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Elucidation of Antioxidant Compounds in Goishi Tea

SHIMAMURA Tomoko*'®, KASHIWAGI Takehiro*, MATSUMOTO Yuka®*',
YOSHITSUGU Kanako*', HIRAOKA Ayumi*', YAMAZOE Chikako*', MORIYAMA Hironori*
OHISHI Masao™, MIYAMURA Mitsuhiko* and UKEDA Hiroyuki*®

* 1 Faculty of Agriculture and Marine Science, Kochi University, 200 Otsu, Monobe, Nankoku, Kochi 783-8502
* 2 Kochi Prefectural Industrial Technology Center, 3992—-3 Nunoshida, Kochi 781-5101
* 3 Otoyo Town Office, 231 Takasu, Otoyo, Kochi 789-0392
% 4 Department Pharmacy, Kochi Medical School Hospital, 185—1 Kohasu, Oko-cho, Nankoku, Kochi 783-8505
% 5  Center for Regional Collaboration, Kochi University, 2—17-47 Asakura-Honmachi, Kochi 780-8073

Goishi tea, a post-fermented tea, is produced in Otoyo town in Kochi Prefecture, Japan. It is
produced by two-step aerobic-anaerobic fermentation process. In this study, we attempted to elucidate
the major antioxidant compounds in Goishi tea. Liquid-liquid partitioning and various types of column
chromatography were used to obtain the unknown antioxidant compounds in Goishi tea. Subsequently,
pyrogallol and r—3, t—4—dihydroxycyclohexane—r—1—carboxylic acid were newly identified as antioxidant
compounds by using IR, LC-MS, and NMR analyses. The pyrogallol content in Goishi tea was 11.9mg/g
dry weight and its contribution to the O, scavenging activity of Goishi tea was 28.2%. From these
results, pyrogallol was determined to be one of the main antioxidant compounds in Goishi tea.
Additionally, the change in pyrogallol content during Goishi tea production was investigated. The
pyrogallol content increased during steaming and aerobic fermentation (days 1-5), then gradually
decreased during the final stage of aerobic fermentation (day 6), anaerobic fermentation, and sun-
drying ; indicating that pyrogallol was formed mainly during aerobic fermentation. In the future, we
intend to investigate the relationship between pyrogallol and the reported food functionalities of Goishi
tea, such as its inhibitory effects on hypercholesterolemia, atherosclerosis, and diet-induced obesity.

(Received Dec. 5, 2016 ; Accepted Feb. 9, 2017)
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W FEEE] XTI L IRII NS b O TREW S 53
LEHORBEIXNENL, —TF, HIEBE MY
BEECE > TESNDZETH Y, FEMED N CTHEES
DU, 225 % BT L A TR S &
% BRGIIFEIEARS, S OISR TR & SN 8% & Ml
GhECTHET 5 ERBREHAO 3 0I5 HE N5, If
K[MFERE O T — T (BE), WAL O I T
v (Z4) REFHREMIILMOEN TS, HATI,
TR FEER DN F N5 J5 (BILRY), BRI REEEA O
Pk (FESI), “EREBROAMER (BRI,
Ak (AR PEESN TV,

HEAZATE AR AR BN CA M S Cw» B/
GRTH D, ZTOEILIIMIFT, FIRITERELAND
WYy, ZREMCANTH 2MET, Z20%, BEI
DEBWTHERE L, 23 aTEHWAENT FXNTEE)
2R 1 BT o XTI T, REZMICEEO T
o 2R, BRGUWIEREE K 2 BT . ZoMIC, FL
FRISEEDSE A, HORAH ORI U 5 SRR T 12,
FRERMMIL, 2HIZERHTEBELTEMLET S,

EORBEIZA00ED EOREWERZ DL whbh,
Z O JERIEE R A Y R OIS T AR IE R ST
W72, ARERETREREIC B A A RIEZ L WiIRIICH -
720 £ 2T, 20054 (K BN EAAS I IRIALE, KENT,
IV, AR OB E AR B ASEHE L 72 LR RESE % BH
AL, IhFETIC, BAXOIBLELE, SIRME,
B L UOBIRMLE TR, A5 K) vy 2 v Fa—
5, BIUOBMO TR ZEEZH LML LTV,
F7:, REWNORPEZNRE L, BAKKHICESA
VINI U FRERETF ROV TOMEEE ERL, &
FROBAIZE DA VI NI v FORLELRNGZIET
THZERHMELAL, LiEn Xy g, BEakosmiR
MBI A W S0 & e o 72285, FOBS IO WT
BAWLEFECTHolze 2T TARIMIETIE, BAXTD
PURAL I DRI IZHLY ALA 72,

KB H A

1.8 %

SOD Assay Kit-WSTiZ FA- AL 7e i 2 fEH L
2o OB TFFY, ¥uhZa— IIHeHSE T2 H
Wit A=N—FF T FYLRAFZ—F¥ (SOD, 7 vk
MERE S, 3000 units/mg) 1XSigmatt# % Huw/z, 0
Ml DRI, R 2R FLHRAT VR Y, ERERIE 2 L
oo T2, TRTOEERIZE W TEY K% Auto Pure
WQ501 (Y~ MRHFAEL) 1238 L CREE L 72 KT 18MQ
- emDBHEAKE H 7z,

2. ERZEHH

e I IAVAS-Y P NEWIVNE A IE- Y SP N AT R N Y
THEEBRRE L YHEG N En, BT o
OBRIUL, AT, AL, HAWEF1~6 HH, BEX
MR, RKHT L% () ORBETIT-o 72,

3. A=N—=FXI K72 (0;) HEFEHEAE

AWFFETIE, PiBILiEEOfREE LTA——F F ¥
F7 =% (0) HEHEEZMEL 2. O HEHMI,
SOD Assay Kit-WST®#l & FiEIZHE - THE L 726
72720, BUSERENZ105 & L7z, Bl v I vidu—2%
Y —INR L — F — TR, BRARICEE L7
WEE 3 MY RL, &HAED0%MERE (IC,) %
K7z, AFDIC, L SODDICH S L v & Ak L, &
B D O, T LG & 2R IR 52 24 72 ) o SODAE iff 1 14
(units/mg dw.) & LTRL7,

4. ERXHHADOSE

(1) BFFRTFIVE IFY—THHLARIE3 I
el AK200meZ Nz, S5orMHNE o, DK, A
X TVL 7405 — (JLEE0. 45um) TH# L 74
Wl 2 LT o 20l EIC it L7z (Fig. Do

ERIRMB 4 ¢ % 2 NKR L — & — TR E %,
BT E R T 5 %IREIC R 5 & 9 ITBMAKICER L 72,
Z D%, Bia— M THERT 7V CHi L, KE &
MR FVIEER/R T, TO%, BHRTFIVE (1.65g) %
ODSH* — 7 » 7 F 2 (300mm X 25mm id.) 27 75 4
L, 30%*% /7 —) (MeOH) #Himis (1.37g), 50%
MeOH i 5 (0.14g), 100% MeOH# % (0. 04
g) %7 (Fig. Do

(2) X & W7 Bl T b 72 EA XK E541ng
A F v #iSep-pak (Sep—pak® Plus Acell Plus CM
Cartridge: Waters#) 127754 L, #HiKl0omeTHE
WML72b 0%/ BTG L Lz, 20k, TM7T ¥
E= 7KW THER L b 02z, BiikcE
B L7250 &M/ 4 (0.21mg) & L7z W/
B PE 7 04w % IR TIS, B4+ v X #Sep—pak
(Sep—pak® Plus Acell Plus QMA Cartridge : Waters
) 1774 L, BHKIOm, X\ T20MFEE10m T
BIL, BWZEE, BRKCTERELLb DR, ZhE
otk 4 (106mg), ERMEWIS: (54mg) & L7z wopkm
437106mg % ODS Sep—pak (Sep—Pak® Plus Cis cartridge
Waters®) 127 751 L, /K, 20% MeOH, 40% MeOH,
100% MeOH #10me T L 72o £ ORR, K E
H 5 (41mg), "1 20% MeOH ¥ HiThi 43 (21mg),
H % 40% MeOH Wi 3 (31mg), H1%100% MeOHi H
W45 (10mg) @ 4 W45 %4%72 (Fig. 1),

5. MBERERRS O BB &SRR

BEfR = 7 )V 8 30% MeOH Hi i 73 rh D HUIRAL B 73 D
HPLCIZ & % Bl i TRE D 4 T1T o 72 HPLCE I !
L-6200 Intelligent Pump, L-4000UV detector, D—2500
Chromato Integrator, (Hitachi#), CTO-10AC VP
(Shimadzu#), (HPLC%f#A) HPLC# 7 4 ! Pheno-
menex Synergi 4z MAX-RP 80A (250mm X 4.6mn id.,
Phenomenex#), 7 7 A 1 40C, & - 25% MeOH
/H,0, i © 3.0m¢/min, AP K 280nm, (HPLCS:
#+B) HPLC# 7 & : Phenomenex Synergi 44 MAX-
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| Goishi tea extract |

<—— Liquid-liquid partition

H,0 layer

<——Cation exchange column

|Ethyl acetate layer|

<— ODS column

|Neutral/Acidic Fr.| [Basic/Amphoteric Fr.| |30% MeOH Fr. |[50% McOH Fr.||100% MeOH Fr.|

<— Anion exchange column

|

<——O0ODS column

Neutral Fr.

<——HPLC

|Compound 1 and 2|

Compound 3

Fig. 1

RP 80A (250mm X 4.6mm id., Phenomenex®), 75 A
MEE 40T, W 10%7 % b= Y OV/HO, Wik :
3.0m¢/min, HEHHE 5 280nm.

A K s L 2 b O BLER LK 4 OHPLCH#T, B
S OHBEEIZ DT @ & T47 5 720 HPLCE i © SCL-10
AVP,LC-10 ADVP, CTO-10AC VP, DGU-12 A
(Shimadzu#), 875-UV intelligent UV/VIS (Jasco#),
HPLC4 Z & COSMOSIL Packed Column 5 Cis=MS—
II (250mmx 10mm id., F47 T4 7 A7 8), »F LHE
1 40C, #® B 3% MeOH/H.,O, ¥t # : 3.0m¢/min,
Meti k& - 254nm,

Bl U 72L& OREEMAT IX TREOME, 26 N4
1 CA7 o 726 IRGHTIZIZIR Prestige—21 (Shimadzu#)
ZAEH L, BEHOGHEICE D E L 72o LC-MSH#T IS
1%, PU-1580 (Jasco#?), Finnigan LCQ Duo (Thermo
Quest®#), MS route JMS-600W (JEOL#) # ffi i L,
DWTFo&EMcliEiHE Ll 2 HPLCH T4
Phenomenex Synergi 44 MAX-RP 80A (150mm % 2. 0
mm id, Phenomenex®#), # J A & ; 40C, & #
0.1% ¥ % & £10%7 & b= MY )b, §#;0.15m/
min, {4 YL ESL ¥ v ¥ 5 —®EIE; 20V, ¥
* Y5 ) —iifE 5 250C. NMRAHTIZIZINM-AL 400,
B X 'INM-ECX 500 (JEOL#) # i L, ¥l 5t
T To@E) & L7 'H-NMR ; 400MHz, F 7213500
MHz, “C-NMR ; 100MHz, % 7z13125MHz, & ; &
2% /=) (CDCD), F/d@EAK (D.0). WHZHE
TMS, A¥ 3% — 1%, s (singlet), d (doublet), t
(triplet), m (multiple) TR L7260 By 7Y ¥V 7F B

Neutral/ Neutral/ Neutral/ Neutral/
H,0 Fr. 20% MeOH Fr. || 40% MeOH Fr. || 100% MeOH Fr.
<«<——HPLC

Fractionation of Goishi tea

1ZHZz TR L 720

1t&4 1 (gallocatechin) : IR 3364cm ' (OH) ; LC-MS
(ESI negative)m/z : 305[M-H] ; 'H-NMR &H : (CD;
CD) :2.50 (1H, H4a, dd, J =16.1, 5.1Hz), 2.79(1H,
H4b, dd, 7 =16.1, 7.8Hz), 3.95 (1H, H3, ddd, J =7.8,
7.1, 5.1Hz), 4.52 (1H, H2, d, J =7.1Hz), 5.85(1H, H
8, d, J=2.0Hz), 5.91 (1H, H6, J =2.0Hz), 6.39(2H,
H2’ and 6°, s) ; “C-NMR &C (CD:CD) : 28.1 (C4,
CH.), 68.7 (C3, CH), 82.8 (C2, CH), 95.4 (C8, CH),
96.2 (C6, CH), 100.6 (C4a, CH), 107.1 (C2’ and 6’
CH), 131.4 (C1’, C), 134.0 (C4°, C), 146.7(C3" and
5, C), 156.7 (C8a, C), 157.4 (C5, C), 157.7 (C7, C)»

L& 2 (pyrogallol) : IR3381cm' (OH) ; LC-MS
(ESI negative) m/z : 125 [M-H] "~ ; '"H-NMR &H (CD;
CD) :6.34 (2H, H4 and 6, d, J =7.6Hz), 6.50 (1H, H
5, dd, J=8.4, 7.6Hz) ; “C-NMR &C (CD,CD) : 106.2
(C4 and 6, CH), 120.1 (C5, CH), 134.0 (C2, C),
146.7 (C1 and 3, C)o

1t&% 3 (+-3, t — 4 — dihydroxycyclohexane — r — 1 —
carboxylic acid) : IR3389cm ' (COOH), 1766cm ' (C=
O) ; LC-MS (ESI negative) m/z : 159 [M-H]™ ; 'H-
NMR 8H (D.O) : 1.48 (1H, Hé6a, dddd, J =11.7, 11.7,
11.7, 4.1Hz), 1.62 (1H, H5a, m), 1.68 (1H, H2a, m),
1.72 (1H, H5b, m), 1.94 (1H, H6b, m), 2.03 (1H, H2b,
m), 2.60 (1H, H1, tt, J =11.5, 4.1Hz), 3.67 (1H, H4,
ddd, J=10.8, 4.1, 2.8Hz), 4.01(1H, H3, m, J =2.2
Hz) ; “C-NMR (D,O) 25.9 (CH., C6), 26.4 (CH,, C5),
32.9 (CH, C2), 36.8 (CH,, C1), 68.4(CH, C4),70.4
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(CH, C3),181.3 (C=0, C7)
6. IL&M2OT7EFIVE

ILEW 2 DT F VLR T OFIETIT - 720 L&MW
2% YU I mlIIER L, BKERR 1 ndZumL,
FIAZ T — B SUS S 872, BHK 5 me &2 3 L TR %
LS, Sl u— MICHEBET SV 4 md T 3 B L
7oo BONREET T VI 2 B E S /2%, Eou
TRV A THEMB L, NMRAOVHHEL 72,

7 Fvibib &2 : 'H-NMR 8H (CDCly) : 2.26
(6H,acetyl-10 and 30, s), 2.27 (3H, acetyl-20, s),
7.08 (2H, H4 and 6, d, 7 =7.6Hz), 7.23 (1H, H5, dd,
J=8.8, 7.6Hz) ; “"C-NMR &C (CDCls) : 20.2 (acetyl
-20, CH;) 20.7 (acetyl-10 and 30, CH;), 120.6 (C
4and 6, CH), 125.9 (C5, CH), 134.6 (C2, C), 143.4
(C1 and 3, C), 166.9 (acetyl-10 and 30, C=0),
167.8 (acetyl-20, C=0)

HBREZBE

1. EREHAER, sLU2EHDO0, HEEM
ERZROPILEE (O W0, 1,1-diphenyl-2-
picrylhydrazyl (DPPH) 5 ¥ & ViliZ:iEt) 34k &
FSREICE L, BEE, fE, 7—TAREREKLT
AEICEHWI EPHE SN TWEY, T2, — RISk
WKOPMALIHLEIZ A 7 F VEOFES AR E VD, f7:
HIZBEOMEIIB VT, EAROPERLEEICH T2
HFXFUE (WTFFY, TEATFFY, TEATFUN
L—"F, Auhsxy, FussFoAL—»F T¥H
uhrdy, T TR L—bN), BIORA
TEBOFEGOREIINS L, ERod 73 v HUS bt
AL DD TR OV THE LY, 22 TA
W Tix, BAZXPOTEEIRILE S OfHEZHWE L
7-WFgE % FERE L 720
AEARIE, B X OO0, G E % 17-
7z (Fig. 1o ZOfER, HH A5 o SOD i i 7
1330. 6units/mg dow., i — B & Y 1572KfE1310. 6
units/mg d.w., BEEETF V)@ IX17. 3units/mg d.w.®SOD
ST E R L7z,
2. BEI FILERORBEILRSDRETE
FEfE = F Vg % 0DSH — 7 > # 5 A 12T30% MeOH
4%, 50% MeOHIH 43, 100% MeOHIH 4312 431 L 72
(Fig. 1) o K& L 53 D O, G E 0K F, £ DS0D
M PEIX30% MeOHMI %, 50% MeOHIM| %4 C# 2
i, 21.6units/mg d.w., 0.137units/mg dw.TdH - 72
—7J7, 100% MeOHM 5120, {H 215320 & e A
o720 TOTENS, BHEIFVETOFEEIBILE S
1330% MeOHM/FITHEM L7722 ENHLNE o720
Wl = 7 VI 30% MeOHM 53 % HPLCS: 4 AlZ CTHHT
Lk Zs, Z027ux bS50 EICIZ5DOFELRY
— 7RO N (Fig.2)e ThERFFREHICHE- T
Fr.1~ 925 L, &W500, 12 iE Ml E % 17 - 720

————

Compound 1 Compound 2

— o<+ o ! r~ ol o

[ [SEE I S E S o ] [

= oy f ST
rr r T r 17 — 1 T T r r 1
0 5 10 15 20

Retention time (min)

Fig. 2 HPLC profile of 30% MeOH fraction of ethyl
acetate layer

FHE 3 gty D30% MeOHM 45 (139mg) O 45 % T -
7B D& Fr. DR & SODEME X TiLOE D TH -
72 ¢ Fr.1 (9.96mg, 0.255units/mg d.w.), Fr.2 (16.0mg,
1.72units/mg d.w.), Fr.3 (19.6mg, 3.28units/mg d.w.),
Fr.4 (2.20mg, 0.598units/mg d.w.), Fr.5 (6.49mg,
0.488units/mg d.w.), Fr.6 (5.23mg, 0.161units/mg d
w.), Fr.7 (6.01mg, 0.163units/mg d.w.), Fr.8 (25. 1mg,
0.542units/mg d.w.), Fr.9 (1.63mg, nd). Ml % » & R
XY, Fr.2&Fr.35MidFr. & g L TE w0, 235
WERTIEAPELNERY, TS OWGHIZFE
AL s E T » b LRI L 720

(1) Fr,2i2&£h 31491 Fr.2l2& 240
WAL 2 1ba 1 & L, HPLCS&MBIZTHE L, IR,
LC-MS, NMRA X2 b WIZ X &N 24T - 720 IR
ARYZ PIIZBWT, 3364cm NI E R L2 2 &
5, bEW 1 3KEEEZ LT EFHSNE RS2 TN
AT, LC-MSHMDO#ER, FHT 4 7F— FTm/z 305
WO TAF =R SN0, {LEW 1 O5T
®IF306TH D LHEE SN, {LEW1 (10.5ng) % E
AF ) —VIZEMRL, 'H-, B X UEC-NMRGHTIZHEL
720 BEHONMRANRZ kL0 L DA S H 0 % 5 %
VTHDBHERRE LT, WIS, AW L Tu s T F
VEEOHPLCZ = b 775 A TORFERH O —3 %
AL, b1z FarsF v efE L7z (Fig3
(1))

AaAhTFE VI, R bOMBEOMEIIBNTEASR
M CTOMFIEZRERL, Sk TR OEREZL, %5002
PUB LGS D W T D MEFETH 57
(2) Fr.3lC&EZh3{tE4%H2 Fr.3ic&EIn st
WAL 21t a2 & L, HPLCSMBIZTHE L, IR,
LC-MS, NMRA X2 b WIZ X &I 24T 5 720 IR
AR P VIZBWT, LEYW 2 123381em T WI % 7R
L722&00, KBEEZLODZIENHLNE RS2 Fi
WT, LC-MSHH 24T o 7249, 254 7EF— KT
IM-H] L HEE SN A m/z1250 D b 7-720, L&
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6 4
5
Gallocatechin (1) Pyrogallol (2)
(0] OH
7
1
2 6
K s
HOv Y

OH
-3, t-4-Dihydroxycyclohexane-»—1-carboxylic acid (3)

Fig. 3 Structure of Active Compounds

W2 D5FEIZ126TH B LHEE L7,

L& 2 (100mg) %FRA ¥ ) — V2 HE LNMRHE
WAL 720 “C-NMRTIZ, sp4HEIIC X F ¥ % 2 f,
Wk 2 OGR4 DY FF VB bz, —HT
'H-NMRIZ B v T6.34ppm (2H), B & U%6.50ppm
(1H) oy 7 nvigEhzEh, ¥7L v b (7.6Hz),
FITNFTLy b (8.4, 7.6Hz) DH v T ¥ T %R
L7z ehn, ITNOHDOKRKBIIFHHFERO AV MLTH

EoTVBLIEPHFHLZ, Doz ehs, 2o
FERIC IS 2 o 72 1, 2, 3 EIRA Y ¥ U BRAYETE
THETFMEINT, ZofkEW 22T EFMELA-ES
H3EOTEFNVEINEASNIZZ LD D, KEEIEHD 3
BHEAETLZEDPHS N LR oT20 Dz s, 4
FRIZCHO: (REEfIEE4) & F S 7z 134.0ppm
L 146. 7TppmD A M FEDO Y T FNVIZED I AV T T
P SKBEIFHE L TWDLEEZ N, TNHDE
WHS, {23 ulu—ncdhs LRI,
L2 ¥ulu— ViEHOHPLCZ B~ 75 AT
DORFFRFHO—FH A MERL, kAP 2z¥uro—n e
L7z (Fig.3 (2)).

HH 5%, HARERIERR T OREBAHDIZOWT
AR, BAZAPICH4ng/g dwo¥a o — Ve F
Nz eaMELTND, 72, BAaxFoduro—
WATBUR R Z OB X I X D IRETEHISER LD D
EHEREN TV DY, L Lads, EAXONBILE
Pe¥ura— ORI OWTH- 2285 TR 45
BholeZ s, BT, O TELAEXPOY T
HE—VOEREEZIT, BAKOOEEHEIIHT S
¥oha—NVoRF5IZOWTHRR:,

HPLCHHT OFEH, ARBFZETH W7z &4 R 1 me
W D178ugd ¥ T AT — LG FNT WS T & A
L7zo ZhUE, WM 1 g 4720 11, dmg D& i I2H Y

Compound 3

LA

FEEEACEE
- = o =
mm e

Fr. B] ===

O"Fr. C

Fr. ]

s
10 15 20
Retention time (min)

Fig. 4 HPLC profile of neutral/H.O fraction of H.O
layer

Fr. A

0

L, HhSoMELAEEABRETH- 7. T2, #
FORETIR, A TFVEHOPTRLIEGEROKEP 72
AaATF Y TH7.69mg/g dw.THo72Z &9 b, ¥
O 5=V EARBOEER S D—DTH 50 ReM:)s
BweEEZ BN,

BT, ¥odu— VEG OO, 2 HlE L7z
& A, ZOSODEM i 13 726units/mgTdH - 720 T
ORI, ¥uora— LoSODERIFMEE, 7+
v (C) (553units/mg), T ¥ # 5 F > (547units/mg),
IE¥AFFHL— b (449units/mg), T¥HFTH 7 F
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Quantification of Nicotianamine Content in Edible Plants:
A Comparative Study under Fresh, Cold Storage, and Cooking Conditions

TAKARA Kensaku®®, NAGAMINE Shin*, ASHIMINE Ryoya®,
MIYAGI Kazuna® and WADA Koji*

*  Faculty of Agriculture, University of the Ryukyus, 1 Senbaru, Nishihara, Okinawa 903-0213

In this work, nicotianamine content in 142 plant parts of 79 edible plants species was quantified by
high-performance liquid chromatography, with pre-column derivatization using 9-fluorenylmethoxycarbonyl
chloride. The change in nicotianamine content in vegetables during cold storage and cooking process
was also investigated. Of the 142 plant part studied, nicotianamine was detected in 138 parts. The
highest amount of nicotianamine was found in soybean seeds, 289.7ug g™' FW, followed by snow pea
seeds, 232.1xg g ' FW. In a comparison of the nicotianamine content present in different parts of the
bean plant belonging to Fabaceae family, the seedpod was found to contain a significantly lesser
amount than the seed part. Two squashes, of the Cucumis family, the Kabocha squash seed and
Butternut squash seed were also rich in nicotianamine content, which was found to be 149.6pg g ' FW
and 137.7ug g ' FW, respectively. Furthermore, seeds of the White Sapote fruit had a relatively high
nicotianamine content of 52.58ug g™' FW. In the other four samples of this fruit, either nicotianamine
was present in a significantly lesser amount or it could not be detected. The residual percentage of
nicotianamine after a period of one week in cold storage was almost the same when compared to
fresh samples. A comparison of four cooking methods of three vegetables revealed that the residual
nicotianamine content dramatically decreased by 24.3% in beans during the boiling process, in contrast
to raw kidney beans. On the other hand, the residual nicotianamine content was nearly the same or
changed very little (103.2% —86.7%) in all tested samples after microwaving.

(Received Dec. 1, 2016 ; Accepted Feb, 20,2017)

Key words ' nicotianamine, edible plant, cold strage, cooking, HPLC
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Table 1 Nicotianamine content of edible plants and their parts

Family Japanese name Scientific name common name Part used Né‘;t/lgn;nv%le +SD
Abelmoschus ~ okura (maru) Abelmoschus esculentus okra seed 47.57 7.17
exocarp 26.33 11.15
okura (gokaku) seed 41.57 4.94

exocarp 20.22 158

Anacardiaceae mango Mangifera indica Linn. mango flesh 4.31 0.12
Annonaceae  atemoya Annona squamosa L. x A. cherimola Mill. atemoya flesh 7.66 1.47
Apiaceae uikyoh Foeniculum vulgare Mill. fennnel leaf blade 25.61 3.22
leaf stalk 4.08 0.27

coriander Coriandrum sativum L. coriander leaf blade 13.49 3.29

leaf stalk 0.50 0.05

shima-ninjin Daucus carota subsp. sativus yallow carrot hypocotyl 25.48 1.25
root peel 11.44 1.34

ninjin Daucus carota subsp. sativus carrot hypocotyl 13.94 6.88

root peel 13.01 4.50

botanbofu Peucedanum japonicum Thunb. - leaf blade 67.99 6.01

leaf stalk 20.52 6.30

Araceae satoimo Colocasia esculenta (L.) Schott taro rhizome 191 0.39
ta-imo Colocasia esculenta Schott var. aquatilis taro leaf blade 8.56 1.32
Kitamura stem 6.86 5.64

rhizome 5.01 0.28

Asteraceae gobou Arctium lappa L. burdock root 14.17 0.26
shokuyougiku Chrysanthemum X morifolium Ramat. chry santhemum flower 12.51 1.23

suizennjina Gynura bicolor (Willd.) DC. Okinawan spinach leaf stalk, stem 873 0.48

leaf blade 341 0.05

nishiyomogi Artemisia indica Willd. var. orientalis Japanese mugwort above-ground 12,54 1.99

hosobawadan Crepidiastrum lanceolatum - above-ground 10.51 111

retasu Lactuca sativa L. lettuce inner leaf 17.21 1.04

outer leaf 9.14 2.78

Basellaceae akazakazura Anredera cordifolia Madeira vine propagule 519 0.22
Brassicaceae  karashina Brassica juncea var. cernua Jorb. et Hem. leaf mustard leaf blade 28.82 0.10
leaf stalk 11.01 0.49

komatsuna Brassica rapa var. perviridis komatsuna leaf blade 16.85 1.44

leaf stalk 9.29 0.09

kohrurabi Brassica oleracea var. gongylodes kohlrabi whole 6.41 0.28

hakusai Brassica rapa var. pekinensis Chinese cabbage inner leaf 43.14 9.46

outer leaf 14.30 3.80

burokkori Brassica oleracea var. italica brocolli flower bud 37.05 10.19

leaf stalk 26.23 2.86

Bromeliaceae painappuru Ananas comosus L. pineapple flesh 2.16 0.11
Cactaceae doragon-furutsu  Hylocereus undatus pitaya, white seed, endocarp 3.48 0.26
doragon-furutsu  Hylocereus costaricensis pitaya, purple seed, endocarp 3.22 0.27

Caricaceae papaiya Caricapapaya Linn. papaya riped seed 25.69 0.72
riped mesocarp 10.83 0.40

unriped mesocarp 6.11 0.66

Chenopodium  fudansou Beta vulgaris ssp. cicla ver. cicla chard leaf blade 7.94 244
leaf stalk 5.59 0.50

Convolvulaceae satsuma-imo Ipomoea batatas L. sweet potato tuber 21.68 1.79
yaeyamakazura Ipomoea batatas L. sweet potato leaf leaf blade 15.07 6.73

leaf stalk 9.40 731

yousai Ipomoea aquatica Forsk water spinach leaf stalk 12.24 0.41

leaf blade 10.40 0.59

stalk 6.45 0.14
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Family Japanese name Scientific name common name Part used Nzizt/lgngrv\r;gle +SD

Cucumis kaigua Cyclanthera pedata (L.) Schrad. caigua placenta, exocarp 10.18 1.60

placenta, seed 9.54 1.03

kyuri Cucumis sativus L. cucumber fruit, whole 7.25 0.96

peel 6.38 0.75

kuri-kabocha Cucurbita maxima Duch. kabocha squash seed 149.61 4.58

exocarp 100.08 14.15

endocarp 95.64 6.38

mesocarp 90.51 14.34

goya Momordica charantia L. var. pavel bitter gourd seed 31.91 3.21

endocarp 20.70 0.61

epicarp 10.89 1.59

shima-kabocha Cucurbita moschata Duchesne ex Poir. butternut squash seed 137.70 3.28

exocarp 107.02 3.82

endocarp 89.36 13.76

mesocarp 4841 1.62

suika Citrullus lanatus water melon seed 25.98 2.46

endocarp 15.92 0.67

mesocarp 12.89 1.15

tougan Benincasa hispida Cogn. wax gourd endocarp 37.28 142

mesocarp 7.33 0.13

hayato-uri Sechium edule Sw. chayote seed 137.87 13.05

fruit, except seed 749 0.51

hechima Luffa cylindrica (L) Roem. sponge gourd endocarp, seed 13.81 0.25

mesocarp 6.98 0.18

makuwa-uri Cucumis melo var. makuwa oriental melon endocarp 43.60 0.85

seed 41.94 3.73

mesocarp 4.84 0.18

meron Cucumis melo L. melon endocarp 34.34 2.08

seed 3358 1.30

mesocarp 6.46 0.47

moui Cucumis melo var. conomon cucumber seed 2251 1.05

endocarp 11.63 0.52

mesocarp 1.93 0.07

Dioscoreaceae yamu-imo Dioscorea alata L. purple yam rhizome 3.63 0.21

Fabaceae ingen-mame Phaseolus vulgaris L. kidney bean grain, unripe 187.61 10.51

seed pod 25.49 111

ingen-mame Bikkurijanbo ~ Phaseolus vulgaris L. kidney bean grain, unripe 175.49 15.04

seed pod 18.95 1.28

uzura-mame Phaseolus vulgaris L. mottled kidney bean grain, unripe 230.50 8.14

seed pod 947 0.64

kinusaya Pisum sativum L. Snow pea grain, unripe 232.09 4.71

seed pod 75.94 0.83

kuro-mame Glycine max (L) Merr. ver. Black Jet soy bean seed 289.65 13.40

seed pod 84.01 10.32

sikaku-mame Psophocarpus tetragonolobus winged bean seed 93.36 3.05

seed pod 41.94 0.26

jyuroku-sasage Vigna unguiculata ver. sesquipedalis  yard long bean seed 107.22 4.65

seed pod 27.45 1.79

nata-mame Canavalia gladiata (Jacq.) DC. sword bean seed 132.55 2.44

seed pod 63.56 2.84

Liliaceae ao-negi Allium fistulosum L. Welsh onion leaf top 71.62 10.40

leaf blade, leaf sheath 61.69 6.82

bulb, root 31.05 0.49

leaf sheath 5.25 0.62

shima-rakkyou Allium chinense G. Don shallot bulb, leaf sheath 9.20 0.91

tama-negi Allium cepa L. onion leaf 20.79 0.56

nira Allium tuberosum Rottler ex Spreng. Chinese chive leaf blade, leaf sheath 48.98 1.32

ninniku Allium sativum L. garlic leaf 29.48 1.16
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Malpighiaceae aserora Malpighia emarginata Sessa & Moc. ex DC. acerola seed 15.33 1.18

fruit, except seed 10.03 0.21

Malvaceae rozeru Hibiscus sabdariffa Linn. roselle sepal 10.65 0.28

Musaceae sima-banana Musa acuminata banana fruit, expect epicarp 0.87 0.12

epicarp 0.58 0.01

Myrtaceae banjirou Psidium guajava Linn. guava, white mesocarp nd nd

exocarp nd nd

endocarp, seed nd nd

banjirou Psidium guajava Linn. guava, red exocarp 3.32 0.63

mesocarp 2.87 1.95

seed 7.27 3.05

Oxalidaceae  gorensi Averrhoa carambola Linn. starfruit fruit, whole nd nd

Passifloraceae passhonn-frutsu  Passiflora edulis Sims passion fruit flesh and seed 50.84 1.90

Piperaceae hihatsumodoki Piper retrofractum Vahl Balinese long pepper leaf blade 14.52 152

Poaceae kuro-kome Oryza sativa subsp. javanica black rice seed, whole 7.05 0.62

yangukohn Zea mays L. corn, young grain 245 0.05

Portulacaceae  sibiran Talinum fruticosum Ceylon spinach stem, leaf stalk 152 0.10

leaf blade 6.24 0.08

Rhamnaceae  indo-natsume Ziziphus mauritiana Lam. Chinese apple fruit 19.42 5.31

Rubiaceae yaeyamaaoki Morinda citrifolia L. noni fruit, whole 11.05 091

Rutaceae shitkuwasa Citrus depressa Hayata shikuwasa seed 4441 0.70

peel 14.32 0.32

juice 3.48 0.19

howaitosapote Casimiroa edulis La Llave et Lex. white sapote seed 52.58 9.17

pericarp 9.98 0.68

Sapotaceae  kanisuteru Pouteria campechiana (HBK.) Baehni canistel mesocarp 81.59 7.95

Solanacea kidachi-tougarashi ~ Capsicum frutescens L. chili pepper fruit 4497 1.09

tomato Solanum lycopersicum tomato exocarp, mesocarp 20.21 0.47

placenta, seed 17.01 0.27

nasu Solanumm elongena L. eggplant epicarp 13.09 0.82

fruit, expect epicarp 9.59 0.53

Xanthorrhoeaceae akinowasuregusa Hemerocallis fulva L. var.sem pervirens daylily leaf 45.86 0.57
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Fig. 1 Change in nicotianamine content in vegetables

during storage in a refrigerator

@® Kabocha squash, B Bitter gourd, O Water spinach.

SD (n=3 to 4)
and * indicates values that are the significantly different
compared to Day 0 (p<0.05).

Each value is expressed as the mean =*
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Each value is expressed as the mean = SD (n=3) and
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light-grey colored for the boiling experiment show the
nicotianamine content of the broth after boiling.
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Cultivation of apples of ‘AKIBAE’ without leaf-pluck is suggested to be significantly different from
the traditional cultivation methods and thought to reduce labor hours.

Cultivation without leaf-pluck resulted in higher sugar content (without Shadow light Brix), and
improved the fruit quality, as determined using non-destructive analytical techniques.

We found a strong correlation between the softness of the fruit and the starch index when adjusted
for parameters such as fruit maturity, pH, acidity, and hardness. The pH and acidity were negatively
correlated, while a positive correlation was observed between the hardness of inner flesh and outer
softness. Thus, the hardness of inner flesh as a variable had a strong effect on the objective variable,

outer softness.

(Received Aug. 25, 2016 ; Accepted Jan. 26, 2017)

Key words : apple, cultivation, softness, quality factor, physicochemical factor
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Effects of Oral Intake of Noncentrifugal Cane Brown Sugar,
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We investigated the inhibitory actions of oral noncentrifugal cane brown sugar (Kokuto) on mental
stress in healthy subjects. When the subjects orally consumed 5g of Kokuto before a 15-min Uchida-
Kraepelin psychodiagnostic test (pre-task group), the salivary levels of stress biomarkers, including
chromogranin A, e-amylase, secretory immunoglobulin A, dehydroepiandrosterone, and testosterone,
were lower at 5 min after the test compared with those in the control group. However, Kokuto intake
after the stress task (post-task group) showed little inhibitory effects. Subjective ratings for mental
state using the visual analog scale were significantly lower in the pre-task group than in the control
group, while the post-task group showed no significant differences. Moreover, Profile of Mood States
scores showed a positive influence on the five negative mood states, which consequently improved
vigor, in the pre-task group. These results suggest that oral intake of 5g of Kokuto may efficiently

suppress mental stress.

(Received Oct. 27, 2016 ; Accepted Mar. 1, 2017)

Key words : brown sugar, mental stress, anti-stress, kraepelin psychodiagnostic test, saliva
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Stress is a common and unavoidable state in
humans, and excessive stress influences physiological
homeostasis and, consequently, mental and physical
health. Stress is closely associated with psychological

disorders, including depression, anxiety, and
cognitive impairment”, and is also directly or
indirectly linked to the pathology of numerous

diseases, such as tumorigenesis, cardiovascular

disturbances, and neuronal degeneration of the
central nervous system (CNS)?¥. A good diet, the
use of supplements such as 7y-amino butyric acid
(GABA) and theanine, and adequate intake of sugar
and caffeine are potential therapeutic strategies for
a healthy life”™".

Noncentrifugal cane brown sugar is a valuable
nutritional byproduct of sugarcane. It is synthesized
by evaporation of the water and is well known by
many different names worldwide, such as Panela in

Latin America, jaggery in South Asia, and Kokuto

in Japan. Noncentrifugal cane brown sugar includes
various components in addition to sugar, including
fats and waxes, organic acids, phenolic compounds,
Maillard reaction products (MRPs), and amino acids
such as GABA ;
unique taste, aroma, and food functionality”. Here,

these are responsible for the

we focused on the potential antistress properties of
noncentrifugal cane brown sugar (Kokuto). Two
in the
response, the hypothalamus-pituitary-adrenal (HPA)

main body systems are involved stress
axis and the sympathetic-adrenal-medullary (SAM)
axis”. Stress-related brain distress is initiated by
stress - related substances ; these include cortisol
(Cort), dehydroepiandrosterone (DHEA ), and
testosterone (TS), which act through the HPA
axis”™", and chromogranin A (Cg-A), o-amylase
(Amy), and secretory immunoglobulin A (slg-A),
which act through the SAM axis” ™. The levels of

these stress markers are generally measured in the

§ Corresponding author, E-mail: kojiwada@agr.u-ryukyu.ac.jp



124 Food Preservation Science VOL.43 NO.3 2017

(24)

saliva'” as an efficient and noninvasive method for
assessing mental stress. In the present study, we
assessed the effects of oral Kokuto intake before a
stress task on CNS activities after the task by
measuring salivary Cort, DHEA, TS, Cg-A, Amy,
and slg-A
subjectively evaluated the mental

in healthy subjects. We also
state of the
participants using visual analogue scale (VAS) and
Profile of Mood States (POMS) scores.

levels

Materials and Methods

1. Subjects
Thirteen healthy subjects (four males, nine
females ; age, 22-39 years) participated in the

experiment. Pregnant women and subjects with

chronic and current illness; a history of psychiatric

or medical illness ; medication wuse ; metabolic,

hormonal, or intestinal disease ; irregular diet or
deviant eating habits ; excessive use of alcohol,
cigarettes, coffee, and/or drugs; aversion to sugar-
rich products ; and any discomfort with blood

collection procedures were excluded after

assessment of these parameters using health and
lifestyle questionnaires. All subjects were
nonsmokers and did not use drugs, and they were
additionally restricted from alcohol intake from
2 days before the experiment until the end of the
experiment. This study was approved by the
Medical Ethics

University of the Ryukyus (Okinawa, Japan) and

Research Committee of the

was conducted in accordance with the Declaration

of Helsinki. All subjects provided written informed

consent for participation.

2. Mental stress task
The Uchida - Kraepelin

was selected because

psychodiagnostic  test
it can be simultaneously
administered to a large group of individuals as a
simple workload test and has been employed in
studies'”'” . The test is

used to evaluate mental stress and fatigue because

other human widely

of its testretest reliability and wvalidity” . The
subjects were instructed to perform the task as
quickly and as accurately as possible, within 15 min.
3. Measurement of salivary stress biomarkers
Saliva specimens were collected from the subjects
by the passive drool technique (Salimetrics, State
College, PA, USA). For passive drool collection, the
subjects were made to sit comfortably and saliva
was allowed to accumulate in the oral cavity and
flow into a wide-mouth polypropylene tube. Using

this technique, 1 m¢ of saliva was collected and
temporarily stored on ice, followed by centrifugation
at 16,000 g for 5-min at 25C. We could not collect
saliva from two of the 13 subjects because of a
defect in secretion. The supernatant was divided
into aliquots and stored at — 30C until assay.
Salivary Cort, DHEA, TS, Cg-A, Amy, and slIg-A
levels were assayed in triplicate wusing a
commercially available kit (Cort, DHEA, TS, and
slg- A, Salivary EIA Kit, PA, US;
Amy, Salivary o-amylase assay Kkit, Salimetrics ;
Cg-A, YKO070 Human Chromogranin A EIA,
Yanaihara Shizuoka, Japan )
according to the manufacturers’ instructions.
4. Subjective assessment
VAS and POMS were
assessment of mood state. VAS is a 100-mm bipolar
line that
continuum"’ .

Salimetrics,

Institute  Inc,

used for subjective

measures a characteristic across a
The subjects marked a spot on the
line, which represented their subjective appraisal of
stress perception. The scale was anchored from 0
(No stress) to 100 (Extreme stress). The scores
were determined by measurement of the distance
from the left end to the mark using a ruler. Mood
changes were evaluated using two parallel,
shortened paper versions of POMS (Success bell,
Japan), with a scale ranging from
“strongly disagree” to “strongly agree”® . POMS
different

including tension,

Hiroshima,

comprises  six mood state subscales,

depression, anger, fatigue, and
confusion as negative mood states and vigor as a
positive mood state.
5. Test sample

Commercial noncentrifugal cane brown sugar,
Kokuto (Taramajima Kokuto, Kakinohana Co. Ltd.,
Okinawa, Japan), was used in this study. The
Kokuto was crushed into powder by a crushing
machine, dissolved in purified water to achieve a
concentration of 10 wt%, and used as the test
sample. The subjects orally consumed 50 mé of this
solution, which provided 5 g of Kokuto.
6. Experimental design

This was an open-trial, placebo-controlled study.
The subjects participated in three experimental
sessions, approximately 2 h per day, which were
separated by a 1-week rest period to prevent the
subject from getting used to the mental stress task.
Fig. 1 shows the time schedule of the mental stress
task. First,
40 min to ease their psychological stress levels

the subjects were asked to sit for
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Stress task

Pre-stress task period period Post-stress task period |
VAS: O O O ] @] O
POMSP @) Kraepelin | o ')
test
Salivac O O (stress tasking) O O O O
Kokuto intake? O O
| | I [ | 1
Time (min) 0 20 35 |40 55 60 75 95 115
39
Fig. 1 Time schedule of the mental stress task with or without Kokuto intake

: Visual analog scale
: Profile of Mood States
: Saliva collection for stress marker assays

a6 oo

: Kokuto is administrated 1 min before (pre-task group) and 5 min after the Kraepelin test (post-task group)

Water intake instead of the Kokuto solution is the control condition.

The subjects underwent the Uchida—Kraepelin psychodiagnostic test from 40 min to 55 min (total 15 min) as a mental

stress task (stress task period).

Then,
Uchida-Kraepelin psychodiagnostic test for 15 min

( pretask period ) . they underwent the
(stress task period), followed by a 60-min rest
period (post-task period). In each session, the
Kokuto solution was administered 1min before
task initiation (pre-task group) or 5 min after
task completion (post-task group), followed by
intraoral rinsing with 50 m¢ of purified water.
A control experiment was also conducted with
50 m¢ of purified water instead of the Kokuto
solution intake. Saliva samples were collected at
approximately 20 and 35 min during the pre-
task period and approximately 55, 75, 95, and 115
min during the post-task period. VAS scores

were obtained at the same time points, while
POMS scores were obtained within 3 min after the
first, third, and sixth saliva collections.
7. Statistical analysis

All results are expressed as means = standard
After

reference points (100% as relative value) were

errors. initiation of the experiments, the
respectively set at 20 min for the pre-task group
and at 55 min for post-task group, and the time
course of changes in the six salivary stress
biomarkers of each group compared with each
reference point was also evaluated using Tukey’s
post hoc tests. Differences considered
significant at *P<0.05 or *P <0.01 (vs. each reference
point).

With regard to VAS and POMS

differences between the control and pre- and post-

were

values,

task groups were analyzed by Student’s t-test.
Differences were considered significant at *P <0.05

or *P<0.01 (vs. control group).
Results and Discussion

We determined the effects of Kokuto intake on
mental stress in healthy subjects by evaluating
stress in a group that consumed Kokuto 1 min
before the mental stress task (pre-task group) and
a group that consumed Kokuto 5 min after task
completion (post-task group).

1. Influence of Kokuto intake on salivary stress
biomarkers

Fig. 2
biomarker levels in the control and pre-task groups.
At 5 min after the
biomarkers showed higher levels than those at

shows the changes in salivary stress

stress task, all salivary
reference point in the control group. In particular,
the relative values of Cg-A, Amy, and slg-A, which
reflect the of the SAM axis,
considerably increased to more than 160%. Although
the relative values of Cort, DHEA, and TS, which
reflect the function of the HPA axis, were slightly

function were

decreased to less 130% in response to acute mental
stress, the levels of these biomarkers increased
during the post-task period. These results suggest
that the 15-min Kraepelin test induced acute stress
that particularly affected the SAM axis through
CNS, indicating that the task used in this study
was psychologically and physiologically stressful. On
the other hand, all salivary biomarker levels in the
pre-task group were lower than those in the control
group throughout the experiment. The secretion of
salivary Cg-A showed the maximum suppression
(40.7%) at 5 min after the task, followed by Amy
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Fig. 2 Effects of oral Kokuto intake before a stress task on six salivary stress markers, namely Cort

(a), DHEA (b), TS (¢), Cg-A (d), Amy (e), and sIg-A (f), before and after the task.
Each value is expressed as mean * standard error (n=11).

*P<0.05 **P<0.01 (vs reference point)

The subjects underwent the Uchida—Kraepelin psychodiagnostic test from 40 min to 55 min (total 15 min) as a

mental stress task (stress task period).
Solid arrow represents the time of Kokuto intake.

(36.7%), slg-A (28.3%), DHEA (9.5%), and TS
(2.8%). However, Cort was not suppressed after
the task. These that
Kokuto intake before a stress task influences the

findings suggested oral
human CNS in a relatively short time and has
inhibitory effects on mental stress.

In contrast, salivary Cort, TS, Cg-A, and Amy
levels of both the post-task and control groups after
showed no significant differences
point (Fig. 3).
in the post-task group was

the stress task

compared with each reference

DHEA
significantly higher level at 60 min after the task

However,

than the reference point, and the level showed
26.2 % increasing compared with the control. In
addition, sIg- A
decreased by a maximum of 26.7%

levels in the post-task group
compared
with those in the control group at 20 and 40 min
after the task, while the levels were similar in the
control and post-task groups at 60 min after the
task. Although the cause of the changes in DHEA
slg-A of the
unclear, results

Kokuto

post - task group is
little effects of
and that

and levels

these imply a

intake on stress in humans,

Kokuto intake after a stress task might not play a
role in mental stress inhibition.

Factors that could have influenced CNS in the
pre-task group include the following: carbohydrates,
GABA ;
originating from MRPs.

including sucrose, glucose, and fructose ;
and taste and aroma
Glucose, the basic form of carbohydrates, is the
primary source of metabolic energy for the brain,
and increased neural activity associated with
cognitive performance and increased mental demand
have been found to be associated with increased
In addition,
glucose increases plasma levels of serotonin (5-
5HT),

and has marked stimulatory

glucose utilization by the brain” .

hydroxytryptamine, which plays a role
in mood disorders™
effects on the HPA and SAM axes responses to
stress®®. The Kokuto solution used in our study
comprised 92.25% with

forming the major component (over 90% ) and

carbohydrates, sucrose
glucose and fructose forming minor components (less
than 10%). Following Kokuto intake, blood glucose,
primarily the metabolic byproduct of sucrose, may
increase 5 HT levels in the blood. 5HT, in turn,
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Fig. 3 Effects of oral Kokuto intake after a stress task on six salivary stress markers, namely Cort

(a), DHEA (b), TS (c), Cg-A (d), Amy (e), and sIg-A (f), after the task.
Each value is expressed as mean * standard error (n = 11).

*P <005 **P<0.01 (vs reference point)

The subjects underwent the Uchida—Kraepelin psychodiagnostic test from 40 min to 55 min (total 15 min) as a

mental stress task (stress task period).
Solid arrow represents the time of Kokuto intake.

causes a neurological interaction that suppresses
not only DHEA and TS through the HPA axis but
also Cg-A, Amy, and sIg-A through the SAM axis,
by way of negative feedback®”. However, the results
for the post-task group oppose this mechanism. In
addition, Kokuto

showed a relatively fast-acting

anti-stress effect at approximately 15 min after intake.

The effects of carbohydrates on performance seem
to depend on the rate and extent of the postprandial
rise and fall in blood glucose (indicated by the
glycemic index or GI). For instance, in a study by
BENTON et al®, memory performance in humans
and rats improved 150-210 min after the intake of
low-GI carbohydrates compared with that after the
intake of high-GI carbohydrates. In another study,
improvements in performance were observed 120-
220 min after the consumption of carbohydrate-rich
food sources, a time when blood glucose levels have
already returned to baseline levels®. This does not
support a direct synchronized relationship between
blood glucose levels and performance ; rather, it
indicates that other mechanisms may be responsible
for the findings in our study.

GABA is also known for its involvement in CNS.
Several animal experiments have demonstrated that
GABA

concentration of plasma growth hormone and the

the administration of increased  the
rate of protein synthesis in the brain®, improved
several brain functions such as memory and the
blood
pressure of rats with spontaneous hypertension® .
The effects of orally administered GABA on human
CNS
Funsavashr et al” suggested that 30 mg of GABA

capability to study, and decreased the

activities were also recently reported.

increased the overall CNS and parasympathetic
nervous system activities and consequently induced
relaxation effects. Nakavama er al” found that the
intake of GABA-enriched chocolate (28 mg) before
an arithmetic stress task led to recovery to a
normal state of Cg-A level from a stressful state
intake of the GABA
Moreover, Cg-A levels measured after the task
in the consumed GABA - enriched
chocolate remained unchanged. Therefore, GABA
was considered to have stress-inhibitory effects.
GABA Kokuto

30 min after chocolate.

group that

However, the content in the
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solution used in our study was 3.5 mg/100 g (data
not shown) ; this corresponds to approximately
0.175 mg of GABA (contained in 5 g of Kokuto).
Because the intake of GABA in this study was
171-fold lower than that in the abovementioned
studies, GABA alone is unlikely to have inhibited
stress in the pre-task group.

A large amount of MRPs is formed upon thermal
processing of Kokuto via non-enzymatic reactions
between reducing sugars and amino acids, and the
diversity of MRPs gives rise to the characteristic
brown color, taste, and aroma®. The complex
mechanism of chemosensory olfactory perception
recognizes volatile aromatic compounds with great
accuracy and sensitivity. Taste and smell are
interconnected ; 80%-90% of perceived food taste is
actually attributed to the sense of smell. Therefore,
the flavor of foods is one of the most important
factors determining the quantity and frequency of
food

even at very low concentrations,

consumption, because aromatic compounds,
are accurately
remembered for a long time®. One study on MRPs
contained in bread showed that olfactory signals
conveyed via the olfactory bulb to distinct brain
areas from the volatile MRPs may elicit not only
emotional and behavioral responses but also
metabolic responses™. In our previous study, a total
of 37 volatile flavored components were identified in
Kokuto, including 12 MRPs, 10 acids,

alcohols”. The MRPs included pyrazine, pyranone,

and eight

pyrrole, furanone, and furan components, and stimuli
arising from these MRPs through the olfactory bulb
HPA and
SAM axes, which were in an activated state during

probably reflected suppression of the

the stress task®™. Although there is evidence that
carbohydrates, GABA, and MRPs in Kokuto may
play a role in controlling the HPA and SAM axes,
the precise mechanism underlying the influence of
oral Kokuto on the neurons within our brain and
salivary  stress

the subsequent suppression of

biomarker levels remains clear. Therefore, it is

necessary to further investigate the effects of
GABA, and MRPs

salivary stress biomarker levels.

carbohydrates, in Kokuto on

In our study, the intake of Kokuto before the
stress task resulted in lower salivary levels of
DHEA, TS, Cg-A, Amy, and slg-A compared with
the lack of intake. Although our study is barely
comparable with other studies in terms of design,
our results suggest that the oral intake of Kokuto

may positively modulate mental stress in humans.
2. Influence of oral Kokuto intake on subjective

ratings for mental state

To subjectively evaluate the influence of Kokuto
intake on stress, the psychological status of the
healthy subjects included in our study was assessed
using VAS and POMS. Fig. 4 shows changes in the
VAS scores of the 13 subjects. In the control group,
the VAS scores showed a remarkable increase
immediately after the stress task and a decrease to
the baseline score within 60 min thereafter. On the
other hand, VAS scores in the pre-task group were
significantly lower than those in the control group
at 20, 40, and 60 min after the stress task (P <0.05,
Fig. 4-(A)),
differences

while there were no significant

between the post-task and control
groups (Fig. 4-(B)). Similarly, POMS scores for
depression and confusion were significantly lower in
the pre-task group than in the control group after
the stress task (P <0.01 and P <0.05, respectively,

Fig. 5-(A)). In addition, feelings of tension and

Kokuto intake
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Fig. 4 Subjective stress changes after a mental stress
task as assessed using the visual analog scale

Oral Kokuto intake 1 min before (pre-task;A) and 5 min
after the Kraepelin test (post-task;B).

Each value is expressed as mean * standard error (n=13).
*P<0.05, **P<0.01 (vs control)

The subjects underwent the Uchida-Kraepelin psychodiagnostic
test from 40 min to 55 min (total 15 min) as a mental stress
task (stress task period).

Solid arrow represents the time of Kokuto intake.
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Fig. 5 Changes in mood states after a mental stress task as assessed using the Profile of Mood States

Kokuto intake 1 min before (pre-task;A) and 5 min after the Kraepelin test (post-task;B).
After stress (1) and (2) represent the first and last POMS assessments, respectively, after the Kraepelin test.

Each value is expressed as mean = standard error (n=13).

*P<0.05 **P<001 (vs control)

fatigue were also decreased in the pre-task group
the
immediately and at 60 min after the stress task.

compared with those in control  group
Furthermore, inhibition of the positive mood state of
in the
compared with that in the control group at 60 min
after the task (Fig. 5-(A)). On the other hand,

POMS scores for all mood states except fatigue

vigor was suppressed pre - task  group

were similar in the post-task and control groups
throughout the experiment and were equivalent in
the two groups at 60 min after the stress task (Fig.
5-(B)). These findings suggest that Kokuto intake
before a stress task decreases the negative effects
of acute mental stress, represented by tension,
depression, fatigue, and confusion, and suppresses
although

stress task does not show these effects. Recent

any inhibition of vigor, intake after a
studies have investigated the correlation between
the secretion of salivary stress biomarkers and
subjective ratings for mental state obtained using
VAS and/or POMS. For

levels in healthy subjects clearly increased after the

instance, salivary Cort

Trier social stress test; these increased levels were

associated with an increase in VAS scores for

negative moods and gradually decreased thereafter,
with a decrease in VAS scores®. Moreover, healthy
by the Uchida-Kraepelin

subjects stressed

psychodiagnostic test showed that GABA intake
significantly decreased salivary Cg-A levels along
with VAS scores and POMS scores for tension,
depression, anger, and fatigue”. Similarly, we also
observed that the magnitude of the salivary DHEA,
TS, Cg-A, Amy, and slIg-A responses in the pre-
and post-task groups in our study was likely to be
associated with that of subjective ratings for mental
the VAS and POMS scores may justify the

anti-stress effects of Kokuto intake in the pre-task

state ;

group.
Although further

the

carbohydrates,

is required to
Kokuto
and MRPs that suppress

investigation
components  of
GABA,
biomarkers,

determine except

salivary stress our present findings
show that 5g of Kokuto intake before a stress task
can suppress not only salivary stress biomarkers,
including DHEA, TS, Cg-A, Amy, and slg-A, but
also mental stress represented by feelings of tension,
and confusion, consequently

depression, fatigue,

improving vigor.
Conclusions

We evaluated the effects of oral Kokuto intake on
mental stress in healthy subjects and found that
brown sugar

oral intake of this noncentrifugal

before the Uchida-Kraepelin psychodiagnostic test
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suppressed the salivary levels of stress biomarkers,
including DHEA, TS, Cg-A, Amy, and slIg-A, at
5 min after the test, while the lack of intake
or intake after the test showed no such effects.
These inhibitory effects may be related to the
improvement in mood states, as indicated by the
VAS and POMS scores, although further studies are
required to clarify the mechanism underlying the
influence of Kokuto on neurons within the human
brain and the subsequent suppression of mental
stress. In conclusion, Kokuto may have great
potential for use as an effective inhibitor of mental
stress, particularly feelings of depression and
confusion.
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