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ET 8 FFHARD TR KRB RN ERISE
T OR? OB Hm! ERK! HER' X H'o

(1. REKFENREFEREBK=HER TS 266071 ;
2. BEERIBEEFIHYWESEDHRIIESRELE FH 266235)

BE  ANBINFEARKBHERERRSENER  RARFERRDM T KK, =K,
KHAKEZH LR (Porphyra yezoensis)HIERAR , BN FEARBPLERPHEEEER. %%
HRMZERMFNSEHRTTNE. ERRE  EOUKEBHGER, SREK, RKRNEREK.
sk, =K, Pk, AKERHEFBERARS. SKEXNERERERK , KkokMEARR
i 2 Ik [ R (B B0 | 7 4 SO 3 ok (B R BB B PR R (P<0.05) 0 Sk 7K 1 /K S8 SRR RRR BB B HE3E

BEEEE T EHRBEEMNRKEP<0.05), Kk, ZKKENERERE , HKKRNERER
€ AKEZHERERE, FRARBPLEINERNRSERENERNOABREZERR A, %
K. =k, PAMAKEZHBEESEREBIOORY , MAKRZAFESZFERP<0.05), X
UHRRBANEESERTIZTLEAERNLEH . 2 W& E B F L E M (inosine monophosphate ,IMP)
THERBI TR A kK, =K, HEAKFSKELFH KNS & (equivalent umami concentration , EUC)
2813 223.89 gMSG/100g, 222.13 gMSG/100g, 118.54 gMSG/100g F 47.19 gMSG/100g , BRI
R ERERE NGRS, EFENRNBBESERYREBN T TERES—H.
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2 B (Bangiales). 4 & X ® (Bangiaceae) . % X &
(Porphyra). EH FSBE A , B A EREMNERE 130
2H  REMNERY 208 , EPRBEER(Porphyra
yezoensis) 3z % (Porphyra haitnensis) R 8& £ B
FERMOLIR, 2014), EXRESEAR. 8.

MEBEE, 2010), A, KERRIMKE , LEHR
BELR IR (BENEE, 2015) , XLRERZESAER
EEENRR,

ERWRREDENRR  RETHERRTU
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WEREEFERFEFEERTHAE, 2003; NE
%, 2009, REFRD N , Rk 2 IFNERXRR
MEEER. K~ RE XK EE RSN ZKEK
(BHREEZ, 2013), EFEXR , M IEEN S K™
RHERMSKEIBTTHR TERINFRE
EWRRMHMEE TEEHERLI er al, 2013; Guo
etal, 2014; #RHA, 2015; F®WEK, 2017), BRIEZ
EREVNERNELESKBTHTINE WS
B (2010)WFZE & Tk K T = Kz B R SKEL
SHENBE FHRKNIZERERESKRDEL
K EWEQ0I6)AELXIBEERBUBNER , 25K
EHRNERMESKR D REBRKREL LKERSK
B, BWRMRAASRKBEMYE, FERYE, 5 TRME
WAL EW , MEEEER, K, RERRA
XEBLEY. THEF. BNEE. BNk~ R
BRE R EEPELBWESE, 2015), FOBFR
2 2012). BRBRE, 2016FK=HY  MENEX
ZZFEXRUROARERD
EXAEHEZNTRNR KA INSENT bRt
SIRGERN T FTRERBUHERABKRAR B
FEARKBEZINBHERER. EREEREERKRY
FHTT oM. TRERTUNERNRRTERR
BRAEMIFARESE,

1 MRERE
1.1 EREREE

TWALKNEXRERFBEBE HRBHH
EEENEERARRM, kK, =k, FEAMAK
EREHWRB A2 BR 2016 F 12 B 30 B, 2017
#£1 8178, 2007 2A8 14 BH# 2017 F 3 A 13,

A8 £ B (adenosine monophosphate , AMP), ALE
, IMP)#1 & # B (guanosine

® (inosine monophosphate

monophosphate GMP)#RJ & (4t BE>99%)Sigma 2 ] ;

SEBBRRERAEE>99%) Sigma 247 KB HH
B ol

12 NHFESERF

TS-5000Z BBRBE T RS  HAINSENT 2 F] ;
L8800 EEEMED NN BEABIUXF ;
DHG-9423A BEBERERBXNTRE BREEXER
EERLT ; 1260 EERAHBERSE XE
Agilent 22 8]

1.3 Hik

131 HRWL4E  KEHERRWE  LFR. 1
B, S5, Bk, BT, BESIZHRTER. T
SIMERHERZEXRER , AIRNTRBR &
FrRBFREER

132 BFERN B 50 g $¥F®, mA
100 mL IAEHEBHEEFK , B8 5 min FHEE
FBEOE S |, 3000 r/min B 5 min , REFRAE
EERELY  BRBRETERFHTRN, RF
gmemEal, FRNeE, K EF OB BS
MEREREEK. SMERRN 3R, EAREET
W 3 i B AR AT R BEASTE D 4o

SHARNECHANBEARESER AREL

ATIER ; ARERB AKX, CENERESRR
ERBERBI K, BLH, ZENIECLHEERR,
133 HFESERSENE RAWEKHRE
WERE G, B8 GB5009.124-2016 (RMBREERHR
# ARTEERSEBNAUE) 2016), RARER
B9 MG TN E.
134 EHREEBRESENE 2R Yokoyama (1992)
7RSSR BEER 5.0g , DA 25.0 mL LS
HEVCATH IR ZBBRRRD BN 10%) .39
REEEDS WELBER ,FHMEpH 6.5, 0.45 um
R, WERIER,

SRR BUR AR B U 1T E . A M S F C18
@i, AR 25C ; KARMER |, AR K 260 nm ;
RPERTER, 2B, S ZRESRR , RED5
¥ 20.0 mmol/L. 20.0 mmol/L 1 40.0 mmol/L , FRE
0.8 mL/min ; ¥R 10 pLo, B LB R EHREN
ayetREENRENRAREERARBE AMP,
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IMP 1 GMP & &.
1.3.5 %%k 5% M B (taste active value, TAV)IT &

SRYFEN TAV BAX()ITEGERRE, 2014) :
ﬁﬁ*%i%%ﬁ@%ﬁmﬁﬁ (1)

A T PR R
1.3.6 BK ¥ & & (equivalent umami concentration,
EUC)it & EUC RERKERSHKEER ZH
FENHEEGER URSHKMENAEREMN
(monosodium glutamate , MSG)R TN ERF, 2014),
BRAXQ)ITHE :

EUC(g MSG/100g) =
S ab+1218(3 ap,) (X a;b;) @)

KNP 1218 HIHEERER ;o NEKRTERN
B/(g/100g) ; b; NEERFE AN T MSG AYEERR
W(Glu 1 ; Asp 0.077) ; ) 2HREZEBRAIR/(g/100g) ;
by A EWRZEBAXNF IMP K& KRB (AMP 0.18 ;
IMP 1 ; GMP 2.3),

TAV=

1.4 BBLE

KA SPSS 17.0 M BB TAE , HBREE
2R, BRI& 3 ANFT , ERALHEHFERER
R, BEMUPENT 005 REE, PEKXT 0.05
REEE,

2 ERESH

21 FEARBBEXNBTEINER

21.1 EF8FENEREKREE 1 BEBF
X [ SR SR SR R BE WA R B A o PR B ST
RUSLEBRBRAEMA TER) IR ENSN PHE ,
BFEMNASLLABRORSEDAORHPIAFE

AR, BRLFAKEREE. REFAE-R
AOER ERXRET  ZRENKNESRER
BEER—ELAIXR  ERYRNBEBERE 20%H
Tiet , AETNIRAEZER, Ak, BFEFER
MR 20%0BEELELR —NKELNT. HE |
AUUEE  EXNREERFE K BRRNNWEET
kAN LB BN BNE)AT , HERMEERGE
FThkm B L R IBREE R AR R E R BRI R
IMERXNERRIEIER. TRRBMHER R
Bk B ARk, SEIREIR, RKAMERAR  BE
MEKENBEARAZR & UK E bR A Z B E K9 E
AT 1, WERETERD

EX K @ RRE TN  BREFEN G E
BEEEN, RENKS  ESEUNEENRE IRE
AEBRK. RALEEBRNEEZ BRERBRIER
EXREHN. BRHREK, BEFX , RAMA TN
BEREBRER, £ , BFF T ELARNKIEIR
FRG  BEXRUCHBERBITINVRZENBEE ,
EREREKRTINPESIERESIHNAERISF,
2015; Phat et al, 2016)o WA EHR W R TS-5000Z
BERBIMRE ZREEAEFERBRENAT
MR mEs  ERAGHKREBRZINE  EIRNEF
FhOR KM RS A TR RS Z 18] &Y # 5.4 A SRR ok M4
BEEAFENREHHEL , RANRK, M, 7. &,
8% 5 FpEABRAERAITY , BERE, H£H, T8
{4: kST
212 TRARKBLEWEKRBE B 2 2TE
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Fig.1 Taste radar chart of Porphyra yezoensis with different harvest periods
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Fig.2 Taste characteristics of Porphyra yezoensis with different harvest periods

SR AT A 58 S A0 G R 4 AR R o 3 R D 5 R (] B R 52K
BN EBHRIEEIR. T E R 5K RAF Xy B A 8%
BKEEEARAEER , kAk, =Kk, MKk, RKERH
KA EMRART. HREKSHEKNOAZRKER
B, SKERNERERERK , XK= KERXN
5 IR (3] bR 3 0E , P K 55 SEAY 8% 0k (= oK (5 B9 &R )
(P<0.05)o BRI R T HREEKN BT AMMNFERE.
HKEKR A NSHEYANEN 2REX  EHEHK
YIRE PR BN, S KERA SR E R E 758
7 RAHSKYANSBREMETESHERUE
EREFMTE,
EREAE-ENER, KKk, ZKERXRHEFK
E#E , 2308 3.30 M 326, = EXLEEZEEZREP>
0.05), PAKERMNEKREN 2.74 , BET A KM=

KER, SKERNEWRER 2.09, BFET LK,
IR (P<0.05), T [ R WA & A A B R E D
BN BTEZEZRP>0.05) , RFBRI ERN K
bR R AR Do

YXBETHEAFERM BEXNFRYRFRAN
WmEEED  RAUERPEERZHENRS  2E20H
BKo kM- KERWARBEREE BEEST
J5 B SR U 5K S AN AR K AR (B (P<0.05) AR EE M
Na*, K'ETLHHEEF=4% , eV FEARE—E
BELXEKUAANECRRER EEER. KK,
CEENEREEEANRS SHESNETIE T
ERTHBEEEXR,
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22 TRARKBERNETEERYA=BRENE
TR B9 3R AR

22,1 HEEEREZERH TAV @ HESERR
HRERBROEER D . FTRRBPERNEES
ERRA R R EN N BREMERLR 1o KKERD
WESERSEBIAT 4291.54 mg/100g , HPERR
EHRRRMOR R Ala. Glu, Asp Fl Valo =KEERH M
EEEMBEN 348529 mg/100g , SkKEFEAF LA
ERIEP<0.05) , BEEEBRFPRLEN R E LA EE
Blo MALRHNBESEREENR 3277.98 mg/100g ,
EF|MTLK, ZKERP<0.05) , SRREHTE
X2 Ala, Glu, Asp, Val # Thro NAKKRHMHEE
SEREEBMNA 1148.12 mg/100g , ERBEFHH K
X2 Ala, Glu, Thr, Val ¥ Asp, BHILEH , &
RYPHES , EXTHFEEERSBEHERD ;
ERAMNLFLERE-EEL AEREHRKN
£F , Thr SRENRE , MEAKMZKERAD Thr
HRENUE , XTHESTERBPEE. hE. XR
BESEATENTLEN T EXNEBESFX
(BRI, 2013)0

A R B B A 2 B2 R YR Y B R ELBROE R
EHEREN, BEXA TAV XN R R H K58 B
TR, HLEWHW TAV N 1 B, ZYRNEE
HERTABMAHE ; % TAV XF 1 B, ZERWEX
BAERKEEERR  BELS  REBEEK. XK
ERXPRNEERABRANEERKAR Glu(dEK).
Ala(BHBR), Asp(BEBR)F] Val(ERR) , XEXKERE
P 3E R R BB AY B FHH R AE — Blo SKFMMEAKERH
B2 Glu, Ala, Asp F Val 3K T\ K (B TAV
XN o AR AT R TR AR TERR
A Glu# Ala , SR TAV 238 1449 7 8.76 , &
MR EEZERINN TAV BEHEEE  XHRE
BRI ERREEXNBRNRERRZ—,

222 EREERESERHE TAV AMP, IMP #I

GMP REH ) 2 SR E B (Fuke ez al, 1996)0 T
ARXRUBEXNERZERS BR AN B EKE
MELE 2. TRARBHBHERER , H AMP 28
HRIE , MEKORERD , T IMP ERENES ,
SHRHTBB K. kK, =K, EKRFMAKERF
IMP X RI 8 TAV 2314 4.13, 4.56. 2.19 # 2.33 , X
SRR BHEZHEREBUNAR — B ZKEX
WERBREREESTHEERER XTRERER
CKEREBREIREMBINE 2)WRRZ—. GMP
KB —ENTR , 8 TAV AN RN
UEKRBRERSHKEERENFEN A&~E
MRERE , XPREEALRERNXBRARZ—.
—# A EUC BB 2R ERSHRIERAEEH
[E4E F (Maehashi et al, 1999), Zit® , kK, =K,
Mgk, AKEREMN EUC 237 223.89 gMSG/100g.
222.13 gMSG/100g, 118.54 gMSG/100g F 47.19 gMSG/
100go XEBFEB/HMLAK, =k, BHK, KKE
REEREE MR BN ELEER— B,
FTRARBHHNEREZRSFEAFEER XHE
RO NELERRT, FEBHFRERX. BEIE
LERYMRRERRABEE TUNTRERER
TE 4 TE R R 05 E 1T 40 5 140 . 1B R M AR R RUR
BEZ REESER. SWREEFERN , KEYRE.
TNEF. BENBRSSHYRBYBRERAKE ,
BEFE%ZINLEYzBFEEBYRN. MAMER.
MEERSEITBE, 2014), Al , NERRBTE,
BALIEEHR | FHUIACRN F BN |’ BRI TLHR
B, AWEXI , BFEAIUBRER S KX
MR ECEE | SR R R, BRERBI,
MBERHREERNEEKRERITESLEN EUC &
BYFERENHKBEERS -3,
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Tab.1 Free amino acid composition of Porphyra yezoensis with different harvest periods and their TAV's

KKER TKER kSR AKER

First harvest of laver Second harvest of laver Fourth harvest of laver Sixth harvest of laver

BE  wmmm M
Mk o Theshold EEB EE mEm  ER mEm  ER mEm .o
Aminoacid guribuwe | (P gmRsm  EE mEew B mERsm A REsE .4

ppeER Mass fraction {E Mass fraction {E Mass fraction {H  Mass fraction
/(mg:100g) TAy /(mg100g') TAY /(mgl100gh) TAV /(mg100g™)

TAV

£
f(;ﬁ)& 8 (+) 100 376.33+2.17°  3.76 297.75+1.82° 295 143.60+1.77° 1.44  28.96+0.73¢ 0.29
Sp

4’-(*:;“? # (+) 30 1225.88+1.29° 40.86 1047.35+2.01° 34.90 1004.09+1.69° 33.47 434.60+1.59¢ 14.49
%ﬁlﬁ W (+) 130 21.20£0.55° 0.16  22.52+0.36* 0.17  19.36+0.28° 0.15  6.56x0.33¢ 0.05
ﬁ;ﬁf # (+ 60  2369.76+3.34* 39.50 1849.36+£3.57 30.82 1758.05+2.54 29.30 525.30+1.68 8.76
ﬁ(:r? M (+) 150 31.05£0.59° 0.21  33.5240.49° 0.2  31.16x0.41° 0.2l ND ND
iﬁ? # (4 260 ND ND ND ND  100.14+0.35° 0.39  61.64+1.41° 0.24
*(T:)ﬁ = () 90 1429£0.12° 0.16  15.44+0.19° 0.17  14.3240.29° 0.16  6.43x0.31° 0.07
Efs? 2 (4) ND 8.74+0.16° ND  10.20£0.22° ND  1221£0.17*° - 4.3740.09° ND
éi‘-:s;ﬁ = O 20 3.750.21° 0.19  3.76£0.10° 0.19  2.71%0.04> 0.14  2.12+0.11° 0.11
"’?ﬁ? # () 190 29.6140.44* 0.16  25.64+0.22° 0.13  21.62+¢0.31° 0.11  10.56£0.09° 0.06
;ﬁi& () 90 14.89£0.33* 0.17  14.39£0.18* 0.16 11.78£0.27° 0.13  7.4320.20° 0.08

%5? HE O 40 142.48+1.07* 3.56 113.611.13®° 2.84 108.53%1.02° 2.71 37.53£1.15¢ 0.94
a

EER EAMK 14.84+0.38° 049  13.38£0.37° 0.45 12.50:0.30° 042  0.28+0.04° 0.0l
(Met) &)

ff? /@ () S0 25.33£0.56* 0.51  23.1440.39° 0.46  20.99:0.58° 042 15.33+0.47¢ 0.31
rg

*ff? ME - 50 13.3940.37° 0.27 18.23+0.34* 036 16.92+0.25° 034  7.010.19° 0.14
ySs

FEEEREE

Total amiount of froe 4291.54+11.58° 3485.29+11.39 3277.98+10.27° 1148.12+8.394

amino acids
F A REBEHKBSEE CREEEBEREYR ND'RRARAUE ; B—THREFTEBFEIRTERE FE(P<0.05)

Note: “+” represents the overall pleasure of taste, “~” represents the overall unpleasure of taste; “ND” means not detected;
The different superscript letters in the same row indicates significant difference (P<0.05)
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Tab.2 Contents of flavor nucleotides in Porphyra yezoensis with different harvest periods and their TAVs

KKER

First harvest of laver

BEBRME B 1E

TKEXR

Second harvest of laver Fourth harvest of laver Sixth harvest of laver

kR NKER

Nucleotide ~ Threshold/ RESE HWE REIH HBWKE REIKR EWKE RESH HWKE
species (mg-100mL™")  Mass fraction M Mass fraction ME Mass fraction M Mass fraction ME
/(mg-100g™") TAy /(mg100g ) TAy /(mg100g ) Tay /(mg 100g™") TAV
AMP 50 20.40+0.13? 041 20.81+0.24° 0.42 19.02+0.19>  0.38 12.24+0.31¢  0.24
IMP 25 103.37+0.36° 4,13 113.99+1.01* 4.56 54.84+0.79¢  2.19  58.19+0.69¢ 2.33
GMP 12.5 17.24+0.47° 1.38 23.17+0.482 1.85 16.57+0.25° 1.33 12.15£0:23° - 10.97

¥ E-THRIEFTRAFERRIERIEF(P<0.05)

Note: The different superscript letters in the same row indicates significant difference (P<0.05)

FTRRBBHER  HREWEEBHEEKR, 8K
BBk, RBRAMERAMR. kA, =K, EK, KKE
S B R 58 BEORORL B8 . = 7K R S Y 8% bR B K B &
Ko kKM AERHRARBEREE BEESTHE
HA SR UK R RUBR B (P<0.05)0 kK, —KERMNE
BREEE |, MAKERNERERE  SAKERHFK
EHRE. MEXIERNEKREDRDN,

FTRRWERBZ R RSB R A KR
RBREERR K. XK, 2K, EARMAKERNbE
EEEREBI5R 4291.54 mg/100g, 3485.29 mg/
100g.3277.98 mg/100g F 1148.12 mg/100g. Ala, Glu,
Asp M Val S ERTMA. 2RBKEERF IMP 2B
WRE , WEKNTERA. kK, =K, EARAKE
¥ EUC 9 517 223.89 gMSG/100g, 222.13 gMSG/
100g, 118.54 gMSG/100g ¥ 47.19 gMSG/100g. A
R EREREN B

BFENRINBESERNAZEBNINER
BEAR—F, 8FF A UMERRIEITE KRS
BRFE,

2 £ x B
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Taste Characteristic Analysis of Porphyra yezoensis During Different
Harvest Periods - a Study Based on Electronic Tongue Technology

CAO Rong'?, ZHAO Ling', WANG Lianzhu', SUN Huihui', LIU Qi'®

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine
Drugs and Bioproducts of Qingdao National Laboratory for Marine Science and Technology, Qingdao 266235)

Abstract The aim of this study was to evaluate the taste characteristic of Porphyra yezoensis with
different harvest periods. Electronic tongue (INSENT taste analysis system) was applied to characterize
the taste of lavers. The contents of free amino acids and flavor nucleotides in the first, the second, the
fourth and the sixth harvest of laver were measured. The electronic tongue data showed that the taste of
laver was mainly consisted of umami, aftertaste of umami, saltiness and bitterness. The umami value
decreased successively in the first, second, fourth and sixth harvest of laver. The intensity of aftertaste of
umami was greatest in the second harvest of laver, close in the first and fourth harvest, and was
significantly decreased in the sixth harvest (P<0.05). The saltiness intensity was higher in the first and
second harvest of laver. The intensity of bitterness was similar between the first and second harvest of
laver. The bitterness value was significant lower in the sixth harvest of laver (P<0.05). The astringency
value was small and there was no significant difference among the four samples (P>0.05). The contents of
taste compounds and their contributions to flavor were significantly different among the four laver
samples. The contents of total free amino acids in first, second, fourth and sixth harvest of laver were
4291.54 mg/100g, 3485.29 mg/100g, 3277.98 mg/100g and 1148.12 mg/100g, respectively. Alanine and
glutamic acid made the biggest contribution to flavor. The content of inosine monophosphate (IMP) was
relatively higher in all kinds of flavor nucleotides. The taste active values (TAV) of IMP in the first,
second, fourth and sixth harvest of laver were 4.13, 4.56, 2.19 and 2.33, respectively. The equivalent umami
concentrations (EUC) of the first, second, fourth and sixth harvest of laver were 223.89 gMSG/100g.
222.13 gMSG/100g, 118.54 gMSG/100g and 47.19 gMSG/100g ,respectively, which means the umami of
earlier harvest of laver is more intense. The electronic tongue analysis results are basically consistent with
the experiment data of flavor substances measurements. Electronic tongue technology could be used as a
quick method to evaluate the taste of lavers and other aquatic products.
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