% 16 4EFEEAE GBI RN PR TE R (TR SR AR B ZE )
HARNORBFEBRIEEE (RENMERE) ORTEICET S
TAEWFZEE  Sem e BERSIRY i
. EEHEEOREE
5. BVAHRKFTA TV UERESHENUL—DFT AT L L TOEME

TEMEE AR RERSIRT BdR

O a1

t FEHWT, BYFHRTAT vV r@mREGANU Y — (A AN E—) DT AT v
Y DEMFINEIZOWTIART. 2123 IO L T34 8 A a kR E LT, EAFEHE N
RUEBFEEREEAZW - TRAEL 4 52T, 1, 2 HRXZOREOLE S5 27-. 3HH
FEDORFE+TAT LU SImg 20 Y AN X —15g BRI, AVARy X —%E
BEw7H, 3HBIE, BRAYARNTE—FDOFAT 0D 2%N=aF 7 I FMEREYD
ELTRPICHRIE S 72, 4 HEIZBW TS, RPO=aF 7 I MUHEMITESGRTED b
BWMEZRLE. ZRHDZEND, ZOWVF R A —ho=aF 7 I FOEMAENET
L, EXIVDFTAT VU DORWRIRE 70D Z ENRIB STz,
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A HIY
TAT v F=aF U =aF T3

ROMIHER & 2R 7 g LfEA LA
FAT TV UUFET D, FERTITA T U0E
BEPICEFEL, HEsT< WeD,
FLEM I IZRIH Sz W Liza- T,
bHELETAT 2 OMEIR L U TR
T B0, (LR GIEIC L - THIE S
NleTFT ATV BORZLT, AWEIMED
HERKRFL725.

R AD E, BEXIVDREIETRD
BB DLNDLDIE, _F7T7THDY. K
[ETiE, 20 HeEEIc kT4 L, A%kt b
DRERREL 720 >0, fE R AWE T
bHFTAT VDR TR S7ZE0 IR
D 5. Miller 1Y, 1978 I KEIZE T
HXRZTTILLDHEEE LD TS, HA
TIERT T ITORAELREEZFRITCS LTEH
VB RZTHDLMRMHAT LIZR Y, <
77 OFAEITHRE STV W, ZuE, F
ATV ORERBEZREL TN & & iE
BfRClidZen e Bbonsd. Y FIIfFICTHA
T EBRORBOVATHLN, RIFO R TH
Wz WRTho T L, ilr, s,
B LWTIET, (RAFEOENT- Y A HkD
EIRETA T m ARy — T D
LI LT (#BiR O EBRGIEOEE S
). 22T, RFERTIE, b FEZHNT,
FATVUEER Y AR Z— (J1Y AN
U= IZEENDTA TV OEYH M
WZOWTHRET L7z,

EBIC, =aF o7 2 RICITBERE 2 T
TOERARDH L Z & (=aF BTz of
MiE7ev) BEBRM/ N CIREH ST 5
0 22T, KERTIE, IVARTE—%
7 v MIIBE S, STZ b7 MHEIRI% %2 T 15
TEDIDENZONTHRE LT,

B. WF5tH1k
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TAT v UomEm ANy XS RO
S

R R | Z I E S D AT & R E &
L, Fig LR L7zt o —|2fe > Tl
L7z, Table 1 IZ £/ &%, Table?2
TR e EE R LT,

B (e hEHWEAEMEAEEEZRD D
78 D FEBR)

(1) #erd

21~23 I DRI b 8 44 (R,
159.51.2cm ; RH, 53.0£0.8kg) ZxfG L L
7o, JEAESEE DR R D (iR
TEENIRE 11 D 18~29 ik 2ok, £ 1800 keal/day,
& X7 8 55 g/day, RIKIEW) 300 g/day, HE
' 46 g/day) Zifi7= 35 (Table3 ) # 4 H
MWhE 7. BFEPICXEY I UKo FA4T v
X0 THEN, U T RN T 70 645mg &
Fh, ZTOERITIFTATVUOYEEELT W
limg THDH. WEREILX, —EDEEATY
=—/b (EIR, 6 K ; §i&, 7k 30457 ; B8,
128530 %) ; A, 18KF30 % ; ghiE, 11 )
(ZHE > TATBY X W72, fRBHZ DWW T, Tk
DK% HBER S, EBREMGH % day 1
EL7z. day3lC5gDH Y AR H— (FA
TV 1Tmg EETe) HEIR%, BR%, ¥
BHEOF 3 E], BEKL TR, IS ERE 7.
T F Ry L =KD AT VAR R
5lmg, BFHIKDOT A7 v o Y EEEEIL
llmg ThH o7, EIRE 2 EHHF AR
Bk E TORE 24 KRR & L, RIS 4
A5 24 IR 2 BREE L7z,

Q) RHo=aF o7 I RMEEDOHE
N-XF=aF 7 I F (MNA) (2O
TiE, IRTFOMNA 7% b7 =/ v LA
SEDZ LTIV EOUWEIZAR L, HPLC
ERWTERLREZ .

N'-RF 2B Ro-5- B R4 3 R
(2-Py) BLON-AFL4-EY Fo3-H LR
FH IR (4-Py) IZHOWTIE, RICHEEED Y




U LAEfEFENZ %, YFNLT=—T )T

P U, H2[E S oY) 2 K IR iR S E .

HPLC % HW\C Z oz e L .
B) WYFNRYHE—FO=aF T I NE
DHIE

B AR H—1g K IL Iz, =R T
10 Sy EIFHR L7e iR 2 =2 F o7 X RHIE
Halkke U7, BUBHOIRIE D Y ¥ A% faf &
Mz 7%, YeFLro—T7 /L Chitt L, HofH
SE7oHh M & KIZ g S E72. HPLC & M
WTEREIT-7 D). TORER, AEBRICH
MUY ANy Z—hp=aF 7 IR
¥ 3.4mg/lg Tho7o. ZOEE (3.4mg/g)
THETICAR MRS RIS H S LTV
HNOBEITOT AT EREOK TS [ET
HoT.

o EER (STZ-3ERMERFE Z v M3 25
)

AR EBRIT R BN K FEEBR BB RO
EKREZTTZHLDOTHS.
() BoEE Hik

5 > Wistar RIEZ >~ R 20L& AARY L
7 O(BR) EVEEAL, RENSHEFEICRDS LD
10 PEF D 2 BEIC /T 7= BBR B RE & LT, 20%
NEBABIZS% 72D XD Y ARy —
(FA 7 > & & 340mg/100g 7Y A /X &
=) EWMULEAYAREE (FAT VU5
& 5 17mg/100g falk}) A7 L 72 (Table 4).
MIREEE LT, BYARTOT IV BEREE
BB LD %D PA U EREEHREL
7= (Table 4). 7 v NI 1 LT >8M@r— I
T29 HIEIEAE L, ffhéKIZE mERE L
7. YR OIEEIL 20°CHIR, TBEIT 50%
A%, BAREH A 7 11 6 KD D 18 REZ 1,
18 D 6 IRFE T & L7z, fBERMIMGH %
day 0 & L7-.

Day 8 DA 9 RFIZ xR, SBRERts ¢
ALEI S DL o, Sk HRE- A B R KR K Okt
ME-STZ B, PR -AH AR KR M ONAR

NS
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B-STZRED 4 BEIZor T 72, SIRR-STZ #E XK
OFRBRE-STZ BEICIE, AEFRAHEIK 0.5ml (2
70mg/kg body weight & 72 5 KX 9 \Z¥EfR S H 7=
ARV T Y R (STZ) ZIEMENTES L
7o Fiz, dRE-EE A KE K OBRE-
AR IROKEE IR AE B AR K 0.5ml & IEEN
TSt L7

Day 28 @ 9 Wik v 6 BRI L, 15 FHZ
FERARD HERI U 7=, /NRLI B e 7 T
A b= (R =FUEARFERT) 2 VT
22 R B 2 I E L7z

Day 29 (27 v hZWriAER L, B HIZ5HE)
R if 2 £ L, il H NAD 7 & J& OVfi.# NADP
GeEaWlE L. £, WEzsmE L, iF
NAD 4 &, Af NADP & &K OAT a -amino- 8
-carboxymuconate- ¢ -semialdehyde
decarboxylase (ACMSD) &1z HI7E L7 Y.
(2) NAD - NADP D& HikE 1519

1) HES
HEIHER LA 7 a7 L— F AL
HIE 11X Labsystems ¢ Multiskan Ascent
(Thermo Bioanalysis Company, FIN-00811
Helsinki, Finland. #iAJC : $—F /A 47
U oAV Ropatt. IgEoc - KA AR
ARt IRI N eF V) &
AL, 570nm O L& —ZMH L.
YA u T b— M A= ERN—T
74~ (B OELISA 7' L— R S &AL
7z

2) fhH 5k

I & O T & > NAD-NADP J#I7E
B OMER T IR S DB L7 0.1 M
=aFrTIREELS0mM UL Y v
DAEAEAK, pH 6.0 2 IV 2 Bl HIE TTT o 72
3) WIETTIE

NAD - NADP OWIiEFikiE, 4ms
D LTeBER Y A 7 U o ZHEICE - TAT

> 77,



C. HERk
F— R

E MZEBWTT A 7 X MNA, 2-Py,
4-Py DWT N DObEY & L TRFITHEM
ENnbZ LD, MNA, 2-Py, 4Py DARF
riw=aF T I MUGHEREE L, WV
NUF—IZEENDTAT N EDORE
FIHEIND O, HIEORFELHZ D
EIRFO==aF 7 I FMGHEY &L day
1 TiX 53+5 pmol/day, day2 TiX47+4 pu
mol/day TH > 723, BV A/ X —% kA
L7z day 3 Ci%222+14 p mol/day (21 L 7=
(Fig. 2-A). ¥ H? day4 T% 934 1 mol/day
&, BERIOELY bEmWEz /R L. 20
B ITHERE 8 42 RITHLE L T/ (Fig.
2-B). day 1 5L WM day 2 OFHRFfR==F
7 X MU EY &1 49+4 1 mol/day (day 1
BLWday2 OF A 7 v Y EERETH
1lmg, 72O HH 90umol THDH. LIzhn-o
T, BREICKTH=aF 7 I FELGH
SEOPREIIE 54% TH D.) TholeZ
EMDG, YA N X —DOERUT L VKL
72803 217 pwmol/day (222 +93 -49—-49=)
CHEE LT, ZOfEIE YAy XA —15g
WZEENDTA T 51 mg (418 pwmol) D
52% T o7z,
R
(1) EPBHERCE & AR E N &

faBHE IR & (R E O 2 L& % 4 4 Fig. 3-A
& Fig. 3-BIZ/R L7, Day8 £ TO FifiilFE
HIFNZ BT, xBRERE & B EHE L ORI
B BHE B e QMR EIE I E OEWITRD &
M7pinoiz. XIRE-STZ B M OB £-STZ
FEOEIEHEIEIL STZ B 5 EZ I LT
A3, day 11 KO BIMLIZC o, FEEADEHERR
B3 A AR B AR R O R B - AR B A
HWKBEDRI 155 & 7eo7-. Lo, XHHRE
-STZ #£ K& OBR B-STZ DR ELEIN BT,
of FREL AR AR RE K OABR - AR LA R K
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BEL VKL, 30~40%TdH 7. flkHERE
F QR BB EIZ RO, 6 IR - B K
L R B ER KR, EoxTRE
-STZ BEM OGRBRB-STZ BERIC A B 72 22 5%
RO BRI

(2) IpEE

KRR A -STZ B K ORBR A -STZ B O Ifi B
Tk B A - AR B A HRKHE ) OV BR B - AR PRI
KEERIC R, F L @EVWME L 72 72 (Table
5). F7z, AHEE-STZ #f & RBRA-STZ #EM
D MFEEIZEITFE O biLieiroTz.

(3) 1" NAD - NADP & &

FA TV AERENLE R A S 0
La i3S NAD &K< 220, MEE
ICEET D ERIFEAE RS 2 En ),
NAD & &I A 7 ¥ VR EIREE 3 5.
SRR AR PRI KR, B A- AR
Fo OGRBR &-STZ RER O 1L NAD & & (2257
IERRO B2 hr o 7= (Table 5). xHRE-STZ
FEOIML S NAD & &3 fthod 3 B, AE
IARVWVEZ R LTz,

—J7, fLH NADP & &L A 7 ¥ 4B R
DEPIZEADLTESITEF LN &3
WESHTWE . LanLliend, SE0%E
Bz TiE, #BRR-STZ BEo 1+ NADP
EEIIRAE-ABAEKEEL Y b EVEE
RLUTE. 7ok, OB XA ERZERITR
Lotz Z Lk, 1T Y NADP & &I
EE#LIZ< WO L Bbi7.

(4) I ACMSD iEE:

STZ #FHFWEIR 7 » b TIEF ACMSD 151472
ELLE LI ENREESATHE Y. 4
B DFEFRIZINT b, 5t HRE-STZ #E & Ok
R-STZ BEDOIF ACMSD {51 135 PR A - FL Ay
HEARE K OV R A - A B K BERT 049 12 fi%
DfE %7~ L7- (Table5).
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L, BEIOFA T T=aF T 2 G
PEME LCRICHEE SN . Lo T,
R O=aF 7 I FMUEDE L RE
ELT, BT AT v OEYH MR
FARDZENFREL 72D REBRIZEWWT,
BAFAENCTA TV ERETEL Y
ﬁﬂvﬁ—%&ﬁbkk*é B HBD 52%
=aF 7 I MUGHEY & L TRPICHE
Mz, —F, LfrEAiic=aFr 7R
Ehh 50 mg = XN ENEIRE, BR%, YR

#%OFt 3 B, BET150mg IR SE5 &,
aF T I FIRHAED 64%03 8 5-H O 24
BRFICHEES D Z A S hTnd
0 F maFrT I RT5mg A ETRE
vX I VHIEBTRAECRASED E, =
F o7 X RIRFAZED 55%03 885 H O 24 Wi
RCHRE S5 2 E G S Tng 2D,
S DBEROBEIT 2, KiFED=aF
> 7 X K 5lmg OAMIZHEARZWERETH
DI, AVF NG X —HO=aF 7 I MR
BEEMPEIEZRIZ Z 0 S OB L TWETH
Sl Lo 7T, AVA R Z—hp) A
TATH TV A FREZ I UHIE LT
fEHESNTWS=aF o7 I FIEMS &R
DEYHIMEERFOEEBEZBND.

H ORI I 2 K0 BRI 2B & %%

I L, 4VXU/W?”%W¢%%V¢6.

ZDETNEY AT 572012, HERHIl
%ﬁ%_ﬂﬁ%m¢1%v7%/hy/
(STZ) KAV TWVS 'O —J5, STZ #%
B KRED=aF 7 I ReEik 54
HZ LR, STZFRMENEIRW A TR 2
ZERMEENTWSE P, 22T, AV AR
U X — RGN EORRE STZ-#ARMER 7 » b
DFHCHERNTHD DINENERNTHRIZ. %
DOFER, STZ G %%R7/F®m%ﬁ&0w
BN EICT L, YAy X —BEC
TBh, dEIFR OGN o7, STZE %ﬁ%
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RIRDO TV RE R LT=aF 7 I RO
B 5 f#1 500mg/kg body weight & K& TH Y
2, HiEN O NAD JiEE 13 —ilE I s I
5 Z LR SN D, AKRFEERICIBVT STZ
BhEETO=aF 7 I FEREIZH
20mg/kg body weight TV, F7-fRZOEHRL
7oz L, =aFr T I RGN G
ZEEABHEFEAN NAD Ji EE DM W 72 DI T
F R0 —FEEUZ XD BERIA TP - SeE R
DEONIRhoTe Z ENHEREIND. B,
SEIRAWE Y ARy —hilii=aF
BIIEENTELT, =aF 7 I ROAN
BENATVD.

KU T N7 7 -NAD AA R I8V,
« -amino- 3 -carboxymuconate- ¢ -semialdehyde
IZACMSD (IC k> TSN D LT EF L
CoA [ZETHI SN, b ITACERI
LTHR /U UPRICI D Z &K >TNADIZ
FCRBEND. STZHHERT » b T
ACMSD {EMENE LS m< 2572, FI T
N7 7 B O NAD AARENBA L, T
ATV RBRENELS 2D, XHRA-STZ
FEO 1ML+ NAD 7 &Ik - B B KL
AREBEICEL, T4 7 kg0 El
ZaRLTWA. Lo, REE-STZ BEE 0 Y
ANy F—H B LT 728, Il NAD & &
Voot B AR BRARUKIE K OV e— A P A
HWKFELRIC L~V EMERF L TR, 47T
VURBREOE(LZHNTN D, ZORER
M, B ARG H =LA T RN
DEAE T« WET DD T AT Al
FRIRE 720 O DATREMED 8 5.

fiiam & LC, Fex BRNCEE Liz/hNEST
F Pl a—b —HIRGZEY (AR
bR H—) WEERRIC, AEIfER L
T FRRDONTHE =L, FAT o EE
WAEDIMED S VIERFR O =aF T I RE
LTEALTWDZ RSz, £7o,
T FA RGBT AT L RIS RE
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Table 1. The Composition of Major Constituents of the Bonito Power High in Niacin Content.

%
Water 0.79
Total nitrogen 14.37
Lipid 0.12
Ash 14.18
NaCl 0.08
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Table 2. The Amino Acids Composition of the Bonito Powder High in Niacin Content.

Amino acids mg/100g
Phosphoserine 74
Taurine 531
Aspartic acid 318
Hydroxyproline 140
Threonine 409
Serine 498
Glutamic acid 942
Sarcosine (N-Methylglycine) 348
a-Aminoadipic acid 0
Proline 735
Glycine 2425
Alanine 1604
a-Aminobutyric acid 15
Valine 561
Cystine 19
Methionine 369
Isoleucine 374
Leucine 831
Thyrosine 385
Phenylalanine 469
B-Alanine 1177
v-Aminobutyric acid 15
Histidine 19593
1-Methylhistidine 2480
Hydroxylysine 30
Ornitine 92
Lysine 1353
Arginine 5234
Total 41021
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Table 3. Composition of the Diet.

(g/day) Remarks
Vitamin-free milk casein 22.6 The casein contained 87.5% protein, so the net
protein amount was 19.8 g. Tryptophan content was
1.3%, so 257 mg of tryptophan was supplied.
Gluten 43.2 The gluten contained 81.6% protein, so the net
protein amount was 35.3 g. Tryptophan content was
1.1%, so 388 mg of tryptophan was supplied.
Total protein =55g.
Total tryptophan = 645 mg.
Cornstarch 250
Sucrose 50 Total carbohydrate = 300 g.
Fats Total fat =46 g.
Soybean oil 10.6
Rapeseed oil 16.0
Coconut oil 6.1
Lard 133
Dietary fiber Soluble dietary fiber used, “Fibersol* was obtained
Soluble 3.6 from Matsutani Chemical Industry Co., Ltd. (Osaka,
Insoluble 14.4 Japan), and insoluble dietary fiber used, Ramie
powder was obtained from Tosco Co., Ltd. (Tokyo,
Japan).
Mineral mixtures 13.8 The composition is shown below.
Total amount (g) 425.6
Total energy (kcal) 1,834

For breakfast and supper, 128 g of the above powder mixture was added to 90 ml of water, and

mixed well, and was baked for 9 min at 250°C. The weight of the baked meal was ca. 175 g (170 g

~180 g). The meal and 0.3 g of the vitamin mixture (composition shown below) were given to the

subjects. For lunch, 170 g of the above mixture was added to 120 ml of water, and mixed well, and

was baked for 10 min at 250°C. The weight of the baked meal was ca. 233 g (225 g~240 g). The

meal and 0.4 g of the vitamin mixture (composition shown below) were given to the subjects.

Composition of the mineral mixture: 1,100 mg of CaHPO4-2H,0, 860 mg of CaCOs3, 2,200 mg of
KH,POy, 3,500 mg of KHCOs3, 2,100 mg of MgCl,-2H,0, 60 mg of FeSO4-5H,0, 13 mg of
MnS0O4-5H,0, 19 mg of ZnCl,, 6.3 mg of CuSO4-5H,0, 0.2 mg of KI, and 4,000 mg of NaCl.
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Composition of the vitamin mixture: 3.6 mg (1,800 IU) of retinal acetate reagent (500,000 1U/g), 2.5
ng of cholecalciferol, 5.1 mg of dl-a-tocopherol (4.6 mg was supplied from oils), 16 pg of
phylloquinone (39 png was supplied from oils), 0.9 mg of thiamin-HCI, 1.0 mg of riboflavin, 1.5 mg
of pyridoxine-HCl, 2.4 pg of cyanocobalamin, 5.5 mg of calcium panthotenate, 200 ug of

pteroylmonoglutamic acid, 30 pg of D(+)-biotin, 100 mg of ascorbic acid, made up 1 g with sucrose.
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Table 4. Compostion of the Diets.

Control diet
(NiA-free 22% casein diet)

Test diet

(control diet + bonito powder)

(%) (%)
Vitamin-free casein 22 20
L-Methionine 0.2 0.2
Gelatinized cornstarch 44.5 42.5
Sucrose 22.3 21.3
Corn oil 5 5
Mineral mixture 5 5
Vitamine mixture* 1 1
Bonito powder 0 5

*Vitamin mixture is niacin-free.

Table 5. Effects of the Bonito Powder Intake and STZ Injection on the Body Weight, Food
Intake, Liver Weight, Blood Glucose Level, and Niacin Metabolism.

Control diet Control diet Test diet Test diet

saline injection ~ STZ injection  saline injection  STZ injection
Initial body weight (g) 111913 111.9+1.3 112.0£1.4 112.3%1.6
Body weight at day 8 (g) 168.5+1.5 170.6+2.2 170.1%3.7 169.1£5.7
Final body weight (g) 313.6£5.68 234441020 32304702 219.4+12.8b
Food intake* (g/21days) 403.64.028  686.1+19.9° 44051442  711.4+28.9P
Body weight gain* (g/21days) 145.1+4.82 63.8+410.9P  153.0+4.92 50.3+9.3b
Food efficiency ratio** 0.359+0.0082  0.094+0.014° 0.348+0.0062 0.070+0.012P
Liver weight (g) 15.1£0.4 12.7+0.8 14.4+0.6 12.2+0.6
ACMSD activity (umol/h/g of liver) 2.1+0.43 23.6+3.0b 22+0.58 29.5+2.2b
Blood glucose level (mg/dl) 94432 433+11b 99+32 482 +40P
Blood NAD level (nmol/ml) 80.9+2.12 66.0+2.3b 84.7+2.94 85.5+5.74
Blood NADP level (nmol/ml) 14340630 159+09bc  155+075¢  183+04C

*  Data were calculated as total from day 8 to day 29.

** FER = body weight gain (g/21days)/food intake (g/21days).

Eachvalues is the mean=SEM (n =4 - 5). Values with different superscript letters are statistically
different at p < 0.05 by Tukey's multiple-comparison test.
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Concentration under vacuum

<

Desalination by dialysis
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Powder freeze-drying

Fig. 1. Flow Diagram of Making of the Bonito Powder High in Niacin Content.
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Fig. 2. Average urinary excretion (A) and individual excretion (B) of nicotinamide metabolites
during experiment (Experiment 1). Values are means £ SEM (n = 8) (A). A different superscript
letter means significant difference at p < 0.05 determined by paired ANOVA with post hoc testing

using Tukey’s multiple comparison test.
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Fig. 3. Food Intake (A) and Body Weight Gain (B) (Experiment 2).
O, Control diet with saline injection; <>, Control diet with STZ injection; @, Test diet with

saline injection; 4, Test diet with STZ injection. Values are means = SEM (n = 5).
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