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Abstract

Using 12 lactic acid bacterial strains isolated from deep-sea water (DSW) from Izu Akazawa, 
coastal marine sediment and seaweed (SSW), and fermented foods (FF), fermented soy milk prod-
ucts were prepared with the addition of  powders from plants, mushrooms, and seaweed, each re-
ported to have α-glucosidase inhibitory activity (α-GI) or postprandial hyperglycemia improve-
ment and preventive e�ects on diabetes and obesity. The α-GI of  these products was measured. 
Results showed that guava leaf  powder addition increased the α-GI activity of  2 strains from SSW 
(H-6, 116) and 4 strains (R8, R4, R24, R43) from FF compared to the control without additives. Sim-
ilarly, persimmon leaf  matcha powder addition increased the α-GI activity of  strain 1‒14 from 
DSW, strain 116 from SSW, and 3 strains (R4, R24, R43) from FF. Cordyceps sinensis powder addi-
tion increased the α-GI activity of  strain 109 from SSW and 3 strains (R24, R8, R43) from FF. Fur-
thermore, adding Suginori (Chondracanthus tenellus) powder increased the α-GI activity of  strain 
KM-2 and strain 116 from SSW. Notably, strain KM-2 exhibited no α-GI activity without Suginori 
addition, but signi�cant activity was observed with supplementation. High-performance liquid 
chromatography (HPLC) analysis revealed that daidzin and genistin (glycosidic iso�avones) were 
present in the control without Suginori, while daidzein and genistein (aglycone iso�avones) were 
absent. Conversely, Suginori-added fermented product lacked daidzin and genistin but contained 
daidzein and genistein. HPLC analysis of  Suginori-added product showed peaks of  daidzein and 
genistein, both exhibiting α-GI activity.
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IntroductionIntroduction

It is well-known that certain plants (Matsuura et al., 

2004), mushrooms (Zhang et al., 2023), and microbial cul-

tures (Kim et al., 2002) contain α-glucosidase inhibitors 

(α-GI), which suppress the activity of  α-glucosidase. 

These inhibitors are known to mitigate the absorption of  

ingested sugars, thereby inhibiting the postprandial rise 

in blood. Improving postprandial hyperglycemia through 

α-GI has gained attention as a strategy for preventing di-

abetes and obesity (Kuboyama et al., 2006).

Lactic acid bacteria have long been utilized in the fer-

mentation of  food, and some strains have been reported 

to exhibit α-GI activity (Panwar et al., 2014). However, all 

these lactic acid bacteria are terrestrial origin, and there 

are no reports on α-GI activity in marine-derived lactic 

acid bacteria. Given the unique environmental conditions 

of  the ocean, it is anticipated that marine-derived lactic 

acid bacteria may possess unique characteristics. Marine 

environments di�er from terrestrial ones in terms of  low 

temperature, low nutrients, high pressure, and high salt 

concentration, resulting in microorganisms with distinct 
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characteristics, including salt tolerance (Jansen et al., 

2005). Frantzmann et al. (1991) �rst isolated lactic acid 

bacteria from the marine environment. Subsequently, 

Ishikawa et al. (2005) proposed a new species of  lactic 

acid bacteria, “Marinilactibacillus psychrotolerans,” with 

properties such as salt and alkali resistance distinct from 

terrestrial lactic acid bacteria. Since then, research insti-

tutions have been exploring marine lactic acid bacteria, 

gradually revealing their ecological and taxonomic char-

acteristics.

This study aims to isolate lactic acid bacteria having 

α-GI activity from deep-sea water obtained from the 

Izu-Akazawa deep-sea water collection facility (referred 

to as DSW), coastal marine sediments and seaweed (re-

ferred to as SSW).

Additionally, for comparison, lactic acid bacterial iso-

lates from fermented foods (referred to as FF) were used. 

The α-GI activity of  these isolates was measured by pre-

paring fermented soy milk with added powders from 

plants, mushrooms, and seaweeds. These powders have 

been selected for their reported α-GI activity or con-

�rmed ability to inhibit the elevation of  blood glucose, 

contributing to the prevention of  obesity and diabetes.

In this study, various strains of  lactic acid bacteria 

were incorporated into commercially available soy milk 

along with various plant, mushroom and seaweed pow-

ders to prepare fermented soy milk. The reason for using 

soy milk as a fermentation medium is that soy milk is 

readily available, cost-e�ective, and ensures safety as a 

food product. This choice is made with the consideration 

that soy milk provides a convenient and a�ordable op-

tion if  the resulting fermented product is easily applica-

ble to health foods. The α-glucosidase inhibitory (α-GI) 

activity of  the fermented product was investigated.

2.　Materials and methods2.　Materials and methods

2.1.　Isolation of lactic acid bacteria2.1.　Isolation of lactic acid bacteria

Twelve strains of  lactic acid bacteria were provided 

for this study, comprising three strains isolated from 

deep-sea water (DSW) using a bag-type filter (Nagoya 

Filter Sales Co., Ltd. TR1045 model) employed for remov-

ing suspended solids from DSW obtained from DHC, a 

company located in Izu-Akazawa, Ito City, Shizuoka Pre-

fecture. Additionally, 5 strains were isolated from estua-

rine marine sediment and seaweed in various regions, in-

cluding Kumejima Town, Okinawa Prefecture. Another 4 

strains were isolated from commercially available pick-

led foods such as kimchi and cucumbers, collectively re-

ferred to as fermented food (FF) strains.

The isolation procedures for these lactic acid bacteria 

followed those outlined in a previous report (Imada et al., 

2024).

2.2.　 Identification of isolates by 16S rDNA se-2.2.　 Identification of isolates by 16S rDNA se-

quencingquencing

After culturing the 12 isolates on Lactobacilli MRS 

Agar (manufactured by Difco Laboratories) for three 

days, the cultures were centrifuged (20,000×g, 4℃, 

20 min), and bacterial DNA was extracted and puri�ed 

from the collected bacterial cells using the Soil DNA Iso-

lation Kit (Funakoshi) following standard procedures 

(Fujimoto and Fukui, 2005). The obtained DNA was sub-

jected to sequence PCR, and 16S rRNA gene analysis 

was performed. The genetic analysis was outsourced to 

Technosuruga Labo Co., Ltd.

2.3.　 Plant, mushroom, and seaweed powders 2.3.　 Plant, mushroom, and seaweed powders 

used for the fermentation of soy milkused for the fermentation of soy milk

The plant powders included Guava leaves (Yamauchi 

et al., 2008, Kawamura Farm Co., Ltd.), Gymnema sylves-

tre (Matsuura et al., 2004, Okinawa Chosei Yakuso Hon-

sha Co., Ltd.), Persimmon leaf  matcha (Masuda et al., 

2003, product name: Kakinko, Xenoa Cosmetics Honpo 

Co., Ltd.), Noni leaves (Koyama, 2003, Olive Garden Co., 

Ltd.), and Long life grass (Maeda et al., 2016, Okinawa 

Chosei Yakuso Honsha Co., Ltd.). Additionally, mush-

room powders included Cordyceps sinensis (Zhang et al., 

2020, Okisu Co., Ltd.), Maitake (Matsuura et al., 2002, 

Keyfoods Namatame Co., Ltd.), and Shiitake (Zhang et 
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al., 2023, Matsuoka Shiitake Production and Sales Co., 

Ltd.). Furthermore, seaweed powders included Mekabu, 

Suginori, Hijiki, and Kelp (Nishizawa, 1993, all from 

Kaneryo Seaweed Co., Ltd.). A total of  12 powders were 

obtained. The α-GI activity of  these powders was 

measured using the method described in 2.4. and four 

powders aligning with the objectives of  this study were 

selected.

2.4.　 Preparation of soy milk fermentation 2.4.　 Preparation of soy milk fermentation 

broth enriched with plant, mushroom, broth enriched with plant, mushroom, 

and seaweed powderand seaweed powder

In this study, four selected plant, mushroom, and sea-

weed powders were individually added at a concentra-

tion of  1.0％ (0.20 g) to 20 mL of  soy milk. The mixture 

was then �lled into 50 mL volume Falcon tubes and sub-

jected to autoclaving (121℃, 15 min) for sterilization. Af-

ter cooling, each selected strain was inoculated, and the 

tubes were statically cultured at 37℃ for 3 days. The 

α-GI activity of  the resulting soy milk fermentation prod-

uct was measured according to the procedures outlined 

in a previous publication (Imada et al., 2024). After add-

ing various plant, mushroom, and seaweed powders to 

soy milk, a “synthetic soy milk fermentation broth” was 

prepared by adding lactic acid (manufactured by Fuji 

Film Wako Pure Chemical Corporation, 4987481283909) 

to soy milk (non-inoculated with microbes) following 

sterilization. The pH was adjusted to 4.1±0.1. Subse-

quently, the α-GI activity of  this synthetic broth was 

measured, and the α-GI activity inherent to each powder 

was calculated. Measurement was performed at n＝3, 

and the average value was used as the data.

2.5.　 Preparation of samples for α-GI activity 2.5.　 Preparation of samples for α-GI activity 

measurementmeasurement

A total of  500 μL of  the obtained soy milk fermenta-

tion product (including synthetic soy milk fermentation 

broth) was aliquoted and transferred to a 1.5 mL micro-

tube. Using a heat block (Taiyo Kagaku Kogyo Co., Ltd.), 

the sample was thoroughly dried (50℃, 12‒16 h) to re-

move all moisture. Subsequently, 500 μL of  99.5％ meth-

anol (Fuji�lm 131‒01826, high purity) was added to the 

resulting dry matter. The mixture was vigorously stirred 

using a test tube mixer, followed by a 10-min settling pe-

riod. The supernatant was then collected as a sample for 

α-glucosidase inhibitory activity measurement after cen-

trifugation (20,630×g, 10 min). The α-GI activity of  

each sample was determined following the procedures 

outlined in a previous report (Imada et al., 2024).

2.6.　 High performance liquid chromatography 2.6.　 High performance liquid chromatography 

(HPLC) analysis of soy milk fermentation (HPLC) analysis of soy milk fermentation 

productproduct

HPLC analysis was conducted on various soy milk fer-

mentation products, speci�cally on strain KM-2 fermen-

tation products derived from SSW with and without the 

addition of  Suginori powder (10 μL). The column used 

for analysis was COSMOSIL 3C18AR-II (4.6×100 mm). 

The solvent system consisted of  0.1％ formic acid/aceto-

nitrile, with acetonitrile concentrations progressing as 

follows: 0‒3 min (15％), 25 min (85％), 29 min (85％), 

and 32 min (15％). The �ow rate was set at 1.2 mL/min, 

and analysis of  soy milk fermentation products (100 μL) 

was carried out under these elution conditions with UV 

detection at a wavelength of  254 nm.

Glycoside-type isoflavones, namely daidzin (Fujifilm 

040‒27741), genistin (Fujifilm 302‒05151), and agly-

cone-type iso�avones daidzein (Fuji�lm 045‒31081) and 

genistein (Wako 073‒05531), were obtained and utilized 

as standard substances for HPLC analysis.

2.7.　 Fractionation of soy milk fermentation 2.7.　 Fractionation of soy milk fermentation 

products, HPLC analysis, and α-GI activityproducts, HPLC analysis, and α-GI activity

After concentrating and drying 10 mL of  soy milk fer-

mentation broth using an evaporator, the resulting mate-

rial was dissolved in 100 μL of  water. Subsequently, pre-

parative HPLC (the column used for analysis was 

COSMOSIL 3C18AR-II (10×250 mm). The stepwise elu-

tion was performed. The solvent system consisted of  

0.1％ formic acid/acetonitrile, with acetonitrile concen-
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trations progressing as follows: 0‒3 min (15％), 25 min 

(85％), 29 min (85％), and 32 min (15％). The �ow rate 

was set at 3.0 mL/min, and analysis of  soy milk fermen-

tation products (100 μL) was carried out under these elu-

tion conditions with UV detection at a wavelength of  

254 nm, leading to the isolation of  11 fractions. The sol-

vent used for HPLC elution (0.1％ formic acid/acetoni-

trile) was removed from each fraction through freeze-dry-

ing.

Following the freeze-drying process, these samples 

were reconstituted in a phosphate bu�er, and the α-GI ac-

tivity of  each fraction was measured.

2.8.　 Comparison of carbohydrate fermenta-2.8.　 Comparison of carbohydrate fermenta-

tion and growth temperature between tion and growth temperature between 

strain KM-2 and its reference strainstrain KM-2 and its reference strain

Carbohydrate fermentation tests were conducted for 

strain KM-2 and its reference strain (Lactobacillus del-

brueckii subsp. delbrueckii NBRC3202T) using the bacteri-

al identi�cation test kit (API 50 CHL, BioMerieux, Marcy 

I'Etoile). Each strain was pre-cultured in MRS broth 

(37℃, 24 h), then streaked onto MRS agar for the main 

culture (37℃, 24 h). After cultivation, the obtained bacte-

rial cells were suspended in sterile physiological saline, 

and the suspension was inoculated into the bacterial 

identification test kit. Subsequently, static cultivation 

was performed (37℃, 48 h), and the presence or absence 

of  carbohydrate fermentation was determined based on 

visual observations.

Additionally, each strain was inoculated into MRS 

broth, followed by 15 days of  static cultivation at tem-

peratures of  4, 15, 20, 27, 37, 40, 50, and 55℃. The pres-

ence or absence of  growth was visually assessed after 

the incubation period.

3.　Results3.　Results

The identification results of  the 12 strains of  lactic 

acid bacteria used in this study is presented in Table 1. 

As evident from the table, all strains derived from DSW 

were identi�ed as Lactiplantibacillus plantarum. On the 

other hand, strains from SSW were identi�ed as various 

species, including Pediococcus pentosaceus, Lactobacillus 

delbrueckii subsp. delbrueckii, and Leuconostoc mesen-

teroides, in addition to Lactiplantibacillus plantarum. Fur-

thermore, strains from FF were identi�ed as three di�er-

ent species: Lactobacillus sakei, Lactobacillus brevis, and 

Lactiplantibacillus plantarum.

Prior to creating fermented soy milk products, the 

presence of  α-GI in various plant, mushroom, and sea-

weed powders used in this study was examined. These 

powders have been selected for their reported α-GI activ-

ity or con�rmed ability to inhibit the elevation of  blood 

glucose, contributing to the prevention of  obesity and di-

abetes.

Figure 1 illustrates the α-GI activity of  arti�cially fer-

Table 1.　Identi�cation of  lactic acid bacteria isolated from DSW, SSW and FF.

Isolation source Strain code Similar strain Similarity (％) Isolation place Sample

DSW 1‒11 Lactiplantibacillus plantarum JCM1149 100 Shizuoka Izu-Akazawa Bag �lter

DSW 1‒14 Lactiplantibacillus plantarum JCM1149 99.8 Shizuoka Izu-Akazawa Bag �lter

DSW 2‒12 Lactiplantibacillus plantarum JCM1149 100 Shizuoka Izu-Akazawa Bag �lter

SSW SSW116 Pedincoccus pentosaceus DSM20336 Chiba Minamiboso Sediment

SSW SSW109 Lactiplantibacillus plantarum JCM1149 99.8 Okinawa Kumejima Seaweed

SSW KM-2 Lactobacillus delbrueckii subsp. delbrueckii NBRC 3202 100 Okinawa Kumejima Seaweed

SSW H-6 Lactiplantibacillus plantarum JCM1149 99.9 Iwate Otsuchi town Seaweed

SSW OKI-9‒2 Leuconostoc mesenteroides 92.7 Chiba Tateyama city Seaweed

FF R4 Lactobacillus sakei DS4 99.8 Chiba Commercial product Kimuchi

FF R8 Lactobacillus sakei DS4 99.8 Chiba Commercial product Kimuchi

FF R24 Lactobacillus brevis 100 Chiba Commercial product Kimuchi

FF R43 Lactiplantibacillus plantarum JCM1149 99.4 Chiba Commercial product Pickles
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mented soy milk with 0.1％ addition of  various powders. 

It is evident from this �gure that Shiitake, Maitake, and 

Noni leaf  powders exhibit strong α-GI activity on their 

own. Additionally, powders such as Hijiki, Mekabu, and 

Kelp also showed α-GI activity, making it challenging to 

measure the α-GI activity of  lactic acid bacteria-fer-

mented soy milk (products) with these powders. There-

fore, in this study, we chose powders (Guava leaf, Per-

simmon leaf  tea, Cordyceps sinensis, and Suginori) that 

either showed no α-GI activity or minimal α-GI activity 

on their own for preparing lactic acid bacteria-fermented 

soy milk products.

Figures 2a and 2b depict the α-GI activity of  1 strain 

of  soy milk fermented with 0.1％ addition of  various 

powders. From these �gures, it is apparent that strains 

1‒11, 1‒14, and 2‒12 from DSW, strains 109 and H-6 

from SSW, and strain R43 from FF were all identi�ed as 

L. plantarum. However, except for strain 109, the α-GI ac-

tivity of  soy milk fermented with the addition of  each 

powder was generally similar. In contrast, strains R4 and 

R8 from FF, both identi�ed as Lactobacillus sakei, showed 

signi�cantly di�erent α-GI activity values for each pow-

der.

Examining the results of  soy milk fermented with the 

addition of  each powder, it was observed that the addi-

tion of  Guava leaf  powder increased the α-GI activity of  

strains 116 from SS and R8, R4, R24, and R43 from FF, 

with the increase being particularly notable for R4 and 

R24. The addition of  Persimmon leaf  tea powder in-

creased the α-GI activity of  strains 1‒14 from DSW, 116 

from SSW, and R4, R24, and R43 from FF, with a signi�-

cant increase observed for R4 and R24. Furthermore, the 

addition of  Cordyceps sinensis powder increased the α-GI 

activity of  strains 109 from SSW and R24 and R8 from 

FF. Additionally, the addition of  Suginori powder in-

creased the α-GI activity of  strains KM-2 and 116 from 

SSW, with KM-2 showing signi�cant α-GI activity only 

upon Suginori addition. Subsequently, this study focused 

on strain KM-2 for further research because the combina-

tion of  strain KM-2 and Suginori exhibited the promi-

nent appearance of  α-GI activity.

Table 2 presents the physiological characteristics of  

this strain and its reference strains. As evident from the 

table, the strain exhibited α-GI activity in Suginori-added 

soy milk fermentation, whereas the reference strains did 

not show α-GI activity. Moreover, the strain was found to 

have negative sacchari�cation activity for amygdalin, ar-

butin, and salicin, and it grew at a low temperature of  

15℃. In contrast, the reference strain showed positive 

sacchari�cation activity for these carbohydrates and did 

not grow at 15℃. Thus, even within the same species, 

some di�erences in physiological characteristics were ob-

served depending on the isolation source.

Figure 3 presents the results of  high-performance liq-

Fig. 1.　α-glucosidase inhibitory activity of  various plant, mushroom and seaweed powders.



Chiaki IMADA, Jun WAKASUGI, Enjuro HARUNARI, and Yasuhiro IGARASHI14

uid chromatography (HPLC) analysis of  Suginori-added 

and non-added soy milk fermentation products of  strain 

KM-2. As evident from this figure, isoflavones in 

non-Suginori-added fermentation products were detected 

as glycoside forms of  daidzin and genistin, while agly-

cone forms of  daidzein and genistein were not detected. 

In contrast, Suginori-added fermentation products 

showed no detection of  daidzin or genistin, indicating 

complete decomposition into daidzein and genistein.

Next, concentrated and dried samples of  Sugino-

ri-added soy milk fermentation were dissolved in water 

(100 μL), analyzed by HPLC, and 11 fractions were col-

lected, as shown in Fig. 4. The solvent used for HPLC 

elution (0.1％ formic acid/acetonitrile) was removed from 

each fraction after freezing and drying (Fig. 4). After 

melting these samples in phosphate bu�er, α-GI activity 

was measured using existing methods. As a result, 

strong α-GI activity was particularly observed in frac-

tions ⑦ and ⑨ , where daidzein and genistein were elut-

ed. Therefore, it was inferred that daidzein and genistein 

are the main components of  α-GI activity in Sugino-

ri-added KM-2 soy milk fermentation �uid. Although low 

α-GI activity was observed in other fractions, it was con-

siderably lower than in fractions ⑦ and ⑨ , suggesting 

Fig. 2.  (a) α-glucosidase inhibitory activity of  fermented soymilk of  lactic acid bacteria containing various plant and seaweed 

powders. (b) α-glucosidase inhibitory activity of  fermented soymilk of  lactic acid bacteria containing various plant and 

seaweed powders.

Table 2.　 Physiological characteristics of  strain KM-2 and its 

standard strain.

Characters Strain KM-2 Strain NBRC3202T

a-GI activity positive negative

Utilization of  amidagrine negative positive

Arbutin negative positive

Salicin negative positive

Growth at 15℃ positive negative
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that the solvent used in HPLC analysis may have a�ect-

ed α-glucosidase activity.

The sequence of  16S rDNA of  strain KM-2 has been 

registered in the DDBJ database with the accession num-

ber LC685966.

4.　Discussion4.　Discussion

Lactic acid bacteria have been crucial microorganisms 

used in various fermented foods such as yogurt, miso, 

soy sauce, and pickles for a long time. While their tradi-

tional applications are well-established, recent explora-

tion has focused on new uses for lactic acid bacteria, in-

cluding fermentation of  soy milk (Ito et al., 2006). 

Fermented milk products, like yogurt, produced by fer-

menting milk with lactic acid bacteria, have been known 

for their diverse physiological functions, such as improv-

ing intestinal regulation, infection prevention, immune 

activation, anti-tumor effects, and hypertension inhibi-

tion, even when the bacteria are inactivated (Mitsuoka 

2011). On the other hand, there is limited knowledge 

about fermented soy milk products, often referred to as 

soy milk yogurt or fermented soy milk, which are gain-

ing attention not only as functional foods but also as raw 

materials for cosmetics (Chen et al., 2013). 

In this study, we explored the potential of  soy milk by 

isolating lactic acid bacteria from less-studied sources 

such as DSW and SSW, and for comparison, from FF. 

The study aimed to investigate the functional properties 

of  the fermentation products obtained by adding various 

plant, mushroom, and seaweed powders known for their 

potential health benefits to commercially available soy 

milk. We focused on α-GI activity as a functional compo-

nent of  the fermentation products and aimed to enhance 

Fig. 3.　HPLC analysis of  fermented soy milk product of  strain KM-2 with or without Suginori powder.

Fig. 4.　Preparative HPLC elution pattern of  fermented soy milk product of  strain KM-2 with added Suginori powder.
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their functional properties by adding di�erent powders. 

The results revealed strains with increased α-GI activity 

upon powder addition, as well as strains that showed no 

α-GI activity without powder but exhibited activity upon 

powder addition. Additionally, variations in α-GI activity 

were observed among strains of  the same species, indi-

cating strain-specific rather than species-specific α-GI 

production by lactic acid bacteria.

Guava leaf  powder is reported to contain polyphenols 

that inhibit carbohydrate-degrading enzymes such as α

-amylase and α-glucosidase (Yamauchi et al., 2008). Per-

simmon leaf  tea powder has been reported to exhibit 

α-GI activity (Masuda et al., 2013), suggesting potential 

for controlling sugar absorption with regular consump-

tion. Certain polysaccharides found in Cordyceps sinensis 

powder are reported to have α-GI activity (Lingran et al., 

2020). However, in this study, fermented soy milk prod-

ucts with added guava leaf, persimmon leaf  tea, and 

Cordyceps sinensis powders did not show α-GI activity at 

a 0.1％ concentration (Fig. 1). This could be attributed to 

changes in α-GI activity components during powder pro-

cessing or variations in α-glucosidase types.

The addition of  Guava leaf  powder increased α-GI ac-

tivity in fermentation products of  strains H-6, 116 from 

SSW, and R8, R4, R24, and R43 from FF, particularly no-

table for R4 and R24. Cordyceps sinensis powder addition 

increased α-GI activity in strains 109, R24, and R8. Addi-

tionally, the seaweed powder, specifically Suginori, in-

duced new α-GI activity in strain KM-2. This suggests 

that strain KM-2 produces β-glucosidase upon the addi-

tion of  Suginori powder, leading to the cleavage of  gly-

cosidic bonds in glycoside-type iso�avones (daidzin and 

genistin) present in soy milk, resulting in the production 

of  aglycone-type iso�avones, daidzein, and genistein.

Lactobacillus delbrueckii is an important lactic acid 

bacterium involved in the production of  various fer-

mented foods in both animals and plants. Four subspe-

cies of  L. delbrueckii have been reported, each with spe-

cific roles in different fermented products (Kudo et al., 

2012). L. delbrueckii subsp. bulgaricus is mainly isolated 

from yogurt (Michaylova et al., 2007), L. delbrueckii 

subsp. delbrueckii is found in fermented plants (Germond 

et al., 2003), L. delbrueckii subsp. indicus is isolated from 

fermented milk in India (Dellaglio et al., 2005), and L. del-

brueckii subsp. lactis is isolated from cheese (Weiss et al., 

1983).

Although strain KM-2 and its reference strains belong 

to the same species, di�erences were observed in several 

characteristics, such as the absence of  α-GI activity in 

Suginori-added soy milk fermentation products, positive 

sacchari�cation activity for carbohydrates, and the ab-

sence of  growth at a low temperature in the reference 

strain. Strain KM-2, originally inhabiting terrestrial envi-

ronments, might have adapted to marine environments 

over time, acquiring characteristics suitable for the 

ocean, such as growth at low temperatures. Lactiplanti-

bacillus plantarum.is well-known terrestrial lactic acid 

bacterium. Yamada et al. (2022) reported that 4 lactic 

acid bacterial isolates from DSW at Izu-Akazawa and 

were identified as L. plantarum. However, there was a 

slight di�erence in physiological and biochemical charac-

teristics between the isolates from DSW and the type 

strain of  L. plantarum. Furthermore, there was also a lit-

tle di�erence in enzyme production between the isolates 

and the type strain. This might suggest that some physi-

ological changes have occurred in deep-sea environment.

Such changes in microbial products due to changes in 

the growth environment are intriguing and have been re-

ported in other microorganisms, such as Streptomyces 

aureofaciens, which gained salt tolerance after repeated 

cultivation in seawater medium (Sato et al., 1978).

Given that daidzein and genistein have been reported 

to have α-GI activity (Lee and Lee 2001, Park et al., 2013), 

it is plausible that strain KM-2 did not show inhibitory 

activity without Suginori powder but exhibited α-GI ac-

tivity upon its addition. Future studies on strain KM-2 

should focus on investigating the productivity of  β-glu-

cosidase and isolating and purifying this enzyme. Addi-

tionally, identifying the active components in strains that 

showed increased α-GI activity with various powder ad-
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ditions would be an interesting avenue for further re-

search.
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