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I. OBJECTIVES 

Acquiring accurate metabolic information is important to understand and/or elucidate 
biological changes in meat samples. Among the different quantitative analyses, one-
dimensional (1D) 1H nuclear magnetic resonance (NMR) analysis is rapid, reproducible, and 
simultaneous for various metabolites without derivatization. However, despite these 
advantages, 1D 1H NMR analyses still need to overcome the problem of chronic overlap, 
which is critical in cases of mixtures such as meat extracts. For this problem, the application 
of two-dimensional quantitative nuclear magnetic resonance (2D qNMR) can be helpful to 
reduce overlap issues via its dimensional expansion. Hence, in this study, 2D qNMR 
analytical methods were applied for metabolite analysis in meat, investigating its potential in 
comparison to high-performance liquid chromatography (HPLC) and 1D 1H NMR. 

II. MATERIALS AND METHODS 

Chicken breasts meat were purchased from a local market and pooled prior to the analyses. 
The breast meat (5 g) was extracted with 0.6 M perchloric acid, neutralized with potassium 
hydroxide, and lyophilized for elimination of the water. Lyophilized samples were 
reconstituted with 1 mL of 20 mM phosphate buffer in D2O solution (1 mM 3-
(trimethylsilyl)propionic acid, pH 7.0) and applied for 1D 1H NMR, 2D qNMR (heteronuclear 
single nuclear quantum coherence [HSQC]), and HPLC. Prior to setting up 2D qNMR, 
artificial free amino acid mixture was prepared manually and acquired on HSQC for 
quantification. All results were triplicated, and statistical analysis was performed using the 
procedure of the general linear model. Significance of differences among mean values was 
determined by a Student-Newman-Keul test (P < 0.05). 

III. RESULTS 

A total of 18 free amino acids were found in chicken breast meat extracts using 3 different 
analyses (Table 1). Compared to HPLC and HSQC, 1D 1H NMR showed good precision with 
lower variation. However, some metabolites (arginine, glutamate, proline, histidine, lysine, 
serine, and tryptophan) were quantified in 1D 1H NMR because of its overlap. Unlike 1D 1H 
NMR, HSQC could qualify and quantify all metabolites without overlap. Different 
quantification in 2D qNMR was observed in the contents of arginine, proline, glutamine, 
histidine, leucine, phenylalanine, tyrosine, and valine, while other free amino acids were not 
different when compared to the conventional HPLC method (P < 0.05). This inconsistency 
can be improved by further optimization as it is possibly due to difference of ionic strength 
between breast meat extracts and artificial standard mixture, different 90° pulse (p1) of 
metabolites, and/or NMR acquisition parameters. In addition, although quantification of was 
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not consistent on HSQC, standard of each free amino acid showed good linearity (R2 = 0.97 
in proline and R2 > 0.99 in others). 

 

 

 

 

IV. CONCLUSION 

Based on the results, 2D qNMR can be helpful in acquiring interactive and accurate 
information, which could be advantageous when compared to traditional chromatographic 
analysis. However, further optimization is needed for more accurate numerical quantification. 
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