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The relationships between nutrient concentration in the coastal area of Okayama prefecture,
the color tone of fresh thalli (Pyropia) and the unit price of dried nori

FumMmivyaAsu MURAYAMA,* YASUKO SHIMIZU? AND SHUZO TAKAGI!

LOkayama Prefectural Technology Center for Agriculture, Forestry and Fisheries, Research Institute for Fish-

eries Science, Setouchi, Okayama 701-4303, 2Fisheries promotion division, Okayama Prefectural Government,

Uchisange, Okayama 700-8570, Japan

The relationships between the nutrient concentration in the seawater, the color tones (L* and a* values) of

fresh thalli and dried nori using a color difference meter, and the unit prices of dried nori were investigated in the

coastal area of Okayama prefecture. The limiting factor for discoloration of nori in this ocean area was dissolved

inorganic nitrogen (DIN). If its concentration fell to 3 uM or below, the color tone of fresh thalli was found to de-

teriorate sharply. Close correlations were observed between the DIN concentration (@) and fresh thalli L* (») and
a*values (b') (b=-7.71log (@) +64.1 and b’ =3.01og (@) +2.2); between fresh thalli L* and a* values and dried
nori L* values (¢) (¢=11.5e%01b and c=34.4e094"); and between dried nori L* values and unit prices of dried nori
in 2011 (z1), in 2012 (z5) (z;=4.2x103X ¢ '8 and 2,=9.6 X 102X ¢'17).
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Fig. 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 aqua-
culture facilities of nori in Kuroshima farm. Solid
triangles indicate sampling stations of fresh thalli and
sea water.
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Fig. 2 Temporal changes of mean DIN and DIP concen-
trations in (a) 2010, (b) 2011, and (c) 2012. Bars indi-
cate standard deviations.
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Fig. 3 Temporal changes of the fresh thalli color in (a)
2010, (b) 2011, and (c) 2012. Bars indicate standard
deviations.
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Fig. 4 Relationship between the fresh thalli color and DIN concentration in (a) 2010, (b) 2011, (c) 2012 and (d) 2010-2012.
Open triangles and solid squares indicate the L* and a* values of fresh thalli, respectively. Broken and solid lines indicate fitted
curves of L* and a* values of fresh thalli with respect to DIN concentration, respectively.

SFEMOBRE T XTIy b LR % Fig. 4d 12
L7z, DINIEE (x) & L¥# () kU a*l ()
COBBRRIE TN EN, y=—-77log (x) +64.1(r=—
0.81), ¥ =3.0log (x) +2.2(»=0.81) &7V, WIhid
BEL (p<0.01) HERL R LN/,

£/ ) GEUEBEOERHDOHEERGR 2011 F£EIC
FRELL 724 /) LEZ S O L*aME OB R4 Fig. 512,
Z OMEI 75 % Table 2 1T/R L7z, 42/ VU LHME (x) &
Hyps LHE (y) & OBBRRIT y=11.5e004(r=0.85)
7D, BREL (p<0.01) HES RGN/, T/, &
J U aME (x) LwEELME (v) LOBIRKNITy=
34.4e"00% (y=-0.82) L7V, FHEL (»p<0.01) H
BaR LN, —J5, &£/ a*l & s adil, 4/
U LHHE & #2455 a*H & ORICIIHER-EL RO Nmd - 7,

ERE0aRHLEBEEEMEOMARGR 2011 F1,
2012 SEFEICERIL L 72 W2 i3 O LMl & B a5 AT & DR
A% Fig. 6 IR L 72,

2011 FFEEIC 31 % LM (v) Sz & Al (y) O
SRR IT y=4.2x103%-18(r=—-0.91) &7V, BE
7t (p<0.01) HHEBIR R SN/,

2012 4R EIC 510 B LMl (v) LizgaHl (y) O
AR IE y=9.6x10%"17(r=—-0.80) ¢7 0, HE
7 (p<0.01) MR R LN, 7o, WiFs EHORK
EfE2s 18 M, HARMEN 3 TH- 727/, 3=y=18 &
L7

% £

BIEATY ) VIERKICBTAEEL Y VEFERDOTIV
BEIE, 26:1 t@EINTED,1® JYofeid
RICEFIR O RN BE L {E L T, Fig. 2 DFERH»? S
WEABH L7+ 5, DIN/DIP it £4E5E & & 26
TRBADL T EdTe o te, Ei, /U OREHIR &7 5
DIN #fE A e (3.9-13.1uM) O 2 f5E &% 2
7o, D FA I B o DIN #EE1 0.2-12.5uM Th
D, FFELTORNIC T, ERAMERD 2 5L
TTH - 72,

F/z, HRETIE /U oEkD DIP HEd 0.5 uM,
7 B3RO 1@ I R C i (% B DIP BifEid 0.4 uM T
5EINTEY, W0 E &0 DIN EEIIH 5T 10.0
uM(N/P=20), & T20.0uM(N/P=50) Th- 7,



KAIERE &/ U i JUHAT & OBItR 111

Table 1 Correlation coefficients between fresh thalli color
and DIN concentration in (a) 2010, (b) 2011, (c) 2012
and (d) 2010-2012

(a)
2010 Analysis of quality (symbol) I 1I 111
L* value (fresh thalli) (D 1
a* value (fresh thalli) Im -0.99 1
DIN (I1) -0.95 0.94 1
(b)
2011 Analysis of quality (symbol) I 1I 111
L* value (fresh thalli) (D 1
a* value (fresh thalli) (II) -0.97 1
DIN (I1m) -0.78 0.88 1
()
2012 Analysis of quality (symbol) I I 111
L* value (fresh thalli) (I) 1
a* value (fresh thalli) (ID) -0.96 1
DIN (I1) -0.90 0.95 1
(d)
2010-2012 Analysis
of quality (symbol) I I III
L* value (fresh thalli) (D 1
a* value (fresh thalli) (II) -0.97 1
DIN (I11) -0.81 0.81 1

* 5% significance level, ** 1% significance level

—77, P PNEE CRBRIICEELRRET L SN
T\ %5 DIN#E3.0uM O & = DIP # & 13 0.40 uM
(N/P=8) Thotc, TOT &6, KEOEHEIL
DIN AR L TWARETH D, fhd 2 ki Ofs Sk
DIN A+ 5 ICfFAE L, DIP MM EIC A 75 < 7 - 7oK
DERTHLEEZDNI/I, I5IZ, DINRE -4/
U@ L*a*iid & i@ %Z R L, DIN EEOKT
IR T/ OEFHLIET L Tz (Figs. 2,3), &
NHOT EhD, REFBIZKT 5 /U OEED ORI E
HIZDIN &2 6N, PES, 1B BEELYOME L L
—HL T3,

Fig. 4d O#FR% 4 21, DINEE L4 /A &
Utz DBtR% Table 31T/R L 72, BZE(EIL 2 (BlEO L
*ADHMED LT NENDEE 2 Fe L IzBFOFHRTH Y,
NBS #7C [0.5-1.5 oI % |, [1.5-3.0 A
BRI D AT EICRIE S |, 13.0-60PFL S HRks ]
ELTWS2 22T, HaREERT bEE —EME &
L, DINEE 1uM ¥ Thd /U EFHOEE BT\ <
&, DIN JEE 6 uM Ll ETIREHOEZIFLEAL RS
nd, UM LTI s EEFCELVERR LN,
CORERIIBE CaFE T AE#M S 5 DINEE (3
UM LIF) & L-BBEERD B L7, /o, BB

BT /) OBRFEBEIC OV TG EH 0 #H
BufT-7ceTh, FWTHEAIN TV SE8 « KE&H
OMEZREALTEBELTEY, KTERLZ4 /Y
LRk A MY HA TWie, L7ch - T, 4E DIN &
ERLUE /VERICERERHEEARON/I WS T &
1%, Fig. 4dICR L72BRRT /U O— i 7n £ E 4
HRBLL 72O LTS, MERic sV ThE DD
TREME AW & 2 B,

A7 VEFHENEREREOEHE E OMICITE\
BB,V ZOS>HLERENEHREFETHLT VT
ZVET AT YR VBRI BER SN
O, BRI 7 ELFENDL I ) EE g
3, #EK SR 7o B E & Hrifk OTEBIC W % &
LB, BRI S R FE X N L LTy
BRI A D, 222 ARNIRREIC 7 % & &AL 7T\ 2Y — 7,
BRRZTFTE, ERFEOT—ILELTHEIET A7 1+ O
ITUZYVRBEL T L0, GEBREBICHES T
5,230 T NHDOT &6, DINEENR6uM L ETHE
FNCEDR RSNG5O0, HHOREOEENHESh
TEREZ VNI PEIRURE L 7o 72720 TH D, I3
uM LR CTERABSBITET Lcoi, /U BREER
ZREELZD, T4 aTYRY ViR EDOBEL L IRTH
W Lizicd &z bndz,

A ) L¥a*l & izigd L & ORI & B2 B
b/ (Fig. b), #ips a¥li s 4 /v L*a*fE & OfH
WCIHBEIBA R B O N - 70720, HilEICOWTE
LHE %z AW TR EAT Do Wld LME & iz B
20114F, 20124FF & b IC|/mWHBI A= L 7o (Fig.
6), FEEI LICEMRITREL > T, —BIC, #
WS OAFIC B 2B, AFAOMICS, R
Rk, B, HOSOMNE, EERIES L UERD
WS & OBERIC L > TIRESINSHPB,38 TN b O
BIEET LICHR RS,

CO &S ICHAME BT FEE A K E W, DIN
BE LR RO R EE Z LIXRETH S &%
Zbh7zn, DINEE -4/ VOEH, £ /U O6EH
ERHEE OO, WEE OER &S EAl & ORIC
i3, Thzn|g R Ronsz, -, DINEE
DIETIAE /U OERE LUZBSEMOKT, UWwT
3/ VEBELZORADIKTIC O % EH 2 b,
COCZ i, FEES YO DIN B L i EEH
MBS DS, KRIZEBWTLEE O ARROM
BB LT O L CREER) T ErbLTE
Nb,

WRANEOKRBRHBZSINLEVSERP D H—
5,30 UFRFEIC & o> TUIEY 7 L)L % FlEl- TWh b
WREME A Ve SO LIIARRICEE S S, BEEE T 5 ik
IKBWTh, REEL LURESEESHOBD P#E



112 L, 1EK,

D

)

= 45 1
g Re
3 Y01 y = 11.5e001x
©
5 35 4
g
= 30 -
>
|
25 A ¢
20 T . ; :
40 50 60 70 80
L* value of fresh thalli
(c)
4 -
Q .
B 3
'6 * * .0
k] i ¢ ¢ .
o 2 .o *
=2
®
> .
o 1
0 T T T T
40 50 60 70 80

L* value of fresh thalli

T o
%

45

40 A y= 34.4e-0.04x

35 A

L* value of dried nori

25

20 T T T 1

a* value of fresh thalli

=

a” value of dried nori

0 T T T !
-4 0 4 8 12

a’ value of fresh thalli
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Table 2 Correlation coeflicients between fresh thalli and
dried nori color in 2011

2011 Analysis of quality (symbol) I I 1 1v

L* value (fresh thalli) (D 1

a* value (fresh thalli) (1) -0.99 1

L* value (dried nori) (III) 0.85 -0.82 1

a* value (dried nori) (IV) 0.11 -0.09 0.11 1

* 5% significance level, ** 1% significance level
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2012. The solid line indicates a fitted curve.

Table 3 Relationship between DIN concentration, L* and
a* values of fresh thalli, and color difference value in
2010-2012

DIN Fresh thalli i%olor
. difference
concentration a* value L* value value
1 2.2 64.2
5.7
3 5.5 55.7 :| 2'4
4 6.4 53.5 :| 1.8
5 7.0 51.8 :| 1'5
6 7.6 50.4 :| 1.3
7 8.0 49.2 ’
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