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Fig.1 E. prolifera sampling point
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Fig. 2 Flow chart of continuous extraction of aluminum from E. prolifera
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NG TER, TRIBY R ORIGESR AIF FUNY T4
BUER, TR 2 AFRE 1A FLIE MR 2.
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Wi 0 P R B B, Tang %5 ™38 5 /K $2 BE ULk 2
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1776.48 mg/kg, LSRR H NS =
Z FONFE BRI 98.76%~105.21%, Hik#1E
Al Z LN (R 2). AT WLASHESE B3 I i 2212
PEILAR A A 1 Tk AT
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Tab.1 Aluminum speciation and main speciation extracted from different extracts

PR Moy RIS FERRPOLS
extractant components extraction morphology of aluminium main aluminum extraction forms
disstilled H,O DI AP, AI(OH)”. Al(OH); . AI(OH)*. AP*. AI(OH)”. Al(OH)F
AIF
D2 Algss Alggms Alggus Alros Al Algg,
HCI El AP, AI(OH)". Al(OH); . AI(OH)*. Alggm~ AIF
Alggn~ AIF
E2 Alpross Algyg Al
NaOH F1 Al Al
F2 A, AI(OHY". AlI(OH); . AlOy,. AlOr ;. AlOyp,
Alora
F3 Algras Algy, Algye
G Alyg Algg

H: AIFEIEAIFT. AIF”. AlF;. AIF] . AIFET; AL KIEME N, Al /N0 THIEEENLES, Al NARERNLS, AlgLs Alg,
AP FIAFLE AR . Al & BRAC, WRRAT. Al NERAGEE, AL AREER/DN S TEAGSSENR, Al ARETER K
STERASESAENE, Al VTR ETANE. Al IR &SH IR

Notes: AIF includes AIF*, AIF*, AlF,, AIF}, AIF?"; Al is water-soluble organic aluminum, Al,g, is small molecule soluble organic aluminum,
Aljyros 1s unstable organic aluminum, Alg; and Algy, are two kinds of unstable organic aluminum respectively. Aly content is very low and can be
ignored. Al is polysaccharide binding aluminum, Al is acid soluble small molecule protein binding organic aluminum, Al is alkali soluble large
molecule protein binding organic aluminum, Al is fiber binding organic aluminum. Al is a kind of algal cemented organic aluminum

®2 WERTEAEASEHNEE

Tab.2  Aluminum content of different components in E. prolifera mg/kg
W eh e WER UMM EE  content of aluminum in E. prolifera
i i — S IR b o e - AN
tralaluminum n Wk ks mEA WES it o
E. prolifera fat soluble ~ water soluble  acid soluble  alkali soluble residue .
aluminium
Ffall  sample 1 1776.48+3.21 0 81.89+£1.24  360.63+3.21 1172.48+4.53 230.94+1.25 1845.94+2.55
P2 sample 2 1653.13+2.51 0 81.17+0.89 335.58+2.31 1086.10+3.78 223.83+1.20 1726.68+2.067
FEh3  sample 3 1585.25+4.21 0 87.19+0.98 321.81+3.12  1031.99+4.21 229.86+0.98 1670.85+2.32
P4 sample 3 1689.86+3.25 0 69.96+0.67  277.14+2.12 1137.28+3.87 205.49+0.87 1680.87+1.88

VE: PESALL RERN2. BEE3. FERAS BN, TB. AN BRI S, T
Notes: sample 1, sample 2, sample 3 and sample 4 are samples taken from Zhoushan, Ningbo, Taizhou and Wenzhou respectively, the same below
() TH R, Ak i HCHIZ B 4 b 40 i 3= o
Fh e 11 5 B W TRRE . 1E 60 °C B4R AR 1
K E i KMH . NaOH i 241 bl & R E N THE, 7
70 °C Bk B T i RIR I, Bl A TR B (8 T
Mg TR (K 4), X 5RBFEVHFRA
) & B i HCL A NaOH X487 19 3= H i 19 52 ) 119 &5
IR —F, XA REJE K R I AT HCL A 20 i A
W R, 4 P A% TR I35 2 3% 2k 40 RN AT BILAR o8 42
724 NaOH i5%] 0.8 mol/L i} FLKF A0 MUk 52 4x il MRV SHRBR I (R 2).
I, DN 4t 240 B v ) 2 1 455 A8 4 HEFBROGELESNEERASH W
B IR IRE AT 4R E 6 h B BTSSR 8.57%~11.38%,
HCI fl NaOH UK E B it , iR E  EORMVRESREM =MEE T, SHRZm
Bl L, MW E KT 0.8 mol/L i, £ /iZ AL N T A ML, R
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wIF R TEREE; 2ad B EMHr, HCl A NaOH

IR B AR A 0.8 mol/L (£ 5).

23 WESRAEESENSENRSH
TREMEHEYESE 4 A FE i AR A

AR E RS, HEEAY 65.09%~67.30%:;

KER . BREBE . REPENSES NGBS

[194.16%~5.50% . 16.40%~20.30% . 12.16%~14.59%,
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Fig. 3 Effect of the grain size of E. prolifera on the
aluminum leaching
1. 10~20, 2. 20~30, 3. 30~40, 4. 40~60, 5. 60~80, 6. 80~100, 7. 100~120

O ANTRSE SR Al ™, 209 SR Y 2.37%~

2.82%. 2.99%~4.76%. 3.21%~3.80%. AIE GR,
Fa B AR 5 A0 88.62%~91.43%: fU$E £

CEAAH (Al DT EHE (Al . S
BEES AR (Alyy) . KO TEAL A (Aly).
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Fig. 4 Effect of temperature on aluminum leaching

AL G (Alyg), A05H BRI 1.77%~2.70%
12.65%~17.11% ., 39.76%~42.08% . 20.31%~22.23% .
11.99%~14.51%(F% 3).
24 MEPAERSENTH

IKVE SR R Y 4.16%~5.50%., KIEZS5H
FE R 2RSS A A (Aly), Lee P &
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Fig. 5 Effect of concentration on aluminum leaching

®3 TRKSES2ENVBEIT

Tab. 3 Percentage of different forms of aluminium in total aluminium %
AI(OH)* AT Al AlFAl ¢, Alyros Algyg Al Algp Alyg
FEdh1  sample 1 2.82+0.03 1.7940.11 3.21£0.12 17.11£0.13 42.08+0.11 20.31+0.11 3.69+0.11 11.99+0.01
FEfh2  sample 2 2.99+0.01 1.91+0.04 4.76+0.11 15.51+0.18 39.76+0.23 22.23+0.87 3.21+0.65 13.624+0.56
FEfh3  sample 3 2.80+0.12 2.724+0.01 5.17+0.09 12.654+0.09 40.19+0.19 21.16+0.77 3.80+0.89 14.5340.66
FEih4  sample 4 2.37+0.01 1.71£0.02 2.994+0.07 13.39+0.14 41.47+0.43 22.18+0.88 3.67+0.77 12.16+1.34

T AIFEIEAIFY . AIFY. AlF;. AIF]. AIFZ"; ALGAKIEMEANEE, Al W/ THEEE AR, Al WAREANLE, Ao~ Alg,%
B FIAFE AR . Al & BRAC, WA Al NEREEEE, AL AREER/DN S TEASSSENSR, Al AREER K
NTERASESSANE, Al VAR SRS Al R &S H IR

Notes: AIF includes AIF*, AIF*, AlF,, AIF}, AIFZ"; Al is water-soluble organic aluminum, Al,g, is small molecule soluble organic aluminum,
Alyros 1s unstable organic aluminum, Alg; and Algy, are two kinds of unstable organic aluminum respectively. Aly content is very low and can be
ignored. Al is polysaccharide binding aluminum, Al is acid soluble small molecule protein binding organic aluminum, Al is alkali soluble large
molecule protein binding organic aluminum, Al is fiber binding organic aluminum. Al is a kind of algal cemented organic aluminum

MAEAM T 2B B B I, Bl NV FE S A . Monteiro P BFST LB, Al
fRdh . BRI BIREBEEVSEEETEGEM  BWHRP/NTEARE RS, 4 EmE
REMZHEEY . WA, KESHEPTESH I (metallothionein) F1 - 7 12 %5 1l 43 it 5 4 J@ 45
AP AL (AIOHY . AI(OH); « AIOH) ). S5 R /INJ T 88 1145 4 25 Ak 4 Wy R0V 38 0 e 285

BV A 40 1 1 5 B 1Y 65.09%~67.30%. 1= HAMEY . HAL, I E A M R R N
W NaOH IR INAEP I AL BE , ATTIRAE M40 THPES (Al,,). AIF AVDEIIERILASE [AI(OH) .
O P Y IR R 43 73 R4, TR T AL(OH)! ],

'Ej’ﬁ%ﬁ&‘iﬁﬁﬁﬂﬁ, Wﬂﬂn‘%‘éﬁ%ﬂﬁqﬂ@ﬂﬂé%\ g}gﬁgﬁ%}&%ﬁlé%ﬁg 12.16%~14.59%. 5)%

QA BREFEGENEENARBR-ME Y, s Lo %N S50 TR . a2
RCTTREE R F12 6 0 (Alpwo) BORTRRIIE™ WE ygpon a2 g 52 2 9 K50 F 20 . ST 450 0
PR S O R K R g iR, AL, BEROIL. I
Eﬁ%ﬂ*?lx%éﬁ%ﬁj)ﬁﬁ*%'%g%%, il:ﬁlﬁﬂ:/;}ﬁ ;}:%\ %ﬁ%%*ﬁg/ﬁ /:‘\ %ﬂ%bﬁyﬁ%%x‘jy

K\Jiih

a3 e e o8 (Alswg)o A, J&é\ﬁ@\ﬁ{g?ﬁ& T R G2 [ 4T e 25 A 2 4 (Aloﬁ)[zs,sl-sz]o
IFRILZSE [AIOH)™ . AI(OH); | FEIES (Algr)s

FA T 25 40 MR 1 16.40%~20.30%. HCI A 2D B AN E R
T SRR 0 1) 0 JL S, TR Y A R B2 1 S L Y B B VR 1 R R A 1585.25 ~1776.
i 1 1 0% R R R/ e I R R L T BETE B 48 mg/kg, XWRESWE FAHBEEN . 4%
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KA FYIEA K. NERPATLLE & PR
He s, NS TER 32.21%~38.65%:

HYE B, 457 HE T EN 28.14%~32.37%,
EE WS 11.49%~14.56%(F 4).
T4 HEPRRFERRTHNEE

Tab. 4 Contents of different components in E. prolifera %
ETRS) o HAR HLIR WS Kb
number fibre protein crude fat total sugar
FEALT sample 1 38.65+1.23 14.56+0.32 4.00+0.12 30.12+1.24
Ff 2 sample 2 36.2241.45 13.800.21 3.6040.15 28.22+1.46
Ff 43 sample 3 35.37+1.34 12.010.14 3.3040.13 32.37+0.98
¥ 4 sample 4 32.21+1.47 11.49+0.45 3.83+0.15 28.14+1.37

SEATAMIS, TR & (mg/ke):
B (1585.25)>HlF Bl 38 (729)>¥F 1 (650)>% 3¢
(350)>7T.# 3% (2000, X EEH5HF AW & H &
RIZEA K BRW . I AR RV 2 38
IR R ARG &, AT 2B &
REEEEE, TR ES, BEXN TR
Wt e T A — e, SHERE
L, WEY ARSI, e K I ) N R OR
WA A, HASMAKIE EAEK
TSR A A MAaE) Mgk . Z28Em A
B T 25 AR A AL A R A 2 3 T 0 3 X R A I R B
HE3IH, METEAFEENEN . SRS
Hed;, SEXMBHEML, FESTAERSH
T e ISR 5 R B, R & el DL
GBS R RN G AN, EXEE T
FLA B BRI B, R R AR DY g [ 4
JE B TR SRR R R AT TR, R
[F) 9 20T AN ) 1) 4 T 8 WG ¥ /g ) 25 BEAR K.
Vijver YR LI, WFEXFAR SRS 1
W% B 58 71 AI>Ni>Cd>Zn.,

3 45id

WF & AR DU HLAS IS PR AR 55 2 MBS 17
e, Hod 87.76%~90.21% R R 5HE M . 25,
FYFEGHIM G MR RE, MR R®R MW
FRIE AR AP (5 2.37%~2.82%, L, DL
FORTEFM I B I B LA R
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Analysis of the content and speciation of aluminum in
Enteromorpha prolifera

WANG Ye, GONG Fangfang, CHEN Shumin, ZHANG Yuqi, LI Yongyong ', LOU Yongjiang"
(College of Food and Pharmaceutical Sciences, Ningbo Univercity, Ningbo 315211, China)

Abstract: The method of continuous extraction and inductively coupled plasma emission spectroscopy (ICP-OES)
was adopted. The raw material was Enteromorpha prolifera from Zhejiang coast. Based on the analysis of alu-
minum content in Enteromorpha prolifera from different sea areas, the distribution and existing forms of alu-
minum in E. prolifera were mainly investigated, and the extraction conditions were optimized.The optimized
extraction parameters are as follows: E. prolifera was comminuted to 20-30 mesh, extracted for 60 min with 0.8
mol / L HCI solution at 60 °C, extracted for 60 min with 0.8 mol / L NaOH solution at 70 °C. The results showed
that the total aluminum content of E. prolifera was as high as 1585.25-1776.48 mg/kg, mainly organic aluminum
and active aluminum.Organic aluminum is mainly soluble polysaccharide-bound aluminum (Al,,), small molecu-
lar protein aluminum (Al,,), seaweed gel-bound aluminum (Aly,,), large molecular protein aluminum (Al,,), and
fibrous aluminum (Al,z), which account for 1.77%-2.70%, 12.65%-17.11%, 39.76%-42.08%, 20.31%-22.23%,
and 11.99%-14.51% of the total aluminum, respectively. Active aluminum is mainly hydroxyl aluminum
(AI(OH)*, AI*", etc.), AIF and soluble organic aluminum (Al,,), accounting for 8.57%-11.38% of the total alu-
minum. The above experimental results can provide scientific basis for the evaluation of food safety and the estab-

lishment of aluminum limit standard of E. prolifera.
Key words: Enteromorpha prolifera; organo aluminium; active aluminum; speciation; food safety
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