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Gut microbiota of rats and mice fed different sources of dietary protein and fat
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The research exploring the health-promoting and disease-preventive effects of the gut microbiota is gaining momentum
and any entities to which the gut microbiota sensitively respond are now considered valuable tools to exploit and develop
new strategies to promote systemic health. Substrates for gut fermentation are fundamentally non-digestible dietary
components and host secretions mainly comprising mucin. Thus, highly digestible protein and fat have been considered
to have little influence on the shaping of the gut microbiota. However, a small amount of non-digestible protein and fat
may reach the large intestine, being a potential factor affecting bacterial metabolism. In the present study, three
experiments were conducted using rats and mice to examine whether different sources of protein (soy, meat, fish, milk,
and egg) and fat (sacha inchi, soybean, olive, lard, canola, and sesame) affect the gut microbiota and their metabolism.

In the first experiment, a total of 60 rats were used in two separate feeding trials. Soy, meat (a mixture of beef
and pork), and fish proteins were fed to rats with cellulose (CEL) and raffinose (RAF) in trial 1, and soy, milk (casein),
and egg proteins were given to rats with CEL and RAF in trial 2. Egg protein feeding decreased the concentration of
acetic acid and the richness and diversity of the cecum microbiota. When fed with CEL, the abundances of
Ruminococcaceae and Christensenellaceae, Akkermansiaceae and Tannerellaceae, and Erysipelotrichaceae enhanced
with soy protein, meat and fish proteins, and egg protein, respectively. The effects of dietary proteins diminished with
RAF feeding and the abundance of Bifidobacteriaceae, Erysipelotrichaceae, and Lachnospiraceae increased and that
of Ruminococcaceae and Christensenellaceae decreased regardless of the protein source. These results indicate that,
although the effect of prebiotics is more robust and distinctive, dietary protein sources may influence the composition
and metabolic activities of the gut microbiota.

In the second experiment, six different oils, i.e. sacha inchi, soybean, olive, lard, canola, and sesame, were
fed to 30 mice. Casein and CEL were used as exclusive protein and fiber sources in this trial. No distinctive differences
were seen between six oil treatments in the cecum short-chain fatty acids concentration, except that lard feeding lowered
the propionic acid concentration compared with sacha inchi, soybean, and olive oil feedings. The abundances of
Enterobacteriaceae, Mogibecteriaceae, and Peptostreptococcaceae appeared to increase when mice fed sacha inchi
compared with sesame oil, and the abundance of Ruminococcaceae appeared to enhance when mice fed sacha inchi and
olive oils compared with soybean oil and lard. Meanwhile, six oil treatments exerted substantial changes in lipid
metabolism; sacha inchi oil feeding lowered the total cholesterol and phospholipid concentrations, while not affecting
the triglyceride concentrations in the serum and liver. Dietary oils with different fatty acids composition greatly affected
lipid metabolism, but the changes may have not be mediated via gut microbiota and their metabolism.

In the third experiment, mixed effects of dietary protein and oil were examined using 30 mice. Casein, soy,
and egg proteins were chosen as protein sources from the first experiment and sacha inchi and canola oils were selected
as fat sources from the second experiment. The concentration of cecum butyric acid was increased by egg protein than
soy protein feeding and by sacha inchi oil than canola oil feeding. The abundances of Firmicutes and Bifidobacterium
were lowered when egg protein was fed with sacha inchi oil, and that of Bacteroidetes was increased when egg protein
rather than soy protein was fed. Moreover, although plasma total cholesterol, triglyceride, and phospholipid
concentrations were not affected by the sources of dietary protein and fat, the concentration of liver total cholesterol
was increased by soy protein compared with casein, and further increased by egg protein compared with soy protein
feeding.

Several protein and oil effects on the gut microbiota and metabolism have been shown in this study,
encouraging further works to gain further insights into the potential of macro- and micro-nutrients in facilitating the
growth of gut microbiota and mediating healthy metabolic homeostasis.
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