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ABSTRACT

Kapi is a Thai traditional fermented shrimp paste that serves as a flavoring in
various Thai foods. Nowadays, the number of people who have become vegetarian
has increased. To accommodate vegetarians, fermented legume products are often
used as meat condiment substitutes. In this study, 7 traditional kapi samples in
Thailand were used as a source for the isolation of bacterial strains. A total of 23
isolates were obtained, 10 of which had the ability to produce both protease and
amylase activity and these were selected to produce vegetarian kapi using mung bean
protein as a substrate. Among the 10 strains, three isolates; RY1, NW1 and 1S4,
produced the high content of total nitrogen and free amino acid with low ammoniacal
nitrogen and these strains were identified as Bacillus amyloliquefaciens RY 1, Bacillus
subtilis NW1 and Bacillus subtilis 1S4 , respectively by 16s rDNA analysis. However,
the preliminary study of fermentation of mungbean protein into vegetatian kapi by B.

subtilis 1S4 and B. amyloliquefaciens RY1 found that texture, color and aroma of the
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mungbean kapi samples were not similar to the commercial samples. Therefore, the
suitable substrate for vegetarian kapi fermentation by starter cultures has been
investigated to accommodate the vegetarian kapi with more satisfactory quality.
Soybean has been selected to be the substrate for vegetarian kapi fermentation
due to the result that it has shown the most satisfactory qualities that are similar to
commercial kapi condiments, especially in terms of aromatic volatile compounds. In
order to determine which strain of bacteria were responsible in bringing about the
desirable fermentation, studies of 8 safe and non-pathogenic starter cultures were
carried out. The fermented soybean by isolate 1S4, CM1, RY1, TD1, NW1, SC1,
TISTROO01 and TISTR 010, were analyzed for their volatile compounds using SPME
coupled with gas chromatography/mass spectrometry, and then compared with the
commercial kapi (3 kinds of shrimp paste samples and 3 kinds of vegetarian kapi
samples). Principal component analysis and cluster analysis were carried out to
visualize data trends and to detect possible clusters among samples. The volatiles
profile of the fermented samples could be separated into four groups. Soybean kapi,
S1, S2, S5, S6, S7 and S8 which were produced form IS4, CM1, NW1, SC1,
TISTR0O01 and TISTRO10, respectively, were classified into the same group as
commercial vegetarian kapi samples (J1, J2 and J3) that had a predominance of
indoles, S-containing compounds and N-containing compounds. While soybean kapi
S3 and S4 (fermented by isolate RY1 and TD1, respectively) were classified into
group2, shrimp paste kapi was classified into group 3 and shrimp paste kapi K2 and
K3 were classified into group4. However, sensory evaluation of S1 showed a strong
kapi odor with higher scores and there were no significant differences in evaluation

scores between S1 and the commercial vegetarian kapi samples. These data
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demonstrate that B. subtilis 1S4 can be employed as a starter culture to produce an
acceptable soybean kapi that can be a substitute for shrimp paste kapi.

The changes in enzymatic activities, aroma profiles, color development,
phenolic content, including isoflavones, and radical scavenging properties during
fermentation of soybean kapi using two isolates of B. subtilis 1S4 and B.
amyloliquefaciens RY1, were investigated. The activities of three hydrolytic enzymes
(B-glucosidase, a-amylase and protease) from both strains showed the similar change
patterns of which the highest activities have been observed during days 2-4 of
fermentation. With respect to the volatile compound formation, the common dominant
volatile compounds found in both B. subtilis IS4 and B. amyloliquefaciens RY1
samples were aldehydes and N-containing compounds. However, B. subtilis 1S4 also
contained the dominant compounds acids/esters, while B. amyloliquefaciens RY1 also
contained alcohol as the dominant compound. Moreover, the change of color in term
of CIE system (increase in a'- and b*- value and decrease in L*-value) appeared to be
coincidental with the development of browning and the increase in fluorescence
intensity in all samples of B. subtilis 1S4 and B. amyloliquefaciens RY1. In addition,
the fermented samples resulted in a significant increase (p<0.05) of phenolic content
as well as DPPH radical scavenging activity, which was well correlated. Although the
content of glucoside isoflavone (daidzin and genistin) and aglycone isoflaove
(daidzein and genistein) increased in the early state of fermentation, and dramatically
decreased thereafter in both strains, the derivatives of them may possess the
antioxidant activity. These results show the potential of the individual B. subtilis 1S4
and B. amyloliquefaciens RY1 that can be used as functional starter cultures for the

enrichment of the antioxidant and free-radical scavenging activity in soybean kapi.
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