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and Cooking Juice

LI Jing', ZHANG Mengyuan', PENG Fangjun', DU Hongying'*"
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Abstract: In order to explore the accumulation of heavy metals in crayfish cooking juice and its effect on the level of heavy
metals in edible parts (crayfish tail) under different cooking methods. The levels of nine heavy metals As, Ba, Cd, Cr, Cu,
Hg, Mn, Ni, and Pb in crayfish tails and cooking juice at different stages were detected by inductively coupled plasma
spectrometer (ICP-OES) under three different cooking methods: Boiling, frying and seasoning. The single factor pollution
index was used to judge the heavy metal pollution degree of crayfish tails, and the influence of heavy metal accumulation in
cooking juice on crayfish tails was explored by correlation analysis. The results showed that high concentrations of Mn and
Cu were observed in the crayfish boiling juice, the concentrations of toxic elements As and Cr increased by 88.8% and
80.7% in the crayfish frying oil, respectively. Furthermore, the concentration of Mn in the crayfish seasoning sauce
increased by about 5.4 times compared with the control. With the increase of complexity of cooking method, the level of
most heavy metals in the cooking juice would accumulate gradually with the processing process. The correlation analysis

revealed that there was a significant positive correlation between heavy metals in the cooking juice and certain metals in

i R EA: 2022-09-19

HEWH: BEEEALITRTAA (2019YFC1606003 ) .

TEEBN: F4 (1997-) , %, MLHA A, BT @) K= FAn T, E-mail: lijing719666@163.com.,

*EEMEE: Ak (1978-) %, ¥, G135, AF A F @ K= Sadn T B3 A A X 5F ZAF, E-mail: hydu@mail.hzau.edu.cn,


https://doi.org/10.13386/j.issn1002-0306.2022090158
https://doi.org/10.13386/j.issn1002-0306.2022090158
https://doi.org/10.13386/j.issn1002-0306.2022090158
mailto:lijing719666@163.com
mailto:hydu@mail.hzau.edu.cn

545 % 5 21 ) 2 W, S I O N EER R BN R R R - 183 -

crayfish tails (P<0.05), and crayfish tails were susceptible to Mn contamination during the boiling and seasoning cooking

process.

Key words: crayfish; cooking methods; heavy metals contamination; cooking juice; ICP-OES
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M 25 F 8k 7K S Xk B8 b K i T /N IR R T
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BCTF IR AN, INAGE s R gk s hindi, HRI
R AR B AMINGE i A AL S, B T A RS S
1k RJEEBREIE T, ¥ HE, A HNO;(1%) /b2
IRV ELSE 25 mL.
1.24 HELE&EFEHMWIME As. Ba, Cd. Cr. Cu,
Hg. Mn. Ni, Pb JUFh H & )& & & 000 2 =% GB
5009.268-2016 (L e A EZ bR T bhh 20
W ), A el B A 45 B8 AR R B OG5 A (1CP-
OES)MIEHAL G e P EAE & 8. el
(QA/QOE R ALFEA . 8 I FATHEM S 3 IREEE
ME, LR ATE E S ARE GSB 04-1767-2004 1ITAGIE
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Table 1 Limit standards of crustacean aquatic products heavy

metal in GB 2762-2017
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Fig.1 Box-plots of nine heavy metals levels in crayfish tail under different cooking methods (dry weight)

H: ND ERRKH
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i As. Cd. Cr. Hg. Pb HFW IR 4 )@ 15 W) i fre s
B, PRI, SRR FHEA R s duda Bkt — 2040t
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T GB 2762-2017 FlE W E 4 & R ARG otk
AR FEIR =, BRI AR & R R S ik
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Table 2 Pollution index of heavy metals in crayfish tail
under different cooking methods

£t A KA e UGS

K5 (%) 79.76 74.03 73.47 65.42
Py / / / 0.042

Pey 0.015 0.023 0.023 0.116

HE4JEP Pe, 0.184 0.078 0.141 0.218
Py, / / / 0.046

Ppp / / / 0.056
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IR AR ICE . /KPR A A R4S
e BE SR T GB 5749-2002 4 7% AR K B AR
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- 186 - 1 Tl B4 2024 4F 11 A
~ 0 ek 2 PEBENGIT . 25 1T S T Tk #0m b, oo T
E Wk, F T R 0 Bao S5 K BLAEK B R
w05 BAEIKER I STFIENR b 6 RTIR EE F I T 50%~60%, W17
2 sx10° ISR 853 T SR AR T30 P
& ax107] P b ) 23 CHEMLRTESBARTN
= 5¥107 a o SN T A A3 3 B/ N RS K
g 0 NDﬂ %gﬂ ;EJ ot ﬁ bth,J g;ﬁ =FIN T As. Ba, Cd. Cr. Cu. Hg. Mn. Ni

As Ba Cd Cr Cu Hg Mn Ni Pb
K2 AR BE R KN T b e ik i

Fig.2 Concentration of heavy metals in boiling processing
liquid at different stages
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Fig.3 Concentration of heavy metals in frying processing
liquid at different stages
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N T 4.75 4%, Cu ¥ JFE (4.26:0.79 mg/L) B T
17.7%, S5/KF W PER 5y AR ARt AHel .
RSN T, IR e E SRR
BB,

24 ARMLAPESEESETN

Xof A5 VR R VR B /N R AR PR R W TP 42 R As.
Ba. Cd. Cr. Cu. Hg. Mn. Ni F1 Pb {48 547 1M
B, ERANE 4 PR,

Sas (AH L, /NBER R BRI AR F P Mn JEE MK
FEFHE T 49 5.4 £%, Cu R E = T 45.02%, 111
Cr S EAFIRT 46.34%., HEEEHENAEILFN
/NIERF AR T — SR L B, FRBERS 5 3
&) ) E PRI A R 04 [RIEsE, W] REAAZE/NIRIT B B
WL T HR ST RIR U H AR AR .

WEAR, /NI IR IR R R B 4 S e i vy TG
KBS PERR, X P] G2 TR A B A 3R
= EE AR S, VAR ARSI B TR v v B Y
i, i T ESARME GB 2762-2017CE AT YRR
BYA SCTHR S PR As<$0.5 mg/kg HUBREARME,
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Fig.4 Concentration of heavy metals in seasoning processing
liquid at different stages

A R R S N T R AR AR A TS G N IR AR 2 i XU o
Zeliy, Wei 552 XAt st i B AN [R5 il b B
A BB T T RGN, SR RHER Y R
SRS S b, PEBR S Can B T L R T B
AL, IO H Mn(54.65 mg/kg) . Cd(0.4 mg/kg) &
e o Reinholds 2502 iy 1 RL VAR b A 75
H4:JE® Cd. Pb. As. Cr & &, 29 68% ML P
Cr &HBH T WHO BR{E(2.0 ng/g) .
25 MI&SIIEREZESESEMEXMES T

22 3 h/NeERIn T b E AR SR E AR
R AT, E—2E 50 AT T b JE 4 e s
SSYERE . REM TSR T, fFEH Mn J6EE 500
T. % T Mn 7T 2 (7=0.987) 7% 7€ #% i 2 1F 4H ¢
(P<0.01), RN T E4JE SRR P E S IAAE

SCHK, HAxX#R4r #4 JE 25k 5 /NRARITFBER (A2 5h
) o TFIRARH e B i B A Jm AR Zy A RERR T . 25
F B S s oK B, SXFRAT R4 s X Ress
WEUF R . RE AN B E—J5H Cd. Cu,
Ni 45 H 4 JB 4l e nd & 40, (5 B /NIRRT A ]
B HINTARR pH #a Tk, GaRmEamE
KSR CInE 2., & 3), b in T2 B X iR R ais
GLg5/IN,

PRI TR, Ba 5 Cu(3=0.967) fF7EAK 235 15
#H 5% (P<0.01), Cu 5 Cu(+=0.908) . Mn 5 Cu(r=
0.906) . Hg 5 Hg(7=0.920) . Mn 5 Mn(7=0.934) .
Ba 5 Mn(=0.907) A B2 1EAH X (P<0.05) . AT
AR (SeH % ) S s A AT, EBR i 2 eRoin 1
T 4 B I EERTR . Lhann T AR v R A R
R o v e 1 SOk 45 5o DN 3 v s R/ s
LR AR R 1Y, HBRAE 25 5 B CdPY,
Mn 7E H 2R AR X v, SRR AE T,
et 5 B AR VARAEYIH . Cu. Ba X Mn 550 (A
i) A MR R T A JE A S AT R P i & VI oG
Beo AR, AR = SN Tad F v g2 8 T4
JE R SR ICIRPER, IX AT B2 T E i i Tad e ds
Gy AR o

£7 b, MM T R TN TR T B A JE AT
LR MBIS:, 4R s YL IR RE S A S5 YL T )
Jr=X, MFETE g/ NIRRT o FEAKE RN LR
WELE T Mn JTE A9 2 T EAEDE

3 /NIRRT A 5 R e U AR A A

Table 3 Correlation coefficient of heavy metal concentration in abdominal muscle and in processing liquid

FEJEICE As Ba Cd Cr Cu Hg Mn Ni Pb
KA T ORI TSR
Ba - 0.331 0.855 0.543 0.426 - —-0.703 0.561 -
Cd - 0.281 —0.041 0.741 0.300 - 0.147 0.270 -
Cr - 0.668 0.535 0.697 0.775 - -0.293 0.686 -
Cu - 0.169 0.768 0.58 0.275 - —0.608 0.420 -
Mn - —0.554 -0.897" —0.157 —0.495 - 0.987" —0.749 -
Ni - 0.531 —0.237 0.122 0.498 - 0.271 0.303 -
KN T il in i S5 HF R )
Ba - —0.389 - —0.287 —0.834 - —0.898 —0.063 -
Cr - 0.161 - —0.145 -0.677 - —0.243 -0.673 -
Cu - -0.357 - —-0.057 0.372 - -0.133 0.596 -
Mn - —-0.530 - —-0.163 —-0.220 - —0.557 0.370 -
Ni - 0.334 - 0.068 —0.678 - —0.237 —0.426 -
PN T GRS TS5 AR )
As 0.209 —-0.320 0.862 0.248 —0.389 0.386 —-0.196 —-0.011 0.651
Ba —0.635 0.165 —-0.229 0.051 0.967" -0.292 0.907" 0.124 —0.887"
Cd —0.484 0.692 —0.512 —0.728 0.535 0.237 0.473 0.411 —0.754
Cr 0.506 —0.713 0.173 0.585 —0.148 —0.256 —0.096 —0.622 0.345
Cu —0.494 0.135 —0.402 —0.002 0.908" —0.315 0.829 0.007 —0.885"
Hg —0.192 0.527 0.516 —0.699 —0.198 0.920" —0.024 0.578 0.186
Mn —0.693 0.132 0.183 0.100 0.906" —0.083 0.934" 0.241 —0.706
Ni —0.065 0.031 —-0.223 0.154 —0.063 —0.347 -0.172 0.030 —0.024
Pb —-0.386 -0.264 0.212 0.516 0.668 -0.379 0.674 —0.086 —-0.409

s P<0.01, BB EEAHDE; *: P<0.05, SEEAHE,
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