a study by Jamroz
et al. (2006), the authors found decreased colonization of
pathogens due to increased mucus production and increased
thickness of the stomach and jejunum in the birds fed
phytogenic additives, which may have contributed to the
improved nutrient metabolizability.

Considering the coefficients of nutrient metabolizability
in the present study, one can infer that the phytogenics
improved the health of chickens due to the higher production
of pancreatic enzymes, thus improving the gastrointestinal
tract and consequent modulation of the microbiota, which
was observed from the start of supplementation in the starter
phase, the same way that the acidifiers helped to improve
metabolism in the growth phase, and this improvement in
the metabolism coefficients with the use of organic acids
may have been influenced by greater intestinal contents,
with the need for decreased pH in the different segments
of the intestine.

Thus, phytogenics and acidifiers can act as alternatives
to APE, as they help bring about better nutrient absorption,
which is mostly intended for muscle growth, without major
tissue renewal consumption.

There was no significant interaction between
phytogenic additives and organic acids at 21 days of age
(Table 3). Moreover, these additives did not influence the
performance improvement of the broilers, in comparison
with those that received the control diet. When comparing
the FI of birds fed diets with or without organic acids, it is
observed that, on average, the birds fed diets containing
organic acids showed a higher FI.

The broilers fed diets supplemented with APE showed
better results for all performance variables, except for FI
and viability, in which there was no difference between
treatments. This result is expected, since in a challenged
environment, the birds fed antibiotics showed better
performance than those fed alternative additives.

In this study, the results observed for BW, WG and
FCR at 21 days contrast with the studies performed with
other PA (Fukayama et al., 2005; Toledo et al., 2007; Kumar
etal., 2010; Rizzo et al., 2010), with no differences for these
variables between the broilers that received alternative
additives and antibiotics in the diet. Similarly, studies with
organic acids also showed no performance difference, in
comparison with the negative control and/or the birds fed
antibiotics (Gunal et al., 2006; Abdel-Fattah et al., 2008;
Vieira et al., 2008; Faria et al., 2009). However, most of the
studies that used these additives in broilers were conducted
in low health challenge environments.

At 42 days of age, there was no interaction between
phytogenic additives and organic acids (Table 4) for the
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performance characteristics studied. The broilers fed diets
containing PA showed better FCR than the birds fed non-
supplemented diets, and the birds fed diets containing
organic acids showed higher BW and WG than those fed
without organic acids supplementation. Although there are
no performance differences between the treatments, the
association of phytogenic additves and organic acids can
be used in order to improve performance. Additive and/or
synergistic effect was observed with the combinations of
probiotics and acidifiers (Khosravietal.,2010), sanguinarine
and organic acids (Vieira et al., 2008), essential oils and
enzymes (Basmacioglu Malayoglu et al., 2010), acidifiers
and enzymes (Smulikowska et al., 2010) and phytogenics

and probiotics, improving the immune system of the birds
(Li et al., 2009).

The broilers that were fed diets supplemented with
APE showed the best performance results, showing that
the alternative additives were not totally effective to the
challenge posed.

In the present experiment, the birds fed alternative
additives during the 1 to 42 day-old period showed
improved performance, in comparison with the diets
without supplementation. The results obtained are similar
to those that were fed phytogenics, when compared with
the diets without any additive supplementation, compiled
by Windisch et al. (2008) with birds reared in the different

Table 3 - Performance of broiler chicks fed diets supplemented with phytogenic additives (PA) and organic acids (OA) at 21 days of age

Organic acids Probability
APE PA Mean CV (%)
Without With PA OA PA x AO APE
Body weight (g) 969 Without 881y 897y 889
With 896y 903y 899 0.236 0.192 0.569 <0.001 2.60
Mean 888 899
Weight gain (g) 919 Without 831y 848y 849
With 846y 853y 839 0.236 0.182 0.542 <0.001 2.76
Mean 838 850
Feed intake (g) 1365  Without 1315 1353 1334
With 1330 1355 1342 0.553 0.037 0.641 0.113 3.07
Mean 1322b 1354a
Feed conversion ratio (g:g) 1.49  Without 1.61y 1.62y 1.61
With 1.52y 1.60y 1.59 0.285 0.377 0.899 <0.001 3.49
Mean 1.59 1.61
Viability (%) 98.41  Without 97.35 95.83 96.59
With 97.63 97.73 97.68 0.481 0.646 0.598 0.749 3.99
Mean 97.49 96.78

APE - antibiotic performance enhancer; CV - coefficient of variation.

Means followed by uppercase letters in the column and lowercase letters in the row differ by the F test (o = 0.05). v - differs with the antibiotic performance enhancer (APE) by

Dunnett’s test (o = 0.05).

Table 4 - Performance of broilers fed diets supplemented with phytogenic additives and organic acids at 42 days of age

Organic acids Probability
APE PA Mean CV (%)
Without With PA OA PA x AO APE

Body weight (g) 2982 Without 2721y 2789y 2755
With 2763y 2825y 2794 0.061 0.003 0.891 <0.001 1.87
Mean 2742b 2807a

Weight gain (g) 2932 Without 2671y 2740y 2705
With 2713y 2776y 2744 0.062 0.003 0.878 <0.001 1.91
Mean 2692b 2757a

Feed intake (g) 5087  Without 4985 5029 5007
With 4955y 5004 4980 0.404 0.159 0.937 0.056 1.76
Mean 4970 5017

Feed conversion ratio (g:g) 1.76  Without 1.89y 1.87y 1.88A
With 1.86y 1.84y 1.85B 0.032 0.298 0.833 <0.001 2.15
Mean 1.87 1.86

Viability (%) 95.01  Without 95.87 92.06 93.96
With 93.33 93.20 93.26 0.672 0.240 0.273 0.412 4.55
Mean 94.60 92.63

Production efficiency factor 384 Without 329y 327y 328
With 331y 341y 335 0.351 0.634 0.442 <0.001 6.23
Mean 329 333

APE - antibiotic performance enhancer; CV - coefficient of variation.

Means followed by uppercase letters in the column and lowercase letters in the row differ by the F test (o = 0.05). y - differs with the antibiotic performance enhancer (APE) by

Dunnett’s test (.= 0.05).
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lodgings and challenges, and higher than the data compiled
by Fascina (2011) for phytogenic additives and organic
acids, for broilers raised in low-challenge environments.

The highest yield in poultry excreta with advancing
age, poor bed quality and confirmed clinical signs of
necrotic enteritis with low pathogenicity in the birds of all
experimental units provided considerable health challenge
to the broilers in this study.

No differences are seen in the literature for alternative
additive
supplementations in broilers, as they are generally raised in

additives, antibiotics and diets without
low health challenge environments (Hernandez et al., 2004;
Fukayama et al., 2005; Muhl & Liebert, 2007; Toledo et al.,
2007; Rizzo et al., 2010), demonstrating that in the present
study it was possible to provide real health challenges,
which poultry industries constantly encounter in large-
scale poultry production.

The use of PA showed higher carcass yield in broilers
that were fed this additive (P<0.01) (Table 5), contradicting
Muhl & Liebert (2007), who found no differences in the
carcass yield of broilers fed plant extracts. This result
demonstrates that the broilers that received PA had better
nutrient absorption, favoring deposition in the muscle
tissue, a fact observed in the metabolism trial, considering
that the broilers in this treatment had higher metabolism
coefficients of nitrogen, fat and gross energy. The broilers
fed diets containing organic acids showed higher wing
yield (P<0.05) and lower thigh+drumstick yield (P<0.05),
in comparison with the birds fed without organic acids
supplementation (Table 5).
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There was interaction (P<0.01) between phytogenic
additives and organic acids for the breast and back yields
(Table 5). The broilers fed diets containing only PA had
higher breast yield and lower back yield than those that
received no feed additives, and those that were fed diets
supplemented only with organic acids had lower breast
yield and higher back yield.

When the alternative treatments were compared
with broilers fed diets containing APE and anticoccidial,
there was no difference in back yield and abdominal
fat percentage. For carcass yield, the birds fed APE had
higher (P<0.01) yields than those fed alternative additives
or without supplementation, which was expected for this
characteristic, since the broilers in this treatment had the
highest body weight at the end of the rearing period. The
higher carcass yield enables to infer that the antibiotic
promoted reduced sanitary challenges for these broilers,
which is reflected in the higher performance and yield.
This result corroborates the results of Samanta et al. (2008)
and Chowdhury et al. (2009), who evaluated the use of
acidifiers in broiler diets.

For breast yield, the alternative additives showed
performance similar to the positive control birds.
However, the birds fed without supplementation had
lower (P<0.05) breast yield, in comparison with the positive
control. The percentage of abdominal fat of birds fed the
additives was not affected, corroborating other studies
that found no differences for this characteristic (Carrijo
et al., 2005; Fukayama et al., 2005; Jamroz et al., 2005;
Rizzo et al. 2010).

Table 5 - Carcass characteristics of broilers fed diets supplemented with phytogenic additives (PA) and organic acids (OA) at 42 days of age

Organic acids Probability
APE PA Mean CV (%)
Without With PA OA PA x AO APE

Carcass yield 72.88  Without 71.07y 71.29y 71.18B
With 71.68y 71.93y 71.80A 0.006 0.287 0.949 <0.001 1.75
Mean 71.37 71.61

Abdominal fat (%) 1.88  Without 1.64 1.68 1.66
With 1.69 1.59 1.64 0.789 0.728 0.346 0.078 24.39
Mean 1.66 1.64

Wings yield 10.37  Without 10.60 10.66y 10.63
With 10.39 10.67y 10.53 0.239 0.046 0.207 0.013 4.28
Mean 10.50b 10.66a

Breast yield 39.31  Without  38.46By 39.01 38.74
With 39.36Aa 38.68b 39.02 0.229 0.768 0.009 0.026 3.38
Mean 3891 38.84

Thigh + yield thigh + overthigh 30.41  Without 31.13 30.77 30.95
With 31.53y 30.51 31.02 0.813 0.014 0.238 0.018 4.84
Mean 31.33a 30.64b

Back yield 19.58  Without 19.75A 19.44 19.60
With 19.10Bb 19.65a 19.38 0.181 0.462 0.009 0.055 4.67
Mean 19.43 19.55

APE - antibiotic performance enhancer; CV - coefficient of variation.

Means followed by uppercase letters in the column and lowercase letters in the row differ by the F test (o = 0.05). y - differs with the antibiotic performance enhancer (APE) by

Dunnett’s test (o= 0.05).
! Yield, g/100 g.
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Conclusions

Phytogenic additives and organic acids improve nutrient
metabolizability in broilers at the initial growth stages. The
use of organic acids, alone or associated with phytogenic
additives in broiler diets, is an alternative, given the ban on

antibiotic growth promoters.
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