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Soy sauce and miso are two traditional Japanese fermented condiments that are derived from fermenting
soybeans, grains, salt, and water, through microbial fermentation and enzymatic activity. Even though soy
sauce is a liquid while miso is a paste, there is a close relationship between soy sauce and miso due to the
raw materials used in the preparation and the fermentation process for both are very similar. They were
essential condiments for the traditional Japanese cuisine, namely washoku, which was designated as
UNESCO Intangible Cultural Heritage of Humanity in December 2013. They also had been spread to the
foreign countries and integrated into many western cuisines owing to their intense umami tastes and distinct
flavors. In present, there is a strong desire for high-quality products of both soy sauce and miso. However,
the qualities of soy sauce and miso were mainly determined by sensory evaluation, which is subjective, time-
consuming, and costly. The traditional sensory evaluation also could not meet those needs from
manufacturer and consumers. Few studies have investigated the development of objective methods for
assessing the quality of soy sauce or miso. Consequently, there is a lack of understanding of quality
characteristics for Japanese fermented soy sauce and miso products as well as the efficient and rapid
evaluation method to assess the final qualities of soy sauce and miso.

The research described in this thesis sought to: I) analyze the chemical composition that related to the
color and taste to find the relationship between the chemical composition and sensory evaluation then
clarified the essential chemical characteristics for soy sauce and miso products produced in the Akita area;
1) investigate the correlation between the volatile compounds and sensory evaluation to clarify the effects

of flavor compounds on the final qualities of soy sauce and miso, respectively; I1I) investigate the feasibility
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of the predictive models developed by using the measured chemical composition and volatile compounds;
IV) develop a practical technique for rapid assessment of the final qualities for soy sauce and miso,
respectively, with the aim to meet the accuracy and real-time capability for industrial spots.

In Chapter 1, the research background and a general literature review that stated the knowledge of soy
sauce and miso, their fermentation processes for the formation of chemical composition and flavor
compounds, the effects of constituents on the final qualities, and the current research on quality assessment
methods for soy sauce and miso.

In Chapter 2, a comprehensive study is carried out to investigate the essential chemical characteristics
for the quality improvement of soy sauce and miso products manufactured in the Akita area. The chemical
compositions of soy sauce and miso collected were analyzed for color, salt, soluble salt-free solids, acids,
carbohydrates, amino acids, pH, and moisture. Results showed that the high-ranking soy sauce preferred a
dark-reddish color and also possessed high levels of sugars, acids (except formic acid), and ethanol (Figure
1). Moreover, the level of amino acids, especially for those amino acids with sweet or sour taste, were
positively correlated with high-ranking soy sauce. On the other hand, the high-ranking miso samples
possessed high levels of a*; organic acids, and amino acids, than the low-ranking samples (Figure 2). In
contrast, the detected sugars in high-ranking miso was lower than that of low-ranking samples, which
proposed sugars were probably consumed during fermentation process. The negative role played by L* in
miso quality were also observed. Moreover, the principal component analysis was performed on the
measured compositions from soy sauce and miso, respectively. The correlation between the measured
compositions and products was further investigated.

In Chapter 3, considering the flavor is a key index for the determination of the qualities of soy sauce and
miso products, the tested soy sauce and miso samples were further subjected to the analysis of volatile
compounds. The role of the individual flavor compound played in the final quality of soy sauce or miso was
investigated. The volatile compounds were directly extracted by headspace analysis to reduce technical
interference and to identify the most common compounds in soy sauce and miso. The qualitative results
showed that 62 and 48 volatile compounds were detected in soy sauce and miso, respectively. The detected
volatile compounds of soy sauce contained ten aldehydes, ten ketones, nine furan(one)s, seven alcohols,
seven esters, six sulfur-containing compounds, five pyrazines, three phenols, and two others In the case of
miso, the detected volatile compounds contained nineteen esters, nine aldehydes (including furan-2-
carbaldehyde), eight alcohols, four ketones, three acids, two sulfur-containing compounds, and three others,
no pyrazines and phenols were detected.

The correlation between the detected volatile compounds and the sensory evaluation were investigated.
Results (Figure 3) showed that most of the detected aldehydes, ketones, furan(one)s, and alcohols had a
certain effect on determining the quality of soy sauce product, positively and negatively. Particularly, the

detected pyrazines, except 2,6-dimethylpyrazine, played a negative role in determining the quality of soy
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sauce. In total, 19 volatile compounds were found to positively contribute to the quality of soy sauce, while
23 volatile compounds were negative with the quality. With regarding to the flavor characteristic of miso,
results (Figure 4) showed most of the detected volatile compounds showed a positive correlation with the
final quality, and no volatile compounds showed a certain negative correlation. This indicated that one of the
essential characteristics for the high-quality miso product is to have an intense flavor.

In Chapter 4, through the investigation of chemical composition and flavor compounds for soy sauce
and miso, the measured compositions, which influenced the color, taste, and flavor of soy sauce and miso
products, played a key role in determining the final quality of products. Therefore, it is promising to apply
regression analysis to predict the final quality of soy sauce and miso products. The regression analysis for
predicting the sensory scores of soy sauce and miso products is performed on the measured chemical
composition and volatile compounds, respectively. Totally, 74 parameters from the tested soy sauce samples
and 87 parameters from the tested miso samples were considered as predictive variables, respectively.
However, these predictive variables might be complex and interconnected resulting in a decrease in
accuracy. In order to solve this problem, a novel paradigm, based on the theory of Compressed Sensing (CS),
is applied for better identifying and quantifying the contributing components in regression equations then
selecting the proper number of the predictive variables. After calculation the contribution of each predictive
variable to the sensory score (Figure 5), 30 and 32 variables were selected for developing the predictive
models of soy sauce and miso, respectively. Subsequently, the models for predicting the final qualities of
soy sauce and miso were established using partial least squares regression (PLSR), respectively. The
validation test was carried out on the external samples. Results showed: the values of R and RMSEP
obtained for the soy sauce validation samples were 0.80 and 11.47 (Figure 6); and the values of R and
RMSEP for miso validation samples were 0.64 and 21.14 (Figure 7), respectively. Both the constructed
models for soy sauce and miso were found to be consistent with the process of sensory evaluation.

In Chapter 5, in order to develop rapid detection methods for evaluating the final qualities of soy sauce
and miso, respectively, the feasibility of near-infrared (NIR) spectroscopy in combination with PLSR were
investigated. The NIR spectra of soy sauce were acquired using transmittance and transflectance modes in
the range of 400-1800 nm and 680-2500 nm, respectively. The calibration models were constructed on the
obtained full spectrum using PLSR with different pre-treatment methods. The models based on the
transflectance spectra showed a better performance than those of transmittance spectra. Further optimization
of the models was carried out by selecting the proper ranges in order to reduce interference signals. Finally,
the optimized models were constructed based on the 2050 to 2400 nm transflectance spectra region using
the pre-treatment of standard normal variate, witha R3 value of 0.78 and a RMSEP value of 11.13 (Figure
8). With regarding to the development of predictive models for miso products, the NIR reflection spectrums
was acquired in the range of 400-2500 nm. On the basis of selecting the informative NIR regions, the optimal
model of predicting the quality of miso products was constructed in the region from 400 to 1100 nm after
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pre-treatment with standard normal variate combined with the 1st derivative. The final model provided a

R% value of 0.56 and a RMSEP value of 24.80 (Figure 9). Both the obtained models for soy sauce and miso
could predict the final qualities in a few seconds, thus were considered to be suitable for field used.

In Chapter 6, a general conclusion, limitations, and a suggestion for future research to this study are
included. On the whole, the results presented in chapters 2, 3, 4, and 5 comprising this work can serve as a
guide to current literature for those who wish to understand the chemical and flavor characteristics of
fermented soybean foods in Japanese traditional way, and also developed two types of model for monitoring

the final qualities of soy sauce and miso products that produced in Akita area.
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Figure 1 PCA performed on the chemical compositions for soy sauce
samples produced from 2016 to 2018: (a) Scores and (b) loadings.
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Figure 2 PCA performed on the chemical compositions for miso samples
produced from 2016 to 2018: (a) Scores and (b) loadings.
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Figure 3 PCA of the average values for the volatile compounds in the
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