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Nitrogen metabolism by the total splanchnic tissues of forage-fed ruminants
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Nutritive values of feeds have been evaluated with the digestibility of nutrient components.
However, the digestible nutrients disappeared in the gastrointestinal tract are metabolized by the portal-
drained viscera (PDV) and liver before reaching productive tissues. The PDV (includes gastrointestinal
tract, pancreas, spleen and associated mesenteric fat) and liver, together called the total splanchnic
tissues (TSP), are extremely active metabolically, accounting for as much as 50% of body oxygen use
and whole body protein synthesis. Across the TSP, large exchanges involving nitrogen (N) metabolites
occur. A better understanding of N metabolites exchange and use by the TSP is critical to improve the
efficiency of production and minimize the impact of livestock production on the environment. Three
experiments were conducted to evaluate high forage diets for ruminants in perspective of N and amino
acids (AA) net fluxes across the TSP. High-forage diets will be more economical for ruminant nutrition
due to the great expansion of grain based biofuel production.

In experiment 1, the objective was to investigate the effects of different dietary ratios of whole-crop
corn silage and alfalfa hay on duodenal flow and net flux of N and AA across the PDV in growing beef
steers. Four Holstein steers (236 = 7 kg BW) fitted with duodenal cannulae and chronic catheters into the
portal and mesenteric veins and abdominal aorta were fed 4 diets consisting of whole-crop corn silage
(C) and alfalfa hay (A) in 80:20 (C8A2), 60:40 (C6A4), 40:60 (C4A6) and 20:80 (C2AS8) ratios of which
dietary crude protein (CP) was 10.5, 12.0, 13.5, and 15.0% of dry matter (DM), respectively. The DM,
energy and N intake linearly increased as the ratio of alfalfa hay increased. Duodenal flow of non-
ammonia-N (NAN) and AA-N, and intestinal disappearance of NAN linearly increased with increasing
alfalfa hay. The net PDV release of AA-N and ammonia-N also increased linearly with increasing alfalfa
hay, but urea-N uptake by PDV did not differ among diets. As a percentage of digested N, net PDV
release of AA-N linearly decreased from 87 to 61% with increasing alfalfa hay. Conversely, PDV release
of AA-N relative to duodenal AA-N flow increased from 56 to 69% with high alfalfa diets. The
proportion of AA-N recovered by PDV relative to the duodenal AA-N flow and the intestinal NAN
disappearance may vary with energy intake level and/or intestinal AA supply of mixed forage diets.

Experiment 2 aimed to investigate the pattern of N metabolites flux across the TSP over a wide
range of forage intake, and to determine the effect of energy intake on the PDV recovery of an
abomasally infused AA mixture. Four Suffolk mature sheep (61.4 + 3.6 kg BW) fitted with abomasal
cannula and chronic catheters in the splanchnic area were fed alfalfa hay cubes (19% CP) with 4

metabolizable energy intake (MEI) levels ranging from 0.4 to 1.6 fold the maintenance requirements.
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The rate of AA infusion (equivalent to 584 mmol AA/d) amounted to cover the maintenance requirements
of N to compare the portal recovery of AA across a wide range of MEI. Increasing DM intake decreased
the AA utilization by PDV, increased portal and splanchnic release of AA, enhanced N retention and
increased hepatic urea-N production. At 0.4M intake, there was an extensive catabolism of AA by gut
tissues accompanied by marked absorption of ammonia-N across PDV together with greater hepatic
removal of AA such that the splanchnic flux of AA was negative. Increased ureagenesis and urinary
urea-N excretion together with reduced splanchnic AA release at 1.6M may indicate a physiological
limitation to N deposition due to the mature sheep used in this study. The PDV incremental recovery of
infused AA increased linearly with increasing MEI accounting for 0.89, 1.13, 1.26 and 1.37 for 0.4, 0.8,
1.2 and 1.6M, respectively. Also, the incremental efficiency varied across individual AA with values
ranged from 0.86 to 1.27 for EAA and from 0.25 to 1.59 for NEAA. These results indicated that energy
affects the efficiency of AA utilization, challenging the assumption of a constant efficiency of use.

In experiment 3, AA supplements to high forage diets were evaluated using net flux approach. Four
Holstein steers (244.4 + 9.4 kg BW) fitted with duodenal cannulae and chronic catheters in the
splanchnic area and fed a corn silage-based diet (13% CP) were assigned to 4 infusion treatments in a
randomized block design. The 4 treatments were: (1) basal diet only (control: CON); (2) basal diet with
duodenal infusate of 10 g/d of methionine (MI); (3) basal diet with infusate of 10 g/d methionine + 20 g/d
of lysine (MLI); and (4) basal diet with infusate of 1.64 L/d (equivalent to 1327 mmol AA/d) of AA
mixture (AAI). The MI resulted in a significant increase in the amount of methionine absorbed across the
PDV and resulted in a numerical increase in the amount of total AA delivered to the peripheral tissues,
together with a reduction in plasma urea-N concentration and hepatic urea-N production. These data
suggest that methionine was the most limiting AA with the current ration, and growing ruminants
consuming corn silage-based diets seem to benefit from supplemental methionine. MLI exerted a
negative effect on DMI and net splanchnic flux of AA but enhanced ureagenesis. The reduction of PDV
flux of AA with MLI could be attributed to that the lysine supply exceeded the requirements leading to
AA imbalances, which consequently caused a limited use of other EAA. AAI significantly increased
PDV absorption and splanchnic release of AA compared to other treatments. However, AAI was
accompanied by greater hepatic production, splanchnic release and PDV removal of urea-N despite the
hepatic removal of AA was not changed compared to other treatments. This feature was probably due to
increased ammonia-N absorption from PDV (derived from urea-N recycling), and could result in more
urea-N excretion into the urine. Formulating diets that contain less total CP but are better balanced to
meet AA requirements will improve the efficiency of N utilization.

Overall, these results indicated that measuring net nutrient flux across the PDV and liver is an
important tool to evaluate the dietary nutrient value and supplements. A properly balanced supply in both
energy and nitrogen components in the diet is essential for an optimization of N utilization efficiency.
The variation in recovery among AA emphasizes the uniqueness of each AA and the importance of
developing prediction equations for PDV absorption based on the supply of individual AA and energy
intake. Selective supplementation with protein sources that provide the AA that are limiting may prove

particularly useful for forage-fed ruminants.
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Taxonomic study on copepods parasitic on tetraodontiform fishes
from Japan and East Asian countries
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F1E HE

H AT PHIEHA14,0000E DL E2 6 7 B KERBHD 7V — T Td %o £ ORI IR LR T 5205,
— IR OFE L IEOER EOBEEIZH AR L TWwhb, 72, EES5,000m (2475 3 5 K %10,000m D
HEE S 7BEE R RO B EENMONT WL, TOXHIZ, HOWALEEANLEN LA TVHETH
LH S DEFOLOEMES AFBRE T LIZEHMEL TW5, 1LTHD D 5, v 7 A2 H (Poecilostomatoida)
LAY I H (Siphonostomatoida) D2HIZ, % OEPSEENIFET 2 EHERNE o, chooh A
TR LR LIREEAICREICTAEL, BHLRELTISECTIENH Y, BHFN LB SIS
HEOOLNT WL, T2, INOFEWD A T IHIIEEOERBSLRIEREE Y L Tnd 2 b, mEMA
DEERRAME NS 2B L L THEE SN TS,

B om0 S Barsic 2 TAEB L, 10RB408 LD ES ST A, HARBEE2S1Z, 20958
B0 SN TS, 7Z7HAHHIZIZN T 7 7R INFREL L OKEREEHED I, Na T 7REY
HIHINEREBEALETN, AHOBEL LEEDYPECITV—TTHb, LnL, TOFERFEN
Wize, HRICFEMED A 7 SHEOMIRIIIERISBNTBY, 7 7 HABEICFET D04 7 VEOMH D IE#IC
BB EN TR WRIEIZH B FITAEICEWTIE, BARCRT YV 7HEIERT S 7 7 HAMHEIC
FET DA T VHEMEMAT L2 HE L7z,

E2E MulEAHE

20054E4 H 2> H20094FE8 H 12 20T, 7 7 HAFD» HFAEMEN 4 7V HARE L7z SRELFNTH AL Ul
ELT, 44, BEORFESOHSIZB VTR0 YL EAT > 720 HAREN TIEFICHHARZ RLE L,
HCh 7 7 HEHO SRS R R BICB W CEMNICERE L 72, AWZETIE, INSEHERELE
AN Z, FERRFHEEE & SR S N CW AR, L A A 7V HERE L. 55
N7eh A7 VHIFT0% LY 7 — )V TRIE, WRE L. Z20H%T 7 72/ —VTEHPLIHEREL, FEiE
T CE L, e A VBl A b L ICFE L. Rt @ L ol AT 2 fE iz o n
1, PR BRI S W TR R ITo 72,

8¥3® I ZTF3I8 (Bomolochidae)

T5 Y7 IFHIMEMBICHFET LA 7T VHT, 1TRI03EL S 2%, LAL, 7Z7HAHEN,IOIEIN
¥ T2 Orbitacolax J&D2FE (0. analogus, O. hapalogenyos) L 22HIHINT W7\, RIFFE T 7 7 Hf k6
T2 5 O. williamsi, STEA*5 Orbitacolax sp. % 3. L 720 Orbitacolax sp. (I KFLEETH 5720 TNFET
Orbitacolax J& 71 4 7 VI DWW T, MEAKIZEDWREIE 2 b, HEEEEIzE A CBEISNT
b odze ARBFGE TGS N-FEO MK DFEH A 1T - 720 Orbitacolax sp. \% O. hapalogenyos \Z3F4;
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WE P72 TH D, TRETHEARBENTE TV, ENENO RO % g o0 % 5
RSN b, BREOIEOEEMN IR E N7z,

FA4E Ny FIFT7H (Hatschekiidae)

Ny F rF T RHIEAEOMICFET L V- 7T, SBIMAELSHION D, S0 b7 S BEED S
\3 Hatschekia BTN FES 5 2 LML T W7z, AR TIE, 6FB30HED S27FER SN, 205 5
I KFLIAE TH > 720 Hatschekia J& 71 A 7 2 FUIKREEE LA EEASBL L, — %74 7 S HIZB
WTHWONLGHIBEDO L S B2 e 20720, RIFFETIEMERH VLN TEFEE ML T,
FWEREORSOWHFEZGEIVEL LTHW e T/, CNEFTEEALERENTI A2 >7RETH D
parabasal papilla & rostrum process b H M IR EATH A Z L 2L I L7z, 22fE 0 RFCHAEHFE M &
N7=Z &2 XY, Hatschekia J& 75 A 7 2 FHOFELIZ102FE ML 72

858 N2 ZF (Pennellidae)

7 7 BEEIIEIAFHNCE T 548 (Peniculisa )&, Peniculus J&, Pennella J&, Lernaeorophus J&) 75%4
T5IENONDL. RWFFETIE Peniculisa J&ATE, Peniculus J&27#, Pennella J&11E, Lernaeorophus J&17#
%38 U720 Peniculisa JBIX5TED O R B/NERIETH AHD, 209 bafIL7 VBB EIE LT 5. Kl
FIZBWTYH, 77 HAEDSAENPELN, 209 L3FIERLEMTH - 720 KB b ARETHE S 18
PHEEIGRLLTBY, SHESRALL Twh, AR T, TICHRE, WEMBcE sl L2geE, Eilo
FSOMRRICHTDIEIZIEDE, FMOMIEZ1T> 720 % 3B, Lernaeorophus sultanus (3 H ARWFEETH 5o

FEOE FOMOHATIHE

RETIX LREO3R LN OTE [V 7 4 2B (Chondracanthidae), &V 15 Y5 I %} (Taeniacanthidae),
Umazuracolidae, 7% Y Z It (Caligidae), ~ >~ K/ F a7 (Cecropidae), Dissonidae, F 777 € A
2 # (Lernaeopodidae)] (ZDOWTCiLL7ze 20O L, "V LT VT IRNIET B Taeniacanthus sp. 1EAF
Wi CThoize 72, FHZELTENIET % Clavella sp. b FFLIAETH 5 W HEEATIEF I2E . bOSE
»H INE TRIRETH - 721072 1 HERR STz,

EBIE HAER

KW TIEHRZ R OICHEZ AT o 2858, 7 7 BEEHTIE A O R BAE28fE &2 & &69ff o 71 4 7 248
PERE SN, TNFETOWGETIX, HRPO 7 7 HEEHSOEN S, SO F o2k 4 7 ¥ AR
HENTWDL, INOLOFERTADOEDL EMBED 7 7 HA 5 120 EOFEED 4 7 SV EIHME S
2l lllbe SO END, HFEMNAT VEHOMEBIIEFE 7 7 HOMB L IZZFEBOBRICH L LEZ
bMb, 77 BAFHIIHF P O30 EAELT A2 2 LML NTEY, 130MHIZZD38% 124725,
A5 < 200fH L E o RFEHAEDAFAET B LHEM S D,

INFETYTFITIITREA PF T TRDPHIEHFAEMED AT VIS 2 & I o720 BIFRETIE,
ETNHIBT AT T I T EAL NFT TH 5 Clavella sp. & Hatschekia pseudostracii % Z VNI L 72,

77 BEHEMET 510809 b, kb EMEFEENA T VHOBOFEN RSN 20R7 7FTho
720 7 ZRHTMR R OWEL 5200801 < AHIS N, 7 7 HABEIOB O mCldR b EHS L w2 iz, i
ORBMAFD L L OGP BAFIRNEPT LT b0 L Bl IBFIC#EE L2 DS\ 2 & 7 s
LTWwWaLEZbN5,

BEOWIETIE, 77 BABEICELL THEEL TN T VI T YT I8 TH Y, 20/ FEH7H
EENTW e RIFFRICBWTROEL L TWzDd/y 7 = ¥ 7B IE T % Hatschekia J& T, Z+DH
QTRIZ R AT, TSRV NGEERFRESIER IS, LRy QB LoMEAOFETR LN
Lol

Hatschekia J&71 A 7 2V ERTREIIZFERN I EOLEG D SN0 E AT A TINER, AINFE, A
X TIR, NI T IR ORERLEN22HO S B, 215 XTI O I & 28I % O 7 SRR E
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NEIUARDLERP R SNz TOREIE 7 7 HEEHDINCFLET 2RO 2w OTHY), 77
FHIHFAE L TW22E MM REE 2 RFEL T/ 2 7 7 BABISHET HHIC L o THFE S Tw
LT o R b NIz,

F 72, [ UFtOfE %A % Hatschekia BIEFIZ BT, FERNLZIZPEOLFEVR N/, HlzIT,
AT NFRHZETA LT\ 722 (H. monacanthi, H. khahajya) 1%, SEJJRETICA SN L ¥ F VHOGHKE
Uil 2T B, SBUR & B2 O A G EIL L Tz v, B & S520g M o BIAR A B2 iR o
s e T B Lol FBMMAIZIZRSN2WEEZA LT/ IS, N Y RPRHZFELT
W72 H. iridescense & H. legouli \21%, 2R R MEL, REEITEH S NS L) Fghsdhm L
Tz 2O X2, Hatschekia J&7 A 7 L HIIRWEF#PHLE L, fTfxeE FICIIP TR Z R 3 M
FHET B DS, L DGO RIEAVRIE S 7z,

F—TO—RFEENATVHE 7B 8, L
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Development of novel artificial insemination method using frozen-thawed boar
semen based on the analysis of sperm and seminal plasma functions

Tetsuji OKAZAKI

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan
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F—E R

FREOT I EHICB VT, WML 2 ATIEBPEE LOoob 505, BA%BIRIETER N
L REHMATHERBE L B2 e 2 0MHr S, FOERFTIZ40% TER L T, FFEERICLS
ANTEREL, CNOOR M ETHN L, EMZ 8L CRENRERBEENMEO N, LM s n b8, 7
FIZBITAZFDZBEL L O—BEFRIEIHEICBOTORZEKL, £ELER TV RVOPHIKRTS
bo £TC, RWFETIE, [ HE] BLO TR L] 2 F sl L, &V 8080 2 R 3 3
FIC £ 2 ATk % T2 2 HWE L7,

FB_E F@EREEL Glycerol BEDIREHC K3 7 A EFHRREHIRRDFHF

T VL B R L R ISR O 5T I & 70 2 Ml NOK S T2 B & 30 5 % 72 0Tt 3R3%0 T d A Glycerol % i3
%o —7, Glycerol &M% R L, 74 (3B fE & L L T Glycerol (2K 2 & A, L72ATS
T, Glycerol D REZ B3 2 HAEAPRE OIS KO b, RETHE, FHEMRBOBREL %
400mOsm/kg DRI L, AHBNIKFIER % #0135 2 & T Glycerol i % 3% 2> 5 2% ~ L AR L 72
PSRRI A S Lz 2AUC XD, B o CEEIESHERE S, AL X 22 b deg s
nrz.

F=E WREZAICHETZEFOREE., €OERERE O/
78 DGR L B NIRRT 2 R S8 5701208, HEF O HEiEOEREH L2 Uz s
T\, 22T, KBTI, WMHEELXLELGTL2EAOKRFE LT, BEROMEIZESEH T BilILr T 4
FEPER 2% <t S, ZDWNEFE TH % Lipopolissacharide (LPS) bl SN/-Z &5, LPS LD
N R IR AL RITL TWw D L HELE L 72, LPS %724k 3B L U co-receptor & L THIS 715 Toll-like
receptord (TLR4) - CDI4DSETICHB L T\ 5 2 &, LPS 3% OMEEEAKIF ARG T 8B - AfFsR AT
&, Caspase-3lMKFE LT RN = A2FER L ENSRETIE TLRAE /- L TR 2785k L, 78 b—
VAEFRL, TR, EEHESKT TS5 LW OMBIRIESES MO TH LN E kol Lzdo
T, BB T LPS 2 T 5 Z L ASEE T 5 725, LPS AifALH Polymyxin B (PMB) 0§22
DWW TGRS L720 100mg/ml ##EE D PMB i, 5 LPS {14 £ 5241 SANE L L, Penicillin G & O#A
PLERC X 0 BRSO TR 2 BB LS e, 510, ATEBICBVLTOEVZIAE - —HETK
PEHENT,

BNE  MREDRMEERDIET 2 RETEEIC T 2 HAURERARLIZEDRMFE
I IE 7 7 LR S SN 5705, 25 ORI 2 AT LT 2 UEWEIIBAED &L 2 AL
BN EDS, BIER, EBICHEZERE LTS 5 TEDSI RO R EROR T 2 S5 Tt & 5 2 %
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WRFETHLEEZOND, FBE, T OFEILTH AR DB O @I F % O K5 T HERE1E % T oA o w5 v
R FARHEIZE TR LSS, L L, NSO CIERRE H2 S H I % S ABFEIET 0 SR BB A
HESN TV e, R ZREEER AN 2 L W) Ml H 5 2 L0, BREAESE A RN % 9285%
BI2ETH, BRE~D10% (viv) BIMEZENS 2WH T2 5= THL I LWL NE o720 PLED
KRS, PRHMER, EHIEEEZRE LTI L, 10% (vwv) WBEEARREIC BT 2% 5 227
TGRS | 2B L, SRV ATEBTEMGE81%, —EE 81045 & v ) & B
DT EITRI L7z,

FHE FYHEIEPEZEELLRVTLEERBERORRE

FEEEIZ IR A e A WADKI SN D720, BB RN, ANTIEET 222 7 v 78Uk Rl gL
HEE, CNOSDOT A VABIRE ISR LENDEDH D, Lz ->TC, ETORFCHIATEERHM &5
7oL, FEERINRERE L MEORELH L -G MARE OB LETH 5, BfFEE~D EGTA
TINZ, BB OR BN Ca® LA ZIH L, Z1UC X 5 BN ZHEEESZIFIL, A5 BT5
SRR D72, L L, EGTA ARG IC X 2 N TR TIE, INENZERER2B EEmWIZd b b
T, BT OBREILS1% & RSERMEARTIC L 2 ATRBOZN LB L TEEICEL, &5, FKE
FIZBWTYH, HIMEKIC L 2BEE ST Cnize ZOREDP S, FEIESREIRIR T2 FE L, Tho08
W HHUR & 2 0 B SN FIMERIC X 2RO EEZ B ¢ A% LTz BERIET- & L T Cortisol 28/ 7€
N, ZOTEHNANOEACEL Y ERFIISU~NEME L, BB D ZHEED91%, —EET- 5o &,
s e A BRI 2 AT L S ELL NVIEL 72,

FARE HIE

EN G ]

AR, EHITHEEZRET 2

100mg/ml &£ PMB % 73001 L 72 B AL Z TR T2 AT %

2B HE400mOsm/kg DREGC L, H&i#% Glycerol #FE % 2% 12 L 7= 8GR IS TR 2 83 %
BUFRIAN10% (viv) #5%Ed 5 \1x, 6mM EGTA+5mg Cortisol % &A L 72 BURHIC CHT 2 @A L, A
TEHRGT 2 &) W L RO 2 Z R L 7288l 7 & SRR X 2 N LB E ORS00 Tl
L7z

Eal i e

F—T— NN, SRR, AR, ERR, SRR

[
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Studies on the establishment of a test system to detect androgenic
and anti-androgenic potential of chemicals with avian embryos

Toru Utsumi
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Higashi-Hiroshima 739-8528, Japan

BHIRZ DAL EONT > N a Y = RN SR RF R ORI B 5 A 15
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AKFZeIE, BHEICBIALEWEOT > Fay =y BIUHRT v Fa v« o NS WEEELE R o 5FliE %
WET LR HNE L7 SO, =Ry I ATREHCTT ¥ FO Y o V28 RIS % R 3L
FREEL, WELFEWEET v Fu Yy #IANES L, 2 OMKROSE & MO L& BT 2 &
LT, ALEWEO T v Fu Y o CREWE TG 2 EEBR AR L 72,

1. T XZIEAE#ICHT DUCEME DB ERIVE RELIER OB ZAETHEE

SRV AXFRIZBWT, Ty Ry AT EEEAEFEL, Ty Fad oy T v Fa
D YW ORGAHE D AR OHFR B E T3 5 2 & T, AL EOT v Fu Y« YHELEH O
i %S 5 2 & MG LTz TRINANOAL AW E OG- A2 MET Lz & 2 A, 2RI ERG T 279
U BRI I2 B HBRE, 1I3HICT > Fa Y = Y ETH L 70 F YT A PAT Y (TP) %5 L
Z L CI6HM THBEAN OB A RN T2 2 EFREEMFTH D LTSN, 7T Fud o v Ek il
AR T D720, O AR E G LXK GFHRIX) & TP 285 L72IX (TP IX) 2Lz L7ze 25,
TP X CTZ 1 7 A B BT 2 B o L & M E O R E ORI % 1 5 s E SR iz, 0
72, 7 a7 ARHEEST v Fo Y = AR L Ok b SR FEMIEIE T H L 2 L aUR S vize WEIN12
HBXUI6HOKRO 7 0 7 AR EETIET7 v FaYx v S5k (AR) L NIV A7+ —3 v 7R ENT
B(TGF-) HBTHLLRLT, 7 a7 AICHEIF L7 > Fuy x VHEEMEHS DO AR 2 Nh 52 L,
LR AR D3I TGF-B 25 1O DK F & LT3 5 2 &L 2RIE L7z,

7y Fal o vHE L THIGN TV SRR 7uruy (CA) #HEWEEL L, TP & & ISR
H.LC (CA+TP IX), Z#E L7227 07 G0 & 2 M55 2 LT, 7~ Fadz VR
MO L7z ZORR, 707 ARG IZ XA T TP K CIBEICFEE L, TP K2R CA+TP X
TlE CA HEEAFIINICS o Tz,

ZOZEML, TP EWEE Z NG LC 7 07 DIROSEOREE # MBI 5 2 12k b,
{LFWEOT v Fa P = MERAZFHIT 5 2 L DSRETH 5 2 LR ENTz,

2. YXZRyO7HREZEME UL U F BB 2IC £ 22 ME O BERIVE IRELIER O @A
707 H RO RO 5t - CHBLT 2 MRS A EE ISR LT, 7Y Fe Y s VIREER
ZEMES A FEEAMAET A LR HWIZ, WHEOLZF Y 2HWTy XIRz a7 hRoL 7 F ik
L% 4T 5720 TOREE, FELZ7 0T ARMI ERICBWTVVA L2 F U b { G L7z, VVA
LoFrEHwEY 2 A% 70y MEFTORKE, 7 a7 7BICHT75kDa O~ R5E0 5 htz. 7
07 AR RSB A VVA L 7 F VG % AR AL 00 i L C BRI R T L 72458, VVA #5 4
WEOFEE, TP 245 L T WHIBX Tl & 2 WL NV THh - 7275, TP X TIEREEXIZ T
HHEIZE L, CA+TP X TOEEIT CA HEKFMIZ TP X X ) AEIEA» - 72,
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NSO ENS, TATRZ O T ANREERE L7z VVA L 7 F 12 & B HBMEZE T, (bEmE
OF7 v Fa Yz YHEEVEH 2 BB T 2016 TH L L E 2 BN,
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Chapter 1 gives a brief overview of the problem of male infertility and possible dietary interventions
that may alleviate it in domestic animals. For example, supplementation with dietary calcium (Ca) is
suggested because it decreases blood cholesterol (Ch) that affects sperm motility. On this basis, the
objectives of this study were to; 1) determine if additional Ca in broiler diets reduces blood Ch without
deleteriously affecting growth performance; 2) evaluate if additional Ca fed to mature male chickens
elevates seminal Ca’" concentration ([Ca®"]) and improve sperm motility, and; 3) assess the
cryosurvivability of spermatozoa from male chickens fed diets with additional dietary Ca.

Chapter 2 is a review of literature relevant to the studies described in the thesis. It begins by
outlining Ca’s importance and functions in animals, with a bias towards sperm functions. The role of Ca
in Ch metabolism is also discussed, and an explanation on physiological basis on which dietary Ca
reduces blood Ch is also reviewed. The chapter concludes with a brief account on the basics of
cryopreservation.

Chapter 3 outlines the first experiment to determine if additional Ca in form of fossil shells
(Aragonite) flour or a 1:1 mixture (M-arago) of Aragonite and fermented plant concentrate reduces blood
Ch, abdominal fat content (AFC), or improve the bone mechanical strength in male broilers without
affecting growth performance. Forty-five chunky 3-d old male broilers chicks were fed diets with 0%,
0.5% added Aragonite flour or 1% added M-arago, until 70 d of age. Feed intake, weight gain, body
weights and feed conversion ratios (FCR) were assessed until 63 d of age. Blood Ch levels and [Ca’™"]
were assessed at 3, 14, 28, 42, 56, and 70 d of age. At 70 d of age, all birds were sacrificed, AFC were
weighed, and shank bones tested for mechanical strength. Feed intake, AFC and bone strength were
similar among treatments. Weight gain, FCR, and body weights at 63 d, were lower in treated birds than
control birds. Blood [Ca®"] increased in treated birds, and plasma Ch levels were significantly lower in
1% M-arago-fed group than in control birds.

Chapter 4 describes the second experiment that sought to assess Ca-related changes in growth and
blood lipid profiles in adult male chickens receiving additional dietary Ca. Thirty 21 wk old roosters
selected into 3 groups were fed diets with 0, 2 or 4% Aragonite flour, until 53 wk of age. At 21, 25, 29,
34, 37,42, 46, 51 and 53 wk of age body weights were recorded and blood samples collected to assess
[Ca™], total Ch (T-Ch), low density lipoprotein Ch (LDL-Ch), high density lipoprotein Ch (HDL-Ch),
triglycerides (TG) and nonesterified fatty acids (NEFA). Body weights or NEFA levels were similar
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among treatments. Treated males exhibited high blood [Ca®"] and HDL-Ch levels, but low T-Ch, LDL-
Ch and TG levels, than control group. These parameters were similar between 2 and 4% additional Ca-
diets groups.

Chapter 5 consists of the third experiment whose objective was to measure motility and
cryosurvivability of spermatozoa from males fed additional dietary Ca. The design of the experiment
was as described in Chapter 4. However, semen samples were collected from all males at 34, 35, 36, 37
and 38 wk of age and pooled per treatment before measuring seminal [Ca®"], Ch levels and sperm
motility at 0, 1, 2 and 3 h after incubation (in vitro thermo-tolerance) at 41 C in seminal plasma from
control or treated males. Also, sperm motility before and after dilution with cryoprotectant, and after the
freeze-thawing process was evaluated. Seminal [Ca’"] in treated males was higher than in the control
group, with 4% group being the highest, followed by 2%, and control groups. Seminal Ch content was
similar among treatments, but fresh sperm motility was superior in males fed 2% added Ca, followed by
control, and 4% group. Regardless of the seminal plasma source, motility was superior in males fed 2%
additional Ca, followed by control, and 4% group. Also, spermatozoa of all males displayed higher
motility in control seminal plasma than in that of treated males. Upon dilution with cryoprotectant,
sperm motility declined in all treatment groups, but the motility pattern was similar to that of fresh
semen, with 2% group exhibiting highest motility followed by control and 4% group. Similarly, the
frozen-thawed sperm motility pattern was as that of fresh semen or diluted semen, where 2% additional
Ca-fed group maintained superiority to that of control or 4% group.

Chapter 6 discuses the results of the studies outlined in Chapter 3, 4 and 5. The discussion ends with
a conclusion that though additional dietary Ca suppressed daily weight gain, FCR and final body weight
at 63 d of age and did not influence AFC or bone strength in broilers, it changed blood Ch profile in both
young and mature birds. It also elevated seminal [Ca”"] levels in mature birds. These changes improved
sperm motility, in vitro thermo-tolerance at 41C, and sperm viability before and after the freeze-thawing

process in mature birds fed 2% additional Ca, but not 4%.

Key words: additional calcium, blood total cholesterol, high density lipoproteins, low density lipoproteins,
total cholesterol, triglycerols, sperm motility, cryosurvivability, in vitro sperm thermo-

tolerance.
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Edwardsiella ictaluri, the causative agent of enteric septicemia of catfish (ESC), was first isolated
from pond-reared channel catfish Ictalurus punctatus in 1976 in the USA. ESC or E. ictaluri infection
was also recorded in various catfish species in the USA and other countries. In 2007, E. ictaluri was
isolated for the first time from natural outbreaks in wild populations of ayu Plecoglossus altivelis from
three districts in Japan. Thereafter, £. ictaluri infection was recorded in many districts in western Japan,
and thus the disease can be a serious threat to ayu and other domestic fish species in Japanese rivers.

This study was designed to 1) investigate the current status of E. ictaluri infection in wild fish,
cultured ayu and the seeds of ayu, 2) characterize the E. ictaluri isolates biochemically, serologically,
genetically and pathologically, 3) isolate and characterize E. ictaluri-specific bacteriophages for further

characterization of E. ictaluri isolates and develop a new method (phage therapy) to control the infection.

Chapter 1. Isolation of Edwardsiella ictaluri from ayu

Isolation of E. ictaluri from apparently healthy wild ayu and other freshwater fish species living in a
river in Hiroshima Prefecture was carried out in 2008 and 2009. E. ictaluri isolation rates from the wild
ayu were 30.5% in 2008 and 23.5% in 2009. Monthly isolation rates were 15.7% (Jul), 18.3% (Aug),
67.2% (Sep), 46.7% (Oct), and 10.2% (Nov) in 2008, while those in 2009 were 15.0% (Aug), 21.7%
(Sep), 28.3% (Oct) and 30.2% (Nov) respectively. Examination of other 10 fish species in 2008 resulted
in isolation of the bacterium only from one forktail bullhead, but not in other 8 fish species in 2009.
When cultured ayu were examined, no E. ictaluri candidates could be isolated. E. ictaluri was not
isolated from artificially produced ayu larvae, but two batches of ayu larvae from Lake Biwa were
positive for E. ictaluri isolation, though they turned to negative later during rearing periods. All
examined juveniles to be released into rivers were also negative for E. ictaluri. These results suggest a

possibility that the infection source of E. ictaluri for ayu in rivers exists in the natural environment.

Chapter 2. Characterization of E. ictaluri strains

E. ictaluri strains from ayu were characterized phenotypically and genetically with reference of the
type strain and other strains from catfish. All of E. ictaluri strains were Gram negative, facultatively
anaerobic, weakly motile rods and identical in other physiological and biochemical characteristics,
except for H,S production. All E. ictaluri strains from ayu and a strain from forktail bullhead were

antigenically homogeneous and closely related to some Indonesian and Vietnam strains isolated from
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striped catfish. However, the type strain and one Indonesian strain were grouped into a different
serogroup. Genetic comparison of representative strains revealed that all Japanese isolates were
completely identical in the partial nucleotide sequences of a Type 1 fimbrial gene cluster, but slightly
different from the type strain. Also, RAPD DNA analysis demonstrated similarity among the Japanese
isolates and a difference with the type strain and Indonesian strains. These results suggest that the

Japanese isolates originated from the same source.

Chapter 3. Pathogenicity of E. ictaluri strains

The pathogenicity of E. ictaluri strains from ayu was examined. Ayu was highly susceptible to
infection with approximate LDj, of 10* CFU/fish, which is consistent with that of E. ictaluri strain from
channel catfish to homologous host. In contrast, Japanese eel was moderately susceptible and gold fish

was resistant to infection. These results indicate that E. ictaluri is a potential pathogen of ayu.

Chapter 4. Isolation and characterization of E. ictaluri bacteriophages

Twenty-six lytic phages were obtained from ayu and river water or mud. Semi-quantification of
phage in river water resulted in high concentrations of phages in September to December, 2009 and then
started to decrease gradually from January reaching the minimal concentration in May and Jun, 2010.
This successful isolation of E. ictaluri phages indicates the existence of E. ictaluri in river environment.
All the isolated phages have an icosahedral head with a contractile tail structure and were identified as
members of the family Myoviridae. According to phage morphology, plaques, and DNA restriction
patterns with EcoRI and Hindlll, the phages were classified into four major groups. Almost all Japanese
E. ictaluri strains were susceptible to the phages. E. tarda and other fish-pathogenic bacteria were not
susceptible to the phages, indicating that the phages are a good tool for specific detection and identification

of E. ictaluri.

Chapter S. Phage therapy of E. ictaluri infection in ayu

The phage isolates were evaluated for treatment and prophylactic efficiency in E. ictaluri
experimental infection of ayu. Fish that first intraperitoneally injected with virulent E. ictaluri and 1 h
later injected with a mixture of phages showed delayed mortality in comparison with the control, but
resulted in high mortality. On the other hand, high protection was observed in fish that first injected with
phage and then injected with the pathogen. These results suggest a potential of phage therapy in E.

ictaluri infection of ayu.

Key words: Edwardsiella ictaluri, Plecoglossus altivelis, carrier state, pathogenicity, bacteriophage,

phage therapy
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The proposed thesis is composed of six main chapters.

1. General introduction

Recently, much interest has been centered on the protein of E2F (Adenoviral E2 promoter binding
transcription factors), which is linking the processes of transcription and cell cycle control. The E2F
factors are the key transcriptional regulators of genes required for maintaining cellular homeostasis by
balancing between cell cycle progression and apoptosis. Recently, eight E2F genes have been
investigated in chicken as orthologues to the mammalian E2F genes. The vital role of E2F genes in
maintaining the embryonic development has been investigated in mouse and chicken. The first E2F
member, E2F 1, had been involved in mediating cell proliferation and p53-dependent/independent
apoptosis. The detected last two E2F genes; E2F7 and E2F8 have been separated from other E2F
members on the basis of their unique structural features. Very few information on the expression of E2F
genes in chicken has been observed. Therefore, the present study was undertaken to investigate the
comparative expression profiles of E2F7, E2F8 and E2F1 genes in chicken and mouse in an attempt to

understand the function and evolutionary processes of E2F genes in chicken.

2. Phylogenetic analysis of E2F genes in vertebrates

The aim of this chapter is to see the genetic relationship among E2F members in vertebrates
(including mammals, chicken and zebrafish) as well as to know the information about the evolutionary
positions of chicken and mouse within the member of E2F using the phylogenetic analysis of Bayesian
method. E2F family has been divided into four subgroups with distinct E2F7 and E2F8 members that
appear to be the most recent E2F subgroups. Within the individual member of E2F, avian split a separate
branch from the mammals indicate that avian E2F members would have conserved structural and

functional characters from the mammalian species.

3. Gene expression of E2F7 and E2F8 in mouse

The aim of this chapter is to assess the specific expression and overlapping function of E2F7 and
E2F8 in mouse. I profiled the amount of E2F7 and E2F8 in different adult tissues using the quantitative
PCR revealing the highest expression level in the testes, and then investigated the expression profile of
E2F7 and E2F8 in the different developmental stages of testis. The results of quantitative PCR showed
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similar expression profile of E2F7 and E2F8 during testicular development. In addition in situ
hybridization for E2F7 and E2F8 in the adult mouse testis indicated the simultaneous localization of
E2F7 and E2F8 in the post meiotic spermatocytes. Therefore, the present findings reported that E2F7

and £2F8 may be overlapped to maintain mouse spermatogenesis.

4. Gene expression of E2F7 and E2F8 in chicken

The aim of this study is to clarify some information on the expression profile of E2F7 and E2F8 in
chicken as well as their possible regulatory mechanism through antisense transcripts. I analyzed the
expression of E2F7 and E2F8 in different selected adult chicken tissues using quantitative PCR. The
results showed that chicken E2F7 and E2F8 were expressed mainly in the chicken testes. For that the
amount of £2F7 and E2F8 mRNA in various developmental stages of testis were measured while
showing markedly different expression profiles of E2F7 and E2F'8 during chicken testis development.

For more investigation on the £2F7 expression regulation in the adult testis, the modified RT-PCR
method using strand specific primer. The results showed the transcription of E2F7 antisense RNA from
the 3’-genomic region of E2F7. Furthermore, the strand specific quantitative PCR was used to measure
the expression levels of sense/antisense RNA in the developmental course of chicken testis. The
expression analysis results indicated that the expression pattern of E2F7 antisense RNA during testis
development heading through opposite direction from its sense. Due to high expression of E2F7 and
E2F8 in adult testis, the in sifu hybridization was used to investigate the location of E2F7 sense/antisense
and E2F8§ in the adult chicken testis, showed that the sense E2F7 transcripts were localized in the
haploid germ cells (round spermatids and spermatozoa) where the £2F8 were found. In addition there
was limited localization of E2F7 antisense in the round spermatids. These results indicated that E2F7
and E2F8 had their own role in the spermatogenesis process and in the developing testes via stage

specific expression of E2F7 sense/antisense transcripts.

5. Gene expression of E2F1 in chicken and mouse testes comparing with the expression profiles of
E2F7 and E2F 8 at various developmental stages

The aim of this chapter is to assess the expression profile of the chicken E2F[ at developing,
growing and adult testes comparing with mouse E2F expression profile at corresponding ages. In
addition the relationship between the expressions profiles of E2F and E2F7/E2F8 in course of chicken
and mouse testes development was investigated. The quantitative PCR results showed clear difference
between chicken and mouse E2F'] expression profiles in the course of testes development. The mouse
E2F1 expression profile was dissimilar to £2F7 and E2F8 during testes development and adult testes.
However, the E2F] expression in the developing and adult chicken testes showed similar profile with
E2F8 but was different from E2F7 expression profiles. These observations concluded that chicken E2F1
may play a particular role in chicken testes development and spermatogenesis which was different from
mouse. In addition chicken E2F] may predict different regulation by E2F7 and E2F§ from mouse E2F']

in developing and adult testes.

6. Conclusion
Findings of the present study are the first step to elucidate the diversity of the E2F genes in chicken
from mouse through the comparative approach of their expression profiles. The widespread differences

of the E2F1, E2F7 and E2F8 expression profiles between chicken and mouse developing and adult testes
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can provide the possible clues to the specific variation of testes development and spermatogenesis

between chicken and mouse.

Key words: antisense transcripts, chicken, developmental stages, E2F genes, expression profiles, mouse,

testes
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This study examines the poverty alleviation capacity of microfinance program (MFP) in the rural
and sub-urban areas of Bangladesh. Nowadays, the group-based lending system of the Grameen Bank
has been replicated in 45 developing and developed countries around the world. Researchers, however,
held divergent views after evaluating the effectiveness of MFP towards poverty alleviation. Under these
controversial findings it is still remain inconclusive whether MFP contributes to alleviate poverty.

Chapter One describes the problem statement, justification, objectives, hypotheses and structure of
the study. Chapter Two concerns with the review of literature, conceptual framework and research
design of the study. The present study samples randomly a total of 450 women who had been involved
in the MFP of Grameen Bank or BRAC or ASA or TMSS or BRDB or RDS for at least six years or more,
as well as an additional 150 women who left the program either successfully or after failing over the same
time period. In addition, the study randomly selected another 100 women who lived in the same villages
but did not participate in an NGO-based credit program even though they would have qualified to join.
These non-members permit comparisons among the three groups. In total, then, the sample stood at 700.

Chapter Three studies the main causes of poverty and the poverty alleviation approaches undertaken
by the government. The study finds that the causes of poverty are much more complex and no single
factor is sufficient to understand and explain the dynamics of socio-economic process of poverty.
However, higher household dependency ratio, deprivation, social discrimination, illiteracy, unemployment,
gender discrimination and poverty transfer through forefathers were identified as the major causes of
poverty. These factors individually and collectively affect the access of poor to the economic resources
and the equitable rural income distribution.

Chapter Four studies the rural financial markets (RFMs) and the importance of NGO-based
microfinance institutions (MFIs) in the markets. The study reveals that increased participation of NGO-
based MFIs in the rural financial markets significantly raised the volume of institutional credits.
However, informal lending sources still remained as major suppliers of rural financing.

Chapter Five assesses the basic information of the respondents and the study areas. Majority of the
respondents was in the age group of 21-50 years; and almost all borrowers (94%) were primarily
housewives. Every one out of five respondents took loans from more than 3 and above sources, and
about half of them borrowed from 3 institutional financial sources. Therefore, on an average, every

member borrowed from at least 2.87 MFIs simultaneously. No professional skill development training
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was given to the members before granting loan.

Chapter Six describes that the amount of credit provided by MFIs was too small to undertake and
run an income generating activity that can generate such earnings with which one can repay the weekly
installments after mitigating the least family requirements. Moreover, almost all of the poor had been
chronically poor and suffering from the indebtedness problems with the usurious moneylenders severely.
Consequently, major part of microcredit is spent on unproductive purposes. Heavy pressure from field
officers and peer group members compelled them to borrow again from other sources to pay the weekly
payments. Thus, poor can survive through practicing such loan recycling process, but within few days
they lost all their possible lending options and eventually they remained the poor as they were before.
However, MFP can enhance some of the socio-economic wellbeing of the economically active poor, who
are capable of taking care themselves without participating it.

Chapter Seven concerns with the effective interest rates of leading MFIs in Bangladesh.
Considering the costs of getting loan, the BRAC was found to charge the highest interest rate (51.31%),
which is almost the same with the rate charged by traditional moneylenders. The RDS, a commercial
bank operated MFI, charges the lowest rate on its loans. In terms of the socio-economics status of the
poor borrowers, the rates charged by MFIs are invariably higher and unaffordable. Comparative cost
structures, sustainability indicators of MFIs and comparison of interest rates with commercial banks
suggest that MFIs can re-fix interest rate to a reasonable lower level.

Chapter Eight measures the level of empowerment achieved by the women respondents with and
without participation in MFP. Findings show that women are used as ‘agent’ for availing of loans and
except in some rare cases, loan is managed by their male kin leaving them little or no control over the
loan. However, the empowerment status of rural women has been improved regardless of participation in
MEFP over time but the magnitude is not satisfactory. Although microfinance improves the empowerment
status of the ‘better-off” members, it failed to improve the status of the comparatively poor members. In
many instances, the program not only failed to change their social position, but also worsened it.

Chapter Nine assesses the prospects and challenges of Islamic MFP in Bangladesh. The study
reveals an inelastic demand for Islamic microfinance products compared to the conventional ones against
a limited supply. Because of its inherent characteristics, Islamic MFP bears the potential to alleviate rural
poverty.

The findings showed that among the Muslim respondents, almost all were compelled to borrow
from conventional interest-based MFIs in the absence of Islamic financing sources. However, almost all
of them have a strong desire to join Islamic MFP, switching from their membership in conventional MFP,
if the right conditions are created. Lack of funding and support from the government, donor and
development agencies, allegations of involvement in patronizing militant activities and lack of
entrepreneurial and managerial skills are the main challenges for the growth and development of Islamic
MFP in Bangladesh.

In a nutshell, conventional MFIs are not doing exactly what they are publicly claiming. Microfinance
is a good business for the MFIs; but, unfortunately, not so for the borrowers. Ironically, many poor, in
fact, get deeper into debt and poverty in the process. Therefore, a modified, comprehensive, and

specialized approach is recommended to address the diverse needs of the poor.

Key words: microfinance, impact assessment, poverty, effective interest rate, Islamic microfinance,

women empowerment, Bangladesh
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Antibiotic resistance is a food safety problem for two important reasons. First, antibiotic resistance
is increasing to some antibiotics, such as fluoroquinolones and third-generation cephalosporins. These
antibiotics are commonly used to treat serious infections caused by bacterial pathogens frequently found
in food, such as Salmonella. A Second reason is that the food supply may be a source of antibiotic-
resistance genes. Harmless bacteria present in food-producing animals could be resistant, and humans
could acquire these bacteria when they eat contaminated products from these animals. Once ingested,
resistance genes from these bacteria could be transferred to human intestinal bacteria. However, little is
known about the impact that antibiotic resistant bacteria present in milk and dairy products may have on
human health. Therefore, in this study we characterized the molecular basis of this resistance in different
species of bacteria isolated from milk and dairy products.

The aims of first part of this study are to determine the genetic basis of resistance in the Japanese
probiotics and to elucidate how they can interact with certain antibiotics. Consequently, we can assess
their safety and efficiency if co-administered with antibiotics. A total of 43 isolates were obtained from
40 samples of probiotics (30 dairy products and 10 products in tablet form). Isolates were identified
using 16S rRNA gene sequencing and tested for their susceptibility to 14 antimicrobials. They were
screened using PCR for aminoglycoside, macrolide, vancomycin and tetracycline resistance genes.
Inactivation of some antibiotics by different inocula of 11 strains, representing all identified species, was
evaluated using the antibiotic inactivation bioassay. It was found that none of the dairy probiotics showed
a level of constitutive resistance or carried inducible resistance genes making them suitable to be
administrated with macrolides. Among the probiotics in tablet form, only Enterococcus faecium strains
carrying the msrC gene, mislabeled as “faecalis”, showed an MICy, of 4 pg/ml. Extended spectrum
B-lactams, tetracyclines and ampicillin exhibited powerful germicidal activity against the vast majority
of the probiotic strains. tet(W) was detected in all Bifidobacterium animalis strains. No decline in the
effective concentrations of vancomycin, clarithromycin and cefepime was observed after incubation of
heavy inoculums of the tested strains with these antibiotics. In conclusion, there is a limited choice of
probiotics available in the Japanese market that can be safely administered with some clinically used
antibiotics. Vancomycin, clarithromycin and cefepime keep their potency if co-administered with the
resistant probiotics tested.

The aim of the second part of this study is to determine the molecular characteristics of antibiotic
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resistant bacteria isolated from raw milk of healthy animals. Such study is expected to provide critical
missing information on the clinical treatment failure in many cases of mastitis and to develop appropriate
strategies for the prevention and control of udder infections. Moreover, it gives new insights into raw
milk-associated public health risks. 150 Gram-negative strains isolated from milk samples collected in
2007 and 2009 from 23 healthy dairy cows reared in organic research farm in Japan had been screened
for presence of large pool of antibiotic resistance markers including ESBLs, class 1, class 2 integrons
and plasmid mediated quinolone resistance genes. Strains carrying -lactamase resistance genes
including SHV-1, SHV-27 and TEM-1 detected in 30.4%, 4.3% and 17.3% of 23 milk samples collected
in 2007, respectively. Interestingly, a novel SHV B-lactamase designated SHV-60 was detected for the
first time in Japan from one sample (4.3%). In addition class 1 integrons detected in 8.6% of samples.
Sequence analysis revealed that they harbored aadA2 and dfr1 gene cassettes. To get further confirmatory
data for the possibilities of invasion of healthy udder with antibiotic resistant bacteria, another visit to
the same farm was carried out in 2009. A same clone that carried SHV-11, CTX-M-2 and class 1
integron with aadA2 gene cassette was detected in 2 out of 23 milk samples (8.6%). In addition strains
that carried SHV-11 and SHV-27 were detected in 2 different samples. Neither class 2 integron nor
plasmid mediated quinolone resistance genes were detected in both visits. Our findings gave the first
evidence that opportunistic pathogens carrying antibiotic resistance genes can asymptomatically invade
healthy udders in given time point and suggest that they may be play a part in dissemination of antibiotic
resistance genes to the udder pathogens.

The aim of the third part of this study is to address the prevalence and the molecular characteristics
of antibiotic resistant enteric bacteria isolated from one of the most popular types of Egyptian cheese. A
total of 215 ampicillin resistant enterobacterial isolates were obtained from 80 samples of Domiati
cheese and they were screened using PCR for a large pool of antibiotic resistance markers including
ESBLs, class 1, class 2 integrons and plasmid mediated quinolone resistance genes. It was determined
that the most frequent mechanism of ampicillin resistance was from a TEM-1 type B-lactamase. As well,
SHV B-lactamases including SHV-1, -25, and -26 showed a high prevalence and two novel SHV
B-lactamases, SHV-110 and SHV-111, were identified. CTX-M-14, OXY-1, OXA-1 and CMY-4 type
B-lactamases were also detected in a few isolates. In addition, a novel AmpC B-lactamase was detected
which was designated CMY-41. Sequencing results of class 1 integrons revealed that the uncommon
aminoglycoside resistant gene cassette aadA22 was found for the first time in an Escherichia coli strain.
The other class one integrons harbored various common gene cassettes including, aadAl, aadAla,
aadA2, aadA12, and dfrS, dfr7, dfr12 and dfr15. The only isolate that carried a class 2 integron contained
dfrA1l, sat2 and aadA1l. Plasmid-mediated quinolone resistance determinants qnrS and qnrB showed a
low prevalence. Klebsiella pneumoniae and phylogenetic group A E. coli strains were the main antibiotic
resistant gene hosts. This study provides meaningful data on high antimicrobial resistance contained in
Domiati cheese samples and reports for the first time the presence of -lactamases, plasmid mediated

quinolone resistance and integrons in isolates from food of Egyptian animal origin.

Key words: antimicrobial resistance, probiotics, B-lactamase, milk, dairy products
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Wine is an alcoholic beverage made from grapes. Fruit composition plays a critical role in the
quality of wines. Thus, to understand the effect of viticultural parameters which affect the grape berry
components, in particular, phenolics, helps us to make the strategies to modify the wine style.

ABA is a multi-functional phytohormone. In ripening grape berries, the concentration of ABA
increases rapidly, and exogenous ABA was reported to induce anthocyanin and hexose accumulation in
the skins. Though ABA has been considered as the main triggering signal of ripening, the mechanisms
acting at the molecular levels require further clarification. In view of the potential importance of ABA on
the regulation of berry ripening, the effect of exogenous ABA application was examined.

Light greatly influences the growth and composition of the fruits. The light exposure of the fruit
clusters has been regarded as one of the major influences on the flavonoid compositions among the many
environmental and viticultural factors. Light exposure (or shading) during different timing is supposed to
affect each branch of flavonoid biosynthetic pathway differently, modifying the compositions in the
berry skins variably. From the viticultural point of view, the regulation of phenolics by different periods
of bunch shading was studied.

In addition to the viticultural parameters, several enological parameters were also reported to
influence the sensorial quality of the wine produced. Changing the temperature during maceration was
thought to be one of the most effective methods to influence the extraction of phenolics from the berry
skins and seeds because temperature affects the permeability of the cells and membranes in grape
berries. Thus, from the enological point of view, the influence of different temperature conditions (cold

soak and/or heating at the end of maceration) on the extraction of phenolics was examined.

Chapter 1. Regulation of ripening-related gene expression by abscisic acid in berry skins of the
Cabernet Sauvignon grape

I investigated the effect of exogenous abscisic acid (ABA) application on the transcriptome as well
as the phenolic profiles in the skins of Vitis vinifera cv. Cabernet Sauvignon grape berries grown on the
vine and cultured in vitro. ABA application rapidly induced the accumulation of anthocyanin and
flavonol. Correlatively, the structural genes in the phenylpropanoid and flavonoid pathways, and their
transcriptional regulators, as well as genes considered to be involved in the acylation and transport of

anthocyanin into the vacuole, were upregulated by ABA treatment. The Genechip analysis showed that
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the ABA treatment significantly up- or downregulated 345 and 1,482 transcripts in the skins of berries
grown on the vine and cultured in vitro, respectively. Exogenous ABA modulated the transcripts
associated with osmotic responses, biotic and abiotic stress responses, cell wall modification, auxin and
ethylene metabolism and their responses, in addition to the induction of anthocyanin biosynthetic genes,
and reduced those associated with photosynthesis; approximately half of these transcripts were identical
to the previously reported ripening-specific genes. The genes reported to show ripening-specific
induction or reduction were up- or downregulated, respectively, indicating that ABA treatment advanced

a considerable part of the ripening process in the berry skins at the transcriptional level.

Chapter 2. Effect of bunch shading during different developmental stages on the phenolic biosynthesis
in berry skins of the Cabernet Sauvignon grape

The effect of bunch shading during early development (before the onset of ripening) and/or during
ripening on the phenolic composition of grape skins (Vitis vinifera L. cv. Cabernet Sauvignon) as well as
on the mRNA levels of the biosynthetic genes on the flavonoid pathway was examined. The anthocyanin
concentrations were remarkably reduced when the bunches were shaded during ripening, which was in
accordance with the decreased transcription of several anthocyanin biosynthetic genes and transcriptional
factors. Shading during early development did not influence the anthocyanin concentrations at harvest;
however, it decreased the proportion of trihydroxylated anthocyanins. Thus, shading during early
development also had an influence on the compounds biosynthesized during ripening. On the other hand,
shading during early development resulted in decreased proanthocyanidin (PA) concentrations. The PA
concentrations decreased during ripening, and the decrease of the concentrations was lower in berries
shaded during early development than that in the exposed berries. Thus, no significant effect of shading
during early development was observed at harvest. Shading during ripening did not influence this decline
in the PAs. On the other hand, shading during early development induced changes in the composition
such as a decrease of the trihydroxylated subunits within PAs, which agreed with the relative decrease of
VvF3’5’H expression. Thus, the transcriptional change of the related genes on PA biosynthetic pathway
by shading was thought to contribute to the change in their concentration and composition, similar to
those on anthocyanin biosynthetic pathway. Finally, the importance of light exposure during early
development was shown as it has desirable influence on the proanthocyanidin composition in the berry

skins as well as the anthocyanin composition.

Chapter 3. Effect of maceration temperature in red wine vinification on extraction of phenolics
from berry skins and seeds of the Cabernet Sauvignon grape

The extraction of phenolics from berry skins and seeds of the grape, Vitis vinifera cv. Cabernet
Sauvignon, during red wine maceration and the influence of different temperature conditions (cold soak
and/or heating at the end of maceration) were examined. Phenolics contained mainly in berry skins, viz.,
anthocyanin, flavonol, and epigallocatechin units within proanthocyanidins (PAs), were extracted during
the early stage of maceration, whereas those in seeds, viz., gallic acid, flavan-3-ol monomers, and
epicatechin-gallate units within PAs, were gradually extracted. In addition to their localization, the
molecular size and composition of the PAs possibly influenced the kinetics of their extraction. Cold soak
reduced the extraction of phenolics from the seeds and increased those from the skins, which is
considered to have advantages for organoleptic properties of the wine produced. On the other hand,

heating at the end of maceration decreased the concentration of PAs and mDP. Thus, the modification of
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the temperature condition during maceration affected the progress in the concentration of phenolics,

resulting in the alteration of their composition in the finished wine.

Key words: Vitis vinifera, red wine, phenolic biosynthesis, extraction, proanthocyanidins, anthocyanins,
Abscisic acid (ABA), sunlight
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T, EETHRZ =T M) 2 BT 5720108 2 5 =7 F ) IRYE#E (embryonic stem, ES) L
TEEDTEY, MBI A BEEFHBEAEORITIZERE L EZ 515, BEFHIZEORTY,
AR BIR 2 AU L CREDO B TICAREEAT BT =T T4 07 (Vo7 A rBLO v
7R RS ERARERO—DTH S,

FZCARWIZEE, FT=T MY ESHBOEGET S =774 v 7 a HIgE L7z, H28 T, MR
12X AL VOB EZEAL % MICEHET X 2RSS, ZREAOEMN & L CIRSSE RN B % B
FTHKGEEFRI 17 ) A5 ) VRBIETERIRL, ¥—F 71 vV RNy & =%/ L, RICHE3ETI,
=7 MY ES MBSO MR 2 EBE T o700 & 512, BETHEAEMOWHFENIIEL HivE LT, 554
BT, =7 MY ESHIMIC B B MR 2 A TR WA AT L 72,

B2 ZTJRJIMNIIRR) VEBEFEENE LEZ—T T« 2 INJ Z—DHEE

BB X AT S — 75 1 v 7Ry ¥ — O, BET LHENTEICL > TfTo 720 ERHR=T b
VHEL 7R H-BISICHERT 5 8 7 ) A% ) vitfa FEEOHMIE DNA BiFiZ 7/ 2 PCREEICE > TH
WENTe 8127 ) AF Y YDA Ny 73 KA EGFP 5% kL 72tk Ea—na~<A ¥ Uitk
5T (Pac) ZHAL, BRI ¥ = EINIz, —F, BT~ 20y ZHICHKT S 8127 A%
V) VR T- O AR DNA BLAIE 7 7 2 PCRIC & » THM S, DsRed i#fnT ®#iE EGFP i#Efn T & Pac
OIFEHEM O LY, FFARANY & —HHEE SNz RIS, ES MO 2 25855 L 72 & ARGE
ToE, MBEBREICE o THERENZF A TIBICBWT, KL )L OB % K S AR 22 506 G
fo o fEIAT R 3T & L CHRINASEERI A S M EICBIR TE s LE A LN, FMARTIE, M
[FIFLR 2 ML O A T FMAE & AR dBIC & - CRIBFICBISR T& 5 L £ 2 bz, 20k, SifEo="7
N ES HUBAASHEEE 7)) ~ A0 » 2 FOSZAE A SBIL Sz 2 b, B X OIS E WAL 2 )
WRETE2 s, E3EPOIIIFARNRS ¥ —2ffifjl55Z L L L7

$#3% : ZJ N ES #ifaDEREE R

=7 8) ESHIAEIE, 75BN S S 4R (K18, M2, M5B X O M22#ie) 2 11 L 720
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ZORE, 7/ 4 PCR LY AL 2 AAZ 13 M2L, M5L, M22L(2), M22C (1), M22C (2) filfgic& 1
M2L MifE I BEA O AH AL 2 & (25 2% 2 AR FIEREAVRIZ S 7z BRIRANS & — 12 X 2 AH AL 2 1,
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MAEWAEDIEZE TIZRERAIEBU RN Z EAVRENTHB Y BIRRIERTH LD, 7T—74 7727 PO
e &o RIS T 2 L5 P35 5 L2 bz, £72, M2L M O R0 2 H i 13 5545 CREM 12
fERTS 5 2 L2 L7ze MSL ilid 2> 5 BREEAHREL CHUE L 72 MSL20MIUIE MR Id A~ 7 1 BT[] AL 2 B (R %
Fio, MURBHIC & > TR L7z 0 128 T@Et, K RRREIIOREEEE 5T 25 F 2 FIRDEH
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L7258 0 |[ZBE T ChH H Z LR ENT,

BAE  —7J N ES #iRRIC T B HRBR I EETEE O TIEN R BT

B3RO & —BAMEA, ST/ A DNA R HILL, X7 ¥ —DF A 4@ THEMUIC T v e
7Ltk AR R L, PE L ARG Y 7 LoMEMEMRSE 7 0 75 4 (Basic Local
Alignment Search Tool, Blast) |Z & - CRI%E L7z Al 2 FAIE552, 3(261), 5, 12, 14,208 b & O° Z Gtk (2
Bl) BV TR SN, WFLEMIL T oG & BRI UERL EE 2 & OGO ARSI ICBlg S hz.
Pz X BR7 5 — LGtk DNA O HALIC 1207 43RO A OMFEPEABI%E £ 11, non-homologous
end-joining (NHEJ) |2 & 2845 CH 5 2 LAUR S 7275, M22L (1) M C A R IR o 6 3 MR E
AR SN2 TNODRERPS, SV F LA T 7 L= a Y2 & o THlithgeta R0 M AEE 2R T
5L, BIUHINMER X2 ¥ — DNA OIKEIIKA L CEIRE LS NHE) B OFAEA R S iz, 72
M2L Al OFF LR 2 M 1%, 20 OAH MR 2 B (R ASEALICIEE L2 D Th b I LAVR
B E N, ZOREPS, MBPIZEA SNI2EONY ¥ —45T12 L -, filikge ik (F7213MF 3
fufR) AT AR A Lz L RS,

5, 6%  MEERBLUWMIE

KL T, =7 MY ESHIBBORBZET ¥ — 75 1 > Z IR cadTlIh L, AHFEFLE 2 Mo IC
Lo T M) OREEER L@ ICETEETH D 2 LAVRENT, Sk, FHRGIR 2 M A3 A FE G
NGALT L2 LT, BT YT T4 7= MUDBMEREND EEZ LN, BEICBIAEEL L0
{ZTRAT, FRREE TV, PORtEONS., HEEEMEIBINORIEB L =T M ZFH L 28 L% E~0ItH
P EI NG, E72, KRBT OIS DL W, TV LA T 7 L—3 a YRR M2L Mg kE O AH [ FH 5 2
X DRSNS 5 2 & T, A i TR 2 BT ORSSIC o 57259,
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B TN Y —RIEEEE R AEC BRI L o, IERICHRAN 2 B %% - T 5 MiFe AT

BEEO—DTH D, ZORADFRERT 2 L, FrdlGHE LT 57201203, JREL IEMEIC RS 2
ETIWVEDBLETH L. BFE, TV Y—ROJEKNE LT [Amyloid-p (AB) K] 29A  LFrs
TWwb, ZOHTIX, Amyloid Precursor Protein (APP) @ N i, C Ki2s, TNENPBL Ny £~
Ly —BIZk B0l a21d 5 2 L CHEASNS ABAHONREEZEL S, 0 AR IEZEIC N KiiasH L
T CRMARLZD ABAOE AP S %Y, TR TIVINAY =2 RIESEL EER D, —F, KRNt
TIINAT—=IROERE LT, APP #nTo0 >y K RIZR (VI1TLF, G) & AW = —7 »BIZ R (K670N,
M671L) BSE EN T b, O FURIZER D H 5 L ABROMBINA~OPE IS 5, —, A7 = —
FURMBRNH S L APP EHEE -7 LY —BIZ L 280 % D 33 {40, AB40L ABA20 At
5, ZOMGDZEE%E LD APP (APPSw/Lo; APP with Swedish and London mutation) 1z 7% #1258
BIa M7 02022y 77 ATIE, BLTHEREREE AR 77— 7 OESFIICREZ 5 2 &A%
HENTWD, LoaL, ZOWFEIFHS IR > T, fiE> T, APPSL-Tg < 7 A DG EE ) Riat:
AB OB & FHH B EOIER I OBREZHO 22T 5 2 L, ERFEZE 25 L THELRRETH
bo —F, TAVYV—=LDY—H—HEHETH5H LAMP-1 (Lysosome-Associated Membrane Protein 1) (Z,
TN INA X —REHEORTENIFDFFHHEOFEERE LA L THEMT L Z LA HESN TS, TD
HENETIVEI D APPSL-Tg ¥ 7 A THHREDLDN. 72, T4V Y — L OEWALIMTHE B OELTIC
HEE 52 DNEEETH D PRBRGHETD 5,
(HIYy) AWFZEClE, APPSL-Tg ¥ 7 ADNIZ & 2 RIAOZALE AL, FRBLFANY, 1TEIA 09T L,
ZORMWZEALZH SN T H T LX), FEERF 2T 2 HWE Lz, 512, APPSL-Tg ¥
TADOIEECTED L HNZTA VY — 2HEWALT 2 02§25 2 L1280, TV YN I —ROEIE
N5 2HETH I L2 HIYE L7z,

(R & E5R)
1. APPSL-Tg ¥V ADMEBICE B DORRAEE(L

APPSL-Tg ¥ 7 A & non-Tg ¥ 7 ADWFME ) KE DAL ZE LB L 7240, W5 & b 13IZEBRO Rl
#MAER LTz F72, APPLS-Tg ¥ 7 A DMNOAENE AB40L AP42% ELISA L2 X 0 llsE L7z 4L, Ay
ELUROBEDEILT 2640 ARLIRIZEBIZHNL 720 OB, AP42/400IL L6 A UEETHM L 720 =
NHDIERDPE, TUINAT—=FHET VYT AIZBNTH, 0¥ FURIEEN ARA/M0D LA BN S5
SRR LT, ABR2OMIBIHEEIZ APAOL Y REVZ EAME SN TVAE I RS, TOZ L IXEELER
%¥§O, —Ji, APPSL-Tg ¥V ADWYINEEAR %, U AP JUR % i L 72 se et LS T2 X 0 T L
7oA H, APPSL-Tg ¥ 7 A DN TIL, INEIFHICH 720 AR 7T — 7 OB BIER SNz T2, 2D AR 75—
7 OIHAIIII PR WEREL T A 2 E 2R L7z 2D EIE, B FDT IV YA Y — RO 7 47 &
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L TWah, ZD728, APPSL-Tg <™ 21X 7 VYN A < —iEBE ORPFHEO—RZ LWL T b & %
AbNb,

2. APPSL-Tg ¥ ZADMEBICEH RS TEFHRREEL

7 5 At APPSL-Tg ¥~ 7 A DZEMFELERE D & € — 1) AK&EEE (MWM) BRIC X 0 HIE L7
APPSL-Tg ¥ 7 ATld, RNEME AR 22BN 267 Al L W iD3 7 A CREICEERERENS 4 L C
W3 I EDRENTz, COFELMEEII3r LT L TR & 72, —F, AT 2 —F Y REROAK
D Tg-2576 CHHRLBRE LR T 06,5127 HEIZ Ao ThLTH LI EPpMEEINTVE, ZDZ
Eid, 0y R URIZER A FO APPSL-Tg ~ 7 AT, X ) BMIC TR ERERE L 2 L 2RIBL T b,
CAUTIZTEMED APV EELFEEZHELLEEZ N5,

3. APPSL-Tg OmsicHEDS, A4V —L - X—H—2 /N7 & LAMP-1DRAETEICEI T 55T

APPSL-Tg ¥ 7 A &, non-Tg ¥ 7 ADOKGEEIZEEN S LAMP-1ERFEE 7T A% v 7y b & hEil
AL TEIC X VRET L7ze T OE, E#O APPSL-Tg ¥ 7 A DfiX Tld LAMP-1Z&HE AN+ % &
EERIR L7z /o, WEBEIETIE, AR 77— 27 ORBHT, LAMP-1EHEDO Y 7S VAL Twab Z L
ABERL, ZoZEnS, ABT T ORFT, LAMP-1EHE OB HL 5 2 LRSI N7,
U, TN =IO EE O KRB E THREEOHEAT & 12 LAMP-12 15 B 2B 238 b4 2 3k & %
JIBLTCWh, 2OTA VY —AOBFRGEHELEHIET 2 2 L 12X 2 70y A < =IO MEFTHIH O FEE
AWETT A LS ROBERLETH D,
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FERHHII ClMIIRE & /87 BUEFE ST v, RIFZEIL, Nk - IV VEov I 3 FifgEEo
GTLAOVTOHRE A E LT, MIBAIREEEEICES T2 5 237 BEEORREERNT 217 - 72,

TN — T TIE, AT 4 Y TREOEERDOBEIZL > TR — ¥ ARl FEEND 2
EERWELTW 2 L2 L, ZOFERKIAWTD -7z RBIETIZ, A7 4 ¥ THEEOMBEAE S
AfE L7z & SIPRENS 5 7 R b — 2 ARHIISETERR O 5 T L~V COMI % B8 LIRIT % 175 720

1. #RRRAEEEEEICES Y 5 Arvi OEEERIT

INBARBTES Y7 ArvIE RIS D L 1T I FPERT L2 L0 SNz, ZoORERIEEAR
BCTh ol BT —~< T, ArvID A7 4 ¥ TNREAEIIC BT 5B %2 L7z,

arvl BERRCIIHEA A 7 4 » TNRE IPC (inositol phosphoryl ceramide) DA ED Y L {igd L Tw/z,
LA L, IPC ABIEHEDILTFIZED 5T, 72 IPC DAE T ATP MBI X B /Nl o - o 2
W hroll lhs, Arvlidt T I FONEEREIZES$ 5 2 LAURE Sz,

CONTHEEZNSPICT A EZHAME LT, avl BIEMOSIREZEZINET 5H 7L v ¥ —#Elz
FOAT ) ==V T ERFTo124ER, GPIT v I —HEEROE—ERICHST 55 V3 HE2a—- N7 2%
GPI15 P SNz % 2 C arvl BEIERRD GP1 7 > 1 — A D A ARl % AT L 7245 %, GleN-(acyl)PI 2%
ERLTBY, ZoPREEL L EH S5 Man-GleN-(acyl)PL 25584 L T 720 arv B O Man-GleN-
(acy)PI &G EIC R NLFRO b N hr o722 &5, Arviid GleN-(acyl)PI O ik @2 253 2 £ £ 2
b7z,

P LEo#R» S, 27 I FOMNBED S OWi#IC 545 ArviE GPL 7 > —EGIC G §5 2 &
WS E R o7 TOZTLIEGPIT ¥ I —DAEEKIZE > TE T I Flk2HE M TW 2 IR Z R
BLT\Wb, TZTGPLT ¥/ — AR EZDHD Y ¥ /87 BADEBBIEIBGOH 5 ERkD A 7 4
VIRE O GRE BT LR, WD IPCOAREDERDY LTz, ZORENLS, £F 3 Kok
JafkH & OBIEIZIE, GPLT ¥ —48 VS EOIEFRERPVLETH S I EAVRIEENZ, TiudtT 3
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2. AFO—IUEG RV INTE Osh DA T « > AREESRICE VT DHEEERRIT

BRI BT T 3 PNk IC 53 2MI8EH S v 32 I RFAETH 5. Lo LEWiEo &
7 X F#igk 4 7327 B CERT (ceramide transport protein) & (D N X A ¥ %4 $ % Osh & ¥ /X7 B
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3. A7« »IREEEEMOEIED & /£ I HRIEAGHERE DRI

IR S TV VRO L T I Rk ISEROBRBESGAEL TBY, TOBMRIRERFEO L Coe 2
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FUFS LI LI2E 5T, DAN—PRIEWO T R N — Y AFEIHRE 5 2 L AVUIFIE 7V — T OEHTIC &
DS > Twde L, W AN—VIZEL T TOFERBIIAHTH L, KT —~TlE, 274
VIOREEFEEORFEICL D TR - AR FH SR ORI A HiR L 72,

1) AANR=EO LIy b7 0 s e OMENORIAES3 52 L%, ¥ b7 04 o KIEKRD AbA K
Pk L, BE#Y PO A cOBIBIZX > THL NI L7, 2) Y b2 OA e, I vary R 7
W OIEVERRFTE (reactive oxygen species, ROS) D#RL, ZNUZL o THERISNLEI P Y FYTO
AR DEG 52 L MBI X > THOLMIZ L7 ze 3) AbA LB X % ROS EHRED RN &
LCHIIBE Ca® IIED EANEEG 52 %, MIEC BEOMBI L, MIEAN Ca™ HEEREKRD
AbA JESZVE ARPUED RN TS 2012 L 72s 4) HIEA Ca* iR FRA DR R O—2 1 /Mafk A b L AM
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DYz ub e, HAN—EOFUALERTT R b= AL FE I N EZ 5D,

1

KIFZETIX, ArvIDOBEREIN 21TV, NP S DX T I FEEICGPI T v H— % Y 8 O &
WL ETHALZEEZHLMNII LT E5HIC0sh ¥ 87 EHIEE T I F/ARIRREICES L, F/-F0K
HIZX > TH 7 ik OEBMGIHE SN L Z L2 AWZ L7z, 20X T I FIEORE L A
T4 Y IRREDOEARDO B L T, IEEREE T2 78 b — ¥ AR S MR § 2 2 &
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(B8] ARNOZHARISDIZE AL, EEAEPMIE L 72 o> TRISBSHEATWD, —RIZEFEDIEL
CHEET 2121, ELWHERBRICITVE TR A0S, SO B ENMEI LB ICHF SN2
NE% S5, L OERABIHAT AL THIEL Twb, L L, EAEISKT 2HE TR 6 o
&, RZFICHE ISR > TEW v, RBFZEIE, ¥ v 704 ¢ (eyt.o) ZHOVWEAEOHE - 1) &4 -
LEVEIZRT T AR TR A ORELZ LN T 22 2 HNE T 5,

i
s

R] BTEERTHREL TV S eyt cit, BAEOHT, Bk - 0 EAR - EEICHET 2 MAIRD
EENTVEHDD—2THb, cyt. cld, HEEHLELE L TALATEAENTICD L, TNHRY RTF
FEEIAREA L T0D E V) BB AHEEZ LTwd, S hI3 Y FY 7D eyt cl2BWT, N2 KB E
AHAEE L o722 D5, eyt c IZBWTALIIREEFLE LTHETTIREL, D) #iEoar 2) %
EWOE 3) i BADTEE LW FEHEFOLEZONTE,

WAER 2 TEHEOEAGH L NV TOF 72 E LT, BIFEGHE Aquifex aeolicus HHE cyt. csss (AA
Csss) S, cyt. c EEBIIUIHEZEZ DN TV ALEIERE (EGHY AT L) O—HTHLI ANT 4 FiEh
RIS (Dsb) Z K L7-KRBETY, BISMWIcHRORlE LCRBT2Z L2/ L, 20T
AA cssslE Y b7 T A b DERIS, NADHEE L T WIREE (7R8) TLEIENT 5720, AN TH
FEMNCAN L H TN ARG D EAH 2 Thze SNAIE LITIUE, BEFED eyt c IBU AL 05E 1) #
HEOAT 3) WNEARDFTIEELVIEZEZLOPZTWOTOHAL %2 5,

B

[FiE1] Cyt.c ICBIT2ANLOEEOIEE HIEL, AA csssDMIT AA coss EHFIEDEV3FED cyt. C,
U Pseudomonas aeruginosa H12k cyt. css, (PA cssy), WFEVR Hydrogenophilus thermoluteolus F1 cyt. css, (PH
Css2), WFEMTR Hydrogenobacter thermophilus H3 cyt. css, (HT css) DFEMHED cyt. ¢ IZFHFH L, N4 L5
BT - ) B - BEBEANORE 2 5 F TS K o TN

fER - 2] N2 0BREF72IEBRIMAED S22 Ml (CD) x W TR, AA ¢TIl
ARG PVIZKEREAZIALNT, NAEHE - Y ERZIFZEAERELLZVEPHALNE 2572,
AA csss ITFD3FE, PA cs5, PH csp, HT Coy, TIENL Z W2 T REITlIE, CD AXZ VTN v 7 A2
HEET 2= BRELCEAL, MENPIELTWAI LN Ghotze INHDT ERIIALZRINT S &
TRBILA XY R IZ3 DDA 7 E— 7 DI, NADW Y AADPBETE . TLALOFIMNIL -
T, CD AXRZ MVIZBWTAY v 7 ZAZHETHE— 7 WL 720 ZO8INEIE, HT css, > PH css, >
PA ¢ DIETS L, THIFFORORELEDNET L U7 o720 LLEDORENS, PA sy, PH css
HT cspl2 BWTIE, N2 0dHEE - T BAICKEBET LI EPHL R E R 572,

AED cyt. c I2BWT, TARENIFTEN AN THICH L TREET, NADOBREIZL > TRELSALE
LS 2HD ol THIZEY, ANLIIAEOVFNIZBVTOEEMICRESHEETLZ LWL, L
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o7z,

A cyt. o 1F, FHREEIZ L BTV L DB MITE 7 5 SN % FF D0 PA cs5y, PH cs5p, HT C5, D ZEEE
DENE, DTh%T I/ BREOBENILDZANLLOSN Y F 2 FEQRFTINRECHEKNTH S Z LT
TRENTED, TS DOFRIEDHEERT ) BANDANL DL EEEG EHEN L 720 AA csld, B3
fli b o C, KRN —THEETHDHEBHNY) v 7 A (FIIANY v 2 A) KL TEBD, SHICMED D
BUKURERENSGET LI ET, BB Sy XV IR EIR>T0hs SO DEWDT AA csss & i3 FE
DT, HEERLT Y BRI T E2ANLOBEIIKELEEZAGRERTH D &z L7,

(5 2] AA csssDANDIRIE L 2 T D) A B K OREEIRFRIC B D B EHE5E L 72 BORIMERRSE & AT~ >
I ADREEMFELT 5720, PAcs|ICINOEBAL, HELYT ) BAINT 2L 0B 2RIz,

[#ER - ZE 2] PA css) |2 AA csss DBUKTEFRIE A L7228 E (PA AL, B X UBUKMERSE & AN 2~
Uy o 2% A LERE (PA All-Hel) (X, 7AREITYH, CDAXRZ PV ETAY v 7 ZIZHET S E—
7R L, NADPEWIRETOHEEILL TWDE I L5057 AA csss DBUKIERRIED A % E A L 72 PA All
BEMIZBWTE 7 REOMELS R SN2 05, BUKMRIED 7 REOMELIZLETH Y, i~
Vw7 ZIMHTIE W EPHL N E o7z DLEDKENS, AA csss DMK L W) BAB
& OB ORFR ISR PR R S e B &2 /2 LT b T EALRET & 72,

[#838] AW THEONMADL S, cyt. c 2B ANLDEE % E54 5,

Cyt. c IZBWT, NAPEED T & L TOREEFHFODIE, NADTHCBUKESEITE N OBKME 2
TORLEH) L0 D, L LEAEHEOREOATHAE I 7 2B TE S b 0l BikofiFc
ANLELFEE LRV,

HAhCBUKME 2 7 2R LIS 2B ) X7 F FiE, ANADBUKIEIC X o THUKERIEA T EFEoNn 5 2
ETRYRTF RPN ED. Thbb, AARMYEAOTIEELE LTH . NL2OMY) AR ZRAET S
L9 HR)RTF FIE, L0 EADE G,

MEEE NS EOWEAEAE, MEREEE KECELEE S, T, NAWRFRTF FOILHIFAIZ D
oo THIERRZ KT 5720 Th 5. fElett b, EAEOPLIIAMET 2NLE BRI FT 2008
V) ZEIREET, NAL OB L 2RI R EE, SROwEEicgEE 525, BAEHY
DBUKMFEEDOATHAEI T 2K TELLDTH, NAI X DREREITKE VY,

Cyt. c DR AH, S, FHUMRT /AL, MU L) 2iECliET 2&0E T, WMRT O
BT X 2R LB, BAEIEICRE SRR L ZLIRBENT, ZOHT, RFTYRHIRT &
OMEAEHSHEETR A IEHE S &5 2 &R, MR TN AL AN T O#s &g e {LICEE T
H5HTEPFESTET,

F—TU—R:vbrusc NA&, KEEITYES, EEEZENE BUKRS, BHERE
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FEL X, BRI AT BIREL R KIC I SR T, AT o BHEPLT, B ok bk
SELHMTHHA SN TS, 2L ORBICHE S 2 HZ ML, SO AL EEEIEVYDH S
O EKTH D, HAHBTHAENS 7L oFEMELTE BHEPoBHIRLEZ VLR
RAICEEINL NS I VEE (Glu) &Y AECEENLS-A 7 VB (IMP) 78 721 OFERER
B3 TH B

—F, FEEREofENS 7L ThbLTA I L, FEERERRER, FhX AE buYEoFk
N OHLERTERFEREZIMZ T, Kb RRHMFEAATHEST 2, 72, MEORW 72U 2E57:
DIZIE, EMOECZITTIE R, L RRAET 2ROMMBRE LR RO CEETH 5,

T, KT, HARROEFERBOMREN R 720 LT, BAZLETAI V2 BT, §
A5 DS O D E DS EAR R RG22 38, Bl ZIRESMDS T4 3 ¥ O BB T8
7 B ONSIMBURE ) T EEI D A = AN FHIAT 52 &% HIZ, DT OFEREIT->72,

()

1. BROFHRRUEMOREELEBHRE LPOERKS & DEEHE

TUEB D ES R TR S T B KR VEFIPLRAT & ot BR & U CREHE3% M 4SR5 A 2 v 720 R
SR GEEPOBITET) 22500, FNENERICTESLZOOPORBMAE LERE L% BA2
LGB % JOET 5 BN, WiRRAOEERSE, BA7ZZL O Brix LU pH 2 lE L7z WD RAi72
LIZBWTCH BZR#MET I /RIE Glu & 7 AT EF VB (Asp) Thortzo BATZZLHFO GluiElx, &%
ML BEFBEDO NPTz, FURATIE, ZEID OMDIIT ) PRENE o720 —T, Asp i, 1
SERAT TR 3, 452X, Glu l2x$ % Asp DR WEIBIZH > 720 WA T > TIEF B Y
. (Na) EHVUwa (K) BEELZLDTHo 72, NaillEid, SR THRERO SN 72708 Tl
TOWEER, FRECHRI D bEro7z0 T2, KIEER, 15RA4 TROWETICH - 7.

VERAiO 720 oxr=v MEEKLD Brix 3o b o L VIRV ELZ R L7z, 72, 15ERATO pH X
Db DL meEzR L7z,

KIRVER LR %, NEEEMRE L, SEE D OLR % W75, KHEEWRES, Brix, pH L0
IR, 2EB ORI 2 RGE L COEB L 2 h o 7,

2. A IAVOFEEHEDEVIEERBRMNCKIEFTHE

TR ORENL: 720 THHLT7A I E2RLRLBETHEL 22 X, MBUREOEWDT A 3 20
BRI T REEH T, T4 3 1%, 98T (i), 95C GEili) 0N80T (i) THHHL,
R L IC—Ha2 M) WL, BRSO L#) % H~72,

#il, Wik, KROWTNIOT LI LIZB0 T GluiENRIE L, WINOREIZBW T £k
BET X 2 EOR20% % D7 RWT, TI7=2 (Ala), TV¥=> (Arg), £V~ (Ser), VI ¥ (Lys)
ONEIZHEELZ D o720 K574 3 VRO IMP & Glu OEED SR L7z FEREE (IMP % Glu 127 &
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PR 72EMELEBLZS74 3 0o Gluiig) &, 0.07 (R, 0.13 GER), 0.11 (HiR) THY
EIRFAEEAE D 9 FERDSHR C & AHERR E L7,

BRI, WTNOWEEIZB W CTHIBOIMLED RS L h o 724, I L 2L EOE LS N ho
720 BHERESICBOWTRLMEED S D - 20 TH - 720, BEOENIC X 2HITEOETHD
ENTirolze MEEA F 2 TIZ K OHHEI RS £0 570

BIMBGECTHEL 7274 3 > OMBUARE Z DY > 7 VIZOWT, 74 I yHBEICEb-o723 2 712

L BB OFIE R Tl R, HiE SR TENENG, 2, IFRRZIZ) THPE L SN0, SlmTid) ¥
BRE & B ITHRR, BRERD L SN 7c @R TIENBBIER LI, 5 FERICIMZ TEARL T AR 0 S2UEL 5
7278, RIECTIESIHERICBWTHEAR I AR RE L SN h o7,

IEZEA TV 8 3 2 (Gln) ORDBAT 5 EDFERENI20S, lBFEDO T4 3 > ORBEHF L TRL 2,
IR S LI ClE Gln 2557 L T b 2 L 2R L 7o IRAR S LI Cla s oI I35 1260C Hi 4
W72 TB Y, Gin O AZIMBGREDSBIFR L TV A REEA R S /e F 72, PCAHEINL Tz,

PCA EEMHIZE TN Tl AV 70, BT S N7z Gin SR SN S LR SN,

3. A IAVHRICEFEET S GIn DINEICKDEE

743 OMBGHBTAIIBNTHET S Gln DL DA H = X L% REHT 579, Gln KIEE % 7 5
JESMECE L, ARSI NLILEWE ODS /1 T A% W TiHl~N72. | mM Gln K& (pH 6.8) %37~
98C DSODE % (RN TIR I 2> & SEE R NELEL | 72, 37C R US50C ONIE T, Gln A IEED 5
Nedroize I0CLLEOMEIZ LY, Gln IEBERIGIHD L7z T2, ZNEROMESETOER 7))L Y
3 ‘/ﬁ’i (PCA) DA% TR, Gln DA E L IZIZFEO PCADERENDL Z DL 2, &

, INBGREEAES C 22 1201 T, Gln NI PCA & 138 7% B EICH LWLEY D B A D
nto ZoftE % ODS 1 A2 & A HPLC THiIBEL, WHEOFEZT- /2o MiEEIC iLC/MS/MS
TV Ize TR, PCA LAMZ, 53T E258% T 2LEWD RO S5 N7ze MSMS /HHTIC L > T, 20
LEMD D P ERT D URERERFOMREMEN D 5 & g Sz,

NS ORI, LD FHBIOFERISE N 70 ORI LA 2 BRI s 2 8 51
AEEE O SR E M E O R T 2 L IZBETHZENTEILEFTRA L),

F—O—RKN:ZL, B, A3y, HFWE SV IVEE Vs Iy, Kusvy I U
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Chapter 1. The fruit juice industry and the microbial challenge: A general introduction

The rationale, general, and specific objectives of the study were introduced. The current state of the
fruit juice industry and the benefit it is getting from the shifting consumer preference towards healthful
lifestyle was discussed. Moreover, the history of the occurrences of microbial illnesses due to fruit juice
consumptions, and how government and industry regulations are addressing such challenges were
recounted. Traditional and emerging processes, including hurdle technology, for fruit juices were

enumerated.

Chapter 2. Inactivation of E. coli O157:H7, Salmonella spp., Listeria monocytogenes and spoilage
yeasts in UV- and heat treated clear apple juice

Screenings of a number of test pathogens and spoilage microorganisms were conducted to identify
appropriate test organism/s. E. coli K-12, together with a number of E. coli O157:H7, Salmonella spp.
and Listeria monocytogenes strains, and spoilage yeasts species, either individually or in cocktails of
inocula were tested for heat and ultraviolet irradiation resistance in apple juice. E. coli O157:H7 (HCIPH
96055), S. Enteritidis, and L. monocytogenes 1/2c were identified as appropriate organisms.

Chapter 3. Application of response surface methodology in the formulation of nutrient broth
systems with predetermined pH and water activities

Predictive models for the water activity (a,,) of nutrient broth systems (NBS) in terms of NBS pH (as
adjusted by HCI and NaOH) and solute concentration (% NaCl and % Sucrose) were developed. The
models were intended to be used in the preparation of NBS with specific pH and a, settings for stress

exposure experiments. Validation showed that the models had high predictive efficiency and accuracy.

Chapter 4. Responses of E. coli 0157:H7, L. monocytogenes 1/2 ¢ and Salmonella Enteritidis to pH,
a, and temperature stress combinations

Test pathogens were exposed to a number of combinations of pH, a,, and temperature stresses, after
which their subsequent responses were measured. Listeria was able to grow six combinations and had
significantly lower inactivation rates. Salmonella exhibited growth in three combinations, followed by E.

coli which grew in two. S. Enteritidis had the least resistance towards inactivating combinations. In one



100

particular combination similar to that encountered by microorganisms in heated fruit juice, E. coli
0157:H7 had the greatest resistance.

Chapter 5. Influences of simultaneous physicochemical stress exposures on injury and subsequent
responses of E. coli 0157:H7 to resuscitative and inactivative challenges

E. coli cells were exposed to combinations of stresses after which subjected to acid and heat
inactivation, growth challenge at optimum conditions, and injury determinations. Results suggested that
the mechanisms with which the cells were injured in the various stress factor combinations might have
been different, thus the nature of the injury must have played an important role in the subsequent
responses measured. None of the cells exposed to the stresses that resulted in injury exhibited acid
adaptation. However, those that were previously exposed to one combination where both pH and a,, were
low exhibited adaptation towards heating, demonstrating that £. coli O157:H7 cells are also capable of

expressing heterologous adaptive mechanisms after simultaneous exposures to more than one stress.

Chapter 6. Effects of prior acidic culture conditions on the subsequent heat inactivation of E. coli
0157:H7 in apple juice

Different acidic growth conditions tested included nutrient broth (NB) with fruit acids (malic and
citric) at pH 4.5, and acidifying NB with 1% glucose (NBG). Growth in the presence of organic acid did
not increase the heat resistance of cells. However, those previously grown in NBG exhibited significant
adaptation towards heating, with inactivation rate 5 times greater than that of the control cells. None of
the cells previously subjected to simultaneous stresses had comparable thermal resistance to those grown
in NBG.

Chapter 7. Influences of process and product parameters on the thermal death of acid adapted and
non-adapted E. coli O157:H7 in simulated fruit juices

Acid adapted and non-adapted cells were subjected to heating at various temperatures while
suspended in simulated fruit juices (SFJ) with different pH and soluble solids (SS). Unique
physicochemical effects were established for the cells tested. The heat resistances of the acid adapted
cells were generally higher than the non-adapted ones. However at SS >55 °Bx, the thermal cross

protection of acid adaptation was cancelled out, resulting in greater heat resistance in non-adapted cells.

Chapter 8. Multi-frequency sonication-based hurdle strategies to control pathogenic and spoilage
microorganisms in orange and apple juices

A number of biocidal factors were combined with the multi-frequency Dynashock power ultrasound
wave to inactivate pathogenic and spoilage organisms in fruit juices. Acid adaptation similarly increased
the resistances of the pathogens towards sonication. Mild heating, co-treatments with UV-C, and
supplementation with both traditional and natural antimicrobial agents all resulted in increased

susceptibility of the pathogens in towards sonication.

Chapter 9. Hurdle technology as a holistic food processing method: General discussion
Overall, the study characterized the individual and joint effects of implicit, intrinsic and extrinsic
factors before and during fruit juice processing. Understanding how specific microbial, food and

processing factors affect the fates of pathogens from post-harvest to processing and storage is essential
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in the evaluation, control and improvement of the safety of juice products.

Key words: fruit juice processing, hurdle technology, pathogens, spoilage organisms, statistical and

mathematical modelling, stress response and adaptation
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OB L SIS N D THEHHTIE, B4 iR ERT 2 EMEREOTFE ThH L, TOKE
KAEEROEW 2L Z H0MA S TTH DA, v THRIEN TH 2720 —KEEE L1372 ) 5%
Vo Y T U LI D Symbiodinium JEIREIEREAIEAE L, TS T W) B R EER L
LTh%FE)TEEHLTVD,

P TIE, 100~ 105108 & OB IESFHERIREDL Tl em’d 72 0 123 E L, S o) 3 Bak
FEWEMTLCY > TEER - WET S, MBI LWICEER/S— N F—Th 55, ZOHAERIIKIED
FABZEICEDESIINET D BRMBEOmM BN [V TOER] LIFEh, L&y ITok
WG, WY v THEARERORIEIC S D% ht ) EERME L 25> T b,

MHEOLEMREZIE L CHES 52 2AY, DWTRY Y TOFLD X I = X AEHIZ L D% b £ 25
NBA, WiEOIARITIEFICERET, TS 2 BRBIICHIT210EE > T, KTk, W
DM LR A FR T 2 720 I BETH 2D 0 BE B R ST b olz, [FEARS L HAE22R
OB REOMBIMAEIEIZ XD X ) 2EREYFH 00, [V T2 ELBEERTIEED LD 28R
BHBT200], [TrIT2silE0bvoROBRENBIE SN 00] O3EEWLICTE720
E3EPL R HUTO L) 2%, WEIT-72,

F1E FZONEFHEME (TEM) ZAVV/EEBREROEYAERZFEOMHHEEEDEHRR
BT O MR EM O EL Fole il &, WM OMEEL Fiz 2 WEREAHII & % H R T &Rk
T2, WAL Z: TEM 822005, Skl IC 0 B i 2 BIE L < L S 4072 IR SRR % 4
L7zo F72E0EMIEOMIBIMNZIZIE VY 7 Vg THE S, £ OE T ISROBERMIBRICEH SN D &%
ZONAMEAHAEL TV SERITIINI - AT > T - A VFVF X7 - vy ad 41233 51810
FEOBIEE 24T > 72 BB I ER & O ISR AT EE S T, R HERIZMIRIC Ll EE T H -
720 MBI IZ ) 2 VA A Y, HAMINCIBRER R L EZ SN DL BOEIERT 5% &,
BT LR o Cwie, BEERRMA L W) HHAEEICHERT 2B IR TOREEIZORFIEL, B
WTIRAETE L2V, ThEOHEOF BT R EOHFHE I CHEICERL Twb PSS,

F28 BYARVEBYERY ERFERICHIRT 2BREDRGERNT

% OBYNITREE R OB R E L B LREMRE A Y — N T2, /2, MLl v THEEFOBEH
HEFAALTHL»SRET A2 ELME SN TV L, o TINLDOFWIZE o TEETICHBIT 5
host-free M IO CEELGFETH S L EZONLY, HRIIWAWTH 5. RETIE, JLHARHERO
TR R BE SR 7> © HEBE L 72 host-free 18 HUBERF AR, ARHEORIMEDZRSE DNA 7 0 — >, R UBA 2B
M2 3649 2 8 11 o Internal Transcribed Spacer 1, 2% U°5.8S rRNA it fz - ISR R ALY % PLog L Rl
HEEE, S5 ORMFMALTE A S A2 L7z,
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ZDOHER, host-free BRI AFM 1T clade A WIZAZET 225, MoB L LET2EHES TR 2 E
R TH L EDVLREEIN//20, TDOT IV — T free-living IZFH L L7277 )V — T Th L WEEENE 2 ©
Nz 72, A—OBRENEL L LY TICEELTVLRIGENI AL, TS, KE»SES
OB IAET LR & A — OB BREITRH S /22 & Hbe T, B ClkE A s L TRRED
ST DFPNTVAEZEZRBTELDTH 5D,

FEIE T —IIROYYODSKHEENDBRED clade FlgH R OZ DMK OES

T TOHMLE, AR TERAICL)Y Y IPBRELTR)BRTH L. F2EOKENS, KX
FLOED N SR SN2 ZEZONLE@HEILEL Tz, Hr ToRLICEERE DL EEZ LN
LEMEOKMTH L), TNETH Y IO SN ABREIZFER LWefidmochil, 74—
VRO Y T /BRI ETH 5, F BRI clade & IMHIEN A RS A THHFIEL
Z OB E FEOBESEMIEIC b HEE 52 5L END, L L, BEREEIEFINS CRENEMSZ
L7z, BEMEE T CHEIEETH, &5\ i3 clade ZH BT 5 2 EIZHIETH %,

KREETIE, clade PR FE %2 ER T AEZR E R PCR ¥ AT A 25 L 2 O &2 MR GEIH) L2tk
TA =NV FOY Y TIZAEOBEEE N T v TR HEFE, & I S N7 HED clade L U8 OMIfaF % [
VAT ALY RS o7z (2. FORE, T4 — IV FOF Y TEH W E O TIEITIZH200050152 b O
clade C HIMEZ BHEREDL T e S LTz, —E8DH > T clade C DIEH 2 D b [AFHIC 3
STV, TNEOY I TIEH v TNEB IR R E 25K A 126E > T clade D 18 HEE O HI A 23880
L7z0 COFEFRITY ¥ THFEIRIC clade CEBEZ T L TW5b, &5\ i clade D #HHEL AR L T
HZLERETHLEDTH b,

DEoffr T eosl, BERIEOBUEIIIHERRA S CHBNRRET AT 5205, BN TINGEE
FEAAET, BRI ICRAT L v SRRSO 134 JUR O MRS I S8 2B S L Qw2 1] REE
BEZBNTz (FE1E) . RIFFETIIZOBMOMIHICIEE > TV v, HERCIR AL EIH 0RO
X5 WP CE L, 72, Y TRHNOBRBIBRELZ I VALY ¥ MBI LTz, g o
RN CHGE L 72 RO R G2 KIS L T e b Ez 6N b (538, F72, & BRrbY 0TI
F—DEEFESIAE L T2 eh s, —ERBEPISHE SN EEREIIAREICER L, oo fm s
NaeEzonl, L2L, REFICEINSOE OB SN0 L1EEZ 5N\, free-living 7
V=T OBELFE L7z (H2%),

AWFFENC XD, By THGE L 2R IR AT S, AARICERE, toBWIC TR AT 5, 2 Tk
2B IS A 7 VAVRIZ SN ze LA LW OARMETIRCORMAHRZ IS 2 72DOHTH ), i
SICHER 2 FN 2 52 2 £ TITIEE > TR\ e SRR 2 25128 - B HuR AR B 5 2 Bl &
SICIRE AIIEAHERT 5 2 L 2T %o

F—T—N R E, Symbiodinium, FALBIG, HIamGAIRERE, ARE, free-living, %= PCR
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A brief overview of the occurrence of Reactive Oxygen Species (ROS) in natural waters was
reported in chapter one. ROS such as hydroxyl radicals (¢*OH), hydrogen peroxide (H,0,) and nitric
oxide (NO) are predominantly generated in sunlit surface natural waters and are known to play a key role
in chemical and biological processes in aquatic environments. However, their measurements in natural
aquatic environments have been an arduous task because of a lack of simple analytical methods and / or
because of their low concentrations in natural waters. In this study, analytical methods were developed
and applied to the measurement of ROS in water samples collected from the Seto Inland Sea and the
Kurose River, with a view to understanding their behaviors and roles in natural waters.

The development of analytical methods for the measurement of H,O, and NO in natural waters were
reported in chapter two. For the measurement of H,O, in seawater, a simple analytical method using
Fenton reaction was developed. The method is based on the reduction of H,0, by ferrous iron in acid
solution to yield *OH which reacts with benzene to produce phenol. The method was validated in terms
of linearity, repeatability, detection limit, and selectivity. Linearity was obeyed in the range 0 - 50 uM
H,0,, while the detection limit (5 nM) and repeatability (RSD < 2.4 % n = 6) were satisfactory.
Intercomparison of this method with well-accepted (p-hydroxyphenyl) acetic acid (pOHPAA) - FIA
method showed excellent agreement.

In addition, a sensitive analytical method, based on the reaction of photoformed NO with DAF-2 to
produce triazolofluorescein (DAF-2T) product was developed for the measurement of photochemical
formation of NO in natural waters. The calibration curve exhibited linearity in the range of 0.025-10 nM
DAF-2T and the coefficients of variance for the replicate analysis of NO in seawater (n= 5) was less than
5%. The detection limit of the photoformation rate of NO was 1.65 x 10" Ms™, defined as 3c of the
lowest measured DAF-2T concentration (0.025 nM). The method is relatively unaffected by potential
interferents in seawater.

In chapter 3, the second order reaction rate constant of DAF-2 with NO in air-saturated aqueous
solution was determined via competition kinetic method. The results showed that the second order
reaction rate constant of DAF-2 with NO in air-saturated aqueous solution is (6.28 = 0.45) x 10° M''s™".
Moreover, it was established that DAF-2 can react with NO directly in air saturated aqueous solution,
thereby by-passing the N,0;-mediated formation of DAF-2T.

The distribution patterns of *OH, NO and H,0, in sea and river water samples were reported in
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chapter four. Hydroxyl radical photo-formation rates and the scavenging rate constants in the seawater
samples were in the range 9.6 - 424 x 10> Ms™ and 1.3 - 4.1 x 10° s, respectively. The steady state
concentrations ranged from 2.6 x 10" M to 189 x 10™® M and the lifetimes of *OH in seawater were in
the range 0.29 - 0.55 ps. However, the *OH photoformation rates and steady-state concentrations in the
river water samples were in the range 0.1 -12 x 10" Ms™" and 1.9 -10.4 x 107 M, respectively, which
were one to two orders of magnitude higher than those determined in the seawater. The overall
scavenging rate constants and lifetimes of *OH in river water samples were 0.47 - 21 x 10’ s™ and 0.86 -
21 us, respectively. Nitric oxide photo-production rates and the steady-state concentrations determined in
surface seawater samples were in the range 8.7 - 60.1 x 10> Ms™ and 2.4 - 32 x 10" M, respectively.
The scavenging rate constants ranged from 0.05 to 0.33 s, while the NO lifetime in seawater was
estimated to be a few seconds. The NO photoformation rates and steady-state concentrations in the river
water samples were in the range 1.6 - 47.9 x 10" Ms™ and 1.1 - 4.6 x 10™"° M, respectively. The overall
scavenging rate constants and lifetimes were found to be 1.33 - 10.4 s™ and 0.09 - 0.33 s, respectively.
The H,0, concentrations determined onboard at Seto Inland Sea exhibited a strong diurnal pattern with
concentration maxima in the daytime and lower at night. Depth profiles of H,0, showed that the
concentrations decreased with depth, with maximum concentrations at the surface waters.

The sources and sinks of *OH and NO were investigated and were reported in chapter five. In this
study, NO;™ and H,0, contributions to *OH photoformation rates were negligible and NO, photolysis
appears to be an important *OH source in nitrite-rich seawater samples. In the river water samples, NO,
photolysis was a major source of *OH photoformation rates, accounting for more than 75% of the
observed *OH photoformation rates. Meanwhile, nitrite photolysis was the predominant source of NO in
sea and river water samples. The consumption of NO by *OH in sea and river water was negligible;
however, the reaction of superoxide anion with NO could be one of the pathways for the degradation of
NO in sea and river water.

To get better insight into the roles of *OH and NO in natural waters, half-lives of typical organic
compounds mediated by *OH, and estimations of the NO sea-air flux as well as river-air flux were
reported in chapter six. The half-lives of an herbicide, diuron in seawater and river water were in the
range 4.5 - 332 days and 0.8 - 4.5 days, respectively. On the basis of the average values of the surface
seawater and the river water NO concentrations, the flux of NO from sea-to-air and river-to-air were
estimated to be 3.55 x 10" mol m” s™ and 1.265 x 10> mol m™ 5™, respectively
In conclusion, it is apparent that ROS are indeed generated in natural waters and these may play a key

role in biogeochemical processes in aquatic environment.

Key words: photochemistry, natural waters, ROS, analytical techniques, DAF-2
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Polyphenols are abundant micronutrients in our diet, and evidence for their role in the health-
promoting properties such as anti-cancer, anti-inflammatory, anti-viral and anti-bacterial effects is
extensively reported. However, their mechanisms of action and functions were not fully understood. The
main purpose of this study was to investigate the novel physiological functions of polyphenols. In
chapter 1, experiments were conducted to examine the inhibitory activity of various polyphenols on
inosine monophosphate dehydrogenase (IMPDH). In chapter 2, experiments were conducted to examine
the influence of consumption of various polyphenols on the secondary bile acid, risk factors of colon
cancer, in rats. In chapter 3, experiments were conducted to examine the effect of consumption of various

polyphenols on the fecal IgA in rats.

1. Effect of polyphenols on IMP DH, the target for anti-cancer and anti-viral chemotherapy agents

IMPDH catalyzes the NAD"-dependent oxidation of IMP to XMP in de novo synthesis. This
enzyme controls the size of the guanine nucleotide pool, which in turn controls many physiological
processes. Inhibitors of IMPDH are considered a pharmacological target for anti-cancer, anti-viral and
immunosuppressive chemotherapy. This study was performed to examine the effect of various
polyphenols on the activity of IMPDH. Among the 15 different polyphenols examined, effective
inhibitors were curcumin, epigallocatechin gallate, chlorogenic acid and ellagic acid at a concentration
of 100uM. In particular, inhibition of curcumin was most remarkable, and the ICy, value was 43.0uM.
Moreover, curcumin suppressed the growth of colon carcinoma cell HT-29 and cellular GTP level. These
results suggest that anti-cancer and anti-viral effects of some polyphenols might be mediated through a

mechanism involving inhibition of IMPDH.

2. Effect of consumption of some polyphenols on fecal deoxycholic acid and lithocholic acid, the
secondary bile acids of risk factors of colon cancer

Bile acids formed by synthesis in the liver are termed primary bile acids (cholic acid), and those
metabolized by intestinal microflora are termed secondary bile acids (lithocholic acid and deoxycholic
acid). Secondary bile acids have been considered potential risk factors for colon cancer. High-fat diet
stimulates the secretion of secondary bile acids, leading to higher risk of colon cancer. This study was
performed to examine the effect of dietary polyphenols on fecal secondary bile acids in rats fed a high-
fat diet. In experiment 1, rats were fed a high-fat diet (30% beef tallow) containing 0.25% and 0.5%
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ellagic acid for 3 weeks. Consumption of ellagic acid was found to suppress fecal lithocholic acid. In
experiment 2 and 3, rats were fed a high-fat diet containing 0.5% polyphenols for 3 weeks. Dietary
curcumin and caffeic acid significantly reduced the fecal concentration of deoxycholic acid. Dietary
caffeic acid, catechin, rutin, ellagic acid and hesperidin significantly reduced fecal level of lithocholic
acid. Fecal hyodeoxycholic acid was markedly lowered by dietary curcumin, caffeic acid, catechin and
rutin. In experiment 4, rats were fed a high-fat diet or low-fat diet (5% beef tallow) with or without
addition of 0.5% curcumin for 3 weeks. In the rats without receiving curcumin, the fecal level of
deoxycholic acid was significantly higher in the high-fat diet group than in the low-fat diet group. The
fecal level of deoxycholic acid was significantly reduced by curcumin in the high-fat diet, but unaffected
in the low-fat diet. These results suggest novel effects of some polyphenols favorable for colon health by

reducing secondary bile acids in animals fed a high-fat diet.

3. Effect of consumption of curcumin on fecal IgA, an index of intestinal immune function, in rats

Immunogloblin A (IgA) is the main element of the humoral immune response. IgA exerts a
protective role against the invasion of harmful microorganisms and toxins by blocking their attachment
to epithelial cells, resulting in less inflammatory response. This IgA is served to binding site by mucin. It
has been considered that IgA and mucin play a role in the maintenance of gut barrier function and health.
This study was performed to examine the effects of dietary polyphenols, including curcumin, catechin,
rutin, ellagic acid and quercetin, on fecal IgA response and mucin levels in rats fed a high-fat diet. In
experiment 1, rats were fed a high-fat diet with or without containing curcumin, rutin, catechin, ellagic
acid and quercetin at the level of 0.5%. Among the polyphenols examined, consumption of curcumin
markedly elevated the level of IgA in feces and colon contents. Consumption of these polyphenols
caused no influence on fecal mucin. In experiment 2, rats were fed a high-fat diet or a low-fat diet with
or without 0.5% curcumin. Fecal level of IgA was higher in the high-fat diet group than in the low-fat
diet group. In the rats fed high-fat diet, dietary curcumin elevated fecal IgA, but not in those fed low-fat
diet. These results suggest a novel effect of curcumin on intestinal IgA response in animals fed a high-
fat diet.

In conclusion, this study elucidated the novel physiological functions of dietary polyphenols such as
inhibition IMPDH, suppressing secondary bile acids and elevation intestinal IgA. These findings suggest
that consumption of some polyphenols is favorable for colon health and environment through the

protective effect on colon cancer risk factor and the enhanced effect on intestinal immune function.

Key words: polyphenol, IMP dehydrogenase, curcumin, anti-cancer agent, anti-viral agent, secondary

bile acids, colon cancer, immunoglobulin A, high-fat diet





