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The metabolomics-based approach of tempe as a baby food product ingredient
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Tempe is recognized as food with many benefits with high and good quality protein content and is
recognized as cheap yet nutritious food in Indonesia. A previous study showed that the potency of non—
soy legumes as tempe ingredients in tempe productions contributes to improving nutritional content and
functionality. Therefore, tempe-based baby foods could play a role as sources of readily available
nutrients for the prevention and management of malnutrition and diarrhoea. The product will be highly
nutritional, easily digestible, acceptable, well-tolerated, and preferably should have additional
nutrients such as anti—diarrhoea properties. Until now, there has been no metabolome study about tempe
from other legume materials. This study would like to use the metabolomics approach to develop ready-—
to—use ingredients from tempe to formulate baby food products. Four different legumes, red kidney bean,
soybean, cowpea bean, and jack bean, and four kinds of tempe prepared from the abovementioned legumes

were subjected to gas chromatography—mass spectrometry (GC-MS) analysis. These tempe samples were
fermented in two different production places—Japan and Indonesia. In total, 83 metabolites were annotated
from all samples. Principal component analysis (PCA) showed that the samples were separated based on
their type (legume and tempe) along PCl with a 36.3% variance, in which sugars and amino acids
significantly contributed to the separation. In addition, samples were separated along PC2 with a 17.2%
variance based on the different production places. The in-vitro protein digestibility analysis result
showed that green soybean tempe has higher protein digestibility than other legume tempe samples.
Furthermore, each legume tempe has higher protein digestibility than the legume before fermentation
which is higher than 50% with different p, amino acid profiles. Based on LC-MS analysis, most p—amino
acids accumulate in white bean tempe. However, some p—amino acids such as p—lysine, p—allo—isoleucine

p—isoleucine, p—arginine, and p—glutamine were also accumulated higher in green soybean, green pea, and
red kidney bean tempe, which may contribute to the better food characteristics such as taste and flavor.
The PCA and orthogonal projection to latent structures with discriminant analysis (OPLS-DA) were used
to find statistically significant metabolites as discriminant candidates. First, based on the GCMS
analysis result, freeze—dried and freeze—crushed samples were clustered differently from oven—dried
samples based on PCl. Then, oven—dried samples accumulated more metabolites annotated. Among three of
the most common drying temperature, the oven—dried accumulated more metabolites. Meanwhile, we optimized
the temperature, the 60°C oven—drying temperature treatment accumulated more metabolites than 45 and
50°C, especially essential amino acids. Other important metabolites that contribute to the various drying
treatment are adenosine, uridine, inositol, N- acetyl glucosamine, and adenine. Furthermore, the
combination of soybean and red kidney bean tempe could improve the levels of some amino acids found to
be present at low levels in both tempe samples. In further analysis, there is no significant difference
in the metabolites profile of legume tempe that was mixed before and after becoming a powder. This
combination of mixed tempes could also improve the amino acid profile of tempes made from a single
legume. This study was the first comprehensive study in legume tempe. The information based on metabolites
profile, amino acid profile, protein quality and sensory evaluation is useful for further utilization
of legume tempe as a baby food product ingredient. This study revealed that legume tempes have different
metabolomics profiles, which also affect sensory acceptance. The common method for food drying treatment

which is oven—dried at 60 °C, was selected as the suitable method to make legume tempe powder.
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