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Soybean (Glycine max L.) is the most important legume crop in the world because it
contains many storage components in the seeds. On the contrary, soybean is one of the crops
with poor storability due to the presence of many proteins and fats in the seed. Thus, long-term
seed preservation of soybeans has been a problem in humid tropical climates including South-
East Asia. Since proteins and lipids are sensitive to environmental conditions such as
temperature and relative humidity, they affect seed longevity. High temperatures affect
biochemicals such as metabolic processes and respiration. A humid tropical climate
characterized by high temperature and high relative humidity is very conducive to the rapid
deterioration of soybean seeds in storage, causing decreased seed vigor and viability and leading
to low germination percentage. Additionally, genetic factors such as seed coat color and seed
components are one of the factors controlling seed storability.

The development of resistant varieties of soybeans to high temperatures is necessary to
improve seed quality including seed viability and seed vigor during storage. Therefore, the
objectives of this study were: 1) to evaluate seed viability and seed vigor for basic information
use in breeding programs and develop highly storability varieties in soybean, 2) to identify
Quantitative Trait Loci (QTLs) for seed storability and investigate candidate genes for these
traits in detected QTL regions, and 3) to evaluate and understand the physiological and
biochemical responses to high temperature and long-term storage as well as the mechanism of
storage tolerance.

The recombinant inbred lines (RILS) cross between Glycine max cv. Misuzudaizu and
Glycine gracilis cv. Moshidou Gong 503 has been developed to provide one of the best genetic
resources in soybeans. These RILs and parental lines cultivated in 2010 and 2019 were used in
these studies.

To evaluate seed viability and seed vigor for basic information use in breeding programs
and develop highly storability varieties in soybean, 109 RILs and parental lines in 2010 were
stored at two temperature conditions (25 °C and 35 °C) for 3 months and 6 months each to
evaluate seed viability by standard germination test and seed vigor by accelerated aging test.
Seed viability and seed vigor of RILs decreased after storage in all conditions. Moreover, seed




viability in treated seeds significantly decreased as compared with untreated seeds. Moshidou
Gong 503 showed higher seed viability and seed vigor than Misuzudaizu in all storage
conditions. Most of the 54 RILs in the high storability group showed high hard seed and dark
seed color, 4 RILs were in the middle group, and 51 RILs in the low storability group showed
low hard seed and light seed coat color.

To identify QTLs for seed storability and investigate candidate genes for these traits in
detected QTL regions, the 90 RILs and parental lines in 2019 were stored at 25 °C and 35 °C
for 6 months to determine for seed viability and seed vigor. In addition, the 109 RILs and
parental from the previous experiment were also included in this analysis. A total of five QTLs
for seed storability were found and located on chromosome 2, 6, and 8. In addition, two new
QTLs were found that are associated with seed storability.

To evaluate and understand the physiological and biochemical responses to high
temperature, long-term storage and the mechanism of storage tolerance, the 10 RILs from the
high seed storability line and low seed storability line from seeds in 2010 were studied. The 10
RILs and their parents, Moshidou Gong 503 and Misuzudaizu were stored at 25 °C and 35 °C
for 3 and 6 months. Next, seed germination was evaluated, and biochemical analysis in seeds
under storage-related stress was conducted. Malondialdehyde and antioxidant enzymes were
more susceptible to longer term storage than higher temperatures. With increasing storage
temperatures, aglycon isoflavone levels (except glycitein) increased, whereas, malonyl
glucosides levels decreased with increasing storage temperatures and storage periods,
suggesting that malonyl glucosides were converted to aglycones.

From these results, seed storability is influenced by genetic and environmental factors
during storage including high temperature and long-term storage. In this study, most QTLs for
seed storability were found near loci controlling seed viability, maturity, germination, seed
hardness, and seed surface micromorphology, indicating that seed storability might be influence
these traits. Two QTLs for seed storability which could support the development of genetic
markers and could be used in marker-assisted selection (MAS) to improve the molecular
breeding in soybeans. Storage-related stress influenced the biochemical changes in seeds. High
storability seeds showed high levels of isoflavones, suggesting that isoflavones played a
significant role in storage stress and would function as an antioxidant enzyme in the elimination
of free radicals. These findings support the understanding of the mechanisms of soybean seed
tolerance or sensitivity to environmental stresses, and will help in the screening of soybean lines
in the future.

(GE1) GwCEEoLaE, THR, AFEE ] OMICIIFEELZ T HHKOAEZTLA L, ANFFEEOTTA
IARE LT 5,

(HF2) Z4¥ MIMXOEE 10.5 KA FORHEZR, HXOLEE 12K A 2 MO times 52 & T 5,

(FE3)  FArim SCE B PNEGEOS AT EAGEE LT 5 2 &,

(FE4)  FsgXiFsEsc 4%,




MR 7

20237 1H 25H

oA MR O HEEF

X BT B K

%K Pak: jamt
At | oot (4) A% % akanan Jiamtae

Fundamental breeding studies on improvement of seed storability in soybean
(Glycine max L.)
(A X (Glycine max L.) OFETREEER FIZBT 5 BREEHIELEEAFD)

S B

FEER WEKOTA | HE mT FR
il g R B
il s Ak R

HiEsces fHE TR
Bh#k HEi S
iR e B

Hl

ol
S S

ol

FAME R o B F5 (800FUN)

A RX, & o\ ERNEEEOE TR 2% < B, R CORbEER~ AR TH D, LL7ans
O, ZORTBAGI DSBS TR FRAAMNZ L, BRI, W7 U7 &1L s & 2 miRZR Ol ©
& FERAEDIRI DR E 725 TS, AR, FEREEDRNZ A AZ BT 27202, IAXS
A R & A TRRFEDOFRRE FLAS03ORZ A% RIL) 2V Rl AR L ONEHE ) O M & . D
E A Rl TR RS DQTLORE A3 T, £7o, @il - BYIRTAE S 248 - AL B T
VN, PRAFHEOREREDBN B DAgE 21 To T2,

Tl AR L ORI HORHmIL, 109F85EORIL & ZOBLRFA FV T, 25°CL35°C T34 H £7-136 4 AR
FLIZb DT ToTn, TORER, FTAFRB IO A, WTHOHIBOTHERIFRITE T L7203,
FERTNE D V—T DRARIROIT & Ao E D3\ AR & R A R L, ARERGEME S L —7 D5 LRETI R
TP & VR A R L2, 2O Z E0nn, TR EEBREAN S S, Bk & BRE LT
WD EDVNEREN, £ T, ZOFEFRIARZEE T DQILAT 21 T 7ohER. 5oL 23, 6%, 87U
IR T &N, IS, B - BERAE O 4R - AEAEHER ToTo s 2 A, v a U T AT
RETIR SR DORIT, EHRGOREASZTOT W EEILNI LTz, 7o, &l - BEIRFEC LD ~nr
SNTNTY NI TR BNT 7Y AL T T IRATTWRESIND Z LAV ST,

DL EOWIFERRI L, FETERAFIEDENT A R BT D7D R L 220155 L OTH Y | FIAl
ENH Y, ASHSUTFAGERLE L CTHNEDSH 2 10 L LTz, S TORER IO by
ThHY . AFEERER TSGR LORKGRBRI AR L S e T 5,

(k1) FoCEAINEREOS S I AAEEIRLT D 2 &,

(E2) Ff&l TS TORER LOEREIVE bl Th V) | AFAZER TG AT L ORI EHs
LIZEHEST D) W) Ezm — L GoRd D2 &,

(E3) §®§T$§®%Gi\ [R5, NP ORI 22T DHEOHETLA L, NFFEEOFLAL
RELT D,



FDESE

FURSFRB

FURSDEMF

bR

g K

S ism S

TE 2T
panas :9;—

iy
(AL

ELIREBPR21TS
FL(RF)
SHA5F3[248
FNIRBIEARFIEZY

(BF128F X B ETHHIS)

=y TSRS TR

Pl

ERRERZEN

RIERERISZHBEI X

Studies on regulatory mechanism of ligninolytic enzyme
production and ethanol fermentation in halotolerant white-rot
fungus FPhlebia sp. MG-60

(MBMBERII&E Phlebia sp. MG-60KICHIFTD )T I DEEESR
FENKUOIY /- ILEBOFIEHEEICRI I DIHRK)

FE IE IS =
glFE B = ~{ITI-
gBlE HEHE B WE
gl #E WIg  IEX
BIE HEHE AT L=
BE EHER BR OBR
R EIT £




HIREERAC 3

RO E R

7V HF TN AT
K 4 TH %

H IR R R PR T A W e RHE L% R

O A
B FIRBR BRI
(PaJE&) 2009 (1 4 H) A%
Studies on regulatory mechanism of ligninolytic enzyme production and ethanol
ELIVE DS fermentation in halotolerant white-rot fungus Phlebia sp. MG-60
o H (it A EJEA5 B Phlebia sp. MG-60 KEICH1T 2 U 7' = 53 fifl R AL pEdS K

W& ) — VSR O HIEREAR I Z B 5 ik 9E)

RcnEE]  (FnstoBA 1, 200 FHEE, FCOBA 800 FEFLE)

In recent years, the global energy trend is shifting from a society dependent on energy and
chemical substances derived from fossil resources to a society dependent on renewable
resources. Lignocellulosic biomass is a non-edible biomass, and the conversion of this biomass
into fuels and chemicals is a promising alternative to petroleum as a renewable carbon source.
White-rot fungi are capable of degrading all the main lignocellulosic biomass components,
including cellulose, hemicellulose, and lignin. Due to the complexity of the lignocellulose
structure, a deeper understanding of the metabolic processes would be required for these
bioconversions. However, it is unclear what kind of factors affect the change of these
metabolism. Halotolerant white-rot fungus Phlebia sp. strain MG-60 has an ability to degrade
lignin selectively under aerobic solid conditions. However, this fungus begins to saccharify
cellulose and ethanol fermentation under liquid conditions. This phenomenon suggests that
water activity might have an important role in the metabolic change. Mitogen-activated protein
kinase (MAPK) is one such extracellular stimuli-triggered signaling component in eukaryotes
and its signaling pathway is highly conserved from yeast to humans. One of the most
investigated MAPK pathways is the High Osmolarity Glycerol (HOG) pathway in the model
yeast Saccharomyces cerevisiae, which responds to external osmolarity condition alterations.

This dissertation focused on the relationship between lignin-degrading enzymes production,
ethanol fermentation and HOG1 MAPK, which is central to the response to multiple (e.g.,
osmotic, oxidative, heat, etc.) stresses in Phlebia sp. MG-60. We generated MGHOG1
overexpressing (OE) transformants in Phlebia sp. MG-60, exhibiting suppressed ethanol
fermentation compared to the wild-type in liquid culture condition. In addition, we evaluated
the effectiveness of RNAi-mediated silencing of the pyruvate decarboxylase gene of Phlebia sp.
MG-60 (MGPDC1). The RNAI generated lines showed a variety of suppression levels of
MGPDCL1 and this variation changed the metabolic flux, resulting in enhanced the productivity
of extracellular peroxidase in liquid culture.

From these studies, it was speculated that the suppression of ethanol fermentation and
alteration in carbohydrate metabolism were caused by environmental stresses such as osmotic
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shock, resulting in increased production of extracellular peroxidases, including lignin-degrading
enzymes in Phlebia sp. MG-60. This dissertation proposes that silencing of MGPDC1 and HOG
pathway modification are good tools to generate engineered white-rot fungi for biorefinery use
of lignocellulosic biomass such as production of second-generation biofuels.
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Studies on mutagenic effects of heavy-ion beam irradiation on
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Sweet potato is one of the most important food crops and plays a critical role in food supply
and safety worldwide. Storage root is an economically important component of sweet potato.
Therefore, the primary target of sweet potato breeding is its storage root traits. Although many
studies have been conducted on the mechanisms of its storage root development to obtain
consistently high yields and improve breeding efficiency, the details have not been adequately
elucidated. Sweet potato is a self-incompatible hexaploid with a large genome size, and the
availability of genomics tools and resources for sweet potato has lagged compared to diploid
crops. Therefore, mutants on the storage root formation and development are required as
important resources for the functional study of the mechanism.

Heavy-ion beams have been used for mutation breeding and functional studies as a
powerful physical mutagen, and their usefulness has been demonstrated in a variety of crops.
Heavy-ion beams can lead to a broad range of mutant phenotypes with high frequencies.
However, there is limited knowledge of its mutagenic effects in polyploidy plant species. In this
study, heavy-ion beams were applied to sweet potato for an increase in genetic variation, after
which the mutagenic effects of heavy-ion beam irradiation were investigated.

Argon- and carbon-ion beams with different values of linear energy transfer were applied
as heavy-ion beams to ‘Beniharuka’ for the establishment of the mutant lines. In vitro cultured
shoots with argon-ions at a dose of 1-5 Gy and carbon-ions at a dose of 5-20 Gy. The shoot
regeneration was inhibited at high doses of each ion irradiation. Agron-ion irradiation had an
especially high biological effect on shoot regeneration. A total of 335 lines were obtained,
consisting of 104 and 231 lines derived from argon- and carbon-ion irradiation, respectively.
The change in the DNA content of the lines was analyzed by flow cytometry to evaluate the
irradiation-induced damage to the DNA. The two lines demonstrated significant differences in
the DNA content, suggesting that mutations at the chromosome level were induced. The
screening for the morphological mutants was conducted in the field. Some irradiated lines
showed inhibited or no storage root phenotype as mutant candidates. Additionally, the high-
yield mutant candidates were dominated by argon-ion irradiation.




One of the irradiated lines with inhibition of storage root formation, C20-8-1, showed a
decrease in DNA content. To elucidate the details of the inhibitory mechanism of storage root,
the total phenotype of the C20-8-1 mutant line was investigated. The inhibition of storage root
formation was observed during the early stages of growth. However, the roots in C20-8-1 did
not show histological differences compared to those in the control. The transition from fibrous
roots to pencil roots, which are the developmental stages prior to mature storage root formation,
was delayed or inhibited in C20-8-1. For molecular characterization of the change in the storage
root formation process, the expression levels of the genes related to storage root formation and
development were compared between the control and C20-8-1, and variation in expression was
observed in several genes. In particular, the developmental stage of storage root swelling
initiation is a transition period to initiate rapid starch accumulation and upregulate starch
biosynthesis-related genes in the storage root. The upregulation of the starch biosynthesis-
related genes was not confirmed in C20-8-1 during the developmental stages. Therefore, the
expression changes support the idea that inhibition or delay of the developmental transition from
fibrous roots to pencil roots leads to low yields, and C20-8-1 was characterized as a novel mutant
on storage root formation.

The irradiated lines were broadened the range of the phenotypes corresponding to storage
root formation. Moreover, it was possible to screen a novel mutant. Therefore, it is indicated
that the heavy-ion beam irradiations have sufficient mutagenic effects on hexaploid sweet
potato. The screened lines on storage root formation become valuable genetic resources for the
functional study, in addition to its utilization in breeding.
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7o ZTOFER. Nt & Nb ® BTH ALHLX T SAG DEFRICANEZ R BITRD SR -T2, £z,
BTH ALEL2Z SA DB Z Nb (21T - 7o R, BTH AEEIC K% SAGT Hs5-4FH x5 F & 340
HENZEFETHDLZ EWRENTZ, BTH B X DM OEE ~DOFEEHERT 5720, BTH
JVEE 7= Nb @ii%}s;(ﬁ%iﬁ'@%%iﬁulﬁz L7z, ZORER, AUFEICIIT DL E TH 5 0.12
mM T‘@Eﬂ% LIBT3 6 . ABICHEBEZ 527202 LRSI,

Iz IRV CEREE 1 *ﬁz BTH Z4LER L, ALBREE| 2N % CIEALEE A7 5E 3 k2> PR1a 72 &
NZ SAGT IZ 2V THEXIE & RT-PCR THENT 21T o 72, EDfER, BTH ZEHALE L T Wk
RUER FATEEIZ 3BV T 8 PRl BE G SR &M L. SAGT 5 SR EN M S5 2
ENTRIEE N, NDIZBWTRBERI ATV, 5 2~3 8D 3T LI MiHE, FArE, A7
ELTENENIT ZAT o T2, TORER, WTHOEMITE N TS PR1a EREW)H % S E RO YN
1 LU SAGT G ER—EOMBINHR Sz, X HIZ, BTH & 230H%Z I AL EE 3 /&I
CMV DR AT -T2, T OFEE, BTH ALFL X O B3 CIEAEICIBENME T L7273, BTH AL
RER ORI D L UIEREHO BATEE (& EE)ICBWUIARENRBD b h o7, HEFREIE
BLOEMED CMV ZREEIL BTH AEEXIZB W THEL ?fﬂﬁ%l STy, & EAETITAEZEZ
RO LIRS T-, 72, 0.12mMBTH %2 23EMAEL L 728512381 5 Nb D& B ~DO B IR
IR o 7,

VL EOFERNS . BTH AUEE L 72 Nt 72 5 ONZ Nb (238 T CMV DORYe « g IH S b 2 &
DR E Tz, BTH 2IEMLE)ND CMV SRR OFE R 6, BTH ALEE % O EBAZE CIX BTH O%hiE
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MR ENT, ZHUTKY ., BTH AEL MY OFERGIMED EE /) Th 5 SA OFEMENFHE L.
ZDZ LN BTHIC X 2R E R RAEEN T 2B R DO—2 B 2 b,

ARHWFFE D BRI TS 1T % BTH OISR L2 595 Z L i S h b, £7-,
BTH D= 72 VEHIFEVED R FLITAE ) D95 E BRI O 43 1 F I OMRPTIERS E A4 O 1 RS O fiF
NI Z . FBURGIER SR OIS0 5 Z L iR S D,

(E1)  FdELofaE. THR APERE] OMCTFEELZT5HELOHRETA L, AFFEEDOTA
IAREL T2,

(FE2) 74 MIFIXOHE 10.5 KA > FOBHR, HXOHA 12 B, > RO times R &5,

(HE3) s CEHPNEREOSSIX B A& U5 2 &

(E4)  FsCFsEL e+ 2,
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%o ARFZEITHRB IR O —FE TéH 5 Benzothiadiazole (BTH)IZ L D HEHTIERE D 2y 11k O IH ¥
L O EEWEWIRIR T AV AD 1FETH % cucumber mosaic virus (CMV)IZx%d™ 2 HEHTE 5 E 0 3l &
fTol2bDOTH D,

%9°. Nicotiana tabacum cv. Samsun NN (Nt) & N. benthamiana (Nb)? JEBR%E 1 212 0.12 mM @ BTH
ZAPEL, CMV Z4 L7255, Nt & Nb & & IZFIFE DR T & CMV OHITEIME 23 esd S ivlz, &
7=, BTH OBLEED B 13, SRFTMERE SIS HE 22 Y U FLER(SA) & FEIEMERL D SA 7)1 =13 R(SAG)IZ AT
WS DR s Cd 5 salicylic acid glucosyltransferase (SAGT) DEEGM)FH % HFE B ONH DV R
Nz, 5T, EHEE 1K BTH 2448 L7- Nb OFELEE A7 3R K OVREEZ BTH Z4L8E L 7= Nb
EHRALEED S b FRRORE R DT ALz, Nb Tk L, BTH LB IC SA OIBIILEE 24T > T SAGT
GRS R ITH S E £ Th o7, £/, BTH 22 8E0LPE%IC CMV A #fE L 7 /5 5L, BTH
AL L 72 Nb OFEHRE A5 CHEICREME T L7z, LLEORIRICHESE, SA 72 H SAG ~D
RS ZEHAOINHI A BTH IZ & 2 %08 L7 RBUIEA SO ER D 1 > L HELZ Sz, AWFEDOSRMT TldE
BIEE 1 BH L UTRZEIC BTH 2B L7 a . Nb DAEFICEE L 52 720 2 L DS STz,

ABITEZFT ZBTHOR 72 I FDFE R T RSEUA 31T 2 BTHIE I S 2R AR A - LT, 3l
TOFEENELPEEU T DB B T V)  AFEZRB R, ML OF AT J ORGSO LT SHET 2,

(E1) G R AYNEREOS I AAGEZIRL T 0 2 &
(E2) RZRIZ [AEETORKBLOERISE LY Th Y | AFRELERITSCEAR L URKGAERI O
LICEHET D) 0O EZM LGy 5 2 &
(7=3) i@%ﬁﬁjﬂé@%%i\ (R, NFPFERE) OBZIIFE ST DR OAZ AL, NEFEREOTLAL
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AR IEEAEIREN LB ATE . Wb D B OBCKABIZ D IR B 2 HAERE D A5 H
B OREZRN EH LTS, BT, AEIEEIERO—R PRI EIE PRI R A R 2L 1T O
B THD, RFACam LT IBE A REZRE CELR MO MRS DI REZTEIL T D2 LA HAVEL .
MEEEAIE (F 1 %) | IRt oofEFE (55 2 %) L (ARNABII RS/ (55 3 B) IZ5- 2 D5 BT DUV CREA L
77

51 B EIBMAEET V=T RIZT VN T = i E DRV T = ) — )V BB S E AT RO R R A
W 1%iRMUT- % 8 HH -2 7L 24, GBI ONFIROBaL 27 a— L TR 7 U2V RO F
WREEIA R T U, £z, ZOERBEF L, I+ oI E R #5787 (Cyp7AL BEW
Ppara) DN FNEE 5L QA2 Lz LTz,

92 PR R A A TR T =) — )V ORSRED A Z I L TR AR D 7l ~Mu7K 2 AT REME A
R U BB T = ) — L D—FETHHTr N F o iy LU OREL ., HRT O~ X
\Z1%D T N T U ER/BE 5 212E2A RO VT ABBUZ XA HRICA U 5B 3 ME IR
R m MR MLE 6§ 2 PRI RITIFF TE VA, al A7 m—/L /HDL-2L A7 m— L EL O FR i
RN O BRI RS LT,

% 3 BRI REEIT DT85, W, £ OVERDSEN 2R T DR iBE O FRERIZ Lo
THELDFEDRESNTND, FHZ, AMIICEEIZE I TCNDTAa XU (EPA) 2D 0-3
RO TG NEE (PUFA) IZIFNE 2 T B TE D ATREMEA RS L TWD3, T ORNENREIX 4>
ARSIV TR, £2C, o-U /LU RICE AR =<l (EPA IIAER) 2~V AL 1M 52728
ZA, MMHNG EPA ERHICE, — 7, = MAHERR O # 5 LIS A 1E, fitishigi ot oF
D, FIICINZ T, ) /LB B EICE0RIRE LY BT 228 C (AND EPA E&ENLR
JVTHERF T2 EMNTE, s, FIREEBUC LS5O FIRetEa R L7,

VL EZD | AR SC TR, Bdh CRR TR ) P& dn ko (/LB =2 PUFA) & H # YIS
BT 22T, NEAECIEE B FE22 L OATEEEIR O — IR PRI EIE(L PRI TE L Rt A
BINZLTE,

(1)
(r2)
(1 3)
(F4)

A S DS E T,
IRELT D,

(%, ANFHEE] OMICITFEEZZT 2FLXOAEZTLA L, NFEEDFLA

T4 MIFIXDOEE 10.5 A > FOBRR, HXOHA 12 KA 2 O times R & T 5,
AL SCHE B 3MERE O AT B AGE R DL 5 Z &,
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EZA, MmiEBLUHEOBa VAT a— L e~ 77U 'Y RO/ G EITK T L,
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/DRI AL D RTREMD VR SHUT, Bl BEREMHIEE & L GEFER ST A =
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FZEATE = I~lae~ U ARG 2 5 &, 7 BEPADMRIH S 575, B OG- LTc5rE
[HRHSNRNZ LD, a- )/ LVUBE S EICETIREZ REINCERT 5 2 & T, (RNDEPA
BEEO LYV THERFT D 2 LA TE D RHEA R LT

NS CORFNECERU AT DA LY TH Y, AFEERERT, fslOFER UGG
BRIZAHE L= S HET D,
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Studies on the astronomical X-ray CCD for Soft X-ray Imager
onboard the XRISM satellite
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Studies on the astronomical X-ray CCD for Soft X-ray Imager

EZDVATD'S onboard the XRISM satellite

& H (XA et XRISM (253 2 Rk X ik g i 1 72
X#t CCD DHF5E)

[GRistoZEE] (FSCOBA 1,200 FFEE, HLOBA 800 FEFLE)

X MRSy HEARMG AR XRISM 12, AARTE TR L7z 2023 4TH LIF P EOXBRIHETH Y |
X#CCD 1 A Z Soft X-ray Imager (SXI) Z#E#IT 2, X#t CCDIZAFF 2 HE L RICE T
BAICAEB L, AN LAICEET 2 2 TREEEZmAN T, XHBHHOEER R BmHERTH Y |
Rty & 3 DORRFBIIAFRETH D, — ., FHMM TITFHIIT & 2 B BREN R AT H
V. SHMEROLIENEL D, kR OEMEIIC K D EMEEIENR (CTD) 1ToetEaED HE
FRETH Y . B L7z XRISM 2 M CCD TH EMIEABERE & W o 7o kPR 2 L TV 5208, HUHHR
BEIZE D CTL ER-OFE 72 D8R0 & 3 TREICI U CT1 IE O FIEMNL N EE /L FRE TH - 72,

AT, 6 DOENOAER SN D, 1 T, XBRRLFZOME L ARFRO B ZEZNT 5,
W2 BT, XA CCD DR L ORMHFEIZ W THAT %, 553 B TIE, XRISM 2 & SXI
(ZOWTHERR T 5, 55 4 3Tl XRISM 72 CCD O el it EakBR & 2 Dk B>V TR, CTI
DORFEEACT WA 77, 5 5 BT, /0 EMERERIAM & SBETFIEMENL D 7= DI FEh L 72l BRkBR & =
DFEFNTDOUNTIR A, XRISM 2] CCD D CTI DO/ FRKAENE & Hil- R E Ex2 <7, 66 =T
X, B O FEREE R S XRISM A2 COD X FHAMIC 7 7atEie 2 A9 5 2 L afbimT %,

BRI AR C ik, XRISM BRI HBAZ L7- CCD 2 L7-, Z DFE 113 P RUBE AL R D
AP BE A A TN S TR T o v MR 2 TER T 5 = & T, IO B
ErambEXEs /) v FEEERHA LTS, £97.9 x 101 i cm™20 100MeV OF51-% PR L, #E
ECOMSMBE S LT, £/ v TREERIEIED D HRBRICHE L, & CTI ORF£1L
ZHER U7z, ZOFER, /v FREEIC L - T CTL O EFITEUSRRERM S NS 2 E 3000 | XRISM
R ORI FEM TH D 3EMBRE LR/ 2> TORMEREDRGIER AW 7-9 2 L 2R LTz,

ERBR T, frRHEn S FS%EO COD B2 LT, BaAREsI SR ZTEM b7 v 7%
A LTz, BATEASIEE FHWTC, B b7 v 7 b SN EAEBNRE T T2 2 LIk
D, BRI HREREAT LEM T v TN L b SFEFMET D2 LB o T, £ EMER
EFEO BRI DEEE — R CTOFMHEMEO KNS, CTT MHEERF 721 T2 < | RIGHERSC
A & WV o MR FEIRIC BRI 2 o Ts, ZRHLDKFEEEZE LT CTL £7 L
EFICITHEET 52 LI X0 EROBIEE— RO —MZRHEBICEI L, SENARETHD Z &
LTz,

VU EOFERN G BAFE LIz XRISM @2 H] COD IXFHAMMIZ e tkie a2 92 Z L ninnoT,
(F1) fXiEEoHAE, THE, NPFEE] OMIIEEELZ T 25RO ZTA L, NFFEEOFTA
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Studies on the astronomical X-ray CCD for Soft X-ray Imager onboard the XRISM satel
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FHEER WA OBA B Hiz K4 & 6
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Bl A& Hiz K4 HHE B
Al & Hi K4 el HE—
Bl A& wEHx K4 H B

#FE M R o B F (8007
X et 2 XRISM (F20234F 4TS BT TED HARDO XFR R TH Y . XFHCCDI A Z
Soft X-ray Imager (SXI) Z#5#i9 %, X#HCOCDH A FIIXBRIHED LEMBHITHY | Hig
EKMFERHZFEETH D, —FF ., THZEM TIXTHEMHREEIC X 2 BREESROPI L Zh
(ZFED MEREDIR PSR FECTd 728D, BAHRRIENZ (CTI) o ttERE DB E R B & 72
Do HTHLBAFE L7 XRISMETEHCCDIZIBWT 6, HBAHRABEEIC X HCTI EF- &R L . R FFREICIS
U7-CTIEZIE D FYEMENL N B 7 CTh - 72,
TEHRRImER B 7012, HIBIBA%E L 72CCD Tl B AR5 O AT % 554y AN & & C
KT 2w VIZRPTIZRIEEZ TR T 5 /7 v TEEZEH L, ZoR 7T, K7.9X10° i cm*D
100MeV D5 % FREGT L. #liE [T O KRB 2 15 7~ 5 i s mt el 2 525 L7z, & OfER.
J oy FREEIZ Lo TCTLO EFEA TG O FREIRB S LD 2 & 235550 | XRISWE 2 D% EHH
i Cd D MR b R A FF > THOMMERBORFIER AT 2T Z L 2R LTz,
BERERCIE, £7°, & b7 v 7 OREZ A Lz, EaiFEAEREZHWT, & h 7 v 7
O STV IENER Z T2 2 &Ik B DFERE AT L2EM N7 v 73 beltb
SHFEMFAET D Z LR o Te, WRIZ, BAMREGFIEDO R HEEE — N TOFMHER & O g
D, CTT AERIERFH] 721 T < | IR sl PE R & WV o LIRSS bIKF T2 2 L 2R L
o BT, INHDKRFEMEZEZE LICTITT LV EZFT-ICHRTH 2 ik, BEoEET—
RO —BI72 BRI L, IIERFARETHHZ & Er LT,
AREAZADIL, FHBASE Lo XBRCCON RS & L THaettie 2 A7 5 2 L 2GR LT
RPN DS, FHPBEY: « RKICFORBIZEBRT 2 b0 Ll Lz, AS TORER LOVEE
INE LT THY | REELZB DT SCEER L OEKHBRICEHK LI & HET D,

(E1) FCEAINEREOS AT AAGEEIRCT 5 2 &,
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Evaluation of functional chemical components and radical
scavenging activity in Thailand foods
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Thailand’s fermented foods and ingredients are well-liked both domestically and abroad due
to their distinct flavor, pleasant aroma, and several health benefits for consumers. Even the most
well-known foods, their chemical components and radical-scavenging activity have not yet been
reported or updated. Moreover, these health benefits of Thailand’s food are due to the
antioxidant properties of herbs and spices, which could have a considerable inhibitory effect on
fish lipid oxidation. However, these data have not yet been clearly revealed, and there is no
conventional way to simultaneously analyze the numerous antioxidants present in plants, which
is necessary to evaluate the chemical components data of the substances. From the above
background, the authors would like to study Thailand’s foods, especially fermented fish
products and herbs and spices. The results aimed to understand well about Thailand food
products’ characteristics and benefits related to human health.

Chapter 2 focused on each chemical components and radical scavenging activity in Thailand’s
fermented food products, including 11 locally fermented fish or aquatic animals as a source. All
samples were analyzed contents of lipid-soluble substances including fatty acids and tocopherol,
as well as water-soluble substances including amino acids, purine and pyrimidine
monophosphates, and organic acids. Furthermore, the radical scavenging activity of lipid and
water-soluble substances were evaluated, and the correlation between samples and chemical
components was calculated using principal component analysis (PCA). The results of these
analyses were very different in each dataset but overall, Nam Pla (fish sauce), Tai Pla (fermented
fish organs), and Kapi (shrimp paste) contained higher essential chemical components especially
free amino acids and purine and pyrimidine monophosphates together with higher radical
scavenging activity than the other samples. In conclusion, these three samples were essential for
human health. The PCA results also showed a strong correlation between the chemical
components and samples.

Chapter 3 focused on the development of high-performance liquid chromatography (HPLC)
systems for the analysis of antioxidant substances in edible plants from Asia. The newly
developed method could separate 14 different antioxidant compounds including gallic acid,
epigallocatechin (EGC), caffeine, epigallocatechin gallate (EGCG), coumaric acid, vanillic acid,




epicatechin gallate (ECG), rosmarinic acid, gingerol, thymoquinone, carvacrol, thymol,
carnosol, and carnosic acid in 70 min, together with a good result of method validation including
limit of detection (LOD), limit of quantification (LOQ), intra-, and inter-day precision and
recovery. Next, this method was used to analyze 12 edible plants from Asia. The proposed
method for analyzing these 14 antioxidant compounds was used to obtain consistent results with
other reports and could show more varieties of antioxidant compounds present in each plant,
with a visible identification of each antioxidant from each compound.

Chapter 4 focused on the chemical components, total polyphenol content, radical scavenging
activity, and effects on lipid oxidation in fish during storage in 11 herbs and spices from
Thailand. All samples were analyzed for the contents of lipid-soluble substances including fatty
acids, tocopherols, and sterols, as well as water-soluble substances including amino acids, purine
and pyrimidine monophosphates, and organic acids. Furthermore, total polyphenol content and
radical scavenging activity of lipid, water, and methanol-soluble substances were evaluated.
Next, the effects of herbs and spices on lipid oxidation in fish were evaluated. After all
experiments, statistical analysis was conducted including PCA and the correlation between
antioxidant compounds and antioxidant capacity. Turmeric, fingerroot, and ginger showed
outstanding in terms of total polyphenol content and radical scavenging activity. The addition
of herbs and spices to fish also showed good results for prevention of lipid oxidation and
aldehyde generation in fish. Moreover, a positive correlation between antioxidant compounds
and antioxidant capacity and a strong correlation in PCA between chemical components and
samples were also observed.

From the above results, Thailand fermented fish products and herbs and spices have many
health benefits, particularly due to their high antioxidant contents. These data are important for
further research into food-related topics such as other various chemicals, other locally fermented
fish or herbs and spices, comparisons between various production from different areas, and the

effects of herbs and spices on different types of meat besides fish in various environments.
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