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Tab.1 The collection sites,dates and ecological habit of attached green algae in 2010

collection sites

R4 I 6]

collection dates

GHES

species

ecological habit

VLR N4 47> Rudongwaisha Jiangsu

VL7541 %5 ¥ 1 # Rudongyangkougang Jiangsu

VLI W75 7 1 Rudongyangkou

YL J5 41 75 7 I # Rudongyangkougang Jiangsu
VLIS 75 B il Qidonglvsi Jiangsu

VLR UN 75 75 % Rudongdongan Jiangsu

VL7541 %5 K 7> Rudongchangsha Jiangsu

VL7 W %5 ¥E 11 #% Rudongyangkougang Jiangsu

VL7541 75 #% B ¥ Rudongyaowanggang Jiangsu

2010-03-15 U. prolifera
2010-04-07 U. prolifera
Jiangsu 2010-04-10 U. prolifera
2010-04-12 U. prolifera
2010-04-15 U. prolifera
2010-04-16 U. prolifera
2010-04-16 U. prolifera
2010-04-16 U. prolifera
2010-04-16 U. prolifera

[% % attached
[# % attached
[# % attached
[% % attached
[# % attached
[# % attached
[# % attached
[# % attached
[# % attached

F2 2010 FEHMEHMPREMNE S AMESS M

Tab.2 The collection sites,dates and ecological habit of green tide algae in 2010

R4 5

collection sites

A=A Ik

ecological habit

R |

collection dates

VLR UN 75 3F #E Rudonghuangang Jiangsu
VLR Z5 7 11 #E Rudongyangkougang Jiangsu
YL75 K F= ¥k Dafenggang Jiangsu

YL 5T BH# Sheyanggang Jiangsu

VL7545 FH Sheyang Jiangsu

VL5 BH#s Sheyanggang Jiangsu

LI N A K BH & Rudongtaiyangdao Jiangsu
VL7541 %5 7 11 # Rudongyangkougang Jiangsu
VL75 K # Dafenggang Jiangsu

VLR 5T BH#E Sheyanggang Jiangsu

I17% H B H) " Rizhaodianchang Shandong
IR 7 & #%4F Qingdaozhangiao Shandong

1A % % Qingdao Shandong

1145 H B8 7 % 1 Rizhaowanpingkou Shandong

114 % & Qingdao Shandong

2010-04-16 v floating
2010-04-16 9% floating
2010-04-16 % floating
2010-05-13 WP floating
2010-05-13 97 floating
2010-05-28 9% floating
2010-06-06 9% floating
2010-07-04 BEyF floating
2010-07-04 BEyF floating
2010-07-04 9% floating
2010-07-04 3% floating

2010-07-06 % floating

2010-07-06 BEyF floating
2010-07-07 7% floating
2010-07-26 9% floating
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1.2 ZWHE

ARBRAR R iR = NN
Ao FRELO.2 g AbFRAT I RE L, S ATHILE N,
TAHEAE AT 10 mL 3 B B2 F 0 1k b 12,420 C
M1k 1.5 h, R )5 Al FOSS Kjeltec2300 ¥ & 5E A
0 . KRG WG - R AL . K43 :550 C &l
Pobeth. Mlarde. mEE . mAKLE W W%
oo KA 1105 C R LLAMNR P 7K 43 5 430 5 o
2R Z RIS N & IR RGE ™,

Fa e R ks o 2 FRAE 50 ~
60 mg, B A CHER LMK MAE P, IMAL S
mL ) 6 mol/L HCl, EL2Z5 £ 4%, 7E (110 + 1) C 4t
i PIK A7 24 b TR RE S SRS AZE L L, K
AR bR LR R, B R vk e 4, FHH O L-
8800 i L FE R 4 T A A2 o B L IR 4 T A 1
HEREEE 20 wL, % 1 i 0.4 mL/min, J§ Jj 10.5
MPa, % 2 i 0. 35 mL/min, JE /7 0.8 MPa, /3 &
HEIELE 50 C |, B B i 136 C
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w5 0 R AT T A, PR R T IR 4 o e
T 2 4k % h Zn  Ca Fe Cu Mn [ & ;P

A6 R I RE
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JEF RSO a0 A 5 R R T 6 8 4y
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2.1 EXEFHASENN
AT RE 1 AN [7) SR 5 i s S5 ) 5 A1 151 35 ¢
BAE PR EEAE IR i (R 3 gk 4) . 4

S s SRS Lk E i WA X P N |
B YR 5 B R R I [ 1 HE I )
WHLE A & A BRI, 75 SR R
WA S B RE b ML AR A R, 08 31.04%
T E I S WA 30 110 453 0 S R L ML S B R R
B 12, 11% , 3 58 B 4% 0 956 A L 18 9% 5 A v 491 2k
TR TE (I, S A S B L
I ™ TN [ 5 0 ML 7 5 eI, B A
WA 1% 5 FR Ay & AL A, R 1/
S Ii A s BRAK AL A ) S ik B ¥ E A O SR LAY
5 EE R 35.82% ~ 52. 43% 5 4% 1 B ML 4
B FE R, IR 5. 26% ~ 8.86% B IE 2%
IS 2 2 A g BT 4 % A e A TR 22 B 4
BRINGE, IR 2N GEG R N KE IR K I
CHLRE IR KT E A KR Y F T S
SRATR A IS I A R — A e
EE AT RIS B AT 4 R B A R G
F9 8 B R
2.2 MREZLHPENEZLESH

F5 WoR T 2010 4F 43 ) 3 i i 4k % 02K
BNEgE, NFES P LA, R a fint
L% b 1E YL IR SR ERE S b B BB T LE 1L
TRERWERE S P S AR I b B
MTT 5 28 1 ARt 5 B0 R B i B 3. 2010 48 3T 95
30 WL BRI 4 R R R BE A B 12, 893
mg/g, KHEE N E i m ik 1. 863 mg/g, & b
(L Lb L 2R S SR S O T S RN D Ry i
X SRR T SRR 0 4 R AT
TE—5E 1025 5, AT RE & 1h T 0 35 R 42 1) 1] £ S [
T 32 J 1

R3 2010 FEAFEENEFSASRESE

Tab.3 Basic component contents of attached green algae in 2010 %
R HEA L 17 i HLEF 4 KA E ) k¥

collection sites crude protein  crude fat ash crude fiber carbohydrate moisture
YL# AN Z5 b7 Rudongwaisha Jiangsu 30.37 0.94 18.23 6.11 38.14 12.32
YL N4 7 0 # Rudongyangkougang Jiangsu 30.23 0.84 17.25 6.47 39.25 12.43
VL7345 ¥ 1 Rudongyangkou Jiangsu 32.83 0.91 18.32 5.21 35.20 12.74
VLI U045 7 1 # Rudongyangkougang Jiangsu 31.32 0.81 19.21 6.56 36.21 12.45
VLI585 %5 B Qidonglvsi Jiangsu 32.29 0.74 18.38 5.83 35.98 12.61
VLI U 4 %< % Rudongdongan Jiangsu 31.14 0.87 18.11 6.23 37.66 12.22
YLI3 i %5 £ 7> Rudongchangsha Jiangsu 29.43 0.82 17.93 6.41 39.51 12.31
YL J5 AR 7 11 # Rudongyangkougang Jiangsu 30.12 0.92 18.45 6.34 37.93 12.58
VL73 U0 45 3% B2 Rudongyaowanggang Jiangsu 31.24 0.77 18.37 5.85 37.49 12.13
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Tab.4 Basic component contents of green tide algae in 2010 %
e 4R M HLE G LI 7 . Yix LT 4t KA G K4y

collection sites crude protein  crude fat ash crude fiber carbohydrate moisture
VL7541 4 37 #& Rudonghuangang Jiangsu 30. 64 0.92 18.93 5.89 37.04 12.47
YL A4 7 1D # Rudongyangkougang Jiangsu 31.04 0.86 19.54 6.04 36.25 12.31
VLI K F # Dafenggang Jiangsu 30.18 0.84 20.58 5.26 35.82 12.58
YL 75 5F BH#% Sheyanggang Jiangsu 29.94 0.77 20.23 6.68 36.34 12.72
VL7554 BH Sheyang Jiangsu 22.87 0.89 19.45 6.21 44.18 12.61
VL7 5t BH# Sheyanggang Jiangsu 28.12 0.68 20.26 6.45 38.77 12.17
VL5740 Z5 K B 5% Rudongtaiyangdao Jiangsu 28.72 0.82 21.28 6.72 36.84 12.34
VL5 W Z5 7 1 # Rudongyangkougang Jiangsu 26.83 0.74 19.87 6.32 39.75 12. 81
VL.75 K F= #k Dafenggang Jiangsu 23.12 0.73 20.42 7.53 42.11 13.62
VL7559t BH# Sheyanggang Jiangsu 22.21 0.87 21.53 7.12 42.86 12.53
11 %4 H BB 1) Rizhaodianchang Shandong 21.14 0.68 20.06 8.41 46.04 12.08
1A 5 #F Qingdaozhangiao Shandong 16.76 0.57 21.54 7.35 48.59 12.54
I 4 % % Qingdao Shandong 16.43 0.49 20.67 8.61 49.98 12.43
11 45 H B8 J73F 11 Rizhaowanpingkou Shandong 14.56 0.62 21.04 8.86 51.50 12.28
11 4<% & Qingdao Shandong 12.11 0.42 22.73 7.93 52.43 12.31

RS ZPENMHEINEATINRSE

Tab.5 The contents of chlorophyll and carotenoid of green tide algae mg/g
RIH A "hEE a "% b e R " alb
collection sites chlorophyll a chlorophyll b carotenoid chlorophyll a.b
VL#RUN %< PR #E Rudonghuangang Jiangsu 8.568 4.325 1.863 12.893
YL U457 1 #E Rudongyangkougang Jiangsu 8.621 4.026 1.631 12. 647
VL75 KFE # Dafenggang Jiangsu 7.968 3.573 1.326 11.541
YLHR 4T PH#s Sheyanggang Jiangsu 6.759 3.221 0.856 9.980
VL7514 K BH % Rudongtaiyangdao Jiangsu 5.423 3.612 0.349 9.035
VLU Z5 7 11 #E Rudongyangkougang Jiangsu 5.214 3.081 0.742 8.295
VLI K F # Dafenggang Jiangsu 5.135 3.624 0.784 8.759
VL7551 BH#% Sheyanggang Jiangsu 5.109 3.431 0.687 8.540
114 H B8, ) Rizhaodianchang Shandong 5.066 3.741 0.975 8.807
I % 54 Qingdaozhanqiao Shandong 2.342 1.067 0.652 3.409
114 % % Qingdao Shandong 1.481 0.909 0.319 2.390
2.3 SEBEENH *x6 RPELEEREE
R 25 0 8 0 IR B B ) J”ﬁf? , E/ﬁ\:% ¥ 4% Tab.6 Total amino acids contents of green tide algae
SR T LR AN AR R B AR H BRI AR RRA R RERER/%
EF%E U% iﬁ% ﬁ ) /I\ ﬂﬂ ‘1‘5\ E(J ﬁé Fﬁ] jﬂ: //r? T /ﬁ % ﬁﬁ {IM KHE ’ TLI5 WHZR K PR I:(:1:::)11':;dsil}t/:ilgdalo Jiangsu = ;I;m;l;) =
i s - A4 5 aivanoedao Jianes )
MR 6 T LA i ,?%(%ﬁﬁﬁﬁ@%%@ﬁﬁ%%ﬁ 114 H B8 H, ] Rizhaodianchang Shandong 19.03
RAT WU 2 SF 0T BB o s L
Fo 3k A v i 2 )T B 3t B s X U4 A i
T v L S ) AR R I ) B I AT B i L DA AR AR T R AR SRR,
PR i SRR B T 3 ) SR LR 10 16. 45% , K T
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AFMRE OB, mrlikH 13.21% . 4

A NERGEA B LT A IR (EAA) , Wbif7

SRR A LR M B 34.78% ~37.45% ,iX 3
=]

MNP REREARR (AR KRITEA
R.oHAMR. NAEARKR) 73 5 ZELRLEEW
41.22% 42.59% F145.21% , K I, 23 3 9 A B 0 19

TR AR, TR Sy £ 8l W A kA K 9K R A R
(RT~K9) . mubnl WL, 4 30 & E B BT
B AU SR & T ELE SRR R Y
2, EAA WBIR R i A 5 I R IR R, 2
— i A A E

RT IHNFEAENEERAKTSE

Tab.7 The amino acid composition and content of green tide algae from Jiangsu Rudong

5 AR (B) SR/(e/100 ) EAH/% 4 R (N) FR/(2/1008)  HIRI/%
essential amino acid content percentage nonessential amino acid content percentage
FRE MR Thr 1.319 0 4.79 KITZ AR Asp 3.203 9 11.62
# 5 R Val 1.6857 6.12 22 5 1% Ser 1.234 4 4.48
H B & R Met 0.484 8 1.76 AR Glu 4.314 0 15.65
FAL AR lle 1.188 1 4.31 H4&mR Gly 1.648 9 5.98
2R Leu 2.2385 8.12 N iR Ala 2.198 1 7.97
TR % R Phe 1.492 6 5.42 Bt 4 8. Cys 0.340 6 1.24
#fi %8R Lys 1.403 6 5.09 i 5 iR Tyr 0.671 3 2.44
2H %X His 0.427 9 1.55 R Arg 1.711 9 6.21
fifi Z R Pro 1.259 9 4.57
% NH, 0.740 3 2.69
L A 4
tifc;mzn:eis 27.563 5
E/T 37.15
N/T 62.85

®8 LKHREPENSERARTEE

Tab.8 The amino acid composition and content of green tide algae from Shandong Rizhao

L AR (B) S/ (2/100 ) FAYH/% FBTEERN) G100 8)  HA/%
essential amino acid content percentage nonessential amino acid content percentage
2R Thr 1.1189 5.88 KIT& R Asp 2.440 2 12.82
AR Val 1.399 8 7.36 22 5% Ser 1.074 3 5.65
i & iR Met 0.277 2 1.46 A AR Glu 2.584 0 13.58
FREE R e 0.790 1 4.15 H &’ Gly 1.2272 6.45
LA R Leu 1.412 6 7.42 WA Ala 1.8539 9.74
KN & R Phe 1.046 0 5.50 e & R Cys 0.478 9 2.52
= R Lys 0.8293 4.36 % & R Tyr 0.320 4 1.68
21 % W His 0.2517 1.32 WA M Arg 0.984 8 5.18
fili A& Pro 0.5939 3.12
% NH, 0.3450 1.81
IR
tiajlzf:n:eis 19.028 2
E/T 37.45
N/T 62.55
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Tab.9 The amino acid composition and content of green tide algae from Shandong Qingdao

Wi AR (E) Tt/ (g/100 g) A/ % 007 A HEER (N) i/ (g/100 g) Ay %
essential amino acid content percentage nonessential amino acid content percentage
Jr & R Thr 0.669 8 5.80 KIT4 A Asp 1.525 8 13.21
Bk Val 0.843 5 7.30 25 % IR Ser 0.6328 5.48
i & R Met 0.148 2 1.28 A& 2 Glu 1.899 6 16.45
FIEER Tle 0.427 6 3.70 H&® Gly 0.735 1 6.36
R Leu 0.7159 6.20 N R Ala 1.061 9 9.19
NP Phe 0.593 6 5.14 it & B2 Cys 0.343 7 2.98
i FR Lys 0.479 7 4.15 it &R Tyr 0.158 2 1.37
4 & 82 His 0.138 8 1.20 ki &R Arg 0.587 9 5.09

fili & iz Pro 0.346 8 3.00
& NH, 0.2413 2.09
G EL TR
ol o
E/T 34.78
N/T 65.22

2.4 HRETEP.Ca.Zn Fe,Cufl1 Mn & &
ST

F 10 IR T4 ¥ it R P.Ca Zn Fe,
Cu Fl Mn & HEAE DL o DU 45 R WK - S0 3 &
HRHEM P.Ca Fl Fe,Jf H'E & Zn . Cu 88 i1 T
FXH EWR S RIS g R

(N]
N

S

B, Fe EIMLLE H M IF 2 M) 1 280 £ 4
MR ARV R R PR E EEAR T Cu 2 i
MG A 7T B 1R AL 5 Zn 25 2 B G 5 B, i sE
ERER FHE-MEHER D EFHILR.
L 2 ) 4 v R R A 7 BOG R AT DA R IR IE
2, AT LA O B a2 o LT R IR T

F

®10 %N P.CaZn Fe.Cufl Mn &8
Tab.10 The contents of P,Ca,Zn,Fe,Cu and Mn of green tide algae mg/g
x =
coltiiflsites P Ca Zn Fe Cu Mn
VL9 4N 4 3R # Rudonghuangang Jiangsu 0.79 16.87 0.064 0.89 0.024 0.046
TTH N4 O ¥ Rudongyangkougang Jiangsu 0.84 18.54 0.057 0.96 0.027 0.055
VLI K F # Dafenggang Jiangsu 0.79 17.21 0.072 0.87 0.031 0.047
VL5 5F BH#% Sheyanggang Jiangsu 0.93 16.3 0.069 0.82 0.023 0.038
VL5 BH Sheyang Jiangsu 0.52 14.56 0.035 0.43 0.013 0.032
VL7545t B Sheyanggang Jiangsu 0.77 18.48 0.074 0.77 0.026 0.054
VL7534 K BH % Rudongtaiyangdao Jiangsu 0.68 19.22 0.086 0.73 0.018 0.041
YL73UN 45 7 11 #% Rudongyangkougang Jiangsu 1.31 17.93 0.053 0.56 0.022 0.037
JL#F K FE W Dafenggang Jiangsu 1.65 18.59 0.074 0.71 0.028 0.051
VLI 5t BH# Sheyanggang Jiangsu 1.76 19.33 0.067 0.62 0.031 0.042
114 H BB ) " Rizhaodianchang Shandong 0.71 18.34 0.091 0.58 0.024 0.037
1A S HHF Qingdaozhangiao Shandong 1.26 16.34 0.062 0.47 0.036 0.031
11 47 % Qingdao Shandong 0.94 14.92 0.025 0.42 0.032 0.026
11 % [ )7 11 Rizhaowanpingkou Shandong 0.46 15.11 0.047 0.53 0.017 0.024
I 4% % Qingdao Shandong 0.38 13.48 0.054 0.32 0.022 0.021

2.5 E£RBTEPL.CA.Crin Hg EEH
TR T W E S8 UK Pb,Cd Cr
T Hg 955 51 Lo 7E 2010 4F R 4 B 1Y 2% 39 %

Fdirf,Pb Cd Cr Rl Hg 1) 35 5 B0, 2% 8 % b
P14 45 T B 45 J 25 2 OR M S ( GB 19643 2005 3
el i A FR ) FI(NY 5056 - 2005 Jo 28 % £
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dn TREE ) R AE B4R 9 BR A BEOR  IX 5 T S R
A LEE — B0 AT AT LR L S A A

P4 10 b o, AT DL AT B O T S BE IR A
LR

F11 FHEHPb.CA.Crin Hg W& E

Tab.11 The contents of Pb,Cd,Cr and Hg of green tide algae mg/kg

cofeiiﬁlsites P cd cr He
VL7514 3 Rudonghuangang Jiangsu 0.43 0.36 0.73 0.39
VLA UN A 7 0 # Rudongyangkougang Jiangsu 0.38 0.42 0.66 0.25
VL.75 KFE H#k Dafenggang Jiangsu 0.47 0.48 0.62 0.28
VL7551 BH#% Sheyanggang Jiangsu 0.36 0.39 0.72 0.36
VL7551 BH Sheyang Jiangsu 0.23 0.25 0.57 0.14
VL7551 BH#% Sheyanggang Jiangsu 0.42 0.46 0.65 0.36
VL7545 K BH % Rudongtaiyangdao Jiangsu 0.32 0.58 0.84 0.27
VL7R W45 ¥ 11 #% Rudongyangkougang Jiangsu 0.41 0.47 0.71 0.24
VL75 K F Hk Dafenggang Jiangsu 0.53 0.51 0.68 0.31
VL7551 BH#% Sheyanggang Jiangsu 0.43 0.43 0.74 0.33
11 45 H B85 ) Rizhaodianchang Shandong 0.39 0.59 0.91 0.16
1 % 5 #:#F Qingdaozhanqiao Shandong 0.53 0.67 0.78 0.22
11 4 % % Qingdao Shandong 0.48 0.71 0.69 0.34
1 45 H B8 J75F 11 Rizhaowanpingkou Shandong 0.37 0.36 0.63 0.18
114 % % Qingdao Shandong 0.31 0.31 0.58 0.13

3 3t

3.1 RPENERNEFES

AR HIF 5 5 6 2010 4F AN [ SR 4 1l 3 R[]
1) £ ) T D[] o 5 A 8 4 1 DU S 5 4 A, OF
ST LR LIRS o B b o AR O, O S
G SR AT T g WFoT 4 R W G i 75
IR AE LR SRS HES AR ES
SR D SRR T TS N, X S
Ay i R R A — B, S I RS A AR b A
P14 A JR) 8 T 5 30 9 v 1 R B A B R ) o S
Fio [EE SR80 Moy 8 LR BT B, B BT 45
B, Wik FE s, X TR S AN A
KR, DRy [ 4 3 B AR 0 AE — S ARV AR Y A BE L
RUATIEE R TR . A SCN G B8 (RS ik 2 5
T, R A X H T 2 R A 0 o SR T B I8
W

ARSI S5 R R B R A B[] R S AN ]
[E] 25 2% 1) 25 P AR B4 AR AR O B L B B
R I AR B AR R ML A
AGRE) 31.04% KT & AN R 1% , K5 & i
TE20% e 4y HMLEF4E S5 5.26% ~8.86% , [t
SR S SR LA AR T LS B B 8 i A

e, PBEAE EE, 2 B v A 1 RS VG AT 4
R RIRME BTV o T BEAY AL oY S5 Bl 2R A
AT RER A DX 03] 3 2y SHL AR R ) 2 90 B 5 3 Y
{ELRE G 16 98 A R DN 2290 1 A8 A, HoA 27 1oy
WA I A 225 . BN, i ek e B —
SE B A E, PTHR 40 965 38 A9 A [ 4 A5 A T
BRI AR P o 28 250 X ¢ W 98 1) B AR 38 5 2 i
13 TR W€ S o0 M, 15 AE 0 I S MR 2o )
BEUR B E 1) AP 1 FLE LAl
3.2 ZEEHMHER

U AU p2 S BNV 2 Nt (o S
HB R (R A vy e I AR R Al 12893 mg/g,
(ELIE I 38 55 Bt o B 30 R 4 I [R] 19 228 J A7
RARHE AR B, 3R 3 8 (19 2 Al S e 7= g 1) Jo
LT R BB (PR X (0 R R B Ok,
sl IR R M E I T B AR . BRI IR R
MIEHE™ I3 O BURS T . AR R R
M G5 R, B A 6 ) B HE RS S 1) 986 1Y it St A
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Nutrition analysis and food safety evaluation of green tide algae in 2010

WU Chuang', MA Jiahai'* , GAO Song', JU Min', HU Xiang’,
YANG Jianqiang2 , XU Ren’, YE Shufeng3
(1. Key Laboratory of Aquatic Genetic Resources and Aquacultural Ecology Certificated by the Ministry of Agriculture ,
Shanghai Ocean University ,Shanghai 201306 , China ;
2. North China Sea Branch of the State Oceanic Administration ,Qingdao 266033, China;

3. East Sea Environment Monitoring Center ,State Oceanic Administration ,Shanghai 200137, China)

Abstract. Successive green tides that happened in South Yellow Sea in recent years have caused widespread
concern. In order to provide the basis for making integrated use of green tide algae,and according to national
standards, this study analyzed basic nutrients, chlorophyll, amino acids,mineral elements and heavy metals of
green algae collected from Jiangsu and Shandong in 2010. The results indicated that;carbohydrates were the
main nutritional components of these green tide algae,accounting for 35.82% - 52.43% ;the crude protein
contents varied greatly,from 31.04% to 12.11% ;the fat contents were low and all less than 1% ;there was
a significant difference in the contents of chlorophyll,the contents decreased significantly when the collection
dates delayed ;the amino acid contents were high and the percent age of essential amino acids was up to
37.45% ,the flavor amino acids aspartic acid, glutamic acid, glycine and alanine were considerably high;
these algae contained abundant mineral elements, the contents of Ca, Fe,Zn were distinctly high, but the
heavy metals Pb, Hg and Cd were all lower than the limited requirements in national standards. The
composition of attached samples did not change significantly.

Key words: green tide algae; attached green algae; nutrition analysis; safety evaluation
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