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Analysis of aluminum occurrence forms in Stichopus japonicus
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ABSTRACT: Objective To clarify the occurrence forms of aluminum in Sichopus japonicus. Methods This
study took the most famous Sichopus japonicus in the Yellow and Bohai Seas as the research object, the distribution
of aluminum occurrence forms in different tissues of Sichopus japonicus was analyzed using seawater and feed, and
the accumulation characteristics of aluminum in Sichopus japonicus were analyzed based on the data of aluminum

occurrence forms in fresh Sichopus japonicus, Sichopus japonicus products, feed powder, and feed sea mud from
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different regions. Results After optimized conditions, the extraction liquid volume was 10 mL, the extraction time
was 2 h, and the extraction liquid concentration (hydrochloric acid solution 1.0 mol/L, sodium hydroxide solution
0.5 mol/L) was selected for detection. Aluminum in the body wall, longitudinal muscle, respiratory tree, and digestive
tract of Sichopus japonicus was mainly insoluble, and the digestive tract and respiratory tree were the main organs
for Sichopus japonicus to absorb aluminum; the content of water-soluble aluminum, acid-soluble aluminum and
alkali-soluble aluminum in digestive tract and respiratory tree were higher than those in longitudinal muscle and body
wall. The total aluminum content in Sichopus japonicus varies greatly in different regions. Conclusion Feed is the
main source of aluminum in Sichopus japonicus. Soluble aluminum is lost more during the processing of Sichopus
japonicus such as boiling and soaking, and the content of insoluble aluminum also decreases. Therefore, when
evaluating the edible safety of aluminum in Sichopus japonicus, the consumption method of Stichopus japonicus
shall be considered. This study can provide technical support for ensuring the quality and safety of Sichopus

japonicus, promoting the healthy and sustainable development of the Sichopus japonicus industry, and ensuring the

FH15E

physical health of the people.
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Fig.1 Extraction steps for the occurrence forms of aluminum in
Sichopus japonicus
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amount (N=3)
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Table 1 Forms of aluminum occurrence in different tissues of Stichopus japonicus

) KA RIS B XME SR
FE b s RS R
KA =R /(mg/kg) it Horkk it HArt T HArt T HArt
/(mg/kg) 1% /(mg/kg) 1% /(mg/kg) 1% /(mg/kg) 1%
EN 3.75 0.29 7.73 0.40 10.67 0.44 11.73 3.31 88.27
VN 4.41 0.36 8.16 0.52 11.79 0.56 12.70 3.85 87.30
X BEZH
PR A 12.67 1.36 10.73 1.73 13.65 2.05 16.18 10.71 84.53
THALE 21.06 3.22 15.29 3.65 17.33 4.14 19.66 16.98 80.63
EN 43.42 3.86 8.89 4.09 9.42 4.48 10.32 38.93 89.66
— AL 83.46 9.30 11.14 9.64 11.55 9.61 11.51 73.93 88.58
187K
A& 221.99 32.83 14.79 3331 15.01 34.37 15.48 187.63 84.52
THAbLIE 349.03 45.74 13.10 50.19 14.38 63.22 18.11 286.44 82.07
EN:HS 103.94 11.02 10.60 14.76 14.20 15.61 15.02 88.13 84.79
VN 185.28 15.18 8.19 18.60 10.04 23.26 12.55 161.09 86.94
a2
PR A 637.19 99.18 15.57 104.23 16.36 111.32 17.47 526.31 82.60
THALE 857.29 164.68 19.21 189.89 22,15  223.81 26.11 631.90 73.71




5520 W1 Ry, 5 RS S0 39
M T ATRUE e, X IRZALAREE | SN, WA A A > PR BE R 3, Bl A5 0 10 ol S BRI AL

B RE SR 3.75, 441, 12,67, 21.06 mg/kg, /K
REEIRTE A 53 54 7.73%.8.16% . 10.73% . 15.29%, R
REIRTE 53 54 10.67% . 11.79% ., 13.65% . 17.33%,
TRV AR IRAE L 143 50K 11.73% .12.70% . 16.18% .19.66%,
MEVE S ERIRAT L2 3R 88.27% . 87.30% . 84.53% .
80.63%, TFAKLALMREE . AL, IR AN A0 o S0 o ot
I3k 43,42, 83.46., 221.99. 349.03 mg/kg, KIAZSSEM
TR B30 8.89% . 11.14%. 14.79%. 13.10%, FRIAA
FRIRAE B4 0 9.42% . 11.55%. 15.01%. 14.38%, W
TRISERIRAE LL B 20 30 10.32% . 11.51% ., 15.48% . 18.11%,
ME RS R A LB 43 51k 89.66% . 88.58% . 84.52% .
82.07%. TAVBMAHMAEE | L. DR AN AL B AR o
30 103.94, 185.28. 637.19. 857.29 mg/kg, KIEAMH
WRAE L4 310 10.60% ., 8.19%., 15.57%. 19.21%, PRI
BERIRAE L2 A 14.20% ., 10.04% . 16.36% .22.15%, %
A SERAE LA 23T 15.02% . 12.55% . 17.47%. 26.11%,
MEVEZSEBIRAE L1235 K 84.79% .86.94% .82.60% . 73.71%.

M TIRAT I, WAL | VK 4L A R 4 i) 2 4
BE . GAL. WRIRARE RIS AL TE 4R B i A R I A
BESHE S >MRIES B> KESRM B, SA80
MEREE T, SR 73.71%~89.66%, [N MEEZ
RIS REE . AL, PRIRAR RS Ak TR 0 ERAEE
Ao AEHLZ M0, MIRHP KBRS, BRESH. WE
ASER A i LS BT T > P R AR > G0 A RE (1 3
KA FOKEESE . RIS SN B & & IR A>T

TE>F WA >R BE R 34 IRDRL FoKIR S8R RIS
BB OBRIAASER L b, SR BRI ALTE >R B> (A RE > 2L
FEaF, TTLAE W, HALE IR AR A . RIS
B OIESRN S RN ST HNURREE, 40 R E T
AV TE FHIF AR 2 0 SRR 1) FEE 40, 1K Pl gl =
W, & AR BRI S (T A A0 )8 2o 1 Ak T8 0 IR AR 1 A
FIZEN, FRTESHATE R WA, B E
WRE, RS TEKA . e TR, SR
AL S PN 0 ) SR R

23 FEMMXEFERISPEBERSSH

N HABIR SRR B 7 E: 5 2018 4554 T [A) L X (14
13 s RIS SL, X AR (EEE, SHNHIE
SR ARIRAEE ST AT, SR 2,

I 2 ATLAE H, AN Hb DX 2 (ARRE R i B
ZEWR K, 13 000 2 0K BE BE S b EER & R E D
31.98~362.97 mg/kg, ZEHIX IS s S ie e, R
IRl 500 2 5 1, IX 58 ) AR SRSV B RN S R AR U O, 4%
Hb DX S R BERE T S IRV S A>T SR> TR 40> 0K
ISR, £ DO S ABERE 5 BB 1 DAXES A5
JE, HAUKESES R 7.49%~14.58%, BRIEH

B EREILN 10.24%~20.40%, TRIAZREE SEE LN
13.85%~25.29%, MEVEAAR S HM 5 R 74.61%~ 86.30%,
UL Sl B S RS0 e AR D s AR A A 4R,
AR S R EE N TR L S BN RRE .

& B

F2 TRMXEFRSHBPBMERS

Table 2 Occurrence forms of aluminum in fresh Stichopus japonicus samples from different regions

e KSR BRI 4R TR 2SR M A4
P (mgke) AR EAK &Rt AAK Ak A4 Ak AAR
/(mg/kg) /% /(mg/kg) /% /(mg/kg) 1% /(mg/kg) 1%

i B B 61.03 7.29 11.94 8.29 13.58 9.56 15.66 51.39 84.20
RERFX 219.55 22.28 10.15 28.84 13.14 37.40 17.03 182.59 83.17
AEW X 297.90 33.11 11.11 50.19 16.85 57.06 19.15 239.96 80.55
AREFIEX 362.97 27.19 7.49 37.16 10.24 50.28 13.85 313.26 86.30
Bkt T 31.98 3.91 12.23 5.00 15.63 5.23 16.35 26.76 83.68
B FL LT 47.08 6.73 14.29 8.92 18.95 10.93 23.22 36.19 76.87
B SR T 41.86 4.89 11.68 5.59 13.35 6.60 15.77 35.33 84.40
H AR IX 172.12 19.96 11.60 24.36 14.15 25.43 14.77 145.79 84.70
HBRIF R IX 53.73 5.64 10.50 7.50 13.96 9.47 17.63 44.21 82.28
TR oA 132.67 14.79 11.15 21.01 15.84 23.53 17.74 110.02 82.93
M 5 ST 90.61 7.25 8.00 9.78 10.79 12.71 14.03 77.88 85.95
HEEGX 230.20 28.18 12.24 33.90 14.73 36.17 15.71 194.05 84.30
HHIRKX 82.52 12.03 14.58 16.83 20.40 20.87 25.29 61.57 74.61
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FIE AR, FEAMRA), BHRIREEN 37°C, BRI 2 h
J&, 8000 r/min B.0» 10 min, 2V 0.45 pum fHFLIEAK L E,

B 1.0 mL JERON 10 mL REFRIIE AR, WARR & 7R F
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W 5 GrREDRE SR AN S Oy AUk PR AE 40 B AR
FEEB AN 4.

M 4 WTLLEH, MEGAS P SE S EEER
2.88~4.96 mg/kg, FHARE S REHRETRRE S R
R EEREN 30.09~86.32 mg/kg, WEARE RS, XA]
RESR AR B b X B S S R S S IR R 22— AR
FE dh S BUME R A0 > T S 0> TR VS S > /K IR 40 Bk 34,
FESE PR S R DA SO B, RS SR ol
1.19%~6.85%, RIS ELR 5.95%~12.33%, B
BEERN LN 9.52%~22.37%, MBS SR L LN
77.63%~90.48% o AR FH IR JEAT: bt 52 YRV AR > Bl s A
BRSTRVE A E>/K I AR IS, RR S PR & i DA A0l
T, HAoKESETENG N 1.88%~2.63%, BRIEASES
ERG R 3.34%~4.85%, TRIASAS MG Y 3.79%~
5.93%, MEBASEREEM Ao 93.97%~96.25%
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Table 3 Occurrence forms of aluminum in Stichopus japonicus products from different regions

N KSR BRI AS 4R TR AR MEV AR
i T ke | AR AR AR AR @R AL &kt AR
/(mg/kg) /% /(mg/kg) /% /(mg/kg) /% /(mg/kg) /%
KIS RS 10.53 0.33 3.13 0.38 3.61 0.40 3.80 10.10 95.92
KIS I 5 3 3 14.66 0.28 1.91 0.35 2.39 0.44 3.00 14.24 97.14
KIS L ERE R 731 0.35 4.79 0.35 4.79 0.35 479 6.95 95.08
SOk LGRS 9.53 0.39 4.09 0.41 430 0.42 4.41 9.11 95.59
SOk RE 31.58 0.93 2.94 1.30 4.12 1.37 434 30.27 95.85
KK Z RE 13.48 0.64 475 0.73 5.42 0.81 6.01 12.71 94.29
KIS H g 48.31 1.45 3.00 227 4.70 2.06 4.26 46.17 95.57
KIS Ly 28.13 0.85 3.02 1.01 3.59 1.14 4.05 26.92 95.70
IR Eg e RS 36.26 1.12 3.09 1.80 4.96 2.18 6.01 34.06 93.93
Sl W& 25.24 1.02 4.04 1.02 4.04 1.27 5.03 24.04 95.25
B 2 W& 12.99 1.22 9.39 1.51 11.62 1.84 14.16 11.21 86.30
F4 TRMXEARBIERNBSRERPERERLS
Table 4 Occurrence forms of aluminum in feed powder and feed sea mud samples from different regions
. ‘ e KR FRVS 4R DA HMEV AR
A A KWL ke G T &R T AR EAR @Rt AR
/(mg/kg) 1% /(mg/kg) 1% /(mg/kg) 1% /(mg/kg) 1%

T RHA LS 3.36 0.04 1.19 0.20 5.95 0.32 9.52 3.04 90.48
kbR VERSREE 2 4.06 0.08 1.97 0.33 8.13 0.45 11.08 3.61 88.92
T ehA53 I 15 3 3 2.88 0.06 2.08 0.24 8.33 0.32 11.11 2.56 88.89
T ehA53 5 M 438 0.28 6.39 0.54 12.33 0.98 22.37 3.40 77.63
T hAg RE 4.96 0.34 6.85 0.47 9.48 0.63 12.70 434 87.50
ek e W& 60.69 1.49 2.46 2.94 4.84 3.33 5.49 57.43 94.63
WRARR  WEER 74.80 1.63 2.18 2.64 3.53 3.91 5.23 70.93 94.83
R A EK 67.11 1.74 2.59 3.05 4.54 3.98 5.93 63.06 93.97
AR SN 30.09 0.79 2.63 1.46 4.85 1.73 5.75 28.39 94.35
Tk T it e RE 86.32 1.62 1.88 2.88 3.34 3.27 3.79 83.08 96.25
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Mo ARBTEPSIN  T 11k A 25 K SR8 Sk v 483 i i 7 1)
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H KV AR L RV AR FNRIA A ER 8 S T R 2 A
FRIEZS . MR S5 R AT U W, FRDEDR FGARE I U2 H 40
DI SR IMEE 50 32 B S T A=
FUT R SETER S/ G R 9.52%~22.37%, Aa] Fl 48 2
R E R 77.63%~90.48%; TRk IRFE S H AT B A )
FIAREES SR E N 3.75%~6.03%, A Al #] A&t
B 7 EEA 93.97%~96.25% . falEbR A AL A i U Hh Rl gl A
YR A0 LIRS, SRS il B IS AR
SR, (BGRRDG AR R R R S R, WSRO S
PLEVER R B I o ARBIESE A, RDRLR R SR R
FORE, ARE R AR B AR AR, TREEAR
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BT R A

BR A R S AR AR P B AT S, R TR
AR TR EAR 22 Hoae, AR B W CHL A AR AT
AI(OH)*" . AIOH)” # K, BAH Al-poly W, i
Al-F Fl Al-org #tE K MG E K, FILERRIZSHE
e, (ARER AR, SR EEEE R AR R
A5 45 TR e B 45 1 X S A RE AR B LIV SO =, A
I 2] il e R R AT A A AR 1 e O S A B T ) S R BE R
mrREE, KR E KRS oKESSEE S I
1.93%~4.75%, FHHSHEL KSR T, KWEKE =i,
AR Z, FEESE SEUE 0 TR, At
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