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Quality Evaluation and Increasing Added Value of the Marine Products Manufactured in Okayama Prefecture, Japan

Fumiyasu MURAYAMA

SUMMARY

Capter I. Quality evaluation and increasing added value of nori Pyropia yezoensis The relationships between
the nutrient concentration in the seawater, the color tone (L* and a* values) of fresh thalli and dried nori using color
difference meter, and unit prices of dried nori were investigated in the coastal area of Okayama prefecture. The
limiting factor for discoloration of nori in these ocean areas was dissolved inorganic nitrogen (DIN). If its
concentration falls decreased to or below 3 uM, the color tone of fresh thalli was found to deteriorate sharply. A good
correlations were observed between the DIN concentration (a2) and fresh thalil L™ () and a* values (0" ) (b =-77
log (a) + 641 and & = 30 log (a)+ 2.2); between fresh thalli L* and a” values and dried nori L* values (¢) (¢ =
115e" and ¢ = 34.4e°*): and between dried nori L" values and unit prices of dried nori in 2011 (z1), in 2012 (z2) (21
=42x10°% ¢ Mand zz = 96 X 10°x ¢ V7).

The relationship between the quality of dried nori (Pyropia yezoensis), harvested in the Bisan Strait in 2017-2018,
and its unit price was examined. The dried nori used in this study was classified as 1%, 2" and 3" grades.
Instrumental analysis and sensory evaluations were used to evaluate nori quality objectively, and to investigate the
consistency of these techniques. The color, the soluble attribute in the mouth, and the taste of the nori were
measured by instrumental analysis. The results had correlation with the unit price of them. Multiple linear regression
analysis of the data showed that the umami of dried nori was significant in establishing its price. The results from
the Tensipresser® and taste-sensing system corresponded reasonably well with those from the sensory evaluations.
This suggested that instrumental analysis can evaluate the quality of dried nori objectively so it can then be used to
determine an appropriate price.

Koyi is commonly used in manufacturing Japanese fermented products and promotes enzymatic degradation. In
recent years, a seaweed koji has been developed by culturing Aspergillus oryzae on nori Pyropia yezoensis. In the
present study, we prepared nor: koji by culturing A. oryzae on high and low quality norzs and then mixing this
preparation with additional dried no7z. Suitable fermentation conditions for increasing the taste-active components of
the no7i mixed with no7i koji were investigated. The mixture of nor: and koji prepared from high quality no7: with
added water cultured for 120 d at 10 C provided the greatest increase (7 times) in free amino acids. The changes in
taste after culturing the nor: and koji mixture were evaluated using a taste-sensing system. The sourness score of
the nor: and koji mixture increased significantly, but the scores for other attributes such as bitterness and umami
richness did not increase after culture. The present study has demonstrated a clear increase in the free amino acid
contents of nor: and a modification in the taste score by aging the culture with no7i koji. These results will encourage

the development of ‘aged seaweed’, a novel value-added product with nutritional and taste elements modified using
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seaweed koji.

Chapter I. Monthly changes and yearly comparisons in the taste of Pacific Oysters (Crassostreagigas) cultured
in the Okayama Prefecture Pacific oysters (Crassostrea gigas) cultured in the Okayama Prefecture were evaluated
using a taste sensing system to assess potential monthly changes and year-on-year comparisons in their taste. The
system revealed significant seasonal differences in the taste values of bitterness, umami, saltiness, and umami
richness. Principal component analysis and cluster analysis applied to the data revealed that oysters harvested from
September to March were relatively rich in umami. Furthermore, the system revealed that the taste values of
saltiness and umami richness were relatively high in the three experimental years and corresponded to the sensory
evaluation. These results indicate clear monthly changes in the umami and saltiness taste attributes of Okayama-
grown Pacific oysters. Moreover, Okayama-grown oysters are believed to possess higher saltiness and umami
richness than oysters grown in other prefectures.

Chapter II. Quality evaluation of shellfishes A difference in the taste of the meat of hard-shelled, ovigerous and
soft-shelled swimming crabs Portunus trituberculatus was investigated. To quantify taste, hot-water extracts were
prepared and then a sensory test and a taste-sensing system analysis were performed. Sensory test revealed that
the ovigerous and soft-shelled crabs were inferior in umami and overall taste as compared with the hard-shelled
crabs, and this result corresponded well to the findings using the taste-sensing system. Additionally, to examine the
factors determining differences in umami and sweetness, we analyzed the proximate composition, free amino acids
and nucleic-acid-related compounds in the crab meat. The amounts of free amino acids and inosinic acid in the meat
of crabs of the different shell types were judged to cause the significant differences detected in those tastes, with
larger amounts resulting in a better taste.

Changes in the gonadosomatic index, nutritional quality and taste of elongate ilisha, Ilisha elongata, were examined
monthly in the year 2018 at Harima-Nada, Japan. To determine nutritional quality, proximate composition and free
amino acids were measured in the dorsal muscle tissue of fish. The gonadosomatic index showed that the elongate
ilisha spawned from June to August. The proportions of lipid and total free amino acids in fish muscle tissue showed
significant seasonal variation, with maximum lipid content (1.3%) occurring in January and maximum free amino
acids (376.2mg/100g) occurring in November. An electric taste-sensing system revealed that umami and umami
richness peaked in October and April, respectively. The results for the umami taste were consistent between the
instrumental taste evaluation and a sensory evaluation. A principal component analysis revealed that the umami taste
in elongate ilisha was strongest during spring and autumn and may be influenced by free amino acids, whereas the
dominant taste during winter may be influenced by lipids. During the summer spawning period, lipids and free amino

acids were reduced, which may result in a lighter taste.
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Fig. 1-1 Location of the observation area. Open circles
in the sub-panel (a) indicate the research
stations for the relationship between dried
and fresh thalli colors. Open rectangles in the
sub-panel (b) indicate the aquaculture
facilities of nori in Kuroshima farm. Solid
triangles indicate sampling stations of fresh
thalli and sea water.
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Fig. 1-2 Temporal changes of mean DIN and DIP
concentrations in (a) 2010, (b) 2011 and (c)
2012. Bars indicate standard deviations.
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Table 1-1  Correlation coefficients between fresh thalli color

and DIN concentration in (a)2010, (b)2011,
(¢)2012 and (d)2010-2012

Analysis of quality

(2010) (symbol) 1 i T
L* value (fresh thalli) 1 1
a* value (fresh thalli) il -0.99* 1
DIN il -0.95" 0.94* 1
Analysis of quality
(2011) (symbol) I I I
L* value (fresh thalli) I 1
a" value (fresh thalli) I -097 1
DIN I -0.78" 0.88* 1
Analysis of quality
(2012) (symbol) I I ik
L* value (fresh thalli) 1 1
a" value (fresh thalli) I -0.96* 1
DIN I -0.90" 0.95" 1
Analysis of quality
(2010-2012) (symbol) I = =
L* value (fresh thalli) 1 1
a* value (fresh thalli) il -097* 1
DIN I -0.81* 0.81* 1
* 5% Significance level, * 1% Significance level
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Table 1-2 Correlation coefficients between fresh thalli
and dried nori color in 2011

Analysis of quality

(2011) (symbol) I il Jiig v
L* value (fresh thalli) I 1
a’ value (fresh thalli) I -0.99~ 1
L* value (dried Nori) il 086"  -0.82~ 1

a" value (dried Nori) \Y 011 -0.09 011 1

* 5% Significance level, * 1% Significance level

(@) 20
o 3
g y =42 X 10" X x18
15 1 o
g
e}
g 10 -
—
a
E
5 4
0 r . . . S
0 10 20 30 40 50
L* value of dried nori
(b) 20
15
5
o)
g 10 -
—
a
E
5 4
0 r . . : )
0 10 20 30 40 50

L* value of dried nori

Fig. 1-6 Relationship between the L* value of dried
nori and unit price of dried nori (Yen) in (a)
2011, (b) 2012. The solid line indicates a fitted
curve.
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Table 1-3 Relationship between DIN concentration, L*

and a* values of fresh thalli, color difference
value in 2010-2012

DIN Fresh thalli Color difference
concentration a" value L* value value

1 22 64.2

57
2 43 5838

34
3 55 55.7

24
4 6.4 535

18
5 7.0 51.8

15
6 76 504

1.3
7 8.0 492
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Fig. 1-7 Location of Bisan Strait in the Seto Inland
Sea, Japan, and the allow indicate Kojima
Bay, open circle indicate the harvested site
for nori Pyropia yvezoensis.
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Table 1-4 The number of lot for dried nori samples
collected in Okayama prefecture

Bidding Sampling 1# grade 2™ grade 3* grade Total

number date

1 2017.12.17 3 3 2 8
20 2017.12.25 3 2 3 8
3 2018.1.10 3 3 3 9
4" 2018.1.28 - - - -
5 2018.2.7 1 2 3 6
6" 2018.2.18 2 2 2 6
7" 201833 2 3 3 8
8" 2018.3.18 3 3 2 8

Total 17 18 18 53

- indicate no sample
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Fig. 1-8 The relationships between color of dried nori and roasted nori. (a) L* value, (b) a* value, (c) b* value, (d) C*

value, respectively.
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The relationships between quality of nori
(dried and roasted nori) and unit price of
dried nori. (a) L™ value, (b) a* value, (¢c) b*
value, (d) C* value, (e) number of chewing
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respectively.
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Table 1-5 Result of sensory evaluation compared 1%
grade dried nori with 3* grade

1 grade 3 grade
Umami 10 3
Chewing score 13* 1

* indicate significant differences (P < 0.01)
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Fig. 1-10 The relationships between unit price, color (L* value), number of chewing strokes, umami and number of
nori bit organized by the Okayama prefectural branch of the Japan Fisheries Cooperative. (a) unit price, (b)
number of chewing strokes, (c) umami, (d) L* value, respectively.
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ExAOMBEBERIED SN (Figl-10a). & 512,
IHEE (v) & DRICIdy =107x + 467 (=067, P<
001), BEHEER () LoMICidy = 022+ 15 (r =
-072, P<001) &, ZNhZNAEELHEBERITED S
N7z—75, LMl (y) 122w Tlidy = 03x + 66 (» =031,
P <005 &7zl), EOMEARBBEIROLNIZLDOD,
MR KA - 72 (Figl-10b ~ d)o —f%MIZ, AKL
AES IO TR A PSS &5, L
P55 T, AL IR R Z SO L T b & L725E,
FRAE DD % VT EHABDTEN C EAVRIE S, Zh
EEHROBEBIPAEITORS E Vo 2B R L
TWhEEZZ BNz, 2O LIL, FWRAEDSD 7 vIE
ETIVBEFRNLVEENTVHI LY b b
ENb,

S 51T, 20174F EER IR L IR B A CARRE S Tz
RSO HEE IOV, SEEREELSHE b ME R
WA G2 BN MG 5700, HilEE O H % B
M2 5L, WAl L A B AR SN -EE (L,
IHME 3 & OVEMRIERR) & JHAHE L CERBIRT
Tolze b, BHFITOVWTIE, a*MEAHAMN & KD &
HMBEZRLEDOD, RAFRTaMELY, WELET
LMEDIE ) DEHEOBHZ ML Twb EEZ, Lt
il % AT I I 72 WEHES O B (), 5232 DLl (x1)
MHMEE (o) BLOBRKREKR ) & L72LTAH, v =
24 x 10741 -10 x 102 x2 + 14 x3 + 145 (» = 0.84,
P < 001) o Esiz, 512, BIEE~D
SO AR THEIIL EA-38, IMMED-25, BRI
AB2TH o722 b, MiKERICBNT, KbEHE
WREPSZZDBDIXERTH D LEZ LN, ERIZ,
LW TOAIZBVT, BWRITEFIIZESOERHRHLC
FEHL, JOIRE TR, BEEES IS L CEBERHII R 1TV,
iz g LT b 2 A%, — s Cld 2RATE
N7 OPEAMILS N TV 2%, 2B, KET 13X
X EFM LA TEBREOMENE LD L E2RIEL
TEY, KETIHFR LGOS 2t L2 Lhb
S ORERDT R TOWBOHHE I ZB VTS TIZE S
SRSV EEZ SNz, SRITEBEICDI>ThH
WiaAT) &L b2, HlEOMRERIOVTHHELT
DERD D, 512, HERICL>THEVNELRL I E
® EOFEVIZ L > TOWHET IV BRRESRL LS
EDTRIBENT VB 720%, TRHIZDOWT H S HBRE
T LUENDH D,

LALAD S, SROMENS, IR X 2EHS
Hoibrmg s, GRLOSTBLUERKRE VS

B R W EHARSE W EAVRIBI N, L7
Do T, GHRITEZTTEL, MEICOWTHENE
WS EEL CHMir M LSS 208N H L, T2, K
BiCTmLZzZEBY, REBICLZFHNZEME V52
L CHmES I EASEIEICEHE S L, B EasERET
XL EEZLNT,

EIE HRBSDBER

SRR S LIZRVWEELEEZFE T 5000, ZhE TS
M 2 R & L7 SR BT A TZER ST & A 81T
NTZhHho/z™, L L, EETIIARREZ AV
M D FLIR IS % Sl A 7o F ™ IR FLIR T % 45
L™, A¥ ==L LTRMYT 52 L& 2ilEEEmD
BHSSICHEI L 2B 3 X OTERE % JH 723 2 & D
TN A= VEBOEFFHRESNTNET, THDFH
BN HEHE % I S5 2 & TH LW E % #5 - 72 &
SRS O REEZRIE L CB Y, Bl 2 LT 0 2 il
LR T X B ARIRE L B A, S HRORE
GEREFOZEPHOENE L S>TWD, 612, 20
BEEMIRERNEE Vo B EATH NI E
Po, TLVFEYy7) —OifEE L LTHHTH %,
—7, BEEEMHOEEIIBWTRIrERVEITAT
AKBIO/NZELREIZH EERIES & TES NS, Uchida
etal® ¥, ToOHEEXIRHL, HHEICHANW
Aspergillus oryzaex 175 - 54 &5 2 L THEHD
PHEEICHED L 72 & Ol 381 i 25 38l 2 a9 5 15
BRI Lo TBEDY VN FRERAET 2L DTH S
N, WEBEMDALTHOW S NZFHOIE R v, — &I,
HERPICEEINDZ VN HIEERICES Lev—7F
IR L o CTHEUERET I BT T FIZERICHE
H5423EE3NTWD, 2070, BEIZL-TH %y
B S NRUWES O RS T RS H %o
512, HHIESMERNE SN BELHBEIZOVWTY
EA 2S5 Lick ), iz nilEss s
&5,
RECIRE L BERELREG L THREIEL I LT,
M5 ORKRE LS [ ] ORFELZHE L
720 TITTIEHEMEB L MBS % WV ClEE
BLUBRBES 2R T AL L L1, 2NHDREWE
BB 6 MOKMT (5T, 10T, 15CH L UKo FHE)
TR L2, 610, BERBNAS0H, 60HB LU
120H R\ FBEM OB (5 2808, &EB LT
WEHET I MR, BEREMEB L OERBEIET S L &
b2, HHEE I X B BERFEME T 720



R ETE

HEEE  2fE (154 DT, mamE, 658
DI, ah®) ouzifEs = ML EEE SBA L, R
WCHWz, BEA L 72822 3L a*b* il & % o 22 51
(CR-200) IZTHIE L2, a2l v ¥— (A&7
A AF =Y ~<) 12H1FT5 x 30 mmIHMEr L7 (P
T, SERMWEE) . TOE SRMEELEEIL 2 — M
M ERAT o720 T b B, KA 1Z105C F Sz i,
JKA13600C BYRALEB L OV v 82 Bz r v — v
FECX DN Lz BT 3 BRI SRRy o< b
5 7 4 — (Prominence7 3 / MR HT v A7 &, B &
B ES e DUFHPLC) & v, K iEtEiE
LabMaster-aw evc-1 (Novasinatt#) % HwCTZh 2
HIE L 72,

BEROMER BB Aspergillus oryzae® & T 3 FE
HOMAE (A =54 T704g, EW04gB LV ¥ AT
EY F-Cl 02g: BRASHARD O 2 LIEH) % K#l5g
EXCRAL, L L THW, RIROKE ShifES
500g120.15g? fE# B L K E K (& b B #5121
650mL, AR S 1213850mL) AN, & <RE7-E,
LA RICIEYCHEA TaAk, NFTHBEHIERE (K
HBEM AR S DUT, BIERE) 2o TREZ
N% AL, 3 HMREEZIT- 720 HiEPIIREY
OREEFHIL, REHA4STE ERS2 WL ) I3EHBT
BRF 2 MRHGR L 217 - 700 BEEMEO 70 7 —HE I
PP EZ345C & L, 2FE#£12325CI2F, 21
HORME L 25 - 727213300CICETH L7, 7B,
3~ 7' Saccharina japonicai® b [EkE D HiETIER L 72,
bbb, ar7 (g, 3 %H)500g120.15gD
P L U0M00mLOIKEKZ IR, VR TR L 72,

BrRiEtE MO (GBS, IS
BLUOary7#H) oMREELEE L. $4bb, £
& #10g1250mM Acetate buffer (pH5.5)200mL % fill
Z, A¥—7—"T3MEMHEFE L 720 RAWIZ10000 X g
TI5Gra Wit L 721k, LA ZREINY 7 7 — T2AKEH
AC OFENT ATV, FH5 N72ENTIL10,000 X gT1555 %
LBES Y, EER OIS, SRR R
(&, 04AmLOBEFEWIC I mLOIEY (05%7 >~ 7~ %
721305% 27 v a~< v F v) & AN, 0.6mLo200mM
Acetate buffer (pH6.0) %Mz 72, RAWIXITC TL05
FHE L, MBI X o TRERULZ IR EE, fRELT
WA L 7z R ek R % Somogyi-Nelsoni®: (2 CEHAI L 727,
2T, BEO Lunitid 15 FIC 1 g mold &4k i b
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(ZFVva—AFd~ry / —A) \CHLT LEICHEED
WAL -mrBEmL Lz, 707 7 — 8k, 02mL
D B F B 121.3mLo100mM Acetate buffer (pH6.8,
1%H €A Y AD) 2R 7z REWIZITC T20575#HiE
L, 15mL® 5% Y 7 o alElk % 2 TR BOG % 15
&7z, RAEWIZE000 x g TLOZ w7 B & 72,
Z DA% LowryiE® 12 CTHllE L7z, B3 D lunitid
1 HIZl umoldF oy YAIMENAE L SlEFREE L
720 e, WEIZHWIT Y7y GREERHR, bvEo
TVHR) BLOAEAS Y GURAIE, AFlik) &
MASHAGHENLSBAL, 7 vavrFr(ar=x
27 Amorphophallus konjacBi3#) 13Sugiyama et al.*® @
T TR 72,

HELETE K3 SABEBLITBBEHIZONT,
Reissing et al. ® O FFEICHEITE, N-TEF L7 ad
I (LUF, GleNAc) ##llsE L7z, T2bb, kb5 g
% AR % (Vibrating Sample Mill TI-10, CM.T
PR ASHE) THRISHE: L 727, 0.1g% ®LE IC AR,
50mM PB (pH7.0) 1.5mL % il 2 C15,000 X g CT20%3 %L
GHELCEEARRE L. ZoE¥EE 3 AT 72,
TERe 1 250mM PB (pH7.0)15mL3 & MYatalase (¥ 7
FNA FHRAEHE) 1.0mgZ 1 2 T37C D EIRIR E 9
BCIR MR L 720 208, REAOuLZ L,
GleNAcE % F®m L72o 2B, 22 CEERFAR 1 mg
2720 OGIeNAcE %139 ugs L CIHE LY, HEAH
w2 L7z,

WIERBEEAHR  HIERREERBIINKOF T
B EHEL, FN5%25TC, 10CB L UICOREE
ST Tiro72 (n=3, Table 1-6), &b bH, 10gD
i & SRMEE1290gD i B S H B £ 0N100mL o
FIKZIMZ 720 O % S EiESINK X (High-quality
shredded nor: with the nori koji-H and distilled
water : LN, HKWIX) & L7z, 20g?0 @ ing & & Al
EZ180gD S B S M2 N A 720 0 & & E ilF S
#IX (High-quality shredded so7: with the nori koji-H :
PIF, HKIX) & L7z 10gDiE & S AL 1290gD
A S B L U100mLOMKZ Nz 72 b O % KihE
& 30 K X (Low—quality shredded no7: with the
nori koji-L and distilled water; LN, LKWIX) & L7z,
20gDIAHE & SRS 1Z180g D8 it B 5 50 721 %
272 O %R B S # X (Low-quality shredded
nori with the nori koji-L ; LLF, LKIX) L7z Th
SIZHEHE L &R %, 20g% 50mLiE L& 12
SEL, HEBIOHME ORI Z T 5701 8RK %
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Table 1-6 Details of optimal fermentation condition
test (OFC test) and taste improvement test

- Group Group components Cultured
est name temperature
Name  Dried nori (g) Koji (g) Water (g) c)
HK 20 (H) 180 (H) 0 5,10, 15
HKW 10 (H) 90 (H) 100 5,10, 15
OFC test
LK 20 (L) 180 (L) 0 5,10, 15
LKW 10 (L) 90 (L) 100 5,10, 15
HW 100 (H) 0 100 10
HKW 10 (1) 90 (H) 100 10
Taste HKKW 10 (H) 90 (K) 100 10
improvement
test LW 100 (L) 0 100 10
LKW 10 (L) 90 (L) 100 10
LKKW 10 (L) 90 (K) 100 10

H means high quality nori, L means low quality nori, K means 3" grade
kombu

WAL ST T4 VATER LI, 20K 1 ¥
N—%— (BRASHEELHER) 12T5TC, 10CBLD
1I5CTHAL, 0 H, 60H 3B L 120 #5547 (¥
YNJE, EHEEBLOHERET I MR) B X OER B
HEriroiz

=mEEEER  ERm EEBIZI0C B L UHOF T
RERX A FRE L7 (n =3, Table 1-6)o T72bH, 100
gDEE & EAHMEHI2100 mLOMKEINZ 725 O % &
ih OB e S K X (High-quality shredded no7: with
distilled water ; LN, HWIX) & L7z, 10gD&mE %
EHRHEEIZI0gD T ¥ 7B L T100mLOFK % Il 2 72
bOEEME T Y 7THINKX (High-quality shredded
nori with kombu koji and distilled water: LI, HKKWIX)
& L720 100gD i B & &AM 12100mLOFiAK 2 41
2720 0% E HES /KX (Ligh-quality shredded
nori with distilled water ; YL F, LWIX) & L7z, 10g
DOITE & ERMEEI1290gD T » 7H# B L 100mLO#l
KEMZZZDDOEESE T > 7HMAKKX (Low-quality
shredded nori with kombu koji and distilled water ; A
T, LKKWIX) & L7, #N6HoiHiaad L]
P ERAEE, 20g850mLE L E IS HEL, ERcH
ALTNT T4 VATHEMLI, 20%, 10CTHEL
0H, 60HB X T120H RT3 (5 v 37, &
EBLOESET I M) BIOAEREREYIT-72, 2
NH A OHKWX (10C) B L ULKWRX (10C) @
FEREHET L LB, KRRV EZHVTOHB X
U120H 0 G 217 5 720

BRI 5 o8y HEld AR A 5 BUR04g % HL
DL, EHBIITESNEE (vario MAX cube, Tl

AU E = Dy pASE) it L, 28FErH
L7z, BoNEEHRRICY V87 1R51625% F LT
ooy EEE Lz, EEEII&EHBRX D5 HE001g
AECY L, MK TLO00REARL 72142, 7V 3 — AW
RAEREERIE L L2 7 2 ) — VERERER I CHIE L 72%, i
BT X BREI302g0 Y v TV E1SmLOMIK & X R
A L7, 15000 x gTl0m#Lardt L, FEA T R
L7z COFERE MM R L, BEURL 72 1 ATk
T5mLIZA ATy 7L CHPLCIZHEL, # T 2 1EShim-
pack Amino-Li (B &4t B EAT ) & X UV
HHZIZ AT E350nm B & U450nmic CTHlE L 729 F
PR 1202gDH » 7V & 1.8mLoftik & L RA L
&, 15000 x gTI5arwE L L, RiEA % EIL 72,
COE¥EEZIMEBEYRL, BULL 72 EERIIHAKTS
mLIZ XA A7 v 7 L CHPLCIZHt L, # 7 2 (ZShodex
RSpac KC-811 (#rstastt A~ a v vosvr#8) B Loy
UV 12445nm THISE L 729,

AEBRE KA 52 1L, BCPH:H
(BrA St = v A 8) ETHIE BRI L7234 b b,
AE01gZ I L, 0.85% B A 1E K99ml%E i 2 T
100 MR EER L7z EHIC2mLTy XY Fa—7
WCCHFCRIIA B L, 10658 X O10R5 A B & 7R3
L7z ZODf%, BCPFEREEHIZ0.2mL O & ARG EHA T
ERE, TV T - UBTHEICEKLL, INEHHIR
FIZE A 2/ OEB L, 24C ClAH %%, HE L.
MEB L CROI 0 = —DEEFHL 720 TDOFIFMEIC
B e UCalkl 1 g472 ) oA wWE iz B L7z,

KRR MM R IS L 2 BRI 1 =
2 8B £ UWUchida et al.™ O FEIZHET X, SR % HK
TAORE F 72 132065 72 b DA Gl L 720 T b5,
BB AR08 HR, DAt o ZRIZ4065 AT
ENENERGT ZIT o720 BONTAERIZ0 HixE
HME (0) &L, 120HB L7, 2B, T—F1F1
SRERX 12D & 2 [A] (Tables 1-9, 1-12) 3 & 0° 3 1Al (Figs.
1-11, 1-12, Tables 1-7, 1-8, 1-10, 1-11) F[HAIL 7=

MET IR M RHLELIZ D W TlE — e & 5 B AT
(ANOVA) %47\, HEEDBOONIHBIZOWT
134 & i HiE (Bonferroni) # 47 - 72 (Figs. 1-11,
1-12, Table 1-10), 7z, BREt v TH L N4
IZ2WTIZ 0 HH &120H HIZBUT 3 BP0 #OMsE
(Student-thi5g) % 1T-o720 TN OMEITT 7 LIV
RIS TITY, ABEOHIEIIP <0058 L7z
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BB B OMWIRE Table 1-7IC7R L7z EanBEB
L OMR AR MEES OL iE 132564 £548 L 185718, K4
1342038 L U84%02%, 7 > 737 13540228 L O
248%52%, WEEET I/ Wr1349430+12358 L 1N17582+
152.2mg/100gTd - 720

BEREM  EM ORI, % Table 1-8127R L 720
EmEB L RS EREROT I 7 — EIEHIZ1690+
788 X U2039+5 1units/gll ThH -7z 7HT T — il
112149 +048 X 08352+ 09units/g TH -7, T 7
MWo7ar 7 —CiEEEEmEEER L FRETH - 72
2, TII7—EEEIIR SN ol v T
PR E SR TRO SN0, EElEEHEE L0
Y THTIIRRO SN D072,

HELEEFE WEMOMKAEFE % Table 1-91 R L
7o B BB X UMK 5 E i OGIeNAciZ048 & O
03mg/gh, EmE B L VRS EEEHII758 L0
107mg/g¥, 2 7#I1F09mg/glTHY), TNHh5H

Table 1-7 Details of two types of dried nori Pyropia
yezoensis used for the present study

High quality Low quality
Production date 2018.1.10 2018.3.18
Grade 1 6
Unit price
(Yen / sheet) 1362 3
L* value 254+54 35718
a* value 24=01 24=06
b* value 1.1£01 11614
Moisture (%) 42+03 34+02
Ash (%)® 122+0.1 25+20
Protein (%)* 540+22 248+52
Aw (%) 0.949 0.954
Free amino acids 494301235 17582+ 1522

(mg/100 g)

* Ash and protein contents are shown on a dry weight basis

Table 1-8 Enzyme activities of seaweed koji

Amylase activity Protease activity Mannanase activity

Seaweed koji (units/g koji)  (units/g koji)  (units/g koji)

Nori koji

(i o) 1690278 149+04 ND
Nori koji 2039+51 352409 78+00
(low quality)
Kombu koji ND 189+0.2 ND

ND means Not detected

19

Mg LMW AEFT R EN2N, 25, 19, 536, 768, 6.1
g/ TH -7,

BIEREEMHE HKX (100) ToOy /370
HHTIE339205% %7~ L, 120HH12356+0.8% & A 7
WL Tz (P < 005)s —7%, HKWIX, LKXB X
OULKWX TIZABEARZILIZR SN h o7, EfERIZD
WL, HKXBLUOLKREAHEICH AL (P < 0.05),
HKWIX B L OLKWIRIZ R AME A3 720 S iz, T
IEREICOWTIE, HKXIZ120HHZIZBWTOZEILL %
Mrorz—7, HKWIXiE 0 HHI22168.5+170.2mg/100g% 7%
L, 120H B2 5T X1£10287.1+1489.0mg/100g%, 10T
[X T 1315229.6+3354mg/100g%, 15T [X T312525.3+
1021.1mg/100g% 7/~ L, AEAMWMAB RO SN2 (P <
0.01)s LKIXIZ 0 H%122935.8+71.5mg/100g% 7k, 120
H12 5 CIX131106.3+177.8mg/100g%, 10T [X131477.0
+2075 mg/100g%, 15C[X131834.0+198.2mg/100g% 7k
L, HELRBAPEOLN (P <001 —/), LKWIX
13 0 HHI121801.5+170.2mg/100g% 7R, 120HHIZ 5 CIXiE
3999.2+87.8mg/100g%, 10T [X(%5341.0+103.3mg/100g
%, 15C X 134114.6+308.1mg/100g% /R L, A & 7 H 0
ARRDHHNTZ (P < 001)o —MAEREKIZOWTIE, LKW
K& & HKX, HKWXBXUPLKWX TI20H & ICH
ISP LTW (P <001, #EICDWTIE, HKIXB
SUHKWX TIRI20HAZIEABEIZHAD L TCwie—F (P <
005, LKKBXULKWIXTIZ5 CHREBRWTHZ 2
BIXFRD SN o720

E2kFEEEAR (FREES) SnEESEZHHAL
BRI A BT 2 500 B L AW o R % Fig
ISR L7z & Y282 B®mIZOWT, T RTORERKX
TI20HBZIZ BT 2 ABLRBBIERD SN e b o7z (77—
& RAH) . EMEICOVWT, HWX TIZ 0 HH 228+

Table 1-9 Results of N-acetylglucosamine measurement
and quantitative estimate of koji mold
contained in dried noris, nori kojis, and

kombu koji
Sample Quality N-acetylglucosamine mol}jscteizﬁlgizgtity
(mg/g koji) (ng/g koji)*
Dried nori High quality 04 25
Low quality 0.3 19
Nori koji High quality 75 536
Low quality 10.7 76.8
Kombu koji Common quality 09 6.1

* Quantitative estimate of koji mold was calculated from the N-acetylglucosamine
(GlcNAc) value based on a parameter that Img of mold cell contains 139
u g GlcNAc.
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0.3g/100g%, 120H H120.8+0.4g/100g% 7/~ L, HKWIX
TIX 0 HHIZ17+01g/100g%, 120H H120.7£0.2g/100g
Zx L, HKKWIXTIx 0 HHIZ1.7+0.2¢/100g%, 120H
Hi21.0£0.3g/100g% /R L, T XTORBEXTHE R
MRDHOENTZ (P < 005, EHETI /BREIZOWT, HW
XTIl 0 HHI22386.8+417.2mg/100g%, 120HH124099.2
+2359mg/100g% 7~ L, HKWX TI3 0 H H 1221685+
170.2mg/100g%, 120H H1215229.6+335.4mg/100g% 7~
L, HKKWIXTiZ0HH122394.7+150.2mg/100g%, 120
HH1212101.5+1042.5mg/100g% KL, T~TORERXT

B 5Nz (P < 0.05), AREIZOWTIE,
HWIXIZ 0 HH®D70+0.0 log cfu/gn5120HHD74+0.2
log cfu/glZ#hNL 720 HKWIXIZ 0 HH®9.1+0.1 log cfu/
g 5120H HD8.1+0.0log cfu/gli B EIZIEA L7z (P <
0.05)s HKKWIXiZ 0 HH®D7.0%0.2 log cfu/gn>5120HH
D87+0.2 loglZHEIZHML7- (P < 001)s #EHIZD
(@)
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WX TRTOREBRKX TI20HZICE BRI ILZRO b
Iedpotze KA MR Table 1-10127R L7z 120074128
VT BT BEER 13 M MHK X A71413.3+402.2mg/100g,
HKWIX #93772.6+5074mg/100g, HKKWIX 7%4639.2+
36.2mg/100gk %2 1), #¥l27 T ER L FERE OB INATEEE T
Ho77

EkmE EHR (KRREED) ROEEHESZHHL
AERIX BT B o8 L AR OHER % Fig
1-1210R L7ze #2287 HEmIZOWT, $XTOREKX
TI20HZIZ BT 2 AERBIERD SN e o7z (57—
¥ K)o, SHEEIZOVT, LW TIZ0HHIZ56+
09g/100g%, 120H H121.1+0.3g/100g% 7< L, LKWIX
TI1Z 0 HHI225+0.7g/100g%, 1201 H122.0+0.7g/100g
%L, LKKWXTix0 H H1232+02g/100g%, 120H
H1222+02g/100g% 7R L, LWX 3B X OULKKWIX TH & 7%
WOHRRD STz (P < 00D, 8T I/ BEIZDOWT,
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Comparison of components (total sugars and total free amino acids contents) and viable count of 707z in the

taste improvement test using high quality #zo7:i. (a) total sugars, (b) total free amino acids, (c) total viable
count, (d) mold count. Data are shown as mean (bar: SD) of triplicate tests. Asterisks (% and 3 %) show
significant difference (P < 0.05 and P < 0.01, respectively) against the initial sample. The data of HKW
showed the result of OFC test (HKW cultured at 10C) again for easy comparison.
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Table 1-10 Organic acid composition of HW, HKW, HKKW, (upper table) and LW, LKW, LKKW (lower table) after
120d fermentation

Organic acids

(mg/100 g sample) Hw HEW HEEW
Lactic acid 174+ 137 489.7+3119 136.3+53.6
Acetic acid 1834+ 851la 897.9+102.0b 1945.6 + 22.6¢
Oxalic acid 628.6 = 206.3 1062.5+284.1 8270+224

Pyroglutamic acid 355+ 16.1a 994+ 154b 1579+ 95¢
Malic acid 141+ 116 183+ 11.1 95+ 40

Succinic acid 358=* 19.5a 503= 47a 1206+ 4.7b
Citric acid 370.1+=119.6a 957.1+1489h 813.0+28.0b
Formic acid 4+ 35 89+ 15 <0.1
Propionic acid <0.1 <0.1 80x139
Isobutylic acid 72 88 128+ 118 349+158
n-Butylic acid 139+ 179 5= 48 138+120
Total 1309.9 +382.1a 3602.4 =619.6b 4066.6 = 67.8b
Organic acids

(mg/100 g sample) Lw LKW LEKW
Lactic acid 295+ 476a 4085.1= 75.1b 3936.8=317.8b
Acetic acid 145+ 139a 4752+ 70.0b 384.3+110.9b
Oxalic acid 4429+ 165.2a 9665+ 66.7b 1070.1 +270.3b

Pyroglutamic acid 187+ 10 227+ 03 193+ 169
Malic acid 89+ 80 <0.1 230+ 399

Succinic acid 450+ 319 609+ 30 717+ 286
Citric acid 4938+ 530 5643+ 64 5464+ 609
Formic acid <0.1 22+ 39 <0.1
Propionic acid <0.1 <0.1 <0.1
Isobutylic acid <0.1 <0.1 <0.1
n-Butylic acid <0.1 <0.1 <0.1
Total 10533+ 148 1a 6177.0=210.4b 6051.6 =625.8b

Values are given as mean * standard deviation
Different letters indicates a significant difference at P < 0.05

LWIX T3 0 H H122685.1+479.8mg/100g%, 120H H |2
1358.8+74.8mg/100g% 7~ L, LKWIXTix 0 HHIZ1801.5
+212.0mg/100g%, 120HH125341.0+103.3mg/100g% 7k
L, LKKWIX T30 HHI22294.1%176.7mg/100g%, 120
HHI25379.7+62.1mg/100g% /KL, LWX CTHE &)
(P <005, LKWIXBXUOLKKWIX TH Z & NA 80
SNz (P <001 ABEIZOWT LWXTIE 0 HEIZ70
£0.0 log cfu/gZ, 120H4127.7£0.1 log cfu/glz¥ghnL 72
(P < 0.01)o LKWIX 1381%0.1 log cfu/gh* 58.3%0.1 log
cfu/glhnL7z (P < 005)s LKKWIXi370%0.2 log cfu/
gh58.2+0.1 log cfu/glZhNL7z (P < 0.05). #EHIC
DNTUE TR TCORERIX CI20H R IH =R B ILEED 5
N7 o720 120012 BT 584 BB & 1 (Table
1-10), LWIX%%1080.8+138.7mg/100g, LKWIX75378.8

+1720mg/100g, LKKWIX %%5259.52 * 486.0mg/100g &
%0, FRCILIRE L OBERROBINAEE Th 5 72,
REE UM BEm LRI BT AWE L T
W% Table 1-1112/R L7z 2B, 22 TIE0HED
T8 &M (0) &L, B 1L R 5 LR
AN20% U LEHBZLERLTEY), BREFHICBWT
DEXELLIENTELLEEINTVWEY, T7) F—
Toa VT ORER, WK BB LUK, B (G
BREB &L ORI, BREK, dEK, R (kB X ORER)
D8IHHDH B, B AR 7THELTHATEETH
B EHME S N, BARIIZIE, B HIZ408 AR TO1,
0EMMTOT L F AR L7270, 2 TIERSL
7o VO THEHOH L, EELEERL, »20HE
F120H B TEN LU LS > 7-2REHIZUTOE B



(a)
10 -
8 a
o
) 6 - stk
< Kk
I
g
C%Sf 2 - ﬁ m
=
0 |60|120 0 |60|120 0 |60 [120
LW LKW LKKW
(b)
20000 -
W
S 15000 -
<
Eﬂ k%
2 10000 -
o % sk kg
«©
= 5000 * ’
: {-W
[}
£ Oﬁﬁﬁ ﬁm
0 |60|120 0 |60|120 0 |60[120
LW LKW LKKW
Fig. 1-12

12 -
. k% *
10 A ’
5 I
Q
g s = mER
= 6 -
]
8
< 4 1
Q0
=
> 2 4
=
g
= 0
0 |60|120 0 |60|120 0 | 60120
LW LKW LKKW
12 -
10 -
“on 8
N~
£ Ex —}_I_
on 6
3
£ 4
5
g 2
=
0
0 |60|120 0 |60|120 0 |60 120
LW LKW LKKW

Comparison of components (total sugars and total free amino acids contents) and viable count of 7zo77 in the

taste improvement test using low quality nor:. (a) total sugars, (b) total free amino acids, (c) total viable
count, (d) mold count. The Data are shown as mean (bar: SD) of triplicate tests. Asterisks (% and 3k %)
show significant difference (P < 0.05 and P < 0.01, respectively) against the initial sample. The data of LKW
showed the result of OFC test (LKW cultured at 10 C) again for easy comparison.

ThbHo HWX TIZI20H 412 RO A 5 2 B3 7 S
N 7% o 720 HKWX TId 3 BREH A-1.0201 (P <
001), HEHA82=10 (P < 001), HPKRA-26+02 (P
<001) Tho7zo HKKWXK TIZFHHIEERAM46+08 (P
<005), BWLHA23+£02 (P <001), BEEHEA-30 +
04 (P<001), ¥EMA-150%24 (P <001), MM
7339+05 (P < 001) Td > 720 HWX TIZ R A28
£08 (P < 005), LKWX T HEgHA-16+02 (P
<001), BMIEHA-30=01 (P <001), MEMEA06+
08 (P < 005), #ikA-48%03 (P < 001), {&5HE
B3 Y THNIKX CTIREEK2230+£04 (P < 001), I
BRA-74+14 (P <001) THo7z

Z —

AREI TR 2 -\ W75 & o TlElE T 3/ BRAS
B L7z [#RGEE | Oz A7z, HFEIZHZ,
FFEEMERS, REEFEBI Iy Tesene
N ZIER L 72 GletNAcE # £ ICEBH (4.
oryzae) M 2MOWEM TEBTL TV, I L MR L
bOoD, I THEIBEHIEEFTL W adro
(Table 1-9)o 2D &9 ICHHAEOLEFIZEIRD SN
ZERE LT, WEPICETNDIKTH L e
e FEBEIS, KA R B A8122% (Table
1-7), MRSVEBEDT78% (Table 1-7), 2 ¥ 775238%
Thote (F—FRik#) . FES DT 725 % Bk
T, WEFOIKGD20% % B2 % L HWOEEDEL
ol Z LEMHRL TV,
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Table 1-11  Taste of HW, HKW, HKKW (upper table) and LW, LKW, LKKW (lower table) evaluated by a taste-
sensing system
Taste HW HKW HKKW
Day 0 Day 120 Day 0 Day 120 Day 0 Day 120
Bitterness (F) 00+0.1 00=0.1 00=0.1 -1.0=0.1" 00+0.1 46+0.8"
Bitterness (A) 00+0.1 01%0.1 00=00 -02=0.0" 00%0.0 -03=0.1"
Umami (R) 00%0.0 -04=£0.0" 00=0.1 06=0.0" 00+0.1 00=0.3
Sourness 00£0.3 0508 00+0.3 82+1.0" 00£0.2 -30=04"
Saltiness 00*0.5 -0.7=0.6 00=0.2 -26+0.2" 00£05 -150+24*
Astringency (F) 00=0.1 01+0.1 00=0.1 -02=0.1" 00%0.0 39=0.5"
Astringency (A) 00%0.0 0.1+0.0 00=0.0 0.1+0.0" 00%0.0 -03=0.1"
LW LKW LKKW
Taste
Day 0 Day 120 Day 0 Day 120 Day 0 Day 120
Bitterness (F) 00+0.1 00+0.1 00%0.2 -16x0.2" 00%0.2 -09x04"
Bitterness (A) 00%0.0 01+00 00=0.0 00=0.0 00=0.0 -02=x00"
Umami (R) 00+0.1 -02=0.1 00=0.1 -08=*0.2" 00+0.1 -0.1*0.1"
Sourness 00%0.2 28+0.8" 0005 406+0.3" 00+0.1 23.0+04"
Saltiness 00+04 -26*13 00=0.7 -48=+0.3" 00+0.3 7414
Astringency (F) 00+0.1 0604 00%0.3 -04=0.3 00%0.3 -02=0.7
Astringency (A) 00%0.0 0.1+0.0" 00=0.0 05+0.0" 00+0.1 -0.1=0.1

I means first taste, A means after taste, R means richness Values are given as mean * standard deviation
* indicates a significant difference at P < 0.05, ™ indicates a significant difference at P < 0.01

For abbreviations, see Table 1-6

NS 3MOUEEAOMEIRZ T 5720, 77—
¥, Fur7—¥BIUv~rrF—EiEtrH .
Uchida et al. ™ (34 & Ak )73 TREH & KA ORE
FEEERELEZA, 7TIT—EEEIZERLEN
42308 & U2320units/g#l, 707 7 — B iE 135628
X1 7 1units/g CTH o722 L B #HE L TWbH, —7,
KENZBIT 2 mEmmE B & OIS E S 2 ORERH I,
7 27— EiEENENEN169.08 & U203 9units/g#l,
7077 —BiEMEH14.98 X 0835 2units/gE TH V), K
TR L ABREOENE R L7z, 72, BaEEE
AR EE S CREERIGOES RO bz, I
BHEOAFTHREDEIZ L o THELEER b, T
YTEIZOWTIE, T3 BiEESRH SN o7
Lo ® (00lunits/g L), 7o 7 7 — Bk
189units/g#l &, WEHMEFBRETH o720 TD I I
RS L 7 EIR B S s L 72 1R, RS OB
FEABRI W CBIE 2 58S (S O, BiAEIREE,
BB LOKGEERE) Z#H~7,

W IE RS BRIC BT 5 7 VX HEIZDO VT,
5C B L UI0C OHKIX % B\ CT120H £ 1278 & 7 89 %
FRBO LN A horze 2O, ABHIEFIZBITS

EEFREITIETHSLIEERIBLTVE, &zl

DWW TIE, HKIX, HKWIX, LKIX # & O)LKWIX T120
HZRIZHRAD LTz 212001281 AHKWIX B
SULKWX THABmA L CHEEFNTVL I EDRDO LN
72728 (Table 1-10), FLERZEMEIZ & o THEADSHA L 72
TREEDSE Vo BT X/ BRm 2OV TIE, HKWIX B
L ULKWX CI20H A ICH B RIS ZBo 5z d o
@, HKXB X OLKX TIFEHZE 2 BEINEEED 5 e h o
720 SORERE LT, 7UT 7 —BIINMKGHIZL > T
5N ERGRT LR TH LD, Kbl L
THMAMEE S I, BT IV BESIML-EE 25
N7zo 72, LKXIZERET I/ BEOWHL RO SN
72, SRS XD B OGRS E LT e S
KOl 7 I e B L2 TR E 2 5
N7ze 72, 1200 OERET I/ R=IZHKWX TIX
5C T47f% 10C T70f%, 15CTH3fEL &), LKWIX
TIZHT T22H5, 10C T30fE, 15CT23fETH -7z, &
NEDOFER, S, WIEREIZIOCTHL EEZ SN,
D2 EIFHKWIX % v TL0C X O — g A s $s o
REBX L) Dol bbb FHFEns (F—%
Kib#)o 51T, KEMA LI & THlET I/ BRAHH
FZiHINT s E2oNb00, NKENPLTES L
AN 28 ND S L7, BWIELRmIZD
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WIS BFEMICRE T 2 LEDRH S, T2, HKWIX
ELKWXIEH & b HIMEm 2R L7zb oo, T
I EEREIIRR > Tz, TOBEME LT, BEICE
FNDY NI EREIIEAESND EEZ LN, ¥ NI H
WOLVIEET IV BERR LS 7D EE BN,
I0CCI20HMFEE L2 2 A, OHRBRIZERTER
ML Tw27 I VEBREFIATLUTIZR L7z, HKW
KiZBWTIE, 79=> (43963mg/g), 7 A/NTF
FE (13900mg/g), 9 A ¥ ¥ (11079mg/g), 7V % 3
Y (11127mg/g) BLUNY) » (9116mg/g) T -
720 LKWXIZBWTIE, 79 = (19660mg/g), T
4 > ¥ (4090mg/g), 7NV ¥ (3461mg/g), 7 V¥ 3
VB (3222mg/g) BLUT ) T v (2466mg/g) TH -
7oo SHIZ, WHET I VBREERT IR (FVE Iy
MBILOTANRGEUE), WR7I /R (72217
S=v, Fuiry, TVX=Zy, uAfvr, 4vaAfy
VN Y AFF Y, CAFTUVBINY) YY),
FRIRT I VR (T AT F ) O3DIZ45ELY, OH
HBEI20H BRI Lz 2 A, HKWKTIEEKRT 3/
Bk 1356.37° 524599mg/gll, TR 7 I/ FBEIZ228170 5
4531.4mg/gll, BEWRT I 7 BR1319.22° 5 1.0mg/gbl T &
olze —J), LKWXTIREKT I/ BRIZ51.0% 5
331.8mg/gll, THHET I EIX111.87% 51454.1mg/gl,
BRIk 7 I 7 [813424.3mg/g? 510mg/gbl T & 72 - 72,
COLHIT, BEHRBIOWHRT I VBRITAEICEML 7
boOD (P <005), BWT I /ERIZFALTED, B
By JofEE - L TWidh oz (Table 1-11),
DL BAEDPBOONRRNE LT, HHEOR
BPEZEZoN, B ZITRE L 2B L ERROEIE
AHEIRDSE L TV LWL E V. 2O X ) ITHTERR
12X BERROIEINC & o T, WREX V2B % 5%
BRI IHI S L E 2 bh/ze HWIX, HKWX
BLUOHKKWIX ELWIX, LKWIX B X U'LKKWIX T120
HZIZBI 2 B HIROEREDEE ISR > Tz,
I, BEEIE ST Y TuhicE s el
7% < (Figs. 1-11, 1-12), FLERFEREIC X o THEDNH
SN, ENELoIErER SN0 EZ LN
(Table 1-12) o

W IE SRS BR IC B A EHEUILKWIX % B ¢
1200 RICHERE GBI BRD bz, 4B, KETIEA
VLM OB A W L, SOoWERO Ta T 7 — Il
Lo TH NI HEFHREEDL720, ITREMETTOSR
BRI E G L e o 720 0 HIRICBIT 2 2 TV
MR & 7 AR S L7228, 60H 2B X UF120H 412

A L Twiz, AR TH L7720, Tk
AN HILEDZREETICBETAZH AL THEY
fTofzb2h, hCZHAEmARD bhiz, —7,
WIS L OMIF A CTh b 720, — i EEE -
THHE L 72 # 2 5Nz, COBME LT, EaehsE®
EIRATHONTESL T, BES—HMEILENITE > T
7o REMEATE V. F 7, 1200 RSB AL TV
M AS10~10F L NV THEEFN TV, AORE
PEDRE N EIFE Z IV, 2O, BURlES % BT
TR EEL7-010F, MBEOBRIE Vo 2O R e
EEOLLEDND D,

SR EREBRICB T, ¥ U7 BERIZTRTORER
X CTI20H #&ICA BRSO b, 2= dHKW
X&BWTHEICHA LT\, HEEE7 3 7 B (dHW
XTIZ176%, HKWTIE7.0f, HKKWIX TIZ51TH -
7o—7, LWXTIEBMEA S d, LKWIX TIZ30fF,
LKKWX Tl323fF o 258 & 7z (Figs. 1-11,
1-12) SO LIZHMEIMZ A ETY VX7 EO51#
PARAE S, WEEET I AR SN L ERIRIEL T
BY, F72, BEUMED S B L ORI O BE I3
BET IV BROEREIEET L EEZ N,

120H %1281 2HWIX, HKWIX, LWX B L LKW
XIZBITF 24 > TIVOWHEEEIZOWT, LMEIEZZN
ZN212, 218, 1958 L U213 TH - 72, a*fHiX39, 3.3,
14B X V02TH - 720 b*HIZ08, 25,318 L U20TH -
720 AK431E50.2, 602, 5318 L U616% TH > 720 K5
1356, 4.3, 38B L U28% TH -7z ¥ 737 HIE35.6,
187, 1718 L 1M90% T&H » 720 T ®D & 9 ICHKIX &
HKWE ISR L 7z @ B il & T2k <
D, LWIX &ELKWXIZRE Vg 127 > 72 (Table 1-7)
o, U TIVoMMER ERIICHNIZEZ S, Hr
Mz B ENX o THEDEIML Tz, PlhoZ &

Table 1-12 Chemical characteristics of sample extract
after 10C 120 d fermentation

TFA  Lactic acid Acetic acid Citric acid

pH Salt (mg/100 mL) (mg/100 mL) (mg/100 mL) (mg/100 mL)
HW 6.8 17 102.5 0.4 46 9.3
HKW 6.9 1.9 380.7 12.2 224 239
HKKW 72 29 302.5 34 486 20.3
LW 58 0.2 34.0 0.7 04 12.3
LKW 41 0.5 1335 102.1 119 14.1
LKKW 43 0.8 1345 984 9.6 137

TFA means total free amino acid
TFA, Lactic acid, acetic acid, and citric acid contents estimated from
Figs 1-11, 1-12, and Table 1-10



5, 1200 » 7 0id 0 HZIZ I TRFARLHME DS
AL L Tz,

SR ERERIC BT ARE L T a T o R, 1208
BB W THKWIX, LKWIX B & ULKKWIX 1 B2k 0
Bmas, HKKWIX Tl ik & (&R2388 1 L T2 72 (Table
1-11)e 26D Enn, 1200130 Hig L IbRTE
RAZEAL L Tz & F 2 Bz, IS, R EES R
KIXIZBWTIIBRR OB IMAEZE TH V), FERIZ, =%
AHIZBIFLLKWX ELKKWIX OpHIF4.18 £ UM4.3E
RWEEA RSN, BRIRL o7z, BT, ThHD
KAILKIX & R TH RO % 72> 72— (Table
1-12), EHRITEMEB L RS E V- THTKE %
IR SN o7z,

SR RERFC T %, RILEOKERTZERTNIC CTIFZER
3% (B2, &l 4 37~58m) CTIHREEEWD 2
FERANEIC X 25 5 BRestii 21T 72 & 25, HiE
AP R L BRE S X B ERM I AR —3k L T vz,
2F ), HKWIX B L CHKKW X 13 #5350 12 X 2 Bt
A2 L TOWARWHWKIZIERTHERS M- 720 21U
WEEE7 I VBB I UERT I BROBIMARE L T
bHEEZLNI, $72, LKWXE L OLKKWX IZLW
XAZ R TERIR A8 < 22 o TV 722, S SRA Bl =
DOIMAFEE L T 5 L% 2 57z (Table 1-10) 0 F 72,
Fk L D B OFI R TR EOZALARD 5 e
HolzDIZH DL, BRIIERPAEISRA LT
V7S, SISO WTIIREERET X B AR S Vo
TR AEI L, FIHIRIRIC & o TR L 72
bOLEZ NIz, WHEL v EEREEHEOESEIZD
W, BEWOENIIKEY, 72l 2T TF0 Rh

IV R EOKEWIIBNTOIME SN TS, REiD
EREFHHIZE SR LD TIEDH D00, P EORKE
WL VY OBEASEEZFHFTLODTH 5,

Alal, HEBET I BRE BN S 23S R AT S
720, HEBLUANCL 3 THEMS S TREZ T 720
MO, 72 & 2137 B E 7 Sarugassum horneriza,
VIV T X Ecklonia stolonifera#¥, 7 7 W Ulva spi8 7
EOWERIPHEINTVLEZD CREL), 2hbHo
MME ) TS LMAEDETHRSIEL LT, Pk
WEDOERD S S LT A REMEND %,

RENZ B 2 E 2 HIE, BHGHS %S %9 2T,
2 OFEWEZ BT B Il 7 G B X OB DR %
oSN, BEEEHH) 2 LICL > THEDEREZRL
HITHIETHY, TRGBBBEDORELIT) 2L
FHMTIE RV, e LT, WElegses2 L

25

TT7ROERET I /REEAT L EIIEIL, »OE
RAVEAL L 722 E 2SI LTz S RIOKERN S, iff
BT FC 7 72 i) TR | ORFECD 2D %
ZENMREEN D

F28 YHAXREOEHELELVFE

SHFXEFA Y RT IR~ FEOMEAT, HEARSH
B2 E12504 LT %%, IR CIEHES L OO
e MERFEMEGTERICL DI FOFETEELTD
N, 20174EFE X ENAER D 9%I2H 72 516,148t (R f)
) PAEESNTEBY, 2ETH AR ) FEHE
W& 7o TWDHY, FAETIE, EER RIS LRI
A &P G EA AL & o TRIILEE S % [
ir& | Lzl e L Tws, 2o [MilrE] 11,
—IEMIZ X B LA, LYY T4 VAT A
DA, FAEEE X O EBEERAR LTl
D, EEMELITHEIEE L T [Ze - ZOofily & ]
ELTHITL, 79 MMEEM->TWw5bY,

AL, ShETIE [RIL2E] ORMAFHb L 725
BlE7 <, LR XD 72D DFTENAL L TWDE DN
BUIRTH 2. HEHIZ [MiLrE] ORKEEEL DY
RYICHRL, WEILKEHS 9 2 ThH, BEREHL
T A LREETHL, SHIZ, BERFEELZHS IS
T5HZET, HFORKRIIS U EORE L WEE
b,

— I, BRI BV CIE BRI AR TH S
bOO, FEEEB X OEREZ G 254, EAB
SOBER U SRV E—ERER T2 L 38 L <, B
RERTAM O P BR A I H EfiT 2 2 L bEE LD, &
S, Y TNV E SRV GBEORRDP N,
i H# 7% o TL AW HEM D D 5 7290, BHEEOH %
T =8 %45 % 12O\ ISR AT & B BB % BUERT
AT BN D %o

WAERZE SN2 E L Y E, AOFEEBL 72 AT
ML CEROBMZELZFIITAZLICLD, BREH
LT 5 ENTELEETH LY, COWEL V%
JHVC, Kitaoka et al. ™ [ ZEHAE T 5 7 F DO EKS
MafTo728 A, BOGHORKREMAR—FL T
&, HILS® A IOHKERRIZBWT, KRt
Y EERAHMEA RSB L Tl e R E L TE
D REY DY OREIIEWwE SN TWS, L2255 T,
COWEL I EHWLZET, EROFHELB LV
FERBOZEZFZBNHETEZ 22 E 2515,
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ZIT, RETREIIAOI X AL, WL
A& TR E 7 X O 2RO FEZLE L 02016~
I8FFREIZ BT 5 BIRDAEIE 2R, EREEIZOWT
PARD LB, WREE VT EEREEHEE 0BAMIZD
WTHRE 2175 72

mHEFTE

ZHETLEBRARE —FrHEL CKHoT7T—s %kt
B A0, 20164E 1 A A5 128 ICFILE#EE T EA
e s Nz ¥ (LUF, 8ANF) 2EH 1,
MRS 2> 7)) 7L, BT ERLIET S L
EBIT, BRI EiTo7, b, HBRICHW:
BN F LT RT20144F 8 AR CTHRIG#, #2851 &
N7zbDTHb, ThHid3, 4ffkx 1oy LT
Bk OBUKIMHLE I L7z b, 4 34 EREO
BafR L, Rille L7,

FHBHABRARH 3FEMICB 2 2ROLH % g
T 5720, 20164FF (20174 2 H15H ~ 2 H28H), 2017
R CI4E2 A8 H~2HI15H), 20184EFE (1942 A
8H~2HI15H) 2BV, BILRAND 5~ 7 g T4
EInfzbxghx (LUF, WILEESDF) BXOLE
XRE LRI Z BRI O 7 ~ 9 i TH E S
et xgh % (LT, BAED*) 22N EThAFL,
GHTEAT 5720 CEFNFOAFICH 2o TIL, HEE
OBZEER % FE L, AR SIT 2 HUND M KY)
DA EEEETETHEAL, OMICHRK Lz, 28, M
BITARY Y 7 % % B L T WilEs I B L TE, sk
st & 7 F OB 2 MR Lz, 72, WA ED F 0
BEIZHzo T, I FEBEAL, HCYHPIZRILE
IKEWFZEHTIZ R B AD 2 HFANO S D& Fwz, Zhb
TR R E R 2 G, R T L 125 ~10MEk % 1
oy MELTEURIMBLE A 47, gy T EICHE R
YA L7z 20164F BEIXRILULEE 77 25141 v b
(n = 140), WALES FH160 v & (2 = 145), 20174F
FEXRILEE S X 25210 v b (n = 210), WHEED X8
218 v b (n = 210), 20184EEEIXILIREE 77 ¥ H521 0 v
b (= 210), BAVEES 53270 v b (n=263) TH Y
Bon7—% (FH200 v b) (ZERE T &1L E
BLOEMNESFTEHHEEZERL, Tz nilbiks
fTo7z0 B, FLBEREBRIZOWTI, FAfICH FAEE
FZADOEERY 2iTo726 25, 2 ADH X959 FEK
LWEDERDNH D, FEE L RN & o 2rk L
BETINEEOERD D 572720, MINEED B X
CEMNFED D3> 7)) v 71k 2 BIlA o 72,

BMAKICED T X AMENIE Aoy T EIZT7—
K7ty —THEMI%, 10g% 50mLis L 12557 L
MK THRBEREIT o720 ZDM%, HhEAKT TLOH
MBI % 47 5 720 INERIOKKAIZRIE L, 305 %
ik, w0 EE (7000rpm, 1047, 4T) Z4T7v, R
BAEImmF A Oy Ay (77 RS
THEMEL7-d oxBukitimy A2 (LIF, =% R) &L
729, B, MBGMHIRL FHHEkE LT, 597
VOREx 3R LFHIL72& 25,799+04T (1
[H), 802+05C (2HH) BXUT79.7£04C (3H)
ThHY, AEEVPRON o770, SRR EL
72 Y TV OMBRARE I TN E—ThH - 72 & A
L7,

KEEUYME SO FAZKREL ML
720 OGN B L O Lz v EmOMEITE 1 %=
2EDOFM LML LTz,

EBESEE 1747 HL20 ICERIRRERIC BT A T F
ADERFNZ1T 5720 Tbb, 20164FE OFEZ LA
B Lo 20852 Hvs, BILEES * (14
oy b)) BXOESELS 160y ) 2260y Tk
(220mLg Ot L, 2 2iuREe L CERERHH o [
INEREB X RS ES FOTF ZARER L 720 ZDH
-80C T fRfE L, ERERHEL H WA L T3 CICHE
RERTANT % 520 L 720 FEREIZSEN B, )11 OFFEIZLD,
FRFER T A M ICARE L 7 Rl K T 72 i 55 VR 5 &
124 (20~501%) #7840 )v & LTl L, BRERRA 2 47 -
720 BRERHE T 2 MR ERBRE A Ve, R EE B
JOENFEN FOLF 2B WT, HE Bk Bk
FEk B L OMERRIC B 2 2 B O AT 720 TF A
WFELGICIDFOREL, 2F %2 L TR EVIZ
AT+ 1 =ML 72,
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Table 2-1 Mothly changes in the taste of Pacific oysters Crassostrea gigas evaluated by a taste-sensing system

l\igrllfh Bitterness (F) Astringency (F) Umami Saltiness Umami (R)
1 00=01 a 00=00 a 00+02 a 00=01 a 00=0.1 ab
2 -1.0£0.1 ab -01£00 a 1.1£01 a -08+02 a 1303 a
3 -1.1+0.2 be -01%01 a 03+0.2 ab 00+06 a 01x13 ab
4 — — — — —

5 -0.7+£04 ab 00+00 a -15£06 b -41£07 Db -19+£03 b
6 04+05 ab 03+04 a -22+11 bc 4221 Db -22%x06 b
7 -21%£01cd -01+01 a -1.7+0.7 bc 1.3£03 a -26£06 b
8 -21%£01cd -01+00 a -10£01 b 10£02 a -18£02 b
9 -1.1+03 b -00=00 a -06=0.0 ab 1202 a -08+0.1 ab
10 -1.8+00 ¢ -00=00 a -05=0.1 ab -01=05 a -02=0.1 ab
11 -19+02 ¢ -00x02 a 0.0x04 ab 0512 a 1016 a
12 -09+0.2 ab -00+00 a -02+0.1 ab 0502 a -05+0.3 ab

F means first taste, R means richness
Values are given as mean + standard deviation

Different alphabetical letters indicate significant difference at P < 0.05

Each month samples are z =10

Table 2-2 Yearly comparisons in the taste of Pacific oysters Crassostrea gigas evaluated by a taste-sensing system

Feb. 2016 Feb. 2017 Feb. 2018
Okayama Others Okayama Others Okayama Others
Bitterness (F) -0.3=05 00*12 -01=0.3 00=12 0304 00=0.7
Astringency (F) -0.1£0.1 00=03 -02+0.1" 0001 00+0.2 0005
Umami 1.0£03" 00=06 -05=0.7 00=09 05+04" 00+04
Saltiness 34+=09" 00=24 16+08" 00=13 1.1+06° 00*20
Umami (R) 1705 00=09 05+0.3" 00=05 04+0.2" 00*06

F means first taste, R means richness
Values are given as mean * standard deviation

* Indicates a significant difference at P < 0.05, ** indicates a significant difference at P < 0.01
Okayama means Okayama-grown Pacific oysters, Others means other prefectures grown Pacific oysters
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=7, W, HERB L OHRIZOW T EENTRD 5
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Z £

KETIEL, EREZBELT2REL 2T, [
IR E 77 2 D B ROZFFIZAL B X O I D W TG
217572,

FHIZALABRIC BT, FEGFHZALIED SN
SPRIHH IR, BIRER, KRB L OTEREIRT
Ho7z (P <005 Table2-1)s 512, TNHOIHEHA
IR e & RIMEDEN 1 DL ETH o 72720, FREMIZ
bENE L NI RENEHVEEZ bz, £72, &
EIRIZOWT, HEREIZ6 AlckEEzZ, 7, 8 A
RAMEZ IR L 720 K™ 3AGHEERE DEH~ 77 F 1200

Table 2-3 Sensory evaluation of Pacific oysters
Crassostrea gigas extracts

Feb. 2016 Feb. 2016
Okayama Others
Bitterness 6 8
Umami 14~ 0
Saltiness 12r 2
Astringency 6 8
Sweetness 10 4

Records are for the number of people that identified
the dominant taste of Pacific oysters as either
bitterness, umami, saltiness, astringency or sweetness
during the Okayama-grown oysters with other
prefecture grown oysters.

* indicates a significant difference at P < 0.05,

* indicates a significant difference at P < 0.01.
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R I T VDI REEDS D B HERIL 7 ~ 9 | <,
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Fig. 2-1 Principal component analysis (PCA) and
cluster analysis conducted using the results
for taste sensing system (bitterness, umami,
umami richness, astringency and saltiness).

Table 2-4 Eigenvalues, proportion of variation
explained, and factor loadings based on the
correlation matrix for taste

PC1 PC2
Eigenvalue 2.8 16
Proportion (%) 55.7 317
Factor loading
Bitterness (F) -04 0.8
Astringency (F) -09 0.3
Umami 0.8 0.5
Saltiness 0.8 -04
Umami (R) 0.7 0.6

F means first taste, R means richness



Hi TR T TR WAS, RSO HHM
T AR L SR OKRP—H L Tz, Lo, 7
V) a—r rRHERET I RO, BERD R
AL R IR LI EZ BN,

FEIEACABR T/ O N7z IREER, e, Bk
bR, B X OBEREROSHHOKEEFEH L, BE
AT 5720, ERSOHTI L BT E 1T -
7225 (Fig 2-1), S ERF T THON, TD)
5, B 1BLOE 2 FWRTORRMEFTHEN0% B2 T
W7z72% (Table 2-4), S a HHTE 2 L E 2 b/,
FRAAHNOWTIL, ERSHEAEHKEL, =7t
Vst HWCER G AmE L2 BRI 012, 77
AL =50t (T +— Fik) 217072, %1 ERSOEA
N7 MVIZEHRIERE, B X O BHRBEEASIE O E R
L7zo HRIEEROBMMEEFFOZ LAHMON TS
720 1 ERSIEEROBIEZRLTVDLEEZD
N7zo —7, 52 FWTOEA XY bVIEERER, B
IR, BWRERB X ORISR IEDE %2 7R L7z, 56
2 EAE, HRE BRI RTOEKERP G I T2
Erh, BRROBEIZRL TS EEZ LN, &6
12, IS ofEZ2dD &Iy AT =itk tiorze 2
5, 9~3H, 7, 8ABLXUS5, 6 HDO32D 7 v—7
WCHFHTE L EEZ LN, T, 9~ 3 HIZEKDTR
<, PORETH LEmP SNz (Fig 2-1). R
BT, B FOMIGAEFEFTICH22510~3 HE &
NTHBY, HEENTHWRVIAZEL L, SRIOME
=L Twize LA > T, WX V3o &
ZNPHN DN B 2 BEROFEBIHT X 2 WTREMEAR
S 7z,

KIZ, AEHBEERICB VT, 20164E 2B B LR
BE FAZIRAVIE 7 F & T EBRIEESS10, HMEA34,
BIRBEW®AL7E, EOMERDIRAED F L O
THo7: (P <001, Table 2-2), & 512, EREFFMIH
IXF2AEHVCERFZITo72L 25, MILEES *
WFIRALE 77 & & AT HERB X UG B0 D - 72
(P <0018 XUP <005 Table2-3)s 2D IZEK
LIRRIZBWTC, IRE R OGRS & B RERFM O
RENFIF—FL T2z, REL Y ORlEIEEWwE
Ez HNT. —F, BEWRICOWTIERE & Tl EH
TET, POERIMCTHEESRBO N o/ &
e, MERIZFEH L T o 2 REEDS E V. BERIC
OV, RILEED FIZEMES F LK, »oF
RERFAN C b R D 2 WEHAIR ROz b o0, FEE

B3RO bN o270, HERIZBITARE L Ok

29

EAHONMITAHI LI TERN o720 ERIZOWTIE
BRI Z, HIRICOWTIIRE £ v 2 X 250 % %
L TWaho/le, INHIZOWTHREL YO
WHEZHLPIZTEI LI TE D o7 D2 &
5, BRE X I X B B L RO ML E RERR 2 5
[ ANV RS Y (s

20174E FE VX IRANEE /1 3 & L THEBRATLG, BRI
DOSETFDEZRLIZLDOD, ER1LUETHo 72D
DIFIERD AR TH > 720 F72, 2018FFEIZEAVEE S F &
AT BRIER 2303, BEARIERA%05, JERATLL, IR
BIED0AE IEDOMEER LSOO, #Z1ULETH 72
LDOIIERDATH 5720 ZD LI, TERITEREEE 1T -
7o 3FEM AW L THREICEWHIA RO 51z, —,
FRBIRICBWTIE, 11U EOEIIRONLD 720D
D, REBEEAT-723EMITRTEDMEE R L TW7z,
L72h3oC, RS EICRAVED FH 8% L7280, Bl
HEIETE Wb OO, FEPREL - T BILEED Fid
RS & O EREIRDSTRENIC 5 5 L HER S,

VI EOiEHE 26, RIS F O BERRPIER I I 72
FEIZLERT L LB, FEICEDLLT, CNH0E
IRV H S & EZ Bz, REORKFEIZLD,
R ILUELEE 77 % O BMAFEDSHREIC R 0722 &0, Sk
IR 2L O BRI LB B ORER, H
B TR & ] ORREEZ D) L3RR L
HEIER XD LED D 5o

FIE ANBEOKEFM

R 1L L2 B B AR SE O R E AU D — & % 72
B0, fERRIRIEIC S B 720, AAEO BN I X o
TRE R LE ST DL EPLERTRTH D LD
BN OIEN RIETH 5 7Y 3 R T ONNffiE
T2 HAOERIEETH 5,

RETIE, TFHYF BT EEMEE, FIEES
K OB OB 3B & OB 21TV, 2% BHREAL
T5EELIT, BARAAE LTHRbNILTW ST ORn
flifliim L By E L CTEESIT 2172720

F18 AV IOKEFME

I IIEHERE ORI, WE, JuiHb L O
(37, IEERERHENZ S A 25T 5 =R o Wik
HTh LW, FAENZ B 5 U I FHO MR 13492,100
t (20154F) &7Z->THBY, MEANASEICB T 2 EEHLH
BEREHE 72> T DB, BIRIZBWTH A IEE



30

B KEEY)T, IR T /N O & i 3
STV LY, TR DA ENICH 5, &
D7z, EWHEOMKZAE LT, BERIZINEFE- 724
G (DN, Jagpar =)0 35 L O A 5 R A3 22
CHBDFRLPVERF A I (LU, K7=)97 % o
BORAAT O N TS o —F, VLT X Tl A% i
o —EHIHEEE L CHBEDPIE 2o (UF
WA =)0 @ WVEHHEEFHEL, 77 ¥ MEORHL b
TbhbhTwi,

LL, —&BoHIsizB T, fails L UK =H5
= EIRE S TGS 2 BT L, BIRE
HAEEB LT T v FMUEHA#ET 29 2 THELE 2o
TWwbe TNFEFTICHFIDOHEIZOWT, KR =iEH
B COFHEAER 7280, & LG ST FHFP 1 22,
FEIEI O 7 AR OGN L, ST
FTLHEG L EHPHEENTVEY, RIEIZBWTYH, &
BRIGIZHIN B X OVK AT =3 = X ) BRESS L LS
BRTWBELOD, 6 OEWMZZEIZEHE L 72
HENI Vv Sk, T IBROAMFHRL TS~ F
L% % 72012131, I & OKT = O EERIER 5
DEVERE L TB L LERD S,

Z 2T, AREITIIEE, JEIB X OKT =0 BREDE
WEHLPIZT L0, IS OB 2 E /R
L, TOEKREL EREFMEB & O £ v T 7,
Z O 23 N o RE M OFE AR 2 B L 72 IR
BEx AL, B OEAICE D TR & Bl LT %
BETHHY, ZHIZE)EREOEZHENICIEREST 2
CEEEE Do MRS, —MEELG, WEEET I B
L OERRES #EAL & AT 2 ATV, BIREOZAEDER IS
WTHME 2175720

mHREFTE

SE T MRS B 72 B IR AR T S (Fig.
3-1) T20164E7 H 1 HICE S n/-4ai 7 =B L O'H
9 FISHICHES KT =2 RER I L7220 F 72,
FEINB X OB 23T L7 2 & 72 4 T154E12H 22H
IR TSN AT I 2= Lz, B, 2
DA = —ITHHITB L T B b DTh DL,
NS O TR TSR FMEG (CUT, M) 12K
BT szt M E AR E 1T 5 720 BRI O
FAEZHE, B = EHREZROFLTONTE R
O, FIIFT = ZBOAOIRAET L b0, KT =IZHR%
T EANZILODE Lz, BRI L 724 I o HIF
EAEE Z Table 3-112R L7zo “FIHIES L O FIkE

A AT =£5184.3+11.0mm*B £ V3482 +587g, i =
731965 +21.5mmPB £ 4159+ 1519g, K& =A32122+
79mm®B & U526.7 +658¢TH > 72,

HEOFRE I EMoREFE L, o LzK
REC R IR K EERTFEAT ICHE B A A, TH 5 I ELHTH A % L
DihL7zo 2ok, 3, 4Mk%z 1oy bEL, v b
TLIZT7— FTuty b —THREMETL72%, SIS
M3 2 FT-RCTHHMRAFL, FH9ay MOV TH
Tl 24T 2 725

—MRRAPME "y FTEICELNAHAD) B5g
I, EREOF F AT R AT o 720 KA
13105C W INEEZIR:, IR5132600C Bk b, s
YN TN = WETRO - EEREII625% F L
7h REEEIET— T VLR T L2,

34" 33 N
Collection
site
34" 24 N b |
133" 29 E 133° 47 E

Fig. 3-1 Principal component analysis (PCA) and
cluster analysis conducted using the results
for taste sensing system (bitterness, umami,
umami richness, astringency and saltiness).

Table 3-1 Details of swimming crab Portunus
trituberculatus samples collected from
Bisan Strait, Japan

Hard-shelled Ovigerous Soft-shelled
(#=10) (n=10) (n=11)

Sampling date Dec. 22,2015 Jul. 1, 2016 Sep. 13,2016
Carapace length (mm) 1843+110a 1965* 215ab 2122+79b

Body weight (g) 3482+587a 4159+1519ab  526.7 +65.8b

Values are given as mean * standard deviation. Values in the same row
followed by different letters are significantly different at 2 < 0.05.
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Fig. 3-2 The moisture, ash, lipid, and protein content in the meat prepared from hard-shelled, ovigerous and soft-
shelled swimming crabs Portunus trituberculatus collected from Bisan Strait, Japan. Vertical bars indicate
SD; * indicates a significant difference at P < 0.05, and * ¢ indicates a significant difference at P < 0.01.

Table 3-2 Sensory test of swimming crab Portunus

trituberculatus extracts

Hard- . Hard- Soft-

shelled ¥S OI8O helled VS shelled
Sweetness 9 2 7 3
Bitterness 1 2 2 5
Umami 11~ 0 9 2
Sourness 0 3 1 1
Saltness 4 1 3 2
Overall taste 10 1 10 1

The number of people who sensed a stronger taste in the
extracts of one type of crab as compared with the other.
Differences were significant at the level P < 0.05 () or P < 0.01
()

Table 3-3 The taste-sensing system analysis of
swimming crab Portunus trituberculatus

extracts

Tasst;stzrﬁing Hard-shelled Ovigerous  Soft-shelled

evaluation (n=3) (n=3) (n=3)
Sweetness Available 0000 a -26*02b -16+02c
Bitterness (F)  Available 00+00a -32+08b -31+09Db

Bitterness (A) Not Available  0.0+0.0 -03+04 -03+04
Umami Available 00+00a -15=03b -15+03b
Umami richness ~ Available 00+00a -91=08b -92+10b
Sourness  Not Available 00+0.0 a 34*03 b 38*0.7 b
Saltiness Available 0000 a -1L7*02b -14*05b
Astringency (F) Not Available 0000 a -04*01b -03=02b

Astringency (A) Not Available 0.0%0.0 -01+01 -01+01

F denotes first taste; A denotes aftertaste. Values are given as mean +
standard deviation. Values in the same row followed by different letters
are significantly different (P < 0.01).
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Fig. 3-3 Principal components analysis (PCA) and
cluster analysis of the five taste factors. (a) PC1
and PC2 of evaluation scores for hard-shelled,
ovigerous and soft-shelled swimming crabs
Portunus trituberculatus. (b) Dendrogram of the
cluster analysis of the five taste factors for
hard-shelled, ovigerous and soft-shelled
swimming crabs.

BLOHEHRO5HE O % 72 £ 50T R R %
Fig. 3-3all/R L7z0 8 1 TR0 O35 5-313983%, 45 2
G OHFGEHIZL1% T, WHEIC L) 2ZEED99.4% 5
FHI SN % (Table 3-4). %6 1 £ OREARZ bVid,
B (Jetkds X OH%K), HkEB X OHERSSIEOKR & 7
xR L7z —F, B2 ERTOEAENT ML, BIR
(GErkdB LUK 2%8, B, B L OEERSTED
REGMEZR LIz F72, 1 ERGLEE 2 ERGOE
AN D L 7 T A5 =G OREE, WA= Ly
BLOKT =02 7 )V—T12X 5 &7z (Fig. 3-3b)o

VERET X J BRI ARSI BT B lERET
3 BT D5 & Table 3-512/R L7z WA =13
TIF¥F= v (F#47986mg/100g) b %<, RWT
71) ¥ v (586.3mg/100g), 7 11) » (567.9mg/100g),
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Table 3-4 Eigen values, proportions and factor
loadings on the correlation matrix of the
taste factors

PC1 PC2
Eigenvalue 217 0.3
Porportion (%) 98.3 1.1
Factor loading
Sweetness 0.21 0.89
Bitterness (F) 0.02 016
Umami 0.16 -0.06
Umami richness 0.95 -0.25
Saltiness 0.15 0.34

F denotes first taste.

7V % 3 v (5147mg/100g) DNEIZZ > 720 FIGR A
I 7 VF= v (8455mg/100g) Ak b % <, KW\WT
Z711) » (630.1mg/100g), 7 V% 3 >~ (556.1mg/100g),
7)) ¥ v (395.1mg/ 100g) DINEIZE 205 7z KA =1
TNF = (5788mg/100g) VDL, RWTH
1)~ (4193mg/100g), 7V ¥ ¥ (3590mg/100g), 7
V& 3 ¥ (185.1mg/100g) DIHIZZ o720 2D H B
EEEADPEOLNZL DT IVE=r, Fay v, 7
FIVBIOST) yTHoTz,

F7, MESY OWFICHOE, HEET I By HIR
TIJEE (FVYy, 7=y, A=y, Fayr
BLORY YY), FERTI VB (T VT T2y, F
ayy, TVFE=Y, aA vy, AvaLyy, N,
AFFZV CAF TV UBIPY VYY), BERT I RS
W IV TANTEURR), BRT I R (7 AN
TXV) ML, TS oE % Fig 3-413R L7,
HET 3 BEEI3AE 7 = 2817112+ 2405mg/100g, Fa5[ 7
= 716295+ 309mg/100g, 7K A = %%6791 +61.1mg/100gT
HY, KF=Zo2# LYV EEICARDPr 572 (P<
001)o &EWRT X/ FRE 3T 4 =%%999.6 + 104.4mg/100g,
Fa98 A7 = 7510366 = 914mg/100g, 7K # =A%7584 + 48 1mg/
100gTH Y, KT 3o 2L YV AEIA B o7 (P
<005 BT I /e LW A =726+ 26mg/100g,
YN AT = H344+76mg/100g, KA = HH R ALl DL
THY, KTZ@3WT=L)VEBRII D Rro7 (P<
0050 FEWET 3/ BRIIHE A =AM R BB DL, 4890
7 =5%89.6 = 155.2mg/100g, 7K =5%22.8 +39.5mg/100g
ThHY), BEEIBDOLNL D7,

REBEE LAY TV IHRPICBI L EEER
LA HT DG H % Table 3-612/R L7zo fAHOATPIE
Tl 77 = 75236 = 1.4mg/100g, F890 47 =A%11.4 + 22mg/100g,
KA =H3394+61mg/100gTH V), T, Fa¥is L 0K
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Table 3-5 Free amino acid contents (mg/100 g)of the meats of swimming crab Portunus trituberculatus as
calculated from meat-extract concentrations

Free amino acids Hard-shelled Ovigerous Soft-shelled
(n=3) (n=3) (n=3)
Phospho serine 373 19 a 286+ 66 a 152+ 30D
Taurine 356.3% 172 a 3646= 217 a 4193% 156 b
O-Phospho ethanolamine - - 03+ 0.2
Aspartic acid - - -
Hydroxyproline 132+ 27 a 132+ 41 a 43+ 12 b
Threonine 100+ 21 155+ 67 138+ 16
Serin 75= 10 133+ 6.3 141+ 23
Asparagine - 89.6 1552 228% 395
Glutamic acid 126+ 26 a 44+ 76 ab - b
Glutamine 5147+1478 a 556.1* 946 a 1851+ 832 b
Proline 5679+ 56.7 a 630.1= 830 a 1029+ 155 b
Glycine 586.3+ 33.7 395.1+1524 3590+ 773
Alanine 116 20 a 63= 55 ab - b
Valine 1023+ 389 1202+ 209 1089+ 240
Cystine 10+ 09 a 1.7+ 05 ab - b
Methionine 115+ 10 130+ 37 124+ 21
Isoleucine 112+ 21 68+ 24 84+ 17
Leucine 49+ 08 47+ 11 58 18
Tyrosine 138+ 25 102+ 08 126+ 30
Phenylalanine 130+ 19 82+ 23 91+ 26
[ -alanine 02+ 01 03 01 04+ 01
3-Aminoisobutyric acid 09+ 04 09+ 02 16+ 03
4-Aminobutyric acid 14+ 09 39+ 28 38 06
Histidine 04+ 04 02+ 03 -
3-Methylhistidine 113+ 14 120+ 17 143+ 38
1-methylhistidine 86+ 05 107+ 22 71 13
Anserine - - 03+ 05
Hydroxylysine 06+ 06 08+ 08 04+ 07
Lysine 438%= 36 a 278= 105 ab 223+ 13D
Ethanolamine/ Ammonia 05+ 01 04= 01 05+ 01
Arginine 7986+ 618 a 8455+ 86.2 a 5788+ 281 b
Total 31416+3633 a 3184.1+1664 a 19233+1218 b

-, Not detected.

Values are given as mean * standard deviation. Values in the same row followed by different letters are significantly

different (P < 0.05).

—OMTHE. (P<001) #25#BDH SN/, ADPILHE
= 2°03+0.1mg/100g, I8 47 = %%0.8+02mg/100g,
KA = D547+29mg/100gTH V), HEAITEO LN
Mo 720 AMPIZHE # = 57194+ 28mg/100g, FJp 7 =
7A%41.2+28mg/100g, KA =A174+6.1mg/100gTH ),
R = 3o 2B L Y HEEICE o7 (P <001,
IMPIZ A8 77 = 7102+ 22mg/100g, #2907 = 7530+ 04
mg/100 g, KA =709+03mg/100gTH V), HH =i
D2WLVEEIE o7 (P <001)o HxRIFAEH =%

121+15mg/100g, 250 7 = $%9.2+05mg/100g, 7K 4
=7%37+09mg/100gTH V), 1, JEHIB L UKT =D
THEGENRD LN (P < 001), HxlI A =%5184
+18mg/100g, a9l =%%185+12mg/100g, KA =7%%
247+96mg/100gTH V), HEAEIBDO LN -72,

z —

RETTIXE RS & CIWRE L 30 217\,
FaIN B L ORT =D ERIEIZE DD D 2 & 2P 5212
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Fig. 3-4 Classification of the free amino acids into sweet, bitter, umami or sour-tasting, for the amino-acid contents of the
meats of hard-shelled, ovigerous and soft-shelled swimming crabs Portunus trituberculatus as calculated from
meat-extract concentrations. Sweet amino acid contains glycine, alanine, threonine, proline, and serin. Bitter amino
acid contains phenylalanine, tyrosine, arginine, leucine, isoleucine, valine, methionine, histidine, and lysine. Umami
amino acid contains glutamic acid and aspartic acid. Sour amino acid contains asparagine. Vertical bars indicate
SD; * indicates significant a difference at P < 0.05, and s indicates a significant difference at P < 0.01.

L7ze — M, MAEOERIIF—METH-> THE
W, 56, FERMBLOFEHICL - TERERLEINTND
B SRR, K SN XIS K o TN E
Muraenesox cinereus?® RN 5% 5 2 & %, Bl 5
V& ANTF Thunnus obesusD i RN & o TERASE
b ERRELTHDLA, RETTHWZAF I IEE—
s O R — A OF AN Z BRI L 72720, FEHRH
L2 & o TEROZED A U Rl S 512, ALl
WOASIR L7277 I O EME (W = 3137 / 1+ 0501w,

WISHIE, TIIBizE) 25, ARFBTHLFTY 11
FTRCI2MTH D LRSI N/2/20, FEIC & o TEDS
AUz b v, —FH, X A I =Chionoecetes
opiliofH RN BT B KT DFFEIABNIBIEZ S E L CT\»
L&MW 7T ¥ A Acanthopagrus schlegelitfi R BUF
LEEET I BROZFEABIEINC L 5 A R
ENTVDLZ s, KRETTHW T I IXZEE & B
DI EEINRBLRE 72 EDHEF RIS T, BIRICEN
U7z REED =
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Table 3-6 The content of nucleic acid related
compounds (mg/100 g) of the meats of
swimming crab Portunus trituberculatus as
calculated from meat-extract concentrations

. . Hard-shelled Ovigerous Soft-shelled
Nucleic acid

(n=3) (n=3) (n=3)
ATP 23614 a 11422 b 394£61 c
ADP 03=0.1 08=+0.2 47+29
AMP 194+28 a 41228 b 174+61 a
IMP 102+22 a 3004 b 09+03 b
HxR 121+15 a 9205 b 3709 ¢
Hx 184+18 18512 247+37
Total 840+72 84.0+33 90996

ATP, ADP, AMP, IMP, HxR and Hx refer to adenosine
triphosphate, adenosine diphosphate, adenosine
monophosphate, inosinic acid, inosine and hypoxanthine,
respectively. Values are given as mean = standard deviation.
Values in the same row followed by different letters are
significantly different (2 < 001).

— MRS AT ORER, KT =AM 2 7 &K HE
L, ZURTERY o7z, 72, IRETIXAEREREIZ
BOLNLPo72b DD, KA TIERT =TI
HEDEENA T h o7 (Fig 3-2) BRZEHO H 7 E
AN RIEETH D720, KWL, 5 VT EN
DI FOIDFET ERGDBEFEL, AN R EK
HHEL 2, SROTY I OFERICBNTD, KF=
BRGDL L, & ST AN otz o 2 B
I BAD REIEDS B REETRIE S 7z,

EREFHM DA R, HIRIZAE A =2%ho 2 8 & D &l
ERLI220, HHRIZENDH S & FE 2 517z (Table
3-2)o EHIT, ZORMRIEREL T OMRE S —HL
THY (Table 3-3), HET I/ Bem b WA =29k 7 =
LVEEICE -7 (Fig 3-4a). Ytz &ns,
H = E R ZNZHKROESH - ERITHWK T 2V BRo
BhEREWEEZ LN, UL, WA= 58y =i
EVHERIZ OV TS RAL NI TE Lotz —
IS, TREEWIZ BT B HIRE I 3ERE T 3/ BRI
P T F R PPHE L TwhsEENTWSE, L7z
Mo T, WEHET I BUAOER D HIRIEEL w5
RN D B 720, SRIZ IS &N O 5 W3
W B

RO B RERTAMN T A = 25> 2 B L ) KWl % R
L7z (Table 3-2)o —71, WREX ¥ (GEHRIER) (38
HEDMD 28 LD EWEZR L (Table 3-3), Z1H
DFERIZ—FH L adorze EHIT, HERT I/ BREIIK
TP 2L ) AEIE - 727290 (Fig 3-4b),

WA= L2 L DFERDOELHSLPICTEH I ENTE
o tze —HEMIC, WEEET I BROFIITHE RO £
FROLODPHMOENT WS, FIZIZ7Ta) VdHRERET
200, mIZEoTUIERDIEEH T2 L SN TW5EY,
FEBRZ, REICHE L2, FailB LUK =0 LA E
FNTWT 0 VORI ENENEEEDRD ST
Z 25 (Table 3-5), HHOEKREFFOWMET I /R
DREZL >, W, FIB X OKRT ZNEDPE L
KO EDNHNEEIZ o7 EZ SNz, SR IVE
W L CHBERHEAZAT) 2 &, M, fafis LUk y =12
HIRDOENH D DOPHOEPIZT 2LE DS H 5.

BROEREFEMCIXAE 7 = 25Mbo 2 B X ) W EZoR
L7272 BWICENH L EE2 S5N7 (Table 3-2),
512, CORBEIREY Y (BRERS X ORIE)
DGR E—FH LT/ (Table 3-3) 72, BHT7 I/
BREITET =K = L W FEEICE L (Fig 3-4c), &
SICEWREZETLZIMPL WA = A MLo2BE L W A B
o7z (Table 3-6)0 LEDZ &5, WA =0 BEN
D28 X O 5RD - 2B RIE I NS DEBREGIZ L 5
BISRKEWEEZ LN,

FRIR O B BEREA CIATE A = 2ai 7 = X 1) R i 2 7R
L7200, M=Kk T=TEIRDOON o7
(Table 3-2)o & HII, WL BIUBKT I /K
BICBWTLAEEIRD SN h > 72 (Table 3-3,
Fig. 3-4d), —#&MINZ, KEWIZ BT 2 EEKIZpHO 2 E
HRENVE SN TWEDM?, RETIIE, fadis L ok
HZNABEZIFED SN o lz7z0, W= LKA =
TERR DL R o 72T REEED RV, L L, BERRICIE
AHRBLEG LTV ESNTWE20%, 45, FE
L ERERHMEB X OO 24TV, B = LRI = O ERIE
DEXHSEPIZT HLEND D,

B OB REFEM CAE T = 25bod 2 BE X ) mEZ 7R
LERIZENH S EEZ 5N/ (Table 3-2)0 & 512,
COFERIIRE L X OfERE—FH L Tz (Table
3-3)o —, KRG = o 2L ORI THERE
B LN o7z (Fig 3-2b)o —MMIZ, KEH DI
BRIEHEALT MY T A% EOEMEIGERT S L EhTw
B SEHT L72IK G OfE R 5 1, MR & O BRME
RHOLPICT DI LI TE R o7z, TN, IKGOH
WZIEA )T L% EMMOBEE S &N T2 LK
EEZOND, BREIIEREHEBIT 5 L CEELRER
D1OTHBIENLY, HEAMIHET 205 H 5o

WA v TEL N HR TR (B, B (G
BLOBWE), X OEEROHMEZ AV TERD %



To7282h, 1 ERTOBANT MVITER (Jerk
BLOBRE), HEB L OHEKRPIEORE RMEERL
(Table 3-4)6 AT A BT =DEKRFEHIZBWTIZZ) ¥
Y, TIEVBIOTNVEY I VEEREPEETH DD,
INLOMHET I/ BIZENENHIKE BE®R T ET 5,
SO D T = ORKRBEIUCHFG L TnbH I s,
81 T IEEROBEFTMAZ R L TWb EEZ bl
(Fig. 3-3a)o —77, %2 EWGTOEA N7 bViE, IR
(JErkd L OMRIR) 25, HIR, HEME X RS IED
KERMEERLIZZEDS (Table 3-4), %2 FR5rE
EAEESERLTCWEEEZ BN (Fig 3-3a)
DboiEErs, BEREFFMICBWTHEK, BERBIY
WRCEME LTV EEZ oM, Wik FokREL
—HLTWiz, 512, INOOEEEIEE 1 285
Tik_7-& 81 (Table 3-4), EFRNDEEIKE W\,
FEHBIZ, BRERHIIC B\ TR OB A G LA 47 = A
D2/EVAEZICENEEZ/RL (Table 3-2), KRRt
IS L B EBG I OERIZBNTD, W =13 2
B TEROBATHEEIL TV 2 EAIAT RS H i
7z (Fig. 3-3a)c & 512, BHROEREFM CImy =&
FIR T = OB TIEAEENRO LN TEY (Table
3-2), BERIIEROBEGFFMICH VT, EAEMEL; S>>
2O BENREVEEZSNS (Table 3-4),
PEoZ &ns, B LUOKRT ZI3WEH = IR TE
WOBEFMAL > Tnb EEZ LN, ZOERITEK
BIUOHKICEDL LT I /B EIMPEREOKRSIZX
DEBEBPRENEEZ SN,
EROFEHIIOWTIE, HEHET I B R 5 &
B D R 57 3 h, IMPIZ X 5 BIEO 5 @) £
7)Y NI BT ZOFEROEIHIRI R R EhHRE S LT
WERE, E 512, FRERMATHLD-T X /D Hik
HORKIHFG L TWwb Lofisd dH 5%, KEIICBY
5 ERERHIE L ORE £ v G R B & & 49 L
b—HLThho/HHE LT, ZOL) RERDE
BUC BT 28 R DB L W Bt S e — 77
FEH S (ZKEWICBIT DT 7 AF ¥ —OEENE, R
H=2 X7 IR OE2, JIREB L O S E® L
SRMmEEEHIT A ETEELERNTH L L L Tw»
5720, HALILOFAICE L TH o 21T, e
V2RI 2 LA D 5 o

L L7edss, s L OUKT =37 =12, #
AWHK T F 21281 2 BROBEFTHENS > Tnb I L
PO N E o7, 72, KRR VI B9 TICBW
Th, BRERHli O RE H L BERIT LI LB TE
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X512, T, B X UKT = 0RO E G F BELY
B EISTEIID, WEMREICEROAEZHEIC
ERHIENTEDLLEEZLND, 55, FIBLY
IRA AR S T A TR & FEht L, ERRIER dh
B R L7 RICHERES 2 2 LT, BIROAMEH
MCTELEEZ LN, T2, 2O L) BEFERIK
3 % HUHL % B AN CRER I ICPRS 5 Z & THlLEE
e nEIMEAH SN L L L LI, WEOmEIZLY T
T v NMEEE S N D L E 2 Hidz,

F28 bESOMAGEME

e ZIIRIGE DO ARG FE, 5 HE, TH7 27
BLOA ¥ FEEZROIOAT L=V Y HZ Y YR O
HFHTHY, FIILPMECTELIMREL, £&1E70cm
DICET 29, MR Cma#lizs [hv] &[]
DEMEL T I ZATHBEEIEAELTBN™, FET
fift> 72 DIXMILOILEI [1E5HF] OEME LT
BEEINTW LY, KXY 7 FScomberomorus
niphonius° < F 4 * Pampus argenteus® & H 12, i
LI 2E CifiE S L5 137y, ANELE BRI T i S
NCTHY, KRBT LEELIENGIEL 2o TV 5,

L2 L, EFiEER X OEE =LA ERIC S 5
a3, B TRRELIRIRKDO SN T WD, KED
OEFEEINS LK E LT, EINNIZBIT 5
il BR % SE 0t % 7 & 0> ¥ 5 A B R I SE o IR A,
HEILROFEE LT, HARGOFEE Y — %
oI, BEREEEZ L CIHBEE IR S & 5 FiE
FNENEFRTHL L ENTWELH, L2his T,
7 OFMN L EREAAB L OEEILRO 70121, &
W B X BRI R IR L TR CLEND 5,

WP NEEIZBIT A e T OEBIZOWTIE, o
P EEOBBREHL2IZL TR 500, EIIH
WZOWTIEBERAE SN T v, F72, BAHEICET
LA DFEMEAIZDVTIE, 705 419 207
19 R EOFFNHE SN TVDY, BROFHZELE
O L2 E v R MNIEIC BT 5 & T DR
Wb L UCEROFHELEZW ST L2 LT, BFE
FRRGAE R AT ) 72O OEERIAEER L 2D, S 5121
AT LI TR IR L EBILRIC L T, BRI
D ESHRFTE S,

KEITIE, L IBHEOS LR A2AMFMAEZHNE LT,
AR ERIIC X ZEINIIOMEERITH L L b, —fk
Wsr, HEHET I BB L URE L AT Ic RS BIR
DJFEZA % W FRIRE L P TS T L7,
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R ETE

A 20184E 1 AR S 12H 1220 T, BB oY
(Fig. 3-5) 2B\ Tt LAFEIRSE B L OVNEE BRI
TSN TR MILEEE,> S 1 EEEA L,
DAHREFEFL T, 10T 25N L7z. Zhbidk
i L7 REECE B SN R K ERF RN ISR B IR D, i
#E (cm) BLIOKRE (g) ZMlE L7, AWFHIEE
ELTC O TIHEERERIL (%) (= AMRER/ (K
H-AGERER) x100) B L OMEGE (= (FE- 4
GEMRE ) KRS} 100) RHEM L7z, FEFZ, e IO
i FE RT3 7 & A A AI30g R FRILL, 3, 4RO
BMAZ1lOay b LT7— K70ty —THM L
, BUTAHTICHEL 72,

—MEAMr kIO P EiC, KIF105CH
FEINBAEZ G, K5 13600C R LE:, Hy v oxr g
FEHBITTEOIER 2, REETRO - ERER
12625% e U7, BEG=EId— 7 VliitEIc LD
AT L 720

BEHET I BRI BB 1 g2 R L, 2%A
VAT FUBImLEMZ, KFLEARHREY A
P—TEW L7z WK (4T) TR 1 BRRIEHE L2
7.000rpm T10%7 & LBl L, 156 7z 1313022 um
)YV TANY —THBEL, 05mLAE KT 2 AR
L CHPLCIZHE L 720 2B, 79 4B LI OGHEMIEE

34" 49 N
3 ¥ R | ’ it
2. Hz_mma-Nada
/%
Collection site
Kagawa 4
pref.
3410 N
133" 52 N 135" 00 N

Fig. 3-5 Location of Harima-Nada in the Seto Inland
Sea, Japan, and open rectangle indicate the
collection site of elongate ilisha Ilisha elongata.

3EIE LML L7,

HAMEIXZX vy b ZEICRF10g%50mLiE ik
BIPEL, MKTHBAREIT>72, ZOHROUII
E2mLEFAKO LT TIF ARERL 72,

KREEHHMMT SONTTF AIHREL I L
720 OMGMIE 1 E2HOSKMLAME Lz,

BREFTME R LR KERT e 124 (20~50iA)
SOV E LT 2 R REREC X 2 EREEHIEY %17 -
7o TZTIHS8HEIOHDE I %MW, BT
FALMER L CHMEB LUOBROLE YT 572, ZF R
WBERIZ1IOTOME L, AoFEHI L TREEB L
WHASRIF U + LT A s L, A% Thiud o, 5
FAUS-1 R CTHIB S 272,

MREHLEE  HLEPERE, MR, BEEET X RA
BT B & OWE A 2 50T 12 BV T —Je R i 55
H (ANOVA) ZATV, FEEN RO LNHHIZOW
TldY =7« (Scheffe) DL EILBMEE T 720 &
HIz, kG, HEEET I BB X OWE YT
BoNZT—=FIZOo0nTIE, ERGTHMBLOZ T A
¥ =M kAT o 720 ERERHEIICOWVWTIE, EHE LR
ANRIEN S WHIIP = 1/20 2 HSAGIHE) 2 & &2 v
T, 2HEBCHEEDOEEAME L. AEKMEDLS %
L, BEIZIEIMS-Exceld7 KA V7 v ThHbH =7
YIVKLET R 72 B, 2 TR Y oI
HKox 1~3H%LFE, 4~6A%EFF T~9H%
BEEBLUI0~12H 2KF L L, FHi T & OFEHLHELC
OWTIE, 3PHBOTF—% % —# LTIt E sy
Md L OLEIEME 21T o 72,

] £

HERTSRE ABRICHE L2 T ORI BI) A EIEE
REB L UMRE % Table 3-712R L7ze FHICBITHIE
AR ICR/METH 5452+ 12cm%, 8 A& K
fEiTH 5508+ 64cm%E /R L7724, AEETEDOLNE
Molze HHICBY LEEIZI0A ZHR/IMETH 56060
+1038g%, 6 HIZIAMTH 510467 +1492g% 7% L,
WEMCHEBEREN RO BN (P <005),

SHEREE AR EEILOHER % Fig 3-6127R L
7oo MR E R OBEAZLIZOWT, 1~5 HOMIX
20%% FHE>THBELA-L00, 6 HIZITAEZICHENL
(P <001, 7HICEEKETH593%% 7R L7z LA
L, SHUKIZEA L, 12H121320%& 7% - 720 T 72,
FEELTAL L, EEBIVEFIZOMOTE L It
NCHEICEWEEZRLZ (P<005),



BBEE MEOHER 2 Fig 3-TIOR L7z MR
HEGRAZAED S (P <005), 3HIZHEE
TH5H061%% R, TOHRMWMLT6 JITRAMETH
5079%% R L7ce 2Dk, 7,8 Bl LIzbD0,
9 AU WEZ R LTz B, GO &7 54
ZALIZERD SN o 72

— A IS OHER F Fig. 3-8127R L 720
KT BICRKMETH 5795+07%%, 10 12 R/IME
ThDH765:10%% R~ L, HEREAZAIRD SNz
(P <001)o K51 4 HICIRAMETH 51.9£01%% R L,
oo B L THERBEIISWEEZRLZ (P <001,
MAERGZ 1 HICRKRMETH 51.3+02%%, 7 HIZH/
HTH502£01%% R L, HEHEEAZILIED SN
72 (P <001)o ¥l ¥ /37 B2 9 BICiKIETH 5227
*14%%, 8 HIZI/METH 5196=07%% KL= D
O, FELGEAZILERD NG hoTe BB, Kirk
M ICBWCTOREBELFHEAIEDO LN (P <
0.05), KAFIHEFEPAEIZE L (P <005), HARLZ
ABIFRICEWER R L. (P <005),
BT I B EEET 3 BREOHER £ Fig 3-9
R L7z BT IV BAREIZIIACRARETH S
3762+ 256mg/100g%, 8 H |2 & /ME T & 51765+
129mg/100g% /R L, HELFEAZL»RD bz (P
<00Do 51T, MRESY OWMEFICHESE, BRI

Table 3-7 Details of elongate ilisha Liska elongate,
samples collected from Harima-Nada, Japan

Standard length ~ Total wet weight

Month

(cm) (g)

Jan 9 452+12 6681+ 598 a
Feb 9 50.0+3.3 901.0+ 1383 ab
Mar 10 468+29 6456+ 1555 a
Apr 10 455+30 6268+1116 a
May 9 474+26 8114+196.1 ab
Jun 10 498+38 104671492 b
Jul 9 479+19 7566+ 210 ab
Aug 9 508 +6.4 85362768 ab
Sep 9 50.7£45 10295+159.2 b
Oct 10 468+2.3 606.0+103.8 a
Nov 10 468+2.1 7747+ 801 ab
Dec 10 487+29 8315+1133 ab

Results are represented as means * standard deviation
(SD).

Different alphabetical letters (final column) indicate
significant differences in the average weight of fish
from each month (P < 0.05).

7 indicates sample size.
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Fig. 3-6 Monthly (left) and seasonal (right) changes in
the gonadosomatic index of elongate ilisha
Ilisha elongata at Harima-Nada. Nine to ten
adult female samples were analyzed each
month. For statistical comparisons, seasonal
data were used. Data are means * standard
deviation (SD), and different alphabetical letters
above each bar indicate significant differences
(P < 0.05) among sample groups. Each season
represent 3 months, winter (Wi), spring (Sp),
summer (Su) and autumn (Au).
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Fig. 3-7 Monthly (left) and seasonal (right) changes in
the condition of elongate ilisha Ilisha elongata
at Harima-Nada. Data are means * standard
deviation (SD), based on 9-10 samples per
month. Different alphabetical letters above each
bar indicate significant differences (P < 0.05)
among sample groups. Each season represents
3 months, winter (Wi), spring (Sp), summer (Su)
and autumn (Au).
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Fig. 3-8 Monthly (left) and seasonal (right) changes in the proximate composition of elongate ilisha /lisha elongata at
Harima-Nada for (a) moisture, (b) ash, (c) lipid and (d) protein, from muscle tissue. Data are means * standard
deviation (SD), based on 9-10 samples per month. Different alphabetical letters above each bar indicate significant
differences (P < 0.05) among sample groups. Each season represents 3 months, winter (Wi), spring (Sp), summer
(Su) and autumn (Au).
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ETH246+04%R L, AELREAZILPEBO SN
(P<00l)s 2B, INHOHBIZBWTIE, ZhENh
HEGFWMEIZRD Nz o7,

BREFTME  H AEAAMAS R % Table 3-812/R L7z, 8 H
EIOHD e I TH: 22 I L72#R, FEEIHED LN
Lholzbon, BRIZOWTIZIONDS 7 HESH LY
4 L, HERIZOWTIIRI0A 23 T8 AL D 1 Mk
Wb Ek ol

% %=

RETTI, IBEBHEICBT 5 e T OEIE & RS B
LUOEROFHEMNM TS 2ICL, &I RIEOF L
HBE L THMaiT-72,

BARBAOBTIZOWTI, AREEICE > TRERY
D) Y OEDPERRE LI EITREENT WS BRI
L7z 7 OBEARIIAN CTHERZITROONE
Mo7z72% (Table 3-7), fMARZEIC X > THRAT®RIZED
A U 72T REEIZAR . S 502, EHLE X OVDHTERAL %
—L Tl s, SHOMRITFHEIC L 20
MWREVEDE LT 72,

AGERRE R 7 HICREEEZ R L2 £2 5 (Fig
3-6), HETNHEER RS B B AR D FEIIIL 6 ~ 8
AThreEz oM, 2O EIE, W5 PEE
OMETIE RS OO, EINHIL6 ~8 HEHEL Tw
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Table 3-8 Sensory evaluation of elongate ilisha /lisha
elongata extracts

Aug. Oct.
Umami 3 7
Saltiness 4 3

Records are for the number of people that identified
the dominant taste of elongate ilisha as either umami
or salty, during the month of August with October.
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Fig. 3-9 Monthly (left) and seasonal (right) changes in the free amino acid (FAA) content of elongate ilisha [lisha elongata
at Harima-Nada. (a) Total free amino acids content, (b) free amino acids content of compounds related to the
umami taste (glutamic acid and aspartic acid), and (c) free amino acids content of compounds related to bitterness
(phenylalanine, threonine, arginine, leucine, isoleucine, valine, methionine, histidine and lysine). Data are means *
standard deviation (SD), based on 9-10 samples per month. Different alphabetical letters above each bar indicate
significant differences (P < 0.05) among sample groups.
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Fig. 3-10 Monthly (left) and seasonal (right) changes in the taste of elongate ilisha Ilisha elongata in Harima-Nada
evaluated using an electronic teste-sensing system to detect (a) umami, (b) umami richness, (c) bitterness and (d)
saltiness. Data are means = standard deviation (SD), based on 9-10 samples per month. Different alphabetical
letters above each bar indicate significant differences (P < 0.05) among sample groups.
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Fig. 3-11 Relationship between moisture and lipid
content of muscle tissue in elongate ilisha
Ilisha elongata at Harima-Nada.
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Fig. 3-12 Relationships between condition and lipid
content in the muscle tissue of elongate ilisha
Ilisha elongata at Harima-Nada, during (a)
winter and spring, (b) summer and autumn.
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Fig. 3-13 Principal component analysis (PCA) and
cluster analysis conducted using the results
for lipid content, total free amino acid content,
umami and umami richness in samples of
elongate ilisha lisha elongate, for each month
of sampling.

Table 3-9 Eigenvalues, proportion of variation plained,
and factor loadings based on the correlation
matrix for taste

PC1 PC2

Eigenvalue 14 12

Proportion (%) 35.6 300

Factor loading

Lipid 0.25 0.85
Umami 0.88 0.12
Umami richness 0.67 -0.12
Free amino acids -0.35 0.67
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