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Fig.1. Potato production in Hokkaido (million kg)
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Fig.2. Schematic expression of NASH pathogenic mechanisms.
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Table 1. Composition of the High Fat Diet 32 (%).

Milk casein 24.5
Albumin powder 5.0
L-cysteine 0.43
Lard 15.88
High oleic safflower oil 20.0
Cellulose 5.5
Maltodextrin 8.25
Lactose 6.928
Sucrose 6.75
Vitamin mix (AIN93G) 1.4
Mineral mix (AIN93G) 5.0
Choline bitartrate 0.36
t-butylhydroquinone 0.002

NRHY A B TR K CTHRACIEE 50 mg/iml (2725 X D ICFHEE L=, AAFZRICE 1T
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> 73T 7 4 v B X OER R 2 ER L, ThZh~~ %)
Vo ZAVUREB L OAA NV Ly R ERIT o7, £ OMOIIER KO
Y7L, HTBRAR E T-80°C THAERAT LT,

FEEREN ) DO LY MO T X Guide of Care and Use of Laboratory (1985

) Tt~ 72 B,
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Fig.3. Changes in body weight of NASH model mice fed Vehicle and Betaine for
3 weeks.

Each value represents the mean for measurements carried out on five mice, and the standard
deviation is represented by vertical bars.
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Fig.4. Liver weight of NASH model mice fed Vehicle and Betaine for 3 weeks.

Each value represents the mean for measurements carried out on five mice, and the standard
deviation is represented by vertical bars.
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HELOABRIMNBFED bivle (p<0.05),

Liver/body weight ratio (%)
10 - * * p<0.05
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Fig.5. Liver/body weight ratio of NASH model mice fed Vehicle and
Betaine for 3 weeks.

Each value represents the mean for measurements carried out on five mice, and the
standard deviation is represented by vertical bars. Significantly different (p < 0.05) was
determined by the Student’s t-test.
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Fig.6. serum AST and ALT activities and TG concentrations of NASH model
mice fed Vehicle and Betaine for 3 weeks.

Each value represents the mean for measurements carried out on five mice, and the standard
deviation is represented by vertical bars.
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Fig.7. Liver total Glutathione (GSH) concentrations of NASH model
mice fed Vehicle and Betaine for 3 weeks.

Each value represents the mean for measurements carried out on five mice, and the
standard deviation is represented by vertical bars.
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Fig.8. Histopathological changes (Hematoxylin-eosin stain)x100

of NASH model mice fed Vehicle (101~105) and Betaine (201~205) for 3 weeks.
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Fig.9. Histopathological changes (Hematoxylin-eosin stain)x200

of NASH model mice fed Vehicle (101~105) and Betaine (201~205) for 3 weeks.
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Fig.10. Histopathological changes (Oil red stain)x100
of NASH model mice fed Vehicle (101~105) and Betaine (201~205) for 3 weeks.
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Fig.11. Histopathological changes (Oil red stain)x200
of NASH model mice fed Vehicle (101~105) and Betaine (201~205) for 3 weeks.
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Fig.12. The oil red positive area revealed by graphic.

Each value represents the mean for measurements carried out on five mice, and the
standard deviation is represented by vertical bars. Significantly different (p < 0.001)
was determined by the Student’s t-test.
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= Z—+ (methionine adenosyltransferase ; MAT) (2L~ T, AFA =1L ATP
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SAM BLOGSH 1FHIZ FeF T TP ADNVDAIR TV —THY, SAM A
ORI THD E Vbl T 30, JT4F Kathirvel 5 (2010 ) 1%, ¥ A
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A3, FFE T GSH Bl Z k32 LR ST D 3530, =4I D ifF5E
T, AFA=r, aY U FERIESAM OEHNR, =8 ) —LVEBEiGEESNTZ 7
v MZB T DIFROIE ORI Z P < 2 & B@E Sz 390, x5z, ¥ A
ET VA=V TERE SN ROZ v MG 5 & SAM D%
R, BUFZmHIT2 2 & LR >TND ¥, 7L a— LRI
ROAT =R LI NASH L3872 20, RIIERRH OFELAL 449, B2 1 b
TA CFEH ), BEA R L RDAERL 0 Lo T BRI T A5 LTS

D, ZHHIE NASH WREHEAT DIRA Z PR D 7o OICHE R R TH 5, Ledi»
TARI A OFBACTEER R T, AT O S EONRFIEE L TnWD Z &

DIRE S 415 448,
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EHIT, XA NIRRT 7 F U] COBKIZEBNT, AAT77FUN
TH )= T LU ATFNIEFG T D SAM OfFig L~ LD EFRIZE D, &K
ATy FIONAY AR EREINESED EORELH D 9, & A UEHNR,
VLDL O EZREM S T ORA T 7 FUoNal) a2 NsE5Z 81Tk
VLDL A Z M S5 L@t S Tng 95, LasL, ARBFZETIE, & A
VEEG R NASH BTV~ 7 AZBWT, RESCMIE IR L~ b~ B A
e TICHRMIAF 2 4 L7 2, Kathrvel 5 (2010 4F) 1%, @fgli~T AET L
ANDORY A RGN, AREITDT RS TH Y 72t b NIRRT & A A I
MIFTERE LTS 3, RBFFEIZEHIT D NASH BT /L~ 7 AR 54
A > OIEMIFREIZRIZ, VLDL K+ TE R OISO & o i B i o #n
DFREFRL LT, —HABPATE D000 Lty

ARIFFRDOFERIZ L > T, XEA VLTI NASH OFIERA 1 =X 5L LUTHRE
I TS, Two hit theory (2331 2 IFlEGHAE ~D ARG OUAE 2 X 2 REIRT
DFJE (Lsthit) Z0HI L7223, EfbA b L2 (2nd hit) O RIEMER T X
inotz, Lo TRE A %, NASH OFFREEITHIH O F B HETH
HTEWRBRIND, LNLRBE, X2 A Db OEMERFIC N T
RIEARARENE L, EORDIRFAVPLETHDH, ®RAKCHRIZ I DRV
D, NEA NINEEAKICET 2 A7 v — LiFEsIRE S 2 237 (sterol
- regulatory element-binding protein ; SREBP) <°, HEiilRA Fkl#sE (fatty acid -
synthase ; FAS) %/ L CHFIBROIEMIZERE 2 I+ 2 2 L b S T3 52,
S, ZNLOBB TR ZITI) 2 LI2XY, BT LV TORZA D
TEHIBET O s S,
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o2 F

2FED~ v v 2 L— 2L (Agaricus bisporus) @ in vitro 35 XY

in vivo FRBRIC I 1T B IEN 3 EER L O E R daE R 1
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|_\
=
T

bt FORSANTIE 500 FEELL EOMIEN 7 —F 2R LTEY, TAbidE
HILOREESX V8V E, IBRESERE L LTREL, =3V X—2 5 LG
N7 —Z %R LT DY, L LKRIBESY = /by 2 il EOBNEFE O
RBPEMTHDT =T RA v F—b, 7= ) — VRS, BBk
EHZ D700 TR, —EIERINENT, A2, BILER L OEIREEL S 72 &
DIFR & 72 DEREDSER SN TB Y, WINbLBNEREDOEIE S LTE
6N TWD, BlzIE, EOERDOFRE 2D A F—nid, PV T F770h
SAPESNIBE N BRI S TR, RN TA o FERL, EHICA R
FIOVIRER IR SHRPICHR S 52y, ZNBBERAAED Y vE—H —
LRV I DT ERHEINTND 4O, FT7 U B=7 1L, FFEREZ &I
B HMREEDERK & 2225 9,

HEHALIEREE O — 2 Th 2 Bk, HEE Tk, WEn D Z LK
BE CEITN, ©7 0 ZAEREDOFME N TN ZBIRNITELT 2 72 O HiH
REERZ b2 b9, ZNOAMEIC L0 ARSI N 2 EeERE (g, Yo
T, BEER) IO pH 2K T S8 (~pH6.0), RIEECY =L 2@ L
DODHREEZEEOAT LM L, AEWE CTh 25 KA E b S O ARk 4 3
HIT 2, Ca<oMg%D I %I AR ARET % 2 & 3o T s %1,

X/ afHIlE, Brn—R, ~NIkiu—R, UT=, B-IIAHRFTF
R EDEMAENZ < EENTE Y, LATOMIZE TIiX T # 7 (Lentinus edodes)
T / X%/ (Flammulinavelutipes) O&WiHED 7 ~ N OB EWNESRENIEE D&
BREMINAE L, MIEfFa L 2Fa— BEEZE T IEE V) HEN ST

30



5 W, F72, v v =2/—2 (Agaricus bisporus) | 7R B RRHE DAth,
2, B4 I C, Bz, D, KU 7 =/ —/Lig EOHRRME NG ENTNDT2D,
MAFEOAR TR VAT 0 — LV DIRT, FIRIEMEHZ2 EDRIR % & SR REMED
RIB ST D 2 F - LIRTOIE T, RUA b~ v ¥ a/b— NIFERE L &
VAT R VIIJED T v MIBWT, mMEE P2l 27— L a2 KT X
HDEHEIN TS 5, Fukushima & (2000 4F) 1%, 79 v o~y v a/b—
DHEN T v b a L AT e — L BT S, FER#ELET LI L%
AONZLTVND B, LALRRE~ v v ab— A RROREEHREMEC1E
PR EITE LT,

FRAL T, dbRE BRI T vy v a b — AREFEINTED,
(embvyva) & LTREICASITEL TWD, HillkoRaZIENL, XA
oL L THWERO T FENEDRERE L THWTWD, +E
~ v ¥ a/b— AOBERMEFIIREIT O TV, SHHL R RIC Lo Tl
DEEH & DZERUEHIFFTE D,

AKAFFETIE, THBERTUA P~y al—bBLOT IV ~v v a/l—A
BARIZOWT, invitro 38 X WVin vivo SRERIC K 0, IENZERER K ONREAE#H~D
B E R LT,
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2. ZEBRJTiA

1. EHEUEH

Yy va—hiE, Ehbyyva (TTUUR, RUA ME ; SHEPE I
Xath, F, AAR) ZHWe, 2HEO~ v ¥ 2 /b— L% 22 hE R
ZRTT70°C, 72 RfMRp S, NU—D v T4 7INTHRILLTE, 777
VR YT al—ABLORTA by al—b K (FFT7 2 BM, KU
A~ WM) O—fERFEIE, AOAC IEIZIEWENZE R R Ml (AOAC
991.43), RIRMRWH:E (AOAC 991.43), /KIFMERWH#: (AOAC 991.43),
s 378 (AOAC 920.87), HEE (AOAC 920.85), 7/k4r (AOAC 925.10), JK

57 (AOAC923.03) T2, Ry % Table 1 (-7,

Table 1. Compositions of mushroom powders.

Carbohydrate (%)

Energy  Moisture

Protein (%) Fat (%) Dietary fiber Ash (%)
keal/100 %
(keal/100¢) ) Insoluble ~ Soluble  Total
WM powder 302 26 33.0 44 16.3 304 24 32.8 10.9
BM powder 296 14 317 4.5 1.2 36.2 1.8 38.0 11.2

CN, control diet; WM, white mushroom; BM, brown mushroom.
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2. in vitro #ABxR
1) Ha#4M

2FED~ v v al— D RERFRE L, Vv —T 7 — A X — (REWEE
& BMJI-0INC ; = 7 Wk 4, WL, HAR) Z MW Tinvitro JEREARR A
1Tole, BRFDEEEERKD 0.8% & 705 L H1T, FIEEREHM (==2—FJ x>
7w 2 ; Difco Laboratories, MI, USA) % E7EMEICHNZ T 121°C T 15 57 fHlIK
W L7o, Vv —7 7 — A Z—IZIRINT 5 NHME L, IROBER#EE (BRN&
PERRA S, IR, AAR) & Mo, 308 2 PR A PR A K T 10 512 L T,
B % B0 BRON 2 AR E IR E L, 2RO 2% & 725 K O ([
Z7. BEHE, v br—nL L LTELE—2Z (SIGMA-ALDRICH, MO, USA)
Wz, 2FEDO~ v v 2 b— AHERIE, ENENRFBIRD SRR D 3% &
BRAHEINTMAT, P —T 7 — A X —DORESMIT Table2 DX 5L, 48
BRI 2T o T BB OY 7V o I3 EEBMG S 0, 12, 24, 48
MIZBWTITY, BE L2 mAB~A 70T a—T I8 LT, £/, o7
U ZIHICEE IR D pH A iék U7, MR s 0 H ORE#IT 4°C TIRFFL, B
SRR ER R K OGN B '& o 43 #T F 9 o 77711 10,000 rpm, 4°C C 10 4y iz
DorHEL,  RIE & AR E T-30°C THRAF L7z,

Table 2. Conditions of the microbial cultivation.

Temperature 37°C
Stirring speed 160 rpm
Flow rate of CO» 0.4 mL/min

Lower limit of pH pHS5.5
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2) WP o AT

ZNENORICBWTH 7Y 7 U BRI, AR K %2 %
% Z LT & o T 10 BRI & AR L, Ml # & MR AT L 72, Coliform OR_IE I,
EMB SRt CREHME RS AL, M, AA) T 37°C, 24 IKffi], Anaerobe @
HET BL ZREGH CREMESERAS ) (180 < IMAHE M 2 00 L 7154 C
37°C, 48 H#ikEs#E L=, Lactobacillus O, Rogosa ZERKEsH (FAHAL
RS, BOR, AAR) (OKFHRZ TN L7 H5 1T 37°C 48 Wi TR,
Bifidobasterium OIE 1%, TOS 7'v B4 V% REH (77 v b3 T3
Stk BA, BA) T37°C, 72 BRSNS L, TR EN R HIEE Vs,
%72, Cl.perfringens OHIEIX, OPSP ZERE: M (B bk Natl) IChiAaEmE
ELT, BTV RANA RLVT 7TV F RV DULAER) &7V A LB
(T R~A 20, RY IFT 2 BEFR)ZIINLIZEHIT, Lactic acid bacteria
OREITIE, MRSFEREH (BRI AlS4t) T37°C, 48 WRyfRliRIRE & 1A
Wz, ETRXERIZIIT R0 Ny 7 - o VAT A (ZET AL, W/
R, BAR) MW, BE%, S TRk ST X Toar =—% (Colony

Forming Units ; CFU) % #HlIl L, MO RHkE K iz 1920,

3) K EHARNIIA ST

EEONEMK 1 g ZWEABEEKTHENLLT10m &L, ZOREKL
10,000 rpm, 4°C T 10 sy LaBEL, 564072 111G 0.5ml i 0.4 N i FEWe 4
25 ul ANz, #EFR%IC 10,000 rpm, 4°C T 10 Sy OBt L=, B bz Bigs
Bk v~ N 757 4— (HPLC) HT 4 AR—HFTNVT7 4 v — (Y —
PR SAE, AL, HA) @ L, HERE 257, Z0ikElo 25l %2 HPLC (LC-
10AD ; SHEERIVERT, 748, AA) (2L, BTB AR A b7 43522 (2 L v M0
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Witz (Hife, 7w v 4o/, BEE) 2 E& L7,

4) T =T T
WA OT B =T BRRENL, TUE=THEF Y b (FE=T-T A b

U a— ; FeRE TRkt K, AA) 2V TERE L 2,

3. in vivo #R

1) KBREW R L ORETaE

FEEREIL, 7 W Fischer REEMET v b (AARF ¥ — /L X« U A—RAS
#, M, AA) 15 DLz iz, il H Sk, 12 e oo BIRE A 1, T 23+1°C,
TJE 6025% & L7z, 7 v M, 1IET DT T AF v 7 & — A5 TREBNCERE
L7z LIAM O TAREE I L DN O%IZ 3 OB G2, #HE5 L
L CEBRRE OG- HIM 2 4 B 7o, EREITAINISG (A A L 7 IRAUEAT,
Bt BA) ZRERL LTHY, T~y v a/b— MR 2 BWHEDS 5%
ERD X OICIINL, B E LT, RUA vy v ab— ARINAERE (WM
) L7 T vr =y val— AR BMEE) & Lz, ThEnOREMK
Z Table 3129, AKEBEHIZAMERE L, BREIER, AEIFIEHEENEL
7=, SO 12 REREENCHER L, 1ml oM AT, MRl 1.5ml &~ A 7
0F o —7 AR, 2RISR CHE L7-0b 7,000 rpm T 15 45 R Doy EE L,
EWEZ5HTET-830°C TIRIF LT, EEROK TR, 7 v MIxr 74—
(sodium pentobarbital, Abbott Laboratories, IL, USA) (Z AR (40 mg/kg A HR)
o LT MEEZ I UIThE, BBzt Lz, 205 BATIm AR aE K (9
gNaCl/l) Ty, HEZHEL, HHrE T-80°C THRE L7z, EBIINEMES
FBEEZ 0, TNENOEEZHIE L, NEWR 19 Z3KE A /KT 10 ml
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&L, X DIRER O — 58 FENRNIIR /3T FIZ-30°C T, Ml #&0HT HIC 4°C T
17 LT, FEBREM OB $U MOV TIE, Guide of Care and Use of Laboratory
(1985 ) (ZHE -7z 2,

Table 3. Compositions of experimental diets (%).

CN WM BM
Casein 20 15 15
L-cystine 0.3 0.3 0.3
Soy oil 5 44 4.4
Mineral 3.5 3.5 3.5
Vitamin 1 1 1
Choline bitartrate 0.25 0.25 0.25
t-butylhydroquinone 0.0014 0.0014 0.0014
Sucrose 10 10 10
Cellulose 5 - -
WM powder - 153 -
BM powder - - 13.2
Com starch 54.9486 50.2486 52.3486

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
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2) MPNAIEE & T

SN EYRREIR 2, WA EEKZ VT 10 5 BCRS 2B L, M
Ha AT L7-, Coliform ORIEX, EMB FEXKEH CRbHMbEZARER S, R,
HA) ~C37°C, 24 R, —MERMERE OBIE T BL ZERE L CRIMb RS
)T o~ BEREHE I 2 RN L 7= 55 i C 37°C, 48 IRefilAf < B% 2% L 7=, Lactobacillus
ORFEIE, Rogosa FEREGH (BRI AHRASH, WA, HAR) (OKFNEZ RN
L7-5537C 37°C, 48 HEfijff&ks#E L, Bifidobasterium OHIE X, TOS 7' &4
VERFEREEH (b 7 v PR TERUAAL, B, HOK) T 37°C, 72 FEfEARA
B L, TNEIVEREBERIELE HWic, £72, Cl. perfringens OHIEIL, OPSP %
RKeg (BERb RS ICHAEWE LS LT, ¥ 7URX S FA (RLT 79T
PUFMNITLER) LY TIVAVEIB TR Yy, KUIFTVUBE
) ZWHI L= #C, Lactic acid bacteria D€ (21, M.R.S.ZEREGM (BIEAL
FHRAS ) T3I7°C, 48 WFIRIEE R IEZ Ve, E KRR R r X
v e TR VAT A (ZEA AT, BOR, BA) W, Bk, A
TR INIZT X TOan=—4EFHI L, HIEEOE A R 1920,

3) BEMEW pH 8 X ORI EE /3 AT
EENEMK 19 ZREABESEKTHRL 10ml &L, pH A —%—
(SevenCompact, A F7— « b U FEASH, W, HA) 12XV pH ZHIEL
Teo D%, BHAEE D SHT 21T > T2, BIBNAEY OIRE#E % 10,000 rpm, 4°C
T10 yMm DBt L, S5 n7- E1E 05ml 2 0.4 N mtEFRERE 4 25 ul Iz, 8#k
#12 10,000 rpm, 4°C T 10 srffliz LB L7z, B ol B2 mdilik s v~
N7'Z 74— (HPLC) T 4 AR—F T N7 4 Vs — (Y —FRth, B,

AAR) (2L, RS-, Z Okt 25 ul Z HPLC (LC-10AD ; &l
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VEFT, BUER, BA) I2fit L, BTB ARA M5 A% 22 X v Egiishine (Fms,
Ta vt g, BEER) TR LT,

4) IfiyE = v AT v — LohT
Mal AFa—/)L, HDL 2L 27 a— L ORIEIEEEE (TDX VAT A ;
Abbott Laboratories, IL, USA) (ZX V{T-7-, el AT o —/L'L HDL-=2 L A7

02— VIR D 7% VLDL+IDL+LDL-ZT L A 7 o — LR FE L LT,

5) ffli= L AT v — LB X OHEMEFH AT o — /L

JFlgds L OEPORIEE L, 7 eahh-A X ) —WVREEK (2:1, viv)
THi L7z, D% Matsubara & (1990 42) OFE 12X - T, HERAT 72—
AT T — bFERES T A a~ 7T 71— (GLC) (GC-14A ; BHRI{E
AT It L7z, AT v — L o E &L, DB17 ¥ ¥ £ 7 U — F A (0.25 mmx30
mm : J&W scientific, CA, USA) # W TERZZBEFE & L, KFERA bl
BTN AT -T2, IRESMEI N T 4 260°C, #EHEARSR L O % 300°C
& L7,
#EROEEROEEIL, Grundy 5 (1965 4F) D55 %) ([2ht-> TiTo72, U b
a— ViR, TAXT TR, 7 T AT LR L N — ViR A YEY Y
EL, GLC OFMIZ EFLERERIC L, # T MEEDH 270°C & LT,

4. weator At

ENENOT = ZIPFEMEREERE TR L, 7 — X HOAEERTEIE

Tukey-Kramer test O £ 5 HLHGRR ETEIZ TITVY, p<0.05 2 HFEZEE LTz,
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3. fEE

1. in vitro X B&
1) ¥5#&E#E pH
BRI O pH TG © 12 RERILARE, cellulose #f & tbi LC, BM, WM

BIMXTHBIERWEZ AR LTz (p<0.05) (Fig.1),

—e—cellulose

) pH oo WM

52 ~

5.0

Incubation time (h)

Fig.1. The pH changes during fermentation at 0, 12, 24, 48 h of cellulose,
WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means (a,b; p

< 0.05) were determined by one-way ANOVA with Tukey test.
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2) BEARIR A
Cl. perfringens (ZIZA E R ZITRD LAV o 7273, Coliform (3E5& B 4G D
24 WEELAKE, cellulose #EIZXF L WM BECHE R 3 A 540 (p<0.05), 48 I
f#% TlL, BMBXO WM HETHEICEAD L7z (p<0.05), Anaerobe I%, £5#
B4R 12 BRI LAKE, cellulose B2t L C BM BEICRB W CHE BN Z R L=
(p<0.05), Lactobacillus IZ552BA#AH> 5 12 FERG 12 cellulose FRMAEIZ LT

BM BETHE A BN it (p<0.05) (Fig.2~7).

Coliform —o— cellulose
12 ~
LYY o WM
107 -® BM
E
= 1
2 — a
@)
=
=11] ...,':_:-..‘ -
_Cl -u..__.-:-”h. b
5 b
0
0 12 24 36 48

Incubation time (h)

Fig.2. Coliform levels during fermentation at 0, 12, 24, 48 h of cellulose, WM,
BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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Cl. perfringens

12~ —4— cellulose
10 - coodess WM

g | -8 BM

log,,CFU/ml
(=)}

_.-—=-=—._._._‘l
........................ A
36 48

Incubation time (h)

Fig.3. Cl. perfringens levels during fermentation at 0, 12, 24, 48 h of
cellulose, WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.

Values represent means+standard deviation (n=5).
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Anaerobe —e—cellulose

12 +
ceodees WM
-8 BM
10 - .
% - a a -i
by PRy VR r,Brr..-.-..n..-.-...-.-..-.-...-.-.::.:..:..-. b
< | L’ " ab a l
G S ICAE . A
- E & b b
~
6
0 12 24 36 48

Incubation time (h)

Fig.4. Anaerobe levels during fermentation at 0, 12, 24, 48 h of cellulose,
WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=>5). Significant differences between means

(a,b; p < 0.05) were determined by one-way ANOVA with Tukey test.
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Lactic acid bacteria

12 —o— cellulose
vk WM
£ 101 -® BM
-
-
I,
% - '.'.:-:".'.,'_--‘_,’
%1) 8 - ’_6.~ _ R . S
— L . ¢ UL - W
L
6
0 12 24 48

Incubation time (h)

Fig.5. Lactic acid bacteria levels during fermentation at 0, 12, 24, 48 h of

cellulose, WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.

Values represent meanszstandard deviation (n=5).
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Lactobacillus

~ ——cellulose
oo e WM
-8 BM
— 10 -
E
a a
=) VT T~
£ 8 - s ab e -—_
2o i, T = -l
s et .
,... -
/b
6
0 12 24 36 48

Incubation time (h)

Fig.6. Lactobacillus levels during fermentation at 0, 12, 24, 48 h of cellulose,

WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.

Values represent meanszstandard deviation (n=5).

Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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Bifidobacterium

1 - ——cellulose
ceokees WM
10 + -m BM

log,,CFU/ml

0 12 24 36 48

Incubation time (h)

Fig.7. Bifidobacterium levels during fermentation at 0, 12, 24, 48 h of
cellulose, WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.

Values represent means+standard deviation (n=5).
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3) HEFE L P E B NG NG R T

RSN FR TR 1L, B52RBRAA D 12, 24 BRI IZH VT BM B L OVWM Ef
T, cellulose B & bl L CAEICEWEREZ R LT (p<0.05), =D 5 HLESHEE
ALY, BEER 12 WEfHICARE, cellulose BEIZH~T BM, WM B CHEIZ UV MHE
R L7z (p<0.05), Hifg L 7 m B VAR EICBWTUIAERETRD LI

727ro 7z, (Fig.8~11)

Acetic acid

70

H cellulose OwWM #BM

60

Incubation time (h)

Fig.8. Acetic acid concentrations during fermentation at 0, 12, 24, 48 h
of cellulose, WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.

Values represent meanszstandard deviation (n=5).
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Propionic acid
90 -
20 4 M cellulose BOWM BBM

70 A

50 ~
40 ~
30 ~
20 ~

umol/ml

10 ~

0 12 24 48
Incubation time (h)

Fig.9. Propionic acid concentrations during fermentation at 0, 12, 24, 48 h
of cellulose, WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.

Values represent means+standard deviation (n=5).

47



Butyric acid
60 -

m cellulose OwWM @ BM 2 .

40 A

30

pwmol/ml

20 ~

10 A

0 2 24 48
Incubation time (h)

Fig.10. Butyric acid concentrations during fermentation at 0, 12, 24, 48 h
of cellulose, WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p < 0.05) were determined by one-way ANOVA with Tukey test.
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Total SCFA

180 B cellulose

0 12 24 48

Incubation time (h)

Fig.11. Total SCFA concentrations during fermentation at 0, 12, 24, 48 h of cellulose,
WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p < 0.05) were determined by one-way ANOVA with Tukey test.
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4) BEBRIRTT =TI
T U T AR Y, BEEBAE D 48 BERI%1Z, cellulose BEIZ LT WM BELZ

BWTHERBD R A LLTZ (p<0.05) (Fig.12),

Ammonia nitrogen
60

m cellulose OwM BBM

pmol/ml

0 12 24 48

Incubation time (h)

Fig.12. Ammonia nitrogen concentrations during fermentation at 0, 12, 24, 48 h
of cellulose, WM, BM powder.

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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2. in vivo Bk
1) K&, BiEB XOMEESR

FRESCERSE, BEMERBIVITHERICITAERETR D bR hoT, 3
HEIZBWTCNHE L L BMEETAHEIZHIL (p<0.05), ERE&EIZWM

BEZY CN BEL LB L CHEICIN L 72 (p<0.05) (Table 4),

Table 4. Body weight, feed intake, liver weight, cecal weight, and fecal weight
in rats fed a diet supplemented with mushroom powders.

CN WM BM
Initial body weight (g) 1756 1747 1759
Final body weight (g) 22719 235%12 231x12
Body weight gain (g) 51.6£5.5 60.816.7 56.5+8.5
Feed intake (g) 372+24 350%8 352+9
Feed efficiency 0.1410.01 0.17+0.01 0.16+0.04
Liver weight (g) 8.03£0.51 8.67£0.83 8.96+0.22
Cecal weight (g) 2.51%0.68> 6.70+2 467 3.80+0.61°
Fecal weight (wet g/day) 1.00£0.170 1.08+0.25% 1.38+0.232

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder
diet. Values represent meanststandard deviation (n=5). Significant differences between

means (a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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2) M= L AT v — LR

MiEFR I L AT — LR HDL-2 L A7 12— LEFE T T X COREM T
BRETRD O 57278, VLDL+IDL+LDL-=1 L 27 1 — LR FE 1T WM B
7 CNEECH L CHEEICRAD Lz (p<0.05), £72, 77 o—sMEhfRiELiEHK

X BM B X O"WM #£28 CN BE L i L CH B Lz (p<0.05) (Table5),

Table 5. Blood lipid profiles in rats fed a diet supplemented with mushroom
powders.

CN WM BM
Total cholesterol (mmol/L) 1.68+0.27 1.58%0.03 1.65£0.06
HDL-cholesterol (mmol/L) 0.41£0.07 0.43+0.02 0.44+0.02
VLDL+IDL+LDL-cholesterol 134+0.18° 1.15+0.04 1.2240.05%
(mmol/L)
Triglyceride (mmol/L.) 1.29+0.44 0.95+£0.24 1.08+0.14
Atherosclerosis index 3.15+0.062 2.65+0.16° 2.79+0.11°

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.

52



3) gz L AT v — VR LR AT o — LR

[l O 2R EBICIIAERZFRD LN N2, a L AT — LEE
IZBWWTIE, WM B X OBMEE L £12 CN B & bl L A E 2 LT (p<0.05)
(Table 6), FEHDORIFEEITIIAEREITIRD G278, CN B & Hg
LTarmx% ) —/VREIZBM EENAEIZHED L (p<0.05), WM FEARA B
&R L7z (p=0.063), =L AT o— L, CNRELHE L C, BMEETH
BT L7 (p< 0.05) (Table 7). AHHFERIREEIX, =2—/LERICEHBWVT BM B &

WM BETCN BE& el L THEICHED L7z (p<0.05) (Table 8),

Table 6. Liver total lipid and cholesterol concentrations in rats fed a diet
supplemented with mushroom powders.

CN WM BM
Total lipid
+ + +
(mg/g of wet liver) 222475 18.5%53 18.6x1.7
Cholesterol L6140.61° 07140 475 0440 307

(umol/g of wet liver)

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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Table 7. Fecal total weight, cholesterol and coprostanol concentrations in rats
fed a diet supplemented with mushroom powders.

CN WM BM
Total lipid (mg/feces/day) 14.8+£5.6 21.3+£96 2924175
Cholesterol (pmol/feces/day) 0.96£0.16" 1.09£0.24% 1.32+0.222
Coprostanol (pmol/feces/day) 1.95£0.442 1.23+0.52% 1.19+0.42°
Neutral sterol (pmol/feces/day) 2911042 2.29+0.53 243+0.57

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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Table 8. Fecal bile acid concentrations in rats fed a diet supplemented with
mushroom powders.

CN WM BM
Lithocholic acid (umol/feces/day) 041+0.21 0.33+0.13 0.28+0.15
Deoxycholic acid (umol/feces/day) 0.10£0.07 0.121£0.07 0.10£0.07
Chenodeoxycholic acid (umol/feces/day) 0.0252+0.0155 0.0310+0.0519 0.0081+0.0074
Cholic acid (umol/feces/day) 0.20£0.112 0.04£0.04> 0.05£0.05P
Total bile acid (umol/feces/day) 0.74+0.38 0.52+0.20 0.44+0.17

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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4) BB pH, FLEHARIARRIE L 35 K OVE BN A #
SIBENEY O pH 1%, CN BEE L T WM BECAHEIZIA L= (p< 0.05)
(Fig.13), 7=, FSHARNARRIR AL IIEERE, 7 v A4 g, BERER, WASEHIENIRE DS
CN B & il LT WM BETHEICHN L7- (p<0.05) (Fig.14), Coliform i%, CN
BEL Bl L CBMBECHEIZHED L, WM BECIRZME 2538 5 7= (p=0.074) ,

Anaerobe [T WM BECCN BE L LEER L CHEICHEM L7 (p<0.05) (Table9),

74
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64

Control Brown

Fig. 13. The pH of cecal contents in rats fed a diet supplemented with
mushroom powders.

Values represent meanzstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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Acetic acid Propionic acid
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Fig. 14. Cecal acetic acid concentrations in rats fed a diet supplemented with
mushroom powders.

Values represent meanztstandard deviation (n=5). Significant differences between means

(a,b; p <0.05) were determined by one-way ANOVA with Tukey test.
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Table 9. Cecal bacterial levels in rats fed a diet supplemented with mushroom
powders.

CN WM BM
(1ogwg§$2$tents) 7.96x0.41° 6.95+0.81% 6.81£0.66
(loglﬁifgfzziients) 9.02£0.5 10.3£0.8 9.12£0.5
(10211?(??3?;532;5) 7.99£0.97 8.88+0.47 8392042
<lf§fg‘%ﬁif§i§$s> 8.19£0.44 7.980.52 7.80%0.55
Lactic acid bacteria 8 534034 0614098 01 =0 45

(log,,CFU/contents)

CN, control diet; WM, white mushroom powder diet; BM, brown mushroom powder diet.
Values represent meanszstandard deviation (n=5). Significant differences between means

(a,b; p < 0.05) were determined by one-way ANOVA with Tukey test.
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4. %

plih

AWFFETIE, invitro BE W invivo IBRIZ LY, RUA b~y alt—iE
FOT I~y v a— M ROIGENIERER X ONEE R~ DR EIZ SN T
et L7z,

BWIMEHED 2 < IXRAGN CTIENFIEIC L D 3B % %), 4E8HIENIER (SCFA)
R E LT 5, E22n BT, RIBRO pH ZE TS5 Z L1280 ZRkE
HEEERL A O LR Z MK T2 2, ZRICR Y KIBBASRIED U 27 O
Iz D703 5 28.29),

¥/ 1T SCFA AR L M EEAMINSE, EpH 2 T 5 2 & THN
BREXHEICAR THDL LEALNTND 0, X/ 30, NEMEEDHETH
HXFURB-INIUNEL GENTWD Y, MEHED B-Z Vb % 4 I
BH LTy T, E7 4 ZAAEOHME SCFA 3 L OFLEE AR E O 4 R~
LizE W MiENH 5 %, F£7- Fukushima & (2000 4F) (I~ v ¥ = /b— Al
MALZA7a—L7 ) =825 L7y MW T v ©F IO RS % 1
MSHEWELTND ),

invitro 7R T, #8 SCFA B XL OBEIRA R EICB W T, 2FRDO~ v ¥ 2 /b— A
WS C, HEaERAMA 12 BERILAREE LW A b tz, Lo s ik L
DA IA BRI YOS &0 BICRH SN THIRS Y 7 vt g,
BElR72 & SCRA ICE#HEN D 3, KRIFWNICITHMRZ BIRICERT
Megasphaera elsdenii 72 & OFLEEH| FHESEL I O, FilkZ 7w 4 U ERICZAH T
% Veillonella ratti <> Selenomonas ruminantium 72 &3 F(E$ 25 Z &3 b > T

% 34, AW T, K5EB4A 24 W25 48 e /) CTH B O BFEIL A 5
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7NN, SCRA (ISR & & I L7z, ZORIRE LT, Ki2P4n 12 IF
[f1C Lactobacillus DHEANZ L 0 AR S A7 FLEEAY SCFA, & < IZHEIRIC AL S
T-AIREMEN B 2 3, 2D~ v ¥ 2 b— AT OWRMK T, HEEBE 24 RIS
[, Coliform D LWFEINHI A MR Sz, 2~ v 2 /b— LOHRINZ &
- T Anaerobe & Lactobacillus 2388 ZHIN L 72 Z & T, SCFA DAl &AM HEIN
L, THUCEDEBKOpH METFT LEZ &Ik s EBx 61D,
BEWNTIE, BFEHROT I VBN, /M THIE V2 I =8B/ V2 I
MK FEESR, RKIBGTT 7T =/VET 7 I —RICk Vs h, ERFED KRG
TRIBHSD 2Ly 2 BlR EOBNAERERO LSV LT —BIC KV ST
VESTRERSND & B, RIFETIE, vy v a b= AN XY, FREBAA
48 R[] TT v =7 OAERINHIZIR N 2 b i1z, B5 78 B hh 24 REfRILLRE, Coliform
W~y 2 b— AR CHBEIZHD LT 22 &0, SCRFA BN S pH @
BETICLV LT =BT IV BERR EOFEENMET LI &2, TrEe=
THEROMENRE LG LB ZHN5 ),

invivo iRERIZEB W T, 4O~y v ar—AE51E, 7y FOBEBNICE
VT Coliform OBEZE 2238/ Anaerobe DI, & < I2 WM B8 T% L\ SCFA
ARREOHNINZ 5 2 72 30, WM BEECIZZNICHED pH OBEERIK T LA LR
7230, - WM B CEREENSEM L, ZHUI WM IZE TN KiEERY
WHEDY BM L0 20 oD, BN TOME KRR OMEINIC L > CEREENHE
MUTZEEZ BN D, KEMEEYHHEXIHILEN T ARG ZTEM L, HILE @
RN R S D720, AL VR EART VI ERME STy

39)

o

WM BEICEHBWTIIAH @ VLDL+IDL+LDL-2 U A F a— L3 B IC L, 7

F o — AEEREC IS b~ v Y 2 b — AR CHEZICIE F L %, £7-, iF
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fgFoar2re—nrbELIMKTFL, &< BM BETEPF~DalL AT a—
JLHEIE G B T o 72 %9, Fukushima & (2000 4F) 1%, 7T 7o~ v a/l—5A
WHEN T » MIFIRIZES 1T 5 LDL L 7 X — D@ a1 8lE LR S5 L @A L
TV D B ARBFZE T B REEIC, (AN TOLDL-=1 L AT 1 —/ )LD EL Y IA TR 3 T,

g TD =2 VAT v — LS IE S rlRetE b R S b, 72, BB
AR L7 SCRA 1F, RIS TO = L AT 0 — AR 2 #4540 4,

T m B BRI, FERIEED BTN S 4, FARA I LTI 2
L, EiH)» O OFRRIEEGRAMHT 5 LM I Tnd B, KT
WM BEZBW T r EA VB ZII U8, #& SCFA OIIINALTEY, Zi
(Z XV IEE G BH L 72 v REE SRR SN D, FToKEEERDEIZ = L2
TR VORI EIET 5 Z LIy, #EE~OYREAEMSE 5 O, 4E,

FfEp a1 27 17—/ L% CN £ (0.96+0.16 mg/feces/day) (Zxf L BM BEIZHW
THEREIMMNZRD 7z (1.32+0.22 mg/feces/day) 30, BPHIE T & 2 504
AT OWARETEEEHET, Koo E2 R LEEOZ LT 2 L0, Fh~0/E
gt 22 E L, a L AT n— &P~ T 2 2 LR LNk TW
% 4 4 LA AR EYHES B O BMBEECOBERE S A SISHM L
ZEN aLRTu— LRI LR EEBE X BND,

F72, 7y FOBEBRNIZRBWTEE, 7' B4 Bk, BRI KU SCRA ARk
Y, WM BEOLRTHEREISHEMLZ ¥, ZhuE, AUVA b~y val—A2F
Ty val—AE0 b KEEEMBHERZSEENTND I &R

(Table1), WM iRIIEIZIE BM IRIIEIZHEASTHENZ S EENTNDH Z LN
BRL TV EEXLND (WM ; 249%, BM ; 0.95% ; < ¥ = /b— A OME
BEENPOLRITO~ Y Vv a/l— AHEKOEEGEZHIH L), v v al—

MZEENTOBHEDIEEAENT Y= F—AR N LAR—2ThD ¥, i
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W, BEDIZE A EIIRBICEET DRNCHEE TH L, RIS D23, Zib
DOFETEALME DM E 27~ 97729, RipE THIEL TUBAMEIC LV RHESh,
SCFA DAMICE G T2 EB2 6N TS 9, LRIOET, v =h—1LD
74%i3 e Fo/NEEEE LT, RIBETEL, AHBEICHIH S, SCFA 2VER
D EHE SN TND ),

Fo, vy v a = AIIEENLEEAIES N B S RGN RIS E

R B2 D, Morita & (1997 ) 1%, KZ 7, REZ U RI7EBX
OANTTF RO & I BEEALVE S > X 7 BTG OMX e 2 28 (b S8, 8
ROPEEZRET D WG L TWD B, RIFETIE, LICHEEEEDO®E VA
UA b~y ¥ a/b—AIlBW CETHGIEREE & 8 ke & o X 7 T OFRRRN R
IZ X > TIHENRRRI B A 52 TR R S 5 30, LrLIhbaxH oY

JIES LR DMANDPBETH D,

F LRI OHFGE T, A —YRHKD B-7 /L5 1Z E. coli X B. subtilis D
BORBEIE A ZAL S 2 Z LI RV A M T2 L mE SN TS ¥, Fi,
Poria cocos <> Polyporous rhinoceros @ & 5 72 / =12k B-27 /71 273 in vitro
FEIERBRIZ 35T 24 KE[HC Lactobacillus brevis & Bifidobacterium longum 14
FHARME L2 i LT D 50, -7 v DRGFNFERE~D RO IEfe 72 1E
I IE B TRV, WEORE 90 LIRS LAEDbEL L, AEOMERIL
< a)—DERED B-T IV H IS KGR OB RS S = & TS A
Pl L, Lactobacillus <> Lactic acid bacteria & V> 7245 F B O H4%E A 2k L 7= &
ExbN5D,

AT 2D~ v v al—nh (RUA L, 7700) ORFEER L O
BR#A~DOEEL invitro BEX W invivo iBRICEVFAE L 25, 2O~ v

Tan—2h, EITHRTA My b— ATA EE O HGE N R0 8L iS
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ARREOHMAETH Y, T b DOEWNERETSER R 2l U CIRE G
LTOAMRIRERSZ LRSI,
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o 3

HLMR AR T M REE TRICB T 28 BEEORT MR

in vitro 35 X OV in vivo i BRIZ I8 1T B I FE R I OY
HE B R i 2h SR
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—
=
]

W LT 7 (LYRZ U N AKX —F RS) &I, BEEADO/NGENE
NIZBWTHIEBRI S ND Z EDRNWT T B X OT v 7 O 53 O
BRREERIN TS Y, RSIE, T 72 ThO RN bKEME « REEVEDW )7
DOEYREHMEOME 2 D, IR L7 RSIIH/NG THIE SN TICKEG £ T2
EL, BNMEORERE LRSI, BiiR, 7ot g, R, REo
HEHAEGEE (Short-chain fatty acid ; SCFA) ~t#f& 2 2, ZHIZL v, pH N
KT42Z & TIRTNVORINEE, HAMEREOAMEOHEMN, Vol
72 EOFEHOHIINH Z b2 654 2 L THNREWEDREE L5619,
FREEIZ KV AER L7 SCRA X, REHIICHTIR T D = L AT v — LG iz 41
fL, FTHLTm T ORI DRI S 41, [T OAEE & kA fii
THRE, TUNRATT 4 7 AR K DNEEARH A~ DB DN TIT L~ #
ERENTND 49,

RS IX, ®HEM - {LZAMEE DS RSI~4 IZESNTWS 1O F72,) B
L7z RS OFEFHIC L > THERDFEEN Y — ZRm L, EFHNRITEVDRAET D
EHEINTWS 78, Cummings & (1996 45) 1%, b hAYRS2 #4EH L 7%
&, #EEPO SCFA @ 2 HEFEAMEN % <, RSIIIKRIFBIZE N T rEA
a2 EATDHEREL TS Y, F7z Qian & (2013 4F) (X, RS3 DIEHL
[TRS2X° RS4 LB L, vV ABMBIZBIT D pHIR T, 7 E=T A,
SCFA PEA DN 2 BE IR L@ LT 5 10,

BHET T RT B LIS ORFHOT I a Xy F oI EREY v

INT AT NS Uiz ) UL, 7 27 —BIC K DMK BRI LA K
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ELTWD W, RiTOREWEBHEDET V7%, &Ik E 12,
BSET T DX REm) T T T R TR EOT T Uy RS
ToHE LIRS, U CBBEATTIZIIRESER TE W, & TRIZA Y
TRERAELC D BW, E£7o, ZROBMET 7 BMLBICEERHT D &,
HERE Y U EREOMICADOFHBEMENRRED b, @Y T 7 VIERS &
MENZ ERH LN TNA B, BEDE Y 7 7 13312 RS2 [T
B3 sns ),

BED RS & EIL, HEFELZOREICE > TET 5, £0BHE
T 7 (RS2) IFMEGHEESE, MUL SAVHILEERIC L » THOM ST 0k
BRI LT 228, ZO®GEITH LT 7 (RS3) L720, HOVY(LME
MPMET T2 178 EETIERT A RTAMTIC L o TR S 7z RS3 & &iels
BT L — 7 N OWEIERHIEIC X > TEBN OSBRI 2 #0 S Wiz &
IMENINTWNDH YO, LN T, MEEHENRAM T TRF TR -4
BB RN I B ATREMEA & 5 2%, M TS B NS EEE IS E A~
HEIZOWTORE TR, FIFFETIE, BHEOMLED—D>TH 2 il
e EMARME TR (BERE, 77 0F, AF—4A, RTILARITAINLES
H) 2B D HNERE RS JONRERHNC G 2 2 O ZKIZOWT, invitro 35
X WVinvivo ARBRIZ X W K L7z,
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2. ZEBRJTiA

1. FEEURE

A T DRSS EM RISV E—RT b ()R, BA) bt s
AU, FUBHCITARRE Bk CRE Sh B E A L Tn 5,

HETRBLOZENZTNOBHER KRNI TO LB THhDH, Kairn
EEMEAE S L om UL (EOEEE ; RP), 70°C DT 20 /KR
MU= (77 T HEE ; BP), RIT 4°C OHIKT 20 EdmHEILIZ%, 7 >
S —"T120°C, 30 IV L 7= (R F—LEEE ; SP), SHICE I LBIChiT-
%, FIZLARIAY—ZHWTHIRARIMEGZE L. (R LA RT A HnE
DP), DP LISADFEHIZ N TSR L, T X TOMERAREZ 7 — N nk
vy —THRILLT: (Figl), HHEEHFEHRO RS ST RS MEF v b
(Megazyme, Wicklow, IRL) & W THIE L7z, ¥ /"7 EE&EITT NV —iE

2 &Y HE Lz 29,

Blanched Drum-dried
Raw potato
|::> potato potato
(RP) (BP) (DP)

Blanching at 70 ‘C for 20min Cooling at 4°C for 20min and Drying in a drum dryer
steam-heating at 120°C for 30min

Fig. 1. Manufacturing process of dry potato powders.

67



2. in vitro #ABxR
1) MHPNAIER # O B2 5ot

Vx¥—T 77— A — (BAEMEEEE BMI-0INC ; = 7 LR, W
W, AAR) ZHWTHEERRET o7, ERFEDBEEEIRD 08%L 220 K51
JEIEIRIEH (== — U = 7' & 2 ; Difco Laboratories, MI, USA) % 5538 H8
iz T 121°C T 15 g L7z, Y% —7 7 — A U Z—IZIRINT 2 M5 HIE
1, ROFEREE (BNBEKRSHE, L, BAR) AW, BEEZREA
HAHKTI0 AL T, B ZERD BRWZARZMERE L, SRR
D 2% & 70D X HITEEMICINZ 72, BN, L L TELrr—2 (SIGMA-
ALDRICH, MO, USA) % H\ 7=, 4 FHOWIEE S EM R E 2N EhRFIRN 2
BRI D 3% & 725 X DN A, 48 B[RS R AT o 1o, WDV 7 v
TIXREEBEND 0, 12, 24, 48 HFMICKBWTITY, BE L2 m B~ A 7 1
Fa—TICBR LTz, £72, ¥y 7V o FRRHCERIED pH 2308k L=, MEE
SIHTROREERIL 4°C Thir L, FENENIEI X OGN E O ot i
711 10,000 rpm, 4°C, 10 ZyfEliELorBE L, L0f & HIF £ T-30°C THRAF L
7

2) WP AT
ZNENORICBWTH 7Y 7 LI RERIRI, AR K22
D2 ST X o T 10 ARSI A VERL L, Ml & ffiir L 7=, Coliform ORIE I,
EMB ZEREE M CRIMEZERRAUS A, AT, HAR) T 37°C, 24 K§fd], Anaerobe ™
AEEL BL ZERERH CRUME PRS00 ~ ke MLk 2 R0 L 7255 11 C
37°C, 48 KH#xEs#E L7-, Lactobacillus ®#|E 1%, Rogosa ZEXKIEH (BIHAL
FRERSA, O, BAR) OKEEER AU L7285 T 37°C 48 IFfHIBR RS2,
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Bifidobasterium ORIE 1%, TOS 7'v B4 U EFERELM (727 L 3RS T/
Stk R, AA) T37°C, 72 RFRIERAUEEE L, TN EIVEREBHIEZ v,
F 72, Cl.perfringens OHIEIX, OPSP FERE:H (B L PR ([ZHhiEWE
LT, YTVRAVNA ARV T 70TV NI TLER) EH 7Y A EB
(T R~vAT 2, KUY IXT U BEA) ZUI LT-E:H#IC, Lactic acid bacteria
DOREIZIE, MRSFERE M (B LFRUS4E) T 37°C, 48 IpfiliRIRE #eik
FHRWE, R EERICIET Ra Ry Y UV RT A (ZES A, B
B, BAR) 2RV, KiE%, SEHCERINZTXTOar=—4 (Colony

Forming Units ; CFU) %3HlI L, MOz kb 7= 229,

3) FLSHANGNIA AT

BN ORI % 10,000 rpm, 4°C T 10 oELOBEEL, &bl Big
0.5mliZ 0.4 N SRR Z 25 Wl Nz, #HEFEH%IT 10,000 rpm, 4°C T 10 43 O
BELT-, oz i EEdEiks a~ 7 Z 7 4 — (HPLC) HT 4 AR —
YVINT 4 Z— (R =&t 1L, BA) ([Z@L, B2z, 2
DOFRAELD 25 ul Z HPLC (LC-10AD ; SiEtfdfErr, 1S, HA) (2L BTB AR X

T HEM L BN (BFE, Tu A U, B ZERLE,

4) T =T oY
BEERTOT e T BB EFEI T CE=THEXY N (TUE=T-T Ak
U a— ; FeRER TR A AL, KB, BAR) ZHWT, EIc I HlE LT

25)

o
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5) £ > R—IBLORAL b —L7387
A R—=NLVELORAT b—=ADoHTiE, WTNbRBERIEL LT p-UAF
NWT X )RCRT VT RERHWZHEIEICL Y EE LT, A~ R—/11%568nm,

A A7k —11% 630nm DOV A 43 e EER CHlE L= 29,

3. in vivo 7ABR
1) FEBREMW I K O R EEARE

FEREMW)IX, 7 WD Fischer ZHEMET v b (AAF v — X« U A=A
e, B, BA) 25 L& e, SE SR 12 R O BARE 8, IR 23£1°C,
WL 605% THEL L7, 7 v ML L ILF 2T T AF v 7 r—A i TGN
fE Lz, VABOPEEIC X DN O%IZ 5 >OFRGEIZ T, KRES
L& U CEBREORGWIN 2 4 WHIT 72, EEBREIEL AINIZG (HAZ LT #E
S, B, AAR) iHER L LTHY, THICHERESEH R Z 30%ANL,
poyiida UC, BB ERRIMER (RPRE), 77 o FHEEEH RN
(BP £F), AT — LGS ARAINERE (SPAE), T A KT A EEEH AU
B (DP ) & L7, REFMEKE Tablel (2R, K& REITHBERE L, &
BREIER, KEIEENE L, FEELO 12 RERATSHER L 1ml O 2
1TV, MEIE 15ml H~ A 7 18 F 2 —7IC AN, 2 RFHE SR THE L7205 7,000
rpm T 15 i OBt L, B2 98T E T-30°C THRIF L., HE5EROKT
%, 7 v MIr> 7 Z—/L (sodium pentobarbital ; Abbott Laboratories, IL, USA)
IZ X 0 REE (4A0mglkg RH) % L7=1%, MEREA IR LR, S§hamt Lz, 2
D9 BATIEIIm AR K (9gNaCl/l) T, HEEZMIEL, 4% T-80°C
TRIF LTz, BEBIENAEY L BIBREIC 0T, ThEhoEELZHEL, NEMK

1g&Y, WEAEMHEHEAKTIOM &L, & ORNEIRO 82 RN E M
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(2-30°C T, MIEFEHEMIC 4°C THRIF LT, EBREMOIRY F O TR

Guide of Care and Use of Laboratory (1985 4F) (Zft~ 7= 27,

Table 1. Compositions of experimental diets (%).

CN RP BP SP DP
Casein 20 20 20 20 20
L-cystine 03 03 03 0.3 0.3
Soybean oil 5 5 5 5 5
Mineral 93G 35 35 35 3.5 3.5
Vitamin 93G 1 1 1 1 1
Choline bitartrate 0.25 0.25 0.25 0.25 0.25
t-butylhydroquinone 0.001 0.001 0.001 0.001 0.001
Sucrose 10 10 10 10 10
Cellulose 5 5 5 5 5
a-corn starch 54.949 24.949 24.949 24.949 24949
RP powder - 30 - - -
BP powder - - 30 - -
SP powder - - - 30 -
DP powder - - - - 30
Nitrogen (g/100g) 3.25 3.83 4.04 3.96 395
Resistant starch (g/100g) 0.73 9.69 1.65 213 0.81
Energy (kcal/g) 3.86 3.67 3.83 3.82 3.84

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato

powder; DP, drum-dried potato powder.

2) PN AT

BN AMREIRIC, WEABEEAKENZ 5 Z &I12 X - T 10 (A RRY%
VERE L, M@ 2@t L7z, Coliform OMIEX, EMB FEREM CEAHME AR
Sfk, B, HA) T37°C, 24 KEfE], Anaerobe DIEIX, BL HEREGH (A

(bR S ) 1 0 ~ WURRHE ik 2 WS N L 7= 55 1 37°C, 48 BRIk R 28 L 7=,
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Lactobacillus OHIEId Rogosa &Kz (BRI LR 4E, WAL, BAA) 12K
FERE 2 SN L 7235 C 37°C, 48 IRl g <522, Bifidobasterium OH|E 1%, TOS
7o UBIEREEH (7o v MRS TTHERASH, BOR, BA) T37°C, 72
REMAE R ES 2 L, T2 RIEZ W=, $£72, Cl. perfringens O H|7E X
OPSP #REsH (BIR b RkASth) IChiEWEE LT, ¥ 7V A B A (R
Ty VTV RIULGR) EYTVALEIB (AT Rv APy, RYIF
VU BEH) W LIEMIT, Lactic acid bacteria OHE X, M.R.S.FEKEEH

(BERAb R f) T37°C, 48 FRIRFUE R 21T o 72, F MG EITITT
RNy T R VAT N (ZET AT, KO, BAR) 2V, BE%,
B TIERL S T3~ T o = v =—% (Colony Forming Units; CFU) Z #HHI L,
HIE O R H A R 7z 2123),

3) BN pH B L OVESENEE AT

EBONEWK 19 ZWEAFEEKTENLT 10m &L, pH A—%—

(SevenCompact, A F7— « b U FEASH, W, HA) 12XV pH ZHIEL
T-t%, BN O 21T - 1=, BEMNEY OIRE#E % 10,000 rpm, 4°C T 10 43
WE O EEL, o7 BiE 0.5 ml 12 0.4 N i@HEH#EREE 25 pl Nz, #EEEIC
10,000 rpm, 4°C T 10 syl L2 T o 72, %I L7z Bif%a HPLC H
T A AR—FTNT 45— (Y —AS4E, HOL, AAR) 1TEL, FHRstet
AT, ZOEO 25 ul 2 HPLC (LC-10AD, BEERERT, w=#s, HBA) (ot
L, BTBARA NI T LEMICL Y EHEBERREY TR LT,

4) 1= v AT v — LoHT

WBal AFu—)L, HDL =2 L A7 ua— )LORIEITESZE (TDX VAT A ;
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Abbott Laboratories, IL, USA) 12X V1T-7-, #aL 25 a—/L L HDL-Z L A7

o— LD S VLDL+IDL+LDL-2 L A7 m— )LjEpEE L 7=,

5) M= L A7 v —/ LB LOEMEF AT a— /Lot

fFligd L OFEPORIFEIL, 7 uak/bh-AF ) — ) VREAER (2:1, viv)
ThHiH L7=, # D% Matsubara & (1990 48) D 5L Ik > T, TR T o —
NT T — MR AT A7 a~ 87T 74— (GLC) (GC-14A ; BB E
AT L7, FPERA T B — L OEEILDBL7 ¥ ¥ ©7 U —74 7 A (0.25mmx30
mm ; J&W scientific, CA, USA) #H W TERZBEIHE L, KERA 4 bl
BTN 24T o 7, IRESMIET 7 4 260°C, EHEARR L O HHER % 300°C
& L7,

FHhOREVFEE O ERIL Grundy B (1965 4E) D FiE D) ([Tt TiT-7=, U b
a—)Vlg, TAF Y a—VER, )T AT a— gl L O o — LR A iR uEY)
&L, GLC D&M Eit L FERIC L, BT MREDH 270°C & LT,

TNENDOT = Z T VPHELFERE TR L, T/ HOABEERE T

Tukey-Kramer test 2% & Ll EIEIZ TITVY, p<0.05 2 A EEE L1z,
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3. fEE

1. in vitro 35
1) B5#4% pH
B2 BRMA 12 LA L a — AN e, T OB E R KT

BRI B W TCHEICRMEEZ R L7 (p<0.05), (Fig.2),

pH

6.6 1

—e— cellulose

b
54 T T T T 1
0 12 24 36 48

Incubation time (h)

Fig. 2. The pH changes in in vitro fermentation at 0, 12, 24, 48 h of cellulose, RP,
BP, SP, DP powder.

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).
Significant differences between means (a,b; p < 0.05) were determined by one-way ANOVA
with Tukey test.

74



2) BEARIR A
Cl. perfingens |2 B ZITRO - 7- (Fig.3), Coliform 1%, L5#EE4h

24 I5f#]C cellulose #EIZxF L RPEECHEIZIKR T L (p<0.05), SPREICH VTS
WA BT, BiaEBAA 48 Wi T cellulose #£i2xf L RP, DP, SP &£z
WTCAHERBAD Z7R LT (p<0.05) (Fig.4), Anaerobe %, E:#EBHAA 12 BT
cellulose FEIZx LT R C OIS SE MR CAEICEME A R L (p<
0.05), 24 FFITILRP, BP, SPHFCHERMEMAZ < L7z (p<0.05), 48 K]
Tl cellulose #£lZ%F L RP, BP, DP BECHEHEMAZ R L7- (p<0.05)

(Fig.5), Lactic acid bacteria (33558 B 4h 12 35 & OF 24 5[] T cellulose #EIZ X L
BP, DP B CHERMEMA A b (p<0.05), HiF&BiAn 48 I ClIAEAIT
R B - 72 (Fig.6), Lactobacillus 35 X TOY Bifidobacterium 1%, 553 BA4G
12 IREE LARE 9~ C O RS S5 M RIS INAE C cellulose BEIZ 3 LA B 72BN &R

L7- (p<0.05) (Fig.7,8),
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Cl. perfringens
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3 —« DP

AXm ¢ s —

log, ,CFU/ml

Incubation time (h)

Fig. 3. Cl. perfringens levels changes in in vitro fermentation at 0, 12, 24, 48 h
of cellulose, RP, BP, SP, DP powder.

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato

powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).
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Fig. 4. Coliform levels changes in in vitro fermentation at 0, 12, 24, 48 h of
cellulose, RP, BP, SP, DP powder.

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).
Significant differences between means (a,b, and c; p < 0.05) were determined by one-way

ANOVA with Tukey test.
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Anaerobe

—+— cellulose
-l RP
-e-BP
9 1 a S0 S W o
B R — -
g | g/ T ab ab] — - DP
)
3 |
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E b
24 36 48

Incubation time (h)

Fig. 5. Anaerobe levels changes in in vitro fermentation at 0, 12, 24, 48 h of
cellulose, RP, BP, SP, DP powder.

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).

Significant differences between means (a,b; p < 0.05) were determined by one-way ANOVA

with Tukey test.
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o Lactic acid bacteria

E

E cellulose

<
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Incubation time(h)

Fig. 6. Lactic acid bacteria levels changes in in vitro fermentation at 0, 12, 24,
48 h of cellulose, RP, BP, SP, DP powder.

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).

Significant differences between means (a,b; p < 0.05) were determined by one-way ANOVA

with Tukey test.
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Lactobacillus
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Fig. 7. Lactobacillus levels changes in in vitro fermentation at 0, 12, 24, 48 h
of cellulose, RP, BP, SP, DP powder.

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).

Significant differences between means (a,b; p < 0.05) were determined by one-way ANOVA

with Tukey test.
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Bifidobacterium
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Fig. 8. Bifidobacterium levels changes in in vitro fermentation at 0, 12, 24, 48 h
of cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato powder;
DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5). Significant

differences between means (a,b; p < 0.05) were determined by one-way ANOVA with Tukey

test.
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3) KEE KPR SUEN AR

FERS/E R B 1T, B BRAA 12 WEILARE cellulose BEICKT L C, § T OB
EMRINMBECHE RN EZ R L7 (p<0.05) (Fig9), 7'm b4 VEAERKEIC
BWTHIAERRIC, BB 12 RFLARE, cellulose #EIZXF L C, T X TOHZESS
EEM ARSI CHE R BNAZ /R L= (p<0.05) (Fig.10), BEER/ERKEIL, h5s&
BR%A 24 WFREC cellulose BE(Z%I L BP, SP, DP Bt CAEICHEEA 1 L (p<0.05),
48 FEHCIL SP, DP BECAHEICEMZ R~ L= (Fig.1l), #ESHIENIRARK I
BTG B AR 12 R LA -~ C 0 RO S5 SR AR IR C cellulose #£ 125t
LAERENZ 7R L7z (p<0.05) (Fig.12),
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Acetic acid
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Fig. 9. Acetic acid concentrations in in vitro fermentation at 0, 12, 24, 48 h
of cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).
Significant differences between means (a,b, and c; p < 0.05) were determined by one-way

ANOVA with Tukey test.
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Propionic acid
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Fig. 10. Propionic acid concentrations in in vitro fermentation at 0, 12, 24,
48 h of cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=>5).
Significant differences between means (a,b, and c; p < 0.05) were determined by one-way

ANOVA with Tukey test.
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Butylic acid
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Fig. 11. Butylic acid concentrations in in vitro fermentation at 0, 12, 24, 48 h
of cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).
Significant differences between means (a,b, and c; p < 0.05) were determined by one-way

ANOVA with Tukey test.
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Fig. 12. Total SCFA concentrations in in vitro fermentation at 0, 12, 24, 48 h
of cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato

powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).

Significant differences between means (a,b, and c; p < 0.05) were determined by one-way

ANOVA with Tukey test.
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4) BEBRIRTT =TI
T UES TR L, EEEEBAAA 12 FER T cellulose BEIC %t L RP B CH B IZIEAE
ok, 24 BERTIXZ RP, BP, SPEET, 48 BTl T R CTOHEESEN K

WINEEC cellulose BEIZxF LA BN Z ~ L7 (p<0.05) (Fig.13),

Ammonia nitrogen
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Fig. 13. Ammonia nitrogen concentrations in in vitro fermentation at 0, 12, 24,
48 h of cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).
Significant differences between means (a,b; p < 0.05) were determined by one-way

ANOVA with Tukey test.
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5) HiiE A v F— LB LR S h—/LEE
A4 F—=VREE, CFORERMICBWTHAREITRO NN T
(Fig.14), AJ b— VIR ITRE3EBI4A 12 BEH T cellulose REIZ%S L RP B CTHE
WAREA R L (p<0.05), 24 IR THEZEILR o727y, 48IK# T BP,

SP, DP #£ T cellulose Ffizxt LA EICHEEZ R~ L7 (p<0.05) (Fig.15),

s - Indole
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aDP

Incubation time (h)

Fig. 14. Indole concentrations in in vitro fermentation at 0, 12, 24, 48 h of
cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato

powder; DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5).
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Fig. 15. Skatole concentrations in in vitro fermentation at 0, 12, 24, 48 h of
cellulose, RP, BP, SP, DP powder

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato powder;
DP, drum-dried potato powder. Values represent meanzstandard deviation (n=5). Significant
differences between means (a,b; p < 0.05) were determined by one-way ANOVA with Tukey

test.

89



2. in vivo EBz
DNRS BLOK vy E G &

Table 2 IZ&HLIGEEMARD RS G R E X VNV EEEZ 7T, RSEHEIT
RPN WHITAEEZ TR L, IRWTSPH#, BP#, DPHDIATH-T, ¥
RUBEEIXBP HENAWHITAEME AL, IRWTSP#, DPRE, RPHEEDIET

HoT,

Table 2. Resistant starch and protein content in each potato powder.

Resistant starch (%) Protein (%)
RP 31.2 12.2
BP 4.4 16.7
SP 6.0 14.9
DP 1.6 14.8

RP, raw potato powder; BP, blanched potato powder; SP, steamed potato powder:;
DP, drum-dried potato powder.
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2) KE, EHER X Ok

RESCEEE, BRI VIITHERICAREETIRBO N o7, &5 4
W OB EIL CN B & bl L T DP B CA RIS A Z 7~ L7z (p<0.05),
FEHEPHIRRG, BNRE ARG E R CN BE & iR L CTHEEITRE S Do
7= (Table 3,4),

Table 3. Body weight, food intake, liver weight, cecal weight, and fecal
weight in rats fed a diet supplemented with potato powders.

CN RP BP SP DP

nitial b‘(’g weight 1767 1778 1777 177+7 178+8

Final b"(‘g weight 2408 237+6 24210 237+7 2479

Body weight gain ab b ab b a

63.4£5.4 60.63.9 65.6+4.4 60.7£4.7 69.5+2.4

(g/4wk)

fotal food intake 47148 47041 43830 42328 48843
(g/4wk)

Feed efficiency 0.135%+0.016 0.130%=0.015 0.150%£0.010 0.144%0.015 0.143=%0.009

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent means standard deviation

(n=5). Significant differences among means (a, b; p <0.05) were determined by one-way

ANOVA with Tukey test.
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Table 4. Organ and organ fat weight in rats fed a diet supplemented with potato

powders.

CN RP BP SP DP
Liver weight (g) 8.49+0.31 8.3820.53 8.80+0.47 8.35%0.30 8.24%+0.55
Cecum weight (g) 3.80+0.53° 840%1.82"  549+057"  573%0.72°  4.15%036™
Epididymal fat (g) 5.08=0.60 4322065 436044 4.46%0.59 5.19+0.64
Kidny envelope fat (g) 5.79+0.90 4.76x0.75 489047 4.69+0.54 5.75%x0.66

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato

powder; DP, drum-dried potato powder. Values represent means standard deviation (n=5).

Significant differences among means (a, b and c; p <0.05) were determined by one-way

ANOVA with Tukey test.
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3) 5 pH, B X OEHPIME %

EBNEMO pH 1L, CN & L TN TOMBEEHEM R GH CHEE
WA L, EICRPEETIREZ R L7- (p<0.05) (Fig.16), BN AE®EIL RP
FECCNEEE i L CAHEICHIIM L7 (p<0.05), Coliform % CN #f & kit L C
RP, SPEECHEIZHIM L7 (p<0.05), Anaerobe 33 & U\ Lactic acid bacteria I,

CNREL L L C RPEETAHEICHIN L7 (p<0.05) (Table5),

Cecal pH
80

75 4
70 ¢
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6.0

35

5.0

Fig. 16. Cecal pH in rats fed a diet supplemented with potato powders.

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent means standard deviation
(n=5). Significant differences among means (a, b; p <0.05) were determined by one-way

ANOVA with Tukey test.
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Table 5. Cecum contents weight and cecal bacteria levels in rats fed a diet
supplemented with potato powders.

CN RP BP sp DP
Cecum contents weight (g)  3.00£0.31° 6.44%1.63° 3.930.60°  419%040°  2.90%0.40°
Coliform 7.034£026° 8224105  7.614044®  825+070° 7204028
(log,,CFU/contents) T T R B B
Anaerobe
-+ b —+ a -+ b -+ b -+ b
(log, CFU contents) 808068  1037£066° 9354049 9.4120.30 9.2240.17
Lactic acid bacteria b 0 b b
8344022 928+070°  839+023 866064  7.88%0.15
(log,CFU/contents)
Lactobacillus 734+078%  828+088  739+060°  743%050° 671077
(log,,CFU/contents) R R T T T
Bifidobacteri
ifidobacterium 79741570 8874074 7894046 8204065  7.19%030°

(log,,CFU/contents)

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato

powder; DP, drum-dried potato powder. Values represent means standard deviation (n=5).

Significant differences among means (a, b; p <0.05) were determined by one-way ANOVA

with Tukey test.
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4) BN SHNE N TR

MR, 7w e bk, BER, SRR R, CNEL i LT RP /¥

THEIZHML, SPETH w4 U, B&EE, WESHBENBAKEICZIBNT
CNEEL B L CAREICHEM L. (p<0.05) (Fig.17),

a) Acetic acid b) Propionic acid
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Fig. 17. Cecal SCFA content in rats fed a diet supplemented with potato
powders.

a, Acetic acid; b, Propionic acid; ¢, Butyric acid; d, Total SCFA. Values represent

meanszstandard deviation (n=5). Significant differences among (a, b, ¢ and d; p <0.05)

were determined by one-way ANOVA with Tukey test.
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5) if HHEE

e PERE N 3 K OUERERR N R AL 1%, CN B L it L T RP B CHEICIKT

L7= (p<0.05), ez L AT r—/L, HDL-22 L A7 0 — /LB LT X CTOREM T

AEATRD N2> T- (Table6),

Table 6. Serum glucose and lipid in rats fed a diet supplemented with potato

powders.
CN RP BP Sp DP
Glucose 4374034 526+0.40 5274025 476+0.55 5.45+0.49
(mmol/L)
Free fatty acid 1267100 026 86° 864740 917£227b 980 179"
(mmol/1)
Phospho lipid 1344012 1.28+0.06 1.340.06 1.340.06 135%0.11
(mmol/1)
Total cholesterol 1.780.18 1.8020.09 1.86220.04 1.8020.13 1.8920.13
(mmol/1)
HDL-cholesterol 0.4740.04 0.50%0.03 0.4940.02 0.50%0.03 0.4940.03
(mmol/1)
VLDL+IDL+LDL-
cholesterol 131+0.14 1.30+0.06 1.370.04 130=+0.11 1.40+0.11
(mmol/)
Triglyceride 1.26+0.09 0.8020.09° 0.9420.17® 0.940.18% 0.9940.32%
(mmol/1)
Atherosclerosis index 2.79%+0.12 2.59+0.12 2.82+0.18 0.26%+0.22 2.88+0.1

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato

powder; DP, drum-dried potato powder. Values represent means standard deviation (n=5).

Significant differences among means (a, b; p <0.05) were determined by one-way ANOVA

with Tukey test.
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5) Jhi e EE
FrlgF O EEE B L2 VAT v —/WREIZIE, AEAITRRO bR T,

(Table 7).,

Table 7. Liver total lipid and cholesterol concentrations in rats fed a diet
supplemented with potato powders.

CN RP BP Sp DP

Total 11p1d_ 721x141 6.31x1.03 590x1.62 583x1.71 5.70%x2.62
(mg/g of wet liver)
Cholestrol

. 1.00+=0.30 0.90=%+0.11 0.72%+0.16 0.89+0.26 0.78%+0.17
(umol/g of wet liver)

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato powder;

DP, drum-dried potato powder. Values represent means standard deviation (n=5).
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3
Jills

6) #H

#EHoO2RERINa e x4 ) — VREE, CNEEEK L RPETHE
HhL7- (p<0.05) (Table8),

Table 8. Fecal lipid profiles in rats fed a diet supplemented with potato powders.

CN RP BP Sp DP

Total lipid

+ be + a + b + be + b
(mg/e of wet feces/day) 127324 31.6%+4.29 17.24+4.18 114272 8.61%£2.54

Coprostanol

—+ b —+ a —+ b —+ b -+ b
(umol/g of wet feces/day) 1.37£038> 2.69%x0.50* 167049 116025 1.10%0.13

Cholesterol

0.60x£0.16 092034 0.80%0.33 0.53%£0.17 0.54=%=0.23
(umol/g of wet feces/day)

Neutral stelol

+ + + + +
(umol/g of wet feces/day) 1.98£0.52 3.63=%x0.28 2.50%0.80 1.69£0.45 1.63%x0.31

CN, control; RP, raw potato powder; BP, blanched potato powder; SP, steamed potato
powder; DP, drum-dried potato powder. Values represent means standard deviation (n=5).

Significant differences among means (a, b and c; p <0.05) were determined by one-way

ANOVA with Tukey test.
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4. %

plih

AW TIE, BHEOMLHEO—2>Th HiEEEMEMm ARG TRICK TS
HEEE (EBHE, 75 0F, ZAF—L4, FTLRITANMLEHE) O
ROMGNERFE R L ONRERHNC G 2 58 %, invitro 35 KX OVin vivo 3B A A
THRT L7z,

BEET 7L, RAROTRETIHEIMBEERIZ L D0z T % Z L7 < HEfk
By oo, LYOAZ L MAZ—F (RS) LLTHMbLATEY, Wi -
LERIPEE D RS2 IZHHHEN D 30, ADBEEIZIE, TOMEEN D RS 23t
DIEME D L2 EENTEY, Z20HDOTI8L%EDHRELH D Y, BHE
TUTATMIEHIC afb 2T plEEN, TOBEERET S 32> 3, KR
IZBWTC, HREEHEMRTORS &%, £A0EHECTKLEL (RP;
31.2%), {KIBMEL (7F o F 7)) IZX D KIBIZIKTL (BP; 44%), —E#H
HUSBEAKMA (AF—2L) 52 L THTHML (SP;6.0%), SHIZK
T A RTA Y —CEIRAKMEGIET 2 L L7z (DP; 1.6%).

BT 7N, a7 T — B0 RITERVEMEZ R T RS2 TH Y, K
TDZNRENTT 70 F 7352 Tafbl, HIBEREE D RS (3D
T5H, SHIZAT—ALATERTHAIND Z LIZXVERFERBL, a7 I7—FI
L0 REZ IS WEBLT v e n Y, BEET 7 v ORI 72N
B AR X OEINEAO YA 7 W, invitro iR CRS3 OEAEINE TS Z &
DARENTEY M, ZETF o777 Io—2A0EICED b0 LHES
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Table 9. Relationship between total resistant starch intakes and cecal SCFA
contents.

Variable Correlation (r)
Acetic acid 0.732%%**
Butyric acid 0.902%**
Propionic acid 0.742%**
Total SCFA 0.783%**

skosk ok R
indicates p <0.001, n=25
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Abstract

In this study, | examined the health benefits of food ingredients derived
from agricultural products that are produced in Tokachi, Hokkaido.

In Chapter 1, | inspected the effect of betaine on non-alcoholic lipid
hepatitis (NASH) induction mouse. Betaine, a non-sugar compound, is a
byproduct obtained during the process of manufacturing sugar from beets
produced in Tokachi. Five-week-old NASH model mice were administered
an oral dose of betaine solution twice a day for 3 weeks, and distilled water
was administered as a control treatment. Blood was collected on the last day
of dosage and an autopsy was performed for collecting and analyzing the
liver. Considerable changes were not observed in the blood biochemistry and
total liver glutathione estimations in betaine-fed mice, compared to the
control mice. However, a considerable rise in liver to body weight ratio, and
remarkable restrain over HE dyeing, hepatocellular swelling, and necrosis
were observed; oil red O staining confirmed that the fat composure in
hepatocytes was restrained conspicuously. Thus, betaine attenuated the
symptoms of fatty liver in NASH mouse model and has been suggested to
exhibit NASH protective role.

In Chapter 2, | investigated the enteral fermentation of two kinds of
mushrooms (white class and brown class) and the subsequent lipid
metabolism by in vitro and in vivo examinations. An in vitro examination
after 12 hours of treatment indicated that a low pH was maintained in the
mushroom powder-treated groups compared with the cellulose-treated
groups, and an increase in Lactobacillus count was also observed. As time
progressed, mushroom powder-treated cultures showed an increase in short
chain fatty acids. However, in vivo examinations in rats revealed a
remarkable increase in short chain fatty acids only in white mushroom group.
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In addition, blood VLDL+IDL+LDL- cholesterol decreased conspicuously
in white mushroom-fed rats, whereas a decrease in atherosclerosis index was
observed in both the mushroom groups. Liver cholesterol decreased
considerably; particularly, cholesterol excretion via feces increased
remarkably in the brown mushroom-fed rats. A remarkable decrease in the
growth of harmful bacteria and increase of the short chain fatty acid
production were observed in both the mushroom-fed rats groups, particularly
in white mushroom-fed rats; this indicates the positive effect of mushrooms
on lipid metabolism via improvement of the enteral environment.

In Chapter 3, I studied the enteral fermentation of four types of dry potato
powders, obtained from the four stages of dry potato powder manufacturing
process (raw potato, blanch, steam, drum dry processing), and the subsequent
lipid metabolism by in vitro and in vivo examinations. In vitro examination
of 48-hour-old culture showed increased short chain fatty acid levels in all
dry potato powder groups; however, these levels were comparatively higher
in the raw potato group. In addition, Lactobacillus and Bifidobacterium
counts increased significantly in dry potato powder-treated groups compared
with the cellulose-treated group. Furthermore, the Lactobacillus,
Bifidobacterium, and Lactic acid bacterial counts increased significantly in
the cecum of raw potato-fed rats, compared with the steam potato-fed rats. A
remarkable increase in short chain fatty acid was observed in the resistant
starch-rich raw potato and steam potato groups, compared to the control
groups. In addition, a decrease in pH was observed in the cecum of all dry
potato powder-fed rats, compared with the control rats. The blood
triglyceride concentration decreased in all dry potato powder-fed rats;
however, comparatively higher reduction was observed in those fed raw
potato. These findings suggest that the blanching and drum-drying steps
produce regenerated Resistant starch (RS) as retrograded starch which is not
healthy, and RS produced during the heating process and the post-cooling
steaming step in the cooking process, promoted the enteral growth of useful
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bacteria and increased the short-chain fatty acid content. Such steam
treatment may therefore be useful for the development of potato products
with health benefits.
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