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Change in characteristics of water by nanobubble and its application to metabolic
stimulation of agricultural produce
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The production of ROS by nanobubbles (NBs) and its effect on seed germinations
were investigated. The fluorescence response of APF to NB water indicated that NBs could produce ROS and
the amount of ROS had a positive correlation with the NB number density. The fluorescence intensity of
APF increases linearly with the concentration of H202 in the range of 0-1 mM. The oxidative capacities
represented by amount of ROS of oxygen NB water and gas-mixture (air + nitrogen) NB water were estimated
to be equivalent to 0.5 and 0.3 mM H202 respectively.

The germination rate at each observation times of barley seeds submerged in gas-mixture NB water and 0.3
mM H202 solutions were both higher than those submerged in distilled water. The amounts of superoxide
radicals in the seeds submerged in gas-mixture NB water and in 0.3 mM H202 solution were similar and
significantly higher than those in the distilled water. These results indicated one of mechanisms for
acceleration of seed germination.
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Fig. 1 Germination of barley seeds at 200C in the
dark. The DO concentration of NB water and
distilled water (Control) was same as 8.2 mg/L.
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Table 1. Germination of barley seeds at 20°C in
the dark. The DO concentrations of NBs water
were adjusted to be the same as those of the
distilled water. Data are means of three replicates
+ SD. P<0.05

Germination rate (%)

Water type o a7
Distilled water 28+0.9? 98 £ 0.42
0.1mM H;0; 48 +4.0° 98 +0.42
0.3mM H;0; 58 +4.0° 100 + 02
0.5mM H;0, 54 +4.0° 100 + 02
NBs 58 +3.8° 100 + 02

1.2 F ) RT N L AT E DI

0. MDY % R (pH=7.4) 2@k
K (GEVEREFE: ROS) # N THFED /g
% 1RO b KEKREZFHR L, iz 1uM
D APF &Nz CTENREZRD T, T OREE



: l

E “2m

=}

£

g \ L 100

Q

sz I

455 0 )N
455 495 545 455 495 545

Emission (nm)

Emission (nm)

Excitation (nm)

S
wn
wn

455 495 545 0
Emission (nm) i ) =
160
136145 B '
[->] | "
%120 R'=0.997
a2
=
S 80
2
3
2 a0}
E ‘

O . L L L
00 02 04 06 08 10
H,O, concentration (mM)

Figure 2 (A-D) Fluorescence response of 1 uM
APF to H.0; solution. EEM spectra were
acquired in 0.1 M phosphate buffer at pH 7.4
(the fluorescence intensities were determined
at 515 nm with excitation at 490 nm, slit width
5nm). (E) A linear correlation between
fluorescence increase and concentrations of
H,O, solution. The error bars show the
standard errors of 3 parallel samples.
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Figure 3. Spectra of formazan produced as a
result of superoxide radical production in the
sprouting region of germinated barley seeds
immersed in distilled water, NB water, and
0.3mM hydrogen peroxide solution. Five
seeds of each group were measured. Each
curve represents the mean value of more
than 120 microscopic sample dots (dot
diameter = 10 um) at 17 h (A) and 37 h (B)
of submerging time.

H,0, KB IOz br—b GREK) [TRE
L7-FEFICOWT, Fig. 3127/ L7, #tihix
FRTEEETH 0, ZOMBRKREWVIEE 0,
TORENENT L ERT, (A)ITIRIE 17 FEE,
B)1& 37 Rz T W ECTH D, = DfE
B 560nm fHUTICBWT, 7 AT AKIZE
{8 U 7 B 1 O AH R BE S AR B /K ICIRE L
R XVBEFICE WV, T72bb, 0,7 0N E
WZ DR ENT,



4.4 FHFERR\ LD A=A A
PLEOFRESR, RN M ETHA =K A
LT, (1) NBsiZ&kv#4mROS (- OH)
MFA, (2) HMED ROS BNy T Fpn+ L
720  NAED ROS (02 7) AAFEL (KGE) . (3)
F ULy REERN AR, (4) FEF D3
FECHBOAERREE W) T ARNEZ S
iz,

EEBUN

Ago et al., J of Chem Engng Japan, 38(9)
757-762 (2005) Hashimoto et al., JSMF
Annual Meeting 2011, 440-441 (2001)

Nakao et al., J. Soc. Mech. Engng., 255-256
(2008)

Takahashi et al., J. Phys. Chem. B, 107(10),
2171-2173 (2003)

Zimmerman et al., Applied Energy, 88, 3357
-3369 (2011)

KFDH, & 32 FIHAREMMES RT T L
AR OUHE, E312 (2011)

KED, Tk 24 FFEBI RS AR R 3
WEHE, (2012)

KA, A ARBEA 236, 108, 694-695
(2005)

FEEBIER, (L% T, 71(3), 174-177 (2007)

5. FreREinLE
(BFgEfe . WIZes 838 R OB 724 1
X THR)

(MERERm S0 (BE 2 1)

1. Shu Liu, Seiichi Oshita, Saneyuki
Kawabata, Yoshio Makino, Takahiko
Yoshimoto: Identification of ROS

produced by nanobubbles and their
positive and negative effects on
vegetable seed germination, Langmuir
(accepted) (&ithH)
http://pubs. acs. org/ journal/langd5

2. Shu Liu, Seiichi Oshita, Yoshio Makino,
Qunhui Wang, Yoshinori Kawagoe, and
Tsutomu Uchida: Oxidative Capacity of
Nanobubbles and Its Effect on Seed
Germination, ACS Sustainable Chem.
Eng., 2016, 4 (3), pp 1347-1353 (#&e
)
http://dx. doi. org/10. 1021/acssuschem
eng. 5b01368

(Fa%R) Grath)

(D Seiichi O0Oshita, Shu Liu, Yoshio
Makino: Application of finebubbles to
agriculture -Fundamental findings-,
EEET AU NTNVEEEY VR Y T A,
20144 12 A 17 B, HRKZ

@ Shu Liu, Seiichi Oshita, Yurina Otsuka,
Yoshio Makino: Influence of
nano—bubbles on water mobility of
barley seeds as studied by nuclear

magnetic resonance spectroscopy,
Proceedings of the 8" CIGR Section VI
international Technical Symposium,
20134 11 A 6 H, Guangzhou (China)

@ KBHHEZS, LiuShu, HEFHME KTk
— T RNTNNEFKBA A LA O
A PRTEME IS AT T 5228, 56 T2 MR ARt
TSP RREHEE S, 201349 A 11
H, HIS&EERT

@ ShuLiu, Yurina Otsuka, Yoshio Makino,
Seiichi  Oshita: The effect of
nanobubbles on physical states of
cell-associated water in geminating
barley seeds observed by 1H NMR, %
72 FREER LY SFRKSHEHER,
2013459 H 11 B, #IKHHERT

(BFE) Gr14p)

O KTF#i— : 7/ T ILOEE & flF 33
RHE A B =X L, JATAFF ¥ % —F L,
47-51, 2016 4= 5 H 1 H, (IAth) B
IKPE « B ShPEERTIE RS

©@ KTF#— : HARBMNEZSR, +/ -~
A7 a R — VBN KT v T, 4y
HEE (F/ NTALEHKOBWYE)
424-434, #EE, 201446 H

6. WFFTHLAR

(1) WFge s

KTF#— (OSHITA Seiichi)

HRURT: - KB AEmBLFrEFR - 2
%

WF7e 25 : 00115693
Q) ffFFemyE r L

(3) HEETEE 7oL



