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Effects of the consumption of ‘Pintokuru-cassis’ foods containing cassis extract
on eye functions in healthy Japanese subjects:
A randomised, placebo-controlled, double-blind, parallel-group comparison study
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Abstract
Objective: This study aims to examine the effects of ‘Pintokuru-cassis’ containing cassis extract on eye functions in healthy
Japanese adults.

Methods: We conducted a randomised, placebo-controlled, double-blind, parallel-group comparison study from 19 February
2020, to 5 June 2020. The study included 66 healthy Japanese adults with eye fatigue after operating visual display terminals
(VDTs), who were randomly assigned to the ‘Pintokuru-cassis’ (active) group or placebo capsule (placebo) group using a
computerised random-number generator (n=33 per group). The subjects took three active or placebo capsules once daily for
4 weeks. We analysed the accommodative function and subjective symptoms pre- and post-VDT operation before test food
consumption (Scr) and then after 4 weeks (4w).

Results: The number of subjects in the per-protocol dataset was 30 from the active group and 30 from the placebo group (12
males and 18 females in each group). Compared with the placebo group, the amount of change (the percentage of pupillary
response of the dominant eye (%) divided by the dioptre (D)) pre- and post-VDT operation between Scr and 4w was significantly
higher in the active group (P = 0.049), with a mean difference of 1.1 %/D. The subjective symptoms in the active group
significantly improved compared to those in the placebo group as follows: tired eyes (at pre- and at post-VDT operation), P
=0.003 and P = 0.039, respectively; objects being blurry (at pre-VDT operation), P=0.048; watery eyes (at pre-VDT operation),
P = 0.034. Furthermore, no adverse events related to test food consumption were observed.

Conclusions: ‘Pintokuru-cassis’ consumption for four weeks improved subjective symptoms associated with eye fatigue by
preventing the decline in the accommodative function post-VDT operation in healthy Japanese subjects.

Trial registration: UMIN000039370
Foundation: YASOUKOUSO.CO.,Ltd

New Food Industry (New Food Indust.) 2021 Vol.63 No.l 3
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study

>

&fal (ZfL®)
100 -

SN [P +

0.0

BAIRDHEESR /AR (%/D)

50 -
Scr 4w

@

&g (ZRE)

*

BAIRDHEESR /AR (%/D)

Scr 4w

3. ZUvh—i&
BR i DU K

> 72 (data not shown) R

/ﬂﬁf\))n/u 2] 6 ﬂf"lﬁﬁ 8 tﬁ

4, MRRE

EH 4 lE# o mR®E (P=0.001), fHEHE (P=
0.038) DIFEHME X, 77 & REE L L L T o,
FEPH BRI Z R L, BT 6 84 8
B 2 1#E (P =0015) D& {LEIEX, 77
& HgE U TR R S BRICRfE 2 8 L 72 (data
not shown) , I DL, IMAE O ELE, A M D R,
ME DRI L XIMEDRICE VLT, BEAERHD
B X 2 8B 22RO s -HB IZ oo 72

(data not shown) ,

5. BEER

RO B 2 HEAERICBIL €, 4w TH
HEPTED N HEB X, VDT &R THE
N3 ENHB, (P=0003), THDHZL 2 E0H

o

aEg (ZtE)
40 1

20 -

BAIRDHEES /AR (%/D)

Scr 4w

—0— HERBmME (n=30)

=== TS REE (n=30)

2 BAIBRDHERESR (%/D)

A) VDT &7#i, B) VDT &7Ri#%, C) VDT &7Faifg,
D) VDT &%rai (£E{b=), E) VDT &% (B E),
F) VDT &gl (Z(LE)

T —REFEE S BEERE TR LT ¥ P<0.05

%, (P=0.040), "HAERTF L ERH DB, (P
=0048), TH»> a XL a XT3 t08db3%, (P
=0034) ThDhH, VDT &fiitgcd THIEN S Z &
N5, (P=0039) TH-7 (F51, K3, %
7z, 4w BT 5 VDT AfifHi2> & B I 2 F TH
FVFNT v — PHEHEDSEE L RERIEIZBI L
T, AEAPZEO onHH X, THI )L
$ %, (P=0.030; BERL R - a&% 11 % / ELGE 19
%, 77 e RBEBGE3 4/ IESGE 27 4) TH o 7 (R
5-2),

6. T2

SRR H IS B DR S e, §%Y
T 2HEHOUEMITILEENOETH S 2 &, &
PEMICRTE & 2 2B L TlE e o7 2 &2 SR
ICERDH 22 TIE AV EHK L7 (R6-1~
6-4), ko T, AEAMNOMEHERUCE D BRI
MDD & 2 Z2LIEFRd s o 7z,

Tul

New Food Industry (New Food Indust.) 2021 Vol.63 No.l 13



L00>d :, 'S00>d '« CERRIDRNEIE I/ CERI2RONEG S/ CRRLRNE Y/ NSRRI LROHBRE/NEGRRDLRY I RIT/NHSERI 2R D2YCE L
*UYNLD (€0) B&ohd €  “(LO) B &smd | 8= (URIPSW) Blfch ) & — £

75

=4

57

3D

c

fi

A THRE LR

\
)

R

H

HIN—

HE —

€6C°0 /610 oy 0¢ 0€ 0§ 0¢€ o€ 8y  0¢C o€ 0y 0¢C 0€ VN EQ U &
¥86'0  6¥9°0 0§ 0¢ Sv 09 0¢ Sy 0s o€ SP 0S 0¢€ (0% SENHGEY
0lLZ0 8050 0e  0¢ o€ 0§ 0¢ o€ 0e  0¢ o€ 0§ 0¢C o€ S b \G#EEQ (1 2 E
LLS0  9/80 0s 0¢ ot 09 0¢ (8% 8s  0¢ 0€ 8S 0¢€ 0  SRUT2NDANYYGHLZ S >E8 - NG 2 GHE O
9Zv'0 L1600 09 0% 09 09 €V 09 09 0 0S 09 Ot S'S SCRU7 26 RHKE
€EL'0  S/LTO oy 0¢ o€ 0S 0¢€ (8% oy 0¢ o€ 0s 0¢€ (0% D 2P E NG Y
€690 160 0S o€ ge 0s 0¢€ 0 0s 0¢ ge 0§ €¢C (0% CRYT 2 AR NEYHE - 2EIHOHE
910 6760 or 0¢ 0€ 8y  0¢ Se or 0¢C 0€ 0y 0¢ o€ CRUT 2 b ELNEAGH
€790 96/°0 09 0 0S 09 0 0S 09 ¢¢ gs 09 €€ g's CRURTICUEGORYC POFEN I LY
ovzo  Trlo ov 0¢ (087 0s 0¢€ (8% oy €¢ o€ 0s 0¢€ (0% CRUT 2 AQENG LY,
7590 €660 oy 0¢ ge 0s 0¢ 0t oy 0¢ o€ 0y 0¢C o€ SEDNXGEL LY
710 8rlLo oy 0¢ o€ 0§ 0¢ 0 oy €¢ o€ 8y 0¢€ 0€ CRYT 2%GEgy <A
¥0l'0 66670 or 0¢ 0€ 0y 0¢€ 0t or 0¢ 0°€ 0y 0¢€ o€ CRUR2NEYEN*A 4
SPL'0 6210 or 0¢C 0€ 0y 0€ 0€ 0¢  0¢C 0T 0y 0¢ St cCP G2 >2%GH
6500 880 0¢  0¢ 0C ge  0¢C 0€ 0z 0l 0C 0z 01 0C SR U? 2 UENGE
ZEE 1AA
6540 0190 oy 0¢ o€ 0§ 0¢€ o€ oy 0¢ o€ 8¢ 0¢€ 0€ VEQUENGY &
91£0 9060 0s €¢ ge 8G 0¢ (0n% 0§ €¢ o€ 8y 0¢€ o€ SENXEGEY
LFO  T080 0g  €¢ 0€ 0v €T 0€ or 0¢ 0€ 0y 0¢ 0€ S 6 \GBHEEQ (1 2 E
¥.00  29/0 oy 0¢ o€ 09 0¢€ Sy 0s o€ o€ 0s 0¢€ 0V LU 2NDANYYGULR S >Ei8 - NG 2 GHEOR)
066'0 8//0 09 0% 0S 09 €€ 0 0s o€ 0S 09 0¢ 0'S CRU 26 R HEE
G870 610 or 0¢ 0€ 0y 0¢€ o€ or 0¢ 0€ 0§ 0¢€ ge D PG EX NG Y
7560 86610 8s  0¢€ SY 09 0 0S 0s 0¢ SY 8S  0¢ (0% CRUZ 2ARINEYH - PEGHOHE
€00 10E0 ov 0¢ 0€ 0s 0¢€ (8% ovy 0¢ o€ 0y 0¢ o€ CRUT2C pNEANEZGH
€/90 080 09 0% 0S 09 €€ 0S 09 0¢ SP 09 0¢€ 0s CRURTICEUGOREYC POHN I C2NHEY
8700 L€80 oy 0¢ o€ 0§ 0¢€ 0 oy 0¢ (087 0s 0¢€ (0% CRYT 2 MQ BN ALY
G900 5§60 or 0¢ 0€ 0s 0¢€ (8% or 0¢ ge 0y 0¢€ o€ SENXGEL LY
L0S0 SEE0 or 0¢ 0€ 0t €T o€ ge €T 0€ 0y 0€ 0€ SR GT 2MEGEgy <A
€800 SS90 0 0¢ o€ ge €T o€ 0¢ 0 o€ 8¢  0¢ o€ CRUR2NEEXENF A4
0P00  +¥0€0 ov 0¢ o€ 8y 0¢ o€ 0e  0¢ Se 8¢ 0¢C 0€ S Gz 2 >2eH
LE000 6LL0 0e  0¢ 0C 0¢ 0¢C o€ 0e 0l 0¢C 0¢  0¢C 0¢ SR U? 2 UBKGE
UEICT =)
w B €0 1O uelpay €O LD UelpAW €D LD UelpSN €D LD Uelpapy
(og=u)#fac /L (0€ = V) BB (0g=u) skac L (0€ = U) HIOEF LY EHErE
gl d (My) ZEIEN v XHEF (12S) N Xpxf

> 2T R

A RAEEMTEM EY L 50T A " OEEHMERE ORFEEE

7

EHONLEE LG

14 New Food Industry (New Food Indust.) 2021 Vol.63 No.l



Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy

Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study
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HREER WEREMBE (n=33) TIURE (n=32) #HEREMEF (n=33) TI7LKRE(h=32) Scr Aw
Mean SD Mean SD Mean SD Mean SD

RA
AR 046 + 0.48 043 = 044 046 *+ 048 044 = 042 0.788 0.891
BfR 045 = 048 043 = 045 046 *+ 048 043 + 043 0.839 0.816
FEBAIR 048 = 0.50 044 + 046 046 *+ 0.50 046 + 043 0.751 0.970
HGER 045 = 048 043 = 045 047 = 049 044 = 043 0.840 0.780
sl S 048 = 0.50 044 = 0.46 045 += 0.49 045 = 043 0.750 0.989

BBE
AR (mmHg) 136 £ 29 157 £ 33 135 £ 25 147 £ 27 0.009” 0.092
{BAIBR (mmHg) 135 £ 27 156 £ 34 135 = 27 145 £ 30 0.008" 0.134
FEEAIER (mmHg) 137 = 34 158 £ 35 136 = 26 148 £ 2.7 0.018" 0.086
AER (mmHg) 134 £ 26 157 £ 37 134 = 27 148 £ 29 0.005" 0.047
AR (mmHg) 13.8 £ 35 157 £ 32 13.7 £ 26 145 £ 29 0.028" 0.223

T —Z|EFEE (Mean) & 1ZZ#ERZE (SD) Trliz,
" P <0.05, **: P <0.01

B3 22, u R 7y VIFaLGINIC R L SR DT
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IRBSRE D BGE ICH 5T % LB Z 6 N5 TR
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WERBGEET 2720121, WEHNHOE TN 2HET
ZHEENRIATS ZEDEEN G,

]
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Effects of the consumption of “Pintokuru-cassis” foods containing cassis extract on eye functions in healthy
Japanese subjects: A randomized, placebo-controlled, double-blind, parallel-group comparison study
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IRNF—JEEICRDPT I ENTERVEY I VWY o-) BB D4 SR

o
Acetyl-ACP + 3 Malonyl-ACP -
y y N N NN Q
2 H, H, ©
FASII (Mitochondrial fatty acid L s 3 .\(\x
synthesis type Il) Lipoate ‘6@
H H H ﬁ &‘1 QQ\
c c c: c 2 H-Protein + ATP Q"
/ \ / \ / \ RN . e&
Hz HZ H2 S—ACP @
Octanoyl-ACP AMP+ PPi
H-protein of the glycine cleavage system
@ o
AcCP H, H, H, ”
H-Protein c c o] C
o SONH N NN H, H, H, H,
HC ¢ 8 & HAN—Cc—Cc'—c'—c'—
NP A
e N N N \HN_gz_gz_Hz_Hz_i_H s——3 H-Protein
H, Hy H | 6N-lipoyllysine )
H-Protein c=o0 H-Protein E2 Protein
6N-octanoyllysine ‘ o ‘
H-Protein HZ Hz Hz ” N—-H
c/\c/\/\/\ H, H, H, H, |
. . H H N—C —C —C —C —C—H
[Fe-S] cluster scaffold protein carrying | | 2 2 |
a [4Fe-4S]?* cluster + 2 S-Adenosyl-L-methionine S S E2 Protein c—o
@ + 2 Reduced [2Fe-2S] ferredoxin + 8 H* 6N-lipoyllysine ‘
E2 Protein
[Fe-S] cluster scaffold protein +
2 Hydrogen sulfide + 4 Fe?* + NADH + H*
2 L-Methionine + 2 5'-Deoxyadenosine + @
2 Oxidized [2Fe-2S] ferredoxin NAD*
l|°rote|n
v
o H-Prteln Hz Hz H2 || N—H
c
H
woowom | - T N
c/\“/\/\/\ H, H, Hp, Hp | | | 2 2 [
| | H; H, HN—C —C—C—cC _T—H E2 protein H-protein SH SH c=—o
SH SH H-Protein ¢—o E2 Protein |
6N-dihydrolipoyllysine ] @ 6N-dihydrolipoyllysine E2 Protein
H-Protein
1 U REEOE SRR

(@ octanoyltransferase (LIPT2)[EC:2.3.1.181],

@ ion-sulfur-cluster-dependent lipoyl synthase LIAS) [EC:2.8.1.8],

® lipoyltransferase (LIPT1), EC FEIXRH SN TULELY,

@ FAD-dependent dihydrolipoyl dehydrogenase (DLD) [EC 1.8.1.4],

® lipoate-protein ligase [EC:6.3.1.20], & MTHWTIL, EEHLIERITEVDG ZWIEEELEVTERSEH S,
ACP =772 )bF v )72 >/\UE. E2Protein = E2 subunit of the 2-oxo acid dehydrogenase complexes.

FIRIZ T TIICAFRFD | e 5, oz H =GCS) DFtIL > DR DHINTTH %,

T52DED-HKDOATH 5, ARIBEIEITRT L, oo 2- A X VIBH/KFEESHEIE, El &I
KITIZIF E A EET 2\, D-o- U KRB B ThDP (F7 3 v Y Vi) -R{FtE2- 4 %
E, HICY R EMEIENDS Z E23% v, DU, UK Vg7 e Fusr— (BREKIG), B2 &I
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KA LT Ry +r—+¥ (e k) Rz R

B2IZ IR T K)JETNAD Z filiE &£ 97 %) o=

(1) 188

D REEIE, b R TIRMOD 2- & XV EBKEE
i (EL e vBRKRBEREAE, 2- 34XV 7
VT OVIRI KRR A, redH 2- 4 X R
IKFEEEEGW, 2- XV 7P UBhiKERSE
Batk) L7y > %% (Glycine cleavage system

DY VRITEDPOERIN TS, AL, ¥
NVE VIRRKZRBEEEGROGAEIIELE VIR
+CoA+NAD" — 7 & F )L -CoA+CO,+NADH+H' T
Hb, 2-F XYV ITNYNVBHAKEEZRECEDY
G, 224XV 7V Y LEE +CoA+NAD" — R 7 &
=)L -CoA+CO,+NADH+H' TH %, G 2- 4 %
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X, 2- 4 XV 7Y E V[ +CoA+NAD" — 7L % Y
)V -CoA+CO,+NADH+H" TH %,
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DIET % 1 < & FAIIRFIC TCA R o [lHi5 2388 - T <
%, ZODREH, ATPEAREMET L, FEMICE
P LDIEINF—ARZHL LIk D,

(2) de novo 4B RRIREE

B1ic) KoEalfEgkzRLAE>Y, S ha
YRYTD MY v 2 ACHELET 2 HENERE AR
L THZ /AN ACP BERT 22 EDBIHEE2 7,

24 New Food Industry (New Food Indust.) 2021 Vol.63 No.l

B1oOKG, 7% /7 4)L-ACPIE, +27%
JANE T VAT 2T —% (LIPT2) DfilffEH
X0, A% 74N -LIPT2 &K Z R H L T GCS
DH-F R 7EDY > HEFICHK A L, H-Protein
6N-octanoyllysine 232EH T %,

QD). Bk - - 7 7 A — iKWY AL
vy —¥ (LIAS) DffERIc kY, 25/
A NWED C-6 fi7 L C-8 H2IZ SH H:AIA D, H-Protein
6N-dihydrolipoyllysine 23E /& § %, Z DKL, 7
CANS-TTI)INAF A7 72 —ILRT
2H5DTHY, 23T DS-TT /S NAFA=UW
25 DBILM [2Fe-2S] 7 2 L KX > v Ok 68
TONMZZFT201FDS-TAXLTT /v
S-ANTTAN (5-Ado’) E2F3TFDAFF =Y
oS s, FRIC, &EICR [2Fe-28] 7 = L F
¥ IR [2Fe2S] 7 2L ¥ v kD, 2
97 F @ 5-Ado” 1% H-Protein 6N-octanoyllysine @ C-6
fre C8 DB T % ZNZ N5 EKE, H-Protein
6N-octanoyllysine 7 ¥ 1 )V & £ L &, 5-Ado I
IR %, H-Protein 6N-octanoyllysine 7 ¥ 1 )L 1%, C-6
fiz & C-8 fiz 1T [Fe-S] cluster scaffold protein carrying
a [4Fe-4S]™ cluster 2> 5, ZNZ 4L 15T DHfH D
it #5 % 5 I}, H-Protein 6N-dihydrolipoyllysine & 7z
%, ZODRRIZ, [Fe-S] cluster scaffold protein carrying
a [4Fe-4S]* cluster 2> 5, 271D H,S R4 L, 4
93 ¥ D Fe™ 733 HE L, [Fe-S] cluster scaffold protein
& 7% %, [Fe-S] cluster scaffold protein IZ 1%, #7727
[4Fe-4S1*" cluster %% iron-sulfur cluster carrier proteins
PomEbIcfirIn g,

@D, VERANLEFETFI VAT 27 —%
(LIPT1) Ofi#fEMIc kD, Y FRrY XA L
-LIPTI H&EZ B L T2- 4 XV BBIKREEFRE
BEWKRDE2 Y v o8 7 BHICHET & 41, E2 Protein
6N-dihydrolipoyllysine 23T %,
@ K )i, FAD-HRFEY E Fr Y A4 LT E N
u’7F —% (DLD) Df#EMEHIC XD, E2 Protein
6N-lipoyllysine & 7% %, X 51TV E v EHLKERE
FHEEW, 2- 4 XV IV YIIVIBBKERZE AR,
STUCEH 2- A XV MRINKRIEREAE, H 5k 2-
T XV 7Y VBBUKEBEEGIEZ R % El
BXUOE LEHAEKREZIEKT 22T, 2- 4 X VE
KRR E ARG & 72 5,

GCS D ¥ £, H-Protein 6N-dihydrolipoyllysine %3



IRV FXF—FEEICRPTIEN

TERVEY I VRYE oV KRB DB G RRE

FAD- k7> e Fu ) RA4 v7 e Fay - —%
WExEET 5L-% 7 HIZ L > T, H-Protein
6N-lipoyllysine & 7% 0, X512, fHOREK Y >

HThHorT- ¥ 308, P- ¥ v 7 HZELIUD
DY R TEPW S HABDE D, GCS IETER
L3

(3) salvage 4 & R#XE&

EF2EUHFABHICB VT, YU EICHEL
7o) RO A ARICET 2B RIETD R, VR
ANXRTF o) RB2Y 0 INTEER, VR?
¥ =L, 60 4EIF LRI
Escherichia coli 7> 5 R X7 % Z oYk
DYXRT7 I —=EIZY R NRTF s hT
724, BUEYIHSED ©L e vk EREEE O D
5, HEYRBEZYDMTI LN TEL LWMES
NTw37, LaRoT, T BBEMCED
TlE, VA7 I¥—FiIL¥ rhikEHEES
R EOHERE %D I 223D &) ICHHffisn
TVBEDAHTH S, b MIFHEFICH Y R7 24—
YOMFEDPH SN T WS, b FEEHRIL, BRI DY
RANV o) RBZzY 0TI LIETES
23, FEATY R L) o) K2 T
ZrETERVY, LEMRST, BT, iz
RZTH-Z VNI ERE2 Y 0 EDY Y Y —
LNICHAET 25 VR VB RIERIC & > THfRE
N, WEERID ) RAN ) S U PERTE En5 Y
RBOMAMHARIREL2DTHS I,

XC, WL L 22572 ) R ED X 5 2R IC
XoT, H- ¥ VXV BEPE2 ¥ VS BHIZIUDIAE
NBEZDTHAI)H? E.coli ITHE\TIE, Y RED
ATP IZ X D iEMfbE T, VARA L -AMP L 72 D,
GIEHE H- 7 v SV EHP E2 8 v N7 HICHH AL
FNLREDFET D, IS5 DRIBIZ—DDEEHE
URA LY F—RIC ko TBEX Lz Y, 2001 4,
7RI BT, U R BIE GTP IC X - TiEtk
fbEn<T, VRAIL-GMP LAY, ZD#H, H-¥
VOSTHR B2 ¥ Vo8BI AIA NS R
TEL, E.coli ETAU K —DODEETMBE NG & v
IWMENDH B, L LAads, ZOBROWE
724, b FCIREMOY XEEEREH- ¥ 87
HP B2 Y R HICHIDAD R R IZHEL T
W WHREEDL B B,

T Streptococcus faecalis &

VRBOESGREITIEFIAERL, BEXYHL S
BT 22 ERRETH D E VI WEIEH MY,
o X 51z, & MiCiE salvage FEEEDSHELE L TW»
RWHRRED B B,

(4) JH1E - TRUN & ARENHRE

BRI HEDY XL, ZNE2a6T 5MESY
VRVEBI Ay FY 7D Yy 7 RITHEL
TWwWa7d, T hav Py 7R - NI S
2D, FHoWibs Xy b ERD, FE ook
A XV ML, 2- A ¥V BBUKRBEFEEAKRD B2 ¥
VRVER GCS DH- % Vv EDMbTH D, %
DOFER, WOV KA N S U ERT B, Vv
VDe- T I /HEVRBEDOAINVE X IVEDIES
L7fbt&chh, ZofazuWd 2EE03Y K
TIY—ETH D, HEHEREE L o) Rl 72
b v R AR O v SR IR I R 2 A L T/
M ik s ns ',

fREEEZ HARANBYE (26 ~317%) I 10 mg DV
AEHZVIF) A7 I FERBONICESLLES
%, 3047 TIHLHRED VY REREREL 5 5 (70 nmol/
L — 350 nmol/L) Z k5, F7, HiRANEHTIE 35
R EF T EA L (70 nmol/L — 2,500 nmo/L), &
I, OGS TYH, HRNTEHTY, #5453 KiH
BTl O ) RERE I GRTOMEICHE > Twi
EWIOMENH 2 Y, £, HEAALME (31)%~

44 7%) 12, 600 mg D 7 & IED Y Rg% %5
L7c& 25, T REERED E— 2713 1 K

%, ZORDOREIX 125 umol/L TH D, #5-6
HERIA IS 13T DMEIC £ TR - 72 & OGS 5 9,
24 ~ 3 XD B L 2 WeiE £ LT, 600mg D7+
SOV REERELORLG L5, P E—
IR, 54305 50w T, RIMY RBIRE
1% 40 pmol/L, S TV REZE L IX 18umol/L TH D,
REDITN2EHREL CWINEI NS 2 RSN
7o 8B, BLEERON LY,

A5 A2 200 mg D 7 & HAD Y Rfigz fE 5
L 72 RED IR 20 ~ 40% TdH > 72 £\ 95 WHs
H5'",

U REBONBEDZ, B2 LiEX /LY
Afg, 772/ NVUXRE, B-tFeFx R/ L
Y REE ) REED SH I 2 F b S L&y hs
AEEnTnz”, VEBRLEDT, Ihonh
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wlwbwl wlulul 1.,
|/(|:\|/(|:\|/(|:\ ,C—OH h—& NN TN
H—C C C C H H
| H [ H [ H - | | |
SH SH H ? ? H
| Dihydrolipoic acid | CH; CHj
6,8-Bismethylthio-octic Il-l Il-l ﬁ
2H* + 2¢” acid T C T C T C—OH
2H* + 2¢ /|\ /|\/
H—C H C H C
H H (o} | |
Lt g pendndon 1%
H.AHLH _ LN INLTT
|/(|:\|/(|:\|/(|:\ COH H—Cc” ¢l c CH; CH;
H—C H C H C H C | | 4,6-Bismethylthio-pexanoic
é é I!i H acid
’ Bisnorlipoic acid ‘
‘
Tl
H (o] H H
HLHl | S\ C—OH
|/C\|/C—0H H—C/|L\C/
H—c ) ¢ | H ]
| H S S
s—sS | |
’Tetranorlipoic acid ‘ CH; CH,
2,4-Bismethylthio-butanoic
acid

B2 URERDHEE R AR

{LARETFEY R s HE S s Y,

s 7 v Mg O ) RS EIX 2.1 pe/g W,
FFRERFCIE 1.1 pe/g WS, 7, FEMPEEEES
DI DV REEEEIX 104 pe/g IEETH D, &
PERFZE TR IR0 5 1T, 1BHIFRE X OHFEE
ZSETIIRAMEI 2 R 72 L OWMEDH 2 0,
7 v M PSR Y KRB (40 mg/kg RER) % IS
NS U 72528, MK, Afi, PR C e s’
ZEA I NT, M AW, Kb, B, E
DINEI T RE X 53 A6 L, TS 30 0% 5 60 4712,
E— RO 6N, ZomKofgE L L b Iz
LTWE, (ZEAEDBRPICHREE N & v ) Wi
0z,

DU, SHRME Y REBORNEIE O D S HEZET
% &, VRBHY 7 BEICHARAZ NS KIBIEIE
HIE W D E b s,

(5) URBOESHRENBETOELFNIEIZEELT
DR 2- FF Vg

E2 % v X7 B R AREN R WE, E
LB VIBBKEREESHROTEET 28, 20
fEd, ENLEVBHAEDORE LAY, R
DOHEMEZE 22 b0 EHEREIND, fho 2- 4
X VBBKEREEAKICEBVLTY, FAEDOEZS
BTE, 224XV VI VEE (TCA RIEEOREET
2- & XA TN NVEBBOKERRE SR OIEE), o
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g7 2 /o4 vyafs, a4y, NY ik
D3-RFN2-FF VR Y VB, 4- XF)2-F
XFYRVIUEE, 3-AFN2-FXVTY U (D
I 2- A % PRI K R BERE AR O IEIE), |
Y777 ) VHRD 2- A XY TYE VB
Q- F XV 7Y EVBIKEREESEORE) O
IR ~DOHRMENE S 22 db o L Ebits, GCS
IZBEWTH ZOFEGEME T3 ch 3 7
)y DRPADPRIENE RS, L3> T,
IN6D2-FXVEE TV > roRBHREIEDOH
ElE, V) RBOEGKEINETDO—RAZ Y —= v
ZOREEMEAEMRIEIE L L CIRHTE 2 b o L
nz,

(6) BmPDEE

BHEOEY I VEERPELEOONIMELDH D,
zofic) KEGEITEHIN TS Y, 2o
Hio kg, WEEb o) RBILEHER A7 <, )
RBRED 10 ~20% 2T &4\, SR
SRR 100 g 2472 DT 10~ 100 ug TH %,
a5 7 v bl 0 ) R EE R I 200 ug/100 g W
BB L OGNS 2 Y,

Y IV BMAZESOE Y v OMAEWRIE
RN EBR2OWHE L LT, R FEBERDS,
100g 24720, -1 38 pg, FHF 50 ug, BKA 15 pg,
WA T5pe, EET75pg, =¥ v 26pg, FUL



IRNF—JEEICRDPT I ENTERVEY I VWY o-) BB D4 SR

¥V 57ug, Yav¥ 7 53ug K74 3I722
g THH7EV)I bDRH B P,

Lo Lads, RO Rz, V) RERAAR
RABBHEDIE OB EIRITIN A T, EWREFIC
RN 72> 7 2 806, GCS D H- ¥ VN7 EHR
2-F X VBB AKFERREGHKD B2 ¥ R HIZ,
EREH AT, & MSIIFFEEL TOu2niffg
PeAsdp 3 2,

3. UVKEOESHENZETIERWHORE
eGP

R EABOEREZ L0 2, ) R O
RETEGRINEDTIERL, 7V vBER
(GCS) DY 7 2=y bD—DTH2BH-F 7
BORED ) & VRIS L IRETEGHR I 1
%, EHROEFIZI Fary FY 7o) v 7 A
THB, FEETIZ, 7TFINL-CoA tvr=L
CoOADS X 7% ) 4N -ACP B EGRIND £ T
Thbh, ST UBPRBETHDL, DX Y
LA RICB VT, 7R F L -CoANLRFXS 5 —
YRR E 2T 2, ZOMENEEEZET 5
X, EAF VU ATP KIS A LR T > v En
TANKRF L EFF v LD EBRETH S, B
Wilg D SHRIE R 12 13 NADPH 2503 CH 505, 2D
NADPH 23S Fa ¥ FY 7HTED K 51 L TR
INBDD, AR >7, biaAIZ,
HHREEL O B RAA 4 & R 1 6 B2 72 NADPH (%, fllfE
BICHET 2 HREEY v 2 & o i3
5, CORHCEY S VB HRTHLFT7 VAT b
7 — YO EE L RE W, E BT, H-
FUNRTHIREE LA 7 D C-6 41 C-81fif
WWiEE (S) ZIFATARIBDEELE 25, ZDOK
SN E Bk - TR 7 FAY =5 VN IHE, S-TT /¥
NAFFZUBEELTw5, e RFuY R Ers
VRB~NOBiciZ ey S v B t=aF 7S
DHECTH D, 612, 7V VRREED KL
IZI3E Y S v B, EEBVLIETH D, Lo T,
NG THEOBHEY I VoA EE, JRBD
BN ZE NI D EHEEING,
HORETIEH 205, 7 v b 27 EER
L5 B, EY I VB RZEBOEEGIE, FHEHY
KBEOE T2, ©¥ 3V B, RTIEDHG T
BrBIIFET, ©¥3I 0B RZEOKRG IS

Y KRBT 2 SR L v 7 B
EOBETIE, ST v P o REMHIC T T, &
B BBERIEIBAL 72 LI MERH 2 P,

GCS D H- ¥ v 3 7B MUD D 2- 4 F V Wik
FEEHAROIE E2 ¥ v R 7 I A LS
B b TIRAFEL 2 OLATREEEN 2 205, 2FA
MDY RERDOMFAEIEH LA DT 3L ¥ — AR
ZH O WREME IR, L22do T, EliHic s LT
&, VARBOEARENIZET IR0 &) 2AE
FEHAPBETH D, T2, VRBOFEMAICIE,
IGWBCTHERLZH- YV NV EHEBIUOE2 ¥~
NRIZBEOYEFFR) A BE Y FBICETI e FrY
BANVPKEREE B3 28EH0w9H) 235
ICHEBELZRHEZRTIEICKRS, 2OYERFRY R
ANPOKFERERICIFEY I VB, =aF 7
b %,

2019 FEDAFE (Vol.61, Nol2, 888-902) (Z&E 72
WL MRS & | URSEmIC 22 3 28, @Eisiic B8 v»aig,
B#fE % I VIIAFEIUEE ORI N 3 R
DEZEFED 2, ) RKBEAROME L 425
YRVEOHEETH S, mmIcEITS 1 HY7D
DY RTEOMERIL, 1 gkgFBEEREZTES
ERW, BEEY I vy B R FARFICEEIC
GURMIZEEHIERCTH 5, SiHics v,
HR B 2 I AR S H, 22 a3 ERIE
FICLBIFEZ k3,

Ebbic

EMERESEFZE L LT, EY IV EIRTILDDH
5, B FDVRERRZICHS B0z BT E
B2 CIKBEENBE» SIRRENTVS Y, A
THRKERD & EA S N5 MERARBIRS D
HBHM, INSDETEEFHDIO EDREEIT
NREDP?H 5 VIFEGREN D EIICE W THK
TLARWEIIZTBICIZ? E Vo LFERDPDLETH
%, ZHIE, ©% I URWE LFEEIN TR 5 ) KR
ZELD B, mEIcB»TIE, Y RBOLESR
HE I DR T ICHEIA 9 2 RIS 236 4R L T % 1T HE
Wd 2, ~MNZETH 225, IRV, &
BERAS Do Tz, 2O DO FaIET AL 50 4
DEFThHo, REXZH > ThoBIYIT,
IEH 2 AR B R IER A E RO 7 D I B 22 R
ELIILEEREEINTE D, 206 Z2HS 5w
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7oo BEDHARTIE, RELDAGRDE L L LI,
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BEOHWIZIZFEA LRGN RD, 561220
FERIDLE, NEZELDDZ LIRS, B FDF
ORFIL 120 K72 &9, 18 60 FFDEE 7 v
7% 2D 2 EDTELEIDKL , KNTH
B E B RIS DA AE I 2R T S 4w K

VT 27D DMRDBLETH B,

HiEE

TR DM B 72 1, BIAT TR B il 4 (&
BEWEgE (B), #UEZES 20H02943, XKML 7 L 4
LTHiEmPAFRZ O T I b ay FY 7HEREHIE o
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BIMRA I IEHT 5,

X

10.

[

JEA A THARANOGEERGEEE (2020 4:60) 1 REMET2WEH.
Reed LJ, DeBusk BG, Grunsalus IC, Hornberger CS.: Crystalline a-lipoic acid: a catalytic agent associated with pyruvate
dehydrogenase. Science, 114: 93-94, 1951.

Cronan JE.: Assembly of lipoic acid on it's cognate enzymes: an extraordinary and essential biosynthetic pathway. Microbiol Mol Biol
Rev. 80: 429-450,2016.

Solmonson A, DeBerardinis RJ.: Lipoic acid metabolism and mitochondrial redox regulation. J Biol Chem, 293: 7522-7530, 2018.
Hiltunen JK, Schonauer MS, Autio KJ, Mittelmeier TM, Kastaniotis AJ, Dieckmann CL.: Mitochondrial fatty acid synthesis type II:
more than just fatty acids. J Biol Chem,284: 9011-9015, 2009.

Reed LJ, Koike M, Levitch ME, Leach FR.: Studies on the nature and reactions of protein-bound lipoic acid. J Biol Chem, 232: 143-
158, 1958.

Jiang Y, Cronan JE.: Expression cloning and demonstration of Enterococcus faecalis lipoamidase (pyruvate dehydrogenase inactivase)
as a Ser-Ser-Lys triad amidohydrolase. J Biol Chem, 280: 2244-2256, 2005.

Oizumi J, Hayakawa K.: Liberation of lipoate by human serum lipoamidase from bovine heart pyruvate dehydrogenase. Biochem
Biophys Res Commun, 162: 658-663, 1989.

Green DE, Morris TW, Green J, Cronan JE, Guest JR.: Purification and properties of the lipoate protein ligase of Escherichia coli.
Biochem J, 309: 853-862, 1995.

Fujiwara K, Takeuchi S, Okamura-Ikeda K, Motokawa Y.: Purification, characterization, and cDNA cloning of lipoate-activating
enzyme from bovine liver. J Biol Chem, 276: 28819-28823,2001.

https://www.mhlw.go.jp/stf/newpage_08517 .html

11. Carreau JP.: Biosynthesis of lipoic acid via unsaturated fatty acids. Methods Enzymol. 62: 152-158, 1979.

12, BEFHR  RRET OBREWRINE L VEBIFRE O3 TR AIIDIE. ARG - Rl REE, 64:207-214,2011.

13, Wada M, Shigeta Y, Inamori K.: A study on the metabolism of lipoic acid and lipoamide. J Vitaminol,7: 237-242, 1961.

14, Takahashi H, Kishino E, Mikuni K, Kiuchi Y, Beppu H, Okazaki, H, Shimpo K, Sonoda S: Effect of different types of cyclodextrins on
gastrointestinal absorption of ¢ -lipoic acid in rats and humans. J Appl Glycosci, 9: 97-103, 2012.

15. Hermann R, Mungo J, Cnota PJ, Ziegler D.: Enantiomer-selective pharmacokinetics, oral bioavailability, and sex effects of various
alpha-lipoic acid dosage forms. Clin Pharmacol, 6: 195-204,2014.

16, Teichert J, Kern J, Tritschler HJ, Ulrich H, Preiss R.: Investigations on the pharmacokinetics of alpha-lipoic acid in healthy volunteers.
Int J Clin Pharmacol Ther,36: 625-628, 1998.

17. Harrison EH, McCormick DB.: The metabolism of dl-(1,6-14C)lipoic acid in the rat. Arch Biochem Biophys, 160: 514-522, 1974.

18. Biewenga GP, Haenen GR, Bast A. The pharmacology of the antioxidant lipoic acid. Gen Pharmacol, 29: 315-331, 1997.

19, B, K ERT, @M S8 IFRE &V AR O HFRE 0 2 X8 L OPREEEOFENY Figas. €53y,
26: 279-284, 1962.

20, THAKTREHE @ AKEhERICBET 2 0FSE. BESERESE, 2:197-201, 1960.

21, S, AR L BEREE AR AR IRIE 2 T 20T L W SREIRE T, New Food Industry, 59(7): 24-32,2017.

22, IRIER, MEEHIDE Y S > | Bulletin of the Japanese Society of Scientific Fisheries, 29: 713-731, 1963.

23, Bl B, KH ERT, W s FmRE LY KR O HFREH v 2 X 8 LOPREBEEOFIBAY Rgas. vy 3y,
26: 279-284, 1962.

24, MEESEE  MAKAH) RBOARICEB XIETBHESY S voE . () ©¥ 2 v B, RZMRICE T 2 EAKARY XD
AR, €Y v, 31:297-302, 1965.

25, REFFZBB, RIEBERER, M4 : Smeptococcus faecalis 10C1IZ & B &G H DY REEOER (1), £ I v, 25:355,1962.

26. Habarou F, Yamina Hamel Y, HaackB et al.: Biallelic mutations in LIPT2 cause a mitochondrial lipoylation defect associated with
severe neonatal encephalopathy. Am J Hum Genet, 101: 283-290, 2017.

27. NEETEEE : BEMBARY RBOERICE XIET BHEY I V0B (1) €Y 2 v B, /413 B, REZRICE T 2 EARKEGH
YV RBOAK, €4 S v, 31:303-308, 1965.

28, NNRREEEE : EAMATY RBOARICB XTI BHEY I VoM E 1) €4 3 0 B, RZFHIEB T 2 HEAKAEY Kot
R, €% 3, 31:297-302, 1965.

29, YT ¢ A ML ATURD 7 O OFEKIFMEE ¥ 2 V&, New Food Industry, 61(12): 888-902,2019.

28 New Food Industry (New Food Indust.) 2021 Vol.63 No.l



sNS & (Bacillus subtilis natto) DEEBEME
B LOREOKREMR

HEL PEFT (SUMI Hiroyuki) 1"
HE &

K ,ué?(YATAGAIChwkw

, W 1F (MITSUO Tadashi) 2,

Wi Z8fF (YANAGISAWA Yasuhide) 3,

Key Words: fH S, PiEMM:, BMHEE, €% I K, Fv boFFr—+, IEAEYE, igEs

BE

MAEYEB IO o) vBIC X AHEEH, ¥ IV K,

WX 2 ERIEM S % W I3DIERY 27 DT

H7ze &, WG E (Bacillus subtilis natto) DS¥FOREREE I3 b 725,
fliH e +d 2 WIEMER T v P ~OROKLGHEE T, WEREBIUC X D IfenEse (ELT #6fiH 2 Vid -PA KR

HE) (I3, MiggREE% (Thrombus count) EHA T3, 2% D, AR
=770, HHINBMEE (Bacillus subtilis natto) 1%, v F ¥ F—¥D—

TOEIC X 2 IMASE PR 3T % 3,
KiEE (275 o 7 3 2 BEAl) H

2 WIZHEREYE (Bz-lle-Glu-(OR)-Gly-Arg-pNA 73fi##E) D&V 2 TEOMETR,) TH23 2 L2 HHE

TH 5,

MEIZBRICTI PR R TAREI A, 1< TiEh %
BZEETTOHLMET) LilINTED, BERD
(FEEAD LTl oI Tws 2 L)
DDA D AT B F 2 BEEERR 0 13 B HLERIE T B,
DR VU A 7RI D & 7 VY N A e —i B I <
7 E, KA EWFSICE N, EH IR TWw 3 Y,

ARETI, WEEHIR ORI S X ORI 550
WahMcF LD THK, T, T TIE—HITH
THESSOTOHBRLTHLTIERWI EDBREL T
ESIG

. MEEIEHHIHELELE LTREHR
1) EEER

WIS X 2 BIGTEHICOWTIE, KD X9 %l
HERZINTWE

t 2R E LTI
P IS S

, HALE Pl O T
HALEER A 2 4 8RS L 72

fi s, 2 OREAERER SN T 2 G HEDER D &
T3, 7, EHELEE, BEHMENE EE,
I, SRR OTERIC B W T, REISGER)
ErFohi v Y,

EALRIA RI2X T 25085 Td, PFD (Pancreatic
Function Diagnostant) i D FRH PABA HEt 239k
PG HI U CHEBICHML, Z O8I IEHEE &

FAEETH oY,

I, YL LCbMAEInTEy, 7%
RV A E S AR R S5 A el S ARy p
¥ W & 2215 - Streptococcus, Lactobacillus 35 X OV
Bifidobacterium DWEHNE <, FFIC
+ 605 & 2215 C, Bifidobacterium (X 2205 TH B I

<, BNBEILEIC oL EZL NS Y,

Streptococcus 13

2) ME{EA
UM E Bacillus J8 DML E B A TRAS}:

*LERE G - BT R R A
T 712-8505 [ (110 Biorfdt 5 MY P 2 3 2640
e-mail: yatagai@kusa.ac.jp

S L VOESFRRRE  ToSE
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FNSE (Bacillus subtilis natto) DFEREMER K RO 530H

x1 MEZEOMES LUK

nEE Bacillus subtilis natto

BOAEE 150.7~08um, £ 2.0~3.0um DR

SRR EOHROEBICRI TR K. NIER (2’%:% 1(10°C, 5D CTHEIFRNZKRD), TR (F2IF100% £75), F
gh (pH1~12 - 95% 4£7157) G EEBRIEICRL,

B FOFT7—€, T7I5—C8 ANIuT—C, RIFF—E, IS —E, v hHST—H, 1R EZ—

€, PLNF—E, SUV2—E, N—FFI4—F€, AR>5—€ Zofth

E2z> E2X>B, By By K (XFF/2-7), EFF>, ZOAFVE, NV bTVE

Z DAt REEBEUEIC K 2—T 1 OVESE

BADKRERNGMER (BRE) I LREMEEZRDOEEZASNS, FBADMEIXINZRAZ—2—LT5cdE

BIX 80°CTHEREKREICEER, WAIA0°CTEET S,

&2 EETINEME

& mEmE & nEME
Bacillus subtilis Mycobacillin Bacillus polymyxa Polymyxin
Subtilin Colistin
Bacilysin Brevistin
Bacillomycin
Fungistatin Bacillus circulans Butirosin
Bulbiformin Circulin
Bacillin Polypeptin
Subaporin EM-49
Bacillocin Xylostatin
Mycosubtilin
Fungocin Bacillus laterosporus Laterosporamine
Iturin Laterosporin
Neocidin
Eumycin Bacillus cereus Biocerin
Coroxin
Bacillus breuis Gramicidin S Thiocillin
Tyrocidine
Linear gramicidin Bacillus mesentericus Esperin
Brevin
Edeine Bacillus thiaminolyticus Octopytin (Thisanosine)
Esoine Baciphelacin
Bresseine
Brevistin Bacillus lichentormins Bacitracin
Licheniformin
Bacillus pumillis Mycrococcin P Proticin
Pumilin
Tetain

WCEEETZNY S v EoiiEwE (KR2), ANLRYETHY, ZddbEdbEDRERICIER
HBHVIEZ DOIEHIZTIODS, AR I L CTliR)A < SR IC X b TG hIcfEh HE s e
EHT 2 LW R EFF> Y B2 VIBOFLEI Hb, TOHDIFZNHAEINEEOLEFIHIC
XoTHHEINTVS, PEa) VRIFHEIETD B < 2%, KIBE%Z & 7 fhoMEE IS L TIEE 5
PUEWE ORI - T, 1936 4E, TAEDH I EBUC BIHIRI 2 ST 5,

BN ED 2 NY DHRICHKRL 2oy vy WEE DR 9 L PiBimE I EBEREM I b B
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#NZB (Bacillus subtilis natto) DOFEREMEE X RO ERIH

INTEDH, O-111, O-114 1T 2R, H 3 w»
FE R R EANDOBGESHE SN T»S Y,

3) BRRIEEIER

HHEEERRFOHERE M E LT, FTH 1FI
HIFENTO2DOPMNETH 5, BHERIE & DBIfR
DHEH SR D 7= DIE, 1995 FICERRE DLk %
RNRICEHEEEITE EY 2 v K, £ DBIRZHRHN
7RSI, BITO R GEEDSIZ B i filth i E I EL
LG anzc ks (B1) 7, 20%ko®
HTHLLMEORMEFLFNOME L ESY I VK,
(XFx 7 v-7) M RE L 3RO
H5NTW3,

Bl Z 1, B2 1x20~79 %D HARNLZM 944 A
% RHRIC 3 AEBDEBRHE L 2555 Cbh 225, i

(ng/mL)

O EHEEIMET T 2% (550 A) TlE, #WE
BEHEOHEECIZE, KEEFSHOEEEEKT
oMK, TR 7 Efho KBTI FERRO MR A
Ronkhhoklths ', €4 IV K, oG
RBEINTW»3,

EYIVK, (XFF/ 7)) BME0ERNE
LIKENIC & B M IR pI3-4 i CgMETH D,
FUNRIEHEIFIF-BL GRS NS, 7V
BOEIZ K 20 TRIZS~10HEKREL, TNk
free D X 5% /7 ¥ -7 (MW648) & %74 %531
EThsrLuETT,

K 3 13 H 2 I BRI X 21 e s
VK IREOEEARLLDTH D, NED B\
NG 2 2 ERER L 2354, Iy AR
HFIREDPEE > Tk (a), £/, MEHIE 13HM

1 EBICBNZMEDE

3 P <0.01
i \ 0 BN 40~160g 160g &K D %L
6 | T .
# -05 -
>y
1 °
B
I.L
2 ®
1
M 15
0 e
fracture(+) fracture(-)
n =24 n =36 2
K1 ER2ZVK (XF+F/2-7) OMFREEEH X2 MWEEIEREESEBDOEEEE TR
IESER= L7y
a 60.0 1 b ]
*P <0.005 600
50.0 A1
o 453+195 5 500 145 5.195
0
o 40.0 - 7}
-
£ 300 - *p <0.005 £ 3001
= S 25.0+10.8
'; 20.0 { '; 20.0 -
= = 11530
1001 7527 10.0 4 I
1.20.9 1.2+1.1 2.6+09 +
0.0 - - —— Ilﬂ 0.0 , , N EEA
Control Natto Control Natto 0 ! 2 ] ’ ) 14
ingestion bacillus Day after natto ingestion
ingestion

3 MEDHSVITHEEEIICK2MPEL2 I K, BEDEL
a: MEHDSWVISMERZ 2 BREEE L cAER
b : MEZEERHILE 14 BREIDER
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FNSE (Bacillus subtilis natto) DFEREMER K RO 530H

X3 EEMEENBZEZIY

KiBLUERZZIVK DEE

=22 (ug/1009g)
D% Svov— Seuv— NhFLs ANhFLs 2 24
Small Seed High Yield NATTO FIEYMHE M= Ny 77 A
B4 3K,
(T4 0% /) 233 22.7 228 224 19.9 328
Eg23K,
(AP 7) 25.0 16.1 712.1 688.0 4785 989
&2 (ug/100g)
P13 === 1% =En3 -
Fau Py F =i UERIVERL  UEEY AREHEL AATIRD
=2 W= =
(T 29.8 383 6.4 84 8.5 7.7
E2z=K,
(A7) 1247.2 14.1 0.5 1226.4 0.4 1035.6
®4 ERZZIUK EDERDYY AT DORER%
232K, 18EE pg/ B
2 = Ug P&
<216 21.6-32.7 >32.7
N 1578 A 1605 A 1624 A\
EEE D R{E 15.1 269 40.9
IDEEERIEY A 1 1.08 0.67 0.12
CHD 5iE) R 1 0.96 0.59 0.007
CHD Ic & BT RY 1 0.73 043 0.005
2RI LBDFET RY 1 0.91 0.74 0.007

BICBOTHERGET L EXT 25 ETh b, 1nh
TORERBMBEL Ebh 2 Y, HillT o
& 2 VK, &3 870 ~ 2,000ug/100g & X — 5 —
WX > THEIED 503, —FEEIUL 3 ~ 4 HEIZHE
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By 3 VK, ROPEOMEE TR, Bk
WBHRE7Y 7, 7794, XM FaB8L05 4
THEYE XN KGFBEYIOSHT S ST D, KR,
WEOFa vy Frroaild, HAoMEZ L
[l 5ftCH 2 2 LRy hoTws(R3)Y, 7L,
A ERER IR IZ VLW 2 EOMNEEIC X 3 b
DTIE RN EZAGELTE L,

7k, A, 701 78 EoRDBEVLREMICIE
WG E Y T VK, A 2,500 ~ 40,000ug/100g &
EFICEHERTHEIDIIHRLT, EY I VK, 1FIZ
IFTHEETH D,
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#NZB (Bacillus subtilis natto) DOFEREMEE X RO ERIH

x5 MARMARICNT 2MERDIREINR

Before After administration (h)

(Control) 1 4 8 24
Euglogulin lysis time (ELT, min) 313 %= 6.0 167 £ 707 158 = 66 213 =+ 98 305 £ 98
t-PA (IU/mL) 04 =03 1.1 = 04°? 27 08 19 =+ 08 06 = 03

Healthy male volunteers were given 100mg (dry weight)/kg of natto bacillus. Values are the mean = S.D. (n=5).

2P<0.05: significantly different from the control.

x6 fhEEICHT BREMR

Dose n Thrombus count % Inhibition
Control (saline) — 8 83.1 =55 —
_ 50mg/kg,p.o. 5 641 +507 229
Natto bacillus b
200mg/kg, p.o. 8 603 + 42" 274

Values are the mean = SD. (&

, n=5-8). % P<0.05, ” P<0.01:

significantly different from the control.
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T35 L,
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9 RN LB 23R AR
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1) BRHLENTWE (F6),

I L k2L Twes Y, F v b
W#%—%@ﬁ<Ainfwnu R 5 D & BRI
Bl (Bz-lle-Glu-(OR)-Gly-Arg-pNA) % i  43f#$ %
(LineWerver-Burk 7’12 v + & 6 1172 Km {1 6.38
x10*M, Vmax |% 0.034umol/min) (F 7)., #J 10 4E
b b, WOETRDBEHDOH 5 2E S
@ﬁ"é@m (65%1) ZoHr L™, ZDRTHAMK

2 (Bz-lle-Glu-(OR)-Gly-Arg-pNA) % 48 { 43 fif 5
%;&%%%wa

MEEIEH 26 HEELE LCfibii T 21,
PUETEICH H L 22 &+ SOD %1 o i v ok A3 ER
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B, 7Y FOFF—LIZIET7 AU NA 2 —

DERELES>TVE7IaAf Fp-7Ta5A v
2RSS M, b b AR
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#®, HEMWICHERZENL T3 HAANL

'8 umol/min/g
Bz-lle-Glu-(OR)-Gly-Arg-pNA (& EE) 3440.46
Suc-Ala-Ala-Pro-Phe-pNA 1775.75
MeO-Suc-Arg-Pro-Tyr-pNA 549.36
H-D-lle-Pro-Arg-pNA 0

TV NA 2 —IRICB T 28 ARIC LD, #
DEMREEDHH S I E NS Z LS N S,
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Sk

+v bUFF—EDe—REE (77 /BET)
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LYAVKVLDSTGSGQYSWIINGIEWAISNNMDVINMSLGGPSTSTA
LKTVVDKAVSSGIVVAAAAGNEGSSGSTSTVGYPAKYPSTIAVGAV
NSSNQRASFSSVGSELDVMAPGVSIQSTLPGGTYGAYNGTSMAT
PHVAGAAALILSKHPTWTNAQVRDRLESTATYLGNSFYYGKGLIN
VQAAAQ

HESTE 27,724

HEEE © 5 X 10°M, 0.17M BSB (pH7.8).

1 EREEAL (IU) &Ik, 37°CT 1 DRAIICEREE (Bz-lle-Glu-
(OR)-Gly-Arg-pNA) & Tumol pNA Z= 53R Y B35 & 8T,
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Regulatory factor for salivary secretion; parotid amylase release and MARCKS protein
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Regulatory factor for salivary secretion; parotid amylase release and MARCKS protein
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Abstract

Owing to the spread of COVID-19, our lives have changed dramatically. Consumer demand has shifted substantially

from eating out to eating at home. As a result, restaurants and businesses are at a crossroads. To meet consumer demand,

restaurants have started to actively develop takeout menus. Moreover, a new format of delivery is now attracting

attention. In this study, we consider the current situation and future prospects for restaurants because of the influence of

COVID-19.

1. Introduction

At the end of 2019, the novel coronavirus (COVID-19)
was first identified in Wuhan—a city located in Hubei
Province, China—and has since spread to the rest of
the world . Tts impact has been immeasurable, and in
less than a year, our lives have changed dramatically.
Specifically, to prevent the spread of the disease, people
began to avoid having physical contact with each other,
which made it difficult to carry out activities that they
had taken for granted in their lives. One example of this
is the restrictions placed on office workers who would
normally commute to their jobs as well as on some
students who are now restricted from going to school to
attend classes in person. Moreover, owing to restrictions
placed on restaurants or people voluntarily refraining
from eating out, restaurants and food producers have
suffered a major blow .

In the midst of these difficulties, however, people
have begun to adapt to new lifestyles and new ideas
are continuously emerging. For example, restaurants
are actively developing takeout menus, and new home
delivery businesses such as Uber are attracting growing
attention. Thus, these new attempts to adapt are expected
to be utilised even after COVID-19 infections are
brought under control.

In this study, we consider how the new initiatives

66 New Food Industry (New Food Indust.) 2021 Vol.63 No.l

triggered by COVID-19 will affect our lives in the
future, with a specific focus on new approaches being
taken by restaurants. The remainder of the study is
structured as follows. Section 2 briefly discusses the
situation of restaurants against the backdrop of the
spread of COVID-19; Section 3 discusses how food
delivery systems have adapted in recent months; Section

4 summarises our findings.

2. Changes in the Japanese Food Service Industry
Following the Spread of COVID-19

The food service industry is one industry that has
been most substantially impacted by COVID-19. Since
COVID-19 is believed to spread to others mainly
via droplets produced from the mouths of infected
individuals, many people have chosen to refrain from
eating and drinking in places where others gather. Table
1 shows the changes in percentage point of consumer
expenditures on food in August and September 2020.

The data in Table 1 presents the changes in consumer
behaviour following the spread of COVID-19. In
particular, to prevent COVID-19 infections, consumers
began eating and drinking more at home rather than
going out to crowded locations. Therefore, in August
and September of 2020, consumer spending on at-home

cooking ingredients (i.e. pasta, Instant Noodles, Fresh
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Table 1: Changes in Percentage Point of Consumer
Food Expenditures in August and September 2020

ltem 2020 2020
August  September

Pasta 17.0 20.5
Instant Noodles 18.7 16.9
Fresh Meat 16.0 8.1
Frozen Cooked Food 21.6 16.3
Shochu Highball, Cocktail 444 20.2
Meal A 334 A213
Drink A 647 A 546

Source: Statistics Bureau of Japan, 6 November 2020,
Family Income and Expenditure Survey (Reference [3]) .

Meat, Frozen Cooked Food and Shochu Highballs and
Cocktails) increased. By contrast, consumer spending on
dining out (denoted ‘Meal’ and ‘Drink’) fell sharply.

The changes in consumer behaviour have had a
significant impact on restaurants. In part, this is because
even if sales decrease, restaurants must continue
expensing their fixed costs (i.e. rent and labour), which
can make business continuity difficult in cases where no

new income is generated.

3. Emergence of New Demand despite Spread of
COVID-19

As stated in the previous section, consumer demand
has shifted considerably from eating out to eating at
home. However, consumer demand for restaurants has
not completely disappeared. Many consumers, including
the author of this paper, have begun picking up takeout
orders from restaurants to enjoy at home. This new
mode of food delivery has attracted attention as a way
to replace revenue streams from dine-in customers, thus
encouraging many restaurants to actively develop takeout
menus that meet such consumer demands.

In addition, a major change in the food industry has
been the dramatic increase in food delivery services. To
enjoy a restaurant’s meals at home, however, patrons
must find a method to transport the food to their homes,

which some consumers find difficult. For restaurants

to make sufficient profits from takeout menus, it is
necessary to meet the needs of consumers who are unable
to take food home.

Traditionally, restaurants in Japan have been hesitant
to offer full-scale delivery services as doing so would
be inefficient, implying a time-based opportunity cost
along with a labour-based cost associated with not
having an employee present in the restaurant to prepare
food. Furthermore, consumers have often been reluctant
to place such orders owing to expensive surcharges
that restaurants must include to account for the
aforementioned costs.

Under these circumstances, new delivery formats (i.e.
Uber Eats) are attracting the attention of consumers and
restaurateurs. At Uber Eats, registered restaurants receive
delivery orders and Uber Eats-registered employees,
called delivery partners, deliver the meals after picking
them up from the restaurants > . This system has several
advantages over traditional food delivery services
conducted by restaurants individually. First, the burdens
placed upon restaurants as mentioned above (sending
employees to deliver and making business inefficient)
can be eliminated. Second, small restaurants that would
not otherwise be able to carry out delivery services
can now deliver their meals. Third, new employment
opportunities (i.e. delivery partners) are created.

In addition, the awareness of businesses and customers
regarding infection prevention has increased. For example,
restaurants have started to actively take measures against
the spread of COVID-19 through the installation of
disinfection units, spacing between seats, the installation
of partitions to prevent contagion via droplets, etc. In
Tokyo, to balance economic activities and the prevention of
COVID-19, the Tokyo Metropolitan Infection Prevention
Guidelines for Businesses were created ®. Restaurants
that abide by these guidelines in implementing infection
prevention measures are subsequently allowed to put a
‘Thorough Infection Prevention Declaration’ sticker in
their stores ¥, lending added credibility to the restaurants

and giving customers peace of mind.

"' A indicates a decrease. The author provided Table 1 by using information in reference [3]. Reference [3] is in
Japanese and was translated to English by the author. Among the items, ‘meal’ and ‘drink’ represent the changes
in dining out. The values in table 1 are the fluctuation adjusted values. For the calculation method of fluctuation
adjusted values, refer reference [4]. However, note that reference [4] is in Japanese.

"2 Reference [5] is in Japanese.
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The Case of Restaurants and Delivery Businesses

Picture (left): Image of delivery partner . Picture (Right): Alcohol disinfection effective against COVID-19 infection.

4. Conclusion

COVID-19 has had an immense impact on the economy
and on our lives. The impact on restaurants has been
particularly noteworthy, as have been the struggles that
many face in continuing to generate new revenue streams.

Under these circumstances, society has generated new

restaurants to capitalise on lifestyle shifts and for the
ways in which people conduct business to change, we
can expect to observe continuous adaptation long after
the spread of COVID-19 has subsided. Thus, it may be
said that the measures created to overcome the current

situation, in the midst of difficulties, will improve our

demands, and new businesses are beginning to be lives in the future.

created to meet them. Given that opportunities exist for

3 Picture (left) is to show the image, not the official delivery partner of Uber Eats.
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