
Effects of meat intake  
investigated in rats using 
NMR metabolomics

Background

Epidemiological studies have shown a strong 
association between intake of red meat and 
increased risk of lifestyle diseases, such as co-
lon cancer. There is a need for more research 
in order to investigate what effects meat intake 
may have on the metabolism. 

Objective

In the present project, samples from rats fed dif-
ferent meat diets were analyzed using solution 
and solid state NMR spectroscopy in order to 
elucidate the metabolite response to meat in-
take in an explorative way. This unique set-up 
enables new insight into the complex bioche-
mical mechanisms, giving rise to elucidating the 
relation between consumption of meat from 
either chicken or beef and the health of the co-
lon.
 

Methods

After feeding with commercial diet for seven 
days, 24 healthy rats were randomly assigned 
to 15 days of ad libitum feeding of one of four 
experimental diets: 1) chicken lean 2) chicken 
fat 3) beef lean 4) beef fat (Table 1). Urine, feces 
and plasma were analyzed by 1H NMR spec-
troscopy. Furthermore, intact colon tissue was 
analyzed using HR MAS 1H NMR spectroscopy. 

Table 1 Experimental diets. 

Meat 
source

Fat 
level

Fat 
(g/100g)*

Protein 
(g/100 g)*

Carbohydrates 
(g/100 g)*

Energy 
(kJ/g)*

Heme 
(mg/100 g)

Chicken 

Lean 
(n= 6)

2.8 14.0 32.1 8.2 ~0.09

Fat 
(n= 6)

12.5 12.0 31.7 11.2 ~0.09

Beef 

Lean 
(n= 6)

2.8 14.4 32.7 8.2 ~0.89

Fat 
(n= 6)

12.5 12.8 29.4 11.2 ~0.89

*wet weight
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Results

Overall, there was a clear effect of 
feeding meat from either chicken or 
beef on the metabolites found in urine 
and colon tissue. In urine, the chicken 
diets resulted in a higher acetate and 
anserine content, whereas beef diets 
increased fumarate, α-ketoglutarate, 
carnosine and TMAO levels. Chicken 
diets increased choline content in co-
lon tissue, and beef diets increased 
lipid levels. In plasma, the chicken lean 
diet resulted in an altered lipoprotein 
profile.
 

Discussion & conclusion

The set-up in this study enabled new 
insight into the complex biochemi-
cal mechanisms, involved in meat 
consumption. Host-microbe interacti-
ons might account for the increased 
urinary excretion of TMAO in urine, 
since it can arise from microbial de-
gradation of carnitine from beef and 
subsequent oxidation of the resulting 
trimethylamine in the liver. Fumarate 
and α-ketoglutarate are products of 
the Kreb’s cycle and might indicate 
increased mitochondrial activity. In ad-
dition, anserine found in chicken and 
carnosine found in beef are both po-
tentially bioactive peptides and might 
be used as biomarkers of the protein 
source. 

Figure 1 Intervention period and study design. BW: body weight

Figure 2 PCA scores scatter plot of urinary samples from all treatment 
groups (n=23). R2X(cum) = 0.597, Q2(cum) = 0.488.

Figure 3 OPLS-DA model of urinary metabolites related to protein source 
of the diets. Colors are associated with the correlation of metabolites in 
characterizing the 1H NMR data for the class of interest with the scale 
shown in the right-hand side of the plot.


