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Changes in Mechanical and Microscopic Properties of a Soybean Seed
during Experimental Natto Making Process

Yukiharu OGAWA" ", Satoshi TAGUCHI', Nami YAMAMOTO® and Akio TAGAWA'

'Graduate School of Horticulture, Chiba University, Matsudo 648, Matsudo 271-8510, Japan
2Faculty of Education, Wakayama University, Sakaedani 930, Wakayama 640-8510, Japan

Changes in mechanical properties of a sample soybean seed during experimental Natto making
process were studied from a histological standpoint. The process for Natto making was partitioned
into soaking, autoclaving, fermenting and aging operations by which physical structures of a soybean
seed were influenced. The hardness of the sample soybean was drastically changed by the autoclaving
operation in which decrease of autofluorescent brightness of the soybean tissue was observed by
autofluorescent stereo microscopy. However, the tissue microstructure visualized by the SEM was not
obviously changed in the autoclaving process. As a result, it seemed that some compositions, which
should influence hardness and autofluorescent properties of a soybean seed, were eluted from the
tissue by the autoclaving operation. Shrinkage of an internal structure in a cell matrix, which should
be resulted from protein decompositions by a protease reaction, was observed during fermenting and
aging processes. As a result, a gap in a cell matrix increased and it was thought that the gap should also
have relations with a slight decrease of hardness of sample soybeans. An observation of microscopic
structures of a soybean seed during Natto making process has potential for studying manufacture of

Natto.
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Table 1 Changes in hardness, cohesiveness and adhesiveness of sample soybean seeds during Natto making process.

Hardness S.E. Cohesiveness S.E. Adhesiveness S: Bs

™) (/m’)
Soaked 165.0 3:2 0.37 0.01 14 0.4
Autoclaved 20.3 0.6 0.20 0 346.0 189
Fermented 20.8 0.8 0.21 0.01 721.9 419
Aged 17.1 0.9 0.18 0.01 569.2 26.3

S. E. means Standard Error (=30).

Fig. 1 Images of micro-structural changes of sample soybeans during Natto making process.

Sample autofluorescent images of whole size sections (a)-(d) and magnifications around fringe area (e)-(h).
Sample SEM images of short axis planes (i)-(l) and long axis planes (m)-(p) of palisade cells in the cotyledon
tissue. Soaked sample (a), (e), (i), (m), autoclaved sample (b), (f), (j), (n), fermented sample (c), (g), (k), (0), and
aged sample (d), (h), (), (p) are shown respectively. Arrows (i)-(l) indicate cell wall. Arrows (m)-(p) indicate
internal structures (IS) in a cell matrix. Scale bar of (a)-(d)=5 mm, (e)-(h) =500 zm, and (i)-(p)=10 pm.
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Table 2 Brightness and its standard deviation of the sample
section images shown in Figs. 1 (e)-(h).

Brightness S.D.
Soaked 136 35
Autoclaved 52 18
Fermented 76 38
Aged 70 30

S. D. means Standard Deviation. Soaked: (e), Autoclaved: (f),
Fermented: (g), Aged: (h) in Fig.1, respectively.
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Bum 100000

Fig.2 SEM images of a magnification of sectioned plane for
palisade cells in the cotyledon tissue of the aged Natto bean.
Internal structure of cell matrix (IS), cell wall (CW), and crack
(CR) are shown. Scale bar=10 xm.
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