
Optimization of obtaining process of acid silage from 
poultry carcasses by response surface methodology 

Otimização do processo de obtenção de silagem 
ácida de carcaças de frango por metodologia de 

superfície de resposta

Clovis Inocente Filho1; Bruno Mazzer de Oliveira Ramos2; Fábio Yamashita3; 
Ronaldo Tamanini4; Odimári Pricila Prado-Calixto5; Angela Rocio Poveda-

Parra6*; Ivone Yurika Mizubuti5                       

Highlights

RSM was used to evaluate the interrelationships between the variables of acid silages.

Acids influence the chemical composition, storage, and revolutions.

Silages should be stored for a minimum period of 20 days, stirred once a day.

Abstract

This study aims to optimize the process of obtaining acid silage from poultry carcasses by response 

surface methodology. For poultry silage preparation, dead animals from the production process in a 

broiler commercial farm were used. The carcasses were ground in an electric grinder, homogenized, 

and placed in 45 polyethylene containers with a capacity of 2 kg each, and distributed in a 33 incomplete 

factorial design of response surface methodology, with 15 treatments and three repetitions at the 

central point. The independent variables were acid concentration (X1), days of storage (X2), and daily 

number of turnings (X3). The levels of the independent variables were X1 =3, 5, and 7 (phosphoric and 

acetic acids in a ratio of 4:6); X2 =10, 20, and 30 days of storage; and X3 =0, 1, and 2 daily turnings. 

The dependent variables evaluated were pH, crude protein, lipid oxidation, oil extraction, and mesophile 

counting. The pH of the ensiled mass was influenced mainly by X1 presenting a negative linear effect 
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and positive quadratic effect. The storage time had a positive effect on pH. For crude protein, a negative 

linear and quadratic effect of X1 were observed, indicating a region of maximum protein values at the 

midpoint. Regarding lipid oxidation, the model indicated a region of minimum values near the midpoint. 

The generated model for oil extraction indicated maximum values when the silage was stored for long 

periods and with high acid concentrations. For mesophilic count, various interactions among variables 

were observed by the generated model, and the response surface indicated a region with the highest 

microorganism number in low acid concentrations and after a few storage days. The response surface 

methodology allowed for the optimization of the variables (acid concentration, storage time, and 

daily turning number) in the preparation of poultry carcass silages. The best acid concentration that 

represented the optimal pH was 5% (2% phosphoric acid, 3% acetic acid), requiring storage for at least 

20 days with only one daily turning.

Key words: Acetic acid. Phosphoric acid. Poultry waste.

Resumo

O objetivo desse trabalho foi a otimização do processo de obtenção de silagem ácida de carcaças de 

frango por metodologia de superfície de resposta.  Para o preparo da silagem de frango, foram utilizados 

animais mortos durante o processo de criação em granja comercial. As carcaças foram moídas em 

moedor elétrico, homogeneizadas e colocadas em 45 recipientes de polietileno com capacidade de 2kg 

cada, distribuídas em delineamento fatorial incompleto 33 da metodologia de superfície de resposta, 

com 15 tratamentos e 3 repetições no ponto central. As variáveis avaliadas foram concentração de 

ácidos (x1), tempo de armazenamento em dias (x2) e número de revolvimentos diários da massa ensilada 

(x3). Os níveis das variáveis foram: x1 = 3, 5 e 7% (ácido fosfórico e ácido acético na proporção 4:6); x2 

= 10, 20 e 30 dias de armazenamento e x3 = 0, 1 e 2 revolvimentos diários. as variáveis dependentes 

avaliadas foram o pH; proteína bruta; oxidação lipídica; extração de óleo e contagem de mesófilos. 

O pH da massa ensilada foi influenciado principalmente por x1 apresentando efeito linear negativo e 

quadrático positivo. O tempo de armazenamento apresentou efeito linear positivo sobre o pH. Para 

proteína bruta foram observados efeitos lineares e, também, quadrático negativos de x1, indicando uma 

região de máximos valores de proteína no ponto central. Na oxidação lipídica, o modelo indicou uma 

região de mínimos valores, próximo ao ponto central. O modelo gerado para extração de óleo indica 

máximos valores quando a silagem é armazenada por longos períodos e com altas concentrações de 

ácidos. Observou-se pelo modelo gerado para contagem de mesófilos, que a superfície de resposta 

indicou uma região com maior número de microrganismos em concentrações baixas de ácidos e poucos 

dias de armazenamento. A metodologia de superfície de resposta permitiu a otimização das variáveis: 

concentração de ácidos, tempo de armazenamento e número de revolvimentos diários, no preparo de 

silagem de carcaças de frangos. A concentração de ácidos que melhor representa os valores ideais 

de pH foi de 5% (2% ácido fosfórico, 3% ácido acético), sendo necessário o armazenamento por pelo 

menos 20 dias e com apenas um revolvimento diário. 

Palavras-chave: Ácido acético. Ácido fosfórico. Resíduos de frango.
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Introduction

The production and processing of 
poultry are characterized by a high volume 
of waste, such as litter, feathers, eggshells, 
carcasses, blood, and wastewater (McGauran 
et al., 2021). When improperly disposed 
of, the waste from poultry production and 
processing can pollute groundwater and 
surface waters, allowing the development 
of pathogenic microorganisms that may 
cause significant harm to human and animal 
populations as well as to the environment 
(Hubbard et al., 2020).

The waste and by-products 
generated during poultry processing contain 
natural polymers and valuable biological 
components (Galali et al., 2020; Kannah 
et al., 2020; Voběrková et al., 2020), which 
allow the application of methods that utilize 
them as feed, fertilizers, and new food 
ingredients (Belc et al., 2019). The methods 
applied to these wastes or by-products 
include traditional technologies, such as 
composting and incineration, or chemical 
(acid and alkaline treatments), physical (high-
temperature, high-pressure, and ultrasonic 
treatment), and microbiological methods, 
resulting in biologically active compounds, 
lipids, and bioactive compounds (Borrajo et 
al., 2019; Chakka et al., 2015).

Methods like acid silage help reduce 
pathogenic microorganisms, making a 
product suitable for use in animal feed 
(Blake, 2004). The production of silage is a 
simple process consisting of three basic 
steps: grinding, acidification, and storage. 
Anaerobic storage conditions prevent 
oxidation and rancidity, a product does 
not produce odors, and refrigeration is not 

required, allowing it to maintain quality for a 
longer time (Vidotti & Gonçalves, 2006). The 
principle of the technique is pH reduction, 
which can be achieved by adding organic 
and/or mineral acids. With the pH reduction, 
enzymes naturally present or intentionally 
added promote protein hydrolysis. This 
process keeps the pH below 4, preventing 
microbial activity (Borghesi et al., 2007).

Several acids, either in combination or 
alone, can be used in acid silage production, 
such as formic acid and citric acid (Gao et al., 
1992); formic acid and sulfuric acid (Vidotti 
et al., 2003); acetic acid (Seibel & Souza-
Soares, 2003); muriatic acid (Beerli et al., 
2004); and phosphoric acid and acetic acid 
(Vidotti & Gonçalves, 2006). Certain factors 
related to organic acids, such as hazard level, 
environmental and health risks, accessibility, 
and cost, must be considered for their use 
(Hisano & Borghesi, 2011). Silage can be used 
between 7 and 30 days after preparation, has 
a composition similar to the raw material, has 
high digestibility and the complete presence 
of amino acids, and can, therefore, be used 
as feed. Longer storage becomes a critical 
nutritional point, as amino acids and lipids 
begin to undergo changes (Oetterer, 1994).

Several studies have been conducted 
on ensiling poultry production or processing 
waste. Eissa et al. (2021) evaluated the 
effect of silaging chicken offal with betaine 
supplementation, and Rachmawati and 
Samidjan (2019) analyzed the inclusion of 
different levels of feather silage (0, 12.5, 25, 
35.5, and 50%) as a replacement for fish 
meal. Fagbenro and Fasakin (1996) used 
fresh poultry viscera to prepare acid silage 
from chicken, adding citric and propionic 
acid, along with a commercial antioxidant 
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(enthoyquin, 25 mg/kg) for fermentation. 
Middleton et al. (2001b) ensiled duck 
carcasses with the addition of sucrose and 
sweet potato residue, and the silage was 
used in the formulation of feed for growing 
tilapia, with no observed differences in fish 
palatability or growth.

Response surface methodology (RSM) 
is the most popular technique for process 
optimization, owing to its comprehensive 
theory, efficiency, and simplicity (Camilios 
et al., 2005). RSM consists of a group of 
statistical and mathematical procedures that 
can be used to study the interrelationships 
between one or more responses (dependent 
variables) and numerous factors (independent 
variables), defining the effects of the 
independent variables either individually 
or in combination, generating a model that 
describes a process (Diniz & Martin, 1996).

This study aimed to optimize the 
process of obtaining silage from chicken 
carcasses, using RSM, allowing for the 
utilization of chicken carcasses that die in 
commercial poultry farms.

Materials and Methods

Raw material

To prepare the silage, carcasses of 
broiler chickens that died during the rearing 
process at a commercial farm located 
in Cambé, Paraná, Brazil, were used. The 
collection of dead animals was performed 

daily, immediately after death, by the farm 
worker, and the carcasses were stored in a 
freezer. Subsequently, the carcasses were 
brought to the laboratory at the Fish Farming 
Station of the State University of Londrina for 
grinding, preparation, and silage production.

Silage production

The whole carcasses, without 
evisceration and feather removal, were thawed 
and ground in an electric meat grinder with 
an 8-mm sieve. The ground carcass product 
was mixed to obtain a homogeneous mass. 
This homogeneous mass, totaling 90 kg, was 
then divided into 45 batches and packed in 
polyethylene silos, which constituted the 
experimental treatments. Each silo received 
2 kg of the homogeneous mass, along with 
phosphoric and acetic acids according to the 
treatments described in Table 1. A butylated 
hydroxytoluene antioxidant was added to 
the ensiled mass at 0.1% in a dilution of 20-g 
100-ml-1 of ethanol, and 0.1% of an antifungal 
agent (sorbic acid) in a dilution of 10-g 100-
ml-1 of ethanol (Vidotti & Gonçalves, 2006). 
The silos were identified and left to rest. The 
product was stirred with a rod according to 
the respective treatment (Table 1) to ensure 
proper mixing of the acid with the mass. 
The storage time of the silos followed the 
respective treatments (Table 1), and they 
were kept at room temperature, with an 
average minimum and maximum of 20.26°C 
and 31.79°C, respectively.
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Chemical and microbiological analyses

For chemical analyses, approximately 
150 g of samples were collected from each 
experimental unit after 10, 20, and 30 days 
of storage. Each experimental unit was 
homogenized before sample collection, to 
ensure uniformity. In the Animal Nutrition 
and Soil laboratories of the Departments of 
Animal Science and Agronomy at UEL, dry 
matter (DM), mineral matter, crude protein 
(CP), and ether extract were determined in 
duplicate, following Association of Official 
Analytical Chemists [AOAC] (2016) methods. 
Macromineral elements (Ca and P) were 
analyzed according to Malavolta et al. (1997).

Table 1
Experimental design using three independent variables: concentration of the acid mixture (X1), days of 
silage storage (X2), and number of revolutions of the ensiled mass per day (X3)

Treatments
Uncode Variables Code variables

Acid concentrations*
(%)

Storage time
(days)

Revolutioons of the mass
(number of time day-1)

X1 X2 X3

1 3 10 1 -1 -1 0

2 7 10 1 1 -1 0

3 3 30 1 -1 1 0

4 7 30 1 1 1 0

5 3 20 0 -1 0 -1

6 7 20 0 1 0 -1

7 3 20 2 -1 0 1

8 7 20 2 1 0 1

9 5 10 0 0 -1 -1

10 5 30 0 0 1 -1

11 5 10 2 0 -1 1

12 5 30 2 0 1 1

13 5 20 1 0 0 0

14 5 20 1 0 0 0

15 5 20 1 0 0 0

* Phosphoric acid and acetic acid (4:6) v/v.

To determine pH, a digital 
potentiometer, brand Hanna®, was used, with 
readings taken twice daily once in the morning 
and once in the afternoon throughout the 
experimental period. Lipid oxidation in the 
silage was assessed using the thiobarbituric 
acid reactive substances (TBARS) method 
(Sinnhuber & Yu, 1977). The standard used 
was 1,1,3,3-tetraethoxypropane, whose acidic 
hydrolysis generates malonaldehyde in a 1:1 
mol ratio, allowing the results to be expressed 
in terms of the "TBARS value" and presented 
in mg of malonaldehyde kg-1 of sample. For 
oil extraction from the silage samples of 
each experimental unit, centrifugation was 
performed at 3,000 rpm for 30 min. The 
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supernatant lipid fraction was measured using 
a graduated cylinder and pipette.

At the Laboratory of Inspection 
of Animal Products at the Department 
of Preventive Veterinary Medicine/UEL, 
microbiological analyses for the enumeration 
of mesophilic aerobes and most probable 
number (MPN) of coliforms at 30°C and 
45°C were conducted. These analyses were 
performed at the time of the grinding chicken 
carcasses, considered day 0 (zero), before 
acid addition, and after 3, 10, 20, and 30 days 
of ensiling. The methodologies used were 
those described in Normative Instruction No. 
62 of the Ministry of Agriculture (Instrução 
Normativa No. 62, MAPA, 2003). 

Mesophilic aerobic microorganism count

A 25-g aliquot from each experimental 
unit was added to 225 mL of a 0.1% peptone 
saline solution, which was homogenized in 
a stomacher, and then serially diluted at a 
decimal scale, using a 0.1% peptone saline 
solution, from 10-1 to 10-7. Next, 1 mL of each 
dilution was distributed into sterile Petri 
dishes and identified in duplicate. To each 
Petri dish, about 15–20 mL of Plate Count 
Agar was added, and after solidification, 
the plates were incubated at 36°C for 48 h 
(Instrução Normativa No. 62 (MAPA, 2003).

For the microorganism count, two 
plates from the same dilution with 25–250 
colonies were selected, and the average of the 
number of colonies counted was multiplied by 
the corresponding dilution factor, expressed 
as the number of colony-forming units (CFU) 
per g of silage. For statistical analysis, the 
values were transformed into log CFU g-1 
(Instrução Normativa No. 62 (MAPA, 2003).

MPN of coliforms (at 30°C and 45°C)

Presumptive test

Using the previously prepared 
dilutions from 10-1 to 10-7, 10 mL of the 
10-1 dilution was distributed into a series 
of three tubes containing double-strength 
lauryl sulfate broth (corresponding to the 
10° dilution). Next, 1 mL of the 10-1 dilution 
was inoculated into a series of three tubes 
containing single-strength lauryl sulfate 
broth. The other chosen dilutions were 
also inoculated into a series of three tubes 
containing single-strength lauryl sulfate broth 
up to the 10-6 decimal dilutions (Instrução 
Normativa No. 62 (MAPA, 2003).

The tubes were incubated at 36°C for 
24–48 h. Readings were taken after 24 h and 
repeated after 48 h when negative tubes were 
present. Tubes showing medium turbidity 
and gas in a Durham tube were considered 
coliform-suspect (Instrução Normativa No. 
62 (MAPA, 2003).

Confirmatory test - coliforms at 30°C

Positive tubes containing lauryl 
sulfate broth were transferred to tubes 
containing brilliant green bile broth with 2% 
lactose and incubated at 36°C for 24 to 48 
h. The presence of coliforms at 30°C was 
confirmed by the presence of gas in Durham 
tubes. To calculate the MPN of coliforms (MPN 
g-1), the Table in Annex III (Basic Counting 
Procedures), included in Instrução Normativa 
No. 62 (MAPA, 2003), was used.
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Confirmatory test - coliforms at 45°C

Positive tubes containing lauryl 
sulfate broth were transferred to tubes 
containing Escherichia coli broth and 
incubated in a water bath at 45°C for 24 to 48 
h. The presence of coliforms was confirmed 
by the gas in the Durham tubes. To calculate 
the MPN of coliforms (MPN g-1), the Table in 
Annex III (Basic Counting Procedures), was 
used included in Instrução Normativa N. 62 
(MAPA, 2003).

Experimental design and statistical analysis

The effects of acid concentration (X1), 
storage time (X2), and the number of daily 
stirrings of the ensiled mass (X3) on pH (Y1), 
protein content (Y2), lipid oxidation (Y3), oil 
production (Y4), and mesophilic count (Y5) in 
the ensiled mass were evaluated. RSM was 
used, following an incomplete 3³ factorial 
design with three repetitions at the central 
point (Box & Behnken, 1960), as described in 
Table 1.

Statistical analysis was performed 
using the Statistica 7.0 software (Statsoft, 
2004), and the choice of response surface 
model parameters was based on the 
significance level (0.05) of the independent 
variables.

Analysis of variance indicated 
the behavior of a system combining 
the independent variables (X) (X1 = acid 
concentration; X2 = storage time; X3 = 
number of daily stirrings of the ensiled mass) 
and dependent variables or responses (Y). 
The responses were a function of the levels 
at which the independent variables were 
defined and combined in the statistical 
design. 

The influence of the independent 
variables was observed through response 
surface graphs developed from the models. 
The adequacy of the models was evaluated 
based on the coefficient of determination 
(R²).

Results and Discussion

Silage production

The ensiled mass, under the action of 
phosphoric and acetic acids, showed a color 
change from reddish to brown, with a pasty 
consistency. Acid incorporated into the 
ensiled mass replaced the main biochemical 
function of microorganisms, which produce 
lactic acid during fermentation.

Generally, lactic acid, produced by 
microorganisms, lowers the pH values of 
silage, causing protein hydrolysis (Oliveira 
et al., 2006). There was liquefaction of the 
ensiled mass during the first week of storage 
due to the action of endogenous enzymes 
from the chicken carcasses, enhanced by 
the acidic environment. This occurrence of 
liquefaction was also reported by Tatterson 
(1982) when working with fish silage at 
temperatures of 20 to 30oC. 

Through response surface analysis, 
it was possible to demonstrate the influence 
of the studied variables in the production 
of acidic chicken silage, as well as to obtain 
precise values for these variables, maximizing 
the production process.

The model obtained by RSM to 
represent the effect of the independent 
variables (acid concentration, storage time, 
and number of daily stirrings) on the pH 
of the ensiled mass is: Y1 =3.9– 0.58.X1 + 
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0.14.X1
2 + 0.04.X2 – 0.05.X1.X3; where Y1 

= pH of the ensiled mass (R² =0.97); X1 = 
acid concentration; X2 = storage time; X3 = 

number of daily stirrings; R² = coefficient of 
determination (Figure 1). 

Figure 1. Response surface of the pH of acid silage from chicken carcasses as a function of 
acid concentration (phosphoric and acetic), storage time, and daily revolutions.
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negative linear effect, meaning that the higher the acid concentration, the lower the pH, and a positive 

quadratic effect, indicating a trend toward a minimum pH near the central point (Figure 1). These results may 

be due to the supply of hydrogen ions (protons, H⁺ ) to the ensiled mass by the acids. 

 

Physicochemical analyses 

Table 2 shows the chemical compositions of the acidic silages of chicken carcasses, obtained from 

the addition of different concentrations of phosphoric and acetic acids. 

Evaluating the physicochemical characteristics of acidic silage made from whole fish subjected to 

acidification with acetic acid, Pessoa et al. (2018) observed an average pH value of 4.0 from the first day of 
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The acid concentration (X1) had the 
greatest influence on the pH of the ensiled 
mass, with a negative linear effect, meaning 
that the higher the acid concentration, the 
lower the pH, and a positive quadratic effect, 
indicating a trend toward a minimum pH near 
the central point (Figure 1). These results 
may be due to the supply of hydrogen ions 
(protons, H+) to the ensiled mass by the acids.

Physicochemical analyses

Table 2 shows the chemical 
compositions of the acidic silages of chicken 
carcasses, obtained from the addition of 
different concentrations of phosphoric and 
acetic acids.

Evaluating the physicochemical 
characteristics of acidic silage made from 
whole fish subjected to acidification with 
acetic acid, Pessoa et al. (2018) observed 
an average pH value of 4.0 from the first day 
of storage. Middleton and Ferket (2001a) 
also observed decreasing pH values as the 
concentration of phosphoric acid increased, 
ranging from 4.13% to 8.28%, in order to 
preserve chicken carcass silages.

Storage time (X2) had a positive 
linear effect on pH over the storage period 
of the ensiled mass (Figure 1). Middleton et 
al. (2001b) reported similar observations 

regarding the pH variation of chicken waste 
silage, they observed an increase in pH from 
4.2 to 4.75 after 45 days of storage.

There was no effect of the number 
of daily stirrings (X3) on pH. However, the 
interaction between acid concentration 
(X1) and the number of stirrings (X3) had 
a negative effect, meaning that the pH 
of the mass decreased when higher acid 
concentrations (X1) were combined with an 
increased number of stirrings (X3). From a 
practical standpoint, if the goal is to lower 
the pH of the ensiled mass, it is important 
that, under higher acid concentrations, the 
mass is stirred more frequently. According to 
Oetterer (1994), after the addition of acids to 
the ensiled mass, an initial stirring of the mass 
is necessary, followed by occasional stirrings 
to ensure uniformity. This also influences the 
fermentation process, since microorganisms 
are sensitive to environmental changes 
(Guimarães et al., 2021), and it helps prevent 
the decay of regions that do not come into 
contact with the acid.

In evaluating the inclusion of ensiled 
chicken intestines and blood in tilapia feed, 
Diaz-Cachay et al. (2023) observed a pH value 
of 4.2 at 48 h of storage, similar to Batalha et 
al. (2017), who observed a pH value of 4.4 
for acidic fish silages after 72 h of storage, 
allowing for the preservation of the silage 
and bacteriostatic activity.



Inocente Filho, C. et al.

1930 Semina: Ciênc. Agrár. Londrina, v. 45, n. 6, p. 1921-1942, nov./dez. 2024

Table 2
Average chemical composition (%) of acid silage from chicken carcasses, obtained from the addition of 
different concentrations of phosphoric and acetic acids

Treatments MOI CP1 EE1 Ca1 P1 MM1

1 65.62 55.35 31.55 2.03 7.86 10.84

2 64.14 48.61 32.07 2.02 7.02 13.93

3 65.35 53.72 35.01 3.03 7.51 9.78

4 64.59 50.07 28.49 2.69 8.01 14.26

5 63.25 46.14 35.15 2.45 7.74 10.51

6 63.86 48.36 30.19 2.80 8.28 14.27

7 64.68 50.59 29.86 3.81 9.00 12.05

8 65.11 52.14 30.40 2.59 9.21 16.36

9 64.79 47.91 32.88 2.58 9.18 13.80

10 64.68 52.60 31.87 2.20 5.61 13.08

11 66.97 56.88 30.63 2.88 8.19 13.93

12 66.38 57.62 30.93 2.84 7.80 14.44

13 66.22 57.51 29.22 2.24 5.54 15.07

14 66.64 58.44 31.93 2.10 5.64 14.56

15 67.21 56.30 30.37 2.15 5.44 14.61

Average 65.30±1.18 52.82±4.07 31.37±1.89 2.56±0.48 7.47±1.33 13.43±1.84

1 on a dry basis; MOI = moisture; CP = crude protein; EE = ether extract; Ca = calcium; P = phosphorus; MM = mineral 
matter.

In Figures 1 and 2, the response 
surface and the observed and predicted 
pH values of chicken silage are shown, 
respectively. Both indicated that, when the 

acid concentration (X1) is at the coded level 
0, that is, 5% acids, the pH remains around 
4. This pH value is the most suitable for the 
preparation and preservation of the silage.
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The model used to represent the 
effect of the independent variables on the 
protein value of the ensiled mass is Y2 = 58.41– 
0.59.X1 – 4.18.X1

2 – 2.23.X2
2 + 3.12.X3 – 2.35.

Figure 2. Observed and predicted values of the pH of acid silage from chicken carcasses, with 
X3 (number of daily revolutions) fixed at level 0 and varying X1 (acids, %) and X2 (storage days).

X3
2 + 1.70.X1. X2; where Y2 = CP of the ensiled 

mass (R² =0.78); X1 = acid concentration; X2 = 
storage time; X3 = number of daily stirrings; 
R² = coefficient of determination (Figure 3).
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Figure 3. Response surface of the crude protein of acid silage from chicken carcasses as a 
function of acid concentration (phosphoric and acetic), storage time, and daily revolutions.

The acid concentration variable (X1) 
showed a negative linear effect, meaning 
that the higher the acid concentration used, 
the lower the CP content, and a negative 
quadratic effect, indicating a region of 
maximum protein value near the central point 
(Figure 3). There may have been an effect 
of dilution caused by the increase in acids 
in the ensiled mass, as well as the action 
of proteolytic enzymes favored by the pH 
reduction.

Similar results were observed by 
Borghesi et al. (2007) when evaluating 
acidic, biological, and enzymatic silages 
using by-products from fish processing 
and fish farming discards. Middleton and 
Ferket (2001a) observed that chicken silage 
prepared with phosphoric acid, with higher 
concentrations of these acids, promoted 
lower values of CP. The CP values found 
in silages with higher levels of phosphoric 
acid (6.90% and 8.28%) were similar to the 
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CP levels found in the lactic fermentation of 
chicken carcasses.

Storage time (X2) had a negative 
quadratic effect, indicating a maximum 
protein value at the central point, that 
is, around 20 days of storage (Figure 3). 
According to Oetterer (1994), in acidic silage, 
the hydrolysis caused by the acid makes 
nitrogen more soluble. During ensiling, a 
portion of the protein nitrogen is converted 
into ammonia (Raghunath & McCurdy, 1987), 
which may be lost through volatilization, 
potentially justifying the decrease in protein 
content during prolonged storage.

The number of daily stirrings (X3) had 
a positive linear effect, meaning that the 
greater the number of stirrings, the higher 
the protein content, and a negative quadratic 
effect, indicating a maximum point close 
to the central point. With the stirring of the 
ensiled mass, there is a better distribution 
of acids, enhancing hydrolysis, as observed 
by Oetterer (1994). There was an interaction 
between X1 and X2 (acid concentration and 
days of storage), presenting a positive effect, 
meaning that the CP value increased when 
both variables were raised.

The CP values found in chicken silage 
are close to the values found in chicken 
viscera meal, which ranges between 57.4% 
and 55.6% CP on a DM basis, as observed 

by Rostagno et al. (2024). The protein values 
of silage may vary according to the ensiling 
methodology and the composition of the raw 
material (Borghesi et al., 2007). Fagbenro and 
Faskin (1996) found values of 54.1% CP on a 
DM basis in silage made from chicken viscera 
with the addition of citric and propionic acids 
(4.5% and 0.5%, respectively). Borghesi et al. 
(2007) obtained CP levels of around 54.25% 
in acidic silages made from by-products of 
fish processing and fish discards.

Lower values were reported by 
Kherrati et al. (1998) from chicken by-
products (viscera, feathers, head, and feet) 
ensiled with 15% molasses, finding CP 
values ranging from 30.5% to 41.9% in the 
silage. Cai and Sander (1995), combining 
concentrations of 5% to 8% corn flour and 
5% and 8% dehydrated whey to compose 
chicken carcass silage, found CP values 
ranging from 41.5% to 49.2%.

The model used to represent the 
effect of the independent variables on the 
lipid oxidation value of the ensiled mass is 
Y3 =0.022– 0.003X1 + 0.007X1

2 – 0.009X2 

-0.002X3 + 0.007X3
2, where Y3 = lipid 

oxidation of the ensiled mass (R² =0.66); X1 

= acid concentration; X2 = storage time; X3 = 
number of daily stirrings; R² = coefficient of 
determination (Figure 4).
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Figure 4. Response surface of lipid oxidation in acid silage from chicken carcasses as a function 
of acid concentration (phosphoric and acetic), storage time, and daily revolutions.
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very close to each other, likely forced a tendency to decrease the lipid oxidation of the treatments. Raj et al. 

(2018) found low thiobarbituric acid values in fish silage (4.25 mg 100 mg⁻ ¹), considered the threshold of 

rancidity perception. 

The model obtained to represent the effect of the independent variables on the oil extraction from 

The acid concentration (X1) showed 
a negative linear effect, meaning that the 
higher the acid concentration used, the 
lower the lipid oxidation of the ensiled mass, 
and a positive quadratic effect, indicating 
a tendency for minimal oxidation near the 
central point (Figure 4). Possibly, the acid 
acted as a primary antioxidant. Considering 
that the primary action of antioxidants is 
exerted owing to their ability to donate 
hydrogen atoms to free radicals formed. The 
storage time (X2) exhibited a linear effect, 
meaning that the longer the storage period, 
the lower the lipid oxidation (Figure 4).

The number of daily stirrings (X3) 
showed a negative linear effect. The greater 
the number of stirrings, the lower the lipid 
oxidation. However, the quadratic effect was 
positive, indicating a tendency for minimal 
oxidation near the central point (Figure 4).

Long storage times negatively affect 
the nutritional value and conservation 
efficiency of silage. Loss of nutritional 
value is related to darkening, caused by 
lipid reactions. Lipid oxidation alters the 
flavor, color, texture, and nutritional value 
(Kompiang, 1981), in addition to producing 
peroxides that can complex proteins through 
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Figure 5. Response surface of oil extraction from acid silage of chicken carcasses as a function 
of acid concentration (phosphoric and acetic), storage time, and daily revolutions.

covalent bonds, which destroy amino acids 
such as tryptophan, oxidize methionine, 
and link lysine to compounds that render it 
unavailable (Diaz-Cachay et al., 2023). 

In this study, there was a decrease 
in lipid oxidation over time. The values 
observed, being low and very close to each 
other, likely forced a tendency to decrease 
the lipid oxidation of the treatments. Raj et al. 
(2018) found low thiobarbituric acid values 
in fish silage (4.25 mg 100 mg-¹), considered 
the threshold of rancidity perception.

The model obtained to represent 
the effect of the independent variables on 
the oil extraction from the ensiled mass 
is represented by the following equation: 
Y4 = 4.27+ 0.653X1 + 1.582X1

2 – 1.554X3 
– 0.571X1X2 + 0.752X1X2

2 + 0.290X1
2X2 + 

0.939X1X3 + 1.751X1
2X3 – 1.241X2X3; where, 

Y4 = oil extraction from the ensiled mass (R² 
=0.49); X1 = acid concentration; X2 = storage 
time; X3 = number of daily stirrings; R² = 
coefficient of determination (Figure 5).
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The acid concentration (X1) showed a 
positive linear effect, meaning that the higher 
the acid concentration, the greater the oil 
extraction, along with a positive quadratic 
effect, indicating a tendency for minimal oil 
extraction near the central point (Figure 5).

The storage time (X2) did not show a 
significant effect, and the number of daily 
stirrings (X3) exhibited a negative linear 
effect, meaning that the greater the number 
of stirrings, the lower the oil extraction from 
the ensiled mass (Figure 5). As the number 
of daily stirrings increased, the oil was re-
incorporated into the silage. In treatments 
with a higher number of stirrings, the silage 
appeared to have emulsified characteristics. 
Seibel and Souza-Soares (2003), analyzing 
silage from marine fish by-products, also 
observed the formation of emulsions in silage 
when the number of stirrings was increased.

Although the coefficient of 
determination was low, the response surface 
analysis indicated regions of minimal oil 
extraction values when the acid concentration 
(X1) was close to the central point, that is, 5% 
acids. The regions of maximum oil extraction 
become less interesting, as the goal of 
silage is to generate a product that serves 
as an ingredient in animal feed rather than oil 
extraction.

Oil extraction could be directed 
toward biodiesel production. Gomes et al. 
(2000) produced biodiesel from inedible 
chicken oil generated in slaughterhouses of 
cooperatives in the western region of Paraná 
State, reporting a yield of 95%, which is 
considered satisfactory.

However, this study found that, 
to achieve a good oil yield, the acid 
concentration (X1) must be high. This causes 
a decrease in the protein value of the silage 
and increases production costs. In contrast, 
another way to maximize oil production is to 
decrease the acid concentration (X1) and the 
number of daily stirrings (X3), which would 
also harm the quality of the produced silage.

No studies reported oil extraction 
during the process of obtaining silage from 
chicken carcasses. The values found in this 
study are close to those reported by Vidottti 
and Gonçalves (2006), who reported oil 
extraction values ranging from 6.77% to 
8.65% in fish by-product silage.

Microbiological analyses

The model obtained to represent 
the effect of the independent variables on 
the mesophilic count of the ensiled mass 
is represented by the following equation: Y5 
= 3.10 + 0.18.X1 – 0.16.X2 + 0.47.X2

2 + 0.94.
X1.X2 – 1.18.X1. X2

2 – 0.54X1
2. X2; where, Y5 = 

mesophilic count of the ensiled mass.

The model obtained to represent 
the effect of the independent variables on 
the mesophilic count of the ensiled mass 
is represented by the following equation: 
mesophilic count of the ensiled mass (R² 
=0.81); X1 = acid concentration; X2 = storage 
time; X3 = number of daily revolutions; R² = 
coefficient of determination (Figure 6).
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Among the evaluated variables, 
the number of daily revolutions (X3) did 
not show a significant effect. The acid 
concentration (X1) exhibited a positive linear 
effect, meaning that the higher the acid 
concentration, the greater the mesophilic 
count. However, there were interactions 
between the acid concentration (X1) and 
storage time (X2) variables, showing greater 
negative coefficients, which means that the 
mesophilic count decreased with increasing 
acid concentration (X1) and storage time (X2) 
(Equation 5 and Figure 6).

Figure 6. Response surface of mesophilic counts (in log) of acid silage from chicken carcasses 
as a function of acid concentration (phosphoric and acetic), storage time, and daily revolutions.

The storage time (X2) showed a 
negative linear effect. The longer the storage 
time, the lower the mesophilic count, and a 
positive quadratic effect indicated a tendency 
for the mesophilic count to be minimal close 
to the central point (Figure 6).

In evaluating the mesophilic count, 
the objective was to find the point where 
there would be the lowest possible number of 
microorganisms. Therefore, concentrations 
of acids below 5% should be avoided, and 
the ensiled mass should be stored for more 
than 20 days (Figure 6).
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Although there are differences in the 
mesophilic count of the silages among the 
different treatments, the MPN of coliforms 
at 45°C per g and the MPN of coliforms 
at 30°C per g were below 0.3 MPN g-1. 
The National Health Surveillance Agency, 
through Resolution RDC No. 12, established 
that, in cooked meat foods, the acceptable 
limit is up to 10³ MPN/g. The contamination 
in the raw material was 496,000 MPN/g of 
coliforms at 45°C, and 750,000 MPN/g of 
coliforms at 30°C. Other researchers working 
with fish waste silage (Oliveira et al., 2006; 
Pessoa et al., 2018) and chicken carcass 
silage (Cai & Sander, 1994; Kherrati et al., 
1998; Middleton & Ferket, 2001a; Shaw et 
al., 1998) also verified the efficiency of the 
ensiling process in eliminating pathogens. 
The reduction of contamination after acid 
treatments demonstrates the effectiveness 
of eliminating pathogens and making the 
product safe.

A patent was granted on July 14, 
2020, for this work under registration 
number PI000215 at the National Institute of 
Industrial Property.

Conclusion

RSM allowed for the optimization of the 
independent variables (acid concentration, 
storage time, and number of daily revolutions) 
in the process of preparing chicken carcass 
silage. The recommended acid concentration 
is 2% phosphoric acid and 3% acetic acid, 
for a minimum period of 20 days, with stirring 
once a day, which provides better uniformity, 
allowing hydrolysis to occur homogeneously 
throughout the ensiled mass.
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