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WE LU ERCE ey 3 i 8 4 3 % 3K (Pyropia yezoensis) A #T E xt &, X H T B AR B
Hegok, BRMEZERE R RG . INTRARFTMAERA K, P EERFRHALE, BELNEHFS
BER G E R AL F B AR, ¥ 5 % vk JE (A (Taste active value, TAV) 5 %k #%F & (Equivalent
umami concentration, EUC), 4% &, HELE LM EXEARECEEE, kAR KEENEA
SEWNE A% E, BEETHEARMAKEEP<0.05), FRKESAHELNEHEERK, 3

/\E =2

MNF11%, FETLEZF P AL ERIK,

Ay AKEXWLFAERRELR
XAPEER N ERRERTHMMER, LK.
A1 4 23971, 190.03

B E A,
S ERE, Zn Kz, Cofik; Pb & EWRILT GB 2762-2017 Wy REZ K., KK,
KEPFFALF 2 73(P<0.05), & A AR
Zok. WA K % B BUCOU T 3iH Rk B 1K, 4
108.05 A1 51.56 g MSG/100 g i 7E £ 30 & X B A B Em W& Rmihe, HiEl

%% 2.59x10%~5.52x10* mg/kg; % & L% M Fe
“kEXS N
R ES LR

BRI B R 0 B AT KBRS R, AR N T KOR R e B R R

P32 50| AL E,
hESES TS254.7

B BR
XEAFRIRES A

% 3% 8 T 40 % '] (Rhodophyta) . J& 41 % 4
41 &% H (Bangiales) . 41L&
%l (Bangiaceae) ., 3¢ )E (Pyropia) (R E 45, 2015),
"ﬁﬂf MEABMEZRMEITER, BA MR,
HHFPK . HNEFRO IR, s S SR E 2 R
{E(%Méﬁ% 2001; FEW2E, 2012), 5238 (Pyropia
yezoensis) Fl 17 45 3¢ (P haitnensis) & 32 % (%) 37 58 fif 2%
RIS 2017).
SRR TN, VKBS TR ) SR
mn R, BESAAEILS . WK, R T A R
(PIEESE, 2008), SRy BTiFEFRAEHIC . Z=797, /K
JAE R ZE AN R B 25 550 I B 7 S5 (2009) BF 5T
K, AFEWCEIH IR SR AR B TR . Y

(Protoflorideophy-ceae) .
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FERM, P [ 35 58 3R SR B SR I 1% ( Ab 7  BE R 7%
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LWIREENIS DI FE R, SRBE SR A AR & 1R
A AT DX A [RD 7T 45 AN AR ] 5 A 45 (2003) BF 92 R 1
SR T 58 SR 32 28 5% WUy B AR SR MO 0 A [R] AR b
f)u@%lﬂ, G A AF(2015) 5T &I, ANIAl i 3R &5
EESR I B R 7 ik B R WSO Y B R SRR A, TR
WS IR B B 5 RS A7 55 (2002) % 1 2= HE U I 2R BT
SR E IR U T — > IR AR R A BR R 20 A
SRRV EFR BT &, EE & e =g
WA, Ak A P 2R e, At 2 s 532 Ak
ANET I 5 HE R AR DG T AN [RISCH I 5% B 25 S5 fef iR 1
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WHIBTIE . 2016 AFJE, A% BE 5 SRAE SO S g4
RFFRIAFR ), FRIE AN 66.7 hm?, AHFSE 4347
AN T A S0 7 T O R 55 SR B T EE IR L R
WRALTY, JEXS HAEAT SR DEAN , LA R 2R B 58 SR B
(T K R AR A

1 #wREFE
1.1 LI

ZRPEESE T, B EE TR E R AT BR A W]
Mt Sk UKL PUIKAIZS K S B 2016 4R
12 H30H, 20074 1 H17H.2H 14H.3H
13 H R A i 5 0 5 (121°59'11.300"N
36°51'17.300"E), Tihiz EXLER=E)G, /alke, 4°C
A H

1.2 SIGAHE

121 AKXZHRARMNE K B Tk I
7K (GB 5009.3-2016) ; >R FH i i K be i %2 JK 43 (GB
5009.4-2016); >k H B 323 & 2 0 2 £ 40 &% 1 (SC/T
3011-2001); =R L EG 2 05 I ML & 1 7% = (GB
5009.5-2016); R FH 2 FCHR 0 a2 6L AR 17 7 & (GB
5009.6-2016).
122 nE4HFMNE 2 Bk (£ W4, 2012;
PMEILAE, 2012), R AT/ By it B AR & 45 5 T
PR TP ASCI SE AR HER I . 25 TR CRE S 45 0 R
=8
1.23 RARLSEFMN T Z M GB 5009.124-2016
M K LRI & i, R ERIRAL B )5 , >R A
H 7z L-8800 U FEMR H sl 4t 5 R ALK
PR IE AL BRAE 5, S BERR B 3043 B A0 7 vife 5 2
=
124 2% BZHF®BA TN E Z WSk
(Yokoyama et al, 1992; HZE%%, 2018)l 12 & W%
BRI & i, iS5 @it Shiseido C18 SG
(4.6 mmx150 mm); VAR LIR . FPERR . — LM%
IREVEW YA 20, 20, 40.0 mmol/L, pH 5.5); ¥
B K 0.8 ml/min; AR 40°C; UV K&, #6003
K8 260 nm; HEAEEH 10 plo
1.2.5 vk M AL (Taste active value, TAV)#t H

MR ZEIR SE(2014) 7 LT 2R T 1) TAV,
HHEAXIT

P it R IR 5 ) 5 I P A
ZA T R T A

SRR TR Re Al R g B A IR N )

WA T [ 1 5 A A T Bl R i 38 B 1 B AR VR A

TAV =

1.2.6 k#f % % (Equivalent umami concentration,
EUC)# 3 ARG > eI S R A 1T R 5 i IR 2 1R
Z AR A R PR ) 3 VR T, L[] 5 B A BT 10 4 2R
P4l (Monosodium glutamate, MSG) ¥ £k £ . 1R
PEWkE 45 (2016) M Iy i3, AT
EUC(g MSG/100 g)=) " ah +1218(Q ah)(D_a;b;)

Arb, 1218 I EVE G & R IR SR 1Y
H(g/100 g); by AR Z B AN X T4 2 R 1 (MSG)
R fEE IR R KU(Glu, 1; Asp, 0.077); ay A S BRAZ TR A L
(g/100 g); by HEIRZHIRANXS T IMP (1R R AL
(AMP, 0.18; IMP, 1; GMP, 2.3),

1.3 HiEALE

K FH SPSS 17.0 AL PG, L EHEE 2 1K,
B3 AT, R L bR 1E 2 (MeantSD) KR,
WEMELL P<0.01 A W, P<0.05 R E, P>0.05
HAREE

2 ZERE5HH

21 EFXREFRAMNESER

2 1 aJAl, SBEARERPEARTESE
W, TR SRR koK A UK E A SR
e 49% LA, A SRR E R T UAMASKENR
(P<0.05). K& WCEIHAIER , Ko & g i,
5 R AE(2003) AT 7T 25 R — B, KSR B
s, R AR ™ 3l R K SR SR IR 48 5%
K (W 244745, 2002).

22 19OMETEES=ENW

WHIOTEAME TR E®ILE 2. NER 2 TLLE
i, AT E TP ROURE U K ke, PR
BRI, X5EWEQI)MBIFTLR—E; Hbh—
K K S, WKERKRZ, k&b K
TR, XAREE KSR B m T K 5k
M FRER A, WE S K, BT aE016)4kiAE ,
W K S840 3.50x10%~4.86x10% mg/kg, 1Mij 37 1 75
KB K SR h 2.59%10%5.52x10* mg/kg, &
Y, PEmANE K, 0T DU B A R
iR ICE T Fe Fitim, ZnikZ, Co ffk.

HELEMGRILE 3, GB2762-2017 Bfh &4
EZbfE CR A e BR AR ) B, Pb (RR &
1.0 mg/kg(VATHIF), MR 3 WM, S5 AHE %
S Pb & BRI BALT GB 2762-2017 AYBR - EK ; G
Bl As B FEVE I 5 W 185 4 (201 D) I IIFFE 45 2R — 3.
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#z1 BEREFESCTHRIT, g/100 g)
Tab.1 Basic nutrition composition (in dry basis, g/100 g)

e Wiy KoK SR TUKESE PU7K 53K FNIK SR
Nutrient content Laver of first harvest Laver of second harvest  Laver of fourth harvest Laver of sixth harvest
#5 M Protein 49.82+0.21% 50.94+0.12% 46.67+0.19° 31.33+0.25°
HE Wi Fat 0.99+0.04" 0.92+0.13* 0.90+0.09° 1.04+0.07*
JK43 Ash 10.39+0.09° 16.58+0.15" 17.94+0.24° 19.54+0.22°
B Total sugar 24.05+0.11° 21.91+0.18° 22.17+0.07° 25.2240.15"

T A —ATAR A [ 7 B R 22 57 1 % (P<0.05), T
Note: In the same line, different letters indicate significant difference (P<0.05), the same as below
2 HEnxZMRERRRELLTHIT, mgke)
Tab.2 The content of macro-and microelement (in dry basis, mg/kg)
LR PYS &4 TKES DUk 5638 AVS +3
Elements Laver of first harvest Laver of second harvest Laver of fourth harvest Laver of sixth harvest
4 Na 2388+5 303749 389443 4489+7
B Mg 326743 315048 3081+4 291242
# K 2585315 55195+17 43537+21 33430+19
5 Ca 6550£10 5267+9 4514+£13 6542+17
WP 388.9+4.2 342.4+£2.9 241.0+1.5 216.8+1.8
% Fe 649.7£3.9 368.6£1.9 412.3+2.7 689.0+4.1
i Mn 31.42+1.65 28.00+1.44 22.82+1.19 20.76£2.01
i Cu 9.95+0.51 8.90+0.47 7.37+£0.60 7.62+0.43
B Zn 116.85+3.55 47.76+1.58 55.44+1.49 57.65+2.11
fifi Se 0.16+0.02 0.19+0.01 0.17+0.03 0.19+0.04
i Co 0.33+0.02 0.23+0.05 0.20:0.01 0.26+0.01
B NI 3.27£0.36 1.09+0.12 0.94+0.09 6.91+0.40
v 1.70+0.18 1.75+0.20 7.35+0.43 3.58+0.22
*3 BERZREEULITHIT, mgke)
Tab.3 The content of harmful elements (in dry basis, mg/kg)
JLER Lok 53k KSR UK 23 AV 2
Elements Laver of first harvest Laver of second harvest Laver of fourth harvest Laver of sixth harvest
A% Pb 0.46+0.14 0.21£0.01 0.20+0.02 0.53+0.07
ToHLA iAs 0.14+0.01 0.15+0.03 0.16+0.02 0.14+0.01
23 KXBRIREBRSHEIERAN Sk A R Y B ORI B A SRR Ala, Glu,
Asp. Glu fl Asp, JEHLAIA) R EEREILR, K&

F 4 v, KRR IERR RS b, BT AR BT
BRI R E BRI N Ala, Glu, Asp. Arg
I Val, BB WCEIR RN, ST 2R (EAA).
T R IEFR(NEAA) 1 L LR (AA) B e 5 T [
% Skok L ZKESRE UK | S/KEESE) EAA . NEAA

M AA B RIAETE I 3 25 5 (P<0.05),
Ui 9 B TR A 5 R K 7 R () SR LAy 2 — o

M 5 TTREH, kKSR oK PUK ., RKER
18 i IR i 29 2 R S i A TR B il 5 25 57 (P<0.01), %

SEHINFE Glu A1 Asp & I B 3 & T UK L UK AT
7N/KER SR (P<0.01),

24 ERZHEHBRSE

R IR S S HRAL B o R MR 7K™ R R 1 55—
KEEW S, Hp, SEERZHTR(GMP), RS
R TR (IMP )RR R A% TR (AMP) 2 LY 14 1 fif

M R%E R (Fuke et al, 1996), SRR & & ILE 6,
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F= 4 KFBEEBREAMLLT I, g/100 g)
Tab.4 Hydrolytic amino acid composition(in dry basis, g/100 g)

AHTR K EE 3 TKES UK 535 FNIKE
Amino acids Laver of first harvest  Laver of second harvest Laver of fourth harvest  Laver of sixth harvest
REZR Asp 3.95+0.13° 3.87+0.22% 3.3240.20° 2.59+0.11°
JRE R Thr* 2.38+0.19° 2.2740.17 2.1540.17° 1.6620.08°
2 F R Ser 1.96+0.09° 1.83+0.12° 1.66+0.13° 1.3340.06°
AR Glu 5.25+0.17° 4.29+0.29° 3.75+0.23¢ 2.70+0.15¢
HZR Gly 2.33+0.08° 2.33+0.13° 2.18+0.11% 1.68+0.10°
WA Ala 6.29+0.11° 5.23+0.15° 4.53+0.19° 2.88+0.13¢
HATR Val* 2.60+0.15° 2.34+0.23° 2.12+0.09° 1.64+0.12¢
EHAM Met* 0.72+0.04* 0.43+0.10° 0.40+0.03° 0.32+0.01°
SRR Te* 1.64+0.12° 1.50+0.09° 1.48+0.14° 1.16£0.10°
S &R Leu* 3.27+0.05° 3.11%0.17° 2.86+0.24° 2.11+0.32°
& &R Tyr 1.79+0.09° 1.51+0.05° 1.37+0.16° 1.14+0.04¢
ANE R Phe* 1.78+0.11° 1.60+0.19° 1.64+0.08° 1.25+0.09¢
AR Lys* 2.39+0.17a 2.24+0.07° 2.06+0.12° 1.48+0.12¢
0% % His 1.00+0.14° 1.01+0.05° 1.06+0.08° 0.69+0.05°
THRIR Arg 2.67+0.11° 2.59+0.13° 2.1540.17° 1.5440.15°
it %R Pro 0.99+0.03° 1.11£0.03° 1.070.07° 0.80+0.03°
> EAA 14.78+0.83° 13.49+1.02° 12.11£0.87° 9.26+0.84°
Y NEAA 26.23+0.95° 23.77+1.17° 20.1+1.14° 14.77+0.82¢
Y AA 41.01+1.78° 37.2642.19* 32.2142.01° 24.03+1.66°
S EAA/Y AA 36.04% 36.21% 37.60% 38.54%
S EAA/INEAA 56.35% 56.75% 60.25% 62.69%
o OWEILR; YEAA: UTEIMAE; YNEAA: EMTEEMSE; YAA: AHREE

Note: *: Essential amino acids; Y, EAA: Total essential amino acids; Y, NEAA: Non-essential amino acids; X, AA

amino acids

x5 BHRKFEEERIELLTHIT, mg/100 g)
Tab.5 The content of free flavor amino acid (in dry basis, mg/100 g)

: Total

Amino acids

KAKESH TOKES UK #E5E
Laver of first harvest  Laver of second harvest Laver of fourth harvest

INIKE

Laver of sixth harvest

KGR Asp
HATR Glu
HZ R Gly
WA Ala
(SN Tyr
AR Phe

J i Total

380.90+1.52° 239.88+1.33° 125.92+1.40°
1242.39+2.15° 852.11£1.97° 860.44+1.45°

20.99+0.43" 18.77+0.21° 20.99+0.24*
2400.84+3.09° 1503.96+2.71° 1500.53+2.13°
14.69+0.40° 12.52+0.23° 10.49+0.31°¢
13.64+0.37* 14.60+0.34° 12.23+0.25°

4073.45+7.96° 2641.84+6.79° 2528.86+5.78°

30.02+0.62¢
450.42+0.23°
6.83+0.47¢
544.49+1.51°
4.52£0.28°
6.66+0.19°
1042.94+3.30¢

#*6 ERZERE=(TIHIT, mg/100 g)
Tab.6 The contents of flavor nucleotide (in dry basis, mg/100 g)

AR KoK 5K TUKESE PU7K 53¢ INIKEESE
Nucleotide Laver of first harvest ~ Laver of second harvest Laver of fourth harvest  Laver of sixth harvest
AMP 21.45+0.21% 21.70+1.76* 19.96+0.73* 12.72+0.51°
IMP 108.4742.45* 118.89+1.98° 57.54+1.29°¢ 61.06+1.63¢
GMP 18.09+0.25% 24.17+0.32° 17.39+0.56* 12.75+0.44°
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oK L KSR G IUK | ANUKE S T B R AL R M
Z A FETE i 35 22 5 (P<0.05), —/K%3%%h GMP. IMP
Al AMP & B o
2.5 BERRIEM

e IR K i B B AR AR, B TAV
I EUC #H471F M . b, TAV 8732 X i
BEVR SR VAT HI5E , DL STAN 3 — 21 43 %o 2 R XU i

TR (B 2R 45, 2018), iAW TAV<I B, XK
FIRT AL RAE R 5 2 TAV>1 B, % 2IRY)
JEOG LR R L Tk, EAEMGR, TR RO
SEELEELR LA Y 2 T LR (Glu . Asp) FlZ
HHE(AMP, IMP, GMP)%:, iR 5 Ak &% B
Ko TAV W3 7. Hivr, Glu X 4550 48 35 i 0k 114 57 iR i
g, HRSE IMP, Asp Fll GMP, AMP Xk fiy
D1y 16 N

=7 HEREMMREER TAV
Tab.7 Taste-active compounds and their TAV values
fetrn -~ L
Compound __ 1weshold SRS = kR Pk 235 Aok
value(mg/100 ml) | ayer of first harvest Laver of second harvest Laver of fourth harvest Laver of sixth harvest
Glu 30 41.41 28.40 28.68 15.01
Asp 100 3.81 2.40 1.26 1.00
GMP 12.5 1.45 1.93 1.39 1.02
IMP 25 4.34 4.76 2.30 2.44
AMP 50 0.43 0.43 0.40 0.25

AN [R]85 R AR A ) =2 ] 1Y) 28 BATE A R 2 R A G
BN R Z —, MREWREAT RS ek Z R R, ™
A URIRIRIONE , 7 o 5 B A fif DR (Macehashi et al, 1999),
XA RN AT LA EUC Seffif it (3 ik 1A 55, 2016).
oK KL PUZK RIS K AR BEL SR B EUC(A T35
R A 239.71.190.03 . 108.05 1 51.56 g MSG/100 g.,
R K A3 & HAR T AU sE f BUC 20T & B, Skok R —
K% FK K EUC B T B E B IF (Exopalaemon
carinicauda) (12.98 g MSG/100g) 1 K # 11
(Pseudosciaena crocea) (13.43 g MSG/100g)f) EUC
(B, WEWREE (B 36 4E, 2018; HMNHESE, 2015), X5
WG T AT ) 5 0 PR 11 JRfif S P 2518 — B

3 #Hit

VIS SR BRSBTSk oK
Stk S lines ol R N @ VAV & SN il
AR, kK. ZKESREIAK ., SAKERM LA
FEMR N A HE R 5 f () AE T 35 25 57 (P<0.05) . T
FU P EHREM, K SRk, K TR0 2.59%10%
5.52x10* mg/kg; fIEICEH Fe FitM, Zn K2,
Co I fi% ; Pb & 81 AL T GB 2762-2017 A BR B ZoR
Ui 25 4% 24 R (Glu) R B IS A% 1 R (IMP) X 45 B 525
R E IR B STERIE T, koK. ok PUUK RIS K %
BESRM EUC(UA T )Rk 239.71. 190.03 .
108.05 F1 51.56 g MSG/100 g, H.#5BRAH A i BRAFAE
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Nutritional Analysis and Umami Assessment of
Pyropia yezoensis from Jing Bay

ZHAO Ling', CAO Rong', WANG Lianzhu', LIU Qi'", CHEN Shaofan’, FU Pengfei’

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. Weihai Crown Marine Science & Technology Co., Ltd., Wendeng  264400)

Abstract Pyropia yezoensis at different harvest times were obtained from Jing Bay, and its nutritional
and umami characteristics were analyzed. Crude protein, crude fat, ash, inorganic elements, and amino
acid composition were determined to analyze its nutritional characteristics. Free amino acids and flavor
nucleotides were determined to calculate the taste active value (TAV) and equivalent umami concentration
(EUC), which indicated the umami of P. yezoensis. The results showed that P. yezoensis from Jing Bay
had high protein and low fat content. The protein content exceeded 49% in the first and second harvest,
indicating that the P. yezoensis had higher nutritional value in the early stage of the harvest. The K content
was the highest among the constant elements, while the P content was the lowest. Fe content was the
highest among the trace elements; Zn content was higher, and Co content was the lowest. Pb content was
significantly lower than the limited requirements of GB 2762-2017. There were significant differences
between P. yezoensis from the first, second harvest and the fourth, sixth harvest in terms of essential and
total amino acid content (P<0.05). Glutamic acid and hypoxanthine nucleotide played a major role in the
umami contribution; the Equivalent umami concentration (in dry basis) of P. yezoensis in the first, second,
fourth, and sixth harvests was 239.71, 190.03, 108.05, and 51.56 g MSG/100 g, respectively. P. yezoensis
from Jing Bay has high nutritional values and desirable umami characteristics in the early stage of harvest,
and thus, has great market potential.
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