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Abstract

:

Recently, several concerns have been expressed on red meat quality and consumption. The aims of this study were to evaluate the influence of different breeding techniques and a prolonged post dry aging (PDA) maturation process on biomolecules level in raw buffalo meat. In the first experiment, two groups of animals were maintained with different space availability (15 vs. 10 m2/animal) for 90 days and biomolecules content was evaluated. In experiment 2, two diets (with or without ryegrass green forage) were used to assess the concentration of these biomolecules. Finally, in experiment 3, the meat of the animals that showed the highest content of biomolecules was chosen to assess the influence of the PDA maturation process. Buffaloes reared at 15 m2 showed a significantly (p < 0.05) higher content of the considered biomolecules compared with their counterparts. Similarly, buffaloes fed green forage showed higher content of biomolecules (p < 0.05) compared with the control group. The meat of the animals bred at 15 m2 and fed green forage showed a significant (p < 0.01) increase of biomolecules content during the PDA maturation process up to 60 days without influence microbiological profile in terms of total aerobic bacterial counts, yeasts, and molds. In conclusion, breeding techniques and PDA maturation system could enhance biomolecules levels in terms of quality, without affect health standards.
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1. Introduction


Nowadays, the future of livestock production is based on the “One health” approach. Indeed, environmental and economic sustainability, combined with animal welfare, is able to guarantee and enhance the quality of animal products. This is especially important for some kinds of products, such as red meat, which has been an important constituent of the human diet throughout human evolution. Indeed, red meat provides a rich source of high biological value proteins and essential micronutrients when it is part of a healthy, varied diet [1]. Red meat also has an active role on immunity [2,3] and enhances cognitive abilities in children [4], as it is a good source of zinc, iron, selenium, calcium, phosphorus, and lipids, followed by vitamin A- and B-complex vitamins [5,6].



Among different types of red meat, buffalo meat has a similar composition to bovine counterpart at the same age [7], but has lower fat, cholesterol, and calories content [8]. Indeed, buffalo meat seems to be associated with some beneficial effects on cardiovascular risk profile, including lower carotid atherosclerotic burden and susceptibility to oxidative stress [9]. However, in recent years, meat has been demonized by the final consumer after numerous sanitary problems (e.g., mad cow disease, avian influenza) and attracted much debate regarding its impact on health. Prospective cohort and epidemiological studies pointed out the potential adverse health effects of fresh and transformed red meats consumption on major chronic diseases, such as cardiovascular diseases and cancer [10,11,12]. This relationship is partially explained by the excessive amount and quality of the fat found in red meat. In particular, meat deriving from ruminants can be rich in saturated fatty acids and cholesterol [13,14,15]. The lipid hypothesis has had broad and huge consequences; not only in consumers’ perspective, but also on the way food is produced on-farm. Indeed, in the last years, consumers focused their preferences towards grass-fed animals that tend to have lower fat content and higher precursors for vitamin A and E [16,17]. Moreover, in grass-fed animals, there is a higher presence of antioxidants such as glutathione and super oxide dismutase compared with their grain-fed counterparts [18,19].



Nowadays, more attention is shifted towards the nutraceutical profile of animal products. Several functional molecules, essential in human health, such as betaine (δ-Valerobetaine, γ-Butyrobetaine, Glycine betaine), L-carnitine, and its precursors, have been recently found in ruminant milk and meat, particularly in buffaloes [20]. Among these biomolecules, δ-Valerobetaine showed both antioxidant and anti-inflammatory activities and is able to counteract endothelial oxidative stress and inflammation [21]. In addition, the anticancer effect of δ-Valerobetaine, displayed in HT-29 and LoVo human colon adenocarcinoma colon cancer cells [22] and in head and neck squamous cell carcinomas [23], indicated it as a novel dietary compound with health-promoting activities. Of interest, a synergistic action in inhibiting proliferation and inducing apoptosis in oral squamous Cal 27 cells has been observed after the combination of δ-Valerobetaine and γ-Butyrobetaine [23].



As biomolecules confer high nutritional value and health-promoting properties, it is of utmost importance to maintain their adequate levels in buffalo meat. It has already been reported that management techniques could influence the amount of these biomolecules in buffalo milk [24,25], but nothing has been done on buffalo meat yet. It has been shown that enhancing animal welfare led to an increase of these biomolecules in both milk and dairy products in buffaloes [24]. Moreover, a green forage-based diet has improved the concentration of these functional molecules in milk and the antioxidant activity measured in both milk and blood [25]. Based on these results, it could also be interesting to assess the biomolecules content during a post dry aging (PDA) maturation process. It has already been demonstrated that a combined used of green forages and a PDA maturation period could improve both tenderness and colour in buffalo meat [26], but, until now, nothing has been done on PDA and functional molecules content. Moreover, in the meat industry, it is also important to follow the product from farm to fork to ensure that these biomolecules are not lost during meat transformation (e.g., during maturation processes or cooking). Hence, the aims of this study were to understand (1) whether production system could affect biomolecules content in buffalo meat and (2) if a prolonged PDA maturation process in a defined system (Maturmeat®) could influence the amount of biomolecules in raw buffalo meat.




2. Materials and Methods


2.1. Experimental Design


In order to understand if the production system could have a role in biomolecules’ production in buffalo meat, two different experiments were performed. The first experiment was performed in order to see whether the availability of space could influence the amount of functional molecules in buffalo meat and the biomolecules’ content was measured in two groups of animals reared in different space allocation. The space availability (15 m2/animal) of the group with a higher production of biomolecules was chosen and the other two groups of animals for experiment two were maintained with that animal density. The second experiment was performed to understand if the diet could modify the content of functional molecules in meat. Two different diets were created, with and without the use of green forage. Animals fed with green forage had higher biomolecules content in meat. The meat of the animals bred with higher space availability and fed with green forage was chosen to see if a prolonged maturation process could also influence the amount of biomolecules in raw buffalo meat.




2.2. Effect of Availability of Space on Functional Molecules in Meat


Animals and Diet


The study was carried out in a commercial buffalo dairy (Verdi Praterie, Kr, Italy) on 16 Italian Mediterranean buffalo bulls. The animals involved in the trial had an average age of 595 ± 0.7 days and weight of 455 ± 7.0 kg. Buffaloes were kept in pens with a concrete floor and randomly divided into two groups: Group S−, space allocation of 10 m2/buffalo; Group S+, space allocation of 15 m2/buffalo. Animals were fed twice daily: in the morning (06:00) and in the afternoon (17:00). Every day, the amount of refusals was removed, weighed, and used to calculate dry matter intake (DMI). Energy values (MFU = 1700 kcal net energy for lactation (NEL) were calculated using equations provided by the Institute National de Recherche Agronomique [27] and the Nutrient Requirement of Dairy Cattle [28]. The study lasted three months (fattening period). The amount and the composition of the diet administered to both groups are reported in Table 1.





2.3. Effect of Feeding on Functional Molecules in Meat


Taking into account the results from experiment 1, the study was carried out in a commercial buffalo farm (Verdi Praterie, Kr, Italy) on 16 Italian Mediterranean buffalo bulls. The animals involved in the trial had an average age of 581 ± 0.4 days and weight of 460 ± 3.5 kg. Buffaloes kept in pens with concrete floor with a space allocation of 15 m2/buffalo (S+) were randomly divided into two groups: with (S+/F; n = 8) or without (S+/D; n = 8) rye grass (lolium multiflorum) inclusion. The two diets were isonitrogenous and isoenergetic and differed only in the inclusion of green feed. Animals were fed twice daily: in the morning (06:00) and in the afternoon (17:00). Every day, the amount of refusals was removed, weighed, and used to calculate dry matter intake (DMI). Energy values (MFU = 1700 kcal net energy for lactation (NEL) were calculated using equations provided by the Institute National de Recherche Agronomique [27] and the Nutrient Requirement of Dairy Cattle [28]. The study lasted three months (fattening period). The amount and the composition of the diets are reported in Table 2.




2.4. Slaughter Procedures


For both experiments, buffaloes were slaughtered at a European Community-approved abattoir in compliance with European Community laws on Animal Welfare in transport (1/2005EC) and the European Community regulation on Animal Welfare for slaughter of commercial animals (1099/2009EC). Hot carcasses were weighed and graded for conformation (1: poor to 5: excellent) and fatness (1: low to 5: very high) using European grading systems for bovine carcasses (S.E.U.R.O.P.; EC 1208/1981). The carcasses were dressed without any electrical inputs and chilled at 4 °C. After 24 h chilling, the left side was separated into commercial joints and dissected into muscle, bone, subcutaneous fat, intermuscular fat, and tissues [29,30]. At the same time, the muscle/bone (M/B) and muscle/fat (M/F) percentage (%) were determined.




2.5. Post Dry Ageing (PDA)


After five days post-mortem ageing, the S+/F group underwent a period of PDA into the MaturMeat® (European Patented Device and meat Dry Aging Method with safe and controlled Ph—n. EP 2769276B1). A section of Longissimus muscle (for a total of seven vertebrae, starting from the sixth to the last thoracic vertebrae) was removed from the carcasses and placed into the MaturMeat®. The Maturmeat® consists of a monitored refrigeration device in which operators can customize ageing conditions, such as temperature and relative humidity. For this experiment, temperature and humidity were set to 2 °C and 78%, respectively. Buffalo meat cuts were placed on steel grids and monitored constantly to avoid mold growing or any external font of variability. Samples were weighed and each length dimension was registered et each experimental time of PDA in MaturMeat® (T0 = 0 d aging; T1 = 30 d post aging; T2 = 60 d post aging), in order to control the data during the time and to measure weight loss during periods.




2.6. Physical-Chemical Analyses


The pH measurement was done at the slaughter and at 30 and 60 days of PDA with a digital pH meter (Crison-Micro TT 2022, Crison Instruments, Barcelona, Spain). At each measurement, the pH meter was previously automatically calibrated for muscle temperature using standard solutions with 4 and 7 pH values (Crison Instruments, Barcelona, Spain) and activity water (aw) (Aqualab 4 TE—Decagon Devices Inc., Pullman, WA, USA). The moisture (%) was determined on 100 g of meat by oven drying for 24 h at 105 °C [31].




2.7. Meat Extract Preparation


Buffalo meat samples of both experimental groups were cut in small pieces and homogenized with three parts of 0.1% (w/w) formic acid precooled at 4 °C using a Precellys 24 system (Bertin Technologies, Montignyle-Bretonneux, France). The homogenate was centrifuged at 10,000× g at 4 °C for 10 min and the clarified supernatant filtered sequentially through a 5 μm and 0.45 μm Millipore filters. Before mass spectrometric analysis, aliquots were filtered through Amicon Ultra 0.5 mL centrifugal filters with 3 kDa molecular weight cutoff.




2.8. Betaine and Carnitine Content in Meat Extract


The level of γ-Butyrobetaine, Glycine betaine, δ-Valerobetaine, L-Carnitine, Acetyl-L-carnitine, Propionyl-L-carnitine, and Butyrylcarnitine was determined as previously described [32]. Analysis involved HPLC-ESI-MS/MS tandem mass spectrometry with an Agilent LC-MSD SL quadrupole ion trap and a 1100 series liquid chromatograph (Supelco Discovery C8 column, 250 × 3.0 mm, particle size 5 μm) under isocratic conditions, 0.1% formic acid in water, at flow rate of 100 μL/min. The quantification of each compound involved comparison of the peak area of its most intense MS2 fragment [21,32] with the respective calibration curve built with solutions of standards (Sigma-Aldrich; Milan, Italy). Standard solutions were prepared by serial dilution of standard stock solutions (2 mg/L) with water containing 0.1% formic acid. Linearity was assessed by correlation coefficients (R2) > 0.99 for all compounds. Precision and accuracy for all compounds in milk ranged from 95% to 105%.




2.9. Microbiological Determination


For microbiological analysis, ten grams of matrix were aseptically weighted from different portions of sample, transferred in a sterile stomacher bag with 90 mL (1:10 (w/w)) of sterilized Peptone Water (PW, Oxoid, Madrid, Spain), and homogenized for three minutes at 230 rpm in peristaltic homogenizer (BagMixer®400 P, Interscience, Saint Nom, France). Tenfold serial dilutions of each homogenate were prepared. Procedures validated by the UNI CEI EN ISO/IEC 17025 European Standard were used to enumerate investigated microbial communities. Specifically, total aerobic bacterial counts (TAB) were counted on plate count agar (PCA; Oxoid, Madrid, Spain) and incubated at 30 °C for 48/72 h (ISO 4833-1:2013); Enterobacteriaceae were enumerated on violet red bile glucose agar (VRBGA), incubated at 37 °C for 24 h (ISO 21528-2:2017); to measure coagulase positive Staphylococcus, Baird Parker medium with RPF supplement (Oxoid, Madrid, Spain) was used and incubated at 37 °C for 24–48 h (ISO/DIS 6888-1); while Mannitol salt-phenol-red agar (MSA; Oxoid, Madrid, Spain) was used for the enumeration of presumptive coagulase-negative staphylococci (CNS), incubated at 30 °C for at least two days; yeasts and molds were plated on Dichloran Rose-Bengal Chloramphenicol Agar (DRBC, Oxoid, Madrid, Spain) incubated at 25 °C for 120/168 h (ISO 21527:2008). All analyses were performed in duplicate. The results were expressed as logarithms of the number of colony forming units (CFU)/g and means and standard error were calculated.




2.10. Challenge Test


The challenge test lasted 21 days, storing post maturation meat at 2 °C and 4 °C for their shelf life. To carry out the study, part of buffalo meat samples of the S+/F group were contaminated with L. monocytogenes, and were stored at 2 ± 1 °C and at 4 ± 1 °C, while buffalo untreated meat samples of the same group were used as control. Meat contamination was performed in agreement with the Guideline of the European Reference Laboratory for L. monocytogenes [33].



A suspension of two different strains was used as inoculum, including the reference strain 229 = ATCC7644227M—EURL 12M0B098LM [34]. The preparation of the inoculum was done following the European Reference Laboratory for L. monocytogenes guideline [33] with some modifications (concentration of the inoculum and use of a mix of two L. monocytogenes strains). The challenge test was carried out to assess the growth potential of bacteria in aging buffalo meat. The strains, stored in Microbank™ (Pro-Lab Diagnostics, Round Rock, TX, USA) at −80 °C, were individually revitalized at 37 ± 1 °C for 18 h in BHI broth (Brain Heart Infusion, Sigma-Aldrich Co. LLC, St. Louis, MI, USA). In order to get adapted to the meat storage temperature, new subcultures were set up in BHI broth and incubated at 2 ± 1 °C and 4 ± 1 °C until reaching the stationary phase of each bacterial strain [33,35]. The inoculum suspension was then prepared, consisting of equal parts of liquid cultures of the two selected strains. The mixture was enumerated according to ISO 11290-2:1988/Amd. 1:2004. The suspension was subsequently diluted (saline water) to obtain a concentration of 103 CFU/g in the product.



Enumeration of Listeria monocytogenes was carried out in triplicate on inoculated and control samples by diluting the sample (10–15 g) at 1:5 in peptone saline solution (8.5 g/L NaCl, 1 g/L of peptone) and spreading on Palcam agar, incubated at 37 °C for 48 h. Samples were tasted at different times (D = days), D1, D2, D3, D4, D5, D8, D11, D14, D18, and D21. The results obtained were expressed as Log CFU/g, and were used to calculate the trend of the concentration in contaminated samples.



The calculation of growth potential (δ) of L. monocytogenes was performed according to the guidelines of the EURL Lm. The parameter represents the difference between the logarithmic medians of the counts detected at the end and at the beginning of the challenge test, respectively. Foods able to support L. monocytogenes growth are characterized by δ value greater than 0.5. The growth potential was calculated for each lot, using median values.




2.11. Statistical Analyses


Statistical analyses were performed using SPSS (23.0) for Windows 10 (SPSS Inc., Chicago, IL, USA) [36]. All data were presented as the least square mean ± standard error (SEM). To evaluate differences among means, parametric tests such as t-test or Tukey’s test were performed for each significant effect (p < 0.05). Data on PDA parameters (meat physical-chemical characteristics, functional molecules, challenge test) were analyzed by analysis of variance (ANOVA) for repeated measures with time as the main factor. Buffaloes were tested within treatments. Day of sampling was the repeated measure.





3. Results


3.1. Effects of Availability of Space on Animal Growth


No differences were recorded for dry matter intake (8.39 ± 0.02 vs. 8.17 ± 0.01 kg in Groups S− and S+ respectively) and daily weight gain during the fattening period (Table 3). The live body weights measured at slaughter were 520 ± 4.7 and 513 ± 7.0 kg in S+ and S− groups, respectively. Moreover, the carcass weight was not different between groups (255.3 ± 9.0 kg on average). The S.E.U.R.O.P. score was R2 class and the average carcass yield was 49% in both groups. However, the stripping rate showed different values between the two groups. The S+ group showed higher percentages of lean mass (62.7% vs. 52.9%; p < 0.01) and lower percentages of bone mass (25.8% vs. 38.3%; p < 0.01) on total carcass compared with the S− group. No differences were found for the fat mass (10.9% vs. 7.7%) (Table 3).




3.2. Effects of Feeding on Animal Growth


Regarding the effects of different feeding regimen, no differences were recorded for the dry mater intake, the daily average weight gain, and live body weights measured at slaughter between two experimental groups during the fattening period (Table 3). Moreover, the carcass weight was not different between groups (272.8 ± 2.9 kg on average). The S.E.U.R.O.P. score was R2 class and the average carcass yield was 51% in both groups. No differences were recorded in terms of percentages of lean mass, fat mass, and bone mass between groups (Table 3).




3.3. Effects of Space Allocation and Feeding on Betaines, Carnitine, and Short-Chain Acylcarnitines


Regarding space availability, the content of betaine, carnitine, and short chain acylcarnitines in the meat of S+ group is statistically higher for most of the molecules taken into account (GlyBet, δVB, C3Cnt p < 0.01; and Cnt, C2Cnt; p < 0.05) compared with the S− group. Only γBB and n-C4Cnt showed no differences between groups (Table 4).



Betaine, carnitine, and short chain acylcarnitines content in S+/F group is statistically higher for most of the molecules taken into account (GlyBet, δVB, C3Cnt p < 0.01; and Cnt, C2Cnt, n-C4Cnt; p < 0.05) compared with the S+/D group. Only γBB did not change (Table 4).




3.4. Effects of Post Dry Aging on Physical-Chemical Characteristics of Meat


At slaughter, animals of S+/F Group had a pH value of 5.6 ± 0.02 and an aw value of 0.98 ± 0.01. The effects of post dry aging on physical-chemical characteristics of meat are reported in Table 5.




3.5. Effects of Post Dry Aging on Functional Metabolites of Meat


Regarding functional metabolites, all of them, except for the γ-butyrobetaine, increased during maturation time, up to 60 days (p < 0.01; Table 6).




3.6. Effects of Post Dry Aging on Microbiological Analysis


No differences were recorded in terms of microbiological analysis during PDA (Table 7).




3.7. Challenge Test


L. monocytogenes was not found in the control group. Trends of Listeria concentration in the inoculated samples are shown in Table 8. As shown in Figure 1, the storage temperature significantly influences (p < 0.01) the bacteria survival, and the refrigeration at 2 °C appeared able to control the replicative capacity of this pathogenic microorganism. In particular, at the beginning of experimental period, the group stored at 2 °C showed a significant increase in Listeria inoculated until T3 (+0.54 Log CFU/g from D0). Conversely, a gradual decrease in Listeria loads occurred during the rest of the trial, registering a δ value of −1.23 at D21.



Different results were collected for the meat group stored at 4 °C. As shown in Table 8, Listeria load significantly differed between groups, clearly underlining the bacteria ability to adapt itself to grow under refrigeration conditions, preferring the common temperature of cold rooms and fridges (4 °C). Therefore, a constant increase in Listeria inoculated in the product was obtained, showing a gradual growth to a maximum of 5.19 ± 0.02 Log (CFU/g) at D21. The value of δ calculated for this meat group at the end of trial was equal to 3.01.



According to the guidelines of the EURL Lm, food is considered able to support L. monocytogenes growth when the δ value is greater than 0.5; therefore, a storage at 2 °C could make the aged meat an ideal matrix for the survival of this pathogenic bacteria.





4. Discussion


In the present study, the use of different breeding techniques on buffalo bulls improves the meat concentrations of most of the health-promoting biomolecules examined. Moreover, the use of a PDA system enhances the amount of biomolecules during maturation time without affecting the meat microbiological profile. In the first experiment, S− buffaloes grew similarly to their S+ counterparts without a change in their ingestion rate and no differences were recorded in vivo. However, at the slaughter house, S+ animals showed higher percentages of lean and fat mass on total carcass compared with S− animals, in which the bone mass is predominant on total carcass. It could be hypothesized that a higher availability of space could enhance a better development and differentiation of tissues. In addition, a reduced space allowance may affect the movements needed to stand up or lie down, as lying patterns were restricted by other bulls. A decreased level of lying idle may have detrimental effects on animal welfare and could increase aggression phenomenon [37]. In this experiment, as already experienced by Salzano et al. [24], S− buffaloes may have increased stress levels and elevated blood glucocorticoids, which, in turn, could affect the production of biomolecules. Indeed, the higher amount of biomolecules, recorded in the meat of S+ group, could potentially be explained by a shift in the glycogenolysis/gluconeogenesis ratio to glycogenolysis, as a result of the increased production of carnitine and its precursors. This is because carnitine can influence glucose biosynthesis through the conversion of the available free CoA [38]. The lower content of carnitine and its precursors in the meat of S− group could also be explained by a competition to the manger access and a lower ruminating time [39,40], although, in our study, no differences were observed in DMI. Indeed, a lower ruminating time could affect the synthesis of the biomolecules of interest that are influenced by the persistence of the feed in the reticolo-rumen and through the action of specific bacteria [41].



In the second experiment, buffalo bulls were all reared in 15 m2, but they experienced a different diet based on the presence or absence of green forage. In this case, no differences were reported both in vivo, in the ingestion rate, and at the slaughter house measurement. However, the amount of biomolecules in meat was higher in the S+/F group compared with the S+/D group and our data are in agreement with Salzano et al. [25], who demonstrated how a forage-based diet could positively influence the content of biomolecules in buffalo milk. The possible explanation of these results comes from the natural source of carnitine, the Nε-trimethyl lysine (TML), which is particularly abundant in leafy vegetables [32]. Moreover, the inclusion of some leafy vegetables such as clover and ryegrass in animal diet has also produced favorable nutrient profiles in terms of gross composition, macroelements, and trace elements in milk [42,43], and in fatty acid composition and antioxidant content in meat [44,45]. On the contrary, diets based on a total mixed ration are very poor in TML and its amount is minimal [46].



Based on these results, we used the best group to assess the biomolecules content during a PDA maturation process. Our findings demonstrated that a maturation period, in a controlled system (Maturmeat®) up to 60 days, did not alter meat pH, aw, and weight loss, nor the microbiological profile, while it enhanced the levels of L-carnitine and its precursor. Among biomolecules, δ-valerobetaine has both antioxidant and anti-inflammatory properties, suppressing pro-inflammatory cytokines (TNF-α, IL-1β, and IL-6) through NAD-dependent deacetylase sirtuin-1 (SIRT1) and SIRT6 modulation [21]. Other recent studies [22,23] reported that δ-valerobetaine also has an antineoplastic effect in human head and neck squamous carcinoma cell lines. This evidence supports the role of these molecules as an important epi-nutrient that should be included in a healthy and balanced diet.



It is worth noting that, after 60 days in the Maturmeat®, the functional quality of raw ground buffalo meat has improved and the product could be directly sold in restaurants as a ready-to-eat food (e.g., tartare, carpaccio) that is often requested by consumers. However, these biomolecules have a high thermal stability and could also resist through the digestive tract passage [47], so meat could be cooked without losing its properties.



The inoculation of pathogenic Listeria monocytogenes in aged buffalo meat allowed to simulate possible contamination of foods during processing phases along the whole chain. The results obtained pointed out that the conservation at 2 °C of contaminated aged meat is able to slow down bacteria growth. Di Ciccio et al. [48] reported that L. monocytogenes have acquired abilities to survive and adapt themselves to environments that do not support its growth, developing resistances against low temperatures and a jump in pH. However, growth potential values of the meat group stored at 2 °C were very low, confirming the real potential role of temperature in food safety.




5. Conclusions


In conclusion, the present study showed how the increase in area per animal and the inclusion of green fodder could enhance animal production in terms of quality, without affecting eco sustainability. At present, further studies are ongoing to analyze the exact amount of biomolecules precursors in the all components of the animal diet. A better comprehension of the feedstuff nutritional profile would lead to the creation of personalized diet, according to the needs of the single animal. This could be important for all the stages of life, not only for the fattening period, as analyzed in this paper. Moreover, the PDA maturation system could also be modified according to different species or pieces of meat, enhancing the nutraceutical profile of the raw meat.



The quality of dry aging buffalo meat is not only maintained, but improved with the aid of PDA maturation systems, with a creation of a final product that has beneficial properties to human health and wellbeing. Moreover, a high-quality product is strongly requested by final consumers and could be easily sold even at higher prices, guaranteeing greater incomes to breeders and entrepreneurs.







Author Contributions


Conceptualization, A.S. and N.D.; methodology, A.C. and R.M.; software, A.C.; validation, R.L.A. and G.N.; formal analysis, M.L.B. and M.J.D.; investigation, A.S.; resources, G.C.; data curation, R.M.; writing—original draft preparation, A.S., R.M., and N.D.; writing—review and editing, A.S., G.N., and M.L.B.; visualization, R.L.A.; supervision, M.J.D.; project administration, G.N.; funding acquisition, G.C. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by VALERE 2019 Program, University of Campania L. Vanvitelli. This research was financially supported by Italian Ministry for Economic Development (PON MISE n.F/050129/01-03/X32) through a research project entitled “RAZIONALE—miglioRAmento delle caratteristiche funZIOnali e della shelf life degli alimeNti derivanti da tecniche innovAtive di alLEvamento della bufala”. The work is also supported by the co-financing of PON I&C 2014-2020—CAPSULE [grant number F/200016/01-03/X45].




Institutional Review Board Statement


The study followed standard veterinary practices and had institutional approval from the Ethical Animal Care and Use Committee of the University of Naples “Federico II” (Protocol No. 996072017). The cooperating commercial buffalo dairy provided informed consent for the use of animals.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


Authors are grateful to Alessandro Cuomo (Arredo Inox srl) for skilled technical assistance and support in meat dry ageing processing.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Millward, D.J.; Garnett, T. Nutritional dilemmas of greenhouse gas emission reductions through reduced intakes of meat and dairy foods. Proc. Nutr. Soc. 2020, 69, 103–118. [Google Scholar] [CrossRef]

	



Daly, J.M.; Reynolds, J.; Sigal, R.K.; Shou, J.; Liberman, M.D. Effect of dietary protein and amino acids on immune function. Crit. Care Med. 1990, 18, S86–S93. [Google Scholar] [CrossRef] [PubMed]

	



Hruby, A.; Jacques, P.F. Dietary Protein and Changes in Biomarkers of Inflammation and Oxidative Stress in the Framingham Heart Study Offspring Cohort. Curr. Dev. Nutr. 2019, 3, nzz019. [Google Scholar] [CrossRef]

	



Neumann, C.G.; Murphy, S.P.; Gewa, C.; Grillenberger, M.; Bwibo, N.O. Meat supplementation improves growth, cognitive, and behavioral outcomes in Kenyan children. J. Nutr. 2007, 137, 1119–1123. [Google Scholar] [CrossRef]

	



Infascelli, F.; Gigli, S.; Campanile, G. Buffalo Meat Production: Performance infra vitam and Quality of Meat. Vet. Res. Commun. 2004, 28, 143–148. [Google Scholar] [CrossRef]

	



Tamburrano, A.; Tavazzi, B.; Callà, C.A.M.; Amorini, A.M.; Lazzarino, G.; Vincenti, S.; Zottola, T.; Campagna, M.C.; Moscato, U.; Laurenti, P. Biochemical and nutritional characteristics of buffalo meat and potential implications on human health for a personalized nutrition. Ital. J. Food Saf. 2019, 8, 8317. [Google Scholar] [CrossRef]

	



Matassino, D.; Romita, A.; Cosentino, E.; Girolami, A.; Colatruglio, P. Myorheological, chimical and colour characteristics of meat in water buffalo and bovine calves slaughtered at 20, 28 and 36 weeks. In Current Topics in Veterinary Medicine. II Pattern of Growth and Development in Cattle; De Boer, H., Martin, J., Eds.; Springer: Dordrecht, NL, USA, 1978; pp. 187–201. [Google Scholar]

	



Failla, S.; Barone, C.M.A.; Borghese, A. Carcass, meat quality and products. In Buffalo Livestock and Products; Antonio Borghese, A., Ed.; Euroformazione KFT: Palermo, Italy, 2014; Volume 1, pp. 259–282. [Google Scholar]

	



Giordano, G.; Guarini, P.; Ferrari, P.; Biondi-Zoccai, G.; Schiavone, B.; Giordano, A. Beneficial impact on cardiovascular risk profile of water buffalo meat consumption. Eur. J. Clin. Nutr. 2010, 64, 1000–1006. [Google Scholar] [CrossRef] [PubMed]

	



Cross, A.J.; Leitzmann, M.F.; Gail, M.H.; Hollenbeck, A.R.; Schatzkin, A.; Sinha, R. A prospective study of red and processed meat intake in relation to cancer risk. PLoS Med. 2007, 4, e325. [Google Scholar] [CrossRef] [PubMed]

	



Micha, R.; Wallace, S.K.; Mozaffarian, D. Red and processed meat consumption and risk of incident coronary heart disease, stroke, and diabetes mellitus: A systematic review and meta-analysis. Circulation 2010, 121, 2271–2283. [Google Scholar] [CrossRef] [PubMed]

	



Aykan, N.F. Red Meat and Colorectal Cancer. Oncol. Rev. 2015, 9, 288. [Google Scholar] [CrossRef] [PubMed]

	



Fraser, G.E. Diet as primordial prevention in Seventh-Day Adventists. Prev. Med. 1999, 29, S18–S23. [Google Scholar] [CrossRef] [PubMed]

	



Kelemen, L.E.; Kushi, L.H.; Jacobs, D.R., Jr.; Cerhan, J.R. Associations of dietary protein with disease and mortality in a prospective study of postmenopausal women. Am. J. Epidemiol. 2005, 161, 239–249. [Google Scholar] [CrossRef] [PubMed]

	



Kontogianni, M.D.; Panagiotakos, D.B.; Pitsavos, C.; Chrysohoou, C.; Stefanadis, C. Relationship between meat intake and the development of acute coronary syndromes: The CARDIO2000 case-control study. Eur. J. Clin. Nutr. 2008, 62, 171–177. [Google Scholar] [CrossRef] [PubMed]

	



Insani, E.M.; Eyherabide, A.; Grigioni, G.; Sancho, A.M.; Pensel, N.A.; Descalzo, A.M. Oxidative stability and its relationship with natural antioxidants during refrigerated retail display of beef produced in Argentina. Meat Sci. 2008, 79, 444–452. [Google Scholar] [CrossRef] [PubMed]

	



De la Fuente, J.; Díaz, M.T.; Alvarez, I.; Oliver, M.A.; Font, I.; Furnols, M.; Sañudo, C.; Campo, M.M.; Montossi, F.; Nute, G.R.; et al. Fatty acid and vitamin E composition of intramuscular fat in cattle reared in different production systems. Meat Sci. 2009, 82, 331–337. [Google Scholar] [CrossRef] [PubMed]

	



Gatellier, P.; Mercier, Y.; Renerre, M. Effect of diet finishing mode (pasture or mixed diet) on antioxidant status of Charolais bovine meat. Meat Sci. 2004, 67, 385–394. [Google Scholar] [CrossRef]

	



Descalzo, A.M.; Rossetti, L.; Grigioni, G.; Irurueta, M.; Sancho, A.M.; Carrete, J.; Pensel, N.A. Antioxidant status and odor profile in fresh beef from pasture or grain-fed cattle. Meat Sci. 2007, 75, 299–307. [Google Scholar] [CrossRef]

	



Servillo, L.; D’Onofrio, N.; Giovane, A.; Casale, R.; Cautela, D.; Castaldo, D.; Iannaccone, F.; Neglia, G.; Campanile, G.; Balestrieri, M.L. Ruminant meat and milk contain δ-valerobetaine, another precursor of trimethylamine N-oxide (TMAO) like γ-butyrobetaine. Food Chem. 2018, 260, 193–199. [Google Scholar] [CrossRef] [PubMed]

	



D’Onofrio, N.; Balestrieri, A.; Neglia, G.; Monaco, A.; Tatullo, M.; Casale, R.; Limone, A.; Balestrieri, M.L.; Campanile, G. Antioxidant and Anti-Inflammatory Activities of Buffalo Milk δ-Valerobetaine. J. Agric. Food Chem. 2019, 67, 1702–1710. [Google Scholar] [CrossRef]

	



D’Onofrio, N.; Cacciola, N.A.; Martino, E.; Borrelli, F.; Fiorino, F.; Lombardi, A.; Neglia, G.; Balestrieri, M.L.; Campanile, G. ROS-mediated apoptotic cell death of human colon cancer LoVo Cells by milk δ-Valerobetaine. Sci. Rep. 2020, 10, 8978. [Google Scholar] [CrossRef]

	



D’Onofrio, N.; Mele, L.; Martino, E.; Salzano, A.; Restucci, B.; Cautela, D.; Tatullo, M.; Balestrieri, M.L.; Campanile, G. Synergistic effect of dietary betaines on SIRT1-mediated apoptosis in human oral squamous cell carcinoma Cal 27. Cancers 2020, 12, 2468. [Google Scholar] [CrossRef]

	



Salzano, A.; Licitra, F.; D’Onofrio, N.; Balestrieri, M.L.; Limone, A.; Campanile, G.; D’Occhio, M.J.; Neglia, G. Short communication: Space allocation in intensive Mediterranean buffalo production influences the profile of functional biomolecules in milk and dairy products. J. Dairy Sci. 2019, 102, 7717–7722. [Google Scholar] [CrossRef] [PubMed]

	



Salzano, A.; Neglia, G.; D’Onofrio, N.; Balestrieri, M.L.; Limone, A.; Cotticelli, A.; Marrone, R.; Anastasio, A.; D’Occhio, M.J.; Campanile, G. Green feed increases antioxidant and antineoplastic activity of buffalo milk: A globally significant livestock. Food Chem. 2021, 344, 128669. [Google Scholar] [CrossRef] [PubMed]

	



Marrone, R.; Salzano, A.; Di Francia, A.; Vollano, L.; Di Matteo, R.; Balestrieri, A.; Anastasio, A.; Barone, C.M.A. Effects of Feeding and Maturation System on Qualitative Characteristics of Buffalo Meat (Bubalus bubalis). Animals 2020, 10, 899. [Google Scholar] [CrossRef] [PubMed]

	



Jarrige, R. Alimentation des Bovins, Ovins et Caprins; INRA: Paris, France, 1988. [Google Scholar]

	



NRC. Nutrient Requirements of Dairy Cattle, 7th ed.; National Academy Press: Washington, DC, USA, 2001. [Google Scholar]

	



Colomer-Rocher, F.; Delfa, R.; Sierra, I. Méthode normalisée pour l’étude des caractères quantitatifs et qualitatifs des carcasses ovines produites dans le Basin Méditerranéen en fonction des systèmes de production. Programme AGRIMED-CIHEAM: “Les carcasses d’agneaux et de chevreaux méditerranéens”. 9–10 December 1986. Zaragoza. Published in French: CEE (1988), Rapport EUR 11479 FR. Office des publications officielles des Communautés européennes, Luxembourg. Published in Spanish: Método normalizado para el estudio de los caracteres cuantitativos y cualitativos de las canales ovinas producidas en el área mediterránea, según los sistemas de producción. Cuad. INIA 1988, 17, 19–41. [Google Scholar]

	



Fisher, A.V.; de Boer, H. The EAAP standard method of sheep carcass assessment. Carcass measurements and dissection procedures report of the EAAP working group on carcass evaluation, in cooperation with the CIHEAM instituto agronomico Mediterraneo of Zaragoza and the CEC directorate general for agriculture in Brussels. Liv. Prod. Sci. 1994, 38, 149–159. [Google Scholar] [CrossRef]

	



Association of Official Analytical Chemists (AOAC). Official Methods of Analysis, 15th ed.; AOAC International: Arlington, VA, USA, 1990. [Google Scholar]

	



Servillo, L.; D’Onofrio, N.; Neglia, G.; Casale, R.; Cautela, D.; Marrelli, M.; Limone, A.; Campanile, G.; Balestrieri, M.L. Carnitine Precursors and Short-Chain Acylcarnitines in Water Buffalo Milk. J. Agric. Food Chem. 2018, 66, 8142–8149. [Google Scholar] [CrossRef]

	



EURL. EURL Lm Technical Guidance Document for Conducting Shelf-Life Studies on Listeria Monocytogenes in Ready-to-Eat Foods; Version 3—6 June 2014; EURL: Freiburg, Germany, 2014. [Google Scholar]

	



Guillier, L.; Lardeux, A.L.; Michelon, D.; Ng, P. Development of a Set of Listeria Monocytogenes Strains for Conducting Challenge Tests; ANSES-Food Safety Laboratory: Maisons-Alfort, France, 2013; Version 0, 20/12/2013. [Google Scholar]

	



National Advisory Committee on Microbiological Criteria for Foods Parameters for determining inoculated pack/challenge study protocols. J. Food Prot. 2010, 73, 140–202. [CrossRef]

	



IBM Corp. IBM SPSS Statistics for Windows; Version 23.0; IBM Corp: Armonk, NY, USA, 2015. [Google Scholar]

	



Smid, A.C.; Weary, D.M.; von Keyserlingk, M.A.G. The Influence of Different Types of Outdoor Access on Dairy Cattle Behavior. Front. Vet. Sci. 2020, 7, 257. [Google Scholar] [CrossRef]

	



Stephens, F.B.; Constantin-Teodosiu, D.; Greenhaff, P.L. New insights concerning the role of carnitine in the regulation of fuel metabolism in skeletal muscle. J. Physiol. 2007, 581, 431–444. [Google Scholar] [CrossRef]

	



Napolitano, F.; De Rosa, G.; Grasso, F.; Bordi, A. Influence of space restriction on welfare of weaned buffalo calves (Bubalus bubalis). Liv. Prod. Sci. 2004, 86, 117–124. [Google Scholar] [CrossRef]

	



DeVries, T.J.; von Keyserlingk, M.A.; Weary, D.M. Effect of feeding space on the inter-cow distance, aggression, and feeding behavior of free-stall housed lactating dairy cows. J. Dairy Sci. 2004, 87, 1432–1438. [Google Scholar] [CrossRef]

	



Meadows, J.A.; Wargo, M.J. Carnitine in bacterial physiology and metabolism. Microbiology 2015, 161, 1161–1174. [Google Scholar] [CrossRef] [PubMed]

	



O’Callaghan, T.F.; Hennessy, D.; McAuliffe, S.; Kilcawley, K.N.; O’Donovan, M.; Dillon, P.; Ross, R.P.; Stanton, C. Effect of pasture versus indoor feeding systems on raw milk composition and quality over an entire lactation. J. Dairy Sci. 2016, 99, 9424–9440. [Google Scholar] [CrossRef] [PubMed]

	



Gulati, A.; Galvin, N.; Lewis, E.; Hennessy, D.; O’Donovan, M.; McManus, J.J.; Fenelon, M.A.; Guinee, T.P. Outdoor grazing of dairy cows on pasture versus indoor feeding on total mixed ration: Effects on gross composition and mineral content of milk during lactation. J. Dairy Sci. 2018, 101, 2710–2723. [Google Scholar] [CrossRef] [PubMed]

	



Daley, C.A.; Abbott, A.; Doyle, P.S.; Nader, G.A.; Larson, S. A review of fatty acid profiles and antioxidant content in grass-fed and grain-fed beef. Nutr. J. 2010, 9, 10. [Google Scholar] [CrossRef] [PubMed]

	



Duckett, S.K.; Neel, J.P.; Lewis, R.M.; Fontenot, J.P.; Clapham, W.M. Effects of forage species or concentrate finishing on animal performance, carcass and meat quality. J. Anim. Sci. 2013, 91, 1454–1467. [Google Scholar] [CrossRef]

	



Rebouche, C.J.; Lehman, L.J.; Olson, L. ε-N-Trimethyllysine availability regulates the rate of carnitine biosynthesis in the growing rat. J. Nutr. 1986, 116, 751–759. [Google Scholar] [CrossRef] [PubMed]

	



Tuomainen, M.; Kärkkäinen, O.; Leppänen, J.; Auriola, S.; Lehtonen, M.; Savolainen, M.J.; Hermansen, K.; Risérus, U.; Åkesson, B.; Thorsdottir, I.; et al. Quantitative assessment of betainized compounds and associations with dietary and metabolic biomarkers in the randomized study of the healthy Nordic diet (SYSDIET). Am. J. Clin. Nutr. 2019, 5, 1108–1118. [Google Scholar] [CrossRef]

	



Di Ciccio, P.; Rubiola, S.; Grassi, M.A.; Civera, T.; Abbate, F.; Chiesa, F. Fate of listeria monocytogenes in the presence of resident cheese microbiota on common packaging materials. Front. Microbiol. 2020, 11, 830. [Google Scholar] [CrossRef]








[image: Vetsci 08 00066 g001 550] 





Figure 1. Effect of post dry aging on Listeria growth in inoculated samples of buffalo S+/F meat stored at 2° and 4 °C. Listeria concentration (Log (CFU/g)) and growth potential (Log (CFU/g)) are expressed as means ± SEM for each inoculated group. 
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Table 1. Feed (kg) and chemical composition (% of dry matter, DM) of the diet for buffalo bulls reared at 10 and 15 m2/head.
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Feed

	
kg






	
Straw

	
3




	
Concentrate

	
7




	
Water

	
8




	
TOTAL

	
18




	
MFU/kg DM

	
Nutritive Value




	
0.93




	
TDN (%)

	
69.4




	

	
Chemical Composition




	
Dry Matter (kg)

	
8.6




	
Dry matter (%)

	
47.7




	
Moisture (%)

	
52.3




	
CP (%)

	
12.3




	
EE (%)

	
3.5




	
NDF (%)

	
36.0




	
ADF (%)

	
16.0




	
ADL (%)

	
5.0




	
NSC (%)

	
42.2




	
Calcium (%)

	
0.7




	
Phosphorus (%)

	
0.4








MFU = meat forage unit; TDN = total digestible nutrients; CP = crude protein; EE = ether extract; NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL = acid detergent lignin; NSC = non-structural carbohydrates.
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Table 2. Feed (kg) and chemical composition (% of dry matter, DM) of the diet in buffaloes with (S+/F) or without (S+/D) rye grass inclusion.
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Feed

	
Diet (kg)




	
S+/D

	
S+/F






	
Rye grass

	
-

	
12




	
Straw

	
3

	
2




	
Concentrate

	
7

	
5




	
Calcium carbonate

	
-

	
0.1




	
Water

	
8

	
-




	
TOTAL

	
18.0

	
19.1




	

	
Nutritive Value




	
MFU/kg DM

	
0.93

	
0.93




	
TDN (%)

	
69.4

	
69.4




	

	
Chemical Composition




	
Dry Matter (kg)

	
8.6

	
8.6




	
Dry matter (%)

	
47.7

	
44.7




	
CP (%)

	
12.3

	
12.2




	
EE (%)

	
3.5

	
4.0




	
NDF (%)

	
36.0

	
36.1




	
ADF (%)

	
16.0

	
19.4




	
ADL (%)

	
5.0

	
5.4




	
NSC (%)

	
42.2

	
41.7




	
Ca (%)

	
0.7

	
0.7




	
P (%)

	
0.4

	
0.4








MFU = meat forage unit; TDN = total digestible nutrients; CP = crude protein; EE = ether extract; NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL = acid detergent lignin; NSC = non-structural carbohydrates.
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Table 3. Effects of availability of space and different feeding regimen on animal growth, daily average gain, dry matter intake, live body weight at slaughterhouse, and carcass weight and yield of buffalo meat in animal bred at 10 m2 (S−), at 15 m2 (S+), and fed total mixed ratio (S+/D) or green forage (S+/F). Values are expressed in percentages or as the mean ± ES.
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	Group
	Daily Average Gain (g)
	Dry Matter Intake (%)
	Live Body Weight (kg)
	Carcass Weight (kg)
	Lean Mass (%)
	Bone Mass (%)
	Fat Mass (%)





	S+
	720 ± 16.7
	1.72
	520 ± 4.7
	257.7 ± 8.1
	62.7 A
	25.8 A
	10.9 a



	S−
	675 ± 15.9
	1.75
	513 ± 7.0
	252.8 ± 9.9
	52.9 B
	38.1 B
	8.7 a



	S+/D
	838 ± 9.2
	1.73
	533 ± 7.0
	271.8 ± 3.4
	57.8
	22.9 A
	18.9 b



	S+/F
	849 ± 12.0
	1.70
	540 ± 4.7
	273.7 ± 2.4
	58.9
	22.5 A
	18.5 b







a,b values within columns differ p < 0.05; A,B values within columns differ p < 0.01.
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Table 4. Functional metabolites in buffalo meat in animal bred at 10 m2 (S−), at 15 m2 (S+), and fed total mixed ratio (S+/D) or green forage (S+/F). Metabolites’ concentration (mg/Kg) is expressed as the mean ± ES. Statistical analysis was performed using t-test. Glycine betaine, GlyBet; γ-Butyrobetaine, γBB; δ-Valerobetaine, δVB; L-Carnitine, Cnt; Acetylcarnitine (C2Cnt); Propionylcarnitine (C3Cnt); Butyrylcarnitine (n-C4Cnt).
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	GlyBet
	γBB
	δVB
	Cnt
	C2Cnt
	C3Cnt
	n-C4Cnt





	S−
	54.50 ± 2.52 A
	13.27 ± 0.54
	44.41 ± 1.19 A
	271.67 ± 5.40 a
	236.38 ± 11.24 a
	26.26 ± 2.3 A
	134.38 ± 4.02



	S+
	66.57 ± 1.13 B
	13.20 ± 0.64
	55.73 ± 1.81 B
	285.54 ± 3.22 b
	294.10 ± 13.65 b
	37.21 ± 1.66 B
	158.06± 4.76



	S+/D
	68.90 ± 0.60 A
	14.54 ± 0.55
	56.83 ± 1.8 A
	293.14 ± 3.43 A
	295.19 ± 4.02 a
	36.34 ± 1.22 a
	162.59 ± 4.51 a



	S+/F
	79.67 ± 1.45 B
	14.29 ± 1.14
	71.13 ± 1.37 B
	317.40 ± 5.06 B
	330.16 ± 5.74 b
	42.89 ± 1.31 b
	174.57 ± 1.56 b







a,b values within columns differ p < 0.05; A,B values within columns differ p < 0.01.
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Table 5. Activity water (aw), pH, and weight loss during meat maturation time comes from animals fed with green forage and bred at low density (S+/F) in Longissimus muscle at T0, 30 days (T1), and 60 days (T2) after maturation.






Table 5. Activity water (aw), pH, and weight loss during meat maturation time comes from animals fed with green forage and bred at low density (S+/F) in Longissimus muscle at T0, 30 days (T1), and 60 days (T2) after maturation.





	
Group

	
aw

	
pH

	
Weight Loss (kg)




	
T0

	
T1

	
T2

	
T0

	
T1

	
T2

	
Weight T0

	
Weight Loss T1

	
Weight Loss T2






	
S+/F

	
0.98 ± 0.00

	
0.98 ± 0.00

	
0.98 ± 0.00

	
5.5 ± 0.02

	
5.7 ± 0.01

	
5.7 ± 0.03

	
18.1 ± 0.9

	
1.4 ± 0.0

	
2.1 ± 0.0
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Table 6. Functional metabolites in meat of buffalo bulls fed with green forages and rear at low density conditions at T0, 30 days (T1), and 60 days (T2) after maturation. Metabolites’ concentration (mg/Kg) is expressed as the mean ± ES.
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	Metabolites
	T0
	T1
	T2





	Glycine betaine
	80.6 ± 3.1 B
	118.3 ± 8.3 b
	160.3 ± 17.5 A



	γ-Butyrobetaine
	15.2 ± 0.8
	17.2 ± 0.4
	18.9 ± 0.7



	δ-Valerobetaine
	66.5 ± 4.8 B
	90.7 ± 3.1 b
	129.0 ± 5.5 A



	L-Carnitine
	354.7 ± 8.0 B
	424.0 ± 4.3 b
	495.1 ± 9.3 A



	Acetylcarnitine
	328.0 ± 7.0 B
	377.1 ± 3.1 b
	449.2 ± 22.0 A



	Propionylcarnitine
	41.2 ± 1.1 B
	50.0 ± 0.8 b
	57.2 ± 2.7 A



	Butyrylcarnitine
	171.8 ± 3.4 B
	193.0 ± 4.0 b
	216.2 ± 6.1 A



	Choline
	16.1 ± 1.9 B
	22.7 ± 0.7 B
	43.8 ± 2.4 A



	Glycerophosphocholine
	206.8 ± 9.5 B
	259.0 ± 8.0 B
	379.7 ± 17.8 A







A,B values within row differ p < 0.01; A,b values within row differ p < 0.05.
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Table 7. Effect of post dry aging on microbiological profile measured as Log (CFU/g) of buffalo meat fed ray grass and bred at low density (S+/F) in Longissimus muscle at T0, 30 days (T1), and 60 days (T2) after maturation.
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	Mesophilic Microbe Content
	Enterobacteriaceae
	Coagulase-Positive Staphylococci
	Coagulase-Negative Staphylococci
	Yeast
	Mold





	S+/F T0
	4.70 ± 0.31
	1.35 ± 0.00
	4.21 ± 0.26
	4.74 ± 0.65
	3.01 ± 0.34
	2.05 ± 0.10



	S+/F T1
	4.72 ± 0.52
	1.40 ± 0.18
	4.17 ± 0.58
	4.43 ± 0.63
	2.85 ± 0.67
	2.05 ± 0.13



	S+/F T2
	4.76 ± 0.29
	1.30 ± 0.00
	4.21 ± 0.65
	4.74 ± 0.32
	2.97 ± 0.65
	2.76 ± 0.40










[image: Table] 





Table 8. Effect of post dry aging on Listeria growth in inoculated samples of buffalo S+/F meat stored at 2° and 4 °C. Listeria concentration (Log (CFU/g)) is expressed as the mean ± SEM for each inoculated group and at each sampling time.
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Day

	
Log (CFU/g)

	
Growth Potential (Log (CFU/g))




	
2 °C

	
p

	
4 °C

	
p

	
2 °C

	
4 °C




	
Mean ± SEM

	
Mean ± SEM

	
δ

	
δ






	
D0

	
1.90 ± 0.03 A

	

	
2.17 ± 0.08 B

	

	
-

	
-




	
D1

	
2.39 ± 0.02

	
***

	
2.44 ± 0.17

	
NS

	
0.49

	
0.26




	
D2

	
2.44 ± 0.01 A

	
*

	
2.22 ± 0.05 B

	
NS

	
0.54

	
0.05




	
D3

	
2.41 ± 0.03 A

	
NS

	
3.31 ± 0.03 B

	
***

	
0.51

	
1.14




	
D4

	
2.26 ± 0.10 A

	
NS

	
4.11 ± 0.02 B

	
***

	
0.36

	
1.94




	
D5

	
2.32 ± 0.08 A

	
NS

	
4.21 ± 0.03 B

	
*

	
0.42

	
2.04




	
D8

	
2.23 ± 0.17 A

	
NS

	
4.29 ± 0.06 B

	
NS

	
0.33

	
2.11




	
D11

	
2.06 ± 0.10 A

	
NS

	
4.44 ± 0.06 B

	
NS

	
0.15

	
2.27




	
D14

	
1.84 ± 0.12 A

	
NS

	
4.92 ± 0.04 B

	
***

	
−0.06

	
2.75




	
D18

	
1.10 ± 0.10 A

	
***

	
5.16 ± 0.04 B

	
***

	
−0.80

	
2.99




	
D21

	
0.67 ± 0.33 A

	
***

	
5.19 ± 0.02 B

	
NS

	
−1.23

	
3.01








A,B values within row differ p < 0.01, * and *** values within column differ p < 0.05, p < 0.01, and p < 0.001, respectively. Statistical analyses were carried out to evaluate Listeria growth trend between two consecutive sampling times.
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