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Efficacy of a Synthetic Antioxidant Treatment in
Stabilizing Poultry Byproduct Meal and Subsequent
Impact of the Treated Meal on Selected Growth
Parameters of Broilers

ABSTRACT

This study was conducted to investigate the effect of a commercial
antioxidant (CAO; Rendox Plus®) treatment in stabilizing the poultry
byproduct meal (PBPM) and then the subsequent effect of the treated
PBPM on growth of broilers. Five batches A, B, C, D and E of PBPM were
treated with CAO at 0, 250, 500, 750 and 1000 mL/ton, respectively
and stored for 42 days. Oxidative stability of PBPM was estimated on
day 0 and then weekly using Peroxide Value and Thiobarbituric Acid
tests. PBPMs treated with 750 &1000 ml/ton presented the least
oxidation and were selected to be included in broiler diets. A total of
240 one-day-old non-sexed Hubbard broilers were randomly divided
into two flocks of 120 birds each. Each flock was further divided into
four groups with three replicates of 10 birds each. The selected PBPMs
(D and E) were added at 4%, 5%, 6% and 7% in the starter and
grower diets. The experiment lasted for 35 days. The PBPM treated
with 1000 mLCAO/ton exhibited the lowest (p<0.05) oxidation level
compared to other treated PBPMs. PBPMs with up to 7% CAO inclusion
rate did not influence (p>0.05) broiler feed intake, weight gain, feed
conversion ratio, final body weight, carcass traits, or mortality rate. It
was concluded that CAO was effective in stabilizing PBPM, and up to
7% (70 g/kg) of CAO-treated PBPM can be safely included in broiler
diets without any harmful effect on their performance.

INTRODUCTION

The cost of feed ingredients is increasing day by day due to their
shortage. Among feed ingredients, protein- and energy-rich ingredients
of poultry feeds are the most expensive. Protein is supplied both from
vegetable and animal sources, such as oilseed meals, legumes, abattoir
waste, poultry byproduct meal (PBPM), and fish processing byproducts.
Plants are still the main chief source of different poultry feed nutrients,
but the accelerated pace of livestock growth cannot be maintained at
the current crop production volume worldwide. Therefore, exploring
and utilizing feed resources that have high protein value for poultry and
cannot be consumed by humans is necessary.

In this regard, the use of unconventional poultry feed sources may
be a solution. Unconventional feed ingredients include synthetic single-
cell proteins, different animal processing byproducts, such as poultry
byproduct meal (PBPM), and insects (fly larvae). Since 1950, PBPM is
known as a rich protein and fat source (Kirkland & Fuller, 1971). Poultry
byproduct meal is also called poultry byproducts, poultry offal meal,
poultry meal, poultry offal, poultry viscera meal, poultry slaughterhouse
waste, chicken offal, chicken byproduct meal, hen meal and spent heal
meal (Heuze et al., 2015).

The inedible parts of poultry, excluding feathers, are called PBPM
when subjected to rendering process, i.e., sterilization, dehydration, and
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re-sizing (Miller, 1996). The material is dried, fat and
protein are separated by heating at 140°C (Ockerman
& Hansen, 1988), resulting in PBPM after skimming off
the fat (AAFCO, 2004). Its inclusion in feeds not only
reduces feed cost but also the environment burden
of its disposal (FAO, 2011). It is used in poultry diets
as an alternative protein source to replace soybean
(Erturk & Celik, 2004) and fish meal (Raja et al., 2001).
The inclusion of animal by products in poultry diet
significantly affects the bird performance (Caires et al.,
2010; Silva et al., 2014; Edney et al., 2014). It can be
added in poultry feeds up to 6%, according to Sahraei
et al. (2012), and inclusion levels ranging from 7.5%
(Hosseinzadeh et al.,, 2010) to 12% (Christmas et al.,
1996) have been reported. PBPM has an adequate
profile of available essential amino acids and is rich in
calcium, phosphorus, and vitamin B, (NRC, 1994). It
has low methionine content, but it is remarkably rich
in choline (Wang, 1997).

The global production of PBPM is expected to
double by 2050 (Boushy & Poel, 2000). Therefore,
categorizing PBPM as a major feed ingredient (Alex,
2006) may open new dimensions in the animal feed
industry in the future. Unfortunately, heat, pressure,
mechanical grinding, and mixing during rendering of
poultry waste accelerate the process of fat oxidation:
which is oxidative degradation of lipids (Wang et al.,
1997). Lipid peroxidation is the oxidative degradation
of lipids. It is the process in which free radicals “steal”
electrons from the lipids in cell membranes, resulting
in cell damage.

Deterioration due to oxidation of unsaturated fats
reduces the quality of PBPM. Therefore, the main
obstacle for the use of PBPM in animal feeds is its limited
shelf life due to spoilage during storage. Oxidized
PBPM not only affects its nutritive value (Pesti et al.,
2002), but also broiler health (Dibner, 1996), impairing
growth performance, reducing hematocrit values and
increase intestinal linings loughing. Oxidized PBPM
also produces antigenic stimulation, which result in
lymphocyte proliferation. Rancidity reduces PBPM
essential fatty acid contents in just six weeks (Kirkland
& Fuller, 1971).

Antioxidants are the best choice to delay the onset
of oxidation by preventing the formation of free
radicals. Free radicals oxidize fats, and antioxidants
stop the reaction by donating the hydrogen atoms
(Sies, 1997). The objective of the use antioxidants is
to enhance the oxidative stability for a reasonable
length of time. Antioxidants are used to ensure the
safety and nutritional values of poultry meals used in
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the animal industry (Dozier et al., 2003). Antioxidants
are either primary or secondary. Primary antioxidants,
such as ascorbic acid, butylated hydroxytoluene
(BHT), butylated hydroxyanisole (BHA), tertiary-butyl
hydroquinone (TBHQ), are peroxide stabilizers, whereas
secondary antioxidants (lecithins) delay the initiation
of the autoxidation process (Frankel et al, 1994).
Antioxidants inhibit oxidation by scavenging free
radicals at various steps of oxidation. The antioxidants
are used to slow down the process of oxidation and to
delay the induction point for preserving the quality of
PBPM.

Rendox Plus® is a commercial antioxidant composed
of butylated hydroxyanisole (BHA), butylated
hydroxytoluene  (BHT), citric acid, ethoxyquin,
propylgallate, propionic acid, and a carrier material.
Among antioxidants, the efficacy of CAO has been
reported as remarkably high due to the synergistic
effect between antioxidants and metal chelators (citric
acid)(Guzman et al., 2009). Therefore, the objective
of the present study was planned to evaluate the
antioxidant capability of CAO in stabilizing rendered
PBPM, and then to test the subsequent effect of this
treated PBPM on growth performance of broilers.

MATERIALS AND METHODS
Ethical approval

The experimental protocol was approved by The
Institutional Animal Ethics Committee.

This study was conducted at the University of
Veterinary and Animal Sciences (UVAS), Ravi Campus,
Pattoki, Pakistan.

The study was designed in two phases. In the first
phase, different batches of un-oxidized PBPMs were
treated with a commercial liquid antioxidant (Rendox
Plus®), and their oxidation status was evaluated by
laboratory analysis. In the second phase, the treated
PBPMs were included in broiler diets at different levels.

Phase |: Experimental material and Anti-
oxidant Treatment

Five experimental rendered poultry byproduct meal
batches (A,B,C,D & E) were produced at Gujranwala
Rendering Plant. Batch A (control) was not treated
with the commercial antioxidant (CA), and batches B,
C, D, & E were treated with 250, 500, 750 & 1000
mL of CA/ton, respectively. The treatment consisted
in mixing 50% of the total dose of the CA with the
PBPMs before cooking in the rendering plant and
the remaining 50% after cooking. All experimental
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batches and their treatments are presented in Table
1. As during cooking the PBPMs were heated to=
130°C, only half of the total dose was mixed before
cooking to prevent the loss of antioxidant. The reason
for applying half the dose before cooking was to
avoid PBPM oxidation during cooking. According to
manufacturer, this method would increase the efficacy
of the evaluated CA. Each batch of PBPM was duly
identified, and was stored in triplicate under normal
storage conditions (25°C) for 42 days. The oxidative
stability of the experimental PBPM batches was
evaluated by determining their peroxide values (POV)
and thiobarbituric acid values (TBAV) on day 0, and
then fortnightly during 42-day storage period.

Laboratory Analysis

The oxidative stability of PBPM batches were
analyzed for POV and TBAV on days 0, 14, 28 and 42
of storage according to IUPAC (1992) at the Animal
Nutrition Diagnostic Laboratory, Department of Animal
Nutrition, UVAS (Ravi Campus), Pattoki, Pakistan.

Peroxides are the primary products of fat and oil
oxidation. Peroxide value was calculated as S x M
x 1000/weight of the sample in grams, where S =
mL of Na.S.0., and M = 0.01, the concentration of
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theNa,S,0,, solution, according to Horwitz et al.(2002),
and expressed in mEq of peroxide/kg of oil. POV (mEg/
kg) = volume of sodium thiosalphate x molarity of
thiosulfate x 1000/ sample weight.

Aldehydes are secondary products of fat
oxidation. The thiobarbituricacid (TBA) test measures
malonaldehyde (MDA) formation, and it is a
colorimetric method (measures color intensity), in
which the absorbance of a red chromogen (color)
formed between TBAV and MDA is measured at 530
nm (Rhee, 1978; Pokorny et al.,1989).Color intensity is
correlated with the degree of rancidity. The test involves
primarily a reaction of TBA with malonic dialdehyde
by heating in the presence of a strong acid to give a
red coloration. The TBA analysis can be performed
directly by heating the sample with TBA, followed by
extraction of the colored complex on a portion of the
steam distillate of lipids obtained by aqueous or acid
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extraction from the samples. The result is expressed as
TBA value (mg), which is calculated according to the
formula:

TBA value=50 (absorbance of test solution -
absorbance of reagent blank)/mass of test portion

Microbial Analysis

Microbiological analysis was performed at the
Diagnostic Laboratory, University of Veterinary and
Animal Sciences (City Campus), Lahore, Pakistan, to
evaluate coliforms and total viable count in every batch
of PBPM.

Phase II: Experimental animals, manage-
ment, and experimental design

The biological trial of the second phase of this study
was conducted at Poultry Research and Training Centre
(PRTC), UVAS (Ravi Campus) Pattoki.

Two PBPMs batches (D and E) treated with the CAO
(750mL/ton & 1000mL/ton, respectively) that presented
the least oxidation (rancidity) in the laboratory analyses
were chosen to be added to broiler diets at inclusion
levels of 4, 5, 6, and 7%to evaluate their influence on
broiler performance.

A total of 240 Hubbard non-sexed broilers were
obtained from a local supplier and housed in an
environmentally-controlled shed on floor pens
(1Tm?) covered with rice-husk litter at 10 birds/pen.
Pens were equipped with automatic nipple drinkers
and removable trough feeders. According to the
requirement of the birds, the temperature in the first
week was maintained at 95°F and dropped to 5°F
in every week. The light was provided for 24 hours.
The birds were allowed free access to feed and fresh
water during the entire experiment. The birds were
vaccinated against Newcastle + Infectious bronchitis (1
day of age); infectious bursal disease (7 and 14 days
of age) and Newcastle disease (21 days of age) as per
the standard vaccination schedule. The birds were kept
under the same management conditions.

A number of 240 birds were distributed according
to a completely randomized design in a 2 x 4 factorial
arrangement, consisting of two PBPM batches and

Table 1 - Levels of CAO (Rendox Plus®) incorporated in poultry byproduct meal

Serial # Batches CAO Mixing Procedure
1 A 0 (0%) Negative Control
2 B 250 (0.025%) 125 mL before cooking + 125 mL after cooking
3 C 500 (0.050%) 250 mL before cooking + 250 mL after cooking
4 D 750 (0.075%) 325 mL before cooking + 325 mL after cooking
5 E 1000 (0.1%) 500 mL before cooking + 500 mL after cooking

PBPM: poultry byproduct meal; CAO: commercial antioxidant
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four dietary inclusion levels (4%, 5%, 6%, & 7%) of
each PBPM, totaling eight treatments (experimental
diets) with three replicates of 10 birds each.

The experimental diets were formulated to meet
the birds' nutrient requirements according to the NRC
(1994). The starter and grower diets were fed from 1
to 21 and 22 to 35 days of age, respectively. The starter
diets contained 21% crude protein (CP) and 11.7 MJ/
kg metabolizable energy (ME), and the grower diets
contained 19% CP and 12.1 MJ ME/kg. The inclusion
levels of the feed ingredients in the experimental
starter and broiler grower diets are given in Table 4.
The laboratory analyses were conducted at Animal
Nutrition Diagnostic Laboratory, Department of Animal
Nutrition, UVAS (Ravi Campus), Pattoki, Pakistan.

The following performance parameters were
measured: feed intake, body weight gain, mortality
rate, and feed conversion ratio (FCR).

Feed intake was calculated as feed offer minus feed
refused (Verma et al., 2004). Birds were individually
weighed at the beginning of the experiment, and then
weekly until the end of trial to determine average body
weight gain. Feed conversion ratio was calculated
according to the formula: FCR = feed intake (g)/ weight
gain (g), and was calculated weekly. Average initial
body weight of the individual experimental birds was
noted at the start of the experiment and then weighed
weekly. Final body weights were recorded at the end of
the experiment. Mortality was daily checked, and the
weight of dead birds was recorded for the correction
of weekly FCR.

At the end of the experiment, when birds were 35
days of age, two birds per pen (six birds per treatment,
totaling 48 birds) were randomly selected, feed-fasted
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for eight hours, and sacrificed for the evaluation of the
following carcass traits: final live body weight, carcass
weight, thymus weight, liver weight, heart weight,
spleen weight, bursa weight, and dressing percentage.

Statistical analysis

Data were analyzed by two-way analysis of variance
(ANOVA) applying a completely randomized design in a
2 x 4 factorial arrangement using General Linear Model
procedures (Steel et al., 1997). The differences among
treatment means were compared using Duncan’s
Multiple Range (DMR) test (Duncan, 1955) using SAS
9.1 (2002-03) portable software. The significance
level of p<0.05 was adopted. Results are expressed as
means and their standard errors (Means + SE).

RESULTS

During the first phase of the study, lipid
hydroperoxides, considered as the measure of oxidation,
were quantified using to peroxide value (POV) and
thiobarbituric acid value (TBAV). The analyzed POV and
TBAV determined on storage days 0, 14, 28 and 42 of
the PBPMs experimental batches of A, B, C, D and E,
treated with the CAQO at 0, 250, 500, 750 and 1000
mL/ton, respectively, are given in Table 2,and were
significantly different (p<0.05) among batches. The
lowest POV (0.83 and 0.82 mEg/kg) was observed in
batches D and E treated with CAOat750 and 1000 mL/
ton. TBAV was used as an indicator of the presence of
secondary lipid oxidation products, i.e. malonaldehyde
(MDA), responsible for the development of rancid
taste during storage, and was determined on storage
days O, 14, 28, and 42. TBAV results are presented in
Table 2. The highest TBAV value (3.20 mg MDA/kQ)

Table 2 - POV and TBA values of treated PBPM during storage period of 42 days

Storage period

Batches CAO (mL/ton) Analytical test 0 days 12 days 28 days 42 days
A 0 POV* 0.90 + 0.00° 1.06 + 0.03° 1.16 + 0.00? 5.39+£0.01%
(untreated control) TBA** 0.52 + 0.00? 0.58 + 0.00° 0.66 + 0.00? 3.20+ 0.05°
B 250 POV 0.88 + 0.00° 0.94 + 0.00° 0.98 + 0.00° 1.12 £ 0.00°
TBA 0.50 + 0.00° 0.54 + 0.00° 0.55 + 0.00° 0.63 + 0.00°
c 500 POV 0.86 + 0.00¢ 0.91 +0.00° 0.93 + 0.00¢ 1.07 £ 0.01¢
TBA 0.47 + 0.00¢ 0.51 + 0.00¢ 0.54 + 0.00¢ 0.63 + 0.00¢
b 750 POV 0.83 + 0.00¢ 0.90 + 0.00° 0.92 + 0.00¢ 1.03 + 0.00¢
TBA 0.46 + 0.00¢ 0.51 + 0.00¢ 0.52 + 0.00¢ 0.58 + 0.00*
E 1000 POV 0.82 = 0.00¢ 0.84 + 0.00¢ 0.87 = 0.00¢ 0.95 + 0.00¢
TBA 0.40 + 0.00¢ 0.47 + 0.00¢ 0.49 + 0.00¢ 0.50 + 0.00¢

Means with different superscripts within a row are significantly different at p<0.05; CAO: commercial antioxidant

POV: peroxide value; TBA: thiobarbituric acid
*mEq/kg of oil
**mg MD/kg or mg of malondialdehyde
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was determined in the control batch A (not treated
with CAO) on storage day 42, indicating it was rancid,
and therefore, was not suitable for incorporation in
the broiler diet. Batches D and E, treated with CAO at
750 and 1000 mL/ton, respectively, exhibited better fat
stability in terms of TBAV (0.46 and 0.40mg MDA/kg,
respectively). Considering these results, PBPM batches
D and E were selected for inclusion in the broiler diets
to study their influence on broiler performance.

The selected PBPM batches (D and E) were included
in the broiler starter and grower diets at 4%, 5%,
6% and 7%. Live performance results are presented
in Table 5, showing that feed intake, body weight
gain, and FCR were not influenced (p>0.05) by PBPM
batches treated with 750 or 1000mL/ton of CAO, nor
by their inclusion levels.

Microbiological analysis of PBPM are presented in
Table 3. All PBPM batches were free from coliforms and
total viable microbial count showed no relationship
with CAO treatment levels.

Table 3 - Coliform and Total Viable counts of PBM Batches

Batches CAO (mL/ton) Coliforms/g  Total viable counts/g
A 0 (untreated control) Zero 1000
B 250 Zero 2500
C 500 Zero 1000
D 750 Zero 2000
E 1000 Zero 5500

Analyses in duplicate were carried out at University Diagnostic Lab. (UDL), UVAS,
Lahore, Pakistan; CAO: commercial antioxidant

Carcass results are presented in Table 6. Again,
there was no effect (p>0.05) of PBPM batch or their
inclusion levels in the experimental broiler diets on the
evaluated carcass traits.

DISCUSSION

Peroxide values (Table 2) indicated that the control
batch, with no antioxidant inclusion, was clearly rancid,
and that the dietary inclusion of the evaluated CAO
at 750 and 1000ml/ton of poultry byproduct meal
(PBPM) successfully delayed fat oxidation, stabilizing
the fat present in PBPM. However, significant lower
POV on storage days 14, 28, and 42 were determined
with CAO addition at 1000mL/ton compared with
750 ml/ton. Fortnightly mean TBAV from day O to
day 42 showed that the lipids in the CAO-treated
PBPM batches were stabilized relative to the control
(untreated) batch. On storage day 42, higher POV and
TBAV (5.39 + 0.01 mEg/kg and 3.20 + 0.05mg MDA/
kg, respectively) were observed in the control batch (A)
relative to the other batches B, C, D and E, and the
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lowest values (p<0.05) in batch E treated with 1000
mL CAO/ton (POV= 0.95 = 0.00mEg/kg and TBAV=
0.50 £ 0.00mg MDA/kg). Similar findings have been
reported by Pereira et al. (1975), who indicated that
the fat oxidation accelerated at high temperatures
can be controlled by the addition of the same CAO
evaluated in the present study. Mustafa et al. (2002)
also found that antioxidants effectively stabilized fat
in broiler diets. The POV of unsaturated fats increases
with storage time, and their shelf life can be increased
with the addition of antioxidants. The results of the
present study are consistent with those described by
other researchers, who showed that the POV of PBPM
increased with increasing storage times (El-Shater et
al, 2012) and, in the present study, least increase
was observed in the PBPM treated at the maximum
antioxidant level (1000 mL/ton). Guzman (2009) also
observed lipid stabilization in soybean oil and poultry
fat treated with different synthetic antioxidants.
Ramzan (1998) reported that the TBAV of broiler
feeds increased with storage time. The findings of the
current study support the results of Ozer & Sarcoban
(2010) that the application of an antioxidant decreased
the TBAV of mechanically-deboned chicken patties to
permissible limits. In the untreated PBPM batch (A),
the determined TBAV was higher (3.20 mg MDA/kQ)
on day 42than the safety limits recommended by the
Egyptian Standards (ES, 2005), which states that TBAV
of > 0.9 mg MDA/kg of a product at any given time
is sufficient to consider it rancid. Therefore, the PBPM
not treated with CAO was definitely rancid on day 42,
and therefore, unsafe to be included in broiler diets.
Although lower POV and TBAV were determined in all
treated batches (B, C, D and E) compared with control
batch A, significantly (p<0.05) lower POV and TBAV
values were recorded in “batch E” at the maximum
inclusion level (1000mL/ton) of CAO, reflecting the
least oxidation and maximum shelf life, followed by
batch D, treated with 750mL CAO/ton.

The microbiological analyses of the evaluated PBPM
(Table 3) showed low (<10,000 cfu/g) microbiological
load. These results are coherent with the findings of
Karlovsky et al. (2016), who claimed that in rendered
feed grade products, no irradiation is required for
decreasing the bacterial load. This explains the lower
microbiological load in our study samples. In the
present study, PBPM batches were passed through
rendering process at 130°C which decreased the
microbial population up to acceptable level (total
viable count < 10,000cfu/g). Therefore, this exempts
the possibility of pathogens contamination in PBPM
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Table 4 - Ingredient composition and nutrient analysis of the experimental diets

Ingredient profile (%)

Starter (1-21 days)

Grower (22-35 days)

PBPM 4.0 5.0 6.0
Corn grain 42.5 45.0 46.0
Corn gluten meal (60%) 2.0 2.0 1.0
Rice broken 13.2 13.2 13.2
Rice polishing 4.0 2.0 2.0
Wheat bran - - -
Soybean meal (48%) 8.0 7.0 7.0
Canola meal (35%) 16.5 16.0 15.0
Fish meal (60%) 4.0 4.0 4.0
Molasses 3.0 3.0 3.0
Limestone 1.0 1.0 1.0
Dicalcium phosphate 0.2 0.2 0.2
Vitamin-mineral premix” 0.3 0.3 0.3
Phytase (10,000 FTU) 0.005 0.005 0.005
Vegetable oil 0.2 0.2 0.2
DL-Methionine 0.1 0.1 0.1
Salt 1.0 1.0 1.0
Total 100 100 100
Nutrient composition

Crude Protein (%) 21.0 21.0 21.0
ME (MJ/kg)' 11.7 11.7 1.7

7.0 4.0 5.0 6.0 7.0
47.0 33.0 33.0 33.0 33.0
1.0 = = = =
12.2 16.2 16.2 16.0 16.0
4.0 12.0 1.02 12.0 12.0
- 4.0 5.0 7.0 7.0
6.0 8.0 7.0 7.0 7.0
13.0 13.0 12.0 9.0 8.0
4.0 4.0 4.0 4.0 4.0
3.0 3.0 3.0 3.0 3.0
1.0 1.0 1.0 1.2 1.2
0.2 0.2 0.2 0.2 0.2
0.3 0.3 0.3 0.3 0.3
0.005 0.005 0.005 0.005 0.005
0.2 0.2 0.2 0.2 0.2
0.1 0.1 0.1 0.1 0.1
1.0 1.0 1.0 1.0 1.0
100 100 100 100 100
21.0 19.0 19.0 19.0 19.0
11.7 12.1 12.1 12.1 12.1

*vitamin-mineral provided per kg of feed: Vitamin A, 6500 KIU; Vitamin D,, 1800 U; Vitamin E, 16000 mg; Vitamin K, 1200 mg; Vitamin B., 1200 mg; Vitamin B,, 3000 mg; Vitamin
B,, 2600 mg; Vitamin B, ,, 10 mg; niacin, 20000 mg; d-pantothenic acid, 7000 mg; folic acid, 500 mg; d-biotin, 70 mg; choline chloride, 500 mg; Fe, 80 mg; Cu, 4000 mg; Zn, 40000

mg; Mn, 50000 mg; I, 600 mg, Co, 130 mg
'Metabolizable energy contents were estimated according to NRC (1994)

being processed through rendering, thus establishes
the anti-microbial efficacy of rendering process. Piette
et al. (2000) claimed that rendering temperature of
80°C will destroy most pathogens to the limit that
consider being safe, thus establishes anti-microbial
efficacy of rendering process. Further evidence can be
drawn from the statement of Ewen & Pusztai (1999)
who reported no incidence of toxi-infection related to
rendered chicken fat.

The results in Table 5 show that the evaluated
dietary PBPM inclusion levels (4%, 5%, 6%, or 7%)
and CAO treatment levels (750 & 1000 mL/ton) had no
significant effect (p>0.05) on weekly feed intake, body
weight gain, or FCR. However, numerically, the highest
body weight gain (2027.19 + 57.77 g) was observed

in the birds fed the diet with 7% PBPM treated with
CAO at 1000 ml/ton (batch E). These findings are in
accordance with those of Sahraei et al. (2012), who
added PBPM at 3%, 6% and 9% in broiler diets and
did not observe any significant (p>0.05) differences
in broiler performance among treatments. Samli et
al.(2006)did not observe any significant (p>0.05)
effects of the addition of PBPM up to 10% in layer
diets. However, Pesti et al. (1986) fed PBPM to broilers
and concluded that PBPM did not influence their
performance compared with a diet based on corn and
soybean meal. The inclusion of 9% and 10% PBPM in
broiler diets did not have any adverse effects on live
performance (Mohammadi et al.,, 2011; Jafari et al.,
2011). Hosseinzadeh et al. (2010) incorporated up

Table 5 - Effect of dietary PBPM and CAO inclusion levels on different growth parameters of 35-d-old broilers.

CAO GP 4% (PBPM) 5% (PBPM) 6% (PBPM) 7% (PBPM)
Fl (g) 3753.42 £ 01.742 3652.25+ 93.65° 3620.57+ 35.20° 3713.74 + 55.75°
750 mL/ton BWG (g) 1940.03 + 35.12¢° 1995.32 + 54.522 1996.05 + 54.47¢ 1958.56 + 29.77°
FCR 1.87 £ 0.022 1.86 + 0.032 1.86 + 0.032 1.86 + 0.032
M (%) 0.10 + 0.055? 0.03 + 0.033° 0.0 + 0.0° 0.0 £ 0.0%
FI (g) 3614.52 + 32.66° 3744.48+ 73.68° 3855.29+301.27¢ 3530.56 + 73.62¢
BWG (g) 1955.95 + 36.61° 1956.95 + 57.11° 1981.03 + 49.05° 2027.19 £ 57.772
1000 mL/ton
FCR 1.83 £0.02° 1.87 £0.01° 1.87 +0.03° 1.86 = 0.02°
M (%) 0.03 + 0.033¢ 0.03 +£0.0332 0.06 + 0.0462 0.03 + 0.033°

Means with different superscripts within a row are significantly different at p<0.05; CAO: commercial antioxidant; GP: growth parameters; FI: feed intake; BWG: body weight gain;

FCR: feed conversion ratio; M: mortality rate
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to 7.5% PBPM in the diet of Hy-line laying hens and
claimed that laying performance were not affected.
Moreover, Mutucumarana et al. (2010) included 10%
PBPM in quail diets and did not report any detrimental
effects on performance. On the other hand, Senkoylu
et al. (2005) reported that the dietary inclusion of 4%
PBPM did not affect the feed intake of laying hens,
but FCR was increased as PBPM in the diet increased
incorporated. Damron et al. (2001) incorporated
PBPM at 2.5%, 5%, 7.5%, and 10% in the diets of
white leghorn hens and observed no effect on layer
performance with10% PBPM compared the control
group, with no PBPM, but no significant (p>0.05)
feed intake differences among treatment groups.
However, contrary to our results, Ertlrk et al. (2004)
found reduced feed intake in Japanese quails fed diets
containing PBPM compared with those fed a control
diet. This effect may be due to the high fat levels of
PBPM, which tends to increase dietary energy density,
consequently reducing feed intake (Bolu et al., 2008).

There was no effect of the dietary inclusion of
increasing PBPM levels on broiler mortality (p>0.05).
These results indicate that PBPM and CAO did not
cause any undesirable effects.

Carcass results presented in Table 6 show that PBPM
and CAO did not influence (p>0.05) the evaluated
carcass traits, again indicating that dietary PBPM and
CAO inclusion did not produce any undesirable effects
on broiler carcasses. The dressing percentage was not
significantly different (p>0.05) among treatments.
Maximum dressing percentage was observed in the
broilers fed 5% PBPM treated with 750mL CAO/ton,
but was not statistically different from those obtained
with the other treatments. The weights of the liver,
heart, thymus, spleen, and bursa were not affected
(p>0.05) by the evaluated PBPM and CAO levels.
The highest numerical liver weight was observed in

Efficacy of a Synthetic Antioxidant Treatment in
Stabilizing Poultry Byproduct Meal and Subsequent
Impact of the Treated Meal on Selected Growth
Parameters of Broilers

broilers fed 7% PBPM treated with 1000mL CAO/ton,
whereas the highest numerical heart weight in those
fed 5% PBPM treated with 750mL CAO/ton. Despite
the lack of statistical difference among treatments, the
maximum thymus weight was observed in the group
receiving 7% PBPM treated with 750mL of CAO/ton.
Bursa weight was not significantly different among the
treatments, by the heavier bursas were measured in the
two groups receiving 6% PBPM treated with 1000mL
of CAO/ton and 5% PBPM treated with 750mL of
CAO/ton. These findings are consistent with the results
Sahraei et al. (2012), who included that the PBPM in
the diet 0f120 Ross broilers at levels 0%, 3%, 6%, 9%
and did not find any significant (p>0.05) differences in
carcass weight at 46 days of age.

Based on findings, under the conditions of this
study, the poultry byproduct meal treated with 1000
mL/ton of evaluated commercial antioxidant product
presented minimum antioxidant status. Its inclusion
in the feed produced in substitution of soybean meal
produced similar broiler live and carcass performance
as that obtained when only soybean meal was added.
Therefore, PBPM treated with 1000 ml/ton can be
added up 70 g/kg in broiler diets.
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