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Abstract

We investigated the anti-oxidant activity of cultured mycelia components in various mushroom and discovered that
Phellinus linteus shows the highest activity. Therefore, we focused on P. linteus and investigated application for alternative
medicine in anti-oxidant effect. P. linteus, a well-known traditional medicinal mushroom, has been shown to exhibit
potent biological activity. Recently, functional foods using cultured mycelia of P. linteus have been widely produced. This
review on P. linteus presents current uniform and stabilization technology using genetic analysis, establishment of a culture
technique, and various function properties of its mycelia. In particular, functional research on various assays is presented
that examine anti-oxdant, and anti-allergy, including some novel findings suggesting that the cultured mycelia of P. linteus
and its effective components have the potential to be applied to future therapies of various diseases.
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Table I Composition of liquid medium.

Glucose 40 g
Polypeptone 3g
Yeast extract 3g
NaH,PO4 05¢g
KzHPO4 0.5 g
Distilled water 1000 mL
pH 5.5
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Superoxide anion radical scavenging activity of cultured mycelia of various mushrooms.

Ab: Agaricus blasei, Gf: Grifola frondosa, Gl: Ganoderma lucidum, He: Hericium erinaceum, Le: Lentinula edoses, 1.d:
Lyophyllum decastes, Lsh: Lyophyllum shimeji, Fhe: Fistulina hepatica, Pau: Pholiota aurivella, Pe: Pleurotus eryngii,

Pn: Pholiota nameko, PL: Phellinus linteus
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Fig. 3. Fruit body of Phellinus linteus on a 40-year-old
Morus bombycis.
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Fig. 4 Aeration liquid culture apparatus and cultured mycelia of Phellinus linteus.
A: A 1-t tank was used as the culture apparatus (1 t X 20 unit; 5 t X 10 unit). B: Cultured mycelia of P. linteus.
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Fig. 5 Time-course changes of total serum IgE from NC mice administered Phellinus linteus mycelial components.
CONTR.: control, PL-HWE: hot water extract of P./inteus mycelia, PL-CF: culture filtrate of P.linteus
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Fig. 6 Condition of back hair and skin of mice at 11 weeks following administration of Phellinus linteus mycelial
components. CONTR., PL-HWE and PL-CF were as described in Fig. 5
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Fig. 7. Structures of adenosine and N-hydroxy-N-methyl-adenosine.
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Fig. 8 Representative 2,3,5-triphenyltetrazolium chloride-stained brain sections following right proximal MCA
occlusion in the control group (A; Control 3) and Phellinus linteus culture filtrate-treated group (B; Group 5)

Infarct volumes in the P. /inteus-treated group are smaller than those in control group. Coronal sections were obtained
from locations +4.5, +2.5, +0.5 and -1.5mm relative to the bregma in each group.
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Fig. 9 Effect of Phellinus linteus culture filtrate administration on infarct volume in mouse cortex. Infarct volumes (%),
presented as means * SD, were calculated by the ‘indirect method’. C1-3 are control groups 1 through 3 and G1-9 are P.
linteus-treated groups 1 through 9. See Methods for the description of each group. *a: statistically significant differences
for C3 versus G2, G5, and G7-9. *b: statistically significant differences for C2 versus G6.

Group 1: 1.5 mL of 20% culture filtrate at 60 min before ischemic onset (n=5), Group 2: 2.5 mL of 20% culture filtrate at
60 min before ischemic onset (n=5), Group 3: 2.5 mL of 4% culture filtrate at 30 min before ischemic onset (n=5), Group
4: 1.5 mL of 20% culture filtrate at 30 min before ischemic onset (n=7), Group 5: 2.5 mL of 20% culture filtrate at 30 min
before ischemic onset (n=7), Group 6: 1.5 mL of 20% culture filtrate at 30 min after ischemic onset (n=7), Group 7: 2.5 mL
of fraction with MW<12,000 at 30 min before ischemic onset (n=6), Group 8: 2.5 mL of fraction with MW>12,000 at 30
min before ischemic onset (n=6), Group 9: 2.5 mL of glycoprotein extract at 30 min before ischemic onset (n=8).
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Health benefits of post-fermented green tea with reduced caffeine as a
functional food
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Health benefits of post-fermented green tea with reduced caffeine as a functional food
Kieko Saito"?" and Yoriyuki Nakamura?

1Department of Environmental and Life Sciences,School of Food and Nutritional Sciences, University of Shizuoka

®Tea Science Center, University of Shizuoka
Key Words: green tea, lactic acid fermentation, post-fermented tea, low caffeine tea, antioxidant functional food

Abstract

Many kinds of tea are produced and consumed worldwide. One reason for tea’s popularity is that it exhibits various
physiological functions. Green tea contains catechins, caffeine and theanine as the main components, with each component
imparting a distinct taste. However, caffeine exhibits some side effects, such as sleeplessness. In this study, green tea with
reduced caffeine (low caffeine tea) was manufactured using a hot-water spray process. In adding, we developed a post-
fermented tea using the low caffeine tea to exhibit positive functions to maintain our health. The low caffeine tea leaves
were fermented with lactic acid bacteria (Lactobacillus plantarum) for four weeks. As fermentation progressed, theanine
and catechin contents tended to decrease, though caffeine level was unchanged. The infusion of the post-fermented tea
exhibited high antioxidative activity during fermentation, while important antioxidant catechin content was decreased. In
addition, the preadipocyte differentiation-inhibitory test showed the inhibition effect of the post-fermented tea infusion on
adipogenesis in a dose-dependent manner. These results showed that the fermentation did not affect the antioxidant and
anti-adipogenesis activities. Fermentation denatured the structure of leaf tissue, and some novel molecules might have
been produced, exhibiting positive effects. These results showed that the post-fermented tea we developed was a unique
tea product showing antioxidative activity and adipogenesis inhibitory effect and may prove to be a functional food for our
health.

*To whom correspondence should be addressed.
Department of Environmental and Life Sciences, School of Food and Nutritional Sciences
University of Shizuoka, 52-1 Yada,Suruga-ku,Shizuoka 422-8526 Japan
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Fig. 2 Analysis of the content of main components of
low caffeine tea and green tea.

Asterisk (*) indicates statistical significance compared
with green tea at the same time. G, green tea; L, low
caffeine tea. Each bar shows the mean = SD (n=3,
**p<0.005, *p<0.05).
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Fig. 3. Comparison of anti-oxidative activity in green tea and low
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Fig. 5 Change of caffeine, catechin and theanine
contents of the infusion of post-fermented green tea with
reduced caffeine during fermentation
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O+t A 7% EOHEKO 7 a1 A DSEIEEST L 22 08
LRBEIN TN Z b oTz, 61, 4
X TlERBWBEOE B EY & LTRESh
72 2,4-bismethylmercapto-butanoic acid ® ¥ A JL
REY PP FELGRBEY TH o7 D5,
BRIZA JWZBWTHER LA T VAT 4 FH
SHICEILENANKF Y FEERTLEID L
ERZONT, EHIITTATIEZY VU HHER
IS g AL L AT AMRBRERTH L Z LAt
IR ENT, T I HE) REORE b - 7245
WS N2 Lid, KR EE 25 LT
WTEETHY, IHFZ) Ly TRITEZ -
TWAHEZEDE) DIFEBREWVILTH 5,

F72, B MIZBWTH 600mg DIET N)LAL
SN REEOB 5%, MEED S5 VIEIRF D5
D) REROICHEY A E S iz & i S
nTwp 2,
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RIZOVWTINE TIZWL ODDIIZEL  Thi
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WMEFEEZMRELTCERBINTBY, 5=
1% 600 7> 5 1800mg/day D 7 — A A3\ 3330
Gleiter 5 &, f#H A% X412 600mg D T+ 3
RO a- 1) KERO B EI$2 512 & 2 WU R %
T, E5ICAHOEEBIIO VT LRI L,
FEAERC IR TEB T ) REEOIEIE T
L7ze#E L Twb, 72, Gleiter 5D 7 )L —
7B X U Breithaupt-Grogler & @ 7' )V — 713 %
neEn, ) RBOBGERMEERICERL, 713
RO a- ) REEEZHWHRE SIS L2 A, S
KL DD REDOWINNEDIT D DD o 72 & ¥
BELTWS, 4D V=T 5y MRV
WP ERER 2 S50t L, 1% O OEBREF & FAkIC
R ARD T IR 2 & Z RO TV B Y,
KKICHIET ) RKBIEIRMAETHY, ZhF
TICEFEZ AR DE NI L 5 AEFEEICO W
TOMTEDHED LN TR, RIEDOAEHKYG:
L 72 W SRR 12 DWW T, 2007 4R 12 Carlson
5125 o TH® TEM & N7, Carlson 5
1%, 600mg ® R-a- ') REEF NV & L3 Gk
B R-a- V) RER & D b)) T H NS
L, 203y EhEE (PK) 2##~<x7-& 25, PK
INTG A= — I IMANEPREP 72 EHE LT
Wb, F72, ESIEFECHIEOH T, HEICD
WTHEHE L, BHEEZHEOMTR-a- V) KEE
F U AEOWINE ISR N R A EE R
PolzbIELTWE,

hydrophobic
2 y-27O7FAMNIVORREE (K) & 11 OBEFERORAR (H)

HR D X 912 R- V) RER I ELEE o 1y B A9
WZEW I e LN TBY, URBOLZEZ
HIREWT —<vD—DThhb, #9) LIHAD
—2¢ LT, Attt Hw) KoL ETF
ENDH L, FrlZT T2 M) Y EHW
TR-Y) REEZLEEENL, FOWRIUEEFE
fliL7=DT, ZNODFRELY I ZITHMAT 5.
U FFAMY Y (CD) iEZna— A
o-1,4 77V 3T FIEATERIRIZHE Z: 5 72L&
T, RARICHEETHERA ) THETH S, CD
WBER22IICRT L) NNy VEsFELTBY,
SRERIZ BRI %, PIEBIE BRI % R CD IZ
Z DBIKIEZER PN B WA T LY AR
(Thz [a#El L)), WEIZGFEID 2
ATREOEERZ [B8EK] L), Zo0g
B2 T 28 (WEEM) 3Bk 72

WCFIHEN TS

FEHESOTINV—TIE, Ra )Ry 70
TX¥Z MY CaEMAE (RALA4YCD) % {E# L
%&E@ﬂﬁuﬁbfgh%@iﬁﬁiﬁbf
BETHDLI LR, ZFWMART MVT— 5 %
WTHISMIZ LT, & 512, BRI
OWT, Fv k® Broe b3 TEHIE L 72,
F v b ERWZBRIRERBRICBWTIE, CDE
2L R-) RBROWINESHERTLHI L%
RL7ze FAz, 200 45 R OMERE R HA
NEMexExRE LKA EZ £ L,
RALA-CD I&, KREEDOR- Y FPIZH T
AUC %5 2.5 1%, Coax 25 24 fEICE BTN L 720
Tinax ICOWTCTIIHE B L EPBIE SN o720
RALA-YCD D Tpax 25 17.5 43, R- ) REEHS 20.8

hydrophilic

Guest 1 . 1 guest-CD complex
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6.0
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mEEF D RALA EE (ug/mL)

s -~ RALA
-+ RALA-yCD

FEMAEE2E  (diabete neuropathy) *"
SRR AR E: T/ oL & -
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RN et i I X NN EN i e i
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0.0 CH : :
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P R-a- YRR v Yo OFF A N U v 8#4K (RALAYCD)
6g EROEIBL 0P o- Y REEE DR RENHE

fElE, 918 + SD.c R-o- UREE vCD BHEE 6 ¢ IF R-a- UK
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£1 R-o- YRE600mgb UL IERa- UREEy I OF7FX
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180 BV RRIIHE 4 O HERE R AT
HIMHEREHFLTWVS, 72, R-Y
AW /MR- T POy KEEOMBALETT
WALIE-032V TH 0 Y, ERALE 7
V% F %~ (GSSG) %i#ItH (GSH)
ICR$ Z 29T & % (GSSG/GSH
-024V), IV FFF 3 ERICZBW
THhEA 2 BERE IS b 5 B 7 AR B
HWETH Y, FEICE LTV S T
F U EBTRM VY FF DRI

RALA RALA-yCD ML AETICHO CTEEZEREZEED
Conax (ng/mL) L8+ 101 410% 096 L3z,
AUCoisomn (hg*min/mL) 780 435 1959 + 17.7%
Tanax (min) 208 £107 175 * 61
Ty/» (min) 389 +122 233 +103 HUBALI R & L CORRIINZIE, i

PERE R L ML L, ENha il

BiF, 9B + S.D.. **p<0.01; RALA-YCD (R-a- U 7REE yCD E#4K) ;

RALA (R-a- JIRER) | Cax (RAMAURE) ; AUC (IAURERRIR TH

1) | Tmax (ERMAUREEGERE) ;T GEREHED

S EFERITHMIN S NG Z L h otz (KB
3, Do TRIZOWTHOHEEEIT Lo 727,
CD ‘W12 & 2 AL IR T I3 M A i B D Fefie
PRIFIER L W2 &% h o 72,

6. R- UXREEDOREELEN

U REBOPEALIEEIEE SN D ICE - 72#%
L, BIRE 7=V AN EDMBRYTEER &
N7z L LB 5, 1959 4 |C Rosenberg H
3, ¥4IV CRZODENLVE Y N DEMIKED
FEIRASY KA 5.2 52 &Ik Y E N2
LR, ¥ IVERZAERG 72Ty MIZY
EEE525ZLICLYVEY I VERSRHER
FHTELI L RRE LY, 20k, IR

FETBHe LIS, Mo EE LR
IEWEIEHLTENRS 2 A S
HEEDNOEETH 5, Bz 1L, &K
O e B R AL SO & H] 3~ 2 JiiR b E & L
THBERICHETLIES IV EDRH L Y, ©
Z IV ERBERICSAELPFEL RV,
1 65 TR FE A9V AL B o0 8 AL B & B 5
%o ZOWBALRISHIH OWIRICBVTE S 2
YED7T7 /) — VKR IIEELIh, b
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2 O E AL UG & #H$ 5 25, FE e
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VEFF P 7axF 0TI HNERIE
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rdmlize s, MlBNO VY T4~
BEOFE L WA D LN TG 0, —)5,
Kagan 5 °? I3 R- Vb FO ) ALy I > C
FTUHANERTL, TNHEY IV EDHE
KBS LTwa et Lz, B4 3 ¥ CIkAE
FOR- Ve PO ) RBRIZLZEY I VEDH
A ix b b LDL® R FRILERMINE °Y 2BV T
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)RR ZNE BRI LR & LT <
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5 I EERIIBIT AR LEE L MR T S
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/i

/

7. - VKREBEORERER, TRNVX—E
1R, MY AER

o- ) RBEOAEBFEEICOWTIZINE TIC

%L OHEGFIDDH D, V) REBEOYHERIFNH &

BN A 2 U 7)) v IAOVEH &

L 7z I BEAE O SRR D W CTHEEOFE 7

V— THHE LT B 9557

7-1. TivER{EA

)RR < A S HEIRIE O A PEAE ORI fE
bNTELEEFTHD DD, FRFEIIBITS
Mg > b a— LRI 2 ) REROLE
HAx A A 75 v 7R e B 720
Feb MR L TES, URBRIZA >R >
ZEREA VR VREMIEE Y 3 (IRS-
1) O Uz EEL, PI3 ¥ - —¥, Akt D
1AL % 38 U C GLUT4 OMAIE~ D BAT % 12
L, HENANDZ L2 — ZADFLY AM F L S
W5 e, AL IRMNE & v 725
BIZXoTHOLNER-TER, $72, Y
KD MAPK ZR~DIEH b HES N TED,
Maddux 5 (X GLUT4 % BHIZEH S 472 Lo K5
Sy MHMART2-TAF ISV T - ADH
DRARIIHKTT HEEIEA b L A DEEE R,
ZORE, LA ML AIZL ) 7V a—ADHL
D RADHE SN, FEICHBANO 7V s 5%
CEDH50%EA L, A b L RSO p38
MAPK 28 2802 L L7225, MHL % s o
) REECTHME L TEL EINSDOBIIZ S
722 k%R L7259, Blair 513 [F U L6 i
% Hy0, 2R T & p38 MAPK D IEFMHALASEEZ 1,
FREICA > 20 AAEAPBHE SN EHRELT
W5 Tz kid, VKRBT OMHEF ;-
POWHEMHALZMMR B2 & THRILA ML A2 D
A RA) VIHEOHRHEEIZ b D ELEZ S
n, BRIz BIT 2 70 3 — ARY s ARIZIE A
YA FIVHRE MAPK RO 7 O X b —
I WBHLAREMEERTDODOTH L, ) RO
L2202 R R B $ A Bt D #8381 Tibullo &
Lo T217TEICFEDLENTVWLDOTED
S5LBEICEND E LWV

PEIRIREE 1) Rk % i & 2 VIR
B9 5L, MbEEa Y Mu—L, EHOSEE
WROENDLD, ZOEHIEA Y A) Y OEHE
HPL72bDTH B, Wang 5 ° 13 C57/BL6
7 AL CCp B M & WV TILIZEID S
EEEIT->TBY, VREEE®HO~ T A
542k, AMPK/PGC-lao #rL7z3I ba v
TICBITLEEGRREELZEHOL I EIZL o
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£2 BEBE H3WERo UKEBELERo- URE v YZOFFZARNY VaBEGRERS LES
BEIFEEBRES LN IRAD IR E—HEE & THOERE °

—re =RERE +
AR DU Ra U
yCD AR
IRIF—HEE IEEENH (AAHA) (kcal *h *kg-1)  5.76 £0.12 5.83 £0.07 6.53 £0.11*
IRIF—HEE IEEENH (BEHA) (kcal *h *kg-1)  6.58 £0.24 6.41 £0.11 7.24 +0.25
IXRIF—HEE —24 BFA (kcal *h *kg-1) 6.17 £0.16 6.12 = 0.09 6.79 = 0.16*
I®ILF—ERE —24 BE (o) 2.71+0.10 3.03 +0.46 2.85+0.74

fEl%, F91E £ SEM (n=4). *p<0.05v.s. =EHEEE.

10 q =—O—=ENR —e—SER + RALA-yCD

Light phase

TIXIVF—HEE [keal/h/kg]
()]
|

7:00 AM

Dark phase

7:00 PM

7:00 AM

5 BEBFRHDDZWVWER-a- URE v > IOF7FA N VEEFERASLICRBHRERS LY VRO

IXIF—HEEZE | FESICUE L IER

T, BB TOIRIF—HIME#ESIND &
MR Cwb, 72, BZ5 < mTOR D ¥
TF) TR EZEIZE o THERGTO
y Ry S I LR E R EA S L
5, EEOMRFR A A YEBTEIC L
TH Y KBOYMRVPIAFFTE 2D TIE BV L
RELTWD,

7-2. TRIVX—FEEFEA

553k O RALA-yCD W3R O AFRE I D W
TINE TIZEMW = H\\ 72 in vivo EEEDT 72 b
NTWwb, Ei (16 k) O~ AITR- VK
3 L < I RALACD Wik % S EIcRAe
L4sr HEEHBEASEZ L Z A, RALAYCD
BB TIEI I HOZ AV F — L&D
BEREE D A% 52 72BN THEEICH R L 72
A5, R- ) BEEESHETIEE KR L o7 (F|2)
W, Zhix, CDEHEIIC L 5> TR HEBED
LEAS) B L7720 B SRS N D,

B (E, FI9{E + SEM (n=4).

CDEBKERDSIX, v 2 DIEFHIY (light
phase) (23T HH 2 RALA-yCD BIEEKIES:
HEOTANF—HEENR- Y RBOAEHRS
LEBELD S EH>TWwl ERs (B5),
B D= 2128 W T H RALA-YCD Ak %
HNT 5L ANV F —HEEN LD Z &S
WEIND, EABFEIZOVWTIZRD LI 12
XN TWA, RALA-YCD @HEAROEIUL,
BRSO ERT, $%b5, Sit3
H DWWk Dio2 /- L TED T D UCP L X
LEMAEELIEIZE s TIALF — A
AAEET LMD D B, LEE SRR
FTws (K6),

7-3. MY AIEA

a- V) REEDPAAMERICOWTE { DL
I TBY, F2rAMBOTRN—2 A%
R LV EBISHFET D, rDTV—F
X, T v bFAYA HI 3K HAIIEC3 B3 &g o4t
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L-Carnitine on self-medication
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Abstract

L-carnitine is a water soluble amino acid derivative distributed mainly in muscle tissue. It shuttles fuel long chain
fatty acids into mitochondrial matrix through its highly selective inner membrane to be catabolized on B-oxidation.
The molecule is endogenously synthesized from protein bound L-lysine in specific organs, liver, kidney etc. About 50
— 75 % of amount vs. total requirement is supplied by daily diets such as lean meats. L-carnitine is provided not only
as countermeasures on pharmaceutical area for congenital deficiency patients but also available as dietary supplements
for diverse applications. Under the condition on excessive fat oxidation or acute glycolysis bring surplus acetyl CoA
resulting in metabolic inertia caused by free CoA shortage. L-carnitine supplementation mitigates the stuck condition by
forming acetylcarnitine to resume free CoA status. L-carnitine may give health benefits on diverse situations: metabolic
syndrome, athletes, elderly populations, weight management program efc. It was reported on Japanese subjects that 500
mg of daily dosage for four weeks brought significant weight loss when favorable motivation training was accompanied.
Recent researches show L-carnitine reduces muscle soreness after strenuous exercise on wide range of subjects, e.g.
untrained middle aged population and athlete as well through reducing damages from reactive oxygen species (ROS)
being generated from xanthine oxidase process. Also many studies demonstrate effects of L-carnitine on moderating
oxidative stresses through activating endogenous enzymes such as SOD and / or glutathione peroxidase efc. which are
responsible for ROS quenching events. A part of L-carnitine is converted into acetylcarnitine to facilitate acetylcholine
turnover in central nervous system synaptic area to improve cognitive capabilities. As body content of the substance
decreases along with aging, L-carnitine supplementation may give benefits to elderly people both on physical and
mental aspects. In sum, L-carnitine could be one of the efficient tools on self-medications in wide variety of people.
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