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OARTH X, LK, MEERH, K7, AR, VAR (2020). Ao L vy B0 TR S LlclEHKIC
& B IIREAN O F IR O v Rk, FHEFa 0 T HEEERRE.

O Armess Prince Gynth Sosso, Masato Yayota (2024). Silage Quality Evaluation and in Vitro Gas
Production in Case of Molasse Treated Guineagrass and Cowpea Mixture. UGSAS-GU Poster Presentation
on Agricultural Sciences 2024. P23. Gifu, Japan.

OAbdi, Kasumi Nakagawa, Manasikan Thammawong, Kohei Nakano (2024). Effect of Maturity Stages of
Bananas on Ripening Delay by Ultrasound Treatment. UGSAS-GU Poster Presentation on Agricultural
Sciences 2024. P24. Gifu, Japan.

ONahar Ashrafun, Teppei Imaizumi, Manasikan Thammawong, Kohei Nakano (2024). Optimization of

w

Aroma Compound Extraction Method of Coriander Using Gas Chromatography-Mass Spectrometry. UGSAS-
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GU Poster Presentation on Agricultural Sciences 2024. P25. Gifu, Japan.

OThiara Celine Suarez, Kunio Yamada, Takashi Nakatsuka, Masaki Ochiai (2024). Comparison of Viral
infection Status of Roses in Japan. UGSAS-GU Poster Presentation on Agricultural Sciences 2024. P26.
Gifu, Japan.

OWang Chunhong, Matsumoto Kazuhiro (2024). Reconstructing Eco-friendly Agriculture by Considering the

Fundamental Meaning of Permaculture -Beyond the Dichotomy of Organic and Conventional Agriculture.
UGSAS-GU Poster Presentation on Agricultural Sciences 2024. P27. Gifu, Japan.

OZhiwei Deng, Gang Ma, Lancui Zhang, Fumitaka Takishita, Keisuke Nonaka, Masaya Kato (2024). Effects
of Exogenous CaCl; Treatment on the Development of Juice Sacs Granulation in 'Harumi' Fruit During
Storage. UGSAS-GU Poster Presentation on Agricultural Sciences 2024. P28. Gifu, Japan.

3. Other Special Awards,/F&E% :

ODeng Zhiwei, Ma Gang, Zhang Lancui, Keawmanee Nichapat, Takishita Fumitaka, Nonaka Keisuke, Kato
Masaya (2024). Polyethylene bag mitigates juice sacs granulation of 'Harumi' fruit by inhibiting
carotenoid degradation and lignin accumulation during storage. The 21st National Conference in
Postharvest Technology. Outstanding oral presentation "Good" award.

OAbdi, Kasumi Nakagawa, Manasikan Thammawong, Kohei Nakano (2024). Effect of Maturity Stages of
Bananas on Ripening Delay by Ultrasound Treatment. UGSAS-GU Poster Presentation on Agricultural
Science 2024. Best Presentation Award.

ONahar Ashrafun, Teppei Imaizumi, Manasikan Thammawong, Kohei Nakano (2024). Optimization of

Aroma Compound Extraction Method of Coriander Using Gas Chromatography-Mass Spectrometry. UGSAS-
GU Poster Presentation on Agricultural Science 2024. Best Presentation Award.

OARTH T, JHILK, WEHRH, Rif=wr, iR, UVEHM (2020). Av L vy vk Tl S Lol EEic
& B ILIREA O EFHIERFA O RN, RS2 OMTUEEEFRS A TEAHRERE.

ODicky Aldian, Laila Dini Harisa, Ke Tian, Shuichi Ito, Shigeo Takashima, Atsushi Iwasawa, Masato
Yayota (2024). Diverse native forage promotes ruminal fermentation, lipid metabolism, and antioxidants in

goats. The 132nd Annual Meeting of Japanese Society of Animal Science. English Presentation Award.

EMRERFFER

1. Publication, /= ff&R3C -

OMousumi, K.A., Hiramatsu, K., Onishi T. (2025). Groundwater Contribution to River Water Temperature.
Reviews in Agricultural Science 13 (1), 1~19.

OYing Li, Isao Hirota (2025). Introduction of Edible Bamboo Insect Food Culture and Its Background in
the Mountain Area of Yunnan, China and Mainland Southeast Asia. Reviews in Agricultural Science. 13
(1), 52~65.

ORaf Ana Rabbi Shawon, Md. Matiur Rahman, Samuel Opoku Dandi, Ben Agbayiza, Md Mehedi Igbal,

Michael Essien Sakyi, Junji Moribe (2025). Knowledge, perception, and practices of wildlife conservation

and biodiversity management in Bangladesh. Animals 2025, January, 15 (3), 296.
ORaf Ana Rabbi Shawon, Md. Matiur Rahman, Md Mehedi Igbal, Mahfuz A Russel, Moribe Junji (2024).

An assessment of the diversity and seasonal dynamics of small- and medium-sized mammals in

Pittachhara forest, Bangladesh, using a camera trap survey. Animals 2024, December, 14 (24), 3568.
(OJahan Shyama, Israt, Junayed Hossain Rasin, Raf Ana Rabbi Shawon, Igramul Haque Sagor, Md. Jannat

Hossain, Md. Matiur Rahman (2025). Evaluating the socio-economic impact of wildlife hunting on the
livelihood of the ethnic Garo tribe in Madhupur, Bangladesh. Advances in Research 2025, March, 26 (2), 194-
206.

OSayed Mashequl Bari, Aktia Amina, Zubyda Mushtari Nadia, Raf Ana Rabbi Shawon, Md. Matiur
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Rahman, Kazi Ahsan Habib (2024). Morphological and molecular identification of FEuclinostomum
heterostomum in the spotted snakehead Channa punctata in Narayanganj, Bangladesh. Systematic
Parasitology 2024, September, 101, 62.

OSharif Ahmed Sazzad, Mahmudul Hasan Mithun, Moniruzzaman, Ayrin Ahmed, Mohammed Samiullah,
Mohammad Abdul Hamid, Raf Ana Rabbi Shawon, Habib Mohammad Ali, Jahedul haque, Atiqur Rahman
Sunny (2024). Nomad Fishers: A Socially Excluded and Climate Vulnerable Fishing Community in
Bangladesh. Egyptian Journal of Aquatic Biology & Fisheries 2024, September, 28 (5), 1099-1111.

OMuhammad Shifuddin, Mahmud, Amith Dutta, Ayrin Ahmed, Jahedul Haque, Md. Ashis Mawla, Md
Alamgir Hossain, Rashedul Haque Shadhin, Md Saiful Islam, Raf Ana Rabbi Shawon, Md. Hashibur
Rahman, Habib Mohammad Ali, Atiqur Rahman Sunny (2024). In-Between Mobility and Immobility:
Gradual Transformation of the Nomad Fishers of Bangladesh to Sedentary Lifestyle. Egyptian Journal of
Aquatic Biology & Fisheries 2024, September, 28 (5), 1113-1130.

OSharif Ahmed Sazzad, Raf Ana Rabbi Shawon, Moniruzzaman, Monayem Hussain, Farzana Zamand (2024).

Climate change and socioeconomic challenges of fishing communities in the coastal district of Shariatpur
in Bangladesh. Pathfinder of Research 2024, April, 2 (1), 74-94.

OGoshami G., Jung K. 1., Yuiko I., Hidehiro I. (2025). Effects of different weeding methods on the diversity
of ground-dwelling organisms in the organic tea garden. International Journal of Entomology Research,
Volume 10, Issue 1, 2025, Pages 8-15.

OFv v I5F v 8, 77 AV ¥y FRHEEE (2024). |7 Y THIRICE T 54 A BZFEMEF 3 v F >
NICRT AR E BRI — v 7 s Ty 2 L x oY= Lo RN T OB X HY FHE D 5 —. Journal of Weed
Science and Technology, Volume 69, No 4, pp. 148-151.

OMasuki, Y., Katsuta, N., Naito, S., Murakami, T., Umemura, A., Fujita, N., Matsubara, A., Minami, M.,

Niwa, M., Yoshida, H., Kojima, S. (2025). Redox control in arsenic accumulation with organic matter

derived from a varved lacustrine deposit in the Jurassic accretionary complexes. Journal of Hazardous
Materials 485, 136843.

Om AL, B, MmEET, talihik, WHER, M HA, ok Ts, lEL—8, BFHES (2025). € ¥ TvEl
FAVHER « A4 oV = A O BIERHER Y 2 F O 7o BRI A B . 2R FRRENE 9, 1~6.

OYokoyama, Y., de Wit, A., Matsui, T., and Tanaka, T.S.T. (2024). Accuracy and robustness of a plant-level
cabbage yield prediction system generated by assimilating UAV-based remote sensing data into a crop
simulation model. Precision Agriculture 25, 2685-2702.

OYokoyama, Y., Matsui, T., Tanaka, T.S.T. (2024). An instance segmentation dataset of cabbages over the
whole growing season for UAV imagery. Data in Brief 55, 110699.

OXRBZEKRES, RERH, NS, JTHHEE (2024). EE#RT — & [BERNGO] 1Tk 2D A D W ER k)
FA v b orfifb, RERMN L2692 (5), 17~20.

OYu, M., Yuliana, R., Tumewu, S. A., Bao, W., Suga, H. and Shimizu, M. (2025). Efficacy of L - arabinose
in managing cucumber Fusarium wilt and the underlying mechanism of action. Pest Management Science
81 (3), 1239-1250.

2-1. Oral Presentation,/ AEEFE :

Elf%% % /International Conference

OZXKentaro Otsuka, Shinichi Nishimura, Keigo Noda (2024). Water management changes in irrigation and
drainage canals under climate change and urbanization in the case of Kotsu Yosui Irrigation project,
Japan. 9th Asian Regional Conference (ICID). Sydney, Australia.

OZKentaro Otsuka, Shinichi Nishimura, Keigo Noda (2024). Gate operation changes by purposes in irrigation
and drainage canals in the case of Kottsu Yosui Irrigation project, Japan. International Society of Paddy

and Water Environment Engineering (PAWEES). Taichung, Taiwan.



EIN%¥4 Japanese Conference

OMAIEE, Bilidik, AR, FREPIER, HKT=, fEL—88, BHES (2024). ZERMAL & GRTEHBOCHE S
CHANBIGE @ b D & HERDERE. H AR E B E G 20244E K2 (JpGU 2024). #sEA v .

Ofilidafk, AL, M HAR, Eet, kT, PEL—8R, FREPIER, BHEE (2024). & v I VEREE 7 1 v
O BIEHEREY) % FH O 7ol 289 o R Zr dh i hfr. HAHIBRERE R H#E A 20248 K2 (JpGU 2024). Hik4 v +.
OBRAKIKE, BlET], BBHE v > 2Ly §9 5 Fvy, BLIHER, WHERE, B HR, BEEE (2025). #1743
HERE D LML E R AT D < ' v T VEEFEIEEE « AV I A O EREEA AT, 53601 (20244F) AEEAXR

FFHIHERREEIIHT EARIETE > v K U 4 BHERY.

OYimatsa, N., Shinozuka, K., Kinoshita, M., Takagi, N., Ohtsuka, T. (2025). Fine Root Dynamics across -m
Soil Layers in a Subtropical Japanese Mangrove Forest. In the program and abstracts brochure of the 72™
Annual Meeting of the Ecological Society of Japan, Sapporo, Japan. 2025, March. C02-08.

OfflifsR, I %), Hh & (2025). =RoulEVEE 7 — 7 B L Umulti-view CNNZ W7+ v <X DINEHEE.
HARVEY 25 259mE i S 5 Ep. 7. HAKFEY & R,

OXRZHKER, THHEE (2024). #oAb 9 2 KEMAKICE T 5 7 — ~RIERT. SBRIEERN LY SRS
23, AR

OXRZMARS, THHEE (2024). HEERAI/KEKIC B 2 Huglyr — ~ #E0Z b, F1RIE3ERN TEanisaE, &
=3

O/NAL 28, BRIRTEHER, FLWEZ, OHEE (2024). FfzZ@E L7y Y oRROFAICOWToOHE., HABYS, ®
HORF

Of i, RIFEE, BARNTE, MAM—, I K& EKR, HERES, ZHEBA (2025). 1 X E0HRERICE U
5CYPOIBfEZRD T 3 VRAERE X7 5V T — MW T 2 BEEZHOMG. S 7THEEIRMYIREES v - b5
A

=111y

E

2-2. Poster Presentation,/ 7R X% —F&K :

EfE% 4 /International Conference

ORaf Ana Rabbi Shawon, Md. Matiur Rahman, Md Mehedi Igbal, Haris Debbarma, Junji Moribe (2025).
Camera trap insights into seasonal variations and biodiversity status of wild mammals in Satchari
National Forest, Bangladesh. The Mammal Society's 70th Annual Conference, 26-30 March, 2025, Bangor,
Wales, UK.

OFaryzan, Qistan N., Naramoto, Masaaki, Iio, Atsuhiro (2025). Exploring Leaf-xylem Connection by Radial

and Azimuthal Sap Flow Measurement and Branch Manipulation in Fagus Crenata. The Japanese Forest
Society Congress, 2025, Volume 136, 136th Annual JFS Meeting. Hokkaido University PG-2.

ERN%¥ % Japanese Conference
ONiken Nabilaputri Pranaasri. (2025). The Potential Biological Control of Summer Weed, Eleusine indica by
Weed Predation by Pill bugs (Armadillidium vulgare) in Tea Nursery. The 64" Annual Conference of

Weed Science Society of Japan at Shinshu University, Faculty of Engineering, Nagano Prefecture.

ORaf Ana Rabbi Shawon, Md. Matiur Rahman, Md Mehedi Igbal, Moribe Junji (2024). Evaluation of
habitat status of small and medium-sized wild mammals at hilly area of Pittachhara forest in Bangladesh.
The 10th Academic Meeting of Mountain Science and the 29" conference of Association of Wildlife and
Human Society (Joint Conference, MSWH2024), 14-15 December, 2024, Shizuoka, Japan. Abstract p-30.

O S/, ZofkER (2024). v # EEEEOHEMBIZVORET B 2. HARMILIEF 220245 KE A K2,

O Bts, LmikE, KA (2024). fEfFOMER L ORI L 0 AT 2L F 3 v OEITEICB L1FT
B HAERE P hEIIOR S, =L

OFELAMRKs, M, MANT (2025). fEFO>< 2 AEE L OILFOBRIC I DAL 21 F 3 v OFETENICE
FIEI B B O AICHBY BdraRke, FIE

Ol B, Hibtaml (2024). BREHICBT WAL MO v — K+ v, HAHILEF22024FERSEEE

D153 SLRIT RS MR 5 2 52,




OFNHMET, BHREE, SAKE, kT, PEL—ER (2024). IERATIRBICHE T 2K « =7 0 VIV OE A 4 » D
Tisg « BRRIEINR LD I L. HAMBRERERFE42024F K42 (JpGU 2024). #Hikx v €.

OsHES, mEAM, & B0, SARKE, g, NEEsw D, fibbidk, BT, R, fEL—ap, HHx—
(2024). 1 v 75 v Rl « B~V LR v o) — v o v OMEREZEN R, O ARMERE R B 2253 4 2024 K2
(JpGU 2024). FiRk A v &,

O ARI&H, KIS, Davaasuren Davaadorji, MUk, m  HEF, Bk, PEL—BE, BHERE (2024). € T
EHPAHER o AV T A BIHEREY) O ZEE R ARFARI T JE S < S BKIHLIRGE O LR BT, S5140]  [RIAREREE Y v
YR YUY L REHIBREREE AT

O lif{&, Davaasuren Davaadorji, &, M HER, SAKKE, BkT5, WHER, FREHIEM, feL—EE, ERE
I, Niiden Ichinnorov, BHEZ (2024). € v I VEHER 71 Vil « #IEHERY) O LERIAA LS HT I & BTk
Bt ZREhfEE . 5140 [ERLABRIES: v v R U v AL A HIERBREE SIS,

OFNHET, BHES, SARKE, hkT&, EL—E8 (2024). BEEFIMBICE T 2/HK s =7 o0V IVHORHEA 4 v 0O
Wiss « MRBENALOZFEIZAL. B140]  [EAARBREEY v v R Uy A BEGHIBRER F T

O/ AL 2, s (2024). BRENCH T 27 ) ORARICHT 2 EEEOERFAESR. BEEN TS, sARlk

OHe Jingyun, Tanaka Takashi, Matsui Tsutomu (2024). Evaluating the Potential of Fourier Transform
Infrared Spectroscopy and Deep Learning-based Machine Learning Approaches for Predicting Soil
Properties. UGSAS-GU Poster Presentation on Agricultural Sciences 2024. P15. Gifu, Japan.

OYing Li, Isao Hirota (2024). From Forest to Table: The Role of Edible Bamboo Insects in the Livelihoods
and Diets of Remote Mountain Villages in Yunnan, China. UGSAS-GU Poster Presentation on
Agricultural Sciences 2024. P16. Gifu, Japan.

ONiken Nabilaputri Pranaasri, Minoru Ichihara, Masayuki Yamashita (2024). Potential Role of Weed
Predation by Pill Bugs (Armadillidium vulgare) in the Control of Summer Weed, Eleusine Indica in Tea
Nursery. UGSAS-GU Poster Presentation on Agricultural Sciences 2024. P17. Gifu, Japan.

OQistan Naufal Faryzan, Atsuhiro Iio (2024). Seasonal Changes in Radial Sap Flux Density for Four
Deciduos Broad-Leaved Species in Cool Temperature Forest. UGSAS-GU Poster Presentation on
Agricultural Sciences 2024. P18. Gifu, Japan.

ORaf Ana Rabbi Shawon, Md Matiur Rahman, Md Mehedi Igbal, Moribe Junji (2024). Identification of
Status and Evaluation of Activity Pattern of Terrestrial Wild Mammals Using Camera Trap at
Pittachhara Forest in Bangladesh. UGSAS-GU Poster Presentation on Agricultural Sciences 2024. P19.
Gifu, Japan.

OYui Yokoyama, Tsutomu Matsui, Takashi S. T. Takana (2024). Cabbage Yield Estimation Using Three-
Dimensional Point Cloud Data and Multi-View CNN. UGSAS-GU Poster Presentation on Agricultural
Sciences 2024. P20. Gifu, Japan.

(O Adhia Azhar Fauzan, Mishima Anna, Takeo Onishi, Ken Hiramatsu (2024). Farm-Oriented Enhanced
Aquatic System (FOEAS) in Reducing Greenhouse Gas Emissions from Rice Paddy Fields UGSAS-GU
Poster Presentation on Agricultural Sciences 2024. P21. Gifu, Japan.

OZKentaro Otsuka, Shinichi Nishimura, Keigo Noda (2024). Analysis of Gate Operation Due to Climate
Change and Urbanization in Irrigation Canals Cross-Flowed by Rivers. UGSAS-GU Poster Presentation on
Agricultural Sciences 2024. P22. Gifu, Japan.

3. Other Special Awards,/F&EL .
OYuta Ohata, Takafumi N Sugimoto, Yohsuke Tagami (2024). Toward elucidation of the mechanism of
Wolbachia-induced parthenogenesis. XXVII International Congress of Entomology (ICE2024 Kyoto).

Presentation Award for Young Scientists.

Ok &=, AR, (BT, ZREHER (2024). HATHIEL/cA A N 3ETH 5 EDh —GPSIEHICEL S

B &9 0 v — b ORIH—. HABFES20244E K43, Druid Award.
ONiken Nabilaputri Pranaasri, Minoru Ichihara, Masayuki Yamashita (2024). Potential Role of Weed




Predation by Pill Bugs (Armadillidium vulgare) in the Control of Summer Weed, Eleusine Indica in Tea
Nursery. UGSAS-GU Poster Presentation on Agricultural Science 2024. Best Presentation Award.

EMERBZFER

1. Publication,/ 274

OXipEW, IREAK, HHEE (2025). e b b7y =S v 2+ b [APF = v 7] Ok FEFRE~DIGH.
AR 2. 2025F30% 145 p.61-68.

OEdMise, /TG, /NMIEZ (2024). 84 b 7 2 ORWAR; R BSRMEEE D 2RI R T HEAHEOENICTEL S
L HABEY e S5 H 8315,

OS. Zhang, N. Yanagisawa, M. Asahina, H. Yamashita and T. Ikka (2025). Soil chemical factors contributing
to differences in bacterial communities among tea field soils and their relationships with tea quality,
Frontiers in Plant Science, 16 : 1540659.

OS. Zhang, H. Yamashita and T. Ikka (2025). Exploring from Soil Acidification to Neutralization in Tea
Plantations : Changes in Soil Microbiome and Their Impacts on Tea Quality, Reviews in Agricultural
Science, 13 : 66-80.

OSantoso D, Deny M, Egra S, Etty W, Aditya M, Syahfrizal T, Sulistyo A. (2025). Bibliometric analysis of
oil palm pre-harvest machinery. Revista Brasileira de Engenharia Agricola e Ambiental 29 (5), e287540.

OEgra S, Putri AS, Zulfa NA, Adiwena M, Mitsunaga T, Yamauchi K, Kuspradini H. (2025).
Anticariogenic potential of selected medicinal plants from Dayak Benuaq tribe, Indonesia. Plant Science
Today. 2025; 12 (1) : 1-9.

OS Egra, D Santoso, E Wahyuni, A Sulistyo, MW Agang (2024). Kemandirian ekonomi masjid melalui
pemberdayaan masyarakat dengan pemanfaatan lahan sekitar masjid untuk usaha hidroponik.
SELAPARANG : Jurnal Pengabdian Masyarakat Berkemajuan 8 (2), 1004-1010.

OT.S. Ekaputri, T. Tanak (2024). Quantitative Analysis of Commercial Coating Penetration into Fagus
crenata Wood using X-ray Microtomography. Scientific Reports, 14 (13925), 2024.

OHirasawa Shintaro, Tomio Yabe (2025). Salmon nasal cartilage proteoglycan : exogenous functionality

compared to other chondroitin sulfates. Reviews in Agricultural Science, 13 (2), 20-35.

ONaomi Shibata-Ishiwatari, Yui Sato, Kime Ohba, Wenchao Li, Teppei Imaizumi (2025). Texture and
structure of fried food preparation containing dried okara, Food Science and Technology Research, Article
ID FSTR-D-25-00007, Advance online publication March 10, 2025, Online ISSN 1881-3984, Print ISSN 1344-
6606, https://doi.org/10.3136/fstr. FSTR-D-25-00007.

OOhmoto C, Taguchi T, Onishi M, Yamaguchi H, Sekita M, Hashimoto T, Hirata Y, Katsuno N, Nishizu T
(2024). Retrogradation inhibition and intragranular distribution in cooked rice by addition of a -glucosidase
(AG) and branching enzyme (BE). Food Chem., 456.

ORuEz, At A (2025). JREPEXHRIHTEIC & 2 IRBCKHIN T A S5 A D5 (2025). Bioscience & Industry
Vol.83 No.l 35-37.

OOsuka R.F., Yamasaki T., Kizuka Y. (2024). Structure and function of N-acetylglucosaminyltransferase V
(GnT-V). BBA Gen. Subj., 1868, 130709.

Olslam, M., Yesmin Hasi, R., Umemura, Y., Tanaka, H.-N., Kondo, Y., Ishikawa, T., Nagano, M., Ali, H.,
Kawakami, R., Aihara, M., Tanaka, T. (2025). Method for isolation and quantification of inositol glycan
produced by glycosylinositol phosphoceramide-hydrolysing phospholipase D in plants. The Journal of
Biochemistry, 177 (5), 387-394.

ODMori, T., Niki, T., Uchida, Y., Mukai, K., Kuchitsu Y, Kishimoto T, Sakai S, Makino A, Kobayahsi T,
Arai H, Yokota Y, Taguchi, T., Suzuki, K.G.N. (2024). A non-toxic equinatoxin-II reveals the dynamics and
distribution of sphingomyelin in the cytosolic leaflet of the plasma membrane. Scientific Reports 14 (1) :

16872, 2024.



(OSeichi Suzuki, Yasuhiko Kizuka, Bunzo Mikami, Kosei Yamauchi, Takeshi Ishimizu, Shiro Suzuki (2025).
Enzymatic characterization and docking simulation of a xylan synthase catalytic subunit, Setaria viridis
IRX10, using xylotrimer acceptors with distinct fluorescent labels. Plant biotechnology, in press.

OYujun Zhou, Hitotaka Sato, Miwa Kawade, Kenji Yamagishi, Yoshihito Ueno (2024). Application of 4'-C-a-
aminoethoxy-2'-O-methyl-5-propynyl-uridine for antisense therapeutics. RSC advances 14 (63) 39148-39162.

OYen Thi Hoang Kieu, Kosei Yamauchi, Minh Tu Thi Nguyen, Tohru Mitsunaga (2025). Molecular network-

ing-based discovery of long chain fatty acid bearing iridal triterpenoids with neurite outgrowth promoting

activity from Iris domestica rhizomes. Fitoterapia (183), 106499.

O Taboadela-Hernanz, J., Ikagawa, Y., Yamauchi, K., Minoshima, Y., Suga, H., Shimizu, M. (2025).
Biocontrol of Phytophthora Root and Stem Rot and Growth Promotion of Soybean Plants by the
Rhizobacterium Enterobacter pseudoroggenkampii Strain GVvl Isolated from Vicia villosa Roth. Microbes
and Environments, 40 (2), n/a. https://doi.org/10.1264/jsme2.me24089.

OK. Machi, Y. Ono, H. Iwahashi (2024). Citrate, a TCA cycle metabolite, plays a role as a hydroxyl radical
scavenger in vitro. Journal of Photochemistry and Photobiology A : Chemistry, 454, 115691 (2024).

OK. Machi, K. Sakurai, H. Kageyama, T. Mori, S. Sirisattha, J. Takahashi, R. Waditee-Sirisattha, H.
Iwahashi. Studies on Radiosensitization with Mycosporine-like Amino Acids and Aromatic Amino Acids.
Journal of Photochemistry and Photobiology A : Chemistry, (EIlH)

OSun, K., Zhang, J., Wang, Y., Qian, W., Gong, S., Li, Z., Song, Y., Yin, X., Ding, Z., and Fan, K. (2024).

Foliar spraying KH2PO4 promotes shoot development by inducing stomatal opening and sugar transport

in tea leaves. Scientia Horticulturae 337, 113588. (Peer-reviewed)

OYin, X., Song, Y., Shen, J., Sun, L., Fan, K., Chen, H., Sun, K., Ding, Z., and Wang, Y. (2025). The role
of rhizosphere microbial community structure in the growth and development of different tea cultivars.
Applied Soil Ecology 206,105817. (Peer-reviewed)

2-1. Oral Presentation,/OEEFEK :

EfE54 /International Conference

OEgra S., Kuspradini H., Batubara I, Kusuma IW., Yamauchi K., Mitsunaga T. (2024). Garcidepsidone B
from Garcinia parvifolia: antimicrobial activities of the medicinal plants from FEast and North Kalimantan
against dental caries and periodontal disease. 74 (1), 29. Annual Meeting of Japan Wood Research Society,
Kyoto University, Kyoto, Japan.

OLI WENCHAQ, Teppei Imaizumi, Takahisa NISHIZU (2024). Estimating soybean softening through Raman
profiling of cooking water, YOUNG SCIENTIST 2024 organized by the Vytautas Magnus University
Agriculture Academy, online.

OLi Wenchao, Takahisa Nishizu, Takashi Watanabe, Tadasu Teramoto, Teppei Imaizumi (2024). EFFECTS
OF ALPHA-LIPOIC ACID TREATMENT ON QUALITY RETENTION AND ELECTRICAL PROPERTIES
OF FRESH-CUT AVOCADOS, Proceedings of The 11th International Symposium on Machinery and
Mechatronics for Agriculture and Biosystems Engineering (ISMAB 2024) 25-27 Sep. 2024, Bali, Indonesia.

EN%¥ 4/ Japanese Conference

O% e HE, = W4, A 6, R 35 (2024). qPCRiEIC & % Listeria monocytogenes DR HE &L D RS
(B 3 ). HB4bIE AR RMAEY PP s Wl EE pb8 FHik

OiLA SR, i, (IFREA, —FK5E (2020). SRESEZREIEOERBAMNY v v a v I 4 Y OELDIEE 23
S ERE 20K, HALEIOR FaF#EE 58, 70, 123, f&Eh.

OVLAREE (2024). KRERRKBEGEEIEOGNER~Y v v aw 34 YEANO FERAIIC & 2 BHRE L~ 23
AEFEBANE R EE, 3151, 10-11, M E.

OILAHER, INFEA, —FKaEE (2024). BHEEMOANY v v a v 34 v OfRES L CINEICKIT T8 B2E
HEPEBNE R AR, 3151, 20-21, IR,

OILAREIR, KHEZE, Lr9Ess, KR, ZihEs (2024). FHEIEMN 280 2 FER B FRIE SR B L O



KRNI E D SR KI5 8 R=rihse, 23512, 106, bk

ON-EEKREE, FERE—, JLAE], KEEHE 2020, a v A F U RE7e 7470 7 v OBE LEEN LICAER
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Establishment of Data Analytics for On-farm Experimentations in Japanese Paddy Fields
bei| H

Title of Dissertation

PN S F (Dissertation Summary)

On-farm experiments (OFEs) are pivotal in agricultural research, providing practical insights and solutions to enhance crop
productivity and agricultural sustainability. Active farmer participation in OFEs facilitates knowledge sharing and
participatory decision-making, enriching the relevance of research findings. Various experimental designs, such as
randomized complete block design and strip trial design, have been employed in OFEs to systematically assess treatment
effects and interactions, offering distinct advantages for evaluating agricultural outcomes. Advancements in precision
agriculture technologies like variable rate application and yield monitor are revolutionizing data collection and analysis in
OFEs. Researchers and farmers conducted OFEs primarily in large-scale upland fields due to the relatively high adoption
rate of precision agriculture. Yield prediction and treatment assessment in OFEs is essential for informed decision-making,
aiding both farmers and researchers in optimizing resource allocation and enhancing crop management strategies amidst
growing concerns for food security and sustainable farming practices. However, ensuring profitability for farmers requires
not only precise yield prediction model but also robust statistical analysis techniques to effectively interpret data from
smaller OFE plots. Thus, this thesis includes two main experiments including (i) Multimodal deep learning for rice yield
prediction using UAV-based multispectral imagery and weather data, and (ii) A Bayesian approach to assessing uncertainty
in the effect of fertilization strategies on paddy rice yield via multiple on-farm experiments. The final objective of this thesis
was to establish data analytics for on-farm experiments in Japanese paddy fields.

The first experiment explores precision agriculture, utilizing deep learning models with UAV imagery and weather data to
predict rice yields accurately. Through precise comparison of various neural network architectures, the study examines
factors such as CNN feature extractor layer configurations, fully connected layer depths, and weather data integration
methodologies. Key findings include the significance of integrating weekly weather data for improved prediction accuracy,
with monthly cumulative data showing less impact. Additionally, the study explores the effects of adding extra layers to the
model architecture, highlighting the benefits of even a single additional layer. Despite similar prediction accuracies among
top models, differences in predicted yield levels and spatial patterns suggest variations in fertilizer treatment effects. The
study underscores the importance of assessing prediction accuracy and model robustness, advocating for validation with
independent field test datasets with higher spatial density. Overall, this pioneering research advances crop yield prediction
in precision agriculture, paving the way for future innovation and exploration in the field.

The second experiment delves deeply into agricultural research, with a focus on analyzing spatial variation in crop yields
within OFEs. Employing an advanced Gaussian process model, the study meticulously evaluates the effects of fertilizer
treatments while considering spatial yield variations. Results reveal a significant spatial correlation in rice yields across
fields, underscoring the importance of spatial modeling approaches. By utilizing Bayesian model averaging, the study
effectively addresses uncertainties, enhancing the accuracy of treatment effect assessment while managing model
uncertainty. Intriguingly, the research hints at potential economic benefits associated with lower fertilizer rates in most
scenarios, albeit with acknowledged exceptions. The study transparently acknowledges concerns regarding data artifacts or
model limitations, stressing the need for rigorous validation and further investigation. Probability analysis demonstrates the
economic viability of reducing fertilizer application rates, aligning with broader sustainability objectives. The study
proposes a comprehensive Bayesian analytical framework supplemented by revenue analysis, aiming to promote farmer
engagement in OFEs while providing practical recommendations on optimal fertilizer usage for environmental
sustainability and financial profitability. Overcoming logistical and computational challenges in OFEs requires effective
communication of findings to farmers, emphasizing collaboration and transparent communication between researchers and
farmers. Overall, this study represents a significant advancement in agricultural research, offering comprehensive insights
and actionable solutions to enhance crop yield management in modern farming practices.



Based on the findings presented above, it is evident that integrating weekly weather data significantly enhances prediction
accuracy, while exploring the effects of additional model layers and implementing a comprehensive Bayesian framework
can effectively engage farmers in experiments, with the goal of optimizing fertilizer use for sustainability and profitability.
While machine learning methods, notably convolutional neural networks, hold promise in accurately predicting crop yields
from remote sensing data, statistical analysis techniques, such as Bayesian analysis, are crucial for deriving insights from
OFE data. Collectively, these studies represent significant advancements in agricultural research, offering valuable insights
and solutions to improve crop yield management in contemporary farming practices.
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Intumescence injury, a physiological disorder that affects various plants, has a rich historical
background. Initially observed in the field, it has increasingly become a challenge in greenhouse and
plant factory cultivations. The term 'intumescence' itself, derived from the Latin word 'intumescentia
', was first introduced by Sorauer in 1886. Over the years, this disorder has been referred to by
various terms, including warts, oedema or edema, excrescences, neoplasms, enations, galls, leaf
lesions, and tumors. However, 'intumescence' and 'oedema' remain the most commonly used terms
to describe this condition. They are found in approximately 30 families, both naturally and
artificially induced.

Intumescence is characterized as hypertrophied and/or hyperplasia of epidermal cells, while oedema
refers to a lesion caused by excess water accumulated in the plant tissues. Morphological
characteristics and the location of intumescence differ among plants. In Pinaceae, intumescence is
known as excrescences, characterized by hypertrophied lenticels on the main tap roots and lateral
roots. In crops, intumescences are mostly found in Solanaceae, such as tomatoes, potatoes, and
eggplants. Two distinctive phenomena of intumescence are 'hyperplasia’ and ‘hypertrophy’.
‘Hyperplasia’ is characterized by cell division, while ‘hypertrophy’ refers to the enlargement of the
existing cells with little or no cell division.

In Chapter 2, we focused on the morphological characteristics of intumescence injury. In tomatoes,
it was confirmed that intumescence mainly occurred on the abaxial surface of the leaves, and cell
elongation develops on the epidermal cells as a bulge, semicircular shape. The leaf blade, vein, and
guard cells are also enlarged in the leaves. In addition, the spongy tissue and internal parenchyma
cells are also enlarged. When intumescence development in tomatoes progressed, the enlarged area
turned yellowish-brown, and the epidermal cells on the abaxial side ruptured, leading to cell
necrosis. A similar pattern was observed in jute leaves’ and shishito pepper’s intumescence, with
hypertrophied cells mainly occurring on the adaxial surface. On the other hand, cell elongation and
cell division were observed in water spinach. It starts as white-translucent protrusions on the abaxial
and adaxial surfaces of leaves, petioles, and stems and later turns yellowish and brown before it
breaks and becomes necrotic. Cell elongation and division were found on the leaf blade’s surface
under SEM observation. Cell divisions were also observed on water spinach stems.

Intumescence is a disorder that is primarily influenced by environmental factors. Light and
humidity, in particular, have been identified as major contributors to this problem. Intumescence
was known to be induced under red light and repressed by blue light. Low ultraviolet (UV)
irradiance is also one of the main factors that cause intumescence injury. Apart from light
conditions, this disorder commonly occurs when the humidity is high. Recent reports have also
associated intumescence with a calcium-related injury, further highlighting the intricate nature of
this disorder and the need for a comprehensive understanding of its causes.



In Chapter 3, this study aimed to examine cultivars' differences in the incidence of intumescence
injury, the relation between different calcium (Ca) conditions and intumescence injury, and to
investigate the countermeasures against intumescence injury in tomatoes. Tomato plants were grown
under different Ca nutrient conditions and treated under high relative humidity and low ultra-violet
light conditions. The degree of intumescence injury varied among different tomato cultivars under a

normal Ca condition, which contained 4.5 me-L ™" of Ca. The intumescence occurred in the cultivars
that showed no incidence under normal Ca conditions when they grew with a low Ca nutrient

solution containing 0.5 or 2.5 me-L™" of Ca. It was reduced in the cultivars that showed high
incidence under normal Ca conditions when they grew with a high Ca nutrient solution containing

9.5 or 24.5 me-L"' of Ca. The differences in the incidence of intumescence among cultivars were
remarkable when different concentrations of Ca nutrient solutions were used. There was a negative
correlation between the degree of intumescence injury and the Ca content in tomato shoots. The
foliar spray of Ca reduced the incidence of intumescence injury.

In Chapter 4, further studies were conducted to clarify the factors inducing and controlling
intumescence injury in tomato leaves. Previous reports suggested that chemical agents, such as
copper spray in cauliflower and potato leaves, could contribute to intumescence injury. Recent
research in our laboratory discovered that applying ethylene glycol tetraacetic acid (EGTA), a Ca-
chelator known to produce tip burn in lettuce, caused intumescence injury in cabbage leaves.
However, no recent study has clarified the chemically induced intumescence injury. Thus, this study
aimed to identify the correlation and significance of the Ca deficit in tomato leaves caused by Ca-
binding chemical treatment (EGTA, LaCl;, EDTA, and nifedipine). This study also investigated the
correlation between Ca nutrient solution and Ca-binding chemical agents to intumescence injury in
tomato leaves. This study concluded that EGTA, LaCl;, and nifedipine induced intumescence injury
in ‘Misora 64’ and ‘Rinka 409’. It is also known that Ca-binding chemical agents could induce
intumescence injury in ‘Misora 64’ and ‘Rinka 409’, even under insufficient Ca conditions.

In tomato leaves, intumescence can be explained by three main factors: cell hypertrophy induced
under UV-blocked conditions, high humidity increasing leaf pressure potential, and reduced Ca
influx and Ca concentration in the leaves due to decreased transpiration. UV blocking leads to cell
enlargement and reduced photosynthesis. High humidity raises leaf pressure potential, reducing
transpiration and Ca concentration in cell walls, making them more likely to enlarge and rupture.
Insufficient UV and high humidity decrease cuticle formation, enlarging epidermal and parenchymal
cells, which lose function and eventually lead to leaf necrosis and intumescence, causing leaf wilting
and death.

The severity of this disorder varies among cultivars within one species, and this phenomenon is
highly genetically dependent. Some approaches are proposed to limit intumescence injury, which
applies to the field or controlled environments. One approach is to supply sufficient UV rays and
light conditioning in the greenhouse and plant factories. Others include avoiding high humidity
conditions, providing sufficient calcium from roots or leaves, and using cultivars resistant to such
injury.

The conclusion of this study highlights several key points, including the characteristics,
environmental conditions, mechanisms, and genetic backgrounds of intumescence injury and some
effective countermeasures, especially related to Ca supply. Some future prospects can be suggested,
such as investigating whether there are any more species in which intumescence might occur; the
mechanism of cell elongation during intumescence development is still unknown, particularly
regarding the role of plant hormones, calcium in cell walls and their interaction with cell structure.
Variability in intumescence severity among cultivars suggests genetic factors play a role, yet
research on the genes, their expression, and physiological mechanisms underlying tolerance remains
limited. Addressing these gaps is crucial for enhancing plant epidermal tissue strength, which may
increase their resistance to biotic and abiotic challenges and have a major positive impact on
agriculture.
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[-carotene is an abundant carotenoid in plants that functions as an antioxidant and a primary
precursor of vitamin A in cattle. In addition to its role as a vitamin A precursor, f-carotene
has been studied as a nutrient that may affect reproduction in cattle for years. P -carotene
supports reproductive function, especially luteal function, in cattle by protecting synthetic
enzymes related to sex steroid hormone production from reactive oxygen species through its
antioxidant properties. In dairy cows, postpartum anovulatory cows in the first follicular wave
had lower plasma [ -carotene concentrations in the prepartum than the ovulatory cows, and
cows fed 2,000 mg/day of synthetic f-carotene for three weeks before calving showed onset
luteal activity within three weeks postpartum compared with cows without [ -carotene
supplementation. However, the effects of B-carotene supplementation on reproduction in dairy
cows are highly inconsistent. Moreover, there is less information about the function of -
carotene in beef cattle than in dairy cattle, especially concerning reproduction. Thus, the
objective of this study was to determine the efficacy of p-carotene on reproductive function in
Japanese Black cows. For this objective, I investigated 1) the relationships among [-carotene,
reproductive performance, and related variables at a farm scale; then, 2) evaluated the effect of
[-carotene supplementation on ovarian activity during the estrus cycle in nonpregnant cows;
and 3) on the resumption of ovarian function postpartum.

Experiment 1: This experiment aimed to evaluate plasma [ -carotene and retinol
concentrations, reproductive performance, and related variables in Japanese Black cows at
three public farms in Gifu Prefecture. I investigated 65 cows which were non-pregnant or
within 21 days after artificial insemination. Plasma [} -carotene concentration in cows was
marginal despite the difference in feeding and management conditions of the farms. B-carotene
content in forages was the primary factor that affected the blood B-carotene concentration in
cows, suggesting that using roughages with high [ -carotene content and [ -carotene
supplementation are recommended to achieve adequate (-carotene status in Japanese Black
cows. No association was observed between blood -carotene and retinol concentrations.
This may be due to the commercial formula feed containing sufficient vitamin A, and the
conversion mechanism from B-carotene to vitamin A was regulated by vitamin A sufficiency.
Although plasma B-carotene and retinol concentrations did not show a significant contribution
to reproductive performance, including days first estrus, number of inseminations, and days
open, the results of the generalized linear model suggested that plasma retinol concentration is
still a factor in improving days first estrus in the cows. Thus, given the current farm situation,
B-carotene did not contribute to reproductive performance in Japanese Black cows.



Experiment 2: This experiment evaluated the effect of B-carotene supplementation on ovarian
activities throughout the estrous cycle in nonpregnant Japanese Black cows. The estrous
cycles of eight nonpregnant Japanese Black cows were synchronized using a double synch
protocol, and the cows were divided into two groups. The cows in the B-carotene (BC) group
received supplementation with 1,000 mg/day P -carotene for 46 days including the
synchronization period. The cows in the control (C) group did not receive [ -carotene
supplementation. The results showed that § -carotene supplementation at 1,000 mg/day was
sufficient to maintain a high plasma -carotene concentration and increase the plasma retinol
concentration. The B-carotene supplementation did not affect the dominant follicle diameter,
total number of estrus behaviors, or length of the estrous cycle. In contrast, the areas under
the progesterone concentration curves in the BC group were higher than those obtained for
the C group (P<0.05). In conclusion, a high plasma B-carotene concentration in nonpregnant
Japanese Black cows promotes progesterone production, as an indicator of luteal function,
throughout the estrous cycle without changing the length of the estrous cycle.

Experiment 3: This experiment aimed to evaluate the effect of B-carotene supplementation on
ovarian activities postpartum in suckled cows. The cows in the B -carotene (BC) group
received supplementation with 1,000 mg/day [} -carotene from four weeks before expected
parturition to eight weeks postpartum. The cows in the control (C) group did not receive -
carotene supplementation. The results showed that B-carotene supplementation increased post-
partum plasma f-carotene concentrations (P<0.05). However, B-carotene supplementation did
not improve maximum follicle diameter, external signs of estrus, follicle growth, and plasma
progesterone concentration. Thus, f-carotene supplementation did not contribute to the early
resumption of postpartum ovarian function in Japanese Black suckled cows, possibly due to
suckling inhibition.

Experiment 4: Generally, early weaning accelerates recovery of luteal function, hence
supplementing [ -carotene may enhance the resumption of luteal function effectively. This
experiment aimed to evaluate the effect of f-carotene supplementation on plasma progesterone
concentration, as an indicator of luteal activities postpartum, in early-weaned cows. The cows
in the B-carotene (BC) group received supplementation with 1,000 mg/day B -carotene from
four weeks before expected parturition to four weeks postpartum. The control (C) cows did
not receive B-carotene supplementation. The result showed that B -carotene supplementation
increased post-partum plasma [ -carotene concentrations (P<0.05). However, onset
postpartum luteal activity was early postpartum regardless of P -carotene supplementation,
indicating that early weaning promotes resumption of postpartum ovarian function over the
effect of B-carotene supplementation.

In conclusion, f-carotene supports luteal function by increasing progesterone concentrations
during the estrus cycle without changing the estrous cycle length in Japanese Black cows.
However, -carotene supplementation did not contribute to the earlier onset of luteal activity
postpartum. These results suggest that [ -carotene effectively promotes ovarian
steroidogenesis; however, it does not affect the upstream LH pulse that regulates the ovarian
cycle. This may be due to the small contribution of B-carotene as an antioxidant in Japanese
Black cows, which have less oxidative stress than in lactating dairy cows. Therefore, short-
term [ -carotene supplementation during the insemination period after the resumption of
ovarian cyclicity may effectively and economically assist reproductive function, especially
luteal function, in Japanese Black cows.
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Plastic mulch films (PMFs) have many advantages, including water conservation,
reduced use of pesticides, weed and insect control, and soil erosion control. Consequently, they
have been widely adopted in farmland around the world and have significantly contributed to
increasing crop yields and improving quality. PMFs are not easily broken down because they
are mainly made of low-density polyethylene (LDPE) and various low-molecular additives
(plasticizers, absorbents, flame retardants, etc.) to prevent deterioration. There are many cases
where PMFs residues are not appropriately disposed of after use, leading to a significant social
problem with their accumulation on farmland. Residual PMFs are repeatedly fragmented on
farmland, becoming progressively smaller. Since the additives do not chemically bond to the
polymer, they leach into the soil as plastic fragments. Consequently, PMFs residues not only
contaminate farmland, along with the additives, but the fragmented residue also escapes from
farmland into the ocean, raising global concerns about it being a serious pollutant.

Biodegradable plastic mulch films (BDMs) are made from biodegradable components
instead of polyethylene polymers. After use, when buried in agricultural soil, it will biodegrade
into water and carbon dioxide within a specified period by the action of microorganisms. This
process ensures that it does not accumulate in the soil, thereby eliminating the need for time
and effort in disposing of PMFs residue. This environmentally friendly feature has attracted
worldwide attention, positioning it as a promising alternative material to LDPE. However, the
evaluation of biodegradability certification for BDMs relies primarily on the outcomes of
laboratory experiments, which are influenced by factors such as soil conditions, temperature,
moisture, and microorganisms. There is a possibility that the biodegradability of BDMs may not
occur within a specified period and may persist. Furthermore, there is limited knowledge
regarding the effects of its use on the properties of agricultural soil and vegetation, and its
widespread adoption has been delayed.

Most of the research related to farmland plastics to date has focused on microplastics



(plastic particles smaller than 5 mm), but the question is, what kind of impact does plastic
residue have on the farmland soil ecosystem before it becomes microplastics? Scientific
knowledge about this is limited. Hence, this research aims to comprehensively understand the
impact of plastic mulch film residue on farmland ecosystems. In this study, low-density
polyethylene (LDPE) and poly (butylene succinate adipate) (PBSA) were used. Additionally, we
incorporated soil amendments to evaluate their interaction effects with plastic mulch residues.
We examined soil properties and plant growth characteristics under different plastic mulch
types (biodegradable and non-biodegradable) and soil amendments (compost and biochar)
additions through indoor soil incubation experiments and indoor pot cultivation experiments.
Details are as follows.

(D Effects and behavior of plastic mulch residue on agricultural soil properties and nutrients
through soil incubation experiments

In this experiment, we added non-biodegradable LDPE and biodegradable PBSA plastic residue
cut into 10 mm squares in advance to soil collected from a vegetable field with the mixture of
soil amendments. A total of 27 experimental treatments were set up along with controls and
incubated for 3, 15, 40, 80, and 120 days at room temperature at 27°C, respectively. Soil and
plastic residue from each treatment were then collected and analyzed. As a result, when LDPE
was added, a significant decrease in potassium content was observed during the soil incubation
process. On the other hand, when PBSA was added compared to LDPE, it was confirmed that
dehydrogenase activity (DHA) and 16S rDNA in the soil increased after 120 days of culture.
This is thought to be the result of the decomposition of biodegradable plastic residues, providing
more organic carbon sources to soil microorganisms. In addition, when we analyzed the surface
morphology and elemental composition of plastic residues cultured for 120 days using a
scanning electron microscope and energy-dispersive X-ray spectroscopy (SEM/EDX), In the case
of LDPE film, it was found that several cracks on the surface and adhering particles which could
be the biofilm attached to the surface. For PBSA film, the surface roughness was more intense.
@ Effects of plastic residue on agricultural soil properties and plant growth through pot
cultivation experiments

A total of 27 cultivation pots were prepared using the same treatment as in the soil culture
experiment described above. Komatsuna seeds were sown in all pots, harvested 77 days later,
and analyzed for Komatsuna, soil, and plastic residue. The results showed that the ratio of root
to aerial parts of Komatsuna increased when plastic was added compared to the control. This is
thought to be the result of an environment where water and nutrients are limited due to the
presence of plastic residue, and the plants attempt to take in more nutrients by enhancing root
development. Additionally, a yellowing phenomenon was observed in the leaves of Komatsuna.
However, this yellowing phenomenon was not observed when PBSA residue and soil
improvement materials, such as biochar or compost, were added. The growth conditions of the
vegetation were also found to be favorable. On the other hand, no significant changes were
observed in soil pH, EC, and organic matter content with the addition of either plastic residue

compared to the control, but soil DHA was significantly reduced. The reduction in DHA content



can be attributed to the presence of plastic mulch residues, which affect soil microorganisms.
However, the highest soil DHA was observed in the treatment in which compost was added,
indicating the effectiveness of the soil amendments.

As mentioned above, this research aims to investigate the effects of plastic mulch
residue on the properties of agricultural soil and plant growth through indoor soil incubation
experiments and indoor pot cultivation experiments, as well as to assess whether these effects
are influenced by the addition of soil additives. Considering the limited research knowledge
about the impact of plastic mulch residue on farmland ecosystems, the obtained results will not
only advance related academic research but also contribute to food security, the realization of

environmentally friendly and sustainable agriculture.
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Soybean production in Japan only reached about 1.6 tons per hectare, which is
insufficient to meet domestic demand. Several challenges contribute to this, including
environmental conditions and crop management practices. In the late 90s, the
Japanese government consolidated land, merging small fields into larger ones to
improve labor efficiency, which led to significant variability in soil characteristics.
Weather conditions before and during cultivation also affected farmers’ management
practices, including the seeding rate and timing for seed sowing. Additionally, many
Japanese small-holder farmers still use a conventional management system, applying
uniform input management practices across the field without considering the inherent
spatial variability, which can result in large yield variations. To address these
challenges, on-farm experimentation (OFE) has been conducted, focusing on soil,
plant, and yield variations within the fields. Specifically, this dissertation’s objectives
were to establish models to assess soybean fields’ spatial variability, including the
final plant density, grain yield, and soil condition, and to evaluate the feasibility of
OFE implementation in Japanese soybean cultivation.

In the first study, we established a model for measuring final soybean plant density
using data sets with different spatial resolutions, including unmanned aerial vehicle
(UAV) imagery, PlanetScope satellite imagery, and climate data. The model was
developed by integrating deep learning and machine learning approaches. First, the
You Only Look Once version 3 (YOLOv3) object detection algorithm under the deep
learning approach was utilized to count established soybean seedlings from UAV-
based imagery data captured during the emergence stage. The data of seedling
numbers later became the reference for the actual plant density status. The second
step was utilizing a machine learning approach to construct the final plant density
model using reflectance data from satellite imagery and weather data. This process is
intended to extend the area of the prediction model, as satellite imagery has the
advantage of wider area coverage compared to UAV-based imagery, but it has
shortcomings in the lower resolution. The study resulted in a final model with a root
mean square error (RMSE) value of 1.72 plants m-2. The results showed that the
developed model had acceptable accuracy in predicting plant density. While the model
might not always account for variations within a field, the predicted values were still
helpful in understanding the field-specific status.



In the second study, we established a transferable UAV-based soybean yield
prediction model. Incorporating spatial data splitting procedure during the cross-
validation (CV) process could improve the expectancies of the model when predicting
yield for extrapolative purposes, thus improving the robustness of the model when
used across different locations. Therefore, in this study, we testified to the effect of CV
strategies on the yield prediction model accuracy. Specifically, three data

splitting procedures for the CV protocols, including random (random CV), spatial
(spatial CV), and field-specific hold-out data splitting (leave-one-field-out CV), were
tested during the model development. Furthermore, we investigated model
optimization to determine how these factors impact the transferability of the yield
model. Finally, we tested the established models on an independent field as a test
dataset to evaluate the model’s performance beyond its training spatial domain. We
found that random CV performed poorly predicting yield beyond the model spatial
domain. In contrast, spatial CV and leave-one-field-out CV approaches provided better
yield predictions outside the model’s training spatial domain. Additionally, simpler
models improved the model’s ability in extrapolation tasks. The results of this study
suggested that spatially-aware CV should be used as the standard method for
validating the yield model instead of the conventional random CV.

In the fourth study, we performed OFE trials in two fields over two growing seasons
to evaluate yield response to the seeding rate application treatments. In this study,
we also testified the feasibility of the posterior passing technique under the Bayesian
approach to reduce the uncertainty of the yield response and then determine the
agronomic optimum seeding rate (AOSR) and economic optimum seeding rate (EOSR).
Moreover, the Gaussian process model was used to assess the effect of within-field
spatial variability that might present. We found that the yield response on the
seeding rate treatments varied between field-year cases. Fields cultivated in 2021
produced a confident yield response curve, while 2023 fields showed a less pronounced
yield response. The use of informative prior derived using the posterior passing
technique could assist less responsive field trials by adding information from a
successful preceding OFE trial, but in contrast, it also could create larger uncertainty
if the prior information is obtained from less successful OFE trials. Moreover, the
AOSR for each field ranged between 16 and 28 seed m? while the EOSR for each field
were on average 3% lower than the AOSR. This study suggested conducting another
OFE trial in the following years with seeding rate treatments ranging between 15 and
30 seeds m2. Continuing the OFE trials according to the suggested treatment for
several consecutive years will be needed to accumulate the information and provide a
more robust optimal seeding rate input for the farmers.

The studies in this dissertation successfully assessed the spatial variability of soil,
plant density, and yield by establishing non-destructive measurements using remote
sensing-based approaches. The assessment models highlighted the large variation
within and field-to-field conditions of soybean fields that correspond to the factors of
decreasing yield production. Moreover, this dissertation also highlighted the
feasibility of OFE trials in Japanese soybean fields. The evaluation of OFE trials
using directly sampled data in fields and non-destructive methods by utilizing remote
sensing-based field assessment models confirmed similar results about the yield
response to the seeding rate treatments, indicating that the OFE was feasible to
implement. OFE approaches presented in this dissertation can still be improved by
performing additional experimentation besides seeding rate treatment, as plant
population might not be the sole limiting factor to soybean production.
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This dissertation investigates the enzymatic treatment of wheat flour (WF) and wheat starch (WS)
with Transglutaminase (TG) and protease, focusing on their impacts on starch retrogradation—a
process involving the recrystallization of amylose and amylopectin in gelatinized starch as it cools
after cooking, significantly affecting the texture and shelf life of starch-based products. TG, known
as protein-glutamine y -glutamyl-transferase (EC 2.3.2.13), catalyzes the formation of intermolecular
and intramolecular isopeptide bonds. It has been utilized in various wheat-based foods to decrease
staling, firming, and to improve water holding capacity of products like bread and noodles. However,
the specific effects of TG on starch retrogradation have not been extensively investigated prior to
this study. In another hand, protease is an enzyme that catalyze the hydrolytic cleavage of peptide
bonds in proteins, breaking them down into smaller polypeptides or amino acids. The actions of
these enzymes on protein propose a mechanism wherein TG, by creating new cross-links with SGAP,
potentially stabilizes the starch structure. Conversely, protease may reduce the integrity of the starch
granule by removing these proteins. These alterations affect starch hydration during cooking and
subsequently influence its behavior during storage. The application of TG and protease provides
significant insights into the interactions between SGAP and WS properties, as well as their
interactions with other components in the food system such as water. While TG incorporates storage
proteins into wheat flour, enhancing the stability of starch granules and reducing hydration—which
leads to a decrease in retrogradation—protease targets and removes SGAP, potentially enhancing
retrogradation due to fewer barriers to starch chain realignment.

The research is structured into two parts: The first part focuses on the effects of TG on WF,
particularly how it influences the retrogradation process through observing microstructural changes,
analyzing thermal behaviors during the gelatinization process, and understanding the subsequent
starch retrogradation properties after storage. This also seeks to understand the influence of varying
the concentrations of TG on these parameters. The second part examines the specific effects of TG
on WS extracted from TG-treated WF and compares it with protease-treated WS to highlight the
differential effects of these enzymatic treatments on starch properties, by all aspects from basic
structure of raw starch to its hydration behavior during gelatinization and finally its retrogradation
behavior after storage. By observing the effects of TG and protease, this section aims to provide an
insight into the role of SGAP modifications in starch retrogradation, offering knowledge that could

reveal a new mechanism to control this process.



In part 1, TG was added to WF at different concentrations (0.01%, 0.05%, and 0.1% based on protein
weight in WF). Confocal laser scanning microscopy and differential scanning calorimetry were used
to examine the microstructural and thermal properties of the flour suspension. The water absorption
during heating was also investigated by swelling power experiments. Subsequently, the
retrogradation of the gelatinized WF over a storage period of 0, 1, 2, 3, 5, and 7 d was assessed using
X-ray diffractometry. The study shows that TG treatment effectively delays the retrogradation of
starch in WF, especially at enzyme concentrations of approximately 0.05%. This treatment results in
significant changes in the thermal properties of WF, coupled with a decline in swelling power and
pasting properties, suggesting that the starch granules embedded in the protein network and the
incorporation of protein on the surface of the starch granules affect their hydration, limit their
swelling, and thus contribute to the reduction in retrogradation.

In part 2, we initially confirmed the effects of TG on SGAP using Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). This analysis provided a clear view of the protein
modifications induced by TG. Subsequently, WS was extracted from WF that had been treated with
and without TG. The extracted WS then underwent SGAP removal by protease treatment. This
process resulted in three distinct starch samples for further analysis: control wheat starch (WSC),
TG-treated wheat starch (WST), and protease-treated starch (WSP). These samples were analyzed
to evaluate their protein content and distribution, which provided insights into how enzymatic
treatments altered protein profiles. The relative crystallinity of each sample was assessed, offering
data on structural changes at the molecular level due to the enzymatic modifications. Thermal
properties were measured to understand the stability and behavior of starch under heat. Swelling
power and leached amylose content were also determined, which are critical factors affecting the
texture and viscosity of starch-based products. Pasting properties of the starch samples were
examined to evaluate their behavior during the cooking process. Finally, the behavior of the starch
samples during storage was studied by calculating the degree of retrogradation and applying the
Avrami fitting model to analyze the kinetics of recrystallization. This comprehensive approach
allowed for a detailed understanding of how TG and protease treatments modify the SGAP and affect
the functional properties of WS. SDS-PAGE confirmed the effectiveness of TG in catalyzing the
formation of cross-links among storage proteins in WF, between storage proteins and SGAP, and
within SGAP themselves. Neither treatment with TG nor protease alters the basic structural
characteristics of starch including crystallinity and thermal properties, but they significantly affect
swelling power, amylose leaching, and retrogradation. TG-treated wheat starch showed reduced
swelling power (11.50) and amylose leaching (28.92 mg/g) compared to control wheat starch at
11.95 and 30.53 mg/g, respectively, suggesting a more stable structure. Conversely, protease-treated
starch demonstrated an increase in swelling power at 12.47 and amylose leaching at 33.17 mg/g,
suggesting a disintegration of starch granules. both WSC and WST showed the same equilibrium
value (a) for retrogradation at 0.06, whereas WSP had a higher value at 0.08, indicating accelerated
retrogradation. The rate constant (k) for WST was lower (1.41) than WSC (2.37), indicating that TG
treatment effectively inhibited retrogradation. These findings illustrate the distinct mechanisms
through which TG and protease modify starch properties by acting on SGAP. Additionally, this

highlights the potential of TG and protease to control starch modifications for specific applications.



In conclusion, the modification of surface proteins in starch significantly impacts its physicochemical
properties and retrogradation behavior. TG treatment effectively incorporates storage protein from
wheat flour into the surface of wheat starch, enhancing the stability of the starch granules and
limiting their hydration. This action leads to a reduction in leached amylose and a decrease in
retrogradation. The removal of SGAP by protease promotes retrogradation by making the starch
structure more susceptible to disruption, which increases swelling and amylose leaching. These
insights provide a deeper understanding of the mechanisms of TG on wheat starch and demonstrate
how alterations in SGAP affect starch properties. Both TG and protease could potentially be applied
as methods for modifying starch properties, tailored to specific applications. This flexibility in starch
modification allows for the optimization of starch-based products according to desired textural and
stability characteristics, providing valuable methods for enhancing the functionality of wheat starch
and its applications in food products. This could lead to improved food quality, reduced waste due to
staling, and more tailored starch functionalities for specific industrial applications, paving the way for
future research to explore the long-term effects of these treatments in commercial food production

and further elucidate the molecular mechanisms involved.
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Arabidopsis EARLY LIGH-INDUCIBLE PROTEIN 2 (ELIP2) is a chlorophyll- and carotenoid-binding protein of the
light-harvesting complex superfamily and is involved in photoprotection under stress conditions. Because its
expression is induced through high light, cold, or UV-B stressors, its mechanism of induction has been studied. It is
known that a functional unit found in the promoter, which is composed of Element B and Element A, is required and
sufficient for full activation by these stressors. In this study, the role of each element in the unit was analyzed by
introducing weak mutations in each element as synthetic promoters. The determination of the degree of the reduced
responses induced by the mutations in each element allowed for the identification that each element receives a
distinct environmental signal. These suggest that a stressor like cold stress generates two parallel signals in plant
cells and they merge at the promoter region for the activation of EL/P2 expression, which constitutes an “AND” gate
for gene expression. Mutations in Element B caused a simultaneous reduction in the responses to all three of the
examined stressors, while those in Element A resulted in a differential reduction in the responses according to the
introduced mutations. These findings suggest that Element A, which mediates the uncharacterized stress signals, is
recognized by multiple transcription factors that are differentially activated by these stressors. Element B is reported
to be a HY5 target, which mediates the CRY1- and UVR8-dependent signals to EL/P2. However, recognition by other
transcription factors related to stress responses is suggested through the comparison of the genomic distribution
between Element B and G-box, which is the reported HY5 target. This report established an outline of EL/P2
activation, where a single stressor simultaneously stimulates two cis-elements in the promoter through two parallel
stress signals.

The non-coding regions of genes contain DNA sequences which are binding sites for factors that regulate the genes.
Transcription of some genes involves simultaneous binding of regulatory proteins at different regions which interact
based on prevailing signals. Identifying regions bound by various factors and testing their function has been a
longstanding area of research. In most cases, signal multiplicity in the cell cannot be fully mediated through a single
element; rather, shared responses by composite elements direct transcription. This review summarises
experimentally proven cis-regulatory element combinations and how they regulate light, cold, hormones, pathogens,
and wounding signals. We highlight the untapped potential of motif combinations in driving stimulus-specific trait
enhancement in plants. Arranging regulatory elements adjacent to each other unveils their complex interplay,
providing avenues for enhancing the transcriptional regulation of genes implicated in developmental processes and

responses to environmental cues.
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Starch retrogradation is one of the serious problems in food processing because it reduces the quality
of starch-based products (rice, bread, and noodles, etc.) and reduces their desirability to consumers. Starch
retrogradation is mainly evaluated by various techniques such as X-ray diffraction (XRD) and differential
scanning calorimetry (DSC), which focus on crystal structures from the double-helix structure in starch.
However, the crystallinity of retrograded starch is low, and most of it is amorphous, therefore the crystallinity
determined by conventional methods does not completely assess the quality deterioration caused by
retrogradation. On the other hand, because the macroscopic physical properties are related to the molecular
dynamics, it is considered that it is necessary to measure the molecular dynamics to understand the quality
degradation that occurs by retrogradation. In this study, we investigated the spatial molecular dynamics of
starch using quasi-elastic neutron scattering (QENS). The molecular dynamics, a new indicator of starch
retrogradation, is expected to provide a better understanding of the phenomenon.

The ratio of water to rice during gelatinization affects starch retrogradation in cooked rice; a high ratio
is more inhibitory to retrogradation. When the amount of water added for cooking rice is changed, the situation
of retrogradation is considered to be completely different because of the change in the packing of the starch
chains in the gelatinized state. However, the differences in the amorphous state are difficult to observe by
conventional methods. On the other hand, QENS can detect the molecular mobility of the entire system
(crystalline and amorphous phases) regardless of the structural state. We predict that it is possible to
distinguish the amorphous state by analyzing the dynamic structure of starch, rather than the static structure
obtained by conventional structural analysis. Understanding the differences in the packing of the starch chains
in the amorphous state will allow us to assess the possibility of starch retrogradation.

Because of the complicated hierarchical structure of starch, starch retrogradation is usually evaluated

by combining several structural analysis methods covering various spatial scales. Clarifying the chronological



sequence of structural changes revealed in each analysis is essential for understanding the structural changes
in starch retrogradation adequately. However, structural analyses are typically performed individually, making
correlating the structural changes at different spatial scales challenging. Therefore, a method for monitoring
starch retrogradation through simultaneous measurements would be valuable. This study used a
simultaneous measurement system comprising small-angle neutron scattering (SANS)/Fourier-transform
infrared (FTIR)-attenuated total reflection (ATR) to record multiple structural changes in starch during
retrogradation.

In this dissertation, the research is structured into three parts and the three main objectives of this
research are:

Objective 1: Investigate the effect of starch retrogradation on molecular dynamics of cooked rice by QENS.

Objective 2: Investigate the effect of the ratio of water to rice on the molecular dynamics of cooked rice
starch during retrogradation.

Objective 3: Investigate the kinetics of structural changes in starch retrogradation by simultaneous
SANS/FTIR-ATR measurements.

In Part 1, we evaluated changes in the molecular dynamics of cooked rice starch with retrogradation
using QENS. Deuterium oxide (D,0) was used to cook rice to selectively observe hydrogen in starch molecules
in cooked rice. The rice cooked with D,0O was stored at 15 °C for 0 to 4 days. It was confirmed that the QENS
peak broadened due to gelatinization and then the broadened peak narrowed due to retrogradation. To
quantitatively analyze the QENS spectrum, model fitting was performed to determine the two parameters of
FWHM (full width at half maximum) and EISF (elastic incoherent structure factor). There was no significant
difference in FWHM due to gelatinization or retrogradation, indicating that the characteristic of the time scale
was less affected by gelatinization or retrogradation. In contrast, the EISF values increased due to
gelatinization and decreased due to retrogradation, revealing that the spatial molecular dynamics of cooked
rice starch extended by gelatinization and suppressed by retrogradation. Furthermore, the O-dependence of
EISF was quantitatively analyzed by model fitting based on a bimodal continuous diffusion model, and it was
found that the low-mobility components increased by retrogradation. Finally, the relationship between
molecular dynamics and structural changes was evaluated by comparing XRD and QENS results. Changes in
molecular dynamics were correlated with those in the starch crystal structure. This finding supports the
validity of the bimodal continuous model for EISF, and the low-mobility and high-mobility components
correspond to the crystalline and amorphous regions, respectively. It was found that starch is composed of
crystalline components with spatial molecular dynamics of A and amorphous components with spatial
molecular dynamics of nm. In addition, the molecular dynamics of the crystalline region after retrogradation
were different from those of the raw starch, indicating that retrogradation gives crystalline starch that is both
structurally and dynamically different from that of raw rice starch. These results demonstrate that molecular
dynamics is a physical property that reflects retrogradation and can be used to assess retrogradation of starch

samples. — 38—



In Part 2, we used QENS to evaluate changes in the molecular dynamics of cooked rice starch with an
increase in the amount of water added for cooking. The rice cooked with 1.3 times added D,0 and with 2
times added D,0O were prepared and stored at 10 °C for 0 to 4 days. After storage, the degree of
recrystallization and A A with 2 times added D,O were smaller than in those with 1.3 times added D,0,
confirming that starch retrogradation was suppressed with an increase in the amount of added water. The
EISF values of samples cooked with 2 times added D,0 and stored for 4 days were smaller than those cooked
with 1.3 times added D,0, indicating that the reduction in the spatial molecular dynamics of cooked rice starch
caused by retrogradation was suppressed by increasing the amount of added water. In contrast, for samples
stored for 0 days, no peaks corresponding to crystalline structure were identified by XRD and DSC, and the
EISF values for samples cooked with 2 times added D,0 were smaller than samples cooked with 1.3 times
added D,0, which indicates that the molecular dynamics of gelatinized rice starch became more extended
spatially by increasing the amount of added water. This might be because the molecular packing in gelatinized
starch depends on the amount of added water. These results suggest that differences in the molecular
dynamics of gelatinized rice starch might be related to the suppression of retrogradation.

In Part 3, we evaluated multiple structural changes during potato starch retrogradation using a
simultaneous SANS/FTIR-ATR measurement system. The SANS shoulder-like peak became more
pronounced over time, indicating that retrogradation formed semicrystalline-like structures. The SANS
analysis results based on the Cauchy and power law functions showed that /., increased over time, revealing
the orderly reassembly of starch on the nanoscale upon retrogradation, increasing the amount of ordered
double helical structures. In the FTIR-ATR spectra, Rn06 increased and Dy, decreased over time,
confirming an increase in the short-range ordered structures in starch and water release from the sample
during retrogradation. Comparing the time required to obtain half the equilibrium value determined by
modified version of the Avrami equation showed that water release was completed before the structural
changes occurred in the starch during retrogradation. Furthermore, changes in the short-range ordered
structures of starch observed by FTIR-ATR converged before changes in the semicrystalline structure
observed by SANS. These simultaneous SANS/FTIR-ATR measurements showed that the formation of the
double-helix structures of the amylopectin side chain and the structural change in its ordered arrangement
could occur in stages during retrogradation. The simultaneous measurement method allowed quantitative
discussion of the correlation between these different structural changes associated with retrogradation, which
is a major technical achievement.

In conclusion, this study revealed in part the changes in the structure and molecular dynamics of starch

during retrogradation. This study will help to advance research on starch retrogradation.
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Starch retrogradation takes place when the disassociated starch chains in gelatinized starch
gradually reassociate into partially ordered structures on cooling. As a result of its often
detrimental effects on the quality of starch-based products, much attention has focused on
reducing or inhibiting retrogradation. Hence, this study aimed to investigate the influence of
addition of pregelatinized rice starch paste (PRSP) on the retrogradation of rice starch and its
underlying mechanisms, particularly focusing on the changes of physical properties and multi-
scale structures during thermal treatment of rice starch.

Thermal treatment of rice starch was systematically divided into heating and cooling,
representing gelatinization and retrogradation, respectively. In this research, the influence of
PRSP on retrogradation of rice starch was first investigated. The influence of PRSP on
gelatinization properties was studied subsequently to complete the underlying mechanism for
the inhibitory effect of PRSP on rice starch retrogradation.

The influence of addition of PRSP on the retrogradation of rice starch gels was investigated
using rheometer, X-ray diffraction (XRD), differential scanning calorimetry (DSC), small
angle X-ray scattering (SAXS) and confocal laser scanning microscopy (CLSM). A decrease
in the storage modulus of starch gels after short-term storage was found after adding PRSP.
The phase arrangement of two components (PRSP and rice starch) in the system was a
composite gel where PRSP formed a continuous phase and RS did not contribute to the
network formation. The XRD results revealed that the retrogradation degree of rice starch gels
with PRSP was lower than that in the absence of PRSP, suggesting that the addition of PRSP
could restrain the development of long range ordered structure of rice starch during long-term
retrogradation. Moreover, the lower enthalpy changes of rice starch gels with PRSP after
retrogradation suggested that the progress of amylopectin crystallization was delayed due to
PRSP incorporation. SAXS analysis showed that adding PRSP decreased the size of molecular
aggregation of starch during storage, which was related to the inhibition of starch
retrogradation. In addition, CLSM images indicated that PRSP could form a continuous
network in which the rice starch granules embedded, and that gels with PRSP exhibited greater
phase separation after 15 d storage. Comparing with the samples with PRSP, granules with
sharper outlines and smoother surfaces were observed in the sample without PRSP, although
PRSP helped with retention of the granular shape of starch after 15 d storage. These results
suggested that the addition of PRSP inhibited the retrogradation of rice starch gels. The
inhibitory effect is mainly due to PRSP altering the gel formation type and possibly
prohibiting the excessive swelling of rice starch granules during gelatinization.



The influence of PRSP on the gelatinization of native rice starch, including its rheology and
nanostructure, was determined. Gelatinization of PRSP-incorporated rice starch in excess
water while heating at 5 °C/min was analyzed via rheometer, DSC and SAXS. Rheological
results revealed that the addition of PRSP resulted in a more stable rice starch—water system at
sub-gelatinization temperatures. A decrease from around 3000 Pa to lower than 1000 Pa in G’
was observed in the samples with PRSP after heating over 80 °C compared to that of the native
starch. The sol-gel transition point of the starch—water system was shifted to lower temperature
by PRSP. DSC results showed no significant differences between the PRSP-incorporated and
native starch. SAXS analysis revealed that the scattering invariant up to the gelatinization
onset temperature was increased by the addition of PRSP due to the large volume fraction of
the lamellar stacks. Correlation function-based structural parameters of the samples with PRSP
changed earlier than those of native starch during heating due to the annealing effect.
Moreover, the melting temperature of lamella of native starch was around 70 °C while those of
the sample with PRSP were around 65 °C. Analysis of the radius of gyration (R g) of the
micellar structure after complete gelatinization indicated that R g of native starch sample
increased from 3.9 to 6.2 nm while that of the sample with 20% PRSP remained unchanged (
around 4.3 nm). The addition of PRSP also resulted in a denser structure of starch chains after
gelatinization by analyzing the slope at low ¢ region in SAXS patterns. Furthermore, the
temperature ranges of different gelatinization stages in the rheological properties and that in
the Lorentz-corrected SAXS patterns were in good agreement. However, the transformation
from suspension into sol state was not observed in the rheological or SAXS results of the
samples with 10 and 20% PRSP, possibly because PRSP dominates the physical properties of
the dispersion systems with 10 and 20% PRSP at sub-gelatinization temperature. These
findings suggested that addition of PRSP inhibited the swelling of rice starch during
gelatinization, finally influencing the physical properties.

The underlying mechanisms of this study can be interpreted as that the addition of PRSP can
result in water redistribution in the mixed system and inhibited the swelling of amorphous
growth rings of native starch at sub-gelatinization temperature, which was verified by the
higher water binding capacity of PRSP and an increase of scattering invariant values. After
fully gelatinization, the addition of PRSP decreased the R g values of starch molecules and
resulted in a denser structure of gelatinized micelle. These suggested that PRSP lead to
insufficient space for the outspread of unwound starch chains during gelatinization and low
molecular mobility of starch chains. It will further inhibit the reassociation of the gelatinized
starch molecules into a more ordered structure. The addition of PRSP can also result in
encapsulation of the native starch phase by the PRSP-enriched phase, further inhibiting the
aggregation of starch particles during long-term retrogradation. Overall, this study can provide
new insights into controlling the quality of rice products, enabling prolonged shelf life and
increasing economic value.
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Soybean (Ghrcine max L. Merr.) is a major legume crop globally recognized for its protein and oil content. Most of the
production supports the animal feed industry, while a fewer portion is destinated for human consumption and industrial purposes,
such as biodiesel and bioplastics. In 2022, the United States, Brazil, Argentina, and China accounted for nearly 90% of global
production. The rising global population, coupled with increasing demand for plant-based proteins and meat consumption, has
led to a 45% increase in soybean production over the past decade. To meet this growing demand and optimize the use of limited
arable land, enhancing soybean yield is essential.

Phytophthora root and stem rot (PRSR), caused by the soil-borne oomycete pathogen Phytophthora sojae Kauffmann and
Gerdemann, represents a major constraint to soybean production. Since its first report in Indiana, USA, in 1948, PRSR has
continued to be a persistent challenge in most soybean-producing areas worldwide. Economic losses due to PRSR are estimated
at USD 1-2 billion, along with a reduction in global soybean yields exceeding 1.1 million metric tons.

While the use of chemical fungicides as seed treatments and the development of resistant cultivars have contributed to
controlling the disease, the increasing diversity of pathogen pathotypes and growing concemns about the adverse effects of
chemicals on food safety and the environment, have driven the search for more sustainable and effective alternatives. The
objective of this study was to develop a bacterial-based biopesticide for the management of PRSR. Chapter 1 focuses on the
isolation and screening of rhizobacteria from leguminous plants for their biocontrol activity against PRSR, while Chapter 2
investigates the mode of action of the most effective strain, Enterobacter pseudoroggenkampii GVv1, identified in Chapter 1.
Chapter 1

The objective of this study was to identify an effective bacterial strain against PRSR. A total of 73 rhizobacterial strains
were isolated from wild and cultivated legumes including , 29 strains (strain code: GGm1-GGm?29) from soybean (Glicine
max), 5 strains (GVs1-GVs5) from common vetch (Vigna sativa), 5 strains (GVv1-GVv5) from hairy vetch (Vicia villosa), 8
strains (GAb1-GAbS8) from hog-peanut (Amphicarpaea bracteata subsp. edgeworthii), 18 strains (TVal-TVal8) from black
adzuki bean (Vigna angularis), 5 strains (GVh1-GVhS) from tiny vetch (Vicia hirsuta), and 3 strains (GGs1-GGs3) from wild
soybean (Glycine soja). These isolates were screened for their protective activity against PRSR under controlled and greenhouse
conditions. Under controlled conditions only six strains GVv1, GGs2, GVs2, GGm21, TVall, and GVv2 could delivered more
than 50% control efficiency and were selected for secondary screening under the greenhouse. Among them, the strain GVvl
delivered a consistent protective effect through repeated pot experiments. A comparative analysis of the control performance of

PRSR between GVv1 and the fungicide mancozeb-metalaxyl found no significant differences between treatments, indicating



the high potential of GVv1 as a biopesticide for controlling PRSR. A dual-culture assay showed that GVv1 produces antifungal
metabolites. Microscopic observation revealed the formation of swellings and abnormal branching of P. sojae hyphae. To
evaluate the potential adaptability of GVv1 to the soybean rhizosphere

environment, its growth was studied in soybean root exudates and nutrient medium, both supplemented with daidzein, an
antimicrobial isoflavone secreted by soybean roots. GVv1 proliferated using soybean root exudates and had sufficient tolerance
to daidzein to colonize the soybean rhizosphere. Furthermore, the plant growth-promoting effect of GVv1 on soybean plants
was examined under greenhouse conditions. The drench application of GVv1 to soybean seeds resulted in a marked increase in
shoot growth and root development compared to control plants 24 days after inoculation. GVv1-treated plants showed a 64.0%
increase in shoot dry weight and a 100% increase in root dry weight compared to control plants, indicating its plant growth-
promoting activity. In vitro assays showed that GVv1 can produce traits related to plant growth-promoting activity including
indole-3-acetic acid, siderophores, and 1-aminocyclopropane-1-carboxylate deaminase and solubilize insoluble phosphates.
Taxonogenomic analysis of the draft genome identified GVv1 as Enterobacter pseudoroggenkampii with high similarity
(98.32% average nucleotide identity, ANI) to E. pseudoroggenkampii strain 155092T. To the authors’ knowledge, this is the
first study to report the biocontrol and plant growth-promoting activity of E. pseudoroggenkampii.

Chapter 2

As shown in Chapter 1, the drench application of E. pseudoroggenkampii strain GVv1 to soybean plants significantly
reduced PRSR symptoms. However, how GVv1 interfere with P. sojae remains poorly understood. The present study aimed to
identify specific stages of P. sojae infection cycle disrupted by GVv1 and get insights into its mechanism of action.

Results from a split-root assay showed that GVv1 failed to protect soybean plants from PRSR infection, indicating that the
strain controls PRSR by mechanisms other than induced systemic resistance. I vitro co-culture experiments on chambered
plates demonstrated that GVvl supressed hyphal growth and sporangium formation by producing antifungal VOCs.
Microscopic observation revealed a reduction in branching, formation of unusual protrusions, and disorganized growth on P.
sojae hyphae exposed to volatiles emitted from GVv1. Further studies showed that zoospore treatment with GVv1 suspension
inhibited appressorium formation and zoospore germination by approximately 54% and 32.3%, respectively. Zoospore
germination inhibition was sustained even after treatment with GVv1 cell filtrate, indicating the production of antifungal
compounds on nutrient media that inhibited zoospore germination. The prediction of biosynthetic clusters identified three
putative clusters involved in the synthesis of secondary metabolites with potential antifungal activity, including a NRPS, NRP-
metallophore, and a thiopeptide. In addition, GVv1 carries genes involved in the formation of type II and type VI secretion
systems, from which GVv1 may benefit to enhance nutrient acquisition and compete with other microorganisms. The disruptive
activity of GVv1 to interfere with P. sojae zoospore migration to chemoattractans demonstrated that, compared to strains with
weak or no antagonistic activity against PRSR, GVv1 was the only strain able to disrupt zoospore attraction to soybean root
exudates. This activity was also confirmed on soybean roots. The findings of the study demonstrates that £. pseudoroggenkampii
GVvl interferes with multiple phases of P. sojae infection cycle involved in growth, host penetration and pathogen-host
interactions.

Overall, the findings of this study identified the rhizobacterium E. pseudoroggenkampii GVv1, isolated from Vicia villosa,
as a promising BCA for the management of PRSR disease. The application of GVv1 to soybean plants significantly promoted
plant growth. These findings indicate that the strain GVv1 has a great potential to improve soybean yields. Further studies will

be necessary to assess the safety and field performance of this strain to ensure its suitability for practical agricultural use.
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As global environmental challenges continue to escalate, addressing the critical issues of greenhouse
gas emissions and resource sustainability has become a pressing priority. Among the myriad of
innovative strategies, the concept of methanol-based biorefineries has emerged as a promising
approach to convert carbon emissions into valuable bioproducts. Methanol, derived from the catalytic
conversion of greenhouse gases like CO., serves as a renewable and versatile feedstock for microbial
fermentation. Within this framework, methylotrophic yeast Komagataella phattii GS115 has gained
attention as a potential microbial cell factory due to its remarkable ability to utilize methanol as the
sole carbon source. This study investigates two interconnected objectives to advance the development
of a next-generation biorefinery: optimizing the production of odd-chain fatty acids (OcFAs) and

developing a carbon recovery system through formate accumulation.

1. The Potential of Odd-Chain Fatty Acids (OcFAs)

Odd-chain fatty acids, particularly C17 fatty acids, are rare biomolecules with significant applications
in pharmaceuticals and industrial biotechnology. These compounds are known for their anti-
inflammatory and immune-modulatory properties, making them valuable for treating autoimmune
disorders and chronic diseases. However, the natural abundance of OcFAs is limited, and microbial
fermentation offers a sustainable alternative for their production.

In this study, K. phaftii GS115 was identified as a promising host for OcFA production due to its
metabolic adaptability and robustness. Initial experiments focused on optimizing the growth
conditions for enhancing C17 fatty acid yield. Among various carbon sources tested, glucose supported
the highest total fatty acid content, while methanol-grown cells exhibited a higher proportion of C17
fatty acids. However, glucose-based media provided the most stable platform for productivity
optimization.

The research revealed that exogenous supplementation with 0.1% propionate significantly enhanced



OcFA production, as propionyl-CoA—an essential precursor for OcFAs—was effectively synthesized.
Further optimization with co-supplementation of 10 mM valine led to a synergistic effect, achieving an
11.7-fold increase in C17 fatty acid production compared to unsupplemented media. The peak yield
reached 4.36 mg/L, demonstrating the feasibility of enhancing OcFA biosynthesis through metabolic
regulation.

Despite these achievements, challenges remain in utilizing methanol as a primary carbon source for
OcFA production. Propionate supplementation, while effective in glucose-based media, inhibited
growth in methanol-based systems. This inhibition highlights the need for further research to
overcome metabolic bottlenecks in methanol assimilation. Genetic engineering strategies targeting
key enzymes in the methanol utilization and propionyl-CoA synthesis pathways could unlock the full
potential of methanol-fed systems for OcFA production.

2. Carbon Recovery through Formate Accumulation

A significant limitation of methanol-based biorefineries is the loss of carbon as CO. during the
dissimilation pathway. To address this inefficiency, the study explored a novel approach for carbon
recovery by engineering K. phaffii GS115 to accumulate formate—a valuable intermediate for various
industrial applications. Through the targeted deletion of the FDH1 gene, encoding formate
dehydrogenase, the metabolic flux was redirected, allowing carbon to be retained in the form of
formate instead of being released as CO..

The engineered strain fadhIA exhibited severe growth defects in methanol-based media, primarily due
to the accumulation of formate and subsequent acidification of the culture medium. To mitigate this,
pH adjustment during cultivation was implemented, partially restoring methylotrophic growth. This
adjustment underscored the critical role of pH control in maintaining cellular function under high-
formate conditions.

In fed-batch fermentation experiments, the fadhIA strain achieved a remarkable extracellular formate
concentration of 540 mM, representing a carbon recovery rate of 12.9%. While these results
demonstrate the feasibility of recovering carbon as formate, the accumulation of formate also posed
challenges in terms of growth inhibition and metabolic stress. Future work will need to focus on
strategies to manage formate toxicity, such as engineering formate-tolerant strains or developing

continuous extraction systems to remove formate from the culture medium.

3. Broader Implications for Sustainable Biomanufacturing

The findings from this research have significant implications for advancing sustainable industrial
practices. The dual focus on OcFA production and carbon recovery not only addresses environmental
concerns but also provides a blueprint for integrating renewable feedstocks into industrial workflows.
By leveraging methanol, a feedstock derived from greenhouse gas conversion, these bioprocesses
contribute to a circular bioeconomy, where carbon is recycled into high-value products rather than
being emitted into the atmosphere.

The production of C17 fatty acids offers opportunities for applications in pharmaceuticals,



biotechnology, and materials science. These fatty acids can serve as precursors for specialized
lubricants, biodegradable plastics, and therapeutic compounds, aligning with the goals of reducing
reliance on fossil-based chemicals. Simultaneously, the recovery of carbon as formate opens new
avenues for producing fuels, solvents, and other industrial chemicals. Formate can be used as a
precursor in hydrogen fuel cells, synthetic materials, and even as a substrate for other microorganisms

engineered for downstream bioproduct synthesis.

4. Future Directions and Challenges

While this study has laid a solid foundation for methanol-based biorefineries, several challenges must
be addressed to realize their full potential. Enhancing the productivity and scalability of OcFA
production requires advanced genetic engineering to overcome metabolic bottlenecks. For example, the
introduction of synthetic pathways to boost propionyl-CoA synthesis, or the elimination of inhibitory
by-products, could significantly improve yields. Additionally, exploring co-cultivation systems with
other microorganisms capable of complementing K. phaftii’s metabolic pathways might further
enhance productivity.

For carbon recovery, managing formate toxicity remains a critical hurdle. Strategies such as co-
cultivation with formate-assimilating bacteria, or engineering K. phattii for higher formate tolerance,
could enable more efficient systems. Recent advancements in adaptive laboratory evolution and
directed evolution provide promising tools for developing strains with enhanced tolerance to high-
formate conditions.

On the industrial front, integrating these technologies into scalable biorefineries will require
addressing logistical and economic considerations. The development of bioreactor systems optimized
for methanol-based processes, coupled with life cycle assessments to evaluate environmental impacts,
will be crucial for commercial viability. Collaboration between academia, industry, and policy makers

will be essential to bridge the gap between laboratory research and industrial application.

5. Conclusion

This study demonstrates the potential of K. phaftii GS115 as a cornerstone for next-generation
biorefineries, combining the production of high-value OcFAs with innovative carbon recovery systems.
By addressing key technical challenges and leveraging renewable feedstocks, this research contributes
to the development of sustainable, carbon-neutral manufacturing processes. The integration of
metabolic regulation, genetic engineering, and process optimization provides a pathway toward
scalable and environmentally friendly biomanufacturing. Future research should focus on refining
these approaches, exploring co-cultivation strategies, and scaling up production to meet industrial
demands.

Through its innovative approaches and practical implications, this study represents a significant
advancement in the pursuit of sustainable biotechnology. By harnessing the power of methanol-based
biorefineries, it offers a promising solution to global challenges in climate change, resource utilization,

and sustainable industrial growth. ey
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Ruminant is a major commodity in agricultural livestock that contributes to global nutrition
and food security. Ensuring good consumption, improving animal production, and
maintaining animals’ health and welfare should be prioritized. It has revealed that feeding
ruminant as diet/forage diversity could improve animal intake and health via promotion of
hedonic feelings of animal. The increasing of plant secondary metabolites (PSM) intake
through this approach may has significant contribution to the positive traits of animal.
However, the unclear PSM metabolism pathway, such as flavonoid, might be provide an
inaccurate interpretation of its benefit to animal. Therefore, on top of forage diversity
observation on the animal, we also explore the flavonoid, including quercetin and rutin,
metabolism pathway in ruminant.

The analysis of this whole study primarily relies on the untargeted metabolomics approach
incorporating genomics to identify bacteria species related to flavonoid degradation. In
brief, in the first and second chapter of this study we revealed that forage diversity
improves overall PSM intake including rutin and quercetin. Furthermore, the animal intake
and digestibility of animal also improved leading to the improvement of healthy lipid
metabolism and antioxidants of animal. Moreover, in the third and fourth chapter of this
study, we examined the metabolism of rutin and quercetin and proposed their novel
metabolism pathway. For instance, rutin is metabolized to quercetin; then quercetin is
further metabolized to 3,4-dihydroxy phenylacetic acid (3,4-DHPAA), 3,4-
dihydroxyphenylpropanoic acid, (3,4-DHPPA), and phloroglucinol (PG) before subsequently
metabolized to the smaller molecule of phenolics. In phase Il metabolism, a phenolic
metabolite that conjugated found only was 4-methylcatechol-1-sulfate, while bypassed
quercetin was metabolized primarily to become isorhamnetin-3-glucuronide-7-sulfate
(OM3GT7S). Furthermore, we identified that Pseudobutyrivibrio ruminis D3, Clostridium
aminophilum D25, Oribacterium sp. D8, and Megasphaera elsdenii D45 have the capability
to degrade rutin and quercetin to yield smaller phenolics. These findings are considered to

open a new chapter of the flavonoid supplementation study in ruminant animals.
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Livestock manure, a typical organic fertilizer, often poses environmental challenges such as greenhouse
gas (GHG) emissions, nitrous oxide (N,0) release, and nutrient runoff when applied directly to the soil. This
study investigated the potential of converting animal manure (AM) into biochar through pyrolysis as a
sustainable solution to these issues. Conducted in Japan and Indonesia, the research focused on the
effects of combining AM biochar and agricultural waste (AW) biochar derived from rice husks on soil
properties and forage yield. In Japan, experiments were performed under controlled greenhouse and
outdoor conditions, where biochar treatments with varying AW:AM ratios (100AW, 75AW25AM, 50AW50AM,
25AW75AM, and 100AM) were tested. Soil samples were analyzed for bulk density, total pore space, water
retention, pH, cation exchange capacity (CEC), available phosphorus (P), total carbon (TC), total nitrogen
(TN), and microbial abundance at intervals over 190 days. Additionally, CO, emissions were monitored to
evaluate the environmental impact of biochar application. Results showed that 50AW50AM biochar ratios
improved soil properties, including reduced bulk density, increased pore space, enhanced water retention,
and higher TC and TN content, with no adverse effects on microbial abundance or CO, emissions.
However, grass yield benefits were modest, suggesting potential nutrient enrichment for future productivity.
In Indonesia, the study examined the effects of biochar under field conditions using similar AW:AM biochar
ratios and included untreated animal manure (AMO) and a control treatment for comparison. Biochar was
incorporated into the soil, followed by chemical fertilizer application, and the plots were monitored over 110
days with two harvest cycles. Soil samples were analyzed for parameters like pH, CEC, P availability, TC,
and TN, while forage yield and nutritional composition, including dry matter (DM) and crude protein (CP),
were assessed. The findings demonstrated significant improvements in soil properties, particularly with
50AW50AM biochar ratios, which enhanced pH, nutrient availability, and CEC. Forage yield was highest in
the 100AM and AMO treatments, emphasizing the superior nutrient profile of AM biochar under tropical
conditions. Notably, the beneficial effects of biochar became more pronounced during the second harvest,
highlighting its time-dependent impact. Overall, the study confirmed that biochar is a transformative soil
amendment, addressing soil degradation, nutrient deficiencies, and GHG emissions. The complementary
effects of AM and AW biochar, particularly at a 50:50 ratio, provided a balanced approach to enhancing soil
health and productivity in diverse climates. However, the limited immediate impact on forage yield indicates
the need for further research to optimize application rates and methods for long-term benefits. This
research underscores biochar’s potential to advance sustainable agriculture by reducing reliance on
chemical fertilizers, promoting nutrient recycling, and mitigating impacts of climate change. Future studies
should focus on long-term field trials, refining application techniques, and assessing broader environmental
benefits to maximize biochar’'s effectiveness in global agricultural systems.
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This thesis presents a comprehensive study of pesticide management in agriculture
through the integration of biogeochemical simulations and advanced biosensor
technologies. The primary aim is to address the growing concerns related to pesticide
overuse and residue accumulation, which pose significant risks to human health and
the environment. By leveraging modern data-driven approaches, the research explores
region-specific pesticide dynamics and novel detection methodologies, offering
sustainable solutions for efficient agricultural practices.

The first part of the research focuses on farm-level biogeochemical simulations to
understand the patterns of pesticide dynamics influenced by geoclimatic factors
across Indian farms. By evaluating 46 different pesticides across more than 19,573
farms, the study integrates key variables such as soil texture, organic carbon content,
pH, and rainfall to predict pesticide behavior. The findings demonstrate significant
regional variations in pesticide leaching and residue accumulation, with specific
hotspots identified in Jammu & Kashmir, Sikkim, and the Western Ghats. These results
highlight the necessity of adopting region-specific pesticide management strategies to
mitigate the adverse effects of overuse and foster sustainable agricultural practices.
The novelty of this research lies in its ability to simulate farm-level pesticide dynamics
on a large scale, offering an invaluable tool for farmers and policymakers to make
informed decisions regarding pesticide application.

The second part of the thesis investigates advanced biosensor technologies for
pesticide detection, addressing the limitations of conventional methods such as High-
Performance Liquid Chromatography (HPLC) and Gas Chromatography-Mass
Spectrometry (GC-MS). While these conventional methods are effective, they are not
accessible to small-scale farmers due to high costs, technical complexity, and the
need for specialized equipment. This research emphasizes the potential of biosensors
—particularly those incorporating biomaterials such as enzymes and antibodies—to
offer a portable, cost-effective, and versatile solution for pesticide detection. The
biosensors explored in this study utilize electrochemical and optical techniques, as
well as sensor arrays like electronic noses (e-noses) and electronic tongues (e-
tongues), to detect a wide variety of pesticide classes and provide rapid, on-site
farming. These innovations not only support crop productivity and food security but
also pave the way for reducing pesticides' adverse effects on health and the

environment, contributing to a more sustainable agricultural future.
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In the current landscape of medical practice, the prevalence of evidence-based methodologies
and rigorous research standards has significantly influenced the field. However, there has been a
noticeable resurgence of interest in ancient healing traditions, notably Ayurveda, garnering
attention for its holistic principles steeped in historical knowledge. Ayurveda, esteemed for its
comprehensive philosophy has garnered attention from both medical practitioners and patients,
presenting itself as a compelling adjunct to contemporary medical approaches. This study
investigates the efficacy of Ayurvedic formulations, specifically Haritaki Churna and Amalaki
Churna derived from Terminalia chebula and Emblica Olfficinalis fruits, in treating colorectal
cancer. Structural elucidation and pharmacological profiling of these polyphenols unveil their
potential protein targets and mechanisms of action, particularly in influencing metabolic
pathways, cancer related processes, and signal transduction cascades. Protein-protein interaction
analyses further underscore key proteins. Molecular docking and dynamics simulations reaffirm
the stability and binding affinities of the protein-ligand complexes, thereby reinforcing the
potential of these phytochemicals as promising drug candidates. Moreover, investigations into
the anti-colorectal cancer properties of Haritaki Churna and Amalaki Churna highlight their
significant cytotoxic effects on cancer cells, particularly through modulation of key protein
entities involved in cellular signaling pathways. Further mechanistic studies elucidate the
multifaceted molecular interventions of ellagic acid and gallic acid, prominent constituents of
Haritaki Churna and Amalaki Churna respectively, demonstrating potent anti-cancer effects by
inducing apoptosis, modulating cell cycle progression, and disrupting autophagic processes,
ultimately impeding Wnt-driven carcinogenesis and inhibiting cancer cell proliferation and
survival. In summation, this study presents compelling evidence for the therapeutic potential of
Ayurvedic formulations in the management of colorectal cancer, bridging ancient wisdom with
contemporary scientific methodologies to pave the way for the development of novel
therapeutic interventions rooted in traditional knowledge systems, offering personalized and

synergistic approaches for cancer treatment.
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Summary of the Doctoral Thesis

On their own, tea catechins are incapable to withstand the severe conditions of gastrointestinal
tract and henceforth loose about 95% of their initial concentration. Accordingly, the current Ph.D.
thesis aims at the encapsulation of catechin extracts derived from S3A3 tea cultivar leaves using
starch nanoparticle as wall material with a goal to enhance its bioaccessibility. This was followed
by the formulation of a functional tea drink using black tea and encapsulated catechin extracts as
ingredients.

The first objective of the work referred to the catechin profile study of S3A3 and TV18 tea cultivar
and subsequent enzymatic extraction. The results affirmed upon the superiority of the S3A3 tea
cultivar in terms of the total catechin concentration and with 329.29 mg/g of dried tea leaves.
Further, tea catechins were extracted using enzymatic assisted hot water extraction method. Two
cell wall degrading enzymes namely cellulase and pectinase were utilized in equal concentrations
and the experimental conditions were varied as per the central composite rotatable design (CCRD).
Optimal conditions of extraction were achieved at 18.08 min, 88.47°C, and 188.08 EU/g. In
comparison to the best hot water extraction conditions, (30 min and 75°C) total catechin content
yield increased by 51.26% in the optimal condition. The second objective of the thesis involved
the synthesis of potato starch nanoparticles (SNP) using ultrasound assisted acid hydrolysis
method. Sulfuric acid concentration was varied (3.16M to SM) along with acid hydrolysis duration
and detailed characterization were achieved for the starch nanoparticles. The investigations
affirmed best characterizations for the starch nanoparticles prepared at 4M sulfuric acid, 3 days
and 90 mins of ultrasound treatment. Accordingly, the best characterization data refers to the
average particle size, PDI, yield, thermal degradation point, and relative crystallinity values of 66
nm, 0.362, 29%, 318.99°C, and 64.32%, respectively. The third objective involved micellar
cholesterol solubility study of the EGCG and catechin extracts (CE) in their raw and nano-
encapsulated forms (in the starch nanoparticle system). The in-vitro micellar solubility study
affirmed that the EGCG and catechin extracts were subjected to significantly reduced cholesterol
concentration and by 91.63% (2.5mg) and 59.03% (5mg) respectively. Further, characterization
studies on encapsulated EGCG affirmed enhanced thermal and crystalline properties. The final
Ph.D. thesis objective targeted functional tea beverage formulation possessing enhanced
bioaccessibility and better organoleptic properties. 6 formulations (F1 to F6) were prepared using
encapsulated catechin extracts and black tea. Bioaccessibility studies affirmed enhancement of AA
recovery in CE:SNP (1:1, w/w) by 81.94% in dry form. Sensory analysis using 9 point hedonic
and fuzzy logic affirms the superiority of F6 formulation which contained 1000 pg/mL of CE:SNP
(1:1, w/w). In summary, the Ph.D. thesis traverses a pragmatic roadmap for the formulation of
nanoencapsulation based functional tea beverage.
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Since Ludwig C. Marquart named a blue pigment compound isolated from cornflower
petals anthocyanin (Greek: “anthos”, flower and “kyanos”, blue), research on natural pigment
compounds produced from various plant species has been actively attempted. Many plant pigment
compounds show a wide variety of health-promoting effects and are widely used as coloring
agents to replace artificial coloring agents in various products, including food industry, in
response to the increasing human preferences for natural products in recent years. Especially, the
demand for stable blue and purple pigments has been growing in the arts, crafts, clothing and food
industries. Among them, flavonoid pigments exhibit not only a variety of health-promoting effects
but also various colors from red to blue. From these dual aspects, flavonoid pigments are the most
actively studied. Considering the application of plant pigment compounds to various industries,
the first step is to clarify the type, structure, and content of pigment compounds contained in
various plants. In this study, three plant species were focused. They exhibit a characteristic purple
color, but the mechanisms of color change and the structures of the related pigment compounds
have not yet been clarified. Isolation and structural determination of their pigment compounds
and clarifying the mechanisms of color change were carried out.

Chapter 1 Phenolic compounds related to heartwood coloration of Millettia pendula

Three novel phenolic compounds were isolated from the heartwood of Millettia pendula
along with eight known compounds. Among the known compounds, six compounds were isolated
from this species for the first time. Structural determination of the isolated compounds was
accomplished using NMR and MALDI-TOF MS spectrometry. Two isolated compounds, 2 and
6, showed red and purple, respectively. These pigment compounds contained a conjugated =«
system composed of benzofuran and p-benzoquinone moieties. Considering the structures of the
isolated compounds, it was proposed that a hydroquinone moiety present in precursors of 2 and 6
is autoxidized by activated oxygen in the air to form p-benzoquinone. The difference in their
colors was caused by the number of the B ring substituents. The expansion of their conjugated n
systems allows 2 and 6 to absorb and reflect light in the visible region, and results in the
characteristic purple coloring of M. pendula.

Chapter 2 Peltogynoids contributing to coloration in Peltogyne mexicana heartwood

Four new peltogynoids monomer (3, 7, 10, 11), one new peltogynoid dimer (9), and two
new anthocyanidins (12, 13) were isolated from the heartwood of Peltogyne mexiacana along
with six known compounds. Structural determination of the isolated compounds was
accomplished using NMR and MALDI-TOF MS analyses. The purple coloration of methanol
solutions of isolated peltogynoids and flavanones were examined by exposing them to a room
light in the air. The methanol solutions of (+)-peltogynol (1) and (+)-mopanol (4) showed the
coloration to purple. The b* values of these compounds decreased significantly from 12.1 to -0.7
and from 19.1 to -1.8 after coloration, respectively. These precursors of pigment compounds, 1



and 4 have catechol moiety in the B ring, and hetero six-membered ring (D ring) connecting B
ring and C ring of flavan-3,4-diol via oxyethylene bridge, which is similar to the structure of
leucoanthocyanidin. Two purple pigment compounds were isolated from the acidic solvent extract
of heartwood. These two pigment compounds were new types of anthocyanidins with a
characteristic of having a D ring added to flavan structure, and were determined to be mopanidin
(12) and peltogynidin (13). The monitoring of autoxidation by HPLC analysis showed that 1 and
4 produced 13 and 12 by autoxidation, respectively. UV-vis measurements of 12 and 13 showed
that both pigment compounds exhibited a maximum absorption near 530 nm in neutral and acidic
conditions to keep a stable purple color. The results of color stability tests, 12 and 13 maintained
their color longer than cyanidin, especially in neutral solvent. The dihedral angles & of the BC
rings were compared using the most stable conformations obtained by in silico conformational
search. The structure of 12 (6§ =174.4°) and 13 (8 =172.0°) have relatively large dihedral angles
due to the presence of the D ring and the entire molecule is nearly flat, while cyanidin (6 =154.2°)
was twisted. It is presumed that this flat structure prevents the hydroxylation at C-2 to form their
structures more stable in neutral condition.

Chapter 3 Identification of anthocyanins contributing to coloration of Lantana camara
petals

The petal of Lantana camara shows the coloration from yellow to purple after flowering.
The result of HPLC analysis of petal extracts from four growth stages of flowers (yellow, orange,
pink, and purple), three types of anthocyanins (P4, Pg, and Pc) were detected at different ratio to
total anthocyanins in all growth stages of flowers. On determining the ratio of pigments, it was
observed the decrease in the content of P4 and Pg with the growth of flower, while P¢ increased.
Furthermore, in the growth of flower from pink to purple, the total anthocyanin content increased
approximately 5.8 times. For identification of P4 - Pc, proliferation and establishment a pigment-
producing callus cultures was attempted. The pigmented callus was induced from pink petals of
L. camara on MS semi-solid medium supplemented with 5 uM BAP, 0.5 uM 2,4-D, and 1 uM
NAA. The pigmented parts were selectively subcultured. The extraction and isolation of P4- Pc
from pigmented callus were carried out. As the results, the pigment compounds were identified
as cyanidin-3-O-B-glucoside (P), cyanidin-3-O-(6"’-O-malonyl)-p-glucoside (Pp), and cyanidin-
3-0-(6”-O-acetyl)-B-glucoside (Pc¢), respectively. Pc showed the absorption at the longest
wavelength among the isolated anthocyanins. This result reasonably explained the change of
petals to purple with increasing the content of Pc.
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2025 Integrated Agricultural Seminar

1. Date 25 to 27 August, 2025

2. Place Center for Education and Research in Field Sciences, Shizuoka Univ.
Fujieda Field  Tel : 054-641-9500 (63, Karieda, Fujieda, Shizuoka pref.)

3. Meeting Place & Time
Gifu students: 08:20am (Meeting place is in front of UGSAS-bldg.)
Shizuoka students: 12:10am (Meeting place is in front of Faculty of Agriculture,
Shizuoka Univ.)

4. Lecturers
» Assoc. Prof. Onwona-Agyeman Siaw

(Tokyo University of Agriculture and Technology)
* Assist. Prof. Hiroyuki Hattori (Tohoku University)

5. Schedule
25 Aug 13:00 Opening ceremony
13:15 Special lecture I (Lecturer: Onwona-Agyeman Siaw)
14:15 Students’ presentation
18:00 Dinner (+ Free Discussion)
21:00 Free time / Shower time
26 Aug 07:30 Breakfast
08:45 Students’ presentation
12:00 Lunch
13:00 Students’ presentation
18:00 Dinner (+ Free Discussion)
21:00 Free time / Shower time
27 Aug 07:30 Breakfast
08:45 Special lecture II (Lecturer: Hiroyuki Hattori)
09:45 Presentation Award announcement
Leaving
6, Fees
Students 6,000 yen (except lunch for the first day). (Yen)
Breakfast | Lunch Dinner | Accommodation | Drink
25 Aug 1,200 600
26 Aug 500 600 1,200 | 600+400cleaning 400
27 Aug 500

7. Necessary items

Seminar material in a file folder, Stationaries, Power Point data for the
presentation, Indoor shoes (slippers), Bath towels, Towels,

Toiletries (Toothbrush, Shampoo), Sleepwear (e.g. Jersey), Umbrella,
Clothes, Medicine (if needed), Health Insurance Card,

Residence Card (International Student).

8. Note
« All students are required to give a 20 min presentation in English using PowerPoint.
(presentation: 15 min, Q&A: 5 min)
» Submit seminar reports by Wednesday, 10 September, 2025.
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The United Graduate School of Agricultural Science, Gifu University
Researcher Ethics, Professional Ethics and Mental Health, Physical Health

2025
@Date 21 August (Thu) & 22 August (Fri)
@®Place Gifu University iGCORE 1F Glyco Hall

(1-1 Yanagido, Gifu) Tel 058-293-2984

@®Meeting Place & Time

Come to the seminar room directly by 13:00 p.m.

@Lecturers {Researcher Ethics, Professional Ethics)
Emeritus Prof. Hideharu ISHIDA (Gifu University)

{Mental Health, Physical Health)
Prof. Hiroyuki YAMAMOTO (Shizuoka University)

@ Schedule
21 August 13:00 Professional Ethics
14:30 Researcher Ethics
16:00 Group Discussion
19:00 Closing
22 August  8:30 Group Discussion
9:30 Group Presentation
10:30 Mental Health, Physical Health
12:00 Lunch Break (No meal served)
13:00 Mental Health, Physical Health
17:00 Closing
@®\What to bring Seminar material in a file folder, Stationaries
@®Report Assignment

Submit 2 seminar reports by Friday, September 5, 2025, respectively on "Researcher
Ethics / Professional Ethics", "Mental Health / Physical Health" in Word files.
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