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Acid-preserved broiler carcass silage in the diets of
Nile tilapia (Oreochromis niloticus)
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Highlights

Acid-preserved broiler carcass silage is a low-cost technology.
The addition of 2% phosphoric acid and 3% acetic acid inhibits Salmonella.
The inclusion of up to 30% acidic silage did not harm the performance of Tilapia.

Abstract

This study aimed to evaluate the efficiency of acid fermentation in eliminating Salmonella and other
pathogenic microorganisms from broiler carcass silage and assess its use in the diet of Nile tilapia
(Oreochromis niloticus). The silage was produced using whole, uneviscerated broiler carcasses with
feathers, and by addition of 2% phosphoric acid, 3% acetic acid, 0.1% butylated hydroxytoluene (BHT;
antioxidant) and 0.1% sorbic acid (antifungal). In Experiment |, the silages were placed in mini-silos
according to the following treatments (T): TO, control (without inoculum); T1, with 102 cfu g~ Salmonella;
T2, with 10° cfu g Salmonella; and T3, with 10 cfu g™' Salmonella, and turned once daily. The silage
was monitored for 45 days with daily pH and temperature (°C) measurements. Chemical analysis and
microorganism evaluations (Salmonella, coliforms at 30 and 45°C) were carried out. In Experiment Il, the
ensiled mass was turned once daily and stored for 30 d, with daily temperature and pH monitoring. The
silage was included as 0, 10, 20, and 30% diet (dry matter basis) of Nile tilapia to evaluate its productive
performance. Briefly, 120 fish, with initial average weight of 146.8 g, were divided into 12 boxes of 500
I in a completely randomized design with four treatments and three repetitions per treatment. Survival
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rate, weight gain, feed conversion, specific growth rate, yield, and visceral percentage were evaluated. In
Experiment |, the average pH and temperature of the silage was 4.2 and 26.6°C, respectively, at the end
of 45 storage days. Microbiological results showed that three days after of ensiling has not observed the
presence of Salmonella in all silages. The coliform number was <0.3 MLN g™" in all silages after 20 d of
storage. In Experiment Il, no difference (P>0.05) was observed in the productive performance of tilapia,
presenting weight gain of 236.6 to 263.1 g, apparent feed conversion of 1.3 to 1.5, specific growth rate
(SGR) of 2.8 to 3.1, fillet yield of 34.28 to 35.36%, and visceral percentage of 9.8 to 10.9%. The results
indicated that the acid treatment on silage fermentation effectively inhibited microbial growth, making it
a safe product for animal feed, and the inclusion of up to 30% broiler carcass acid silage in formulating
rations for Nile tilapia does not affect their productive performance.

Key words: Animal feed. Coliforms. Microbial inhibition. Pathogenic microorganisms. Productive
performance.

Resumo

Este estudo teve como objetivo avaliar a eficiéncia da fermentacao acida na eliminacao de Salmonella
e outros microrganismos patogénicos da silagem de carcaca de frango de corte e avaliar sua utilizagao
na dieta de tilapia do Nilo (Oreochromis niloticus). A silagem foi produzida utilizando carcacas de frango
de corte inteiras, ndo evisceradas e com penas, e pela adi¢cao de 2% de acido fosforico, 3% de acido
acético, 0,1% de butil-hidroxitolueno (BHT; antioxidante) e 0,1% de acido sdérbico (antifungico). No
Experimento|, as silagens foram acondicionadas em minissilos de acordo com os seguintes tratamentos
(T): TO, controle (sem in6culo); T1, com 102 ufc g’ de Salmonella; T2, com 103 ufc g’ de Salmonella; e
T3, com 10* ufc g' de Salmonella, e reviradas uma vez ao dia. A silagem foi monitorada por 45 dias
com medigdes diarias de pH e temperatura (°C). Analises quimicas e avaliagdes de microrganismos
(Salmonella, coliformes a 30 e 45°C) foram realizadas. No Experimento Il, a massa ensilada foi revolvida
uma vez ao dia e armazenada por 30 dias, com monitoramento diario de temperatura e pH. A silagem foi
incluidacomo 0, 10, 20 e 30% da dieta (base matéria seca) de tilapia do Nilo para avaliar seu desempenho
produtivo. Resumidamente, 120 peixes, com peso médio inicial de 146,8 g, foram divididos em 12 caixas
de 500 | em um delineamento inteiramente casualizado com quatro tratamentos e trés repeticdes por
tratamento. Taxa de sobrevivéncia, ganho de peso, conversao alimentar, taxa de crescimento especifico,
rendimento e porcentagem visceral foram avaliados. No Experimento |, o pH e a temperatura médios da
silagem foram de 4,2 e 26,6°C, respectivamente, ao final de 45 dias de armazenamento. Os resultados
microbioldgicos mostraram que trés dias apos a ensilagem nao foi observada a presenca de Salmonella
em todas as silagens. O nimero de coliformes foi <0,3 MLN g™' em todas as silagens apds 20 dias de
armazenamento. No Experimento Il, ndo foi observada diferenca (P>0,05) no desempenho produtivo
da tilapia, apresentando ganho de peso de 236,6 a 263,1 g, conversao alimentar aparente de 1,3 a 1,5,
taxa de crescimento especifico (TCE) de 2,8 a 3,1, rendimento de filé de 34,28 a 35,36% e porcentagem
visceral de 9,8 a 10,9%. Os resultados indicaram que o tratamento acido na fermentacao da silagem
inibiu efetivamente o crescimento microbiano, tornando-a um produto seguro para alimenta¢do animal,
e ainclusao de até 30% de silagem acida de carcacga de frango na formulagao de ragdes para tilapia do
Nilo ndo afeta seu desempenho produtivo.

Palavras-chave: Coliformes. Desempenho zootécnico. Inibicdo microbiana. Microrganismos
patogénicos. Tilapia.
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Introduction

Brazilian broiler production in 2023
was 14.833 milliontonsandis considered one
of the most consumed proteins worldwide.
In Brazil, approximately 90%, 7%, and 3%
poultry farming is dedicated to chicken
production, egg production, and breeding
stock, respectively (Associacao Brasileira de
Proteina Animal [ABPA], 2024).

The pre-slaughter period is one of
the most critical factors in poultry farming
(Sakamoto, 2017), and the waste generated,
together with environmental issues, is the
main problem faced by the poultry industry.
Despite developments in production, large
volumes of waste, such as manure and
hatchery waste, are generated. Moreover, the
high mortality rates require immediate and
regular waste disposal (Blake et al., 2008).

The disposal of carcasses can result
in a considerable daily volume that must
be treated before it can be used in the
environment (Stentiford & Bertoldi, 2011).

Silage is a low-cost technology that
allows for using production waste. The
principle of this technique is to reduce pH,
hydrolyze proteins, and obtain lactic acid
as the final product (Bringas-Alvarado et al,,
2018; E. R. Silva et al., 2020). The resulting
silage has characteristics such as being
odorless, not requiring refrigeration, and
being kept for along time (Carmo et al., 2008).
Acid fermentation of carcasses prevents
environmental contamination and inhibits the
growth of pathogenic bacteria (Blake et al.,
2008). Silage can also be prepared by adding
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organic acids (formic, propionic, acetic, and
citric acids) and inorganic acids (sulfuric,
hydrochloric, and phosphoric acids) (Batista,
1987; Vidotti & Goncalves, 2006).

Various acids and combinations,
including formic acid (Cai et al., 1995), formic
acid and citric acid (Gao et al., 1992), acetic
acid (Seibel & Souza-Soares, 2003), formic
acid and propionic acid (Ferraz de Arruda et
al., 2006), and phosphoric acid and acetic
acid (Fernandes et al., 2007) can be used to
prepare acid silage.

Several studies have been conducted
using the acid silage technique with various
animal productionresidues.Banzeetal.(2017)
determined the composition and quality of
acid silage with tuna viscera, Batalha et al.
(2017) evaluated the physicochemical and
nutritional characteristics of acid silage flour
from pirarucu waste, E. R. Silva et al. (2020)
evaluatedacidsilage frompigviscera, Pessoa
et al. (2011) evaluated the physicochemical
and microbiological characteristics of whole
fish acid silage, and Diaz-Cachay et al. (2023)
evaluated the effect of chicken blood and
offal silage as a substitute for fishmeal in
Nile tilapia feed. According to Kompiang
(1981), silage has high biological value and
practically the same composition as its raw
material, making it a good alternative for
preparing diets for aquatic organisms.

This study aimed to evaluate the
efficiency of eliminating Salmonella and
other pathogenic microorganisms in chicken
carcass silage and its use in feeding Nile
tilapia (Oreochromis niloticus).
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Material and Methods

Raw materials and silage production

Silage was prepared from the
carcasses of broiler chickens that died
during rearing on a commercial farm located
in the municipality of Cambé-PR. The
carcasses were collected daily immediately
after death by a farm employee and stored
in a freezer. Subsequently, the carcasses
were brought to the laboratory of the Fish
Farming Station of the State University of
Londrina (UEL) for grinding, preparation, and
production of silage, in accordance with prior
approval by the Ethics Committee on Animal
Experimentation (CEUA) of the UEL (Process
No. 24359/2010).

Ensiling was carried out according to
experimental conditions previously optimized
by Response Surface Methodology, with
an incomplete factorial design 3*® with
three repetitions at the central point (Box
& Behnken, 1960), and the effects of acid
concentration, storage time, and number of
daily turns of the ensiled mass on pH, protein
content, lipid oxidation, and mesophile
count in the ensiled mass were evaluated as
published by Inocente et al. (2024).

Wholecarcasses, withoutevisceration
and with feathers, were thawed and ground in
an electric meat grinder (model 1970) using
an 8 mm sieve. The product obtained by
grinding the chicken carcasses was mixed
to obtain a homogeneous mass, divided
into 12 batches of 1 kg each, and packed
in polyethylene silos. Phosphoric acid
(2%), acetic acid (3%), the antioxidant BHT
(hydroxybutylanisole) (0.1%), and sorbic acid
(0.1%) were added to the silos as antifungal
agents.

1212

The ensiling process lasted for 45
days. The silage was turned once daily
using a stick. The pH and temperature were
measured using a potentiometer and a rod
thermometer, respectively, twice daily at 7
amand 5 pmthroughout the ensiling process.
The silos were kept at room temperature
and the average minimum and maximum
temperature of the ensiled mass was 17.7
and 30.9°C, respectively.

Experiment |
Inoculum

To prepare the inoculum, Salmonella
enteritidis ATCC 13076 culture was diluted
in trypticase soy broth (TSB) to 108 CFU/
mL™" using the 0.5 Mac Farland scale
(approximately 1.5x108 CFU mL™") and
rediluted to 10°%, 10%, 107 CFU mL™". To confirm
the concentration, the inocula were sown on
PCA agar (the standard for counting).

Different inoculum concentrations
were added to 1 kg silage to make up
the experimental treatments: TO, without
Salmonella; T1, with 102 CFU g™'; T2, with
108 CFU g% and T3, with 10* CFU g, in
a completely randomized design. The
trials were repeated three times, and each
repetition was analyzed as an individual
sample.

Chemical analysis

At the Animal Nutrition Laboratory
of the Department of Animal Science/UEL,
dry matter (DM), mineral matter (MM), crude
protein (CP), and ether extract (EE) were
determined 45 d after ensiling, according to
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Association of Official Analytical Chemists
[AOAC] (2016). A digital potentiometer
(Hanna®) was used to determine the pH of the
silage. The measurements were performed
daily throughout the silage storage period.

Microbiological analysis

Microbiological analyses of the most
probable number of coliforms (MPN g-1) at
30°C and 45°C and Salmonella detection
were carried out in the Animal Products
Inspection laboratory of the Department
of Preventive Veterinary Medicine/UEL on
samples collected when the carcasses were
ground, considered day O before the acids
were added, and after 3, 10, 20, and 30 days
of ensiling. The methodologies used are
described in Instrucdo Normativa no 62, de
26 de agosto de 2003. (MAPA, 2003).

MPN at 30 and 45°C
Presumptive test

Using the previously prepared
dilutions, 10 mL of the 10" dilution was
distributed into a series of three tubes
containing sodium lauryl sulfate broth at
double concentrations (corresponding to
the tenth dilution). Next, 1 mL of the 10
dilution was inoculated into a series of three
tubes containing sodium lauryl sulfate broth
at a single concentration. The other dilutions
were inoculated into a series of three tubes
containing sodium lauryl sulfate broth at a
single concentration up to a decimal dilutions
of 107%. All the tubes were incubated at 36°C
for 24-48 h.
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The readings were taken after 24 h
of incubation and repeated after 48 h when
the presence of negative tubes. Tubes with
cloudy media and gas in the Durhan tube
were suspected to contain coliforms.

Confirmatory test
Coliforms at 30°C

Samples from the tubes containing
sodium lauryl sulfate broth considered
positive were transferred to tubes containing
bile brilliant green broth with 2% lactose and
incubated at 36°C for 24-48 h. The presence
of coliforms at 30°C was confirmed by gas
formation in the Durhan tubes. The MPN g’
of coliforms was calculated (Basic Counting
Procedures) asincluded Instrucdo Normativa
no 62, de 26 de agosto de 2003. (MAPA,
2003).

Coliforms at 45°C

Samples from the tubes containing
sodium lauryl sulfate broth considered
positive were transferred to tubes containing
EC broth and incubated in a water bath at
45°C for 24-48 h. The presence of coliforms
at 45°C was confirmed by gas formation in
the Durhan tubes. The MPN g™ of coliforms
was calculated (Basic Counting Procedures)
as included in Instru¢do Normativa no 62, de
26 de agosto de 2003. (MAPA, 2003).
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Salmonella spp. detection

Samples of the raw material were
collected before the experiment and after 3,
10, 20, and 30 d of experimentation. A 25 g
sample from each repetition/treatment was
collected and added to 225 mL 1% peptone-
buffered saline. The samples were then
homogenized in a stomacher and incubated
at 36°C for 20 h, which corresponds to the
pre-enrichment phase.

After the pre-enrichment phase, 0.1
and 1 mL culture in 1% peptone-buffered
saline was transferred to tubes with 10 mL
Rappaport-Vassiliadis (RV) broth and 10 mL
selenite cystine (SC) broth, respectively, and
incubated for 24 h at 41°C. The cultures in
RV and SC broths were streaked on plates
with bright green phenol red lactose sucrose
(BPLS) agar and xylose lysine deoxycholate
(XLD) agar and incubated at 36°C for 24 h,
observing the presence of typical Salmonella
colonies.

On BPLS agar, the colonies, when
present, were colorless or pinkish and
translucent to slightly opaque. When
surrounded by lactose-fermenting
microorganisms, they maybecomeyellowish-
greenincolor. On XLD agar, the colonies were
pink, with or without a black center. Strong
H2S-producing strains can produce colonies
with a large, shiny black center, or can even
be entirely black (Instrucdo Normativa no 62,
de 26 de agosto de 2003, MAPA, 2003).

When results indicated the
presence of Salmonella, Gram staining was
performed on at least three typical colonies.
Confirmation was verified by visualization
of gram-negative bacilli. The results of each
analysis are expressed as the absence or
presence of Salmonella spp. in 25 g silage.

1214

Experiment Il

The experiment was conducted at the
State University of Londrina (UEL) Fish Farm
for 86 days. All animal management practices
were approved by the State University of
Londrina Animal Experimentation Ethics
Committee (CEUA) (ProcessN0.24359/2010).

We used 120 juvenile Nile tilapia
(Oreochromis niloticus) with an average
weight of 147.92+3.8 g, distributed in a
completely randomized experimental design
with four treatments and three replications.
Thefishwerehousedin12500-Lpolyethylene
boxes with constant water renewal from
an artesian well and continuous aeration,
with each polyethylene box representing an
experimental unit with 10 fish each.

Feed was analyzed at the Animal
Nutrition and Soil Laboratories of the
Department of Animal Science and
Agronomy/UEL. The DM, MM, CP, and EE
were determined according to the AOAC
(2016), and mineral macroelements (Ca and
P) were determined according to Malavolta
etal. (1997). Crude energy (CE) was analyzed
using an adiabatic calorimetric pump at the
Animal Nutrition Laboratory of the State
University of Maringa.

The diets were calculated to meet the
nutritional requirements of the species, being
isoproteic (35% CP in DM) and isoenergetic
(4,600 kcal kg™ in DM). The treatments (T)
comprised increasing chicken silage levels
in the diets TO, T1, T2, and T3, with O, 10, 20,
and 30% acidic silage inclusion, respectively
(Table 1).
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Table 1

Percentage and chemical composition of experimental rations with the inclusion of acid broiler silage
using phosphoric (2%) and acetic (3%) acids, the antioxidant 0.1% (hydroxybutylanisole, BHT) and
antifungal 0.1% (sorbic acid), on a dry matter basis

Acid-preserved broiler carcass silage inclusion levels

Ingredient (g kg™)

Soybean meal 346.00 349.00 339.20 250.00
Corn 293.00 247.00 203.00 238.00
Meat meal 6.30 16.00 30.00 50.00
Wheat bran 49.20 80.00 95.00 39.20
Guts meal 246.30 135.00 40.00 5.00
Fish meal 51.40 65.20 85.00 110.00
Acid-preserved broiler carcass silage 0 100.00 200.00 300.00
Premix’ 4.50 4.50 4.50 4.50
Salt 3.30 3.30 3.30 3.30
TOTAL 100 100 100 100
Dry matter 933.60 926.60 922.10 918.70
Crude energy 46217.30 47026.40 48139.30 48517.10
Crude protein 390.60 390.40 395.30 393.10
Ether extract 55.00 68.90 88.60 115.20
Crude fiber 22.90 26.40 23.40 18.60
Mimeral matter 87.80 87.70 89.60 101.90
Calcium 19.10 12.30 12.00 16.20
Phosphorus 25.50 26.20 34.80 43.10

"Premix, guarantee levels per kg product: vitamin A, 2,500,000 IU; vitamin D3, 300,000 IU; vitamin E, 40,000 IU; vitamin
K3, 2,260 mg; vitamin B1, 2,500 mg; vitamin B2, 5,000 mg; vitamin B6, 2,500 mg; vitamin B12, 7,500 mcg; Niacin, 20,000
mg; folic acid, 500 mg; pantothenic acid, 12,500 mg; biotin, 150 mg; choline, 200,000 mg; vitamin C (protected), 75,000
mg; methionine, 5%; lysine, 4%; selenium, 75.15 mg; iodine, 125 mg; cobalt, 50 mg; iron, 15,000 mg; copper, 2,000 mg;
manganese, 3,750 mg; zinc, 20,000 mg.

To prepare the diets, the ingredients
were homogenized, and when necessary,
water was added to bind the dough. The
dough was then processed in a meat grinder,
driedinaforcedair circulationovenat55+5°C
for 24, and broken into small pieces to form
a pellet. The animals were fed twice daily at
900 and 1600 h, with the amount supplied
ranging from 2 to 3% of their live weight.
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Sediments containing manure and
food waste were removed daily via siphoning.
Dissolved oxygen and temperature were
measured daily using a YSI 55 oximeter. Other
water quality parameters, such as ammonia,
nitrite, alkalinity, and pH, were measured
every two weeks as recommended by
Sipalba-Tavares (1994).
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Performance evaluation

Productive performance was
evaluated monthly by measuring feed
consumption, survival parameters (%), weight
gain (WG = final weight - initial weight), feed
conversion (FC = feed consumption/weight
gain), and specific growth rate SGR (%) = 100
x [Ln final weight-Ln initial weightl/number
of days, where Ln = Neperian logarithm).
To monitor performance and adjust the
diet, monthly biometrics were performed,
preceded by analgesia of the animals by
immersion in an aqueous solution containing
a eugenol-based anesthetic.

After 86 days of experimentation,
the final biometrics were collected and
the animals were euthanized. The skin was
removed with special pliers and filleting was
performed (skinless fillet), obtaining the fillet
from the dorsal muscles on both sides of the
fish in a longitudinal direction along the entire
length of the spine and ribs (Souza, 2002).
The fillets were removed at a slaughterhouse
in the Rolandia-PR region, in accordance with
the guidelines in the Manual for the Humane
Slaughter of Fish (Ministério de Agricultura,
Pecuéaria e Abastecimento [MAPA], 2022)
and quantified to calculate the yield.

1216

Statistical analysis

The means of the production
performance parameters and limnological
variables were subjected to analysis of
variance (ANOVA, P<0.05). The STATISTICA
7.0 program (Statsoft, 2004) was used to
perform the analyses.

Results and Discussion
Experiment |

Salmonella enteritidis and >10° MLN
g’ coliforms at 30 and 45°C were detected
in the ground raw material, which indicates
high contamination. Salmonella is common
in commercial farms and has been isolated
from slaughterhouse fat, scaldingand cooling
water, chicken carcasses, litter, chicken feed,
and breeding stock (Park et al., 2015).

Although the TO treatment was not
inoculated with Salmonella enteritidis, its
presence was confirmed by microbiological
analysis of the raw material. According to
Ferrari et al. (2019), the enteritidis serovar is
the most common in Latin America and can
infect various hosts. The main causes for the
presence of this serovar are changes in the
production chain and increases in population
density.

The DM, CP, EE, crude fiber, and MM
contents of silages containing different S.
enteritidis concentrations as the inoculum
were not different (P>0.05; Table 2).
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Table 2
Chemical analysis of acid-preserved broiler carcass silage with different concentrations of bacterial
inoculum (Salmonelia)

. Concentration of inoculum (CFU g™")
Variables (%)

0] 102 103 10° SD
Dry matter 34.4 34.7 34.3 33.8 0.71
Protein* 48.7 47.3 47.5 46.8 1.32
Ether extract* 27.5 27.6 26.0 27.1 0.9
Mineral matter* 13.6 13.4 13.4 12.3 0.68

*dry basis; SD=Standart Deviation.

The DM content can vary according
to the volume of acid used as well as the
methodology and addition of flour when
preparing the silage. The DM content found
were higher than those found by Diaz-
Cachay et al. (2023) in chicken intestine and
blood silage and close to those observed
by Kherrati et al. (1998) in biological silage
of chicken viscera, offal, feathers, head, and
feet (slaughterhouse waste) prepared with
the addition of 15% molasses (35-37.3%).
Boscolo et al. (2010) found 27-32.5% DM
in acid silage from tilapia filleting waste. Cai
et al. (1994) reported that the DM content of
organic silage from chicken carcasses with
the addition of molasses or brewer's yeast
was close to 30%. Vidotti and Gongalves
(2006) reported that the DM content of acidic
and biological fish waste silages was 37.5-
43%.

The average CP content was similar
to that observed by Kherrati et al. (1998) in
organic silage from chicken slaughterhouse
waste. However, Cai et al. (1994) found
36% protein in organic silage from chicken
carcasses with the addition of molasses or
brewer's yeast.
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The high percentage of fat was
attributed to the inclusion of whole chickens
with viscera and skin, which are naturally lipid-
rich. The fat percentage canalsovary with the
age of the chicken used, since animals close
to slaughter accumulate more fat. According
to Alves et al. (2016), carcass composition
can be modified by age, sex, handling, and
diet, thereby influencing poultry meat quality
and fat accumulation.

The average MM content (13.1%) was
considered high because of the presence
of bones and feathers in acidic chicken
silage. Kherrati et al. (1998) found close
to 10% MM in organic silage from chicken
slaughterhouse waste; however, these values
may be higher or lower than those reported
above depending on the waste type.

With the addition of acids in the first
few days, the pH of broiler silage decreased
from 6.5 in the ground mass to 4.2 on
average at the end of the experiment. The
silage stabilizes at pH below 4.5 (Fagbenro
& Jauncey, 1995). Poveda-Parra and Ramos-
Embus (2001) stated that a rapid drop in pH
in the first 72 h allows the nutrients in the
silage to be maintained or to improve their
characteristics.
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In the microbiological analyses, the
coliform counts at 30 and 45°C were not
significantly different (P>0.05; Table 3). On
day three of silage storage, the number of

Table 3

coliforms decreased. Treatments TO and
T2 had 0.5 and 0.37 MLN g coliforms,
respectively, while the others had <0.3 MLN
g ' coliforms.

Microbial profile of acid-preserved broiler carcass silage with different concentrations of Salmonella

inoculum at different storage times

Concentration of inoculum (CFU g™")

Days 0 107 10° 10°
3 0.5 <0.3 0.4 <0.3
Coliforms at 30°C (MLN g~) 20 <03 <03 <03 <03
30 <0.3 <0.3 <0.3 <0.3
45 <0.3 <0.3 <0.3 <0.3
3 <0.3 <0.3 <0.3 <0.3
Coliforms at 45°C (MLN g™') 20 <03 <03 <03 <03
30 <0.3 <0.3 <0.3 <0.3
45 <0.3 <0.3 <0.3 <0.3
3 absent absent absent absent
20 absent absent absent absent
Salmonella
30 absent absent absent absent
45 absent absent absent absent

MLN g™ = Most likely number.

To analyze the presence or absence
of Salmonella, the pathogen was completely
eliminated on the third day of ensiling.
The decrease in pH, anaerobiosis, and the
production of some antibacterial substances
by bacteria, such as Lactobacillus, prevent
the development of pathogenic bacteria
such as Salmonella (Nascimento et al., 2014;
Maia & Sales, 2013). According to Jones
(2011), the addition of organic acids can
control pathogens in the raw materials used
in animal feed.
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Similar results were observed by
Kherrati et al. (1998) in organic silage of
chicken waste (offal, viscera, feathers, head
and feet), where after 10 days of ensiling,
the pH of the silage was close to 4.2 and
microbiological analysis showed a reduction
in coliforms at 30 and 45°C from 10%to 1 CFU
g™', and no Salmonella. Banze et al. (2017)
observed <1.0x10 CFU g' Staphylococcus
coagulase and Thermotolerant coliforms
and no Salmonella acidic tuna silage after 30
days in. Ferreira et al. (2018) did not observe
Staphylococcus in fish acid silage after 14
days of fermentation.
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Experiment Il breeding (aquaculture) (Resolucdo N. 357
do Ministério do Meio Ambiente, Conselho
Limnological evaluation and production Nacional do Meio Ambiente, 2005).

performance

The limnological parameters were not
different (P>0.05) between the treatments.
The average temperature, dissolved oxygen
content, nitrite level ammonia level, pH,
and alkalinity were 22.5+0.4°C, 4.3+0.2 mg
L', 0.15+0.09 mg L™, 0.27+0.08 mg L™,
6.1£02, and 51.7+1.8 mg L™, respectively.
The results of the limnological variables
met the recommendations of the National
Environment Council (CONAMA 357/2005)
according to Class 2, which classifies
waters intended for natural and/or intensive

Table 4

Increasing acidic broiler silage levels
in the diet did not significantl influence the
productive performance of tilapia under the
experimental conditions evaluated (P>0.05;
Table 4). The pelletized experimental diets
provided fish with good feed conversion and
SGRs. Tilapia performance values close to
those found in this study have been reported
by Abimorad et al. (2009), who studied tilapia
in the same weight range (approximately
390 g). The fish were fed fish silage-based
feed (58%), and feed conversion of 1.72 and
specific growth rate of 1.07 were observed.

Productive performance of tilapia fed different levels of acid-preserved broiler carcass silage

Levels of acid-preserved broiler carcass silage in the diet *, %

Variables'
(0] 10 20 30
Initial weight, g 1479 1451 146,4 147,9 11,4
Final weight, g 411,0 398.1 394,6 384,6 14,5
Weight gain, g 263,1 253,1 248,2 236,6 B
Feed comsumption, g 3289 3417 3359 3460 2,3
Feed conversion 1.3 1.4 1.5 1.5 8,2
Survival, % 96,7 93,3 93,3 100 5.4
SGR, % 3.1 2,9 2,9 2,8 5.9
Fillet yield, % 354 35,8 34,3 34,3 13,7
Guts, % 9,8 10,2 10,9 10,6 14,2
* Dry basis; SGR - specific growth rate; 1P>0,05.
The fillet vyield was within the & Maranhao, 2001). The visceral percentage

recommended values; however, it varied
between 25 and 42% depending on the
fileting method, the average weight of
the animals, the skill of the filleter, and the
equipment used (Pinheiro et al., 2006; Souza
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showed no significant difference (P>0.05)
between the treatments. It was similar to that
reported by Santos et al. (2007); however, F.
V. Silva et al. (2009) found 13.26% viscera.
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As a part of the original project that
also resulted in this work, a patent was
applied to optimize the process of obtaining
acid silage from broiler carcasses, which was
granted on July 14, 2020, under registration
number PI000215 at the National Institute of
Industrial Property (INPI).

Conclusion

Silage process with 2% phosphoric
acid and 3% acetic acid promotes microbial
inhibition, mainly of Salmonella, from the third
day of silage storage, and can be added by
up to 30% in formulating tilapia feed without
damaging their productive performance.

References

Abimorad, E. G., Strada, W. L., Schalch, H. C,,
Garcia, F., Castellani, D., & Manzatto, M.
R. (2009). Silagem de peixe em racgao
artesanal para tildpia-do-nilo. Pesquisa
Agropecuaria Brasileira, 44(5), 519-
525. doi: 10.1590/S0100-204X20090
00500012

Alves, M. G. M., Albuquerque, L. F., & Batista,
A. S. M. (2016). Qualidade da carne de
frangos de corte. Essentia: Revista de
Cultura, Ciéncia e Tecnologia da UVA,
17(2), 64-86.

Associacao Brasileira de Proteina Animal
(2024). Relatorio anual 2024. ABPA.
https://abpa-br.org/wp-content/
uploads/2024/04/ABPA-Relatorio-
Anual-2024_capa_frango. pdf

Association of Official Analytical Chemists
(2016). Official methods of analysis
(20nd ed.). AOAC International.

1220

Banze, J. F,, Silva, M. F. O. da, Enke, D. B. F., &
Fracalossi, D. M. (2017). Acid silage of
tuna viscera: production, composition,
quality and digestibility. Boletim do
Instituto de Pesca, 44(Esp.), 24-34. doi:
10.20950/1678-2305.2017.24.34

Batalha, O.S., Alfaia, S. S., Cruz, F. G. G., Jesus,
R.G.de,Rufino,J.P.F.,&Costa, V.R.(2017).
Digestibility and  physico-chemical
characteristics of acid silage meal made
of pirarucu waste in diets for commercial
laying hens. Acta Scientiarum. Animal
Sciences, 39(3), 251-257. doi: 10.4025/
actascianimsciv39i3.35112

Batista, . (1987). Nutrition in marine
aquaculture. In A. Bruno (Ed.), Fish silage:
preparation and uses (pp. 227-248).
Tunis, Tunisia: FAO/UNDP/ MEDRAP.

Blake, J.P., Carey, J.B.,Haque, K. M., Patterson,
P.H., Tablante, N. L., & Zimmermann, N. G.
(2008). Poultry carcass disposal options
for routine and catastrophic mortality.
Council for Agricultural Science and
Technology, Paper 40, 1-20.

Boscolo, W. R., Santos, A. M., Martins,
C. V. B. Feiden, A. Bittencourt,
B. & Signor, A. (2010). Avaliacao
microbiolégica e bromatoldégica da
silagem acida obtida de residuos da
industria de filetagem de tilapia do
Nilo (Oreochromis niloticus). Semina:
Ciéncias Agrarias, 31(2), 515-522. doi:
10.5433/1679-0359.2010v31n2p515

Box, G. E. P, & Behnken, D. W. (1960).
Some new three level designs for
the study of quantitative variables.
Technometrics, 2(4), 455-475. doi: 10.10
80/00401706.1960.10489912

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1209-1224, jul./ago. 2025



I Ciéncias Agrarias
SEMINA ———

Acid-preserved broiler carcass silage in the diets of...

Bringas-Alvarado, L., Zamorano-Ochoa, A., Fagbenro, O. & Jauncey, K. (1995). Water

Rojo-Rodriguez, J. B., Gonzalez-Félix,
M. L., Pérez-Velazquez, M., Cardenas-
Lépez, J. L., & Navarro-Garcia, G. (2018).
Evaluacién del ensilado fermentado de
subproductos de tilapia y su utilizaciéon
como ingrediente en dietas para bagre
de canal. Biotecnia, 20(2), 85-94. doi:
10.18633/biotecniav20i2.604

Cai, T.,Pancorbo, O.C.,Barnhart, H. M., Sander,

J. E., & Merka, W. C. (1994). Chemical
and microbiological characteristics of
poultry processing by-products, waste,
and poultry carcasses during lactic acid
fermentation. Journal of Applied Poultry
Research, 3(1), 49-60. doi: 10.1093/
japr/3.1.49

T., Pancorbo, O. C. Merka, W. C.,
Sander, J. E., & Barnhart, H. M. (1995).
Stabilization of poultry processing
by-products and poultry carcasses
through direct chemical acidification.
Bioresource Technology, 52(1), 69-77.
doi: 10.1016/0960-8524(95)00009-4

Carmo, J. R., Pimenta, J. C., Pimenta, M. E.

S. G., Oliveira, M. M., Logato, P. V. R,, &
Ferreira, L. O. (2008). Caracterizagao
de silagens acida de residuos de
tilapia (Oreochromis niloticus). Revista
Eletrénica Nutritime, 5(5), 664-672.

Diaz-Cachay, C., Gamero-Collado, B., Alvarez-

Verde, C., Llontop-Vélez, C., & Zambrano-
Cabanillas, A. W. (2023). Efecto de
ensilados de sangre e intestinos de pollo,
como sustitutos parciales de la harina de
pescado, enelcrecimiento de alevinosde
tilapia Oreochromis niloticus (Linnaeus,
1758). Revista de Investigaciones
Veterinaria del Peru, 34(5), e24624. doi:
10.15381/rivep.v34i5.24624

stability, nutrient leaching and nutritional
properties of moist fermented fish silage
diets. Aquaculture, Engineering, 14(2),
143-153. doi: 10.1016/0144-8609(94)
P4432-B

Fernandes, J. B. K., Bueno, R. J., Rodrigues,

L. A., Fabregat, T. E. H. P, & Sakomura, N.
K. (2007). Silagem &cida de residuos de
filetagemdetildpiasemrac¢desdejuvenis
de piaugu (Leporinus macrocephalus).
Acta Scientiarum - Animal Science, 29(3),
339-344. doi: 10.4025/actascianimsci.
v29i3.574

Ferrari, R. G., Rosario, D. K. A., Cunha, A., Neto,

Mano, S. B., Figueiredo, E. E. S., & Conte,
C. A., Jr.(2019). Worldwide epidemiology
of Salmonella serovars in animal-based
foods: a meta-analysis. Applied and
Environmental Microbiology, 85(14),
€00591-19.doi: 10.1128/AEM.00591-19

Ferraz de Arruda, L., Borghesi, R., Brum,

E.. Regitano D’Arce, M., & Oetterer,
M. (2006). Nutritional aspects of nile
tilapia (Oreochromis niloticus) silage.
Ciéncia e Tecnologia de Alimentos,
26(4), 749-753. doi: 10.1590/S0101-
20612006000400006

Ferreira, J. C., Pessoa, F. O. A., Silva, T. D.,

Pessoa, M. S., Duarte, E.R., Camargo, A. C.
S.,&Faria, D.E.,F°.(2018). Caracteristicas
fisico-quimicas e microbioldgicas da
silagem acida de pescado. Anais da
Reunido Anual da Sociedade Brasileira
de Zootecnia e Congresso Brasileiro de
Zootecnia, Goiania, GO, Brasil, 55, 28.

Gao, Y., Lo, K.V, &Liao, P. H. (1992). Utilization

of salmon farm mortalities: fish silage.
Bioresource Technology, 41(2), 123-127.
doi: 10.1016/0960-8524(92)90181-V

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1209-1224, jul./ago. 2025 1221



I Ciéncias Agrarias
SEMINA ———

Inocente Filho, C. et al.

Inocente, C., F°., Ramos, B. M. O., Yamashita,
F.. Tamanini, R., Prado-Calixto, O. P,
Poveda-Parra, A.R.,&Mizubuti,l.Y.(2024).
Optimization of obtaining process of
acid silage from poultry carcasses by
response surface methodology. Semina:
Ciéncias Agrarias, 45(6), 1921-1942. doi:
10.5433/1679-0359.2024v45n6p 1921

Instrucdo Normativa no 62, de 26 de agosto
de 2003. Oficializa os métodos analiticos
oficiais para andalises microbiolégicas
para controle de produtos de origem
animal e agua. Ministério da Agricultura,
Pecuaria e Abastecimento (BR) (MAPA).
Secretaria de Defesa Agropecuaria
(DISPOA).

Jones, F. T. (2011). A review of practical
Salmonella control measures in animal
feed. Journal of Applied Poultry
Research, 20(1), 102-113. doi: 10.3382/
japr.2010-00281

Kherrati, B., Faid, M., Elyachioui, M. &
Wahmane, A. (1998). Process for
recycling slaughterhouses waste and by-
products by fermentation. Bioresource
Techology, 63(1), 75-79. doi: 10.1016/
S0960-8524(97)00081-3

Kompiang, . P.(1981). Fish silage: its prospect
and future in Indonesia. Indonesian
Agriculture Resource & Development
Journal, 3(1), 9-12.

Maia, W. M. M., Jr,, & Sales, R. O. (2013).
Propriedades funcionais da obtencdo da
silagem acida e biolégica de residuos de
pescado. Revista Brasileira de Higiene e
Sanidade Animal, 7(2), 126-156.

Malavolta, E., Vitti, G. C., & Oliveira, S. A.
(1997). Avaliacéo do estado nutricional

1222

das plantas: principios e aplicacdes (2a
ed.). Potafos.

Ministério de Agricultura, Pecuaria e
Abastecimento (2022). Manual de
abate humanitario de peixes. MAPA.
https://www.gov.br/agricultura/pt-br/
assuntos/producao-animal/arquivos-
publicacoes-bem-estar-animal/
Manual_3_Abate_Humanitario_peixes_
ISBN. pdf

Nascimento, M. S,, Freitas, K. F. S., & Silva,
M. V. (2014). Producao e caracterizagao
de silagens de residuos de peixes
comercializados no mercado publico
de Parnaiba - Pl. Enciclopédia Biosfera,
710(18), 2450-2458.

Park, H. J., Chon, J. W., Lim, J. S., Seo, K. H,,
Kim, Y. J., Heo, E. J., Wee, S. H., Sung, K.,
& Moon, J. S. (2015). Prevalence analysis
and molecular characterization of
Salmonella at different processing steps
in broiler slaughter plants in south korea.
Journal Food Science, 80(12), M2822-6.
doi: 10.1111/1750-3841.13106

Pessoa, M. S., Abrao, F. O., Guimaraes, F,, Silva,
K. L., Freitas, C. E. S., Geraseey, L. C,,
Duarte, E. R, Faria, D. E., F°., & Camargo,
A. C. S. (2011). Caracteristicas fisico-
quimicas e microbiolégicas da silagem
acida de pescado. Anais da Reunidn
Latinoamericana de Produccion Animal,
Montevideo, Uruguai, 22.

Pinheiro, L. M. S., Martins, R. T., Pinheiro, L. A.
S., & Pinheiro, L. E. L. (2006). Rendimento
industrial de filetagem da tilapia
tailandesa (Oreochromis spp.). Arquivo
Brasileiro de Medicina Veterinaria e
Zootecnia, 58(2), 257-262. doi: 10.1590/
S0102-09352006000200015

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1209-1224, jul./ago. 2025



I Ciéncias Agrarias

Acid-preserved broiler carcass silage in the diets of... SE M I NA —

Poveda-Parra, A. R., & Ramos-Embus, W. Silva, E. R., Cavali, J., Porto, M. O., Pazdiora, R.

A. (2001). Caracterizacion quimica y
digestibilidad de ensilajes de visceras
de pescado enriquecidas con fuentes
energéticas y proteicas para pollos.
Trabalho de conclusdo de curso de
graduacado, Universidad del Tolima.
Ibagué, Coldmbia.

Resolucdo N. 357 do Ministério do Meio

Ambiente, Conselho Nacional do Meio
Ambiente (2005). Classificagcdo dos
corpos de agua e diretrizes ambientais
para o0 seu enquadramento, bem
como estabelece as condicbées e
padrées de lancamento de efluentes,
e da outras providéncias. (Resolugao
N. 357). MMA/CONAMA. https://
conama.mma.gov.br/?option=com_
sisconamad&task=arquivo.
download&id=450

Sakamoto, K. S. (2017). Avicultura de corte:

avaliacdo do sistema de producéo
convencional nas perdas produtivas e na
qualidade do produto final. Dissertacdo
de mestrado, Escola Superior de
Agricultura Luiz Queiroz, Piracicaba, SP,
Brasil.

Santos, V. B, Freitas, R. T. F, Logato, P. V. R.,

Freato, T. A., Orfao, L. H., & Millioti, L. C.
(2007). Rendimento do processamento
de linhagens de tilapias (Oreochromis
niloticus) em funcdao do peso
corporal. Ciéncia e Agrotecnologia,
317(2), 554-562. doi: 10.1590/S1413-
70542007000200041

Seibel, N. F., & Souza-Soares, L. A. (2003).

Producdo de silagem quimica com
residuos de pescado marinho. Brazilian
Journal Food Technology, 6(2), 333-337.

D., Teixeira, L. A., Muniz, I. M., & Dantas,
J. D., F°. (2020). Producao e avaliacao
microbiolégica e bromatolégica de
silagem &cida de visceras de suino.
Brazilian Journal of Development,
6(6), 36465-36479. doi: 10.34117/
bjdv6n6-258

Silva, F. V., Sarmento, N. L. A. F, Vieira, J.
S., Tessitore, A. J. A, Oliveira, L. L. S,
& Saraiva, E. P. (2009). Caracteristicas
morfomeétricas, rendimentos de
carcaca, filé, visceras e residuos em
tilapias-do-nilo em diferentes faixas de
peso. Revista Brasileira de Zootecnia,
38(8), 1407-1412. doi: 10.1590/S1516-
35982009000800003

Sipauba-Tavares, L. H. (1994). Limnologia
aplicada a aquiicultura. (Boletim Técnico
do CAUNESP, 1). FUNEP.

Souza, M. L. R. (2002). Comparacao de seis
métodos de filetagem, em relacao ao
rendimento de filé e de subprodutos
do processamento da tilapia-do-nilo
(Oreochromisniloticus). RevistaBrasileira
de Zootecnia, 31(3), 1076-1084. doi:
10.1590/S1516-35982002000500003

Souza, M. L. R, & Maranhdo, T. C. F
(2001). Rendimento de carcaca, filé e
subprodutos da filetagem da tilapia
do Nilo, Oreochromis niloticus (L),
em funcdo do peso corporal. Acta
Scientiarum, 23(4), 897-901. doi: 10.40
25/actascianimsciv23i0.2643

Stentiford, E., & Bertoldi, M. (2011). Solid
waste technology and management.
In T. H. Christensen (Ed.), Composting:
process (vol. 1, n. 2, pp. 515-532). New
Jersey.

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1209-1224, jul./ago. 2025 1223



I Ciéncias Agrarias
SEMINA —_— Inocente Filho, C. et al.

Vidotti, R. M., & Gongalves, G. S. (2006).
Producéo e caracterizacdo de silagem,
farinha e dleo de tilapia e sua utilizacdo
na alimentacdo animal. Instituto de
Pesca - APTA-SAA. http://www.pesca.
sp.gov.br

1224 Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1209-1224, jul./ago. 2025



