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GIRFS S € ol R iU | I = = T Sl
JERS T NG 4 XU B2 o DY, AR RIS 32 %2
I T AN TR A T 2Ok AR Y AN [ ] R
iR IR MR CR U K E G R U R 1
Wi, USSR D LS il R R 0F 5 X G it A7 A
G G WU G H A YA 2, D AR g
B ARG MG £ XURS 42 (it RIS TR AR S 4% o

1 Me5I5k

1.1 HARRERMT

S AR o B ) — i R A F RS2
B 5 A R B R A b, g I T AR R S R Y
B, KN — SIS AR BT

(1) RAE By h AR SR8 T B R K op e 115t
W25, WO AT & AL, RIS P R %
(BRI S PERR B BR &, e ek o B 8) ,
Bl BRI T - 40 CUKFH

(2) F4 vh ks T 0y rh AR G B T AR K T &,
il 20 min, Byt 2 5, BOH A] £ B AL, BDIE PR
JBR PR B, FH A AR IR T - 40 CUkAf .

(3) H vp Pkl T P AR SR B A R 1Y
FarhZE ] 15 min, B2 5 BOHL AT & FERA, B
JE A BRIN B B, T B AR T - 40 Cuk
o

(4) ¥ b e 0 T 1% v A 5028 T8 Tl BB
H, KK S ming B2 S BOH AT & R, RS
PR HE A EE S, FH A A BHASRAE T - 40 Tk
o

(5) 4 vh e s T 1 Fh AR SRS R T P T 5, 25
o 8 JI SN O AT, RO L TR A 1 i i B
MHKE S min, B2 5, BOHL AT A, RUE A
R PR B, T AR IR A T — 40 CUkAf .

Fp—RIn T 07 gk Y4 10 2 v 48 48 2
(AR5 ) o Rl K o ISR, BEA FE S 34
WAV VR T 5 WIS UM oK, 64T T — 20 Ak 3 A
i
1.2 UB5RH

A SR EY) T W IR (DR ah) , b2
S B A A R A 5 % K Na, Mg, Fe, Cu,
Mn ,Cr.Cd Hg & Z 0 R IR G AR ER 27 (10
pe/mL) | [E A 0 4 I8 J L TR Ak 43 A DU
)[\);209Bi‘ 73Ge\ 1151n\ 7Li\ 4SSC‘ ISQTb‘ 89Y 577:
RNPRPREIR R (100 peg/mL) , |5 A 0,45 )8 K
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B AR A G 5 10 pe/L Y Li (Co In U |
Ba  Ce JHIHVA K , 55 EIFE BRI IR s b2 2% W) o
(J#1 D1 GBW10024 ) , [E ZZAnifEY) b o8 b o

FEAL 4 iCAPQ HLJEFE 5 55 i T 14 BT i
18, 26 E FE B C At /K CEM-MARS6 filCisl T A A,
FE CEM 72wl Milli-Q 8 2 K i 1k 4%, &
Millipore /] o
1.3 LRGN

RERTF AR PRI 1. 0 g AR T G0 A e
HL IS mlL BRI LI, i 28 %% T IS T
BOHMR R G R IR 1 BFEY AT OB i 2
FE T i 58 42, LR V8 J IS T 4l K € 25 2 50
mL, B 2)5d 0. 45 pm ALK RUERE, 25 TR B AL,
(] R Bt A g A0 0] 25 R 5 0 4 R R DL
(GBW10024) , 4 )@ e & B 2% SN/T 2208—
2008 11y 5 1K il ICP-MS HEATIE

®1 WBHBER

Tab.1 Microwave digestion procedures

) SH B[ It AE
S T }L{i‘;lif %ﬁdilgj
Step Temperature/ °C time/min time/min
1 120 5 55
150 5 10
3 190 5 20

1.4 {@ERMETM

45 R A R 0T AR 1 XU DA SR FH 5% [ 3
P2 (USEPA ) HE75 Y 4 Bfe KU PP 154 B H AR 1&
[ Z2 %% ( Target hazard quotient, THQ) #47H 4 )&
BFE AR KPR o THQ FF PP Al £3
ANTRI ST K 77 it 1) B — B 45 i 2% Bl VS A XU,
THQ > 1, KR B E /K& TLLSEWREH, =
e FRCTEE R A B RR KRS 5 7 THQ < 1, U R 7R A4 i
BB . THQ BT AT
EyxFpxE.xC

Ry x W, xT,

s By HREERRZE ] (70 48, 5T AN 2K 1)
SR ) s F i A H B AR (5. 54 ¢/d, EHXT
BT ) B M NBERBRIR (365 d/a) ;€
KT b 4 R A i, meg/ ke Ry, WS E T
R &, mg/ (kg - d) ,Cd Hg . Cr ’)ZZ 0551
1.0x107°.0.1x107° 3 x10* mg/(kg - d)'";
W op H JAETH B & WP SR BT i, 70 ke T F
KIREEN ] (365 d/a x E,)) o 4 @A AARAEFE

THQ = x10 7 (1)
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(52— Z A oo 2R SR RAE T i 45 21, R S
H#r fE 16 £ % ( Target hazard quotients, THQs ) 3f:
W 4 Jm B 88 6 A Mg iy KUK, THQs =
THQ, + THQ, +--- +THQ,, # THQs<1.0,3Hj
4 R AR {3 B R e S B A ; THOQs >
1.0, B0 A ARAFAE AR BB
1.5 HiEAE

K] Excel 2010 BEATHUHE 4L, @l SPSS
Statistics 25. 0 #EATHL R 7 22 581100, K gk
P <0.05 By BA B EM2E R, MOCEIR
% JH GraphPad Prism 8 #1221 .

2 4k

2.1 ZEREARNMEETZRAENFIT

P 1 R FER N TR AR B B Y 3 A
AR, HEER Y KSR e T MR 5 I A A
P Na & B PIPEGIANZE A K, MEBE 8 25 h Na &5
i TMERE s Mg 5 B AR AN [R5 RAS [ 3467 8
AU, S ZIEAE (K 1) 5,3 4]

60 =3 8 Belly meat 80
23 i Leg meat
= Crab roe ”

'S
o

KRB
B

Mass fraction of K/(mg/g)

NaJ5i 43 4

DD
(=}

(=]

A K S Kl TRt s, b, 285610
HEBERRIN T 5 fe 22 (38. 47% ) , Tuip 1y il 1 8 5
R ER (19.73% ), B T 73 6 5 2XO0) e 8 18 g
K S EA R EMEZm (P <0.05) 4h, HAhE
P TC R EER W (P >0.05) o BRI %)
TS 3 AT IR AL K R RN
S 3 AR EERA T Na E i, i E i
TEBEIE A Na 503G 0 80. 19% , ERE I 1A i /b
7.74% 5 7 i Jo ME B 8% 5 b Na & i 5
101.99% , Mg Sk /0 4. 79% . B T ==
XoJ Tf % 8% W b Na % & JC B 5 e b (P >
0.05) , HAFER (7 4 W P2 (P <0.05) , &
B Na & 552 A J7 20 AN [l ] i r DL K 11
PERIFZN . 3 ANAT AL Mg & g AR R b T
e o 25T P BERE IS A Hh Mg & R IR £
(40. 34% ), Wb ¥ 09 B B8 BR N BT R B R
(46.19% ) o B T AT Jy 2XOu) e g 8 v Mg 5
IR EME AN (P >0.05) , HAEA B4 S
FPEFZ M (P <0.05)

= f§A Belly meat 3’ 15 = l§ Belly meat
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g
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R AR S. Z&dis M. Bt B #ls F. ke
R. Raw; S. Steamed; M. Microwaved; B. Boiled; F. Fried.

R SMBFIRSMMBF
Male crabs
(b) K&%& Content of K

(=]

Mass fraction of Mg,
(<2}

RS MBFRSUBF
M R B
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1 ZEAXNPEGEEN 3 MUTRBALHEETRHZNE

Fig.1 Effects of cooking methods on the major elements in the three edible parts of Chinese mitten crab

2.2 ZRAXMBETLESENFM

HIPE 2 RIRD, FER N TRy R AR Gl g 3 Al
FARALH HERE (Y Cu Fe Mn &5 THERE . &
AR S A R Cu 55 AT, 8 T O
W Cu SR i 2 (56. 26% ) , il K HEBE IR 1Y
Wik (21.35% ), HEA B EMZESR (P <
0.05) ;BRI Cu 35 i B8R 52 IR %, Hop iy
POMEREBR A Cu &3 INER 2 (201.22% ) , H.
A EEZE S (P <0.05) , il X HE A Aoy JBR A 433 2%
7.17% , Jo i F 225 (P >0.05) 7% il A Y

HEBERE 3 h Cu 12k 64. 66% F1 23. 09% , H:
2 iy N b Cu B R34 3m, Hrb o iy
R B I N B 2 (78, 89% ), Tl H k2= 7
(P>0.05), MEMEREN T Fe &8 T R, 2K
73.50% (&) KRR METERE R Fe &k
22.04% , HoAth S0 5 200 Bl S A v Fe &y
K, b g g i £ (137. 61% ) , BAG B 3%
PE2E 5 (P <0.05) 5 I KEAERE R (N Fe 5 38
I 2 (40. 16% ), W XE ME &% B8 N B Kk I 2
(24.67% ) ; 7% il 1ty e 1% % 3% vh Fe % 5t 35
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17.33% , Hft 207 s B B b Fe 5 80D,
FLrP R R B Rk R 2 (88 16% ) o HERE R
IR Mn 558N BERE I A R Mn &5 45 BT BR
ZEHIBR A P Mn 5 38 Ak, Ho = A5 s
JHE PAY H Min 5 i 2 5 9k KA 11 e 4 e R R 1

50

(<1
(=3
(=]
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23 B Leg meat
&8 #3 Crab roe

'S
=
S

40

Fefi 44

Mn iR 253 5

—_
(=1
(=]

EBERE B rp Min 55 B, HC A R Dy S fo
B Mn S AFRFVIA R AETT A A
[ 531 A [ ] £ 98 7 AT 2 0 3 Tl e 3R
iUt

= l§ Belly meat 500 = l§ Belly meat
m%l&] Leg meat mg% Leg meat
=8 #3% Crab roe 400 =8 #3% Crab roe

300 f ce
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CuRES
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(=]

Mass fraction of Fe/(mg/kg)
w
(=)
=

Mass fraction of Mn/(mg/kg)

g
Male crabs

(a) Fe& & Content of Fe

Female crabs

R AR S. Z&dis M. Bt B. 2l F. ke
R. Raw; S. Steamed; M. Microwaved; B. Boiled; F. Fried.

Male crabs
(b) Mn&E Content of Mn

(=]

Mass fraction of Cu/(mg/kg)

R
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(c) Cu®# Content of Cu

2 ERARGPEAEEN3NTRMBUPRETENZN

Fig.2 Effects of cooking methods on the micronutrient in the three edible parts of Chinese mitten crab

2.3 ZRARNMESERENTN

HITE 3 AT, L2 AR NN T T AR S B B b, T
BN A AR B PP Y Cr 5 i TR, MEGE TR P e
THEE, MERE A B Cd i TMENE B R Y
AR PR He 2 42t T MEGE . BRUEGEIE N Hy
FA, AR ITIE AR A E AR ME R EHN . &
i 4 MRS BRI AR A HERE R A T Cr i
140 16.09% b, Hofty 24 J7 OO0 HERE 3 4> Rl £
RO Cr B4 43 /b, H v ol IR PR ek A B 22
(68.46% ) ; &1l v , MEBE 1) 3 Al &EALAY Cr
SN, R BN T 199. 30% . A
Jei , R UL AR i P Cd 5 R B B B Cd
EESEN, B REVER R (P <0.05) ; MEEEHE Y
TSR Cd S, B 5 v b, 0 I P
Hom i 2 (17. 61% ), B3 I B 5 Wk D e &
(81.42% ) o AN L {9 HE B I 9 b He & &
(0.516 mg/kg) il izt [ Z b o PR {HL, (H 20 72
FEAL PR , He & FRERE RN, o, 2800 i1
P b b fe 22 (T1.77% ) 5 HEE 88 o e s A Ak
Ja Hg g, Hp e He & 2 i £
(81.37% ) s W rp I N TR EEJR He & 8030, iR
PR PR R B P AR IE F (N
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2.4 BRI

Cr B A LHRMEITRZ —, =2 Cr
2RO IR R B R Y AU EAL, B
A Z Xt N AR FE A Cr (g REPE 5 3
BEA R, FEMBEIEIE SR, HATe
SIS o Cd X AR B R A K
DU RS WIRE AR RERR MERSR
(Wi R %50 ) b i 4551 o Hg H ZF1E
A5, LR R M R SR A A
HIIREA T E AR, Al B R R SEE R
HE A 2 5 e S AR X
HpJ® Cr Cd Hg JE47 6 B E A, Jd i 24 5C
(DI SRR 20 RINTAY 3 A n] &+
3 FhEEJE A THQ E/NT 1, Zd AR B
A 1 THQ {HAE K (HB /T 1, THQs {H . 3/]N
T UL R AL T 4 AR R X A R A
PR 25 AU o HErp Dl ke, MR o rh He
9 0.539 mg/kg, Hid [E ZARERR AL, H THQ
(B4 0.539 /N 1 AH S 5 AR R XURS: . I HL,
ASCHT G B He & 4, Wi AE B4 S BOVR R
R A PR OR 58
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< 2.5 =3 N Belly meat 2 1.2 = 5 Belly meat 2 2.0 = 5N Belly meat
5] eg meat 3 Leg meat o532 Leg meat
3 A L E B E B
2 9.0 e #E Crab roe E 23 #8 Crab roe B &3 #8 Crab roe
S = % L5
RE &3 0.8 Pt
4%5 1.5 @ua @‘g [
I 2 I > 2 10
=e =ge L%
ks Sg 0.4 %g
& E & & 0.5
é 1] . 1]
], pes o LELEB 2 o LELELELE: : :
F é R SMBFRSMMBF é RSMBFRSMMBF
Male crabs Female crabs Male crabs Female crabs Male crabs Female crabs
(a) Cr&= Content of Cr (b) Cd& % Content of Cd (c) Hg& & Content of Hg

R AR S. Z&Hs M. it B. 2l F. ke
R. Raw; S. Steamed; M. Microwaved; B. Boiled; F. Fried.

3 REARMPEFZEENIANTRBAPESRETENZM
Fig.3 Effects of cooking methods on the heavy metal in the three edible parts of Chinese mitten crab

*2 ExEBREREREH
Tab.2 Target Hazard Quotient for heavy metals

Al EBA; Edible parts P57 Gender )72, Cooking method THQ(Cr) THQ(Cd) THQ(Hg)  THQs
FJin L Raw 0.011 0.005 0.457 0.473

# Steamed 0.009 0.004 0.129 0.141

% Male T Microwaved 0.003 0.002 0.153 0.159

& Boiled 0.005 0.003 0.195 0.203

BIF Belly meat MAE Fried 0. 004 0.003 0.172 0.180
N Raw 0.008 0.003 0.186 0.197

# Steamed 0.010 0.003 0.240 0.253

HE#E Female T Microwaved 0.014 0.003 0.277 0.294

% Boiled 0. 006 0.003 0.240 0.249

WHAE Fried 0. 004 0.003 0.348 0.355

FINL Raw 0.006 0.005 0.399 0.411

# Steamed 0. 006 0.004 0.203 0.213

% Male W% Microwaved 0.005 0.004 0.280 0.290

2 Boiled 0. 004 0.005 0.172 0.180

B Leg meat fm'g Fried 0.007 0.005 0.184 0.196
AL Raw 0.010 0.005 0.306 0.320

7% Steamed 0.012 0. 005 0.231 0.247

i Female T Microwaved 0.006 0. 004 0.307 0.317

# Boiled 0.008 0.005 0.259 0.272

MAE Fried 0.005 0.004 0.240 0.250

FIM T Raw 0.011 0.018 0.408 0.437

# Steamed 0. 006 0.025 0.121 0.152

1% Male % Microwaved 0. 006 0.011 0.178 0.195

% Boiled 0.009 0.043 0.080 0.132

B8 Crab roe IHAE Fried 0.013 0.048 0.076 0.137
FIM T Raw 0.004 0.027 0.136 0.168

# Steamed 0.013 0.011 0.052 0.075

M Female 1 Microwaved 0.005 0.005 0.052 0.062

2 Boiled 0.005 0.009 0.058 0.071

WA Fried 0.008 0.008 0.050 0.067
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HETE T 20 XK= i ot R & = 5
I FIEE D . GORAN 48 BT T ARy
B HEEE ) X UR R TR R, &
PR AT AR K &5 TG, WS A dlh  Na
I Mg & 5350, ML FN A B 6 Na F1 Mg 5 9
b AR AR L. TURGAY 45 SR I fltif
SEEEAL PR DU, 25 R B AH LT R A B A
AR IFE S Cu BT RRAER B3 (P <
0.01) ,Fe &&= FEEE (P <0.05),Mn &
AEFEZ(P >0.05), HGAGTLE R
BASSEY B 1 KE KBS 1 H A
WO 3 v M ( Polydactylus
Chrysichthys nigrodigitatus ,
senegalensis ) WVEE 43 J& 43 A0 2, & PUAR EE T i
P, EMKERTLUE P, quadrarifilis v Cd 5 54
2 A5, MBI 7 4% R fE C. nigrodigitatus
o Cd &80 2 fi5; % C. senegalensis H1 Cd &
HILRELW, ZEITEN P quadratifilis T Cr
ERA B, R Cr R 1183.3%,
PeEfl Cr B m 7 216. 7% I 4EfE Cr & &
BT 200% , Ziflff C. nigrodigitatus W Cr &
AR T 36.4% HESRE T 18.2% IMMEE R
ERM, B C. senegalensis 1 Cr T E T
17.6% MRS 5 T 29. 4% il KESE = 175.9% o
3 e i TR AU TS, He & i 44 T A I
fR. KALOGEROPOULOS %' ff 5% & Bl % M )5
R RN DL 2R rp 4 JR DT R & i T AR AR, A R
T FUE > 1 > A, HRZ B I B A 481t
L, ERSOY '™ B A AR I it 25 il Cr
B MR R R 22 5T BUE R R A 7 U0 [
FPICR & BRI A

T A 7 K™ f b oo R & 7%
A H SR R A 27— oK 7= i K S ATV
[ A AT T R B T, R BUK T TP TR &
HTFRE s IR R T R A A A T A R B T
fif B oK, SFEOCR & R AR
ZWK P i E 8y 2R, TR AR 2 LR
[ IS AN R B AR AL, T A Gl R R R AT S
ZEBRASTT B BB, BT LA A A R v, s
TCR A AR OL e 7% 2 al ARz, FBOTR
BT R TR S AT AR R AT &

quadratifilis
Cynoglassus
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WL, FEOCER & D, i it — B IRA I
IEM] .

AR R0 3R A rh AR R 1) AN [ L AR
I m AR, 25 4 R Z )5, K
ER AT A S, Na FI Mg 5 BB T
;3 TR R A & D, fE M
FRIEN 3 MG RIT R BT S, By
TEEZFAERTIEZ N LA ESSREW] TR &
R EE RS TCRE TRk P, TR
AR S BCR IR TR & B2 A —, U
DAL A B AR 25 S AR A R R
AWML R SR EMNR, HTES
J& S AR H 9 THQ (XN T 1, R WIRA BEM
TR . IR IE 1 R A T7 SO0 AR S
HROTER I3 A 199 R i, 30 0 3R AE AT N T
Wiy, A7AE AT B 0L 45 AN TR AV 2 A Y A LA
¥ o KA RFARBER AN T AT 7 20 AR Gl
SR ICR M R, L K T 4 e T A 1 e B i
A, DT 2 DA 2 <5 i 1) I 0 % i DXL, [)
Ohy HR AR YR AR R £ XU AR (I S

SE Lk
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Influence of cooking methods on the distribution of major elements,
micronutrients and heavy metals in Chinese mitten crab

CAO Huan', PAN Yingjie'*?, ZHAO Yong'*’, LIU Haiquan'***

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai
Engineering Research Center of Aquatic Product Processing & Preservation, Shanghai 201306, China; 3. Laboratory of Quality
& Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai

201306, China; 4. Engineering Research Center of Food Thermal-processing Technology, Shanghai Ocean University, Shanghai
201306, China)

Abstract; The Chinese mitten crab ( Eriochier sinensis) is a unique freshwater aquaculture crab in China,
with delicious taste and high nutritional value. At present, the relevant research on the element composition in
its body mostly focuses on the unprocessed Chinese mitten crab, and it is not clear whether the cooking
method will affect the element distribution in its body. Therefore, the effects of different cooking methods on
the distribution of Na, K, Mg, Mn, Fe, Cu, Cr, Cd and Hg in the edible parts of Chinese mitten crab were
studied by ICP-MS. The results showed that before cooking, the distribution of elements in the edible parts of
Chinese mitten crab was as follows: K >Na > Mg > Fe > Cu > Mn > Hg > Cr > Cd. Compared with the element
content in the unprocessed edible parts, after cooking, the content of K decreases, and the content of Na and
Mg elements increases as a whole. The content of other elements varies with different cooking methods, parts
and genders. There is a significant difference between the same element ( All samples are dry weight). Health
risk assessments based on three heavy metals showed that THQ values were less than 1 before and after
cooking and did not pose a significant risk to human health. Studies have shown that cooking methods have an
impact on the changes of element content in different parts of Chinese mitten crab, but will not increase the
risk of heavy metals to human health. This study aims to make up for the shortage of risk assessment of heavy
metals in Chinese mitten crab with food raw materials as the research object, and provide theoretical and data
support for the precise dietary risk of Chinese mitten crab.

Key words: Chinese mitten crab; cooking; elements; heavy metal
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