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Characterization of the Quality of Imbibed Soybean at an Early Stage of
Pre-Germination for the Development of a New Protein Food Item

Tomoko TAMURA"

Department of Nutrition and Food Safety, Faculty of Applied Bioscience,
Tokyo University of Agriculture, Tokyo 156-8502

ABSTRACT

This is a pilot study to develop a new protein food item from imbibed soybean
before germination. The present work noticed the significant of a short stage after
imbibition and before germination and we found that vitamin C production was
activated in as short as 16 h from the start of imbibition, without particular influence
on the soy protein quality and sensory acceptability, while longer imbibition made
the imbibed soybean activate its phytophysiological metabolism for germination.
DNA microarray analysis followed by gene ontology statistics revealed that, prior to
16 h, (i) genes for carbohydrate metabolism giving rise to nutrients as the primary
metabolism were up-regulated; (ii) genes response to water-, temperature-, and light-
stimulation which may not be related to soybean protein properties were down-
regulated; and (iii) gene associated with lipid metabolism and secondary metabolite
production were changed. This information will contribute to better understanding
how to develop a new soy protein item in pregermination before active physiological
processes begin. Soy Protein Research, Japan 17, 127-134, 2014.
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Fig. 1. Time course changes of soybean by imbibtion. A, Picture of samples used in experiments. Bar =
5 mm. B-F, Time course change of Vn. C,y -Aminobutyric acid (GABA), and those related genes
after imbibition. Concentration of VVn. C (B) and GABA (D) in the dry seeds by colorimetric method
using 24-dinitrophenylhydrazine and HPLC analysis, respectively, and genes expression of ascorbate
synthesizing enzyme L-galactono-1,4-lactone dehydrogenase (LGDC, C), GABA synthesizing enzyme
glutamate decarboxylase (GAD, E), and GABA degraded enzyme GABA transaminase (GABA-T, F) by
RT-PCR analysis.
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Fig. 2. Quality changes of seed storage protein
after imbibition. A, gluconod -lactone-induced
protein precipitability. B, SDS-PAGE analysis.
C, Sensory evaluation of soy milk samples
prepared from imbibed bean. Dilerent letters
indicate significant differences (p<0.05).
Boxplots show the 25 th and 75 th percentiles
(boundary of the box) and median (line).
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Fig. 3. Conditioning tree of 8 samples from 3
imbibition stages constructed using the
‘pvclust’ function.
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Fig. 4. Cluster dendrogram for genes expressed
in imbibed soybean. Genes extracted with
fold change>10 when compared between
two adjacent stages were used and after
hierarchical clustering analysis, genes were
divided into 5 groups.
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Table 1. Significantly enriched gene ontology (GO) terms found in each group

Cluster Function GO term Number % p-Value
of genes
Cluster 1 Response to stimulus G0:0050896 27 34.6 7.73E-04
LResponse to chemical stimulus G0:0042221 18 231 5.67E-04
LResponse to inorganic substance G0:0010035 9 115 8.51E-04
LResponse to metal ion G0:0010038 9 115 8.55E-05
LResponse to cadmium ion G0:0046686 6 7.7 0.00748
Metabolic process
LSingle-organism metabolic process
Loxidation reduction process GO0:0055114 14 179 3.52E-04
Cluster 2 Response to stimulus
LResponse to abiotic stimulus G0:0009628 7 132 0.027
LResponse to water stimulus
LResponse to water deprivation G0:0009414 4 75 0.005
Regulation of cell communication G0:0010646 3 57 0.025
LNegative regulation of cell communication G0O:0009966 3 57 0.078
LNegative regulation of signal transduction G0:0010646 3 57 0.078
Cluster 3 Carbohydrate metabolic process GO:0005975 27 9.0 2.71E-04
|-Ce||u|ar carbohydrate metabolic process G0:0044262 20 6.7 4.08E-05
Lpolysaccharide metabolic process GO:0005976 10 33 0.002
LGlucan metabolic process G0:0044042 8 2.7 0.004
LCellular glucan metabolic process G0:0006073 6 2.3 0.006
Cellular component organization G0:0016043 26 8.7 0.021
LExternal encapsulating structure organization ~ G0:0045229 14 47 1.17E-04
LCell wall organization GO:0007047 13 43 2.67E-04
Cluster 4 rResponse to abiotic stimulus G0:0009628 14 226 9.03E-06
LResponse to temperature stimulus G0:0009266 9 145 3.87E-06
FResponse to heat G0:0009408 6 97 2.20E-05
LResponse to cold G0:0009409 4 6.5 0.025
Response to radiation G0:0009314 8 129 2.70E-04
LResponse to light intensity G0:0009642 7 113 3.89E-08
LResponse to high light intensity G0:0009644 7 113 1.17E-09
Cluster 5 Response to stimulus G0:0050896 30 26.1 0.002
LResponse to chemical stimulus G0:0042221 22 191 9.69E-05
LResponse to hormone stimulus G0:0009725 12 104 0.002
LResponse to abscisic acid stimulus GO:0009737 11 9.6 5.81E-07
LAbscisic acid mediated signaling pathway G0:0009738 3 2.6 0.044
Response to inorganic substance G0:0010035 6 5.2 0.098
LResponse to water stimulus G0:0009415 8 70 2.00E-05
LResponse to water deprivation G0:0009414 8 7.0 1.45E-05

Shaded in gray terms; three GO terms which have the lowest FDR-corrected p values of the categories.
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Table 2. Gene titles related to food function and expression changes compared between two adjacent stages

Description Ensembl gene ID

TAIR ID

Hours after imbibition

0Oh 8h 16 h
Metalloproteinase GLYMAO02G03230, GLYMA02G03250, AT1G59970
BE658306, GLYMA02G03290, O a
GLYMAO02G03210, GLYMA02G03320
GLYMA02G03250 ] a
Aspartic protease GLYMA14G39350, Gmax_FG19545, AT1G62290, AT5G37540 0 0
GLYMA17G01500, GLYMAO02G41070
Serine proteinase GLYMAL17G17850 AT5G67360 ] ad
GLYMAO09G32760, GLYMA17G17850 AT1G32940, AT5G67360 O a
GLYMA10G43460 3% a
Cysteine protease GLYMAO06G03050, GLYMA15G19580, AT3G45310 0 0O
GLYMAL17G05670
GLYMAL17G35720 AT1G47128 O O O
GLYMA15G19580, GLYMA14G40670, AT3G45310, AT1G47128 o 0O
GLYMAO09G08100, GLYMA14G09440
GLYMA12G04340 AT4G39090 O <
GLYMA10G35100 AT3G54940 3% a
Bowman-Birk type = GLYMA14G26410, GLYMA16G33400, AT3G12490
protease inhibitor GLYMA13G25870, GLYMA15G36180, & O
GLYMA14G04250
Kunitz type protease GLYMAO09G28310 AT1G17860 O O O
inhibitor GLYMAO08G45520 AT1G17860 3%
Cysteine proteinase GLYMA13G25870, GLYMA15G36180, AT3G12490 o
inhibitor GLYMA14G04250
Cellulase GLYMA11G11910 ATA4G39010 0 [}
3 -Glucosidase GLYMA12G05770 AT2G44480 O O O
GLYMAI15G05720, GLYMAO07G38840 AT5G64570, AT1G61820 [ a
GLYMA20G33990 AT3G24180 % a
Sucrose synthase GLYMAU15G20180, GLYMA09G08550 AT3G43190 <o a
Lipoxygenase GLYMA13G42330, GLYMA15G03050, AT1G55020
GLYMAO07G00900, GLYMA13G42340, O O O
GLYMA16G01070
GLYMA13G42310, GLYMAO07G00920, AT1G55020 o 0
GLYMA15G03030, GLYMA13G42320
Squalene monooxygenase GLYMA14G10290 AT1G58440 ad ad O
Lectin GLYMAO07G04080 AT5G13640 & O
MIPS* GLYMA18G02210 AT2G22240 o 0
Isoflavone reductase GLYMAO01G37810, GLYMA11G07510 AT4G39230 O a
Ferritin GLYMAO03G06420 AT5G01600 3% a

* myo-Inositol-1-phosphate synthase

0, not detected:; +, detected:; a,

0O000oododdvol 1720140

up-regulated;

00, down-regulated
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