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Foreword

Midori Kasai

Project Leader

Professor, Faculty of Core Research, Ochanomizu University

Summary
Salts are essential substance for the functional order and the palatability for foods. While the targeted

amount of salt intake has been reduced in “Dietary Reference Intake for Japanese (2015)” because the excessive

salt intake can be the lifestyle-related disease trigger. In practical diet, appropriate salt intake is important issue in

our diet because excessive low-salt diet might cause the decline of palatability and the loss of appetite. So, the

diverse research fields should be needed.

In our food science project research, the following five cases were studied to analyze systematically the

appropriate salt intakes by multilateral approaches from the views of both foods and human.

@)

)

)

Since GABA receptor is known as GABA-gated chloride ion channel, there is a possibility that GABA may
play some role in salt signal pathway and high GABA-synthesizing (GAD) enzyme can be salt enhancer. Dr.
Hiroshi Ueno, School of Agriculture, Ryukoku University, searched for salt-enhancement materials from
natural resources by using GAD67 which is the isoform of GAD. He found that some spice extracts
enhanced salt taste with maintaining Umami and there is a rule that those increased GADG67 activities can be
salt enhancer. He also found the protein complex formation including GAD might play an important role in
salt signal pathway.

When fermenting miso, it was common to use a wooden barrel. If a favorable change occurs due to the
wooden method, the amount of miso added to the food can be reduced leading to low-salt intake. Dr.
Motoko Wakabayashi, College of Bioresource Sciences, Nihon University, investigated the flavor and the
effect on the reduction of salt intake of miso fermented in wooden barrel in comparison with stainless steel
pot. As a result, the difference in aging miso between the two containers became remarkable after long-term
aging of 11 months. By the wooden aging, the aftertaste of miso-soup became longer and also the strength
of sourness and saltiness increased significantly showing the effect of low-salt intake by sensory evaluation.
Previous studies have shown that aging causes the decrease in taste sensitivity. However, its factors remain
unclear. Dr. Masataka Narukawa, Graduate School of Agricultural and Life Sciences, The University of
Tokyo, compared the peripheral taste detection systems in young and old mice and confirmed that the taste
sensitives to salty and bitter tastes decreased with aging. He did not observe any large decreases in the
expressions of taste-related molecules and turnover rates of taste bud cells with aging. Taste



signal-modifying factors such as serum components may have a contributing role in aging related changes in
taste sensitivity.

(4)  Zinc deficiency causes taste disorder and the NaCl preference increase in the zinc deficient rat. However,
its mechanism has not been clarified. Dr. Tomoko Goto, Faculty of Human Life Science, Miyagi Gakuin
Women’s University, found that these phenomena is not caused by the deficiency of the calcium. The
urinary sodium excretion of zinc deficient rats was reduced and the plasma oxytocin, a hormone known to
stimulate sodium excretion, may be involved in the process. She revealed that the plasma oxytocin
concentration of zinc deficient rats was significantly reduced to that of pair-fed rats, suggesting that reduced
oxytocin secretion may be involved in the early onset of salt preference caused by zinc deficiency.

(5) Recent report that correlates the seasoning behavior with salt intake was limited. Dr. Yuki Sato, Tohoku
University Graduate School of Medicine, Tohoku Medical Megabank Organization, suggested that person
with high level of mental distress may behave high frequent of using saltiness seasoning from her results by
using large-scaled cohort data. Overall, her study suggested that mental distress and emotional condition
would relate to the behavior of using saltiness seasoning.

From these five studies, we have obtained the productive results relating the screening salt enhancer, the
reduction effect of salt intake by miso, the mechanisms of the decrease in salty taste sensitivity and the increase of
salt intake by zinc deficiency, and the correlation between salt-intake behavior and mental distress. These
findings show that our food science project research was very fruitful by multilateral approaches. The scientific
evidence provided by the project will serve as a basis for progress of “appropriate salt intakes” studies in the
world.

Finally, I would like to express my sincere thanks to “Public Interest Incorporated, The Salt Science Research

Foundation” and all the persons in charge of cooperation of this project research in the food science field.
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T —F o T ERERL TREILT2EZA, EEERIEAIT
K EHTHDHIL MR LTz, Laschet HiZ GAPDH 7%
GABAx ZBKD ol 7 2= HHEERAL, 20
kinase IGMECUVBRLICBI 5§ 52 L8 EL T0al, &
7z, GAPDH & GAD67 # & INER S, ZNE Ol



3. FEEBHMHYRRL v 7 DR - BWLEIZKIETEIE (n=44)
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Search for Salt-Enhancement Materials from Natural Resources by Using
GABA-Synthesizing Enzyme, Development of Low-Salt Content Foods, and
Study of Salt Signal Transduction Mechanism

Hiroshi Ueno?, Kumiko Hisaki? and Yukiko Ueda®

1L aboratory of Biochemistry and Applied Microbiology, School of Agriculture, Ryukoku University,
2Department of Life Design, Osaka International College,
3Faculty of Human Life Science, Osaka City University

Summary

Low salt diet is desired for those people concerning high blood pressure, diabetes, kidney disease, etc. Those
having a risk toward high blood pressure and diabetes, called life style related disease, are also targeted for low salt
diet. For elderly people especially, low salt diet tends to decrease quality of taste due to the salt effect on Umami.
We have been interested on the effect of salt on Umami how salt information interacts with Umami on the taste cells.
Recently, we found that GABA producing enzyme, GAD67, is expressed in type III taste cells where expression of
GABAA\ receptor was also shown. Since GABA4 receptor is known as GABA-gated chloride ion channel, the
results suggested a possibility that GABA may play some role in salt signal pathway. We went through extensive
human taste tests and found that some spice extracts enhanced salt taste with maintaining Umami. Hence, in this
project, following themes were proposed. 1) Screening salt enhancer from natural products by extracting effective
components. 2) Preparing low salt recipe that contains salt enhancer from natural products. Low salt bread and
other foods are compared with foods prepared with normal recipe by human taste tests. 3) Appling Surface
Plasmon Resonance method, salt signal transaction pathway is investigated.

Spice extracts were incubated with GAD67 enzyme and substrate, L-glutamate, where GABA produced was
quantitatively measured. At the same time, those spice extracts were mixed with standard salt water where panelists
examined taste if saltiness be enhanced or reduced. Both enzyme activity change and saltiness change were
converted to numbers, hence, correlation plot was drawn. We observed from these in vifro experiments there is a
rule that those increased GAD activities can be salt enhancers. Screening was carried out to make a library for
spices that enhance salty tastes.

Meanwhile, we prepared low-salt recipe for bread, dressing, and soup.  Specific aim was to maintain saltiness
and umami taste by adding spice extracts, since lowering the salt contents reduces umami taste. Some of spice
extracts indeed showed salt enhancing effect and maintain umami taste, but those spice extracts were not necessarily
the same spice extracts activated GAD67. The reasons are not clear at the moment, but it is projected that actual
food materials contain multiple materials, including many free amino acids, that affected the taste. We shall

continue to investigate this point.
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About the signal transaction for salt, protein complex formation was investigated. = Peptides having
hydrophobic region found in N-terminal region of GAD65 and 67 were synthesized and attached to Biacore sensor
chips. Interaction with brain extracts, there was a protein fraction positively interacted with GAD67peptide#1.
After tryptic digestion and LC-MS analysis, we found this protein was GAPDH. GADG67 native protein was also
found to interact specifically with GAPDH; thus, it is probable that GAD67 and GAPDH forms a protein-protein
complex. It has been known that GAPDH interacts with alphal subunit of chloride ion channel, probably
phosphorylates Ser/The residue with its kinase activity. We also found LDH to interact with both GAD67 and
GAPDH. Physiological meaning of the complex formation between these three proteins are still not clear. We

strongly believe they play important roles in salt signal pathway.
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IEEL CERBRAZBRRDMLENRHD, TN O F XRS5y
TR, AEIALC L FERETHML, EES S
B TR DB D, FEERE R RN 2RI L Tk
FEBREL ~ULTOZERE BLE 5 O 7RI O B & BE)
WEECHHZENALNE o T=Z D, BEA—H—IC
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Flavor and the effect on saltiness in the miso fermented in wooden barrel

Motoko WAKABAYASHI, Yuri SHIMIZU

Nihon University, College of Bioresource Sciences

Summary

When fermenting miso, it was common to use a wooden barrel since ancient times. However, in recent years it is
mainstream to use stainless steel and plastic containers. On the other hand, there are movements to continue using wooden
barrel as a traditional manufacturing method, or review the wooden method again. As one of the reasons, it is said that the
finished product will add a unique flavor of wooden, but the mechanism of improving its flavor and taste are not clarified.
If a favorable change occurs due to the wooden method, satisfaction can be obtained even if using reduced amount of miso in
cooking compared to non-wooden miso, that is, it leads to the reduction of salt intake. Therefore, we wanted to clarify how
flavor are generated during fermentation of wooden barrel miso, and whether or not there is a salt reduction effect in wooden
miso.

This research mainly focused on the following four research. (1) Miso products by brewing maker fermented in
wooden barrel and non-wooden were obtained, and sensory evaluation was conducted. (2) In the laboratory, miso were
prepared using a wooden barrel and a stainless steel pot, and the changes during the fermentation were analyzed. (3) Flavor
compounds were extracted by two method, and GC-MS-O analysis were performed. (4) Using the lab. miso, sensory
evaluation on taste and smell was conducted to examine the difference in saltiness intensity and the salt reduction effect.

By the sensory evaluation using commercial miso, although the panel recognized the sensory difference of the aging
container, there was no preference in wooden miso. The wooden miso was suggested to have a stronger fermentation odor
and a complex flavor, therefore, the wooden miso is seems to be suitable for cooking. The Y value of color tone was
significantly lower in the wooden miso of 5.5 months aging, so the wooden barrel promoted the progress of browning. In
the free amino acid content, the wooden sample contained a large amount of sweet and umami amino acids and a smaller
amount of bitter amino acids. Flavor of lab. miso were analyzed by GC-MS-O. The sweet smell components such as
Maltol are rich in wooden miso and Vanillin is detected only in the wooden miso. As a result of sensory evaluation of lab.
miso, the difference between the aging containers became remarkable after long-term aging of 11 months. By the wooden

aging, the aftertaste of miso-soup became longer and also the strength of sourness and saltiness increased significantly.
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HZEINEEIRRE L 72D,
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DENTBEDRDHITOND, — I, MERZHE, B0
REVST-BEOE MK TLTLE), BREOEDK TIX
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FOI=0, EEEITEEOREZ KUK, BEER
BEOKR TRLERL E DRV EET-T, ZORE, minE
DMERAR B D FTREME D RIS LTS, LTIZ3- T, B
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ARBFFETIIIMNE I LD RESZ M E D EA & DR A 5
KOMFEHBELT, £7°, Hiv s~ 2% N,
ERRITIENC VRS DAL T2 E 95 -l L 7=,
N T, RIS MO ZC DR R Z [FE T 572018, FkE
WO S AT L& H OBRAERGR 11255 B U THEAT
2T o7,

2. IRAE
2.1 EBREY

EBRBIYIE CSTBLIO) RfihfE~ 7 A% VY, i niE (8-
24 JR ) L EE (120-139 ) Za% 1072, TRE R &
LAkt TH %, fEtEKIE Ad lib TH-2 7, B35k
TR RFPRFHERBYE BRSO AT &2FTT-
77
2.2 KEYE

BAYOWRIL 5 DOEAKRY, B35 - 5D
%%, A FE TIlL, sucrose, citric acid, denatonium
benzoate (denatonium) , NaCl, 77 /L4 fi# Na(MSG) +
A/ W Na(IMP) IR ISR TN EChORE 2 #EK S
LEELTRE LT,
2.3 1TEBFHER

R M2 BIEE T 570012, Uox o 7T AN AT o717,
Vo 7 BUTRFELTIZ w7 A—=2 — % W THIEL T2, KD
Uy 7R T DRI DY 7B DE G, <D ADBY)
BRI 5% 7 b (Lick ratio) EEFR LT, 8K
MU TRl RIAIRIE 23 FERTHEKZATV, REAFIRY
VLI T B R O SRR 7 A 52 5 Z & THOK IR A
177257z, MEAKIZLDMHEEE~D B A v RE7 (RO HEBR &
D7z, BOKHIBRBARRFORED 80% 2L AR C&
e UADT — 2D HEMH LT, WRIEREL TEL T O3
WAEMEHL7 (in mM) : 0.3-100 citric acid, 0.1-10
denatonium, 10-1000 NaCl, 1-300 sucrose, 1-300 MSG
+0.5 IMP,
2. 4 DRTEPRIRISE ROk

BRI T O~ ANb g R A g HSE 7, BRHL
PR R A F 4B FEARIZ O, PRSI 3 D00 S
A Fisk L7, JREMEIL 100 mM NHLCLIZKE T 2% %
1.0 EL72EXOFEXHEEL TORLTE, MIEREL TLL R D
iz G A L7z (in mM) : 10, 30 citric acid, 10, 30
denatonium, 100, 300 NaCl, 100, 300 sucrose, 30, 100

MSG + 0.5 IMP,
2.5 MEFESIVEESF Y TILOER

BRI T D~ 26 IR A BB, BAMERL FIL 72,
LT ANDEEERIL T, MKIE 4°C T—BEEREL
Tetk, mOBEL, MIEEST-, ARV T VIR
RO LRS-, MRk 7L RNA
Later (Z{R{EL, 4°C T—BrEHE L2, RO7RBEREZ T
B 7=, HIE £ T-80°C THRE LT,
2. 6 Quantitative RT-PCR(gPCR)

HEHIAZ & T LR ARES T AL, T e A
T Total RNA ZHliHH L7z, WiHR B R %2 VT cDNA
BERL, ZhaT7 7L —MZ gPCR %1757, BB
SFELT, BWRZEIK Tas2rl05, B RIEY 7 2=
ob Tasirl, HWRZSFES T 2=vb Taslr2, H-BW=
KV T 2=vb Taslr3, BRWRSZ BARMGEA 51 Pkd2il,
G #7378 Gustducin, B3I NTT7 =75 —BFE Plcp2,
RIVEVZRIRELT, TP T oy v R IK A, =
LUV AN = RAK Cekar 3B XY Cekbr, 718 /AR
R Cblr, VI T UK Lepr, MG VEEIMEGE ~
TTFRZEAR Vpacl LT Vpac2 mRNA OFEHL &%
LT, mRNA FBEIIRE~— I —4FThb Kengl
DFBU T DFRHEEL TR L,
2.7 REMEEe

5-bromo-2'-deoxyuridine (BrdU) % T, #EAE O3
A BIZR LT, BrdU (35737 a/ ¢, DNA #H#
ROAMAL S EDOBRITHIAE DNA IZHIAENDD, Liznio
T, BrdU kSN - il oA s+ 52 LT, Mo
RANEEZMDZENTED, BrdU VL 1 B 1 H], 3 HEIC
Y, EENICR BN, GBS 1 R IZF
HIL, HERMH L, AEELEEE & T iz L,
ARG, RS LTz, I DiEEIg i A ERIL, Bkt
(ZHEL72, £77, 4 % PFA TEEL PBS Tlkifkz, 7y
X T wAT o, TD%, HLKCNQIL HLA T 4°C 1 B
STz, ZNAETEERL, “IRPUEZEIR T 1RSI,
FHOYEE L=, T 4 % PFA CEEH%, HCl T 37°C, 15
IPALBRL, BB LTz, 2 D%, TayX U T BT, B
BrdU $iAZ IR T 1 RefISUSSE T, Teidiz, kbt
RERET | BRMKSSE T, BOWEEL, ik, m
BAE BT,

ENaC OFBUIEIRFLIACRIZELT-, U %P1 ENaC
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WTHIE LT, AT A, 8, =27 27 LB LU
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Enzymatic Assay Kit TH|EL7=,
2.9 #fEHEE

T FRBR T e R B B T 21T, E Ol

HIEIZBIL TiL Welch’s t B E & T o277,
3. IERHFER
3.1 MESICKAEKBRZHEDEILDFE

FT, EERITIES I VRS MDA LT 2 E 90 %
Vo7 7 ANCHER LT (Fig. 1), W47 LV—7"C, fRik
RERD LS 72 BRI Z %95 Lick ratio |3 FEKAFHY)
WA LTz, — 5T, HIRRL B WD X2 af mizxt &
% Lick ratio /3R FEAK AN EH- LT, ~ TV AILERED
WA T D, TR, HMIZKRT % Lick ratio |3 & R
FECIK R L7, Bl min~m A0 Lick ratio % HigL
7B, miin~T ADE BRI )% Lick ratio 234 i
~URIZHART EH LTV (Fig. 1B, C), LnLRDD,
Hk, FerkE B WRIZXT 975 Lick ratio |ZIZBIE R 2T RS
nizino7- (Fig. 1A, D, E), - T, @i~ A Tlid#
BRI K92 DlEMEDME T 95— C, RISk 45
HMER R 2ZERN ootz 20X, B~ AT
TR, RIS T DM MEN B LT D2 LA sl LT,

FEVNT, FEARBER
2) . MAR R AR &b AT o 7 2 R T AR I A VR
KRN U 72, FRUE, 50k, BRI D MikIn 2
W E Elin~ T A CEIT RO N20 57278 (Fig. 24,

E), milii~T A THREH RIS 320 A R I
tl:%clf(i%b[lb’(b v/~ (Fig. 2C, D),

WIS EIT T In T A NS MEL IR PRI O 2 fE

*Eﬁ BIR5O, T I T A NIESE MR o7 VX0 I M D SRR

EHBFET DO OLT, TInTARNIFRESZ MRS
LSRR A 758 35, NaCl BN % 53 Dk 0%
BT B7-81Z, NaCl+amiloride TR AR ISE 2RI E
L7z (Fig. 3), OB IXHFEEECIZEA L RITKEX

Tt DR T AR RSB & ) E LTz (Fig.

Thote, ZAUTTIRT ARSI S 23 NaCl 2 H N
DIFIK T Dl RetEA RIE T 5,
3. 2 KEIZEITH%REED FDHIF

iR~ T A TR PE DS i~ A Jt«“f'}é{mf
Wz, ZOWRIEZ EECOERZ LN T 57280
LRI 31T DRE N2 R B oy 7 DR BLA I E LT, i
77, QPCR EIZRY, R AR5 1 D mRNA FE B &4
‘LT, B RER S HETHLEWS IR Tas2r105,
SRR T 2=k Taslr]l, HKRZEEY 7 2=0k
Taslr2, B HWRZBIRY 7 2=vh Taslr3, WS FIK
{64/ 501 Pkd21] ® mRNA £ 122 X80 Hiv/an»
-7- (Fig. 4A) , IRT, MRS 5K ENaC DO BLA 0%
Yt 15 CRRA L7, ENaC PUIRIZ 32 0008 B 1 i 4
I CEl SN, BERMICREBO MR ZITRD L
7273572 (Fig. 4B), ZDOXHIZ, R ZAFEDOR BN
BRI RSN o T, T TRV, 2 DDV
FIVRRST Gustducin (5 BARIZ A TDH G X3 7'H)
& Plep2 GEWE, BUE, HIRZRIERDO T =74 —fEF) D
mRNA ®EZRELIC, ZORER, Sin~T ARE T~
VAIVZDRBELNAEIK T 52 8% /L L7- (Fig.
4A) , LINL7RG, ZORBIER TITHO T ThoTo,
3. 3 BREHIRE CHIRA A EIRE DL

— IR AR B 5, NS IS LD A
REHEEDOEAZ P ~RDT-DIZ, BREIZIITS BrdU B
PEARI A BIZZ LT, TR T D BrdU BtERERa o $ca 7
U RLI=E DA, B~ A0 BrdU B s T
0.05 £ 0.02 &£ 0.01 = 0.00 Toh->7= (Fig. 5) . mlin~1 A
B11% BrdU BtEHIIR OB F i~ A~ TR TR
HEABFRDONTZ, UL, TOIK TEIEITAE Tl
Nl

ZOLIHIZ, WREEE Sy - DI BLI LOMREHEE DO BLA
OO R BE R U2, W# 1 CBEE 2 251358
IR T2 e, NI L DR M D ZE LXK Y
R AR DOBERE IR TIZL> TEMANTZH D TR N EFE 2
bz,
3. 4 KRIGEEMEFDLLE

FENT, s I K DHAERG R DB LA ET LTz, I
AR, BB CRR ST BRE RS PRI Dl R CfE
fiSNDZENHESNTND, —fFlELT, TV F T
UM RETHNDO0, fLhDT7 AT M
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TV (Fig. 6), LI T, Isicka 7o o470y Qa0 22, BRSE B¢ 53 DR

-37 -



Raxtgll, WWEIZHIT5 mRNA FBLEO a7
7o Atl, Cckar, Cckbr, Cblr, Lepr, Vpacl FEX N Vpac2
D mRNA HEBEFRELIZN, B~ AL @Eli~r A
TR TR NIRRT (T —H RS, LTZhi»o
T, BBV ZRFEROFBUNIINERI LD B 72k
Bz,

—J5, BHIRT VO R ZAIRES KK, KRR
MR BT HZEDNHMbILTNAAD), 22 ¢, AR
HIZRIRT IV THDIIN LT I, 8, <7 F T L, FRID
LEHERO MR EAZRE LTz, FRID AE BRI X
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Fig. 6. #iin~v A (0) Lan~T A (W) 2B 2057
YUATV R (Fp<0.05n=4-6 )
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(* p<0.05, ** p <0.01, *** p <0.001; n = 4-6)
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Evaluation of Age Dependent Change of Taste System

Masataka Narukawa, Takumi Misaka
Graduate School of Agricultural and Life Sciences, The University of Tokyo

Summary

Previous studies have shown that aging modifies taste sensitivity. However, the factors affecting the
changes in taste sensitivity remain unclear. To investigate the cause of the age-related changes in taste sensitivity,
we compared the peripheral taste detection systems in young and old mice. First, we examined whether taste
sensitivity varied according to age using the behavioral assay. We confirmed that the taste sensitivities to salty
and bitter tastes decreased with aging. On the other hand, the gustatory nerve responses to salty and sweet tastes
increased significantly with aging, while those to bitter taste did not change. Thus, the profile of the gustatory
nerve responses was inconsistent with the profile of the behavioral responses. Next, we evaluated the expressions
of taste-related molecules in the taste buds. Apparent differences in the expressions of representative taste
receptors were not observed between the two age groups. No significant differences in the turnover rates of taste
bud cells were observed between the two age groups. Thus, we did not observe any large decreases in the
expressions of taste-related molecules and turnover rates of taste bud cells with aging. Based on these findings,
we conclude that changes in taste sensitivity with aging were not caused by aging-related degradation of peripheral
taste organs. Meanwhile, the concentrations of several serum components that modify taste responses changed
with age. Thus, taste signal-modifying factors such as serum components may have a contributing role in

aging-related changes in taste sensitivity.
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Fig. 1. Plasma calcium concentrations during the experimental period. Means + SEM, n = 3-5; those at a time with different

superscripts are significantly different, P < 0.05.
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Fig. 2. Plasma Ca®" concentrations during the experimental period. Means + SEM, n =3-5; those at a time with different

superscripts are significantly different, P<0.05.
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Fig. 3. Plasma Mg?* concentrations during the experimental period. Means + SEM, n = 3-5.

50 ¢
—o—7n-Def

—&—Low-Zn

—0— Pair-fed

0 1 1 1 J
0 7 14 21 28

Experimental period (day)

Plasma PTH concentration (pg/mL)
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those at a time with different superscripts are significantly different, P<0.05.
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An Analysis of the Mechanism behind the Effect of Zinc Deficiency
on Salt Preference
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Summary

Because of habitual problems of an unbalanced diet, or the zinc-chelating effect of certain kinds of drugs, the
number of individuals suspected to be suffering marginal zinc deficiency is suggested to be increasing. Zinc
deficiency causes to anorexia, growth retardation, epilation, and hypogeusia. It has also been suggested that zinc
deficiency rapidly triggers salt preference, however, the mechanism has not been well elucidated. We reported
previously that the NaCl preference suddenly increased on day 4 in the zinc deficient and low-zinc rats, and
peripheral nerve responses to NaCl solutions are normal at such early stages of zinc deficiency, suggesting that
decreased taste sensitivity to salt is not the cause for the early onset of salt preferences. We also found that blood
pressures, hematocrit, plasma Na" and K* concentrations are not significantly changed at the early stage of zinc
deficiency. In the first-year report of this study, we demonstrated that zinc deficiency causes to decrease plasma
calcium concentrations prior to an increase of the plasma parathyroid hormone. However, the timing of the
change of plasma calcium concentrations was not well corresponding to the early onset of salt preferences,
suggesting that marginal calcium deficiency caused by zinc deficiency is not associated with the triggering
mechanism of salt preferences. We next tried to focus on the effect of aldosterone, however, plasma
concentrations of aldosterone and urinary potassium excretion of zinc deficient rats were not significantly different
to those of pair-fed rats. On the contrary, the urinary sodium excretion of zinc deficient rats was significantly
reduced to that of pair-fed rats. We suspected that oxytocin, a hormone known to stimulate sodium excretion,
may be involved in the process, and found that the plasma oxytocin concentration of zinc deficient rats was
significantly reduced to that of pair-fed rats, suggesting that reduced oxytocin secretion may be involved in the

early onset of salt preferences caused by zinc deficiency.
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LRI EO BN G BESRE Table 3 ICZENZEIRT,

Table 1. Socio-demographic characteristics of subjects in large-scaled cohort analysis

Pregnant women (n=11,419) Other participants (n=5,957)

Age. ave +s.d 31+55% 46+155%

BMI, ave £s.d * 21+3 24x4

BMI >=25.0 * 12 % 29 %

Current alcohol drinker 20 % 65 %

Current tabacco smoker 3 % 27 %

No habitual physical exercise 22 % %

Poor sleep 38 % 20 %

*estimated BMI before pregnancy in pregnant women
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Table 2. Salt intake and seasoning behavior of saltness

Pregnant women | Other participants
(n=11,419) (n=5,957)
Salt intake g/day, avets.d 9.6+0.5 10.8+2.2
Seasoning behavior of saltness, %
) Not use 26.6 19.9
Pouring table soy source on -
Sometime or Rarely 66.6 64.0
meal
Usually or Always 6.8 16.1
Not use 61.7 55.6
Add table salt on meal Sometime or Rarely 354 414
Usually or Always 3.0 3.0
Very light or Light 23.3 28.1
Taste of miso soup
Standard 68.4 64.2
Very strong or Strong 8.3 7.7

Table 3. Salt intake by seasoning behavior

Salt intake, g/day, avets.d.

Pregnant women Other participants
(n=11,419) (n=5,957)
Pouring table soy source on meal

Not use 96+04 102+1.7
Sometime - Rarely 9.7+05 10.8+2.0
Usually - Always 10.0£0.7 120+3.2

— ek

Add table salt on meal

Not use 9.7+04 105+19
Sometime - Rarely 9.8+0.6 112+24
Usually « Always 10.1+0.8 127+ 4.3

— ek

Taste of miso soup

Very light - light 9.7+05 10.6+ 1.8
Moderate 9.7+0.5 102+1.7
Very strong/strong 98+05 102+£17

— -

*** P<(.0001 in variance analysis,
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3.1. 2 DEMANRLEBIEERELDOEERTRE
3

D ERAY AR AL B & oD HipiFAE BY (Spearman
JIE A AR BEAR 20) 1344 Tld p=0.040, — %k A Tl
0.026 THYFBIIRENh 2T,

D ERAYARL AL ~L R D 8 48 i & Pl D B A R
L ADIRNWEEL B W EEO BRI IR O 2% RE LR
AEL7- (Table 4), MH4d CIIOLEEAYAR A D EWEET
— H Y 70O AERIE 0.03g £<, HEtHIAEZEN
REFTZ (P=0.0025) . — XA CITBER THEGHHIA &
FEITREN 20Tz,

DERA) AR 2R E WA OB R EH I 27122
WL, DA 23 E O CRIEE IRENEH O
SEHILL BRI DA R AR B ONSHIEA Y R A F L
72 (Table 5), #F4m 23\ TLEEFIAR AN B WEETIX
BIEEREN B L LAY X 1.13(P=0.002),
MHEAY X 1.21 (P=<0.001), —ixH N TITHA Y XD
1.12 (P=0.0428), #HI1EA> X 0.82(P=0.3316) T -7z,
FRMTHRE S S BRI AR A28 @OV C R 8 B g
LM DOFEEI L, E L2 DM RITAT IR RV TO R RHY
BT 12 fEmEDzenmani,

Table 4. Salt intake by score of mental distress

Salt intake, g/day
Mental distress P-value
mean=s.d
Pregnant women (n=11,419)
Group of low score (k6<5 £1) 9.71+0.49
_ 0.0025
Group of high score (k6>5 %) 9.74+0.51
Other participants (n=5,957)
Group of low score (k6<5 £1) 10.8£2.2 0129
Group of high score (k6>5 %) 10.9£2.3 .

Table 5. Odds ratio (OR) and 95% CI(95% CI) for mental distress according to above average of salt intake

Crude OR Adjusted OR
Mental distress P-value P-value
(95%CI) (95%CI)*
Pregnant women (n=11,419)
Group of low score (k6<5) 1.00 (reference) 1.00 (reference)
0.002 <.0001
Group of high score(K6>5) 1.13 (1.05-1.22) 1.21 (1.12-1.32)
Other participants (n=5,957)
Group of low score (k6<5) 1.00 (reference) 1.00 (reference)
0.0428 0.3316
Group of high score (K6>5) 1.12(1.00-1.24) 0.82 (0.55-1.22)

* Adjusted variables: age, number of family, BMI, alcohol drinking habit, smoking habit,

walking habit, occupation, education, sleeping condition. Variable of BMI for pregnant

women was used estimated BMI before pregnancy, and annual house income was also added

to analysis model in pregnant women because of the data availability.
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3. 1. 3 DEMRI REEMFEDBEERT

M 3 THEIZ DWW CLERY AR AL O BIE# A FRFE
THEDHA Y X b IEA Yy X tha B H L
(Table 6a, Table 6b) ., 4RIV TLEEAIAR RN E
D THD NMILEIPEEEI O OHLMNT D AN DN T
DA X 1.60 (P<0.0001), FfiiEA>2X1.31(P=0.0031),
ARV Oh SISV TOMHA Y X 1.53 (P=
0.0002), ffiiEA X 1.28 ((P=0.0505), & HDOBRfHIT
D LR DN DN TORLA Y X 1.62 (P<0.001),
MIEA X 1.52(P <0.001) &72>7= (Table 6a) ,

[FEEIS, — R AICB W TLEE AR 23 ED Th
HNFEL LD EEHIIW OB T DE BN DV CORLA
v A 1.51(P<0.0001), A2 1.51(P= 0.1902), #i%
BV O S MIZOWTOHA Y X 1.89
(P<0.0001), A= 3.97((P=0.0194), HZH DB
FRF IR D LR DA O W T ORA Y R 1.45(P=
0.0002), #iiEA > X 1.62 (P=0.1860) &7 7= (Table
6b).

DL EDFERND, R BV COLEAAR A28 & D
THHNILIODPEEFRIZWOENT DAY 1.3~1.6
FE, A BRIZ S M 1.2~1.5 &0, A2t
DORAHFIFIR D LR DA 1.5~1.6 fFENTEMHE
AR I RSN, — R AIZB W TLEA AR R
DE D THDH NEIL 222 BB D H 0T D ) 23
1.5 fEmEV, AR SAMM Y 1.8~3.9 {5, A%
DORAHFIXIR VO LA 1.4~1.6 fFENZEIVR
SN, AR S0 B EIZOWTO ARG A E
FZEDVUREH, 2 THE X, FEHABEEIT RS>
770
3. 2 {RERL

Rk 29 4F 1 HICMmBHEE OEREF TR 29 4 3
H 6 HX0E 1 ol HREZBIA LT, KB RRICL DI
UNTZBERAL T 10 B RICEINAEE D 65 41T
T2OIEONTZEHIEL, 65 4 ICTREOFEMRHAZT TV,
BINGAFZAMGT= LT 60 4\ 57-80 THRA W /2L
7o, FHKRER, 1B ETICEEDOHoT 58 LafER &
L7z, TAEMR T A CTHDFK 29 4F 3 A 23 HETICHRE
AR L7Z01% 58 44 ([FIILEE 100%) Th-o7z,

3.2. 1 BAhBEBOHH
W 71385 DFAFFEE Table 7 12~ BEIR, AR AR

REIZOWTTRHMEEE AL LI N —T T LTS R %
Table 8, Table 9 |/~ ¥, R L TREZER L THY, @ik
L LOFREZAL, EHRZR5RE 22 EE) EE TS,
FEICEEZ T DRI LW E N ME B -
Tro FIZBRBOETREARDHHT2EEZT=DIT 2D
25%17AEL7= (Table 7). NIRFEEEV VA FHODHE 52%| L
IR A3 70 R A& Cdh-7= (Table 8) , AR RIRFELL T
HZEFREDNEIT 1 FRICAN 2EZEETEY, R
LI EIIIE SRV DNLER AR A EE A & (K6 AT
235 LLE) 3 42%, 95 8%ITEEm AR A& 2 TND
RHETH o7~ (Table 9),

Fio, APV RIZEDEEITENC TIRZIZRE N A
Az R LT XN ARTLBRD, HOHDOZ R D AN
50%, WITHBEBBWLOERE D AN 13% Tho7-
(Tablel0) ,

W TF =y 72— NI RO IO A & 3 L 72 &
R, BHEBERZD LN D O NITRRD 45%% 5
H Tz (Fig. 1),

POMS2 (255 7 HEDOK/MRETIIR IR AL
DIRWEZS DH N 18%, RAT A7 72 EE LTI
TR L, ROT AT 720 E U QIR I (fth 3
DR T AT IRIENE) Dy M a1 2335107z (Fig. 2) o
3.2. 2 BROBDFFEEERIE KHODEE

B RE R R E R ARIZEEICTHIHE VWM & B
ORI L7235 & O EER O /3 W E B OB &2 D
ZEHiAE IOV T Fig. 3 1RLTZ, 2 B HIEBFTH
HZEBIOFHE TIEH 1D EWVWHEEE | 0O S 300
<, 4 B BAHORE TIZH LIS WWE R | O SR
DROSOPEN T EAVRENT,

1 RO FHA I A8 L 72 RO IR RE I D D58 R
ZH o NOEIA % Fig. 4 R LT, HIR@LC, K0k kE
DEDIZH TS ADS 20%F2 b, HChIE s IRkE
DEFEL CEVWMET Ch o7, F72, 4 [8 B A TIERD
R O EL IR DME I Th T,

3.2.3 BRIEERELR7TDIERA

BIEEIEL POMS2 (285 7 HH ORI IRREOFE RS
fRMT AT 2T L 2 A, SFHBIREN TR 0.042, £
-TREL 0.051, BH-H19 0.097, &HE-JEYT 0.029, -
BRIE0.141, BH-TE5X0.020, BHE-A4F0.142 THYHR
FA BB RSN e T, AL R ORE H
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Table 6a. Odds ratio (OR) and 95% CI (95% CI) for mental distress according to habitual using of saltiness seasoning

among pregnant women (n=11,419)

Crude OR(95%CI) P-value Adjusted OR(95%CI)* P-value

Pouring table soy sause on meal

Not use 1.00  ( reference ) 1.00 ( reference )
Sometime 1.20 ( 1.09 - 131 ) <.0001 .10 ( 099 - 121 ) 0.0645
Usually 1.60 ( 136 - 1.88 ) <.0001 131 ( 110 - 1.56 ) 0.0031

Add table salt on meal

Not use 1.00 ( reference ) 1.00 ( reference )
Sometime 134 ( 124 - 145 ) <0001 121 ( 111 - 132 ) <.0001
Usually 153 ( 122 - 191 ) 0.0002 128 ( 1.00 - 1.63 ) 0.0505

Taste of miso soup

Light 1.03 ( 094 - 1.13 ) 0.5437 1.06 ( 096 - 117 ) 02623
Moderate  1.00 ( reference ) 1.00 ( reference )
Strong 1.62 ( 142 - 186 ) <.0001 .51 ( 130 - 176 ) <.0001

* Adjusted variables: age, number of family, BMI before pregnancy, alcohol drinking habit,

smoking habit, walking habit, occupation, sleeping condition, and annual house income

Table 6b. Odds ratio (OR) and 95% CI (95% CI) for mental distress according to habitual using of saltiness seasoning
among other participants (n=5,957)

Crude OR(95%CI) P-value Adjusted OR(95%CI)* P-value

Pouring table soy sause on meal

Not use 1.00 ( reference ) 1.00  ( reference )
Sometime 127 ( 1.11 - 145 ) 0.0007 123 ( 079 - 199 ) 0.3968
Usually 151 ( 126 - 1.79 ) <.0001 151 ( 082 - 277 ) 0.1902

Add table salt on meal

Not use 1.00 ( reference ) 1.00 ( reference )
Sometime 133 ( 1.20 - 1.50 ) <.0001 145 ( 111 - 132 ) 0.0511
Usually 1.89 ( 140 - 255 ) <.0001 397 ( 125 - 12.64 ) 0.0194

Taste of miso soup

Light 089 ( 079 - 1.00 ) 0.0648 1.19 ( 078 - 1.81 ) 04192
Moderate 1.00 ( reference ) 1.00  ( reference )
Strong 145 ( 1.19 - 1.76 ) 0.0002 1.62 ( 079 - 3.30 ) 0.1860

* Adjusted variables: age, number of family, BMI, alcohol drinking habit, smoking habit, walking

habit, occupation, education, sleeping condition.
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Table 7. Socio-demographic characteristics of participant in detailed survey (n=58)

Variables %
Employment Full time employee 33
Part time employee 40
House wife 4
Student 4
Others 19
Final Education High school 19
Technical school/ junior college 38
University 33
Graduate School 10

Change of lifestyle and living condition after big disaster in 2011

No have changed 63
Have changed 25
Unknown 13
Habitual psychical exercise
yes 40
No 60
Habitual alcohol drink Current drinker 65
Past drinker 2
Never 33
Habitual tabacco smoke Current smoker 2
Past smoker 15
Never 83
Sex Female 78

Table 8. Sleep condition

Athens insomnia scale *
No doubt of insomnia (0~352) 48%
Doubt of insomnia (4~555) 24%
Suspected insomnia (6524 ) 28%

*Athens insomnia scale; Soldatos et al, Journal of Psychosomatic Research 2000, 48, 555-560
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Table 9. Level of psychological distress

K6 Score*
No psychological distress (0~4 ) 58%
Moderate level (5~12 ) 33%
Severe level (13 ALL 1) 8%

*Kessler Psychological Distress Score

Tablel0. Stress and preference

Do you feel like eating something when you feel stressed?
Yes 100%
What do you eat most when you feel stress?
Sweets 50%
Saltiness 13%
Spicy&Hot 8%
Sour 3%
Bitter 0%
Greasy 2%
Othres 3%

Multiple answer was 39%

0~8.%5 : not take much salt
9~13.% : Salt intake is average
8% . 14~19.%. : Salt intake is high
13% 20,704 L Salt intake is quite high

37%
42%

Fig. 1. Trend of salt intake by Check Sheet

100% . |
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60%
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40% J 8.3 i
30% 183
20% ;

10% ' |

0%

Fig. 2. Result of mood state evaluation by Profile of Mood States 2nd TMD-= Total Mood Disturbance
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Fig. 3. Salinity measurement of soup and liquids when participants have eaten and self-evaluated as "good" saltness

35

el

30
25 e
—
-~ W__,.—b-"

=g=TMD =—#=Anger Confusing

% 15 —— %7‘—;!

10

5

0

1st(Spring) 2nd(Summer)

=0=TND 20 20
—a—Anger 18.3 18.3
Confusing 18.3 233
Depression 13.3 16.7
—a=—Fatigue 20 21.7
== Anxiety 15 18.3
- Activity 18.3 18.3
—e—Frindliness 31.7 333

Depression =—#=Fatigue =—#=Anxiety =—s=Activity =—e=Frindliness

3rd(Autumn) 4th(Winter)

18.3 16.7
18.3 25

20 15

15 20
21.7 20

15 15
11.7 183

20 233

Fig. 4. Percentage of participants with high mood status
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7. FRER psychological distress and habitual using of

(1) Sato Y, Ishikuro M, Mizuno S, Yamanaka C, saltiness seasoning on meal among Japanese
Miyashita M, Obara T, Metoki H, Kikuya M, pregnant women in Miyagi Prefecture. International
Kuriyama S and the Group of the TMM BirThree Conference of Epidemiology. August 2017, Omiya,
Cohort  Study. The  association  between Japan.

- 64 -



No. 16D5-18D5

Epidemiological Study for Taste of Salt and Habitual Salt Intake
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Summary

Recent report that the correlation between seasoning behavior of salt and real salt intake was limited and the
status among pregnant women and middle age was still scant.

The aim of the study in this first year was to exam the association between behavior of using saltiness
seasoning, taste of miso soup and mental distress in pregnancy. In the second year, we have examed the same
association in men and non-pregnant women. We used the data of almost ten thousand pregnant women and
almost eight thousand other parsons participated in Tohoku Medical Megabank Project Birth and Three-Generation
Cohort Study. Three items of question about seasoning behavior of salt; adding table salt on meal, pouring table
soy sauce on meal, taste of miso soup. The category of response for using of saltiness seasoning was five; not use,
rarely, sometimes, usually, always. The category of response for taste of miso soup was five; very strong, strong,
standard, light, very light. Mental distress was estimated by a Kessler 6 scale score. Data analyses was used by
SAS software.

In pregnant women, the average of salt intake was 9.6g/day, and the gape of daily salt intake between subjects
who usually use table soy source and/or table salt on meal and who not use the seasoning was 0.1g/day in
minimum and 0.4g/day in maximum. The subjects who had high mental distress (diagnosed cut-off score was 5
or higher in K6) more consumed salt than subjects who had normal mental condition, the multivariate odds ratio
was 1.2. The tendency of behavior of seasoning of salt was high in subjects who had high mental distress, always
pouring soy sauce on meal was 1.3 times, for the always add table salt on meal was 1.2 times, strong taste of miso
soup was 1.5 times.

In men and non-pregnant women, the average of salt intake was 10.8 g/day, and the gape of daily salt intake
between subjects who usually use table soy source and/or table salt on meal and who not use the seasoning was 0.3
g/day in minimum and 2.2 g/day in maximum. The subjects who had high mental distress (diagnosed cut-off
score was 5 or higher in K6) more consumed salt than subjects who had normal mental condition, the multivariate
odds ratio was 1.1. The tendency of behavior of seasoning of salt was high in subjects who had high mental
distress, always pouring soy sauce on meal was 1.35 times, for the always add table salt on meal was 1.8 times,
strong taste of miso soup was 1.4 times. Our result by using large-scaled cohort data suggested person with high
level of mental distress may behave high frequent of using saltiness seasoning.

We have also examined salt intake, environmental factors and the seven type of emotion (anger, confusing,
depression, fatigue, anxiety, friendliness) in detailed survey. Fifty-eight men and women participated the detailed

survey and we followed them during one year. The survey contented a questionnaire which used same items of
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large-scale cohort study which included assessment of salt intake and three items of question about seasoning
behavior of salt, and added some new items to assess personal emotion, and contented to measure of liquid every
day, to measure of temperature and humidity in room. In this detailed survey, the correlation between salt intake
and seven type of emotion was low in each and no statically association. We also tried Stepwise analyses to
estimate strong factor and the rank it that related to seasoning behavior of salt.

For taste of miso soup was determined by sex, age, BMI, sleep condition, room temperature, room humidity
and working type and related most emotional factors was depression.

For using frequency of table salt on meal was determined by sex, age, room temperature, room humidity and
working type and related most emotional factors was friendliness. For frequent of use table soy source on meal
was determined sex, age, working type and related most emotional factors was confusing. The result has
suggested that seasoning behavior of salt was different by emotional type.

Overall, our study suggested that mental distress and emotional condition would relate to behave frequent of

using saltiness seasoning.
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