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I. INTRODUCTION 
 

Aging process is an important technology used to improve meat quality and eating experience, but 

different types of aging produce differences on meat organoleptic traits. The dry-aged meat is 

considered a flavourful product compared to the wet-aged ones [1], however, due the higher amount 

of shrink and trim losses, some alternatives should be studied, in order to produce meat with flavour 

near to the dry-aged, but with higher yields. In that way, the use of moisture absorber with or without 

mechanical tenderization, could remove part of the intramuscular moisture and improve the meat 

flavour, by flavour concentration. Therefore, the aim of this study was to evaluate the water drying 

dynamics of meat aged with different methods using TD-NMR relaxometry and multivariate statistical 

approaches. 

 

II. MATERIALS AND METHODS 
 

A total of 24 bone-in loins from Nellore cattle were assessed in four treatments: Wet) meat aged with 

vacuum package; Dry) meat aged unpackaged; Abs) meat aged into a vacuum package with moisture 

absorber (M6175S, McAirlaid’s, Germany); and AbsTend) mechanical tenderized meat aged into a 

vacuum packed with moisture absorber. After 28 days aging, samples were analyse through TD-NMR, 

using a SLK-IF-1399 (0.23 T) spectrometer with a 10 cm probe. The transverse (T2) and Longitudinal 

(T1) relaxation times were measure using the Carr-Purcell-Meiboom-Gill (CPMG) [2] and inversion-

recovery (IR) [4] pulse sequences, respectively. A total of 48 steak samples were used: 24 from to the 

inner part (INT), consisting to the deepest portion of the steak; and 24 from the meat surface (EXT) 

consisting of the 3 mm of the surface of each steak. Multivariate analyses were evaluated in MATLAB 

2021b and PLS_Toolbox v.9.1 (Eigenvector Research Inc., Wenatchee, WA, USA).  

 

III. RESULTS AND DISCUSSION 
 

Analysing the PCA of the CPMG (T2) signals of meat inner part (Fig. 1 A), it is possible to suggest 

some differentiation among the aging techniques. However, an expressive differentiation among 

treatments was found for CPMG (T2) signals of meat surface (Fig. 1 B), in which Dry and Wet samples 

presented a cluster far from each other and from Abs and AbsTen. Nonetheless, an overlapping was 

observed between the Abs and AbsTen suggesting similarities between them. On regard to the IR (T1) 

signals, there was no clear separation among groups for the inner part of the meat (Fig. 1 C); however, 

when the meat surface (Fig. 1 D) was analysed, the Dry samples segregate from all the others, but an 

overlapping was found among Wet, Abs and AbsTend groups, suggesting similarities between them. 

The PCA biplot (Fig. 2) contain the information of the samples and meat physicochemical variables, 

showing the similar clusters than those obtained with TD-NMR. 
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Figure 1. PCA scores plots obtained with the CPMG decays of meat inner part (A) and surface (B) and IR 
decays of meat inner part (C) and surface (D) 

 

The most important variable for separation of dry-aged meat samples from the others are the meat 

initial weight (IW) and the meat initial weight –final weight (IW-FW), which are at least two time higher 

than those obtained for Abs, AbsTend and Wet samples. Such differences are correlated with the 

higher dehydration process on Dry-aged meat, decreasing the FW when compared with the other 

treatments. 

 
Figure 2. PCA biplot obtained with meat chemical-physical analysis. 


IV. CONCLUSION 
 

CPMG (T2) signals were more sensitive to detect differences on meat water drying dynamic that IR 

(T1) signals. The greater dehydration of Dry-aged samples promoted differences to the other groups. 

Using absorber, during the aging process, seems to promote changes on water dynamic towards 

improving losses. The tenderization did not change drying water dynamic according to the CPMG and 

IR signals. 
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