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DHA Production by Cultivation of Oleaginous Microorganisms, Thraustochytrid

using Shochu Distillation Remnants

Makoto KODAMA, Aki MORITANI, Katsuyoshi TAKAHASHI and Masahiro HAYASHI
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CoClz:6H20 130 mg
NiSO4-6H:20 260 mg
CuSO04:5H20 10 mg
Na:Mo0O4+2H20 25 mg
/L-DW

LD EDITTE L.
WIRBEEBZDHEE,
IR A RE -T2,
2—-2 HHPNERUVEEXEEDAE

BRI A B BEL , TR & iz 5 2 & ORI S
REEE L. Fo, BUERER L o RE R A 7 aak L
LIAZ )= NEERIC KR E AL, A E 3528
THREAFERLLTZ. &BIT, 10% A% ) — PR Z IR
L, 80°C T 3 REM MG SHHZEIZ IR AT L=
AT AL LTz D% GC THATL, NEMIERAEPE A Ko
7=.

7RIS, BLINATIC B B 3
1.2 L aZMERT5 LD

3 WBRBLUER
3—1 BEBOoss

B BEBRLHFIRIZAN—ANR THHZ LD, ZOFFEH
REERICTHWAZ LIXREEL B 2 D728, B 5y B
IZEDF R K SO R BERHE IR (CL) 2R L,
TNERAREEHIZ R T 528 L7, % CL O35y
HrofERa2R6ITRT. BREITRHIEOFE CLIZBW
Th, GY31 H5lc B ENHEFE mEFAERETHY,
bEK CL TIEE CL © 6 (& Th-o7-. FIELEE
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RO ERREIIRANOFECL L RILERRBETH
ST MOEE CLIZOWT S [RREDORER 2 £l L
72EZA, WTHRO CLIZEWTY C/N EERK 16
ORI EAERD R R E o 72 (T — % K gH).



BEM I 2 VoA 7€) v F 27 ORI X 5 DHAL#E

30 100
25
75 _
= 20 =
S~ 121
@ 15 50 ﬁ
2 10 b
— 25 gm
® oz
0 0
N
M3 KROULEEBROEAFAERUVEESAX
25
— 20 |
E15
@ i
X 0}
® oo |
0
10
_ HW22:6n-3
§ 8 I o160
W 5 | | mEDH
4
H
% a4
0
ERE 1.67 3.33 6.4 10
C/N 2.5 4.2 8.4 16.1  25.1
M4 ZCLOFREOELE
15 100
< |75 &
ﬁ 10 | i
= —soﬁ
¥ 5| o
i { 25 gm
0 0
10
_ EFD1th
3 75 016:0
i m22:6n-3
g
#
i
B 25
'&E
0
un

5 C/NE=16 s L =& CLIZ&L % GS FHMIEEMR
DEAERVENREEESE

4

% CL % GS B Hifipk & L7z & 12 C/N k28 16
ERDEDITHEANUIEEREZI T, ZORDOA
CLOARRIL, F-F-- N KABREFNETNL1:6.4
©22:6.7 ThHotz. TORE, WIFho CLIZE
WTHEERIEITFR 12 g/L LRIBETH-7-. J§E
APERITIAINATEL D LN L, GY31 8 TH % L
oA 2L ot FriZ, ¥ CL Mo CL
LHER LT 2 EIBREE N -7, 7272 L, IERERAPE
BOMMy DL 1TV I F Bk (16:0) THY,
DHA (22:6 n-3) ZAEEREICKE 2213572 (X
5) .

3—4 Px¥—TF7—AUE—I2kBEBE

BERHI A2 2RI L L= ) v F 2 THEOKER
%%E%&Lf,m@ifwﬁﬁﬁﬁﬁﬁ%ﬁiz
TV — 77— AU H =R DMNEEEZITo 7.
ﬁ%@ﬁﬁ@ﬁw:~z%fﬁoamig%l6_
AT BEEREERINT D Z LI L0 RE LT A
ARETH Y, 160 KpfHli% ISR E & (T 55.7 g/L
L. ZOROIFEAERIZ30g/L THY, &
D HH DHA 2 50% % 5Tz, £z, s
Z 800rpm & L= A To70 & 25, 144 WefElf%
12/ 1830g/L ORI E & A GL 2 A TE 0. B
B DM XV EEHREO DO BNEE D, ThIrE
WHESEIRFEE R E L7720 EE 2o 5.
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DT, WMINEEHRIC L D EmEBEREOKREELEA

T5Z LT, DHA % 30%LL EEdmam 3 5 Hiho

AEPEIZ/N D 3 A MX 197 M/kg ERFE 5 Z &M

T&72. DHA % 23% R EE A T 2 AlhidK 200 [

/kg THBEL TWVD EORERMENHY, ZhLFE

L)L DAANTHAETELZ ERBINT.
*x8 X MRECHWEEILREEE

B AR 2 A — v 100t X 5 Kt
HEAK 6 HIfH
RN ENE 100 dry-g/L
IR OIS A $ 70%
FEL Ik =R 90%
B aR i R 5 fig
B AR [EIR - L R e e E 4 figH
TBUAG 1 H 4 B 15 4¢
PRAF R 9000 77 /4
NG 7400 )5 M /E
4 Fi&o

Fre N BFURLE U2 BERDH O TE IR,
TRV T2 THEEBICBWTEER L OMEICHE
e LTHohhlnzafA L, il licky CN
AR EUNCHRE TS Z & T, ko GY31 A A
WAL E XY bEWIREAESEE T Z 2 50
L7, BREOBEMMEFHATE 2000, KB
ITBEETHEATE S, £, HEBRHBINCEY pH %
2R T &5 2 & CEk A mfl <&, fFfLizo
HIZEBICHWD FIELHLLTEBY (F— 2K

), BEEPH O RERFRLERGIZONTE —FE
DREZE I VT THIENTERLEEZSD.

Uy —T 7 — AU L DREERTIE, @EBEER
FORGENEZ R U722y, FEACmT CTIahEs g
RO SRR B 2 BEAR LS ARAT D SIS L0 Ry 7R
HRITIEOWSINVLEATHD.

AFRBRE FACT SN T, Fa Tl TR AR RE S IR B
DHA % 30%LL L&B T 2 AafiGEHs 105 5
IANTHAETELZ EERBE LR, XVIEDY
RET LT H TS, BhEREY 7R E R E A o BR %
R, IHICKEFRECTHOMRERRMICLIEET
EEIZOWTHRFAL TN ZEELTWA.

5 BEXH

1) MRHESL B T5E, 98-7, 426-429(2015)

2) R. Uauy, D.R. Hoffman, et al, Lipids, 36,
885-895(2001)

3) S.M. Innis, J. Nutr. 137, 855-859(2007)

4) N. Nagano, Y. Taoka, et al, J. Oleo Scie.,
58-12, 623-628(2009)

5) A. Gupta, D. Singh, et al., Biotech. J., 11-3,
345-355(2015)

6) N. R. Boyle, M. D. Page, et al., J. Bio. Chem.,
287-19, 15811-15825(2012)
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Study on the formation of clinker in chicken feces combustion

Shinichi MIZOGUCHI, Masahiko SHIMOIKE, Makoto KODAMA,
Katsuyoshi TAKAHASHI and Masataka SHIMIZU

BSIRA T —NTRETDIKOB(Z VU H)OFRERESIETHZE2HBELT, 7V ADEDN, 7
TAT vva, RELT v 22OV TR, fEHORE, MEGREREZ1TV, 7 U I OARIZD
WTCHHRZ, ZTORE, 7007747 vy aOMREITIELE L T3 f i TR > iz &

Mo, 7V HET7ITAT v aPBELTERLTND ZEARRENT.
B2 LR Z Wy LR DL VIR SR I IR 2 TR L T/,

£, 7V DO FESE
TV BAR AR R T > D B

BINZ T TAT v aBElE LAEOREEZZTRNG, 7V ABRER LD LB LN

1 [FC&HIZ

ARETE, K, BORENKEATHY, 2ETYH
HEOZERTHS. 2O T, BlonwTid7 o
AT —OHIENRAR—THY, FEEPLLERN
HATEhCTna. BRI 30 Tt bOBSA
MFEAL, DENIHEEL L CEEEE T
7=y, B LBAETIHESADBETHY, AL
HLERZWEWS MEN D - T-.

B, KMEOBSARA T —ROEHSATREN
MRE SN, BATERETLZ 70 A7 —HKROHS
ADIFIEEEZREE LTRIHLTWS. LavL,
Fo 5 TR IE S D LIFRESEAZHERIZ 7 VU o &
MEENDIKOHBMNET D, T OFEFREEEZHIT D
BN RPN T 92 720 TR <, BEMNIRER
DT B 720, EHIRNCTER 245 E LEY BR<
VEND D, HRIEEIIGERRIEETH L Z L2
Z, ™A T —EILEHRIIEIXLELREHBEHS LN TE
N2, RFRER S RE V.

FZTAMETIE, BSAARA T—IZBIFTE 2V
YADERBIEEBRIE LT, BSARBEIKDO T Z
AT vva, REAT a7 U AITHONT
S EATHT-DTHET 5.

v

*1 BEIFEREEH
%2 EIRBRBEE (B MOEHBRZEE)
*3 BB (B AApEe¥—)

REI—E>
EERIEET

S |

IS
443

\/

FIAF v

RELTFya

T BAARS T —OEEK

2 REBRAFE
2—1 TRERDHT

HRZENAFT AV A 7 VR L0 THRIETE
W7 947 vva, RhAT v, JUV D%
FHRIZAE L 72,

HOE X MR dEE ((BR) U 77 8, ZSX100e) %
HAWT T 7o Z A ZNINT A —%— (FP) Ik
0, BTN T,



FREAMRBEICB T 227 A OARICHET 50F%

2—2 HRERE

X MEEELEE ()Y 72 8, RINT-TTR)
ZHWT, REEK L7 U > ofs Sk o [ E %
T2 T OSMEIX, B FEIE 40 kV, B EW 60 mA,
ABWE 2 deg/min & L, AT 2 61X 3~60 deg
DOFRIPFHIZERE LTz,
2—3 JUVHhOTRPTOH

X RO HTBREE (R R 55 AR Y XGT-7200V)

XV TV T DOILFEMAAR T
2—4 BRBERKOBRFIC &L DMERE

TI9AT v abBRNLT v aZBREER— MZ
ANT, BXS (ADVANTECHEK), FUH622PA)
TMEAL, 2 hREFLEEE X UV IBERT D
M B CHERR LT,

3 HEBLIUEER
3—1 BEREY U VHDIEEER L ERE

BRBEIR B O 7 U > 1 DAL & g & (X 2
WRT., RRLAT v ald7I9A4T7 viabBHE
NATLRITETWD DD, AR B2 D
CaMN%L, KNDphotz, £z, 27V W75
AT v o DM & o Tz

FERIZHOWTIL, 7947 v a2 l3thibh ) oA

(KC, Vv~ x>0 L0 0 A (KMg(POs)s) ,
iz 1 U v A (KSOs) & K ZELFERNE -T2

DKL, RELAT v aldRBHINT T A

(CaCo0s) , B{b B L 7 L (CaO) , A (Si0y) ,
TABEHI T L (CaSi0s) & Ca ZETeiEfmN%
Mhole., 7V BITKC, B ReF 7T 8% A K

(Ca(PO4)(OHa)y) , TABET VI =D LB LT T A

(CaAlLSiOs) & K Z & Loflidh & Ca Z & Tefbidn O
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Organic Complex Based on Porous Glass which Derives Christiansen Effect

Masataka SHIMIZU and Hiroshi TODOROKI
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Synthesis of Submicron Silica Gel Being Spherical Particles via
Fine W/O Emulsion Produced by the Membrane Permeation Method

Masataka SHIMIZU and Kenji YAMAMOTO

U B TNRLTIE, AN, WEKE, REMARKEZRENG, 7 e EM S L IXHEEIC
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THIEI SN YT 27 eV EOBEKKRS ) B FANAVR 2 RODIFERHDH. 22T, RKFRLTIE, 71
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Z ORGRKTE 2 EFARIZ 0 E L. W/IO =~ vy g Uz RAARIEIC
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Tz, WY e EEE SR, B DKL
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1 um BELLEDOT Y 7 VERREL 71X, EREF
EBiokoTELND. #1100 nm L FOT U A
Kif- (U n) b mefilkasitTng.
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L, OFEC, WG o Bk, WA A4 2 2o )ik
T AR, KBEUFRIE, > U A7 oL
BOMIKIZET 7 7 72— L2V TH LI
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2 A &

2—1 EXHEIOLR

A TR LIEME T e 262 B 1127
T. oL, TABT NI U LKEKE 7
AR W, A1 e e R 2 5 & YA AR L 7 e i
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AT WO =~ /via ) L, Zivgd SPG
RIS LT, MIFLER & RIRREE v/ & 2k B
DO WO =~vviar (LLF, itk WO =< /v
arv) #155.

Wiz, FHBilak WO =< a>DirAfErF
U U AR &, 7 AR SO B K BRI D 7K
N7 WO m<vay (BUF, RS WO
T vay) ERESE, BAAURHIZED
rABERDFNMERGZ R Z LT, SlAKRENIC >
U B NVERIRRL A AT B

2T, RISWVEKTE, ARRE, U s
K7 RELIIRRETH 0, o, Hakcy

T 7 aEHRY U VIR AR E RS .

2—2 HFIIEREERMH
HIREJFCRHZ X, 8 Bk T 2 (Na20-3Si02, &
+AbF0K) % SiO2’ 4 mol/l 12725 L 5 AR L

722 B ET= 4.6 MPa O KRR Z /5 lokia s Lz

Na,0-3Si0, D Ki#H - W
AL

ZiB A 3

W/OTZIVY

TNACSOSE X, —#IZ HeSO04 72 & DEES
bbb, AP TIXZEREDKE L AMEEN
BohAERET VE=7 A NHHCOs (517
AV LIS (RR)) &2 #A S, NH4HCOs % 1.2
mol/l (I1= 4.6 MPa) 2% L 7= KA % 4y ok
& T DR WIO =~ vy a v & dEfE L7,
FIMMEBOS IR RO LB Th Y, BlIERDE L
T Na2COs & NHs W ARAENS.

Na20-:n SiO2+NHHCOs —
n SiO2 | +Na2C0s3+H:0+NHs T (1)

PR S ETEMEANC 1 8 D DOFERE « ME NN &
BExond. OFA8FT MU U LKERIZRNT
NIV EETDHZENG, TB UGB LRWE
BThbZ k. QUEENR WIO =<y a a2
B L, BRI X o THHIKTE 2345 D AL 5 98 ) 72
REEREEAETHZ . T LT, QB 4%
BoX¥Y VT ERDHIE. T, TV E
VUfEaY v/ LA vEET AT )L TGCR (RAZE
fh T¥(R), CR-310), ~FH 7 Uk VU e
v LA VB AT )V HGCR (BRASK G T3 (6F),
CR-500), Y/vE X/ Z 7L — bk Span 20 (E
L7 AV ARV WR)), Y e H o' AL —
k Span 80 (&7 A /L AFYEHBEER)), RV A4
FLoFL R0V ALEZY Y FL— bk Tween
85 (B L7 A /L AFEHIZEMR)), > a b= g
T 27N (=77 —X#), ER-290), KV
FxrzFromifbe~I gl (B I X
(BF), HCO-40) %A THFHLT-.

WA E LTIE, bxmy, n-~FHo, (TH
RUMZBREF L7z LU, Fral 2 5Cal 3 2 W R D,
A O JFEI BRI T E L7 A L LS
HHRTHD.

2—3 ZEBEIW/O IV
LavnREs

BT WO =~/ 3
v ERISM WO == vy
3 0%, BE 2 — (IKA,
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THAS U7, kS s

%8
1 ERMLGEETOERH)
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FLIb 41 13,500~24,000 rpm, 3 min T&H > 7=.

Na20-3Si0z D E 4 mol-SiOz /1 & NH4HCOs
® 1.2 mol1 1%, BFHLEF (m—_Y 7, F X
FEA—H =) ICLD LFEROREEII= 4.6 MPa
Th-o7-.

2—4 VSRZBHAEHT R SPG EELBKIE
SPG IZififlidh (=R« B—« =527 7 (k)
ZEALZ. 4 10 mm, N 8.5 mm D/ /31 7

WThHv, ML Duix 0.6, 0.7, 0.8, 1.0, 2.9,
10 um @ 6 FEFH, 2RIV T H 50~60% T H
5.

SPG IIAKBIAKETH D=0, ZOFHKT T A
R & BUKACAE U7, SR A BUK LAl & QLB
EUTFsHETHD. Ova—rLryy (R
Ay a—=1227(k), SR-2410) % 10 wt% ¥ fiE L
MUK, @7 vFRV)a—ra—7 4
7 &l (FEBbs TH¥EM®RE), KP-801M), @/KIEME
DEKTY a—r Yy (Bl T ERR,
KP-18C) @ 10 wt%/K¥EkK, @V a—r Ly

(HL-Hva—=r7, SR-2405) % 5 wt%iafiE
Liz~FH Uik, @F 727 vvrsany sy
ODS+ U AF L7y T TMS (E#ifbz

T2EFR) ABEEH 10 wt% b L= Ui, Zhbic
Dm = 0.8 pm O /31 74K SPG #i={E L, 12 h i

R[LEBICIY L CEHEE o Exmy,
110°CT 24 h ;iaiﬂﬂbf:. DOD~Dizrvyra—s 4
Y7, ®iFEE O ODS+TMS v 7> v
VY B TH L. Z0H, @O HAFL RN
B a iRt g L L.
2—5 EZEBIZIHPWMEWOIZILLaVE
174

8 JFURE2Y NagO-3S8102, JHAIN Frx ), H
PEREIEPEAI2Y TGCR T D HEAK AL O 75 Al
W/O =~ /v a & piiE DML & £ 2 B K%
SPG BT EEdiEm L, @it O KiE O W/O —
~ g rEG. EJ11E0.7~3.5 MPa Th -
7-.

AR TIX, BEEZ 1R L 2R R 2 IR
L7z, L2L, REIZSCTHEERIE/RLTHE

- Bl ZE, ALK ’a‘fﬁ;ﬁm% SPG &

JEIZHIFLAE D/ S 7B L2358 1%, Ko
WAL E S8 5.

B Tk, BT WO =~y a v E%s

F T D 72 O RARR L 2R B LB FEET D
Z DS ELLT ClidZEmar WO =~y a D
KM SPG EIZ L - CTRHAE =4, iAo &
NEILVERERZ BRI 2 ABNREZ D, N TH
[ HERE U7 KIS &> THIFLASPAZE T 5. &
72, JRFTHIIZ K D H BE 75 i W ER 4y DS AFAE L 72
BEITIE, £ 2 CTAREOENCET DL REK

L, A ELL T OS5 L FARICAZET 5. 06> T,
TE L0 WIO =~ /Ly a »OKRENE—IZ5
BLIRECHESHICEZRSIELZ ENEEL
. REFFE TR, EwET WO =~ vy a Ol

A A AT ABEREZFfHE L, K O vk & 1
Hil9 2 ke RM Uiz,

2—6 BAFUOXBRIGOFIR

F A RWE NHHCOs 2B E 1.2 mol/l IZ
AL U 7o AKESUR D 43 WK 2> © 72 2 KOS W/O
Ty g AR Lo, Al & e SR s v
OFEFE & R EITE AT WO =< Ly g e U
TH 5. Naz0-3S102 & NH:HCO3 » W/O =~ /1
varEzR2@o ko IiRENITA LI,
7K @ NHsHCOs,”Na20-3Si02 & f& Lk m 1% 2.5
~15 & L7,

B A A 2 Az REE S 2 EBR T Tl, Dm =10
um OBKM: SPG A vy, EEEALE TR L

Na,0+3Si0, DK NH,HCO, DKiE
Si0, A 4 mol/l ST 1.2 mol/l
I1=4.6 MPa I1=4.6 MPa
@/o TN ORARE @
Oo(;o o (0}
O oo p
(a) |o » O O
O o o (o)

I)HTVEF

BN B OR R H seom

) 28

IIIIIIIIIIIIIIIII [I111] ‘ IIIIIIIIIIII

R At ARk i 5 o
00 G5 0% 0 ©%0 ©

B2 B4 RImREFIR

19



B LMW/ 0 VY g a2kl 5
W) H 7Nk T OEK

72 Na20-3Si02 7K £ Dw % 30 pm @ 45 # W/O
Ty saE WL BRI NHHCOs K%
Dw = 30 pm DO H43H W/O =~ /L 3 > % ¥
L, MEFLZREPSIFALENL SO %
JEFBMEE I L. WA ERECIZLZO
I, MBI O E RS IS Th o,
—J7, BEEERLT TIX, K2 RT I oA
A AL Tuvd NHHCOs K D % [l 4 5
72%, Dw = 1.5 pm DOSH W/IO =< /L g v
EREIXFT—CHELE. BELIZAEBTT
PRI A EREL L 72 NHJHCOs ki %2 947 L,
BE# L NatOREALHE L. AL Dm =
10 pm & SPG EZzH L, U BTV io
V=W LR LT,

2—7 SYAFILHFOEIR

VU BFVRAE, B2 (@O, A,

U BRI DNEAE LTV S REED B [AIIY
L7 szv. 22T, A 5C 12 &
LM OES| A, ~FHr, RWTZH
)=V E BT T—varkAiaEiro

2. %I, v —F2 V) —x XKL —F—DK

Sl ICHEERL T XV NS R RD 7 4 V& —
ZAEEL, SLICHEERT T A 2 |THE K& R
i oEErftE T LIk - T, ki1
WA RFr L7 £ EIEREE - AT - 72

2—8 HEBEBLIUVHARSHOBEIE

W/O =<V 3 »OKERE Dy U A7
JVRLF-DORiEE Dp X, — W —[E 4 BEL Ak
By Al E R E (R &R, SALD-2000)
WESTEHILIEMETHD, FFIZZ b BT
FUEFER 50% D FHRAZET. BED D OAIR
S VAT I & W2

U T VKA O ALERELE, BT AWAEX
ML EEE (77 A Y X, V=T hvF
v 7 1990) 12 X 5 Barrett-Joyner-Hallenda 7%
AT L 7o A ALEE oA, MIFLASFE, BET LR AL C
FRAm L 7=

3 WREEE
3—1 EFZEBICEITZHHEKIEDHER

SPG BED B KL FBER WIO =< /L3 3 > D
BRI RIETEEZOWTHRE L. MALE Dn
20

130.8 pm, ZBWATOKHE Dw 1 1.8 um TH Y,
J£7) 8.5 MPa Tl & A T >72. TORRER 1
R

O~@D 2 —7 1 > FBKLALER TR 233K
AL L, DwidZE#Eai L W /&< oz, —J0, Bl
KD O TIEAKFEOfEAALE Z v, ®TIX ODS
+TMS BEEFEEE T CHANE D TREN L
7% LHIWT S TS, BAS T T ARMEITBLKMERR
DRI AEIET D70y, BN FI R HED
=54A, Bi% WO =< L a3 Dy I3fiEFLAL
WL THEBATOZN LY REL 2D, I HITHE
LEAELCEZEN RS2V Z 28 H 5.

F1 BKIEAEIZED WO ITILLavDEBBICRIF

FEERANER

BRI E [Z&Ei@% Dy | KA

O Ya—rL P SR-2410 0.99 um O
@7vEIYa—ra—F1vY

#| KP-801M 0.97 pm O
QKBEMEEH Y- LDy

KP-18C 1.06 um (@)
@>)a—rLPr SR-2405 0.98 um O
®FvaTsaaLSU+RY 18 9

AFLHOELSY Hm
©F K (ELIE) # 100 pm X

3—2 WHEKEZEREITHEIHEWOITILY
AaVDER

Si02 7% 4 mol/1 1272 % K 5 IC¥ R L 7 Naz0 - 3
Si0z 4y #ik Al & TGCR 20 wt% & IAfiR L 7= kL=
Vi mAREAEL, AEIFY—Z2 AV TX 3
ODw = 3.0 um, KFEAEFE 20 vol% D Z i HT W/O
T a rEFAR L. Rz, KP-18C TEik
{LAFE L 72 3 @Dm = 2.9 um ® SPG Iz %k L C
OW/0O =< /L¥ 3 % 0.7 MPa OJE 7] CHEZ%E
L, Dw=1.8 um OFEiE% WO =< /L a v &z
72. 52X 3@Dm = 0.8 um DBk SPG EEIZ
1.0 MPa O+ /) T@Q#%EiEH L, Dw= 1.1 um ®
FHiEE WO =< Ly a a2 Zo@nb4a
RS 7e v U S VERIRRLF1E Dp = 0.55 pm T



Wi B & ) AR L MW/ 0 vy a Y ERNT S
F7IrarRRY Y AT NVET O

B, EHIEIC L - TAKTE A2 BT X, s
PEd B 7 D T EAVHIBE L 72
& 512 Dw 2ok L2 WiE4A 1%, Dm

DL/ Bk SPG T 54
ENHD.H 21X, Dn=0.7pm & 0.6 pm
DEKPESPGIEZHEL, B3 @D W/O
=)L g v ’rj] 3.5 MPa #/l1x<C
EE %z 5 RV IR L7z, ZDORE, Dw
= 0.89 um 5 L 10 0.75 um O FE % W/O
= va rREL, ERSU S
FLFIE Dy =049 pm B LR 0.43 um T

HMRLTFE (%]

40 }

30 f

@ D,,=0.8um BE:EBHE
W/0 T=?)Vav

@ D,=2.9um W:E:B#%
W/0 T=?IVar

HoT-. WHMEIZIERER Y K UIFEH @S A
BTt 0 ot
7, Si0278 0.4 moll 12725 L 9 1c 01 ! 10 100
R L7 NasO-38i0s kUi & 0.12 KEE, FE 2 m]
€3 [EEBICESKEDMMIE LS NS LR LD

mol/l ® NH4sHCOs K&K, T72bb,
D 1/10 JEE CTRELEN = 0.46
MPa @ %5 oK 2 > C L5 & 7 U J5 ik TECR
VOB TFNRIA AR LT, EORER, FRAO
Dp 1% 0.22 ym B LT 0.18 um TH o 7. HIEJR
BEOEE 2 TIFTKRIBRIZT/INE L 50, LvL
IWENELS D RAEDEEND.

A ORI~ RIETHBEELR 21278
T BUKYE SPG D D 13 1.0 um, TGCR 20 wt%,
KAEFE 20 vol% D TH - 7. HA OIS
Lo THBHTWO T~y a DDy T RELE
b U7z, WMAIOREEE R B WIHIZ Dw 13/h S0,
757, BEFE % O Dy ICKE R 2T ol £,
FA4ODORGMRE1X, ¥V B F KT RO
WENC X DT o T—ya  AZHRnd Y, KiFzE

FE S e EZ LN

WIZ, R2 ERLEHET, WA v % H
N, TR S T T A D R S I 3t~ R U T
WZOWTHARTRERERBITRT. RIEE XK
DEELZRB ST b5wthe Lz, 300
LQORY 7V VRV Y LA VBT AT
JIEBBENES ThH o720, @~DILAE Dk

DML, HBEI D DIEEIRICEEN LT
bole. BT, BT DHHA A a2 #aElzO L
@ONEETHY, O~DITIT & A &M BLI
TERroTz.

3—3 BAAUXBRIEORIL I

§2 /Hﬁﬂaﬁi*ﬁb\ﬂiﬁLl &‘i#‘?/ =

Al FEIBHET Dw [Ri#EiB % Dw
® krxy 3.0um 1.1um
@ n-~"FHY 3.8Uum 1.6 m
® T i 2.7¢m 1.2¢m
@ K= 1.0um 0.99 4 m

®3 HMEREIEFRSRBEBRICRIZTTEE

FEFMEHR EIBHT Dw fRiEi#E % Dw
@® TGCR 3.0 um 1.1 um
@ HGCR 2.5 um 0.94 um
® Span 20 4.1 um 1.9 um
@ Span 80 3.9 um 1.7 um
® Tween 85 4.5 um 1.7 pm
® ER-290 3.4 um 1.4 um
@ HCO-40 3.3 um 1.6 um

21



W BB LD ER LMW/ 0O~ VY a vERET S
Y7IzarERY Y A VEFOEK

Naz0-3Si0z /K iifi & NHsHCOs K045 L7
ity RIS 5 TGCR A¥x ¥ U 7 &7
- T Naz0-3Si02 K> 5 Na*, NHsHCOs K
726 NHat 2@ Y, i e AH 2 91 U T4l o B A
TR EEL Z Lz L ITREEBTH 503,
FM A MR L TV DDA A AT R 2 TV
DEFALND. TORR, Naz0-38i02 KL
Si02+H20+NHs O KfEIZE L, Hrit#mTh 5
Bk U 7 Si02 kL -3 KT I AERR T 5. F
7o, KEIEREENC L > TEREZER SO, £
DHIFNERERD U A 7 VRLT b ERIB I 72
%. —J7, NH4HCOs3 /KiiiiiZ NazCOs DK 222
LLEFT D2 &5,

M Z N LA A BRI X » TH LR

TGCR HBEI#
Y DFYI7

HHEERLERIA L TIROBE

AAERS

1 ODEARICHKE LT SiO2 7 /Vki 11272 D A
N=ALNEZHND., KR THE D TV E
Bl Lz s idenot-.
3—4 BAFUXBRGOKRID

2 — 6 MRAE M IZ BV TR A A v 28 D FEREBR
%47 - 7-. Na20-3S8i02 D /Kiii#E Dw 7% 30 um &
60 pm DA W/IO =< /L3 g 2FE % ¥l L,
ZhZ i NHHCO3/Kii Dw = 1.5 pm @ Sl
W/O =~/ ardm=250DkTRENITA
L7z, REFHIZ AIBERE L 72 NHHCOs K i H o
Na &% WOt o pr ki ((bk) & H AR T,
AA-660) IZLVHIEL, KoEITI—NLT 4 v
¥ —AKrEE U 7 T2EWE), MKA-610) % fili
S TRDT=.

KRS Si0, RIFER

M4 MBENLIEBAF U RBICEOTTLENECAIBESELIVRERR [ OAFBEBRARTE

2 D BEER L OREEFERR T O e
MBI R T HZ K 4127, WK

(@]
o

930 um THY, Ba LA 7 Y

SEROMRN. LinL, BA Ak 2
HASETe b NasO- 38102 AN IC a 20
SiOe 7 VR DA L, ZTDOFEEDK 10
X & CHME T AEIL S LTS, 100
WO =/l g Y aFEBLT Si0: S g0
YART EEDMORETH, RHL 2 4
JGHEICRFE SN D &9 T & AL 340
SO AR E L, MiBlcpo Ty M

ML HETe & FR L TV DA N L. =
0

Thebb, HEEH 7RO TN E
nNHEFTTHs. Lirl, K40k
PAMEE B E D, Y IVER DS AL
WCHET SOSIT RN T —I2&EZ v,

22

w
[=)
T

Na,0+3Si0, Ki#li#% [0 D,=60um

OD,=30um
. . . |
0.5 1 1.5 2 2.5
T IER SRR [h]

H5 BAFURICED Na DBEES DT ILHFDRBEE



Wi B & ) AR L MW/ 0 vy a Y ERNT S
F7IrarRRY Y AT NVET O

NHHCOs /K
W Na 2% Cna
X, 2 D AHRIT
G EN D Nafbi
7 SO 53 B 2
& % i > TR
EL, =174
v ¥y —IKET
RDTZAKDHaET
PRLUCHEMH L.
i K PN O Na
£ Cna DAY
FLWREIZRD
EARE L7 AR
JE Caeq (XT3
tb, 97205, CNa
/" CNajeq. & % RER
B 5T, g CAmEIN L7z U 1 7 vkL
YD DyxE 7y bL7Z. # 5min T CNa CNa,eq.
1% 60~80%IZiEL THY, A A4 o B I
RO ERHLNNI T, U B VKT
H#) 5 min ORFETHT LT L TV D, FEH
IFRHBICFE D Y, R HE R 72 WK O 7 D36
AF AL TGS E % T D . AR5
T, Naz0-3Si0:2 K O A il NHHCOs
KL D /S W2, EEIZIE, Nazx0-3S102 7K
TORIBRCRENHEITHEL TS L

THHEINS. 1.2

3—5 HIJI/OVHESEHERKIY
ATIVHF EHMARESE

B % a2 & - TH M L 72 O Naz0 -
3Si0:2 KD W/O =~ /)L v 3>, ZhiZ
QKM WO =</ a D
NHsHCOs K I LA A o 2 %
IS TV DR B, 2D
Wz, B L2 Y 7 vkl O

S
%

WeE SEM EEAK6 12RT. 2T 0.2

UBZNVRLF PRI TH Y, Na0-3
SiO2 KDY —72 Dw ICHE LT U D
FARF L ESETH Y, SEM GHEM)N
DITHLF A L DG RLEE TR S e

> 7.

Bk
Bk
AEERLF

| @ BEVHSN
S HFOEEBTH
. MBEH

®6 W/O IR avRENSNOAFBEBMBETEL VAT LVHFOEFEMETE

MY L7z U B 7 VRO L 3 A, BET Lt
FifE, MARREEZR 7R, KRk LizLHiC
TIACOS I G A A o 2B K- TH#ITT 5. [F
REIZ U 7 AL T NAEE O TR SRR IR I A2 ©
L7280, TSR ko> THIFLEEE 2N K& < &
BT 20 REMEDN & 5. KFIT, Na0-3SiO2 R E &
RBEIL, NHHCOs O & 11, BEL, RHA
mZp it RESEEIND EEZLND.

FERFHE Tm 2R B 7TITR LI, R

AV/Ar [cm3/g/nm]
=)
=

e
i

m=15 510 m¥g 0.48 cm’/g

RAE m=5
BET LERETHE 430 m¥/g
HFLEIR 0.84 cm¥/g

m=2.5
82 m%/g
0.59 cm/g

5 10 15
#FLEE r [nm]

7 DULATIVHFOMAFEEESHOEE



JEE BB LD AER LMW/ 0~V a y2RHET 5
Y7IrarERRTY ATV OEK

ROFERETH D m=2.5D
U B FVHIALARIT 22 nm,
BET k% i 513 82 m?/g Th
D, RERRY L — X LA
272> TCTW/z, m=5I1ZL7%
HA 12X 8 nm & 430 m2/g,
m=15T/¥4nm & 510 m?/g
2720, WwINL7- NH4HCO3
K OEFEN K& L 72 HITHE
o THRIFLAE & XA L L T
ol TMMEBUSIEE DB L D2 DDy, Tv
MEBRICED DR THLN, el sd
miZ Ko THIALFEMEZ H A RERI CcXx 5 Z &N
HE L7,

P77 v CEIREGES U U VR & B
L7cRE kR 2K 8 1237 . — I A B MR 2 i
DTV T I n KA AR D &R R Dk
BT WVERENEIC 72 5. LovL, ARoRE
RSO CTAER STV U I 7 ki i3+
RELRS B AR TE L. BaOBov ) B
K- ClEd 203, WH TR FAREITV, TOF
F RS L EE S MR R ICTE S LTV D
LEZLND.

4 FEO

REOFHE A LTRSS, Q%717
DOV B TF VR0 G605, @b 13ER
WTHv, EEEREV. QWM TAERT S
DR BIMEICE . @O —I2EE Z 2 W/O0
T NTa VORGRISTHD. £, RUSHM
WZE 2T U BT ND L LS 2§l T X 5 FHE
Wb, LEDZ L, EHES, ~VAT T,
ML £ K O =— X|THRHE T & S HERENESR
MaEzFIZANDZ R TEREEZLND.
—J7, "FTIN I KL OVE AR 2B b EE e
MNELELEARATSTHLELEZD. KBKRE
AL, M5 TH SR K 91T, Nare NHet @
A A AN TIEE D, U B A ILNICH]
AR NaOH A L CLE ISR TH D, s AR

24

K8 ‘Bohf=HIJIVnUEHRESE VAT IVHTF

i A RETT D BRICIT T O L TR LER S 5.

HRIFEE AN THLRIC L 5 ISk T2 END D
P, ACIS S BT 7 0 A %
RBEOEEER ERMBHREE L Z . 5%OHF
ZEIZ TR,

5 BEXM

1) ARHEME, faAAH By iR T235E, 38, 90 (2001)

2) RIUBRE, A EME, =8 — : BARBBLH,
No17, 43 (1998)

3) INE I, VR« RERT 4478766

4) WHHR, JIIGEF : FriF 2590428

5) Ralph K. Iler : The Chemistry of Silica ;
Solubility, Polymerization, Colloid and
Surface Properties and Biochemistry of Silica,
John Wiley and Sons (1979) New York

6) HFEEEF, AEFA, BB, mHHE - G
¥, 51, 521-527 (1978)

T VEKIE®R, AKREHEN, TEEER AT TR
U4, 28, 3, 310-319 (2002)

8) HREEET, THEAKIES, AKOERIED « KT
2555475

9) K, BHAKER: EZ7Iv 7 R, 21,
408-412 (1986)

10) {E/KIEE : FOODS & FOOD INGREDIENTS
JOURNAL OF JAPAN, 209, 931-937 (2004)

11) W JE, WEKIES, AKRRHEA, HE-K
I U T RAER Y+ R IR R R SO0 A ZEBE &
v E—WrE A, 41, 29 (1996)



*F- 1% 304 £[2018]N0.63
BEIFR TSN v &y — - ERREmEEY > 7 — S

AUBt DRI & 2330 X RO RICKIETE

S 7EU NI

B RS

A gtk

Effect of Surface Roughness on Fluorescent X-ray Analysis Results
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HEH LT EITo7Z. 2D H B R=216, G=120,
B=88 Rt L A7 L=, XX T4 » A%0 D
AREN R B, FEE ORI EWIREAEIG 1L < 72
LA G (K3) . CRTIE, 37 %M
LRENE LI, TOEIEIX 4y A%LLERICHE
Fo. AROBRTIE, Z7xUBOGEIIHN

o35y AR L THEARLL o7z (K
4) . by AR LEZERBRXIZoONWT, ERYS
Hr L7 R 2K 5 12T, 5 » ARIE RS Tl kiR
EORCRTEANELNL, ARDRBXTIE, 7=
BOAERIIELLTREOAK TH- T, 2Dk
No, FA4Fvmy FEOWEHILIZL-7 Aary
VEBENHE T D EBRIRB I T

25.0
20.0 m S EE
= Bl
= 150
4u
W 100
0
§I=]
50
0.00.1  0.00.0
0.0
0 1 2 3 4 5

B (A

M3 ERNEOREELIZRETIBREOEE

5.0
4.0
~ oAX
== 3.0
qu [ B ES
m 2.0
al
&
1.0
0001 poo1 %55 gpoo  0lgg  poPl
D.D B e HE
0 1 2 3 4 5
HEr (B

M4 ERNEOREBELELIZRZETIIVBOME

PC2-15.397%

PC1-73868%

5 HBRFWRADL b ¥ ARBRONBORS 3 =T
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Z A TIN5 O RAFE S AT LB S o 2

3—3—2 L-ZFRXRIALEVEBEERVTITIZVTF
VITDREEDR

BZHRBRX O EORFEE(LICONWT, BV 2T LT
FTIAF =T L D EBE S LT RER, 51 (I
S, BT 26 E2BEENICY T A X —IT 21TV,
4 BICENL THKREITo7-. 2055, R=104,
G=72, B=T2 ZRE L A2 L. TORMREK 6 I
R, 3 ARETCIIL- T A a L U BEINZT-A
TORBRX T, ZEPMZ N TR, 57 AKF
MTIE L7 A2 E Vg 0.1%, 0.3%WIMK THAE
BRR LN, L7 A3V E VR 0.5%RINIX T,
57 ARFRTOREGN R o=, oX &~
EapiHl sh T\, 77 0 F o Z R T BIX
LB L CEBEMZ DN A SRR o T

70

59.1
#IEEF m3rH mse A

EE5 (%)
g 8

N}

6 L-FRIOILEVEBEERVIZSVFUITIZEDE
RNEDOREEL

3—4 TEHREFME

L-7 A3 )VEVBBIRINE N T 7 v F o 7L DB
FEMA~DORBEEZER L. (£3) . @lzonTiE

KPR e bR ME < L7 A 2L B R 0.5% XA
BRHEWEHEE 22 o7, ZHITHERNSK 2 » ¥
Tmo T\, X TETOEANRALILTW
Tl eELZOND. HAIZOWTIEIL- T A2y
VRTINS T T o F U ST AR KD
HEMICH T, HAHEBEDONRT AT T
L-7 A3V e U BEEENEVIEEmAELS, 77
VF U TR TROIIAEm N E W FERE o T,
FVIZOWTIHBE TOFMA K HIEKLS, 7T~
TR TRbEWVIHEITh -7, BREIZOWTIE
TIUF U TEREBENE VI FMiTH o7, 5
ODORBEOF TR O E LK ZHHAE LR,
50

TIUTFTERB0% ERbE S, RWTL-7 X
VB VEE0.6%, 0.3%DIAE -7 (X T7) .

IheoZ Xy, SEOMRETIET 7 F o
X CHRATMITEmNr>Tb DD, B2 20 R
LIRNWT Lnn, BB IEDZhE N E < AR
LT UF T DORICE W LT A3 E VR 0.5%
DEREFHETHLEEZE XN, LML, 77T
YITIZOWTREF M AR bE N2l b, 7
FSoF U TE LT AT U 0.5% D RLER & HH 2
BOELTECOWTHBFT2O2MLEND D L ED
ni-.

£ 3 EHRERIM O E

SRR L-7 Az e vk T

0.1% | 0.3% | 05% | T~ 7

=) -1.30 0.38 0.25 1.00 0.00
H A -0.13 0.00 | 0.25 |0.00 | 0.50
Fige ok -0.63 -0.25 | 0.71 | 0.63 |-0.13
Lk | -0.63 -0.38 | 0.38 | 0.50 | 0.57
DINT A
) -0.88 0.00 | 0.38 |0.00 |O0.75
g -0.38 -0.88 | -0.38 | -0.13 | 0.13

L-7x:;vt‘~/E§o.3%§
\
13%

T7I30FT

L-7 XL E ~E£0.5%
37%

M7 H3FEL0SAFooy &

4 FLoH

TAF vy TEORREToT2LE A, AED
LE13K 20 B, BREOSEAITH 11 B TRFEEL VR
v TROPEE RO pH 3P & 705 2 LN ghoT-.




F A TIN5 O BRAF S AT LB S o 2

FBE I RETHEFM OB LR LT &
ZA, L7 RAav e UBEaERNT 5 2 L THRAEN
2O, BEIZ0,%PRbELTNDLEEZ LN
7. L2 L, MAEFHMIBWTIET 7 F v 7 RMR
KON EN-ST-Z 0D, S%TIF oL
L-7 Aa Ve BN E MG DED Z & bR
HMENDH D BT,

5 ZEXM

1) B AR P im, A sBRis - g, @7 A, 55-60,
75-76

2)S. Chakraborty, R. Rodriguez, S. R. Sampathu
and N. K. Saha, Journal of food science and

technology, Vol.11 No6, 266-268(1974)
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*F- 1% 304 £[2018]N0.63
BEIFR TSN v &y — - ERREmEEY > 7 — S

FLWIILIAX (BiF 52 5) %AW FEEREREES

A BEASET « (U FAsET - KA BET
AR T Rk KE2 . 5

W Fh

The Examination Brewing of Sweet Potato Shochu

Using New Processing Rice "Miyazaki 52”

Hideki YAMAMOTO, Kazufumi YAMADA, Masami MIZUTANI, Hideki IWAIZONO,
Natsuko FUKURA, Eri FUJITA and Tamami KIDA

PN TR E IR 52 5 OBERHRK & L TOMMELHET 572012, 21FESR ISR 2 FHER O TH B
AERER G, ARBRERIEHERT DRy TR K OVERERH 21T o 2. BRIV TIE, AL LA VICRE RN S
<, SREFPRROREL, RELAKUY R ERWET DLENRH D 00, HBTIEINTEY B LONEIAL
HEAFT, ERRBARLETE 2. FRERELEICRIT 2 — kB LUK S AR OFERERE b IEFE T - /2.

TRER Ok (pH, BREE, AN bRAFT, EEFINS (Tra—ngHl, =27 0)

BL

O EMERR Y (B TN T ha—b, B- <t/ ) b HoEEFE LW, B 52 585,

BRI A C B W TR IR R 4F T,

MEEHRED D 5

MHRH 5], IHTLW), TBHERHDL],

(72BN THD) FEOARX L FP/FOLNMEITEN-TZ &0 D, BERAEKE L ToREREEZ AT 2

L bhi.

1 ZCsic

IR RIZIE 37T OFRMEBER A — =0 H v, Fik
28 4EBERT TR A 4E X 1,080 (IS L, HEREEIT
ARIEJEE O EHEEE TH D B OAREBERI T,
%, K, TIXFEOZERARFED VS IEMES T
b5, L L, ITFEITIHEFH OWELIED AT,
A OBER2RIZI T 2 FEREE O HEE S22 82%
EEBZTWD.

FERERT O RE TIXRICHIFEE L TRAEMA LT
W5, BICEENDIERCV = UBR b AR
ENBHZETRGRT VA — LIEEEB IO L &
WAL Sy DA R AMEHE S 4, B S ASEERT O E X
APERBICRESBETSD. LoT, BAOMER X
OEBEOHARIIBE A — I —I12 L > TRERETH
5.

LAl s, IEFOHWERBERLRERIEIC X
DR RS =S, EIC LD KOAEEMRE (»
DLW DEEIEFEOR LR, RIEOM

*1 B
*2 MBI (BL E IR LR PR ET)

THKREBEICHIST D701, BUREER, Bl A —
H—, EFEEB L OMRSE CHERR S - TN

THKSEAERE - FIHIERHEE S 25, Frruvm
THKAR 358 DRkiEaER, BEfaABREEE 195 K
O R IZHR D LA TE 72, A% 358 IXIRR G EER
BRGNS B Lo Sl O E O E W IN T KT
b5, 1272 L, BmEEE: O T K O IHE R ] X
BLE 10 A TRITHY, FRDFHEERE O R
HZHICEDRNWZ ENRETHDH. S big, FE
RO THKTH 2 EOELN, Fk 27
FIZWE B ORI LD RIBRBIL E 72 o 72728,
B LW KRR A B A SR 0 3 K S RER DR RE L
720, BORAEWNENFRZFEU ETHE HHRITHEN
i CH D EWE 52 5 D FEAL~DEY M A A
Shi-.

AW TIX, B 52 B & W72 FEEE O T
HEREETE 2 2 WHIES CfTV, BERTHEK & L CoRE
M 21T > 72D THET 5.
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LI K (B 527%5) & v 72 B SR

2 EERAE

2—1 #EXK

BN TR SN THKER 52 5 OH K4
KELTHML, HEES4 St (BUT, PIHE
) BIOKASEEHANE (T, THANE) I
FUNTEEBERT O T35 B A BRI & 4 S L 7.
2—-2 FERTBRERBREE

PIHEEE BT, BICER 52 50HE LT
Fik 400 kg W 2. 3B E LT, A5%k 358 & fif
M L7, BIEE 75 40, /KBIV X 30 ATV, %
DHAR L ZAT o 7o, FEHBIEIT AR — B s G Y 5L 5
NK & (Aspergillus luchuensis)z i/ L, K7 A8l
Hapkds K OVE B\ IR = C 42 REf AT Tl A
fTofe. —RbAHTIIEIRE 2 5B (K-2) &ff
ALTHHMBESE-. &big, TFEADamTx
v H % 2,000kg TOXRLT, TNENO—KD
ARIIMA TR AR E L 8 HMREEEI -, B
Bk b AR E IR LR ORI A 157
Tz, BHAEIZBWT, MBICEIR 52 5O
H L7k 270 kg # W=, R E LT, Pk
AR U7 121513 50 40, KB D 13X 60 20 ATV,
ZTOBKELETo . EBIXANABHE
(Aspergillus kawachin % i L, i@ JE ] K = <
46 FE 2T TR AT 72, — R b AA TR E
R (MF062) ZfiH LT 7 HMFEBEIEL.
5z, EFEEIORIZ D% 1,350kg TO&K LT, £
NENDO—RLEAHIZIMZ TR AHEL 9 H
FERES . B RS A B E HEAE LN O
JEE % 1% 7.

2—-3 FEROBRSIH

ST U722 EBEENE, R Z 25% (vivIZFIK
L CRRR L7e. FRERfo pH, BEEE, SRAMEEWLIN,
T A=)V oy O, ERUTETE S HTE 2I20E -
2. FEHERER RS AHOT N a— 0%, b A
A% 3,000 rpm Ti.LooHEL 72 EIFIZHOW TS
TV a— Vo ds (BRBFET AR L3 X A | AL-2)
CTHIE L7z, “FRERE O —ME R T DI AT A7
n~ b7 77 (BEREFR GC2010 Plus) & MW
T~y RAR—=RIEIZT, £ T AT )a—)u
BLOB-F~t /) iconWTiIHAZua~w 57
BHaEoirat (HEEFRR GCMS-QP2010 Plus)
EHWTITo 2. 7o, FREROET ), T ATV
a— BRI F vt CEREBORBIL, ~y

54

RAR—ZX[EM~ A 7 wffitl (Solid Phase Micro
Extraction : SPME) % 59 T{To7=. FHEREF 5 mL
BLONHEERR (1-2> % /—/L 250 mg/L)
0.1mL%Z 20 mLEN T AN, TIVIZ AL TER L,
SHEREFTRLAOC-5000 4 — hA > V= 7 ¥ — & H
VT 40°C, 500 rpm THEFELZRN S 5 4R L7
#, SPME 7 7 A /3— (SUPELCO 85 pm AU 7
7Y L— ) Z@H LT 30 48 L2220 SHiH
ZAT - 72, Wil SPME 7 7 A /N—Z 3k E o7
AANT S pMEEH L TIiTo 72

2—4 FEEROERETM

BB ERERL AR E 6 42 XK U A ML L T4 R
EQQ:FH, 28, 3: R, 4: 7)) ITXVFEREMD
BHHRERH 21T o 7=

3 HRBLIUEER
3—1 FERITHHRERREE

PIHEIEICIS W T, BEN TR 52 5% 38
KELTHEAL, #ABEZITo7. R 1ICHBICH
THRGEEOFT R E R L. ZRL ERY TR&E R
WAL, BB IR T RCRE NSO T,
RESCKD Y FHEZRHEST L LICL2BEN L
LThdEEZLNT. HEE, ~E@ 8
<, NEIABRLERHET, BV LMERNSTZD
T, BERBAERECE B SNL.

B 1 IZE I 52 583 KOO 2% 358 Lo
NBER L. 2RO OBOBEE L, ik 52 5l
(%) 6.1, &% 358% (HH) M 7.5 Tik
EETH- 7.

£ 2 ICEREMOMLIARSEE R L. Bl 52
FHRBLIUOAFR BEHONTNL, —KE AL
TR AHLDORERL LA ITIRRICITb T,

FREERE OREEEICE T AEAEER 3 ITRL
7. BARORBEICLAT L a— LR X OKY
WCERIIRBD N2 -T2,

T, BHAEICBWT, BR 52 528k E L
THMAL, WBEiTo7-. F£ 4 2WBICET 5
EHEOFTRER L., AL ERY THALL, B
BRI S IR T B0 E Mo 72, EEME W B

T HIOIT, RIEB LI OKE Y K 2T 54
BhRHLLEAZONT., HBEIANABEY, ~EiA
HINRAFTH T,



LI AR CER527%) & v 72 BRI Uk 5%

x1 HB-AITLIHEEOHRE x£2 FEBOLAASE
HH P AL Bk —K —& B
RERBEBLZ D, 0K 2B D #k (kg) 400 — 400
KL ORI N
RAKIKG1E 82.83% ThH o 7= w9 (k) - 2,000 2,000
SF T IEORHE N
Bk (L) 480 1,080 1,560
WD LG s HEBEFTHNFTIESED UL
HEHRBIT R (525 B3 ) RO BGE 20%, WAKBHE 65%.
O IXRER N
ANV LR DA, bENCEEIC Y *®3 FEEORBEEICEYTLE
HEoORR HbLlizbobdbol. LiL, A% 358 DL IR 52 5L H % 358 il
ALy b (248) (248)
H s AL KD B A
A G 14.2 14.5
PN CTEAET N TG )
WER I 38.4 38.0
MBI R Y & LTI EH L EFIED T a—5y (%) : .
. . 7L a— L
RATHE  Thorors, Wk, BB b 550 EEIEN WAETLY 202 201
THDY %Eﬁ}f?@’)?’t ?ﬁ%i/ﬁ\ (%) 95.3 95.3

x4 HBBFIIREEOTR
Y| It R

BRCARL TSN, RLERNE) OTER

ALORW DERELIAEL ERo7. TRy 703
S EPET LI,

FEAT T ORI "3 <, L TIRED D

W& Lic. BHOFANDORIZ DD KRE 72

RO LSS OB > Tz, 2R S < B

LAES T, RIS IET O R WE R B2

&£
n

27z,

BMOBFYVIZBEDOLAKLEDLT, ~NEil
D, "NERBIZZAKRID RN, BED
HALOEHEL Y Ehrole., SIZTORWEATE
SDT, bALPETOThoTz.

HiE 52 B0 (E)

HiB8 DR

BB ORI &, B OFANDRIEFICH
Badl  HThokh, TRUBISITIRRLI 2D,
REOBM K A>T,

2\ ZEIR 52 SRUKE (BB OBz R L

H% 358 DKM (RE) 7o, BOEEEIT 6.5 THIEM TH - 7-.
RBICFREBMOMALSA 2, % 6 1T THEAR
M1 KBOIE WEORBEICHT 52 R L. —kRb AR,
WL ALDT L a— LR X O ITIER T

boTe.
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LI K (B 527%5) & v 72 B SR

R EE 52 20RHE (5E) OINE

x5 FHEEOLA#SE

Bk —K /4 B
#ak (kg) 2170 - 270
L 2 2 (kg) — 1,350 1,350
Bk (L) 306 744 1,050

HHE 20%, BAKBFE 65%.

K6 FHEEOXEEEICEYIE

B RS ABT N a— sy (%) 14.9

BEREEE 7 L 22— L5y (%) 37.7
W7 a— L ERE L/t 196
KHBE (%) 93.0

3—2 FEBOMSSH

T ITHIHEE O FRER O — KRy & s LT
WTRLEKORBEIC LD RERERIRO LN
T, bALDOREEE ORI OV THEIZ 2 v
LHEZ I N,

RKBICHEBREMMIZIEEND EBEFERLTDOT V2
—VEBIOZ AT VEORESE LR L. Th
ZTROBFTICONTRERBEBNIAONT, Bk
52 REREMIIEERERN DT +oEaAT 5
ZENRGM,oT.

FOWCEREMOET ) T AT La— LB L]
B-F~t /) VIREERLE., ZRALIZOWT, ®
Wy 52 5 % A 7o FREEHT X PR & [ IS+ &
BT A RN gnol. )TN T)a—)L
WZOWTIE, T EICHEERRES RS, &

56

W 52 5 BUFEBEEH 36 FRICHER L C a-T L E 3 A
—VDOEHEENE N> -0, BfEIX 1,000mg/L T
HY 9, BERIOFERS~OEBEIT DN EHEIN

xR 7 FIEE 25 EO—BED

SRIMER
pH  BEEEEE
WL
iR 52 S8 (RH) 4.4 2.4 0.577
% 358 B () 4.5 2.0 0.356

*®8 FHEEM2BENDTFELEFEIADPEELRLV
BHR7ILI—ILL

(mg/L)
Hik 52 5 5k 358
() (£#9)
WEfE — /L 77 86
CTEFL 0 0
n-7a iy La—) 92 98
T FAT = 135 125
EElE -7 IV 1.4 2.3
T IT VAL 318 300
7 a g 0.1 0.1
T kA 3.8 2.9
H 7Y R F L 0.8 0.8
NTY BT 1.6 1.9
HElE B-7 = R F L 0.5 1.3
B-7 =X F)NT a—)b 64 91
A/P 3.4 3.1
A/B 2.4 2.4
B/P 1.5 1.3
A/(P+B) 1.4 1.3

HE)P:n-7ob A7 a—, B:i-7F LT La—),

A:1-7INTLa—)



B LW AR (R 527%5) % H v 7 F BE i) SRR G

K 10 I HANOFREE O — Kl &R L.

pH, BEREE LIS L OSRAMI N & & (2@ O fE T

HY, LALDOHEEL L ORI oW TRIEIL 7
WweHEgE I,

RILICERERICEEN D FEFRK SO T IV
A= VEBIOZ AT VEORESZ R L. H
Wy 52 B EREFNI EEARAFTRR Y E + o Ea T
LT ENG ol BIHEE RS U2 SEBER &
g L CHERRDBEN R D 01X, MEBS LW
B R OREEMA Y, BIERM B K ORGEEOEWN
WE2bDThHEBEZLNT.

K9 FERBEDE/TIALRYFZILI—I
BLUBS~tE/) VEE

(ng/L)

w52 58 7ok 358

(218) ()
U u—i 63 43
T ILERF— 80 30
vhRrrmr—L 32 30
Fr— 29 26
BT A= 52 52
B-4~t /) 20 18
xR 10 FHEE 25 EO—BRES
e
pH  BERHERE
L3
Bk 52 58 (H#) 4.5 0.9 0.434
PUHIK R (1958) 4.5 0.8 0.368

RI2ICFEFEROE ) T AR T a— LB L
WB-F~t /) VREEZR L. Z2RHIZONTH,
HIF 52 A MW FERERII F2ICEATH &
N o Tz,

T TR T OV 3 — VT EREE O REE R S T
bHEREINTND., HEPITIIHEIBA LT
I TR UBRERBAFEL, b ALPTEE KD B-

TN Ay B —BTIMKGRSI, 7T =F—NLx
n— /LR ERET S, L, A TROBE L AL
FOBRTY Fa— a7 /LR A — VIS
n, ¥77, BRI herxo— L IlEBEND
1010, F72, B-F~t /) VIFFERERICE EN5IR
HDHHHNWEYD OREERRS TH Y, FBER O JE
HWIZFH 595 12,

b AHBDRHENRIFTH Y, BERHZ 5 72 F XL
DREAINTNWIZZ Einb, Bk 52 5% M0
G bR OFERB L7 = VAR IZ OV TH
AR EHERE I T,

\nny

K1l FHEM2BEOIELEIADPRES LV
B 7L I—ILH

(mg/L)
HI 52 S kR
(F%8) (F#8)
WERE = F L 159 110
CTEFN 0.9 0.5
n-a Ay a— 124 128
7T AT I a— ) 240 204
WERE i-7 2 v 12.0 5.8
1-7 )7 )va—)v 458 416
VA= ES Y 0.4 0.3
TRV 13.4 0.6
BT YN F L 2.1 1.7
7Y T 3.2 2.0
BEWE B-7 = % F L 2.8 1.9
B-7 = X FNT Na—)v 74 113
A/P 3.7 3.3
A/B 1.9 2.0
B/P 1.9 1.6
A/(P+B) 1.3 1.3

P :n-Frb AT La—, B:i-7FALTLa—)L,

A:1-7 I )T La—)L
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LI K (B 527%5) & v 72 B SR

£12 FEBRBEOE/FIALRVFILI—)
BLUBS~TE/) VEE

(ng/L)

R 52 L kR
(F1%8) (F#8)
UFm—1 211 194
TN RF—IL 121 121
vhrxr—L 46 37
Sa—)b 54 44
7T == 63 58
B-#~t ) 53 44

3—3 FEEOEENM

K 13 U HEE O FEREM OB RRMREMS L EZ R L
7. EIRE 52 SRR O AL 2.0 TH Y, &f
WD A% 358 D 1.7 & g L TR 230K o 72

DaARXy SBHELIL, BERMOSBERENI & D550
- 7.

£ 14 [TEHAJEOFREMOEREMAML L EZ R L
7. B 52 BEUIERER O 1L 2.0 TH Y, [
BN SH L), [BHRBEHDL), [HEXLW),
THRRH D), RO Tho) SRR
AV INBIEBI, BEEOMEIXE o T, K
Ll U CRMEAME o T2 DX, B 52 Fld AR
T TH-TZ ENRET, +RICRKT L2 &
TE M B35 & STz,

4 FL&d

1. =i 52 SIX B ICB VT, ALLERBDICK
ERENZL, SFTBROREN-TZOT, RiF
KK G ERHEST D LIV KERSLET
bHEEZBNL. HATE, ~EBE)BION
YiAm b RIFC, ERRBEHETE .

2. EW 52 & HWIFBE ORL KRS AHT

LOO, RIFiHi Ch o7, TREER S 5], Na— BB L7 L a— L IERIZONT,
Hwrds) , HFELW], B3] % SR L DERITRD SRR - T
=13 FHE 2 EOBERBRERER
a4k (1 F, 2 B, 3: R, 4:7)
@DLI': Elzi'éj :I)‘:/]‘

BeR3), F1(2),

JFORHREME(4), Hv(@), FIEL W), BEAd D), BEH,
FENB), AR, MR, BBk, EUk

JFORHREMEB), H (1), FIXLWR), BERH, BHH D,
PRCAAR

R B,

ELS

X 64 OBERNE RERFMRBRE TRAZIT - .

R14 FEBR 2B EODERRAERER

M4 |k (1 0 F, 2, 38, 4:7)

B ) a A b
Bl Ay BRI, B b5 @), BELNG), 0@, 25500, Hx FEE,
4 N 2.0
ﬁg?ﬁg FEN(D), HAR, PTEFLRE, HE, B
AR (), BEHMEEW), 55 5@, BEINED), ~DHENE), =AFLFE,
% N 1.5
H30.3 B ARG, S, FiL

K64 OBEETE REREMERE TRAZITo .
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B LW AR (R 527%5) % H v 7 F BE i) SRR G

3. Bl 52 BHRIGEFEENX, A% 358 MLl ik L
THERKBTICHEERZ IR ONT, +oES
HLTWDZ ERNGhotz.

4. BIR 52 SHRIFEERIL, BREREICE VTR
Bl lich o7, TFEERERH D), TH
WRndHs), [HEILWw , [BHALIHD],
(72N ThHD] SEDaxr bRELN, BE

BOSRERE N RS ho T,

PLEX Y, B LWL AKER 52 5 1356 2

K& LToREREMEZ AT 2 TRt rBo oni.

AHth, TIGHBRBREETE 2 ke U C3E0 L, BElt
BEEREMEIC DWW THER L T L.

5 BEXH

1) WARZEH, KEEESE, (LB, SERFBE, &
Mg+ JiRRTEREE 2 — - RMAFREE
VA — RGeS - Rk 26 FEE< 59 5>, 53-58
(2014)

2) LA, KEBE, OEFBE, &LET, %
AR H - BRI ERENE 2 — - BB
VB —HFgERAS - SRR 27 EE< 60 B>, 51-55
(2015)

3) AT, KB, OLEFBE, &IET, #
MK E, 50O HiRRL¥EEE 2 — -
BBt o2 — RS - PR 28 < 61

5>, 69-75 (2016)

4) FfEREZ B 5 DU El SOE E BT T E 59 4
MR (AWM EEN B ARG RS, ®a0) , 34
-49 (2000)

5) FHEA « BEW, 94-3, 252-257 (1999)

6) FHEVE, KRHE (F, & AL, BERScr, HH
i, WA MIE : BEl, 101-6, 446-457 (2006)

) fEE R, AR R, ARTE, KR IR, @
FR, CERIE—  EERA I, 183, 16
-25 (2011)

8) T HI#k : SA &, No.2, 75-79 (2002)

9) MG, WS A EIR, HEmAl, kD
B 17, 100-7, 520-526(2005)

10) K HMIKE : BEl, 86-4, 250-254 (1991)

11) &EEMA, HEhEr, BHAE, HER—
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Nucleic Acid-related Compounds Extracted from Koji

Hideki IWAIZONO, Masami MIZUTANI, Hideki YAMAMOTO, and Tamami KIDA
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F7o, BUBRFHNC X 2 IR BEE Y E i H B~ D508, HHMEGEREE & OREEIZ SV TR~ BID R CK,
%) OEWTIE, ROGPLLHHEN L) -T2, B & BERHEE 2« tilk§ 5 &, i S0 izizR
EMEORFEN R > TWe, 70, S ERS JOHREORE T EOENT LY, fhit &0 5 B EY
HENRRD ZENghole. BRBIORBGEFZWRTL2Z81C8Y, HROHFELY %< O
BEmEN R SN D Z LR S h, BREEVELZZ G0 IRz RIETE LB N,

1 1FCsIc JR—RRpsh,  (BR) BB minzBhps)l,  (BR) 2R,
I, <A DIRIG - A O REER AL IZIA < () e v7, (K BEASEEE) LV AFL

FHINTEY, BMEERBEYD & L TR2eMEN
fER SN TWD. F7o, BEIE, BEER»OSWT
HEMEERICE VIR A SR L, oY E R
T D LIV A e REE I E A EFET D 2 &
DEMBNTWD V. OV EEREL, Fil
IR R, s e &I E ST 2EEIE
FERZTWL . BEBRRRET D L HBRAHI e =
2L, RENREEBNIORTREDKHK L2 55%
nrbs. HERHINAVZICHBEANE T 4 X AEOH
FEARESHL T LAF—(EERIIGF S, X7 LA
F R (RNA) DEA SN TS 2, 1HEEH & EE
HYE OB HEIC OV TITIE 37035 503, BeltHEIC
DVWTIE, oI ERE I TR, 4, i
L7c 8 E S ERM0 b EBEEDE O 2170,
LC/MS/MS % MW\ CE &M 21T > 7o D THET
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2 RBAE

2—-1 BEHSLIUVHAERE

BT ENT, THROK AL L ORE (KL 65)
ZMWIZ, BEIE, A -V —54k ( (BR) WA

*1 S HAMAEWE

TBEEHBE 10 B (A, kawachii O~ ©®, A.
luchuensis O~®@) , HHE 118k (A. oryzae O
~©), A.sogjae O~Q) OFt 21 HkEMHH L7-.
2—2 H#H#

ALT-AFEE A KM L, MEOMBL %, 8
RIERSE (=A~y 78 75 FF 2 PR-3KP) N
TR L 7. BRI E X 33~38°C, 1L 70~98%
THBIRMARE L. B LT, ofricitd
D FE THHRRAFELTZ.
2—3 HBEREEHEOOE

HERIE, EgiEREE LT 7% (Adenine,
Guanine, Cytosine, Thymine, Uracil, Xanthine,
X7 VAV RELTTHE

(Adenosine, Guanosine, Cytidine, Thymidine,
Uridine, Xanthosine, Inosine) , X7 LA K& L
T 19f (AMP, GMP, CMP, dTMP, UMP, XMP,
IMP, ADP, GDP, CDP, UDP, XDP, IDP, ATP,
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W 2 g ENZENFEERY, 50CDK 4 ml Z0N%,
50°C DIEIRAMIZ T 1 h il L7z,
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BERE B E OB E 12 1%, LC/MS/MS (LC: it
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mg/kg #, K# 44 mg/kg #) , FEHE T 20
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Construction of Miyazaki Prefecture Original Microbial Database Using MALDI-TOF MS
(2nd Report)

Tamami KIDA, Kiyoko TAKAYAMA, Masami MIZUTANI,
Hideki YAMAMOTO, Eri FUJITA and Kazufumi YAMADA

WO IEICBE ST 2MEMERZHINEHR T 5720, 0EWT — 2 X— ZA ORI A TE /.
FT, AHEPEEICHET 2 2 MR SN2 RBERLELMAEMOSEERE U CINE L, BEREE ILRE
ZE e 3,700 KR OISR % 3Bl - R AT LT, WUEE LTI D 5 6, EhEERE (Zygosaccharomyces rouxir)
& RIE ST ERRIC DWW CER RS i M A 0~ 7o FLBRTA & [FE S AV BEERIC DWW T, BEREMER A= Rl
SR pH BRIE COMGEME A T~ 2 OREE, FEhE-CHREMER MO RE IR T & 2 RO H 2 Ekk

ARSI N TE.

1 [FC&HIZ

A, AEMZFIE LI BEERE M, et ouf
TNREDLEND EEHIZ, BEZERORNLEZITT
HEENSLBIEA IR TWS., BEIZHIEHA 2R
BERGIIE S FHET DN, ZhETHYRRAER
BREINTELT, HELMAEMEREI R TE TV
ol ZZT, VP28 FEEND, BNOMA
WEFRIZOWTHAEL, FHAEMORBICFIATE
DWER DT —H R— 2 HEST L L EZHBE L
T, RINOREER S 263 V2 7B 3,700 Kk
DWEWE DL CE7=0., ZhboMimaEFER
BT 272012, Hx DEEDV < DO R % §i -~
TDOTHETS.

2 RBRAEE
2—1 MALDI-TOF MS Iz & 2 RERIE
AT [E] R 5 BRF Z [R]E AN AT 722 72589 1,000 #R %,

N
<
&

*1 B
*2 SRR (B B R A BR AT FERT)
*3  JEHBAEE (B BN R EERT)

BE & A U PDA B5#t (Difco Potato Dextrose Agar)
<° MRS #4#1 (Difco Lactobacilli MRS Broth) T
MREsE L, BHE MALDI-TOF MS (Bruker,
microflex) T/HHMF L7z, BIME TIIX—4F v 7L
—MIBELTE-2ELI L TCan=—%2BH L, 80
%X, ~ MU ARIE (Bruker Matrix HCCA)
DNEIZA 1l 20 F LTz S E 7.

2 —2 EmEER Zygosaccharomyces rouxii M EK
HETR ) —ILERBEDRES

MBS IC BT, EERERIT A Y EREORR
DIRRE % ERT D720, EHT 2EIIEZ
AT, FrEEOTY ) —LEERTDHIENE
FLW. =¥ —i3EHORFEHEEZEDD & L
W2, ERERESEDI0ENRHD 29,

BN OEIM G A5 b5y LTe Zrouxii 227 k%
MRS R s (F v a— R 5%, Wb RU
2 8.3%, AMEEEI 10%, pH5.3) PITHIE L, 30
CT 3 HMAKFE L7k, WIRCHHuRm o oo 47 i
R L7z,
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2—-3 HEBEOY-7I/EE (GABA) £mMEEL
T P 1
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FITER A HE S TWaD. SLBREOHRIIT /L4
VIR E AR D, SV 2 U D GABA &
EERTIEENGFET L ENMoNTEY, £
D XD 7R FLEREE & O TREREME A dh 2 1F D IR JE 3
HHENTND D, B ¥ —THRATIABEHICH
GABA Z /£ T DN FIET 5 2 L B WIRF S
7= b, 300 RO FEEE TR L T GABA A pikk
DAY ) —=2 T &iTo7.

MRS HrHUIC FLER B A fH L, 30°CT 2 H k7%
L7-%, BEiG0sua#Egra~v s 77 0—
(MERCK, TLC t/iru—=x) oaE L L. B
WX 1-7% 7 —n TR N B k=35:35
:7:23 L L9, BEAF=rE R 27— (F
LT AV LTEMEE, BEsn~ N7 2H) #H
Wiz,
INOOAME L, HLBERHER~ =27 L DTt
>, W TBEB L% pH 3, 3.5, 4 [ZFHHE L 7= MRS
EEHiZAiE L, 30°C T 2 H & L 7= % O @ AR5
JE % AR CHERE L 7=

3 BRBLUEER
3—1 REHR

Wk 28~30 FEICE U H —THREEL,
MALDI-TOF MS T/%3#7 L7z 3,730 Bk O NER % X 1
R Lz, BREOWNRIZ, R Saccharomyces
cerevisiae )N 1,481 #F, itE M
Zygosaccharomyces rouxii > 298 ¥k, i FLEL
Tetragenococcus halophilus 7> 278 £k, FLEAHE

(Lactobacillus J&, Lactococcus &, Leuconostoc
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2524k g
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8384k 2084k

1 3730 HhDRIERRE
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FRE

Z.rouxii 227 FRH 88 RN Z T A L, 139 BR23
B Lotz (X 2) .

BERB OO 2 ) — VIR, BEEERT 5
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oz,

JEAETERRE T, =& ) —VIEREN 2% EE 72D,
RS IC B W CTERAEO FREME O & 5 BERED 33
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3—3 FBE D GABA A & B
TLC ZA47 > 72 R, 300 ¥k 32 # T GABA D%

i & R CALEZ N R238LAL, GABA O A4 ik 7 il 38
Shi. 1 0#EY, GABA AEITFEMEIZL > T
KRESHEARV, Lb.brevis bt %< O GABA 4
PR DS BT,
=1 HRCAVWEESORELH
MALDI-TOFMS | & L7z | GABA % 4Rk
THE LB | R L 7otk %
Lb.paracasei 113 0
Lb.plantarum 91 0
Lb.brevis 56 29
Lb.satsumensis 15 0
Lb.parabuchneri 10 0
Lb.hilgardii 8 2
Lb.buchneri 7 1

% pH COMIMOFE, ZZroHINIAEF

TR pH &, S ESNICHEBEEER2ICE DT,
WP OHEKS, o pH 2 FIF T &, @H

® MRS 55t (pH6.5+0.2) THi#& L2 REIZ L~ B
FEPEIZE LS 72> T iz, pH4 & 3.5 O MRS F5Hi Tk
HHE9 225, pH3 Tl LAWK RLEL, Zhb
DOROEE FIR pH 1L 3.0~34DICH D EEZD

AL7-. pH3 THHEJE L 7= DX Lb.paracasei 2 ¥k,
Lb.brevis 4 ¥k, Lb.satsumensis 2 ¥kDE 8 ¥k TH
> 7.

%2 & pH MRS 3T 0 #E 5 M
B
B FMRpH | pH4 | pH3.5 | pH3 | HEKL
4Lk 9
3.5~4 + 81
3~3.4 + + 202
3 AR + + + 8
4 F&H
N D FEEE R BRI 3,700 BROBRAY) % 43 B
L, % 3,100 KO BHEZ[FE L. £DOH)H5 R
IIEH TE D[RO & DB RE, ILREDZHES
. oz, EBWEREIABE IO VW TERENR

2ODFEMETAY V== T EATV,

EWER AR Y ATy Z &N TE .
1) PEBMENRZ L, =X ) — & 2%LL EART

% FEMERE: Z rouxii 33 Bk

GABA Z# 4T 2 FLERE Lb.brevis 29 #£,

Lb.hilgardii 2 £, Lb.buchneri 1 {%

3) pH3 TSI 5 MifetE % b SR E

Lb.paracasei 2 ¥%, Lb.brevis 4 ¥£,

Lb.satsumensis 2 ¥
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ABSTRACT

Background: Blueberry stems, a by-product of blueberry leaf tea production, are typically
discarded. We evaluated the effects of hot-water extracts of rabbiteye blueberry (Vaccinium
virgatum Aiton; RB species) leaves and stems on hepatic lipid levels in rats consuming a high-

sucrose diet.

Methods: Male Sprague-Dawley rats were divided into groups that received a control high-
sucrose diet alone or supplementation with 2.0% blueberry leaf extract or 0.5% or 2.0%
blueberry stem extract. Blood and hepatic lipid levels, hepatic lipogenic enzyme activity, and

hepatic quercetin metabolites were evaluated after 28 days of ad libitum consumption.
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Results: Supplementation with the extracts did not affect body weight gain, food intake, liver

and white adipose tissue weights, or serum lipid levels. Hepatic triglyceride and total
cholesterol levels were reduced in the groups that received 2.0% supplementation of either
extract. Hepatic malic enzyme activity was also reduced in those groups. Quercetin and its
glycosides, the major polyphenols identified in the extracts, accumulated in the liver as

quercetin aglycone and quercetin metabolites.

Conclusion: We demonstrated how daily consumption of blueberry leaf and stem extracts can
decrease hepatic lipid levels, potentially downregulating malic enzyme activity. These effects
were intensive in leaf extracts. The active compounds existed in both extracts may be quercetin
and its glycosides. Therefore, blueberry stems and leaves may be an attractive candidate novel

functional food.

Keywords: Blueberry leaf, blueberry stem, quercetin, hepatic lipid, rat, functional food

BACKGROUND

Evidence indicates that multiple beneficial ingredients exist in daily food items. Foods rich in
beneficial ingredients are termed “functional foods.” Their daily consumption is believed to
offer health-promotion and disease-prevention benefits. For example, the consumption of berry
fruits may prevent carcinogenesis, liver damage, obesity, inflammation, and glaucoma, and
improve eyesight [1-4]. Berries are rich in flavonoids, mainly anthocyanins and phenolic
acids/esters such as chlorogenic acid [3, 5]. These ingredients are known to exert beneficial
effects such as antioxidant activity [6].

However, the leaves of berry-bearing plants have typically been ignored and discarded,
although they contain high quantities of bioactive ingredients such as phenolic acids/esters,
flavonoids, and procyanidins [7] which exert anti-diabetic and anti-glycation effects [8,9]. Hot-
water leaf extracts of blueberry have been reported to have hepatic lipid-lowering, anti-hepatitis
C virus, and hypolipidemic effects to suppress the proliferation of adult T-cell leukemia cells
and ameliorate insulin resistance [10-14]. These findings indicate that blueberry leaves may be
a potential functional food. Moreover, blueberry leaf teas, are commercially available
worldwide as hot-water extracts.

During the production of blueberry leaf tea, the plant stems are discarded as waste. If
blueberry stems contain compounds with beneficial effects, the stems may offer a novel source
of functional food. However, information on blueberry stems is limited. In this study, we

focused on the stems of rabbiteye blueberry (Vaccinium virgatum Aiton; RB species), a major
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blueberry species, and evaluated the effects of daily consumption of blueberry stems on hepatic

lipid levels and hepatic lipogenic enzyme activity in rats consuming a high-sucrose diet.

METHODS

Chemicals

Cellulose, B-cornstarch, sucrose, vitamin mixture (AIN-76), and mineral mixture (AIN-76)
were purchased from Oriental Yeast Co. Ltd. (Tokyo, Japan). Casein, corn oil, DL-methionine,
choline bitartrate, trans-cinnamic acid, 3,4-dihydroxycinnamic acid, ferulic acid, rutin
(quercetin-3-O-rutinoside), cyanidin chloride, luteolin, apigenin, and kaempferol were
obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). P-coumaric acid was from
MP Biomedicals, LLC (Santa Ana, CA, USA), chlorogenic acid was from Cayman Chemical
(Ann Arbor, MI, USA), and quercetin was from ChromaDex (Irvine, CA, USA). B-
glucuronidase/sulfatase from Helix pomatia (type H-5) and 3o-hydrosteroid dehydrogenase
were obtained from Sigma-Aldrich (St. Louis, MO, USA). All other reagents were of the
highest grade available.

Plant materials

Rabbiteye blueberry cultivar Kunisato No. 35 was cultivated in the Miyazaki area of Japan and
taxonomically identified on the basis of morphological characteristics by author H.K. The fresh
leaves and stems were separated in December 2012 (Figure 1). Then both leaves and stems
were blanched, air-dried for 5 h (leaves) and 8 h (stems) using a hot-air dryer (FV-1000,
ADVANTEC Ltd., Tokyo, Japan), and then powdered using an R-10 food processor (Robot
Coupe Ltd., Vincennes, France). The blueberry leaf and stem powders were stored away from

light at —20°C until extraction.

(A) (B)

Figure 1. Rabbiteye blueberry (Vaccinium virgatum Aiton; RB species) used in the study. (A)
General view of typical blueberry field. (B) Leaves. (C) Stems. Photographs by author Y.M.

Hot-water extraction
Blueberry leaf powder (0.5 kg) and stem powder (2.5 kg) were mixed with 50 L and 62.5 L of

water respectively at 95°C. After agitation for 30 min, the filtrates were obtained via filtration
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through 300-mesh nylon, and concentrated into approximately 1 L under reduced pressure

using a rotary evaporator (CEP-lab, Okawara Mfg. Co. Ltd., Shizuoka, Japan). The
concentrates were then lyophilized using a freeze dryer (Dura Dry MP, FTS Systems Inc., Stone

Ridge, NY, USA). The leaf and stem yields were 49.4% and 12.0% respectively.

Institutional approval of the study protocol
All procedures for animal experiments were conducted according to the guidelines for the care
and use of laboratory animals of the University of Miyazaki (Miyazaki, Japan). The

experimental protocol was registered under the number 2010-013-3.

Animal experiments

Male Sprague-Dawley rats (4 weeks old) were obtained from Kyudo Co. Ltd. (Saga, Japan)
and housed in an air-conditioned room (temperature: 23 + 1°C; humidity: 55 + 5%) under a 12-
h dark/light cycle (light on between 9:00 and 21:00) with free access to deionized water and
laboratory chow (Type CE-2, CLEA Japan, Tokyo, Japan). After a 1-week acclimatization, the
animals were submitted to the study according to the following protocol.

Twenty-eight rats were randomly divided into four groups. The first group consumed AIN-76
control diets that contained 72.2% carbohydrate, 5.5% fat, and 22.2% protein as a percentage
of the total energy (Table 1). The second group consumed AIN-76 diets containing 2.0%
blueberry leaf extracts (BLEx). The third and fourth groups consumed 0.5% and 2.0%
blueberry stem extract (BSEx). After 28 days, blood was drawn from the abdominal vein under
anesthesia with sodium pentobarbital (30 mg/kg body weight) without fasting. After 30 min at
room temperature, serum was separated by centrifugation at 1,000 x g for 20 min. Livers and
white adipose tissue were removed and weighed. Liver and serum samples were stored at
—80°C for subsequent analysis, with the exception of liver samples analyzed for enzymatic

activities.

Table 1. Composition of experimental high-sucrose diets (%).

Constituent Control diet BLEx-containing diet BSEx-containing diet
2.0% 0.5% 2.0%
Sucrose 50.0 48.0 49.5 48.0
Casein 20.0 20.0 20.0 20.0
B-Cornstarch 15.0 15.0 15.0 15.0
Cellulose 5.0 5.0 5.0 5.0
Corn oil 5.0 5.0 5.0 5.0
Mineral mixture 3.5 3.5 3.5 3.5
Vitamin mixture 1.0 1.0 1.0 1.0
DL-methionine 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2
Blueberry extract — 2.0 0.5 2.0

BLEX, hot-water extract of blueberry leaves; BSEx, hot-water extract of blueberry stems.



Functional Foods in Health and Disease 2018; 8(9): 447-461 Page 451 of 461
Blood chemistry

Serum lipid parameters (triglycerides, total cholesterol, high-density lipoprotein [HDL]
cholesterol, phospholipids) were analyzed using test kits from Wako Pure Chemical Industries,

Ltd. All standards were used in accordance with the manufacturer’s instructions.

Hepatic lipid analysis
Lipids from liver samples were extracted as described by Folch and colleagues [15]. The
extracts were saponified to measure total cholesterol as described by Sperry and Webb [16].

Triglycerides and phospholipid quantities were analyzed using classical methods [17, 18].

Enzymatic activities

Cytosolic fractions were prepared from fresh liver samples using the modified method
described by Graham [19]. Briefly, the liver samples were immediately placed in 10x ice-cold
buffer (pH 7.4) containing 0.25 mol/L sucrose, 0.01 mol/L tris(hydroxymethyl) aminomethane-
HCI, and 1 umol/L ethylenediaminetetraacetic acid disodium salt and then homogenized on ice.
The homogenates were centrifuged at 700 xg for 10 min at 4°C. The supernatants were further
centrifuged at 10,000 x g for 10 min at 4°C. Finally, the cytosolic fractions were obtained by
centrifugation at 126,000 x g for 60 min at 4°C. Enzymatic activities of fatty acid synthase
(FAS), malic enzyme, glucose-6-phosphate dehydrogenase (G6PDH), and carnitine
palmitoyltransferase 11 (CPT2) were evaluated according to previous methods [20-23]. Protein
contents in the cytosolic fractions were quantified using a Lowry method [24] with slight

modifications.

Polyphenol analysis in blueberry leaf and stem extracts

Polyphenols in blueberry leaf and stem extracts were analyzed using our previous method [5].
Briefly, the stored powder (50 mg) was placed in a test tube and mixed with 4 mL of 62.5%
aqueous methanol containing 0.5 mg/mL of fert-butylhydroquinone and 1 mL of 2N HCI. The
test tube was heated at 90°C for 2 h and then the sample was extracted with two volumes of
ethyl acetate. The extract was dried under nitrogen gas. The extract and another aliquot of the
stored powder (50 mg) were dissolved in 500 puL of methanol containing 0.5% trifluoroacetic
acid and filtered through a 0.2-um membrane filter (SLLGHO04NK, Millex-LG, Merck
Millipore, Burlington, MA, USA) prior to analysis by high-performance liquid
chromatography (HPLC).

Extraction of quercetin metabolites from liver

One-gram aliquots of liver were mixed with 0.5 mL of ice-cold acetate buffer (pH 5.0) and
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homogenized at 3,800 rpm for 2 min (Micro Smash MS-100, TOMY Seiko Co., Tokyo, Japan).

The homogenate was transferred to another test tube and 4.5 mL of ice-cold acetate buffer (pH
5.9) were added. After mixing well, the supernatant was collected by centrifugation (3,000 rpm,
10 min, 4°C) and then incubated with and without B-glucuronidase/sulfatase (100 units) for 45
min at 37°C. Next, 5 mL of ethyl acetate were added and mixed well. After centrifugation at
1,500 xg for 10 min at 4°C, a 2-mL aliquot of the supernatant was dried with a centrifugal
concentrator (CC-105; TOMY Seiko Co.). The residues were dissolved in 100 puL of methanol
containing 0.5% trifluoroacetic acid and filtered through a 0.2-um membrane filter before

HPLC analysis.

HPLC diode-array detection (DAD)

Polyphenols were analyzed by HPLC in combination with DAD as described in our previous
report [5] with small modifications. The HPLC system used was a JASCO LC-Netll/ADC
system control program (Tokyo, Japan) equipped with a ChromNAV chromatography data
station, PU-2089 Plus pump, AS-2057 Plus autosampler, CO-2060 Plus column oven, and MD-
2018 Plus DAD system to monitor all 200600 nm wavelengths. The column, Capcell Pak
UGI120 (4.6 mm i.d. X 250 mm, 5 um, Shiseido Co. Ltd., Tokyo Japan), was used at 35°C under
the following conditions.

Condition I for analysis of polyphenols in leaf and stem extracts: Gradient elution was
performed with solution A, composed of 50 mM of sodium phosphate buffer (pH 3.3) and 10%
methanol, and solution B, containing 70% methanol, delivered at a flow rate of 1.0 mL/min as
follows: Initially 100% of solution A; for the next 15 min, 70% A; for another 30 min, 65% A;
for the next 20 min, 60% A; then 5 min of 50% A, and then finally 0% A for 25 min.

Condition II for analysis of quercetin metabolites in liver samples: Isocratic elution was

performed with 60% methanol containing 50 mM of sodium phosphate buffer (pH 3.3).

Statistical analysis

Data were analyzed using StatView for Windows (version 5.0, SAS Institute, Cary, NC, USA)
and one-way analysis of variance. The Dunnett method was applied for multiple comparisons
between control and treatment groups. Results were considered significant if the probability of

error was <5%.

RESULTS
Food intake and body and organ weights
After 28 days, body weight, average weight gain, food intake, and liver and white adipose

tissue weights did not differ between the control diet and treatment groups (Table 2).
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Table 2. Effects of dietary blueberry leaf and stem extracts on biological parameters.

BLEx-containing BSEx-containing diet

Parameter Control diet diet 2.0% 0.5% 2 0%
Body weight (g)
initial (day 0) 145+£3 145+ 3 145+3 145+ 3
final (day 28) 372 +8 358 £ 11 364 + 11 36710
average gain (g/day) 8.1+0.3 7.6+0.3 7.8+0.3 7.9+0.3
Food intake (g/rat/day) 20.2+0.5 19.5+0.7 202+0.7 204+04
Total quercetin consumption (pmol/rat/day)? 345+1.2 14+0.1 56+0.1
Organ weight (g/100 g body weight)
Liver 498 £0.12 4.74 £0.09 4.84+0.07 4.86+0.13
White adipose tissue
epididymal 2.08+0.16 2.09+0.20 2.11+0.17 2.20+0.21
perirenal 1.68 +0.10 1.62+0.12 2.00+£0.23 1.70£0.12
mesentery 1.72+0.13 1.54+0.10 1.83+0.16 1.66+0.11

BLEx, hot-water extract of blueberry leaves; BSEx, hot-water extract of blueberry stems. Values indicate
mean =+ standard error (n = 7).
aTotal amounts of quercetin glycosides + rutin + quercetin.

Serum lipid parameters
After 28 days, serum levels of triglycerides, total cholesterol, HDL cholesterol, and
phospholipids did not differ between the control and treatment groups (Figure 2).
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Figure 2. Effects of dietary blueberry leaf and stem extracts on serum lipid levels.

(A) Serum triglycerides. (B) Serum total cholesterol. (C) Serum high-density lipoprotein (HDL)

cholesterol. (D) Serum phospholipids. Values indicate mean + standard error (n = 7). BLEx, blueberry leaf

extract; BSEx, blueberry stem extract.

Hepatic lipid levels

We quantified major hepatic lipids such as triglycerides, total cholesterol, and phospholipids.
Hepatic triglyceride levels decreased notably in rats fed 2.0% BLEx or 2.0% BSEXx, but these

decreases did not reach statistical significance (Figure 3A). Levels of total cholesterol
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decreased in all treatment groups and rats fed 2.0% BLEx had significantly lower levels of total

cholesterol than the controls (Figure 3B). Hepatic phospholipids did not differ between the

control and treatment groups (Figure 3C).
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Figure 3. Effects of dietary blueberry leaf and stem extracts on hepatic lipid levels.

(A) Hepatic triglycerides. (B) Hepatic total cholesterol. (C) Hepatic phospholipids. Values
indicate mean + standard error (n = 7). *p < 0.05 vs. the control group (Dunnett’s test). BLEXx,

blueberry leaf extract; BSEx, blueberry stem extract.

Engzymatic activities associated with hepatic lipid metabolism

Daily consumption of 2.0% BLEx or BSEx significantly inhibited hepatic malic enzyme
activity (Figure 4A). The enzymatic activities of FAS, G6PDH, and CPT2 were not affected by
supplementation with 2.0% BLEx or 0.5% or 2.0% BSEx (Figure 4B-D).
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Figure 4. Effects of blueberry leaf and stem extracts on enzymatic activity related to hepatic

lipid metabolism.

(A) malic enzyme (ME). (B) Fatty acid synthase (FAS). (C) Glucose-6-phosphate dehydrogenase
(G6PDH). (D) Carnitine palmitoyltransferase I (CPT2). Values indicate mean + standard error (n = 7). *p
< 0.05 vs. the control group (Dunnett’s test). BLEX, blueberry leaf extract; BSEx, blueberry stem extract.
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Polyphenols in blueberry leaves and stems

Analysis without hydrolysis identified more than 10 peaks at 370 nm. Two of these peaks were
consistent with rutin (quercetin-3-O-rutinoside) and quercetin standards (Table 3). The other
peaks did not correspond to any standard used in this study, but displayed a spectrum typical
of cinnamic acid or quercetin. Therefore, we hydrolyzed and analyzed it again. Hydrolysis
yielded a single peak, which corresponded to the quercetin standard in retention time and
spectrum. This meant that the peaks indicated a spectrum similar to that of quercetin aglycone.
Then we examined them as quercetin glycosides with the calibration curve of rutin.
Additionally, the peaks that indicated a spectrum similar to that of cinnamic acid were
calculated as cinnamic acids using the calibration curve of chlorogenic acid. Table 3
summarizes the quantities of phenolic compounds in hot-water BLEx and BSEx; quantities

were higher in BLEx.

Table 3. Quantities of phenolic compounds in hot-water extracts from blueberry leaves and
stems.

Compounds BLEx BSEx

umol/g extract

Total cinnamic acids® 345.7 20.9
Total quercetin glycosides® 85.9 11.6
Rutin 11.1 2.1
Quercetin 1.5 0.1

2aAmounts of total cinnamic acids were calculated using chlorogenic acid.
®Amounts of total quercetin glycosides (with the exception of rutin) were calculated using rutin.

BLEZX, blueberry leaf extract; BSEx, blueberry stem extract.

Quercetin accumulation in liver

In rats that consumed diets containing 2.0% BLEx or 0.5% or 2.0% BSEXx, the mean daily
intake of total quercetin (quercetin + rutin + quercetin glycosides) was 34.5, 1.4, and 5.6
umol/rat/day respectively (Table 2). Quercetin was detected in liver samples from rats that
consumed BSEx (Figure 5A). After hydrolysis, the peak identified as increased quercetin
(Figure 5B). Table 4 lists the quercetin amounts measured in liver samples. No quercetin was
detected in liver samples from rats that consumed the control diet. Total quercetin and quercetin
glycoside amounts in the livers of rats that consumed BLEx were considerably higher than the

amounts measured in livers from rats that consumed BSEx.
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Figure 5. Typical high-performance liquid chromatography readouts at 370 nm of quercetin
accumulation.
Quercetin accumulation in livers of rats consuming a control diet (solid line) and blueberry

stem extract (BSEx, dotted line), and the accumulated quercetin levels before (A) and after

(B) hydrolysis.

Table 4. Quercetin amounts in livers of rats fed blueberry leaf and stem extracts.

BLEx-containing BSEx-containing diet
Control diet 2d(1)e0;) 0.5% 2 0%
pmol/g liver
Aglycone u.d. 46.1 (u.d.—155.6) u.d. 17.9 (u.d.—46.3)
Metabolites u.d. 146.2 (41.7-190.8) 18.0 (u.d.—48.2) 20.6 (6.4-29.7)
Total u.d. 199.3 (150.6-251.7) 12.9 (u.d.—48.2) 38.5 (24.9-58.9)

Data indicate mean (minimum-maximum). BLEx, blueberry leaf extract; BSEx, blueberry stem extract; u.d.,
under the detection limit.

DISCUSSION

Blueberry leaves and fruit are potential functional food candidates. However, blueberry stems
have been overlooked. In this study, we evaluated the effects of ad libitum consumption of hot-
water extracts of blueberry stem and leaves on serum and hepatic lipid levels in rats. Rodent
studies commonly use a purified diet, the American Institute of Nutrition AIN-93 formula [25]
that substitutes cornstarch for the sucrose in the older AIN-76 diet. High dietary concentrations
of sucrose have been associated with several metabolic complications, including dyslipidemia

and fatty liver [26-28]. We used the sucrose-based AIN-76 diet so that our control rats would

present mild dyslipidemia.

The addition of BLEx or BSEx to the AIN-76 diet in treatment groups did not affect body
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weight, weight gain, food intake, or the weights of the liver and white adipose tissue.

Triglyceride and total cholesterol levels in serum collected from control rats were much higher
than those reported in fasted rats administered a normal diet (AIN-93) [29], confirming that the
high-sucrose diet successfully induced mild dyslipidemia. Serum lipid levels in rats consuming
BLEx did not differ from levels in the controls, although hepatic total cholesterol levels
decreased significantly, in accordance with the findings of Yuji and colleagues for a different
blueberry species [13]. In rats consuming 2.0% BSEXx, serum lipid levels did not differ from
levels in the controls, and while some hepatic lipid levels were reduced, the reduction did not
reach statistical significance. We also evaluated hepatic lipogenic enzyme activity [30] and
discovered that malic enzyme activity decreased in the rats that consumed a diet containing
2.0% BLEx or BSEx. These data indicate that consumption of 2.0% BSEx or BLEx may
decrease hepatic lipid levels, perhaps by downregulating malic acid activity.

We screened the extracts to identify the ingredients responsible for the hepatic lipid-
lowering effects. Vegetables, fruits, and teas rich in polyphenols have been recognized as
providing beneficial effects [5]. Therefore, we quantified the polyphenolic compounds in BLEx
and BSEx, and identified them as cinnamic acid, quercetin, and quercetin glycosides. The
quantities of cinnamic acid and quercetin were much higher in BLEx than in BSEx. Quercetin
has been reported to exhibit anti-obesity activity and to regulate lipid metabolism in diabetes
mellitus [31-33]. We found quercetin aglycone in the liver of rats that consumed diets
supplemented with 2.0% BLEx or BSEXx, as well as quercetin metabolites. This indicates that
ingested quercetin and its metabolites accumulate in the liver and may be a factor in reducing
hepatic lipid levels. Metabolites such as quercetin 3,4" -di-O-B-glucoside, quercetin 3-O-B-
glucoside, and quercetin 4" -O-B-glucoside are known to circulate in the bloodstream [34].
Ingested quercetin is known to be present as metabolites in the blood and organs in rats
consuming a normal diet, although not in its aglycone form [35]. We demonstrated how
quercetin and its glycosides in blueberry plant extracts could be absorbed and accumulated as
the aglycone form and as hepatic metabolites. This apparent contrast can be explained: A high-
carbohydrate diet stimulates an inflammatory response in rats [36] and B-glucuronidase
released from the liver may hydrolyze quercetin conjugates to free quercetin aglycone at the
site of inflammation [37]. Another possible candidate for reducing hepatic lipid levels might
be metabolites involvement of glycoside parts and cleavage metabolites after absorption. These

are our future study topics.

CONCLUSION

The present study demonstrated that daily consumption of hot-water extracts from rabbiteye
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blueberry stems exerts decreasing tendency in hepatic lipid levels, perhaps by downregulating

malic enzyme activity. These effects were intensive in daily consumption of leaf extracts.
Additionally, the active candidates exited in both extracts may be quercetin and its glycosides,
although their biological evidences remain unclear. Thus, blueberry stems and leaves may be
an attractive candidate functional food for reducing hepatic lipid levels and ameliorating

dyslipidemia. More detailed studies of the mechanism of action should be undertaken.

List of Abbreviations: BLEx, hot-water extracts of blueberry leaves; BSEx, hot-water extracts
of blueberry stems; CPT, carnitine palmitoyltransferase; FAS, fatty acid synthase; G6PDH,
glucose-6-phosphate  dehydrogenase; HDL, high-density lipoprotein; HPLC, high-

performance liquid chromatography.
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