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A B S T R A C T

This study evaluated the effects of replacing corn, soybean meal, and soybean oil with commercially processed 
former foodstuffs (cFF) in broiler diets on the microbiological and physico-chemical properties of chicken meat 
during refrigerated storage. Two hundred one-day-old male chicks (ROSS 308) were divided into four dietary 
groups: control (cFF0), 6.25 % cFF (cFF6.25), 12.5 % cFF (cFF12.5), and 25 % cFF (cFF25). At 33 days, 80 birds 
were slaughtered, and the left breast fillets analysed at 24 h post-mortem (T1) and after 3 (T2), 5 (T3), 7 (T4), 
and 9 (T5) days of refrigerated storage (4 ± 1 ◦C). From T3 to T5, TVC and B. thermosphacta counts resulted 
lower in cFF12.5 and cFF25 than in cFF0. Specifically, at T5, TVC counts were: cFF0=6.35, cFF12.5 = 5.86, and 
cFF25=4.99 Log CFU/g (P < 0.01). Similarly, for B. thermosphacta, the counts at T5 were: cFF0=5.12, cFF12.5 =
4.69 (P < 0.05), and cFF25=4.58 Log CFU/g (P < 0.01). At T5, Enterobacteriaceae counts were significantly lower 
in cFF12.5 than in cFF0 (P < 0.05). No significant differences were observed for Pseudomonas spp. For TVBN, 
cFF25 had a significantly lower value than all other groups at T3 (P = 0.009). At T5, the difference remained 
significant only compared to cFF0 (cFF0=19.02±0.41, cFF25=16.08±0.44 µg/g; P = 0.008). No differences were 
found in chemical composition or color, and no notable differences in aw or pH. These results suggest that 
incorporating up to 25 % cFF in broiler diets can improve microbiological quality of meat without affecting 
physico-chemical properties.

1. Introduction

Global meat production is projected to reach 373 million tonnes in 
2024, reflecting a 1.4 % increase from 2023 (FAO outlook, 2024). The 
growing demand for meat is primarily driven by population growth, 
rising incomes, and a preference for nutrient-rich foods (Nethra et al., 
2023). Poultry, due to its high nutritional value and cost-effectiveness, is 
anticipated to experience substantial growth, reaching 181 million tons 
by 2050 (Our world in data, 2025), further contributing to global pro
tein availability (OECD, 2021; Hailemariam et al., 2022). However, the 
environmental impact of poultry production, particularly due to feed 
consumption and its associated land use and greenhouse gas emissions, 
is a growing concern in the European Union (EU) (Sporchia et al., 2023).

The increasing demand for poultry will intensify feed demand, 

expanding its ecological footprint. This underscores the need for sus
tainable feed alternatives and more strict quality control measures 
within the supply chain (Troy et al., 2016; Pinotti et al., 2023) One 
promising solution is the use of commercially processed former food
stuffs (cFF), which repurpose surplus food products that remain safe for 
consumption but are unsuitable for human retail due to logistical or 
packaging issues (EU Reg. 1104/2022). These ingredients contribute to 
circular economy principles, reducing food waste while offering a 
nutritionally viable feed source (Srikanthithasan et al., 2024a).

The incorporation of cFF into poultry feed raises important questions 
about consumer acceptance, meat quality, and food safety. Consumer 
purchasing decisions are increasingly influenced by sustainability con
cerns, yet they remain highly sensitive to perceived quality and safety 
risks (Troy & Kerry, 2010; Henchion et al., 2014; Pinotti et al., 2023). 
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While previous studies on this project showed no significant differences 
in post-mortem meat quality or sensory attributes, changes in meat fatty 
acid composition, influenced by the chemical and fatty acid profile of 
cFF (Srikanthithasan et al., 2025), require further investigation. This is 
especially important because consumer acceptance and market demand 
depend not only on nutritional and sensory quality but also on micro
biological safety and physicochemical stability. Spoilage and hygiene 
indicators directly impact meat preservation and public health 
(Sánchez-Aldana et al., 2020).

A critical aspect of sustainable poultry meat production is ensuring 
microbiological safety and maintaining meat quality during storage and 
distribution (Rouger et al., 2017). Microbiological safety and spoilage 
rates are key indicators of meat quality and shelf life. Hygiene-related 
bacterial contamination during processing can compromise food 
safety, while spoilage bacteria influence sensory attributes such as odor, 
color, and texture, ultimately determining consumer acceptance 
(Pellissery et al., 2020; Rouger et al., 2017). Additionally, physico
chemical properties such as pH, water activity (aw), total volatile basic 
nitrogen (TVBN), and color play a crucial role in assessing meat quality. 
pH levels influence meat texture and microbial growth, while aw affects 
microbial proliferation, with lower values contributing to longer shelf 
life (Orkusz et al., 2024). TVBN concentrations serve as a biochemical 
marker of protein degradation and spoilage, with increasing levels 
indicating declining freshness (Holman et al., 2021). Instrumental color 
analysis provides an objective measure of meat quality, as discoloration 
is an early indicator of spoilage and oxidation (Ruedt et al., 2023). 
Evaluating these parameters during refrigerated storage is essential for 
determining meat stability and marketability, especially when new feed 
ingredients like cFF are introduced. Indeed, the effect of dietary cFF on 
broiler meat microbiological quality, physico-chemical traits and 
shelf-life extension can be also considered in relation to trust manage
ment in organic agriculture in terms of sustainable consumption 
behavior, environmentally conscious purchase intention, and healthy 
food choices (Lazaroiu et al., 2019) as well as the sustainable brand 
management of alimentary goods (Majerova et al., 2020), this research 
provides insights into its potential impact on consumer behavior and 
market trends.

While previous studies have explored the nutritional and feed effi
ciency benefits of cFF in ruminant and monogastric nutrition (Pinotti 
et al., 2021), to the best of the author’s knowledge, no research has 
specifically examined its effects on meat quality, safety, and shelf-life 
extension (Srikanthithasan et al., 2024a). Existing literature primarily 
focuses on feed formulation and broiler growth performance and di
gestibility (Boros et al., 2004; Slominski et al., 2004, 2011; Srikanthi
thasan et al., 2024; Stefanello et al., 2016), leaving a significant gap in 
understanding how cFF inclusion influences meat microbiological sta
bility and physicochemical properties under refrigerated storage. To 
address this gap, this study investigates the impact of different levels of 
cFF inclusion in broiler diets by replacing conventional feed ingredients 
such as corn, soybean meal, and soybean oil. Specifically, this study 
evaluates the microbiological indicators (hygiene and spoilage bacteria) 
and physicochemical parameters (pH, aw, TVBN, and instrumental 
colorimetric evaluation) of chicken meat during refrigerated storage.

2. Materials and methods

2.1. Experimental study

The research study was conducted at the poultry facility of the 
University of Turin in Italy and was approved by the Bioethical Com
mittee of the University of Turin (Protocol No 245). A comprehensive 
detail on the experimental design and diets are provided in our previous 
publication (Srikanthithasan et al., 2024b, c). Briefly, a total of 200 
one-day old male ROSS-308 broiler chicks were allocated into four di
etary groups (5 replicates per group and 10 birds per replicate) based on 
their initial body weight (38.00 ± 0.11 g, average). Diets were 

formulated for two feeding phases (Starter 1–12 days and Grower 12–33 
days) based on nitrogen-corrected apparent metabolizable energy cal
culations, following NRC (1994) guidelines (Table 1).

The cFF (PRIMO®) utilized in this study was supplied by Dalma 
Mangimi SPA (Cuneo, Italy) and was composed of bakery by-products, 
former foodstuffs, and agro-industrial by-products. The composition of 
cFF ( % as fed) is as follows: dry matter 88 %, crude protein 10.8 %, ether 
extract 9.0 %, crude fiber 1.9 %, nitrogen-free extract 64.4 %, and ash 
1.9 % (Supplementary Table 1). More detailed information about 
formulation and complete chemical composition profile can be found in 
Srikanthithasan et al., 2024b

Four experimental diets were prepared with varying levels of cFF, 
which replaced corn, soybean meal, and soybean oil, at 0 %, 6.25 %, 
12.5 %, and 25 % levels. These diets were identified as cFF0 (standard 
commercial feed as a control), cFF6.25, cFF12.5, and cFF25, respec
tively. The chemical composition of the four experimental diets is given 
in Table 1. The chickens were provided feed and water ad libitum 
throughout the experimental period. Details on the fatty acid content of 
the experimental diets, including the nutrient composition of the cFF 
ingredient, can be found in Srikanthithasan et al. (2025).

2.2. Sample collection

Details of the in vivo study, including growth performance parame
ters across feeding phases (days 1–12, 12–33, and 1–33), apparent total 
tract digestibility, hematobiochemical profiles, and liver gene abun
dance have been previously reported in Srikanthithasan et al. (2024b), 
while information on slaughter performance (carcass and organ yield), 
physicochemical properties (pH24, colour, drip loss, cooking loss, shear 
force, freeze dried meat proximate composition, meat fatty acid 
composition and meat lipid oxidation), and meat sensory attributes can 
be found in Srikanthithasan et al. (2025). For this study, at 33 days of 
age, 80 birds (20 birds per dietary group, 4 birds per replicate), identi
fied with a shank ring, were slaughtered in accordance with standard EU 
regulations (1099/2009). The breast meat was deboned, divided into 
right and left sides, individually packed in sterilized bags, and trans
ported under refrigerated conditions to the Animal Origin Food In
spection Laboratory of the Department of Veterinary Medicine and 
Animal Science, University of Milan (Italy) for subsequent analysis, as 
detailed below.

2.3. Physico-chemical analysis

TVBN, pH, and colour coordinates of meat were monitored 24 h post- 
mortem (T1), and after 3 (T2), 5 (T3), 7 (T4) and 9 (T5) days of 
refrigerated storage (4 ± 1 ◦C), except for water activity (aw), which was 
recorded at times T1, T3, and T5 on samples of the right breast fillet (n =
5 per dietary group). Specifically, TVBN was determined using a Velp 
Marka model UDK 139 apparatus (Velp Scientifica, Usmate, Milan, 
Italy), following the method described by Castrica et al. (2022). The aw 
and pH were measured in triplicate on samples obtained from the cranial 
part of each fillet. The aw was assessed with a Rotronic probe type 
HC2-AW-USB (Rotronic AG, Switzerland), while pH was measured with 
a portable pH meter HI 99,163 (Hanna Instruments, Italy). Subse
quently, the coordinates of lightness (L*), redness (a*), and yellowness 
(b*) according to the CIEL* a* b* system were measured in triplicate 
using a colorimeter (Minolta CR400 Chromameter, Osaka, Japan) on the 
bone-side surface of the Pectoralis major muscle after allowing the fillets 
to oxygenate for 5 min at room temperature. The total color difference 
(ΔE) was determined for comparisons between groups, following the 
methodology outlined in previous studies (Castrica et al., 2024): 

ΔE0− 1 =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(L0 − L1)
2
+ (a0 − a1)

2
+ (b0 − b1)

2
√

A threshold value of 2.30 was applied to indicate differences 
perceptible to the human eye.
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Samples were also evaluated for moisture, fat, protein, and ash at T1, 
using AOAC methods 950.46, 960.30, 992.15, and 923.03, respectively 
(AOAC, 2000).

2.4. Microbiological analysis

The microbiological profile of the left breast fillet (Pectoralis major) 
samples (n = 5 per dietary group) was evaluated at T1, T2, T3, T4, and 
T5 time points during refrigerated storage (4 ± 1 ◦C) in dark conditions. 
Hygiene and spoilage indicator microorganisms were enumerated dur
ing the shelf-life period at each time point.

Briefly, 10 g of muscle were aseptically collected from each fillet and 
mixed with 90 ml of sterile buffered peptone water (Oxoid, Basingstoke, 
UK). After homogenization in a Stomacher (Stomacher 400 circulator; 
Seward Ltd., Norfolk, UK) for 60 s, decimal dilutions were prepared for 
determinations. For the enumeration of total viable count (TVC) and 
Enterobacteriaceae, Petrifilm® Aerobic Count Plates (NF VALIDATION 
certificate: Neogen® 01/01–09/89 by AFNOR Certification) and 
Enterobacteriaceae Count Plates (NF VALIDATION certificate: Neogen® 
01/6–09/97 by AFNOR Certification) were used.

The count of Pseudomonas spp. was performed using Pseudomonas 
agar base (Biolife Italiana s.r.l., Milan, Italy) with CFC Pseudomonas 
Supplement (Biolife). Brochothrix thermosphacta counts were determined 
using STAA agar base with STAA selective supplement (Oxoid, France). 

Both were incubated at 25 ◦C for 48 h. The analyses were performed in 
duplicate and the results were expressed as Log CFU/g.

2.5. Statistical analysis

The statistical distribution of microorganisms in chicken meat was 
reported both as prevalence (percentage of units that contain the target 
organism above a predetermined microbiological limit) and microbial 
count (Log CFU/g) (WHO, 2019). For each group and time point, the 
number and prevalence (%) of samples exceeding the microbiological 
limits were also calculated (Castrica et al., 2020). The following 
microbiological limits were set: total viable count <6 Log CFU/g; 
Enterobacteriaceae, <4 Log CFU/g; Pseudomonas spp., <5 Log CFU/g 
(CeIRSA, https://www.ceirsa.org/matrice.php). For the Brochothrix 
thermosphacta the same limits as for the Pseudomonas spp. were used (5 
Log CFU/g).

Differences among groups in terms of chemical composition, aw, 
TVBN, microbial count, and meat colour at any time were evaluated by 
Kruskal-Wallis tests, while differences over time within each group were 
assessed using the Mann-Whitney tests. Prevalence and number of 
samples exceeding the microbiological limits were analysed using Chi- 
square or Fisher exact tests and z-tests. Statistical analyses were per
formed using SPSS Statistics version 27 (IBM, SPSS Inc., Chicago, IL, 
USA) and GraphPad Prism, version 7.0 (GraphPad Software, San Diego, 

Table 1 
Ingredients (g/kg as fed) and analysed chemical composition of the experimental dietsa.

Diet Composition Starter (day 1–12) Grower (day 12–33)

cFF0 cFF6.25 cFF12.5 cFF25 cFF0 cFF6.25 cFF12.5 cFF25

Corn meal 498.5 452 409 314.5 526.5 482 434.5 342.5
Soybean meal 397.0 390.5 381.0 369.0 359.0 350.5 345.0 331.0
cFF - 62.5 125 250 - 62.5 125 250
Soybean oil 58.5 49 39 20.5 69.5 60 50.5 31.5
Dicalcium phosphate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Calcium carbonate 17.7 17.7 17.7 17.7 15.8 15.8 15.8 15.8
Sodium chloride 1.5 1.5 1.5 1.5 2.9 2.9 2.9 2.9
Sodium bicarbonate 3.2 3.2 3.2 3.2 3.5 3.5 3.5 3.5
DL-methionine 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
L-lysine 2.3 2.3 2.3 2.3 1.5 1.5 1.5 1.5
Vitamin-mineral premixb 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7
Choline chloride 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Optifos 250 bro 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Avizyme 1500 x 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Titanium dioxide 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Total 1000 1000 1000 1000 1000 1000 1000 1000
AMEnc, kcal/kg 3000 3000 3000 3001 3100 3101 3100 3100
Chemical compositiond (analysed, %)
DM 91.3 91.6 91.2 92.0 90.9 90.9 90.4 91.6
CP 23.5 23.9 23.1 23.6 21.0 20.8 20.9 20.6
EE 7.41 6.92 6.89 6.12 9.27 8.83 8.01 7.37
CF 1.78 1.50 1.65 1.21 1.87 1.58 1.69 1.57
Ash 6.31 6.66 6.42 6.66 6.28 6.12 5.82 6.35
Fatty acid content (mg/100 g)
SFA 1316 1561 1594 1876 1418 1821 1570 2258
MUFA 1664 1827 1895 2169 1836 2220 2018 2762
PUFA 4193 3307 3476 2675 4684 4967 3659 3435
PUFA/SFA 3.19 2.12 2.18 1.43 3.30 2.73 2.33 1.52
Σn-6 3783 3001 3152 2450 4215 4480 3324 3150
Σn-3 410 307 323.4 225 469.2 486 335 285
Σn-6/Σn-3 9.24 9.78 9.75 10.9 8.98 9.21 9.94 11.1

AMEn, nitrogen-corrected apparent metabolizable energy; DM, dry matter; CF, crude fiber; CP, crude protein; EE, ether extract; FA, fatty acids; SFA, saturated fatty 
acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; Σn-6, Total omega-6; Σn-3, Total omega-3; cFF, commercially processed former 
foodstuffs
afour dietary treatments: cFF0, control diet (based on corn, soybean meal and soybean oil); cFF6.25, 6.25 % w/w substitution of corn, soybean meal and soybean oil 
with cFF; cFF12.5, 12.5 % w/w substitution of corn, soybean meal and soybean oil with cFF; cFF25, 25 % w/w substitution of corn, soybean meal and soybean oil with 
cFF.
bMineral-vitamin premix: vitamin A (retinyl acetate), 12.500 IU; vitamin D3 (cholecalciferol), 3.500 IU; vitamin E (DL-a-tocopheryl acetate), 40 mg; vitamin K 
(menadione sodium bisulfite), 2.0 mg biotin, 0.20 mg; thiamine, 2.0 mg; riboflavin, 6.0 mg; pantothenate, 15.21 mg; niacin (Niacin), 40.0 mg; choline, 750.0 mg 
pyridoxine, 4.0 mg; folic acid, 0.75 mg; vitamin B12, 0.03 mg; Mn, 70 mg; Zn, 62.15 mg; Fe, 50.0 mg; Cu, 7.0 mg; I, 0.25 mg; Se, 0.25 mg.
cCalculated according to Sauvant, Pérez, and Tran (2004). AMEn of cFF as communicated by Dalma Mangimi spa, Cuneo, Italy.
dThe chemical analyses were carried out on three replicates of each feed sample (expressed in % as fresh matter basis).
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CA, USA). The level of statistical significance was set at P < 0.05.

3. Results

In our previous studies’ findings (Srikanthithasan et al., 2024b, 
2025) showed that growth performance showed no differences in body 
weight or average daily gain among the dietary groups. However, 
average daily feed intake and feed conversion ratio decreased linearly (P 
< 0.05) as cFF inclusion levels increased throughout the experimental 
period (days 1–33) (Srikanthithasan et al., 2024b). Carcass traits were 
consistent across groups, except for a reduced gizzard yield in the cFF25 
group (P = 0.008). Shear force, cooking loss, and drip loss were unaf
fected by diet. Breast crude protein content decreased, whereas thigh 
crude protein and breast ether extract increased with higher cFF inclu
sion (P < 0.05). The fatty acid (FA) content (mg/100 g) of breast and 
thigh meat showed a linear increase in monounsaturated FA, with thigh 
meat also exhibiting a linear increase in saturated FA (SFA). Conversely, 
polyunsaturated FA (PUFA) and the PUFA-to-SFA ratio decreased with 
increasing cFF levels (P < 0.05). Lipid oxidation levels remained stable 
across groups. Sensory analysis found no differences in overall accept
ability or preference among groups, though two sensory attributes (sour 
and hard) were identified as distinguishing factors (P < 0.05) 
(Srikanthithasan et al., 2025).

3.1. Physico-chemical analysis

The chemical composition of the meat did not differ among groups 
(Table 2). The aw-values varied among groups at T1 and T5; specifically, 
it resulted higher (P = 0.002) in cFF12.5 and cFF25 compared to cFF0 at 
T1, and higher (P = 0.004) in cFF12.5 compared to cFF0 and cFF6.25 at 
T5 (Table 3). The TVBN values showed differences (P < 0.05) among 
groups at T1, T3 and T5 (Table 3). At T1, TVBN values of the cFF25 
group were lower (P = 0.023) than cFF6.25 and cFF12.5 groups, but 
there was no difference between the cFF0 and cFF25 groups. At T3, the 
differences persisted, with cFF25 consistently showing lower (P =
0.009) TVBN levels than other groups, which had similar levels. By T5, 
cFF25 had lower value (P = 0.008) only compared to the cFF0.

The pH-values differed among groups starting from time point T2 (P 
< 0.05); the cFF6.25 group showed the lowest values compared to the 
cFF12.5 at T2, and compared to the groups cFF0, and cFF12.5 at T3, T4, 
and T5 (P < 0.05; Table 3). Changes in pH values within groups over 
time were noted in all groups except cFF25 (P < 0.05); the lowest pH 
values were found at T3 (Table 3).

There were no differences in colour-related parameters among 
groups (Table 3), but changes over time can be observed with a decrease 
(P < 0.05) in the lightness in the cFF0 and cFF25 groups from T2 to T4 (P 
< 0.05), and a higher (P < 0.05) redness at T5 compared to T1 in the 
cFF6.25 and cFF25 groups. While the ΔE values indicated a change in 

the perception of colour by the human eye, differences were observed. 
Particularly, significant differences were perceived after 3 days of stor
age (T2) and at all subsequent time points between the control group 
(cFF0) and the cFF6.25 group. Additionally, differences from day 5 (T3) 
of storage to the end of shelf life were found between the CFF6.25 and 
cFF25 groups (Table 4).

3.2. Meat microbial status

The counts of microorganisms assessed over the 9-day storage period 
are illustrated in Fig. 1, while additional descriptive and inferential 
statistics can be found in Supplementary Table 2. All microbiological 
parameters exhibited a progressive increase over time (Fig. 1; P <
0.001), starting from T2 for TVC, Enterobacteriaceae and 
B. thermosphacta (P < 0.01), and specifically at T5 for Pseudomonas spp. 
(P < 0.01).

Differences among groups were observed in TVC and 
B. thermosphacta from T3 to T5, with cFF12.5 and cFF25 groups showing 
significantly reduced (P < 0.05) counts compared to cFF0. The count of 
B. thermosphacta at T3 was lower in all cFF-fed groups compared to cFF0; 
at T4 and T5, cFF12.5 and cFF25 were lower than cFF0 (P < 0.05). 
Regarding Enterobacteriaceae, differences (P < 0.05) among groups were 
found only at T5, where their count was significantly decreased in the 
cFF12.5 than in the cFF0 group.

Table 5 shows prevalences while meat samples exceeding the 
microbiological limits are presented in Fig. 2. All samples were consis
tently positive for the TVC, but none exceeded the acceptance limits 
until T4. By T5, 50 % of samples exceeded the limit for the TVC (i.e., 6 
Log CFU/g), with differences observed among the groups (P < 0.05; z- 
test): all meat samples from the cFF0 group exceeded the limit, whereas 
the occurrence was less frequent in the other groups (40.0 % in cFF6.25 
and cFF25, and 20.0 % in cFF12.5; P < 0.05; Fig. 2a).

Regarding Enterobacteriaceae, differences (P < 0.05) among groups in 
prevalence were observed at T1, when the cFF25 group showed no 
contaminated samples, while prevalence was 40 % in the cFF0 group 
and 60 % in the cFF6.25 and cFF12.5 groups (Table 5). From time T3 
onwards, all samples resulted contaminated by Enterobacteriaceae, but 
only 2 samples exceeded the limit of 4 Log CFU/g (at T5, one from the 
cFF0 group and one from the cFF25 group, without differences among 
groups; Fig. 2b).

Presence of Pseudomonas spp. affected two samples in the first three 
time points (T1-T3), with a total prevalence of 5 %. At T4, the total 
prevalence increased to 20 % and was higher (P < 0.05) in the cFF0 
group (60 %) compared to cFF12.5 and cFF25 (0.0 %); one sample was 
positive in the cFF6.25 group (20.0 %). At T5, the total prevalence for 
Pseudomonas spp. was 70 %, and it was higher (P < 0.05) in cFF0 (100 
%) than in the cFF6.25 group (40 %; Table 5). No sample exceeded the 
established 5 Log CFU/g limits for Pseudomonas spp. (Fig. 2c).

The total prevalence for B. thermosphacta was 10 % and 90 % at T1 
and T2, respectively, while it was 100 % from T3 until the end of the 
observation period. No differences among groups were observed 
(Table 5). The limit of 5 Log CFU/g was exceeded at T4 (5 %) and T5 (40 
%). At this latter time point, the percentage of samples exceeding the 
limit was higher (P < 0.001) in the cFF0 (100 %) and cFF6.25 (60 %) 
than in the cFF12.5 and cFF25 groups (0 %; Fig. 2d).

4. Discussion

The practical use of cFF in poultry nutrition as a partial substitute for 
corn, soybean meal, and soybean oil is crucial for ensuring meat quality 
and safety, extending shelf life, and understanding the impact of cFF 
utilization. Although existing in vivo studies on the use of cFF in poultry 
diets have examined already its effects on growth traits, digestibility, 
and carcass and organ traits (Catalá-Gregori et al., 2009; Adedokun 
et al., 2015; Stefanello et al., 2016), none have focused on meat quality 
and safety as highlighted by Srikanthithasan et al. (2024). To the best of 

Table 2 
Effects of cFF substitution in broiler chicken diet on meat chemical composition 
(g/100 g) (mean ± standard error).

Composition Dietary groups P- 
value

cFF0 cFF6.25 cFF12.5 cFF25

CP (%) 23.53 
±0.33

23.41 
±0.66

22.48 
±0.45

21.82 
±0.34

0.103

EE (%) 0.96±0.16 0.85±0.13 0.87±0.11 0.75±0.12 0.715
Moisture (%) 74.81 

±0.58
74.73 
±0.51

75.70 
±0.58

76.78 
±0.28

0.086

Ash (%) 0.71±0.13 1.01±0.08 0.95±0.06 0.66±0.11 0.204

CP, crude protein; EE, ether extract; cFF, commercially processed former food
stuffs; cFF0, control diet (based on corn, soybean meal and soybean oil); cFF6.25, 
6.25 % w/w substitution of corn, soybean meal and soybean oil with cFF; 
cFF12.5, 12.5 % w/w substitution of corn, soybean meal and soybean oil with 
cFF; cFF25, 25 % w/w substitution of corn, soybean meal and soybean oil with 
cFF.
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the author’s knowledge, this study fills a significant research gap by 
examining the effects of incorporating cFF in broiler diets on the 
microbiological and physico-chemical properties of chicken meat during 
its shelf life. This focus on shelf life, microbiological stability, and meat 
quality is an important contribution, highlighting the potential of cFF as 
a sustainable alternative in poultry diets. Monitoring these parameters is 

to determine whether alternative ingredients, such as cFF, alter the shelf 
life of poultry meat, which is crucial for ensuring food safety and quality 
in the meat industry (Karanth et al., 2023). A study of same project 
demonstrates that incorporating cFF into broiler diets does not 
compromise the chemical composition of raw meat, suggesting that cFF 
can replace traditional ingredients without negatively impacting the 
essential nutrients and dietary value of the meat. However, it is 
important to consider the meat’s fatty acid profile, as dietary sources can 
alter its composition, as indicated by Srikanthithasan et al. (2025). This 
study expands on previous research by providing novel insights into the 
specific impact of cFF on the fatty acid profile of poultry meat, which 
could have implications for public health and food safety.

The parameters aw, pH, and TVBN provide insights into microbial 
stability and meat spoilage. Fresh poultry meat typically exhibits a pH 
range of 5.8 to 6.2, with lower pH inhibiting spoilage bacteria and 
pathogens (Albrecht et al., 2019; Lund et al., 2020). According to El 
Rammouz et al. (2004), post-slaughter, muscle glycogen undergoes 
glycolysis, producing lactic acid and lowering pH, thereby influencing 
meat quality. Conversely, an increase in pH was observed within each 
group except cFF25 over time from T1 to T5. This finding is consistent 
with Suwattitanun and Wattanachant (2014), who noted that muscle pH 
tends to rise with prolonged storage time, likely due to microbial 
excretion of deaminase, which attacks free amino acids and produces 
ammonia. In chicken meat storage, putrefactive microflora contributes 
to pH rise through protein breakdown and amino acid decarboxylation, 

Table 3 
Effect of cFF substitution in the diet of broiler chicken on physio-chemical properties of the meat (means ± standard errors).

Parameter Storage time Dietary groups P-value 
for group effect#

cFF0 cFF6.25 cFF12.5 cFF25

aw T1 0.94aA ± 0.00 0.95ab ± 0.00 0.96bAB ± 0.00 0.96bB ± 0.00 0.002
T3 0.97B ± 0.01 0.95 ± 0.00 0.95A ± 0.00 0.95A ± 0.00 0.091
T5 0.95aAB ± 0.00 0.95a ± 0.00 0.96bB ± 0.00 0.96abAB ± 0.00 0.004
P-value for time effect* 0.015 0.247 0.041 0.041 ​

TVBN (mg N/100 g) T1 14.37abA ± 0.29 14.93bA ± 0.19 14.70bA ± 0.31 13.43aA ± 0.35 0.023
T2 14.68A ± 0.32 15.24A ± 0.26 14.97A ± 0.28 13.70A ± 0.36 0.062
T3 15.39bAB ± 0.22 15.68bA ± 0.36 15.67bAB ± 0.35 13.77aA ± 0.23 0.009
T4 15.95AB ± 0.26 16.77A ± 0.44 16.50B ± 0.36 14.69A ± 0.63 0.093
T5 19.02bB ± 0.41 16.78abA ± 0.22 16.46abAB ± 0.35 16.08aA ± 0.44 0.008
P-value for time effect* 0.001 0.009 0.002 0.032 ​

pH T1 5.79AB ± 0.03 5.58AB ± 0.03 5.78AB ± 0.06 5.68 ± 0.07 0.060
T2 5.81abAB ± 0.04 5.66aB ± 0.04 5.92bB ± 0.01 5.72a ± 0.05 0.008
T3 5.76bA ± 0.05 5.56aA ± 0.03 5.75bA ± 0.04 5.67ab ± 0.05 0.039
T4 5.91bB ± 0.05 5.65aAB ± 0.02 5.83bAB ± 0.05 5.73ab ± 0.07 0.022
T5 5.82bAB ± 0.02 5.62aAB ± 0.05 5.83bAB ± 0.05 5.75ab ± 0.03 0.047
P-value for time effect* 0.015 0.003 0.045 0.066 ​

L* T1 48.28A ± 1.17 48.21 ± 1.19 47.65 ± 0.64 48.07A ± 1.33 0.976
T2 50.18A ± 1.85 50.40 ± 1.87 48.12 ± 0.74 50.49A ± 0.84 0.366
T3 47.14A,B ± 0.56 46.84 ± 1.76 43.98 ± 2.66 47.09A,B ± 1.33 0.904
T4 45.81B ± 1.19 47.73 ± 1.98 43.79 ± 1.60 42.96B ± 2.32 0.279
T5 45.88B ± 0.93 46.52 ± 0.61 43.31 ± 2.01 46.17B ± 2.05 0.436
P-value for time effect* 0.015 0.606 0.326 0.003 ​

a* T1 2.01 ± 0.30 2.24 ± 0.41 2.20 ± 0.59 1.74 ± 0.28 0.815
T2 2.27 ± 0.38 2.52 ± 0.40 2.64 ± 0.66 2.31 ± 0.36 0.991
T3 1.93 ± 0.40 2.13 ± 0.31 2.07 ± 0.55 2.63 ± 0.70 0.870
T4 2.10 ± 0.46 2.21 ± 0.51 2.21 ± 0.54 2.61 ± 0.44 0.923
T5 1.34 ± 0.30 2.06 ± 0.22 1.76 ± 0.50 2.25 ± 0.30 0.226
P-value for time effect* 0.075 0.551 0.111 0.578 ​

b* T1 6.38 ± 0.90 5.38A ± 0.41 6.26 ± 0.52 5.49A ± 1.15 0.468
T2 9.12 ± 1.36 8.03B ± 1.07 8.09 ± 0.63 8.01B ± 0.29 0.754
T3 8.11 ± 0.81 7.84B ± 0.48 7.93 ± 0.85 8.08A,B ± 0.63 0.978
T4 8.73 ± 0.56 8.29B ± 0.67 7.54 ± 0.47 7.83A,B ± 0.64 0.470
T5 8.49 ± 0.33 8.57B ± 0.36 7.56 ± 0.51 8.44B ± 0.66 0.656
P-value for time effect* 0.066 0.028 0.134 0.039 ​

aw, water activity; TVBN, Total Volatile Basic Nitrogen; N, nitrogen; cFF, commercially processed former foodstuffs; cFF0, control diet (based on corn, soybean meal 
and soybean oil); cFF6.25, 6.25 % w/w substitution of corn, soybean meal and soybean oil with cFF; cFF12.5, 12.5 % w/w substitution of corn, soybean meal and 
soybean oil with cFF; cFF25, 25 % w/w substitution of corn, soybean meal and soybean oil with cFF.
* Within each group. # Within each time. a.
b Values followed by the same letter in each row do not differ significantly (i.e., differences among groups; P < 0.05). A.
B Values followed by the same letter in each column do not differ significantly (i.e., differences over time; P < 0.05).
24 h post-mortem (T1), and after day 3 (T2), day 5 (T3), day7 (T4) and day 9 (T5) of refrigerated storage (4 ± 1 ◦C).

Table 4 
Total colour difference (ΔE) between groups during storage times.

Storage time

​ T1 T2 T3 T4 T5
cFF0 vs cFF6.25 0.67 2.33* 3.17* 2.34* 2.77*
cFF0 vs cFF12.5 0.96 1.12 0.70 3.03* 0.95
cFF0 vs cFF25 1.03 1.13 0.45 1.97 0.96
cFF6.25 vs cFF12.5 1.00 2.20 3.16* 0.97 3.03*
cFF6.25 vs cFF25 1.04 2.28 2.86* 4.01* 3.38*
cFF12.5 vs cFF25 0.52 0.25 0.61 4.81* 0.43

cFF0, control diet (based on corn, soybean meal and soybean oil); cFF6.25, 6.25 
% w/w substitution of corn, soybean meal and soybean oil with cFF; cFF12.5, 
12.5 % w/w substitution of corn, soybean meal and soybean oil with cFF; cFF25, 
25 % w/w substitution of corn, soybean meal and soybean oil with cFF.
*Values exceeding the 2.30-point threshold denote a perceptible colour differ
ence to the human eye.
24 h post-mortem (T1), and after day 3 (T2), day 5 (T3), day7 (T4) and day 9 
(T5) of refrigerated storage (4 ± 1 ◦C).
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Fig. 1. Effects of cFF substitution in the diet of broiler chicken on meat microbial status cFF, commercially processed former foodstuffs; cFF0, control diet (based on 
corn, soybean meal and soybean oil); cFF6.25, 6.25 % w/w substitution of corn, soybean meal and soybean oil with cFF; cFF12.5, 12.5 % w/w substitution of corn, 
soybean meal and soybean oil with cFF; cFF25, 25 % w/w substitution of corn, soybean meal and soybean oil with cFF. 
24 h post-mortem (T1), and after day 3 (T2), day 5 (T3), day7 (T4) and day 9 (T5) of refrigerated storage (4 ± 1 ◦C). 
(For each time point where the group effect was significant, the results of the comparison against the control group are reported (**P < 0.01 vs. cFF0; *P < 0.05 
vs. cFF0).

Table 5 
Number (N) and prevalence (%) of samples exceeding the defined microbiological limits for each parameter and time.

Storage 
Time

Parameter Dietary groups P-value for group effect

cFF0 cFF6.25 cFF12.5 cFF25

N % N % N % N %

T1 Total viable count 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Enterobacteriaceae 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Pseudomonas spp. 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Brochothrix thermosphacta 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -

T2 Total viable count 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Enterobacteriaceae 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Pseudomonas spp. 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Brochothrix thermosphacta 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -

T3 Total viable count 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Enterobacteriaceae 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Pseudomonas spp. 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Brochothrix thermosphacta 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -

T4 Total viable count 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Enterobacteriaceae 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Pseudomonas spp. 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Brochothrix thermosphacta 0a 0.0 % 1a 20.0 % 0a 0.0 % 0a 0.0 % 1.000

T5 Total viable count 5a 100.0 % 2b 40.0 % 1b 20.0 % 2b 40.0 % 0.134
Enterobacteriaceae 1a 20.0 % 0a 0.0 % 0a 0.0 % 1a 20.0 % 1.000
Pseudomonas spp. 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % -
Brochothrix thermosphacta 5a 100.0 % 3a 60.0 % 0b 0.0 % 0b 0.0 % <0.001

Set microbiological limits: total viable count=<6 Log CFU/g; Enterobacteriaceae=<4 Log CFU/g; Pseudomonas spp. and Brochothrix thermosphacta=<5 Log CFU/g.
cFF, commercially processed former foodstuffs; cFF0, control diet (based on corn, soybean meal and soybean oil); cFF6.25, 6.25 % w/w substitution of corn, soybean 
meal and soybean oil with cFF; cFF12.5, 12.5 % w/w substitution of corn, soybean meal and soybean oil with cFF; cFF25, 25 % w/w substitution of corn, soybean meal 
and soybean oil with cFF.
24 h post-mortem (T1), and after day 3 (T2), day 5 (T3), day7 (T4) and day 9 (T5) of refrigerated storage (4 ± 1 ◦C).
a, b: values followed by the same letter in each row do not differ significantly (P < 0.05, z-test).
Not computed as constant.
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leading to the accumulation of methyl sulphides, esters, and acids 
(Orkusz et al., 2024). However, the low pH condition likely plays a 
significant role in preserving meat despite high aw. This study’s unique 
contribution lies in examining how dietary cFF influences pH dynamics 
over time, suggesting that higher cFF inclusion (25 %) may play a role in 
preserving meat quality by modifying the amino acid profile and 
reducing deaminase activity. This hypothesis could be further tested 
through a detailed amino acid profile analysis of the meat.

The combination of low TVBN and low pH suggests reduced micro
bial growth, which is desirable from a sensory perspective (Gómez et al., 
2020). By linking TVBN and pH levels to microbial growth, this research 
offers a more integrated approach to understanding spoilage mecha
nisms in poultry meat, a key contribution to the field of food safety. Shi 
et al. (2020) also stated that the rise in pH observed with increased 
dry-aging periods is attributed to alkaline substances produced by mi
crobial proteolytic activity. These observations lead to further analysis 
of drip loss and water-holding capacity in the meat to confirm these 
findings.

Our study observed changes in colour parameters over time, such as 
decreased lightness and increased redness, reflecting typical meat aging 
and spoilage processes influenced by microbial and chemical changes. 
These findings contribute to the understanding of how dietary cFF in
fluences meat colour stability, a crucial factor for consumer acceptance 
and meat quality evaluation. Increased yellowness in meat colour has 
been associated with bacterial spoilage, myoglobin autoxidation, and 
protein oxidation (Orkusz et al., 2024). Karanth et al. (2023) indicated 
meat discoloration as a key spoilage characteristic, noting that pH 
elevation inhibits myoglobin oxidation and minimizes discoloration in 
aged meat (Colle et al., 2015). Moreover, pH values correlate positively 
with water-holding capacity, redness, and tenderness, and negatively 
with meat lightness and drip loss (Zhang et al., 2020). Although our 
study did not reveal significant differences in color coordinates, the ΔE 
(total color difference) values indicated that the human eye perceives 

differences between groups when visually assessing meat color during 
storage. These perceivable color differences can significantly influence 
consumer perception, as they may enhance the visual appeal of one meat 
product over another, thereby affecting purchase decisions (Gray et al., 
1996).

Regarding the shelf-life assessment, TVBN content is crucial for 
evaluating meat freshness, as higher TVBN levels indicate protein 
degradation and spoilage (Zhang et al., 2020). However, TVBN values 
are influenced not only by microbial activity but also by biochemical 
changes in the meat, primarily protein degradation, which can be pro
moted by reactive compounds generated during lipid oxidation (Geng 
et al., 2023). Meats rich in polyunsaturated fatty acids (PUFAs) are more 
susceptible to oxidation due to the chemical structure of unsaturated 
fats. This process leads to the formation of reactive aldehydes and other 
secondary lipid oxidation products, which can interact with proteins and 
promote their degradation. This accelerated protein degradation con
tributes to an increase in TVBN values (Domínguez et al., 2019; Al-Dalali 
et al., 2022; Moosavi-Nasab et al., 2021; Yao et al., 2023). Conversely, 
meats with higher levels of saturated fatty acids (SFAs) exhibit greater 
oxidative stability, reducing the formation of lipid oxidation by products 
and consequently slowing down protein degradation, which results in 
lower TVBN accumulation (Papadomichelakis et al., 2017; Cartoni 
Mancinelli et al., 2021). Previous findings from this same project 
showed that showed that increasing cFF levels led to an increase in SFA 
content and a decrease in PUFA content in the meat (Srikanthithasan 
et al., 2025). This change in the fatty acid profile correlates with the 
observed changes in TVBN values, particularly at T3 and T5 when 
comparing the cFF0 and cFF25 groups. Thus, the reduction in TVBN 
with higher cFF inclusion could be attributed to both the altered fatty 
acid profile and its potential impact on microbial growth, leading to 
enhanced oxidative stability and reduced spoilage.

Expanding on the observations from this experiment, the aw values of 
the cFF0 group ranged from 0.94 to 0.97, while those of the cFF25 group 

Fig. 2. Percentage of meat samples exceeding the microbiological limits after 9 days (T5) of refrigerated storage (4 ± 1 ◦C). 
FF, commercially processed former foodstuffs; cFF0, control diet (based on corn, soybean meal and soybean oil); cFF6.25, 6.25 % w/w substitution of corn, soybean 
meal and soybean oil with cFF; cFF12.5, 12.5 % w/w substitution of corn, soybean meal and soybean oil with cFF; cFF25, 25 % w/w substitution of corn, soybean 
meal and soybean oil with cFF. 
The following Microbiological limits were set: Total viable count ≥6 log CFU/g, Enterobacteriaceae ≥4 log CFU/g, Pseudomonas spp.≥5 log CFU/g, Brochothrix 
thermosphacta ≥5 log CFU/g 
Asterisks (*) denote differences from the cFF0 group (P < 0.05, z-test.
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varied from 0.95 to 0.96. This small but significant variation in aw values 
across dietary groups raises important questions about the role of cFF in 
altering the microenvironment for microbial growth, offering a new 
angle for future research on the impact of aw in poultry meat stability. 
According to Orkusz et al., (2024), meat with a high aw (0.97) and a pH 
below 6.0 is a favourable environment for microbial growth. In poultry 
meat, controlling aw is crucial for preventing microbial proliferation 
during storage (Tapía et al., 2020). As aw decreases, the potential for 
microbial growth also diminishes. Understanding the aw of a product or 
ingredient is essential when conducting a hazard analysis (Abd Elgadir, 
2017). The effect of different dietary groups on aw changes during the 
refrigerated storage of chicken meat was not extensively studied. Mil
icevic et al., (2015) measured the aw of chicken breast meat and found it 
to be 0.96±0.01, which aligns with the findings of this study. The ICMSF 
(2001) indicates that most spoilage and pathogenic microorganisms 
require an aw value among 0.95 and 0.99 to grow in fresh meat. Also, it 
has been reported that different dietary groups and storage conditions 
can affect aw values in chicken meat. Therefore, the observed variations 
in aw in T1 and T5 suggest potential differences in meat stability with 
increasing levels of cFF substitution. Although our findings suggest that 
lower aw values may reduce microbial proliferation, further research is 
needed to confirm the long-term implications of dietary cFF on meat 
stability and their impact on histology and microbial quality of fresh 
chicken meat. For instance, Pseudomonas spp. typically grows at an 
aw-value of 0.97 (Bruckner et al., 2012), are the main spoilage micro
organisms of chilled poultry meat (Wickramasinghe et al., 2019). While 
these bacteria dominate in aerobically stored meat, they are inhibited by 
modified atmosphere packaging, which supports diverse cold-adapted 
microbiology (Li et al., 2020; Marmion et al., 2021). In our study, 
Pseudomonas spp. showed no differences among groups over the storage 
period which might be due to the high variability of the data, especially 
final storage time point.

In terms of microbial diversity, this study’s novel contribution lies in 
the observation of B. thermosphacta and Enterobacteriaceae counts across 
dietary groups, with higher doses of cFF showing potential in controlling 
bacterial growth, especially in terms of spoilage organisms. 
B. thermosphacta is a well-recognized spoilage bacterium in poultry 
meat, thriving under various storage conditions, including aerobic and 
modified atmosphere packaging, especially under cold storage, leading 
to meat spoilage characterized by souring and off-flavours (Kaewthong 
et al., 2019). Argyri et al., (2019) noted its ability to grow across a wide 
range of pH (5–9) and temperatures (0–30 ◦C), confirming it prevalent 
throughout the meat production chain. Additionally, Argyri et al., 
(2019) identified B. thermosphacta as a major spoilage microorganism in 
chicken fillets post-high-pressure processing. In our study, 
B. thermosphacta prevalence increased to 100 % by T3, significantly 
affecting spoilage levels. The spoilage threshold of 5 Log CFU/g was 
exceeded more often in the cFF0 and cFF6.25 groups compared to the 
cFF12.5 and cFF25 groups, highlighting the greater effectiveness of high 
dose of cFF in controlling bacterial growth. Despite these findings, the 
observed differences among dietary treatments suggest a need for 
further investigation into how these factors influence B. thermosphacta in 
meat, as current research on this aspect is limited.

Enterobacteriaceae counts indicate general hygiene and storage con
ditions (Zeitoun et al., 1994). Freshly slaughtered meat produced under 
hygienic conditions is normally contaminated by low levels of Entero
bacteriaceae. However, these bacteria can proliferate during refrigerated 
storage, so their presence must be interpreted accordingly (Baylis, 
2006). According to L. , Enterobacteriaceae counts were slightly above 3 
log CFU/g at the starting point, maintained for the first three days of 
storage, and then increased to about 6 log CFU/g. In our study, differ
ences among groups in prevalence were observed at T1, when the cFF25 
group showed no contaminated samples, while prevalence was 40 % in 
the cFF0 group and 60 % in the cFF6.25 and cFF12.5 groups. From time 
T3 onwards, all samples resulted contaminated by Enterobacteriaceae, 
with only two samples exceeding the limit of 4 log CFU/g at T5 (cFF0 

and cFF25).
Moreover, the increase in pH over time in this study might be linked 

to the rise in microorganisms in stored meat. Various bacteria, including 
the increased Enterobacteriaceae in T5, produce alkaline compounds like 
ammonia, leading to higher pH levels in the meat (Orkusz et al., 2024). 
In poultry meat, growth of Enterobacteriaceae is generally favoured by 
storage at 5 ◦C and above rather than 0 to 1 ◦C (Baylis, 2006). Addi
tionally, Marmion et al. (2021) reported that poor refrigeration hygiene 
and practices can significantly accelerate the proliferation of TVC. In our 
study, at the end of shelf-life (T5), 100 % of samples exceeded the 
acceptable TVC limit in the cFF0 group, whereas fewer samples in the 
cFF12.5 and cFF25 groups exceeded this limit, highlighting the efficacy 
of higher cFF substitution. These results in higher microbial prolifera
tion over cold storage time, indicating a decline in meat quality and 
potential safety risks.

In general, the cFF-treated groups (6.25 %, 12.5 %, and 25 %) 
exhibited lower microbial counts compared to the control group (cFF0). 
Although this is the first study to investigate the effect of cFF inclusion 
on microbiological safety and quality in poultry meat, several hypoth
eses may explain this observation. One possible explanation is that cFF 
may have antimicrobial properties (Nanditha & Prabhasankar, 2009), 
which could limit microbial growth during storage. Dietary fats, 
particularly those rich in medium-chain fatty acids or bioactive com
pounds, have been shown to exhibit antimicrobial effects in other ani
mal studies (Diaz-Morales et al., 2022; Rodríguez-Rojas & Rolff, 2022). 
Furthermore, cFF might influence the broiler gut microbiota composi
tion, leading to a reduction in spoilage bacteria and potentially reducing 
their prevalence in the meat. While the exact mechanisms behind the 
reduced microbial counts remain unclear, it is also speculated that the 
altered fatty acid profile and potential antioxidant properties of cFF may 
play a role (Melilli et al., 2020). These compounds might reduce lipid 
oxidation, which, as suggested by previous studies, is a factor that 
supports the proliferation of spoilage microorganisms 
(Papadomichelakis et al., 2017; Cartoni Mancinelli et al., 2021). Addi
tionally, reduced microbial growth in the meat could also be attributed 
to changes in the meat’s physicochemical environment, such as pH and 
aw, which may be influenced by cFF levels. Given that the results of this 
study indicate potential benefits of cFF in enhancing the microbiological 
stability of poultry meat, further investigations are needed to define the 
specific mechanisms at play. Future studies should focus on the anti
microbial properties of cFF and its effects on the microbial profile of 
poultry meat, particularly in relation to spoilage bacteria such as Pseu
domonas spp. and B. thermosphacta, which were prevalent in this study.

Regarding the shelf-life assessment, although poultry meat is typi
cally stored at refrigerated (4 ◦C) or frozen (− 18 ◦C) temperatures in 
most shelf-life studies (Orkusz et al., 2024), this study was conducted 
under controlled laboratory conditions, which may not fully capture the 
variability of commercial storage environments. The investigation 
focused on microbial growth, TVBN, aw, colour stability, and pH, but did 
not assess other critical quality parameters such as texture and flavour. 
For example, Augustyńska-Prejsnar et al. (2023) found that bacterial 
growth was faster at 6 ◦C compared to 2 ◦C, while Sujiwo et al. (2018)
noted an increase in the overall number of bacteria in poultry meat 
stored under cooling conditions. Thus, storage time significantly in
fluences the microbial proliferation in chicken meat. Even when aw or 
pH values fall within established limits, significant variations may still 
occur in our study. Disagreements between food business operators and 
inspectors may arise as these variations do not always directly impact 
safety (Kaskela et al., 2019). Proper assessment of aw and pH requires 
considering the broader context, including meat type, processing 
methods, and environmental factors, such as different storage temper
atures and packaging conditions, to better simulate retail market con
ditions. This would allow for a more comprehensive assessment of how 
cFF affects meat quality and microbial safety across various commercial 
scenarios. Additionally, this study did not evaluate other critical quality 
parameters, such as texture and flavour, which are essential for 
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consumer acceptability and should be investigated in future studies.
Additionally, common microorganisms in raw meat, such as Escher

ichia, Klebsiella, Salmonella, Shigella, Yersinia, Campylobacter, Listeria 
monocytogenes, Acinetobacter, and Psychrobacter, were not assessed in 
this study. Future research should include these microorganisms, 
examine packaging atmospheres, and utilize extensive sampling to 
reduce variability. This will further enhance the applicability of these 
findings to the meat industry and improve our understanding of how 
dietary incorporations influence meat quality during storage.

5. Conclusion

The data obtained in this study indicate that incorporating cFF into 
broilers’ diets significantly impacts the microbiological quality and 
physico-chemical properties of meat during storage. While cFF did not 
affect the chemical composition or colour of chicken meat, it influenced 
TVBN and microbiology during refrigerated storage. Specifically, cFF- 
treated groups showed lower contamination rates compared to the 
control group. Notably, the cFF25 group demonstrated a lower TVBN 
value at the end of the storage period, suggesting that higher inclusion 
levels of cFF may contribute to improved meat stability. Given that 
microbial growth during storage is a key factor limiting the shelf life of 
fresh poultry, these findings indicate that cFF substitution could 
enhance both meat safety and quality. This study is among the first to 
assess the effects of cFF on the shelf-life characteristics of poultry meat, 
addressing a significant research gap. The results support the potential 
of cFF as a viable alternative to conventional ingredients like corn, 
soybean meal, and soybean oil in sustainable poultry production. 
However, certain limitations remain, including the need for a more 
comprehensive microbial assessment, particularly of pathogenic bacte
ria such as Salmonella and Listeria monocytogenes. Additionally, this 
study was conducted under controlled laboratory conditions, which may 
not fully reflect commercial storage environments.

Future research should explore the impact of cFF on meat quality 
under diverse storage temperatures and packaging conditions, as well as 
its influence on meat texture and sensory attributes, which are critical 
for consumer acceptance. Further investigation into the amino acid 
profile of cFF-treated meat could provide deeper insights into its effects 
on meat stability. Expanding these research efforts will help optimize 
the use of cFF in poultry diets and strengthen its role in enhancing food 
safety and sustainability in meat production.
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