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MRS Difco  Lactobacilli MRS Broth
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 2 

NE

 

MRS 1% 30 24

 MRS NE

OD660 = 0.1

30  

MRS 2  NE

4 1 mL

4 , 13,000 x g, 5 min

 

 Shim-pack SCR 102H 300 mm L. 8.0 mm 

I..D. 3  5 

mM p 5 mM p

100 mM EDTA 20 mM 

Bis tris

0.8 mL/min 35

 CDD 10  

 

 

NK

 

MRS

30 24 MRS

OD660 = 0.1

30 48 1 mL

4 , 13,000 g, 5 min

3 n = 3  

NK

RPMI 1640 + 1% FBS

NK NK

KHYG-1 100 U/mL IL-2

1.5 104 cells/well 100 L 96 well

10 L

24 37 5% CO2

K562 1.5 104 

cells/well 100 L 96 well

4

Ex: 485 nm,  Em: 

520 nm 1 3 n = 3  

Kawashima 

7) PBMC

Immunoglobulin A; IgA  

10% FBS RPMI1640 37 5% 

CO2 PBMC 96 well

250 L

5 PBMC 2×105 cells/mL 

IgA

ELISA

IgA 70 30

1

4 n = 4  

NE

NE

 

50 mL 0.07% 30 g

2 5 mm 2.5 g

20  

25 mg 1 mL

24

15,000 g 15

GraphPad prism 9 Tukey

 

 

6 5 30

2

10 16S rRNA

7  

B

5

B 1

Staphylococcus warneri
B Staphylococcus
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9 pH

93.5 mPa s 38.5 mPa s

NE

 

 

NE

6A D  

6A D-1 2

D-1 1

D-2

1 D-1

D-2

 

6B D-1

D-2

 

6C 4
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6D D-2

1 2 D-2

 

D-1 D-2

 

400 8)

 

Latilactobacillus sakei 
D-1

D-1

NK PBMC IgA

Lactococcus lactis D-2

D-2

D-2

50 kg

D-2

 

PBMC IgA

Pediococcus acidilactici K15

7)

9-

12) 13) 

 

Pediococcus acidilactici K15 PBMC

PBMC

7) 

Lactococcus lactis D-2 PBMC

D-2

 

 

 

 

1) NHK NEWS WEB 2023 1 12

https://www3.nhk.or.jp/lnews/saga/20230112/50800136

14.html 

2) Tsuge et al, Dietary effects of porphyran from Porphyra 
yezoensis on growth and lipid metabolism of Sprague 

Dawley rats, Food Sci. Technol. Res., 10, 147-151 (2004) 

3) Yoshizawa et al, Macrophage stimulation activity of the 

polysaccharide fraction from a marine alga (Porphyra 
yezoensis) structure function relationships and improved 

solubility, Biosci Biotechnol Biochem. 59 1933-1937 

(1995) 

4)  Tsuchiya et al, GABA production from discolored laver 

by lactic acid fermentation and physiological function of 

fermented laver, Food Preserv. Sci., 33 121-125 (2007) 

5) Muraoka et al, Fermentation properties of low quality red 

alga Susabinori Porphyra yezoensis by intestinal bacteria, 

Biosci Biotechnol Biochem, 72, 1731-1739 (2008) 

6)  , ,  (2020) 

7) Kawashima et al, The molecular mechanism for activating 

IgA production by Pediococcus acidilactici K15 and the 

clinical impact in a randomized trial, Scientific Reports. 8, 
5065 (2018) 

8   
, . 57 (10), 

277-287 (2011) 
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Double-Blind, Placebo-Controlled Trial, Microorgani-

sms. 9, 563 (2021) 

10) Sugimura et al, Effects of oral intake of plasmacytoid 

dendritic cells-stimulative lactic acid bacterial strain on 

pathogenesis of influenza-like illness and immunological 

response to influenza virus, Br J Nutr. 114, 727-733 

(2015) 

11) Sugimura et al, Immunomodulatory effect of Lactococcus  

lactis JCM 5805 on human plasmacytoid dendritic cells, 

Clin Immunol. 149,  (2013) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12) Sugimura et al, Plasmacytoid dendritic cell dysfunction 

caused by heat stress is improved by administration of 

Lactococcus lactis strain Plasma in mice, Biosci Biotec 
Biochem. 83 (11), 2140-2143 (2019) 

13)  

, https://www.imuse-p.jp/plasma/ 
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Plant Based Food PBF
PBF

HO1

PBF  

HO1 3)

80 %

 10  1 

 n-

HO1

PBF  

 

250

24

18

2  

 

18

 

SF-1 SWM-

3 LED

50 mol photons m-2 s-1 12L / 

12D 18

 

18 1

26 1

18

 

2  

3 SWM-III  
A

NaNO3 85 g

NaHPO4 12H20 18 g

Na2EDTA 5.58 g

FeCl3 6H20 0.19 g

B

H3BO4 6.183 g

MnCl2 4H20 1.0885 g

ZnCl2 54.5 mg

CoCl2 6H2O 2.38 mg

CuCl2 2H2O 17 g

pH7.5

 1 L A B 2 mL

1  
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18 1

2

0 45

5 1

30

0.5% 90 

SF-1 2

4 2  

45 1 20

80 /  (C/N) 

/

Sumigraph NC-Trinity

C/N 1

3 n=3  

 

PBF

HO1

 

 

18 4

1 6

18

2  
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20 5

17.57 mm

161.66 mm 10

 ”CFMS F2” ”U-51 ” ” A- ” 

1.51 mm 17.55 mm

10 ”

A- ” ” 6 ” ”G9HG”

 [ ] 

1.54 24.58

” ” ”CFMS F2” ”U-51 ”

 

1

 

24.58 mm2

1733.52 mm2 ”

 A- ” ”CFMS F2” ”U-51 ”

”  A- -P” ”CFMS

F2” ”U-51-P” ”  A- -P”

”  A- -P”

”CFMS F2” ”U-51 ”

 

 

C/N

3.66 %

6.85 % 3 6 %

” ” ”CFMS

” ”CFMS F2” ”S-18 ” ”U-51 ” ”

6 ” ”S18 ”

32.32 % 38.75 %

4 36 %

”A- ” ” 6 ” ”U-51 ” ”S-18

” ” ” ”G9 ” ” ” ”CFMS F2”

35 % 
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5

”CFMS F2” ”U-51 ”

”CFMS F2”

 

 

PBF

Yasai 

Bou Nori 6 7

2

HO1

5

 

CFMS F2

U-51

S-18
S18

CFMS

6

A-

6

G9

A-

6  

7 Yasai Bou 

 ”SOY & NORI” 
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Yasai Bou Nori

PBF  

Plant Based Food
PBF  

18

PBF CFMS F2

U-51 2

CFMS F2

U-51

 

PBF

PBF

PBF

 

 

 

 

1) 2050 

 

https://www.meti.go.jp/policy/energy_environment/glob

al_warming/ggs/pdf/green_honbun.pdf 

2) 

http://www.maff.go.jp/j/tokei/kouhyou/kaimen_gyosei/in

dex.html 

3) 

70 (1), 47–51 (2023) 
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5 F4 F7 F401 SAWA-1

SGH FAS2 AWA1
SNP FAS2

F7 SAWA-1 SNP AWA1
F7 F401 SGH

SAWA-1 SNP

  
 
 

GI

 

74 33

 

 
KA-1

F4 F4

F7 F401 SAWA-1

SGH SAWA-1

SGH 1 StyP

StyG StyY 8

  
24 19

2023

,
25

 

,

1, 2)  
PCR

3

,
PCR

 

NGS

NGS

SNP

 

AWA1
FAS2  

 

F4 F7 F401

SAWA-1 SGH  

2 150 PE

Illumina NovaSeq X Plus

 
Fast

QC ver 0 11 7 Trimmomatic ver 0.3
8
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FAS2 AWA1 2

SNP

F7

F401 SAWA-1 F4

KA-1 KA-1

,

2023

StyP StyG StyY SAWA-1 SGH

6

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1)

104(9) 712-

721,(2009)

2) (2)

79(2) 106-110 (1984)  

3) PCR  202-

211, (2014) 

4) 101 p910-922 2006  

5)

AWA1 97(7) 474-480

(2002) 

6)

 118(2)  1  

15-127,(2023)  
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1 
 

 

C2H4

5

PC 2

PC 7%

 

 
 

DLC ; Diamond-Like Carbon

 

DLC sp2

sp3

1)

DLC

  

DLC Pa

 2)-5)  

Ar

3)-5)

C2H4

PC

 5)  
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2 
 

1

PS

PS

Cu

60mm 15mm

4mm  

2

2(a) 1 2(b)

2(c) 2(d)

 

1

30mm 30mm

PC 76mm 26mm 1mm

25mm 25mm 1mm PC

76mm 26mm 1mm  

ALPHANEON M-5

PPM1000S-1KESP

5)  

 

 

 

 

 

 

 

1  

( ) 

 

 

 

 

 

 

 

(a) ( ) 

 

 

 

 

 

 

 

(b) ( ) 

 

 

 

 

 

 

 

(c) ( ) 

 

 

 

 

 

 

 

 

(d) ( ) 

 

2

 

(Ar+ )
(
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3 
 

. 

& P6015 MSO 

2-BW-200  

Ar C2H4

Ar C2H4

PC

60  

OLS-4100

  

, OLS-

4100  

ENT-NEXUS

HIT
4) PC

3

1mN

0.1mN  

PC

TYPE:20 PC

25mm 25mm 1mm

5mm

SUJ2 100g

30rpm  

 

1

Ar

2L/min C2H4 3%

4mm

PC

5)

PC

3  

 

 

 

 

 

 

 

 

 

3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4  

( ) 

 

PC

4

55mm

1.4 m/h PC

1.2 m/h

PC

PC3.1F/m 3.8 F/m

 

0.15 m/h

5) 2(a)

2(b) 2(c)
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4 
 

2(d)

 

Ar 2L/min

25kV

25ns 1kHz

2(b)

2(c) 2(d)

2(b)

 

Ar

2L/min C2H4 3% PC

5

C2H4

6)

6

0.8 m/h

0.15 m/h5) 5

  

7

300nm

40%

60%

0.8μm

1.4μm

Lazar7) Morshed 8) 0.4 m

sp3

7

C2H4
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7  

 

 

PC

0.1mN
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5 
 

 

 

 

 

 

 

 

 

 

 

 

 

8 HIT

 

1 PC

 

 

 

 

 

HIT

8

0.52GPa

PC

HIT=0.22GPa4) 2

0.19GPa PC

 

PC

HIT

1 PC

PC 0.59

PC 0.55

7%  

 

C2H4

PC  

 

(1) 

5  

(2) 

 

(3) 
PC 2

 

(4) 
PC 7%

 

 

JKA

JKA

 

1) J. Robertson, Mat. Sci. Eng. R 37, 129-281 (2002). 

2) , , 

No.30, 5-10 (2022). 

3) , 

No.31, 5-9 (2023). 

4) , , 

No.31, 11-14 (2023). 

5) , , , , 

PC ( )

0.590.55
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No.32, 1-5 (2024). 

6) Vol.126  

781-787 (2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7) G. Lazar, Mater. Lett. 57, 586-588 (2002). 

8) M. M.Morshed et al., J, Mater. Process. Tech., 169, 

219-222 (2005). 
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Durability Enhancement Machining( DEM

)

 1. 

( SUS

)

1) 2. 

2) 3. SUS

3) 3

 

( )

SUS

DEM

 

U

DEM DEM

SUS

 

SUS316L 20mm

(mass%) 0.024C-0.53Si-1.32Mn-0.036P-0.017S-

12.05Ni-17.25Cr-0.16Co

0.2 = 270MPa B = 574MPa

179HV0.01 24 m  

U

1 20mm

5mm ” ”

DEM  

TMA-8
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2  

 

 
 

3  

 

 JIS G0577 (2014)5)

A  

 HZ-7000

HX-102

-

4  

50 30wt% 1

1cm2

600

 

24 1mol/dm3 NaCl 10

20mV/min

103 A/cm2  

 

4  

 

10 A/cm2

V’c10 102 A/cm2

V’c100

V’c10, V’c100

 

 

5 DEM

10 m

 

300HV

179HV 1.7  

(a)U (c) (d)

 (b)

 
6 (a)U (c)

3

(Line1,2,3)

3
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6 ( ) 

(a)U (b) (c) (d)  

7 GROD  

(a)U (b) (c) (d)  

8 3

( 0.15V +0.02V)

( 0.02V

) 3

 

8 V’c10 V’c100 9

DEM TP-1,TP-2

TP-3 V’c10 = 360mV V’c100 = 380mV

DEM

DEM

 

NaCl

7)

  

 

8  

 

9 (V’c10, V’c100)  
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DEM

DEM

 

U

DEM

 

DEM

DEM SUS

DEM

2020 4 DEM

DEM

DEM

 

  

1)  N. Nagaishi, K. Hoaki, Y. Taguri, T. Hirai, 

 (2022) 11–16. 

2)  N. Nagaishi, K. Hoaki, T. Hirai, K. Koda, 

 (2023) 25–29. 

3)  N. Nagaishi, K. Hoaki, K. Koda, 

 (2024) 7–11. 

4)  S. Suzuki, EBSD 4 , 2021. 

5) , 

JIS G0577(2014), 2014. 

6) R. Hikiji, E. Kondo, N. Kawagoshi, M. Arai, 

TRANSACTIONS OF THE JAPAN SOCIETY OF 

MECHANICAL ENGINEERS Series C 68 (2002) 

2169–2174. 

7)  , , 3rd ed., 

, 1995. 
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3 UVB

 (TEWL) 

UVB 3 TEWL

TEWL

UVB Claudin1

CerS3 SMS2 SPT2

Claudin1 CerS3 SMS2 SPT2 UVB

TEWL   

 

 

3

1)

 

95%

2-6)  

200 - 400 nm

UVB  280 - 320 nm

3

UVB

Transepidermal water loss; TEWL

UVB

TEWL Ascorbyl 

glucoside (AG)

2) TEWL

TEWL

3)  

7)

Sargahydroquinoic acid

Sargaquinoic acid 8)
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30~40%

4,5)

6)

 

UVB

3

CerS3 SMS2

SPT2 4 a c e

SPT

-CoA CerS3

N-

GCS GBA

SMS Acid sphingomyelinase (SMase)

 

SPT2 CerS3 SMS2

+ Co-A/

/ /

SMase

10)

SPT CerS SMS

 

 

3 UVB

 (TEWL) 

 

3

UVB TEWL

mRNA

UVB

Claudin1

mRNA

CerS3 SMS2 SPT2

TEWL

 

 

Tewitro TW24

 

 

1) 
46(5) 346-351(2008) 

2) 

1

33-36(2019) 

3) 

2 2

31-35(2020) 

4) , 

, , 34(2),76-84(2011) 

5)           

    

38(1), 3-8(2014) 

6) Imokawa G, Abe A, Jin K, Higaki Y, Kawashima M, 

Hidano A, Decreased level of ceramides in stratum 

corneum of atopic dermatitis: An etiologic factor in 

atopic dry skin? J Invest Dermatol, 96(4), 523–

526(1991) 

7) Iwamoto A, Yamauchi R, Oogai S, Tsuruta Y, Tsuge 

K, Nagata Y, Yanagita T. Lotus root extract inhibits 

skin damage through suppression of collagenase 

production in vitro, Cytotechnology, 74, 309-317 

(2022) 

8) 
2 30
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19-31(2018) 

9) Iwamoto A, Hamajima H, Tsuge K, Tsuruta Y, 

Nagata Y, Yotsumoto H, Yanagita T. Inhibitory effect 

of green asparagus extract, especially phospholipids, 

on allergic responses in vitro and in vivo, J Agric 
Food Chem, 68(51), 15199-15207(2020) 

10) 4601088
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0.5~5%

1% 3% 5% 3

mRNA 48 3

MTT 1% 3%

mRNA CerS3 1% SMS1 1% 3%

Cluadin1 1% Cluadin4

Occludin 1% 3% mRNA

21%

 

 

 

1, 2)

3)

Sargahydroquinoic acid Sargaquinoic acid

4)  

 

 

0.5~5%

5)

Tashiro

TSLP

21% 1%

6)  

3

 

 

3 LabCyte EPI-MODEL24 (J-TEC) 

LabCyte EPI-MODEL24

500 μL 24 well

CO2 Thermo

18 1.0 mL

24 well

PHCbi

1% 3% 5%

CO2

48

MTT mRNA

RT-qPCR  

24 well  0.5 mg/mL

3-(4,5-Dimethyl-2- thiazolyl)-2,5-diphenyl-

2H-tetrazolium bromide MTT, Dojindo 500μL
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6667773  
2) Iwamoto A, Yamauchi R, Oogai S, et al. Lotus 

root extract inhibits skin damage through 
suppression of collagenase production in vitro. 
Cytotechnology. 2022;74(2):309-317.  

3) 

2022; 2022-139538 
4) 

2 2018;

30 :19-31. 

5) Evans SM, Schrlau AE, Chalian AA, Zhang P, Koch 

CJ. Oxygen levels in normal and previously irradiated 

human skin as assessed by EF5 binding. J Invest 
Dermatol, 126(12), 2596–606(2006) 

6) Tashiro N, Segawa R, Tobita R, Asakawa S, Mizuno 

N, Hiratsuki M, Hirasawa N, Hypoxia inhibits TNF-

-indused TSLP expression in keratinocytes. PLoS- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One, 14(11), e0224705(2019) 

7) , 

, , 34(2),76-84(2011) 

8)           

    

38(1), 3-8(2014) 

9) Imokawa G, Abe A, Jin K, Higaki Y, Kawashima M, 

Hidano A, Decreased level of ceramides in stratum 

corneum of atopic dermatitis: An etiologic factor in 

atopic dry skin?. J Invest Dermatol, 96(4), 523–

526(1991) 

10) Takeda S, Shimoda H, Takarada T, Imokawa G, 

Strawberry seed extract and its major component, 

tiliroside, promote ceramide synthesis in stratum 

corneum of human epidermal equivalents. PLoS One, 

13(10), e0205061(2018) 
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50% 

(v/v ) 

50% (v/v) 

50% (v/v) 

 80% (v/v) 

 

 

Litsea cubeba 1

1)

3 4

 

 

1  

2) 

3) 

caspase 1  IL 1  

NLRP3 4) 

 

 
 

UNOX XV-706ONE 95 -4

SM10S-EH-DPC

 

50% v/v ; 

3

1  

ORAC
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3C

 

 

50%

4

3

 

 

 

85

50% 80% 3

4 50%

80%

5

50% 80%

50%

80%

80%

 

80%

 

3 ORAC
EtOH

A B C

2
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1) , , , 545 (1979). 

2) , 

 3

3 3. 

3) Asija et al, Study on Hypolipidaemic activity of Litsea 
cubeba leaves in rats, Chemistry Research Journal, 
7(2):100-115 (2022). 

4) Wong et al, The leaves of the seasoning plant Litsea cubeba 

inhibit the NLRP3 inflammasome and ameliorate dextran 

sulfate sodium-induced colitis in mice, Front. Nutr. Sec. 
Nutr. Immunology, 9 (2022). 

5) , , , H-ORAC

 (2013). 

6) , , , , 

 (2) 

- -. 25

, 19-28 (2014). 

7) , , , , 

28

, 49-53 (2017). 
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2050

GX

 

VOC

 

1)  

UVA 2)

CNF 3)

4)

CNF

5)

6)  

CNF

UVA

 

 

a)  

 

 

 

 

 

(b)  

 

 

 

 

 

 

(a) (b)  

OH
HO OH

O

O O

OH
OH

O
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UVA  

MM 500 VARO

CNF nanoforest-S B-SB1

1.13%

1

KM-9772

40wt%

IEW  

 

CNF UVA IEW 2

1  

 

UV-3600  

 

75mm×50 mm

5mm #240

1

100g/m2

1 100g/m2 2

1 100g/m2

 

100mm×50 mm

10mm #240

1

100g/m2

UVA 2 

 

1 wt%  

 

 

CNF 

 
 IEW 

  88.5  11.5 

  88.5 1.0 10.5 

 50   50 

 12.5 44.2 0.5 42.8 

100g/m2

2 100g/m2

1

#400

2 6   

 

SU5000

 

 

E*ab L*a*b*
L* a* b* 4

CM-700d

L*
a* b* 1

E*ab  

E*ab = [ ( L*)2 + ( a*)2 + ( b*)2 ]1/2 1  

 

7) 1g IEW

1

 

 

45

15 12

5

 

 

Q-Lab Q-SUN Xe-

3-HSE JIS K 5600-7-7

60W/m2 (

300nm - 400nm)

50

38 50%

18 102

100

500 700 1000
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3.4

2,2 - 4- -2,4-

(0.06 g)

(0.18 g) (0.4 g)

NaCl KNO3 (1.5 M, 530 l)

PVA (0.02 g)

60 1

60 MC1 ~ MC4

1  

 

(III) (II)

MC1~MC4

UVA

65

2 X

 

UVA

UVA UVA

3.4  

g 2,2 - 4- -2,4-

(0.06 g) UVA (0.4 g)

10

2%PVA 26 ml 10

60 1

65 UVA

MC-Q

MC-F  

SU5000  

1  

 

   

MC1  NaCl 2wt PVA 

MC2  KNO3 2wt PVA 

MC3  KNO3 2wt PVA 

MC4  KNO3 4wt PVA 

2 UVA

 MC  

 

 UVA 

MC1-Fe-Q 

MC1 

Fe(III)  

MC1-Cu-Q Cu(II)  

MC1-Fe-F Fe(III)  

MC1-Cu-F Cu(II)  

MC2-Fe-Q 

MC2 

Fe(III)  

MC2-Cu-Q Cu(II)  

MC2-Fe-F Fe(III)  

MC2-Cu-F Cu(II)  

MC3-Fe-Q 

MC3 

Fe(III)  

MC3-Cu-Q Cu(II)  

MC3-Fe-F Fe(III)  

MC3-Cu-F Cu(II)  

MC4-Fe-Q 

MC4 

Fe(III)  

MC4-Cu-Q Cu(II)  

MC4-Fe-F Fe(III)  

MC4-Cu-F Cu(II)  

MC-Q    

MC-F    

 

UV-3600

9520  

 

1 MC1

MC2 (a), (b) 50 m

MC3 MC4

(c), (d) m
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1

(a) MC1, (b) MC2, (c) MC3, (d) MC4 

 

NaCl KNO3

8)

KNO3 MC2 NaCl

MC1

 

PVA PVA

MC3 MC4

PVA MC4 PVA

MC3 m

MC3  

2 MC4 0.1

100 m
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100 

m

MC1 0.2 

m MC2 0.8 m MC3 0.7 m MC1  
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F401 SAWA-1 SGH StyP

20kg

SAWA-1 SGH

StyP 3

150g 200 L

10 L

5

22kg

5

13

5

13

2.3 ,
Agilent 5977B GC/MSD

3 .  
 

SAWA-1 SGH StyP

22kg , ,

 
2

1
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16 ,2 3

12

8 16

20kg

3

3

SAWA-1

SGH

StyP

SGH

3

StyP
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, 2014, 23: 27-31. 
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.

2017
27:47-50 
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 (  6 ) 
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2022, 31: 35-38. 
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2016: 611-624.  
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, . 

, 0.05 mm

, 160 nm , 18 nm 2

.  

 

1.  

, , 

, 

, 

1-3). NC

, , 

. , 

, 

. , 

, 

. 

, 

, 

, 

. 

, , 

1 μm .  

, ,

. 

, 

4)

5)

. , , 

, 0.05 mm , 

.  

 

2.  

2.1  

. 

nhigh , 

nlow , 

θi θi> θc=arcsin[nlow/nhigh]

. , 

, 

6,7). 

, 

 μm , 

. 

, 

.  

, , (1) , 

. , 

. , 

Iev(z, λ) z , 

λ , Iz=0 , 
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zζ , 

Iz=0/e ; e
, (2) , λ

θi, n . 

  (2) 

 

2.2  

, 

, 

, 

 8,9).  

, 

10,11) . 

nm , 

Isc . , 

.  

, 

12)

. 

zζ , 

, zedge

. λ1, λ2

, (3), (4) .  

(3) 

(4) 

, K . 

(3) (4) , Isc,0(λ) , zζ(λ)

, Isc(λ1)

Isc(λ2) , 

(5) , 

13).  
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, 

, 

. , 

4

, 

. 

. 

, .  

220 mm, 150 mm, 100 mm

. , 

, , 

. 

 

 
Laser illumination  (λblue) (λred) 

 - wavelength λ nm 488 670 

 - incident angle θi deg 50 

 - penetration depth zζ  69 94 

CMOS camera    

 - pixel size μm2 5.48 × 5.48 

 - exposure time ms 25 

 - recording speed fps 40 

Optical system    

 - total magnification  30× 

 - numerical aperture  0.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2  

, 

,  

0.05 mm, : , 

, dinput

. , 

320 nm/s , 

, 

dsensor

. 25 ms, 40 

fps , 

.  

, λ
, 

, 

, 

.  

, 

, λred 300 nm, λblue

200 nm . , 

zζ 3 .  

, 

. , XY

, 

, 0.2 × 0.2 mm2

, 0.05 mm
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3.3  

zedge=dsensor= 0 nm , (5)

. , 160 nm 18 

nm 2

, .  

 

4.  

, 

nm

, 

, 

.  

, 0.05 mm

, 

, λblue 488 

nm 200 nm, λred 670 nm 300 nm

. , 2

, 160 nm , ±18 

nm (2σ) , 

.  

, 

, 

, .  
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1

 

18

 

1

2022 7 8

2.1

 

4  

(1)

 

(2) 3

2 11

 

7

10  

4

0  

(3) 5

0 10

11  

0.5 g

GC-MS

20 mL

 

Solid phase microextraction; SPME

1  

SPME VOC GC- 

MS

2  

GC-MS

MS-DIAL

4.9.221218 MS-DIAL

csv

 

MS-DIAL  

GC-MS

 

GC-MS

 

 

1 VOC  

 Name or value 

Apparatus AOC-5000plus 

Incubation temperature 60ºC 

Preincubation time before 

VOC sampling 
10 min 

Extraction time by SPME 30 min 

Desorption time on GC 

injection port 
15 min 

Agitator speed during VOC 

sampling 
500 rpm 

SPME fiber assembly DVB/CAR/PDMS 

Size of SPME fiber 50/30 mm, 23 Ga 
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2 VOC  

Conditions Name or value 

Apparatus GCMS-TQ8030 

Carrier gas He 

Carrier gas control 
Constant linear 

velocity 

Linear velocity of Carrier 

gas 
30.0 cm/sec 

VOC introduction to GC 

column 
Split introduction 

Split ratio 5 

Carrier gas pressure 

(initial value) 
21.6 kPa 

Carrier gas flow rate 

(total, initial value) 
7.2 mL/min 

Column oven temperature 

(initial) 
30ºC 

Column oven temperature 

program 

Start temperature; 

30ºC. 

Temperature program; 

5ºC/min to 230ºC. 

Ionization source 

temperature 
200ºC 

Interface temperature 230ºC 

Measured m/z region from 35 to 300 

Column VF-WAXms 

Column size 

30 m x 0.25 mm i.d., 

film thickness 0.25 

mm 

 

 

GC-MS

csv

 

 

Web

MetaboAnalyst 5.0

 

 

1  

1  

 

 

6

23.94 5

10 14.67

26  

1

 

2 2 VOC

total ion chromate-

gram; TIC 3 5

VOC TIC 4 6

VOC TIC  

GC-MS MS-DIAL

PCA

5  
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2 No.2 VOC

3 No.5 VOC

4 No.6 VOC 

5 A

2 3

2

 

5 10

4

 

6 PCA PLS-DA  

5 VOC PCA 

6 VOC PLS-DA 

 

 

PCA 9

PLS-DA

PCA

3 PLS-DA
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HCA 7

HCA 3

3

complete

class

 

 

(1) C2 R1

R2 R3

 

(2) C1 C4 PCA

PLS-DA 2

 

(3) C1 C4 C1 R5

C4

R1 R4

 

 

7 VOC HCA 

(4) C1 C4

C1 R2

C4 R3

 

(5) C3 R5

C2

 

 

R1

R5

R2 R3

 

PCA PLS-DA HCA

GC-MS

 

GC-MS/MS

JSPS

JP22K02109  
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