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HE IHFINARRKENEEERR TN ZR, RARTFERRMTT LA, k. ©
K Fr 7k K 438 % 3 (Porphyra yezoensis) iy i sk 41 ik, EIBE, 3T AR KRB L E P BELER. 2%
GHBREFERDFINEGERT TN, FRET, LEBREEhs R, SkER., RRfEg4
Bo kKL TR, TAFIAKEEREREERRMEG ., ZKEERERERERA, AT A
B ek ER T, K E Bk B R B B R(P<0.05), kAR A Y R R T
W, HEFERTEHRUCEFENRAMP<0.05), KA, ZAKEKEHFTREHEL, WAEERER
A, AAKEENERERK AR KRB EENERD TG ERANBRY THREE ZRFR K.
kAL 2K WAFIARKEXNIEEALR L ERABD, 4 AF&ZEFE R FEZ F(P<0.05),
XER TR A B B AR F E RN ARMA AR, E KL B P ALY B (Inosine monophosphate,
IMP) X% ok B9 FU R Ao kK. =K. WU ARFR 7N K 2 3 89 % 8 2 & (Equivalent umami concentration,
EUC)% 4l % 223.89, 222.13, 118.54 #1 47.19 g MSG/100 g, #F %k W, Al K Uy & ek F o
B, MFENRNBES ERDHEENINEREILA -2,

B30 23X, R, BFE; %
hESES TS254.7 SCEAERIRED A
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(Porphyra), 7EMFAEEN, HAT, CHRIEMER
130 ZFh, REMEES 20 F, H, FKBEE3E
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I BB FRIE PP QLSIZR, 2014), SR E SEA .
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AP T AL (IR 45, 2010), BEAM, SR RUME AR,
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3%, WV AEQ010)F 78 KB, SkaK A —ok i 5%
VER MRS AR E , T BRI 3 S0 504 1
SRBTEARs ZHEEQO160)WTTE A I, Bl RIS
MIIE G , T2 2 3% v 8 e M SR L 43 e R K AR 4k
KoK B EAE, WIRYI K Z R KEME . dEE
K TR S Y, R a5 .
RS IR S H S E & . THLE T A LIRSS .
BRI, X 7K i 0 R O A 5 = 2 5 v 7 i (7 TN o 4,
2015), UFCHUFDESE, 2012), BEGRXBRSE, 2016)% K =
Y, MRS A B BRI R I AT SR A D

AR FE LIS B SR G X 4, R INSENT Bk
AT HT FR GERE I T A [R) SR WA 8 SR i R AL A, TR
B, XA R OIS 0 i B 2k R . 2R R S
ERY AT T 438 o BT 45 SR T LACA 30 B BT
FE B R AL TR AR B S %

1 HR57E
1.1 EHERSF

SIS FHARBE 28 SR AR A LU AR IR S 3, FR R
TR R A R AR . Sk o =k M
IKFNZS K EEER A RMC H W45 = 2016 4F 12 J1 30
H.20174 1 H 17 H. 201742 A 14 H#1 2017 4F
3H 13 H,

A 2 (Adenosine monophosphate, AMP). L
fiZ (Inosine monophosphate, IMP)FI 5 #i% (Guanosine
monophosphate, GMP)#F5 #E it (4 & >99%)(Sigma 2
) EIERRIRAEBRE i (ZEE>99%)(Sigma A 7]); H
(URE B o e

12 UE5EE

TS-5000Z R 5E 73 Afr R 48 (H A INSENT A ) ;
L-8800 7 2 3R 1 2 4 A AL (H A H 37 A Al )
DHG-9423 A I i #A1E I8 57 X150 (RS 22 2 0 13 7%
AR ; 1260 B S RORAH G REE(EE Agilent
NI
1.3 A&

131 #Hsharaz SR RIS, &1ETE. VI
ELOWRIDEL WK, T RS TR TR T
il )5S RE s B E ST, HAIRMIT RO R, &
F s h R Ar &

132 % FExkn B 50 g £3TH, A
100 ml A B 1 25 210K, 1R 5 min J5 53]
BT, 3000 r/min B0 5 min, BCEWER, B

ZERE LV, RS H0E BT TR, w8
T IRAF B, SR I EE . B, . WL BR S
FhORIE S FEmIR AR SR 3 0K, 2 RS A
B3 P X DU O A T R B R AE 43T

S W KCL MV FRIE A, TR
NTMER ; AU VERCAK . LB MER R IR AV T ;
IEMEVERCA 7K . KCL, LM KOH IR A
1.33 #BAKLBRESZTNE Kt 3 KA TR
WRERRES . SR (B R EEEZbRE &5 PR IR
SRAIE ) GB 5009.124-2016 (2016), R JHEFEMR
H 3o B G T I A
134 E2%REBZHFREZMNE 2 M Yokoyama
E(1992) 7 A EIE M BURE S 5.0 g, JITA 25.0 ml
AR HI 2 10°C LT 1Y 58 SRR ¥ W (ot 1 43 B0k
10%), Y950 f5 FEEg.O, B BIEW, IR pH Ol 6.5,
i 0.45 um JEME, WCAEIEW

DRV v ROBROR i (SR A T I A o A 2% - C 18
A, IR 25°C s SAMG IR , KA 260 nm;
TENMU AP ERR . RN = Z MR A VAT, W 4 5]
4 20.0, 20.0 1 40.0 mmol/L, i#i# ¥ 0.8 ml/min; #F
FERE N 10 plo 33T LSRR i S AR HEAL A 4 6 5]
WS L P PR B I5F 1) S Ui TR AR SR Affi i AMP . IMP Fll GMP
T,
1.3.5 vk & M AL (Taste active value, TAV)#t H
BEIRYTH TAV #A K (D)ITRE (GRREE, 2014):

PoF it v R 2 IR A I 11 4 o R P

TAV= = VAR 1
R KRR M
1.3.6 vk # % & (Equivalent umami concentration,
EUC)# ¥ EUC ZREIREITIR S i IR 5L 2 7]

FEAL R R EEVE R DA TR A B A BT T 14 A 2R LN
(Monosodium glutamate, MSG)Z/R (321R%, 2014),
AR Q)R
EUC(g MSG/100g) =
2ab+1218( ah)(Xab) @)

Ao, 1218 Jy W [EE T H G a B R 2 R 1Y)
H(g/100g); by A bR 2 IE R A X T MSG 11 i bk 2 4L
(Glu 1; Asp 0.077); a AR ITRRAYE(g/100 g);
by N AL AR AHXT T IMP (iR R E(AMP 0.18;
IMP 1; GMP 2.3),

1.4 HiEALE

K SPSS 17.0 B x5 #1702, g E A
2K, BRI 3 AT, RV EHEREZE (Meant
SD)#/R, L P<0.05 NREMZER, P>0.05 NARE,
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ARIRVEFEDR o ARRIOH A2, HPER I 32 h
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FE B b 05 R DEAN TP A5 21 R R 8 22 1 R (R IR A
2015; Phat et al, 2016). AT H i FH A9 /& TS-5000Z
UMK 5853 T R 40, BT e B 5 M i N T B A A% Je%
LR XN NS SR e I TR R Rl F i S
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AR A

212 FERMH L FE e EkS A A 2 BEASFE

—x— Zx, Tasteless

—n— k7K 283K First harvest of laver
—o— 7K %85€ Second harvest of laver
—— PU7K 283 Fourth harvest of laver
—0— 7N7K 283 Sixth harvest of laver

HEBR Bitterness

SR ENEPRE e il ST K PN

Fig.1 Taste radar chart of P. yezoensis during different harvest periods
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Fig.2 Taste characteristics of P. yezoensis during different harvest periods
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SRMSCH 5 S50 1 R 2L T O O D M IR ] R 2853
e R TR BEFE AR o AN [RS8 SR it X I 1 fi
DREREEAA P 225, koK. KL PUIKRI S K g
F18) 5 TR it A YR U 553 o B IR [ R 5 A 1% A b R A
WA AR, K SRS R R I R A R K, kKA =
KSR S G S R TR R 20T, D 7K 2R S A A R [ i P
B/ (P<0.05), [HIBRARFE T RE 5%k 1 HE A F1=E
R IR ] R AN S5 i A I A 4 % A O,
A R 5 R DA G o KSR R SRR [T Bk
AR A, U AL R ) A 1 i S AR T AR oA
SRS 554 I AR T

R EA —E BT, SkKOR K2R3 1 R
EHE, 4350 3.30 Fi1 3.26, 3 J0 1 2% 5(P>0.05).
DU 7K 2832 1 R R 2.74, WA T3k K Rl — /K 2835
ANIKEESE T RIE R 2.09, WAL TR AR k&
S(P<0.05) . AN [A] R WO 22 S i 1Y TR BRABL X B0/
HJC B 3% 25 5 (P>0.05), % BH 3R X 48 5 19 1% vk o1
B/ o

LR TG K IR SRl , ELX IR0 5 A i 1Y)
WRRE ), P, SRR SR RSN, SR
HRRR o SR A UK 5630 0 R SR B3, H B3
T 5 R ASCER S 1 Sl W 3 82 (1. (P<<0.05) o Jal Bk S 2 1
Na', K"ZLHLRHE 7 =4, BT LIFE—&
FRJE_F 5% B A A ) HLAth % R A B B 588 4 o Sk D
UK EERTR BRI T, S HR S R T
RGN AXR,
22 AERBHEENETEERYRSERET#

WK f 53 ik

221 HBAARSZTALTAV S AR
IG5 0 WA 1) S B 3 o AN TR) SR WA 55 3 110 1 5 2
PR 4 B HE 1 ) R TG PE M L 1. R 1 /T LU
Sk SR B e R S A B 4291.54 mg/100 g,
Hrr, @B EASKIKE Ala, Glu, Asp 1 Val,
KSR B A R B 3485.29 mg/100 g, 53k
K LA e AR K (P<0.05), {BEZ LR RIS 25+ &
FLH B 5 T AR AL o DU K 25 38 Y U0 B A R R R i R
3277.98 mg/100 g, W 3K T Sk K Bl oK 5838 (P<
0.05), FEEEMFIEMKIIE Ala, Glu, Asp. Val Fl
Thr, 757K EE3ERY RS 2 552 S it ()R 1148.12 mg/100 g,
R E R AR KRR Ala, Glu, Thr. Val Fl Asp.
HILE, BEERBOHLE S, 232 1iF 5 5 1R
S RED s SRS B 2 R A —w ARk, T
HRE W RICAY 232, Thr &A1k K

KSR Thr SRR R, X AT 585 AN [FER SO R
JE AR ORI S AR A AR I TSR
A BRZH 53R G (MR N AE, 2013),

NN IR T ) SR R 2 F 2 R ) o A e B LR T TR

EIL R E R . H R TAV X8 5l A0 135 R 5 1 F
T . SEAH TAV<L B, %9 B%h % (s vk
TR ; 24 TAV>1 B, 2% 52 R4 o %o J AR 3 vk
AELETER, HAESE, TTRREE R . kKSRt
VLR BTIR R 1Y BRI Glu(ffBR) . Ala(HTIg) |
Asp(fEER)FT Val(G5IR), X 5 KK S5 R AR w vk
IS 18 ff % DR AR — 2, KR /K 23 [l A 2 Gl
Ala. Asp Hil Val X[ R STk K, {H TAV FHXTHR /N
77K R S T X i R BT R K Y T 2 2 R R (A Glu
Ala, XFRE) TAV 43518 14.49 Al 8.76, SHiHIRIL
SRR R TAV A B 220, 3t 25 R Ik
(1) 58 SR AT AR IR 1 SR 22—
222 EkEF®mAEEAIL TAV  AMP. IMP Al
GMP 2 B (14 52 IR (19 A% 17 % (Fuke et al, 1996), A~
[F) SR AL 4011 5 S 1 S22 AR A 1 R 5 et B LK 7 79 92 IR 3
PEE W 2, 2 T LIEH, AIESRIBOH Y 2800
b, L AMP SRS, X EER A STk, i IMP
XA, R TTERE R . koK. =KL Y
IRANZSIK LR IMP X R TAV 43508 413, 4.56,
2.19 Fi12.33, X 55 R I S8 SR BE R T AR B A IS
—H, KSR R AL TR W S T A S
i, XA B R T R K SR SR R [l R B SR Z(E 2)
ERNZ —. GMP YR A —E M TTEk, {3 TAV
AEXTE /N

MR IRAL TR 5 i R 2 SRR [ i AR AE R, W] A
MR, XA ag BAE R R R A R R 2 —
— ] EUC i 2t 52 BRAZ 1 2 5 6 IR 22 JRE IR 1) 34 fif oy
[ /F FHl(Maehashi et al, 1999), 2838, Sk, —K.
VUK FIZS 7K 5361 EUC 4351 223.89.,222.13 . 118.54
H147.19 g MSG/100 g iX 5 HLFFH 13 H Y Sk L K |
DU 7K 7S 7K 5 SR i R i B2 AR Ul 55 P 45 8 AR — 3K

ANTRL KM B4 S8 SR AE B K D AR AE 25 57, Xl 2
S R/NG SRR SRR R O, il
b SR 0T B FL G R DUBR AR B2, 1T DX AN [R]85 R b
FERERE LR T T HEA T2 VAN o F B S 9 32 R A
PR, BRUFES IR . SRALITIRSN, BREW T .
TCHLES . A HLIR 55 2 Fh ) Joa s Xh ik bR A R
HARIZEN G Z B AE ARG O, . inAE A
e R A (RHIR S, 2014), I, RiZ5 A ICETEE |
FRALFEFR , 14 LABLAR AR AG I T B X £ i R R 1 7 45
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Tab.1 Free amino acid composition of P. yezoensis during different harvest periods and their TAVs

LK R TUKER UK 25 av/& £
B First harvest of laver Second harvest of laver Fourth harvest of laver Sixth harvest of laver

R Wk ‘ ‘ ; ;
Amino  Tase  Threshold LR WK mobm MOk mURm W% mutm ok

acid  atribute M€ mEME WM mEME WM REAE WM Ream B

100 ml . . . .
mi) Mass fraction {H  Mass fraction {H  Mass fraction {H  Mass fraction 1H
(mg/100 g) TAV  (mg/l100g) TAV (mg/100g) TAV (mg/100g) TAV
KGR @
RERm B ) 100 376.33+2.17° 3.76 297.75£1.82° 2.95 143.60£1.77° 1.44 28.96+0.73% 0.29
Asp Umami
N >
AR () 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
Glu Umami
V=)
R ) 130 21.20£0.55° 0.6  22.52+036° 0.17  19.36£0.28° 0.15  6.56:0.33% 0.05
Gly Sweet
V=75
WA ) 60 2369.76+3.34* 39.50 1849.36+3.57 30.82 1758.0542.54 29.30 525.30£1.68 8.76
Ala Sweet
R :
2R/ H 150 31.05£0.59° 021  33.52+049° 022 31.16:0.41° 021 ND ND
Ser Sweet
b s sy
AR At () 260 ND ND ND ND  100.14£035% 039 61.64+1.41° 024
Thr Sweet
e = TA E
WEM ) 90 1429+0.12°  0.16  15.44£0.19*° 0.17 14324029 0.16  6.43+0.31° 0.07
Phe Bitter
[=TA b
e () ND 8740166 ND  1020:022° ND  1221%0.17° - 43740.09° ND
Tyr Bitter
9H &5 Tip ETO . .
ARm O 20 3.75+0.21°  0.19  3.76+0.10° 0.19  2.714€0.04> 0.14  2.12+0.11° 0.11
His Bitter
B A=A B
REM w0 190 29.61£0.44*  0.16  25.64£0.22° 0.13  21.6240.31°  0.11  10.56+0.09° 0.06
Leu Bitter
e A
#’f@& itt() 90 14.8940.33*  0.17  14.39+0.18" 0.16 11.78£0.27° 0.13  7.43£0.20° 0.08
€ 1tter

WAM A O
Val Sweet/Bitter
T /IR
HHER “)
Met  Bitter/Sweet/
Sulfur
WEmR B D
Arg  Bitter/Sweet
WA A o)
Lys  Sweet/Bitter
e B A A S
Total amount of free 4291.54+11.58* 3485.29+11.39° 3277.98+10.27° 1148.12+8.39¢
amino acids

LR S DE, <R SRR ND R RAG IR s [F]—AT AR A R R R R 22 5 25 (P<0.05), T[]
“+” 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) , the same as below

40 142.48+1.07*  3.56 113.61£1.13° 2.84 108.53+1.02° 2.71  37.53+1.15% 0.94

30 14.84+0.38"  0.49 13.38+0.37°  0.45 12.50+0.30°  0.42 0.28+0.04% 0.01

50 25.33+£0.56* 0.51 23.14£0.39°  0.46  20.99+0.58° 0.42  15.33:0.47° 0.31

50 13.39+£0.37°  0.27 18.23+0.34° 036  16.92+0.25° 0.34 7.01x0.19% 0.14
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Tab.2 Contents of flavor nucleotides in P. yezoensis during different harvest periods and their TAVs
LIKEEHK TR PUIK 52 av/ & £
Bt Al First harvest of laver  Second harvest of laver Fourth harvest of laver Sixth harvest of laver
Z H B . . . o . . o . . o . .
Neclootide  Threshold — FRELAMEC  WiURIS  BORAMEC  WAORIE O RRAMEK MRS BOURAMEC MRS
(mg/100 ml)  Mags fraction M Mass fraction  {:{f{ Mass fraction PEff Mass fraction :{f
(mg/100g) oy  (mg/100g) 1Ay (mg/100g) TAy (mg100g) AV
BRI AMP 50 20.40+0.13°  0.41  20.81+0.24* 042  19.02£0.19* 038  12.24+0.31° 0.24
MR 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
54 GMP 12.5 17.24+0.47° 1.38 23.17+0.48* 1.85  16.57+0.25" 1.33 12.15+£0.23°  0.97
3 & S FLA T UF S K RS . BLAL L SRR 2012,

ANRIRUSCHI R 5858, FLE R J2 2 ph ek | SR
Wl | RR AR . koK. UK, PUZK RS KR
S B AR IR R AR VR 55 . K S e R (] R (R e
Ko kAR KRR RS e, H B E S TE
SR M2 3 1Y R R AR (P<0.05) 0 Sk FI /K 238 1Y 7
WRAEHZIT, PUZKEESE M IRAEIEAIR, 7S 7K 530 A0 v IR
EHAR . 4 2280 P TR IR (B 3 /N o

AN [R] SR AT S 58 25 %) 30 R ) ot ik S X 1% R 7Y
TR 22 A, Sk L UKL DUIK RIS K &30
Ui B S R S i3 ik 4291.54 . 3485.29. 3277.98 Fl
1148.12 mg/100 g. Ala. Glu. Asp HI Val X740k 5Tk
Ko EMALTTRR T IMP & fEARXT =, SR A DT
KL ZIK L PUKFIZSKERSE) EUC 2038 223.89.,
222.13, 118.54 F147.19 g MSG/100 g, Hij iR Uk il 42 35¢
fef R B Ry B

HL 7 A I R S R o o 1 A AT
FEAR—F, BT T DU A PR T 8 3 PR AR TIE 1Y)
HARFE.
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Taste Characteristic Analysis of Porphyra yezoensis During Different
Harvest Periods: A Sudy 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, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071)

Abstract The aim of this study was to evaluate the taste characteristics of Porphyra yezoensis during
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, second, fourth, and
sixth harvest of lavers were measured. The electronic tongue data showed that the taste of lavers mainly
consisted of umami, aftertaste of umami, saltiness, and bitterness. The umami value decreased
successively in the first, second, fourth, and sixth harvest of lavers. The intensity of aftertaste of umami
was the greatest in the second harvest of lavers, followed by 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 lavers. The intensity of bitterness was similar between the first and second harvest of
lavers. The bitterness value was significantly lower in the sixth harvest of lavers (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 the flavor were significantly different among
the four laver samples. The contents of total free amino acids in the first, second, fourth, and sixth harvest
of lavers were 4291.54 mg/100 g, 3485.29 mg/100 g, 3277.98 mg/100 g, and 1148.12 mg/100 g,
respectively. Alanine and glutamic acid made the biggest contribution to the flavor. The content of inosine
monophosphate (IMP) was relatively high in all flavor nucleotides. The taste active values (TAV) of IMP
in the first, second, fourth, and sixth harvest of lavers 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 lavers were
223.89 g MSG/100 g, 222.13 g MSG/100 g, 118.54 g MSG/100 g, and 47.19 g MSG/100 g, respectively,
which means the umami of the earlier harvest of lavers was more intense. The electronic tongue analysis
results are consistent with the experimental data of the flavor substances measurements. Electronic tongue
technology could be used as a quick method to evaluate the taste of lavers and other aquatic products.
Key words Porphyra yezoensis; Harvest period; Electronic tongue; Taste characteristic
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