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¥ E: BE @Al o B e g v p A R R . FIE LA PR AR, e R
R HEE Cr(VD)-Hy0,-180 H R S AL S DR R i i pHL, 2l AL ST it IR M o . S IOt B8 1 2 L
P ) X 4% 3R R O B2 A8 S 0], TE SR DG S 0L 2% 10 I o TR ot R R B 4 . SRR AL B ) 2O R R E pa
P R RS I R KR 630 nm, RMAR pH 4.4, flAAAMWAHEN 02 mL, WP BSHEN
0.4 mL, 7E 60 °C/K¥ETIM# 5 min, %7 RN 0.256 pg/mL, EHHIFR AN K 88.5%~106.0%, HFXf
PRUEMR 22N 1.1%~3.0% (n=5). 45 5 GB 5009.123—2014 {Eah LA EZARE i P IIIE ) Py
T A 25 B TR T 1 (inductively coupled plasma-mass spectrometry, ICP-MS)AH e, ASHIFSE BT #5714 )7 s 84
il 58, TS S . AR 5 THE .
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Rapid determination of trace chromium in stewed meat products by catalytic
kinetic spectrophotometry

GUO Nan-Nan", WANG Cheng

(College of food Science and Engineering, Zhengzhou University of Science and Technology, Zhengzhou Rapid Detection
Technology of Food Safety Laboratory, Zhengzhou 450064, China)

ABSTRACT: Objective To establish a method for the rapid determination of trace chromium in stewed meat
products by catalytic kinetic spectrophotometry. Methods Taking stewed meat products as samples, the effects of
pH, hydrogen peroxide dosage, bromocresol green dosage, reaction temperature and reaction time on the absorbance
of Cr(VI)-H,0, bromocresol green catalytic reaction system were investigated by single factor experiment. The
chromium content in the stewed meat products was determined under the optimal reaction conditions. Results The
optimum conditions were as follows: Wavelength 630 nm, pH 4.4, 0.2 mL hydrogen peroxide, 0.4 mL bromocresol
green, 60 °C water bath heating for 5 min. The limit of detection was 0.256 pg/mL, and the average recoveries were
88.5%-106.0% with the relative standard deviations in the range of 1.1%-3.0% (n=5). Conclusion Compared with
the inductively coupled plasma-mass spectrometry (ICP-MS) in the GB 5009.123—2014 National standard for food
safety-Determination of chromium in food, the method established in this study is simple to operate, the instrument
used is cheap and easy to obtain, low cost and easy to promote.
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MR N TR, AT AR R A K
KA, SRMANMEIRAREILR, Wik KEERRE, KAM
Bt a5k ZRERE, It AN HEUEYY . BEEKS
A3 AR AR B 8T, B o B Ay R ke T LT
K51, GB 5009.123—2014¢ £ i &4 [ bR UE £ 5 % 1
WIE D AR A% B8 vk A S TR IR . H
A % B F Ik 3% 75 (inductively coupled plasma-mass

spectrometry, [CP-MS)Z:2 DL |- 75 13 B R RS 35 (XL 2%,

BAFRONIL T, LTI AEfesh e i i
SLEE M REL AR, BB ) B 23 E T RV AT AT
W7, BB HA, HEAh 1A IR A AR Ak
5T B TR 22N, A B e B S ARG v i 10 P
S/ DL 3 S R R %, FLAEHEAT
5% OB R A A SR A R R IA Y, T R A
B 22 LS . AU TS o
LI SE b A il IR AR AR ) B 24 26 0, LIS £ R %
A PRI E R A — Rl R AR I AR T3k

1 MR E

1.1 UFE5E%

SYG-1220 fH iR 7K ¥ 46 (5 M HE 35 W 7 PR ) );
WF-003  H A3 KU (L 2R 2 s B 24 35 4 o s A B 2
Fl); UV-4802 SAMAT 0L A ot BT GRMN B AR i 25
RN F]); DB-2EFS B At (3 KA 01 38 A BR A 7)),
iCAPQ HLBHE A 558 TR TR (FEBR G R B AT PR A
F]); MARS fik 8 A A (38 E 55 % 45 FR/A 7]); XPR205DR 43
B R (AR - FE R 24U (1) A BR A F .

1.2 #R5ERF

Pe LD N < 7D S I Y N R s A e A
(TR e TR FTAR AL )

BRARMEVRIR[1000 mg/mL, S Ak 225048 FR 2>
FAERATD]; WH SR, sugk, FEa, dRa., K
(Orirat, FMIRIEAZ=H ), 30%3d FAL (G prat, B
N ECEE AR A BR A R, AR (S 4l, WERS T Ak Ak
TABRAF); FoKBERREMTEE, MBI T 5
AR, VKESRR(OHTEE, & m il — b TARA ),
1.3 WIEHE
1.3.1 Heoneha s

£ GB 5009.123—2014, % F 0 T A0 BUAEE 5,
A TR FFRIL 0.5 g ZE A7 AR S TH AR, 5% A 25 mL L@
B, K E B IRG RS R,

132 H&PREEGNT

B— R A%, R 5 mL pH 4.4 B -t iR 40 2%
MR . 0.2 mL A AL EVAE . 0.4 mL IR W 4RI, T
IMZER KRR E LT 25 mL, STV SS9 I W6 B (4,
O Ao SRJEE 5.00 mL MRS AL T 25 mL Y L (a5
A E R EEHEFERR, REGIFREGHSEET
60 °CHITEIRAA BN 5 min, BURHABRKFBHIZE
M, W E RS R OGME, IE R 4, A4 BIR
A=Ay BRSPS R ILA(D).
_Cx25xV, M

lem

o X R S B, me/kg; C TN E AR 4K 1Y R
BRI, ng/mL; 25 AEMRE SR, mL; V) A BrBURE
FIPRER, mL; V, R T A I R 8 R F, mL; m A FRIURE
fn B, g,
1.3.3  E K%

TE AR R IG 45 R p S mt b, e PR B AR o
&, WK 630 nm, 7E 60 °C/KIEHINF 5 min, %+ pH (4).
IRE B HEB). SAEAHEC). RVEED) 4 4
R LoBHIERIRE, WMEKFERLE 1.

X

Fz1 HREKER
Table 1 Factor level table

RZ
K- o BIRW AR CoaEMLEHE D RWVIRE
P /mL /mL /°C
1 38 0.4 0.1 55
2 44 0.6 0.2 60
350 0.8 0.5 70
2 HR5SH

2.1 BEHIEF

TEREALIR R P, PR 18 1 (A B T BATOLE AR
RO, BRMFEAIRE, WA S BECR AN
ABFFEEIOERELL . KLl WLl Bk Se4k 5
PR, 10 ST EAE, PRl 2 4, AL
A, H— AR R, fEAEARRP2HMA 1.2 mL
TRBREIR, T 1.3.2 B4R, 2000 E AL AR AR
AR ZBWOE A, JFH5E A4, A4 BOR, g RBgE, H
IRER I 20 BRI, 7E ALK AR FA L BRI T,
TR B R S RLAAR 2R Y AA B R, DRLIHG B 3 T Y 1 2 A DAy
ERER.
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R2 SHEEREARNBEELERN=4)
Table 2 Absorbance results of 5 kinds of pigments reaction
systems (n=4)

BERME PR KW WEL REmS s
Jefiefe 4, 0.289 0287  0.038 0.211 0.260
Ak 4, 0291 0264  0.034 0.142 0.234

AA -0.002  0.023  0.004 0.069 0.026

2.2 EKHIEE

TEIAY 5 AR 43 R 540, 570, 600, 630,
640 nm X 2 3 25 mL HL @ o — 2R AR R,
A 1.2 mL MRARMEIR IR, JF — XSRS, 15
MR R, FHITUT 230 7E 2 3G A 5 mL pH
4.4 FEFR-TETR BN 2% WA UL . 0.4 mL {5 Y48V W . 0.2 mL
AL R, IMAZEIRKER BRI EL, WEHE),
AR W R, 115 A4 {6, BARSERILE 3.
ZER TR, A R R A RIYTE 630 nm AbA oK
W, HAE 630 nm &b A4l Fe K, TR B R I SO <
M 630 nm,

R3 REBREFERKHRAEEER(=4)
Table 3 Absorbance results of the reaction systems under
different wavelengths (n=4)

P+ /nm 540 570 600 630 640

el 4, 0.457 0.818 1.294 1.295 1.014
fiE1k 4, 0438  0.777 1230 1230  0.960
AA 0.019  0.041 0.064  0.065  0.054

2.3 pH BIR#HE

T2 B WAL S AR R I AR K, PR R K& 534
VW AR RAERE, TR AR/ SUR R FA4% 0 2= 1 7 o
W10 32 25 mL Heta4s, 5 S TR R, 5 S TRk
R, TEMALIERN S LA P EIA 1.2 mL 58 AREE
P . 0.4 mL IR H FSRAR . 0.2 mL i b ST, i
10 32 Bb A5 T 23 S I AT 2 - s PR M 2 oV VL, VAR
R pH J93.2.3.8,.4.4.5.0,.5.6, INMAKEAEZE 25mL,
T A4, BRSER IR 4. 855 00R, pH 7E 4.4 I, 1K
JER K, A4 T K, FTUARIR R pH J2: 4.4,

Fz4 7TFE pHHIRFEERWEELER(=4)
Table 4 Absorbance results of the reaction systems under
different pH (n=4)

pH 3.2 3.8 4.4 5.0 5.6

ek 4, 0.035 0.155 0.912 0.687 1.110
i1k 4, 0.030  0.146  0.891 0.669 1.102

A4 0.005 0.009 0.021 0.018 0.008

24 REMEFRAENERE

B 10 37 25 mL A HZEHEAY, 5 SO TMBIAR, 5 %
AT AR, AR BIMA 1.2 mL EFRER,
AR 10 AR 5 mL BEER-BERRNZE WAk,
AL F B4R 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 mL,
FRAMA 0.2 mL 3 EALEIEW, K EARZE 25 mL, 15
Ad, BARZERILER 5. d5RER, BEE B )k A o5 ()1
i, A4 SAFeHE SRR, R BN 0.4 mL, A4 fix
K, BEFRHBSHER 0.4 mL.

x5 REARBGRAEN WA ERNFI(N=4)
Table 5 Effects of bromocresol green dosages
on absorbance (N=4)

EB/mL 0.2 0.4 0.6 0.8 1.0 1.2

ek 4, 0211 0231 0358 0510 0.573  0.727
144k 4, 0209 0.222 0352 0505 0.570 0.725

A4 0.002  0.009 0.006 0.005 0.003 0.002

25 dEHUSHAER%EE

B 1037 25 mL HEE @A, s THATHMAEER, s TH
FARfAIR R, LR R P 5IMA 1.2 mL 8 FRIER T,
T 10 7@ BN 5 mL iAW, 0.4 mL J5
BRI, RUANA 0.1, 0.2, 0.5, 1.0, 3.0, 5.0 mL 1%
A, MAKERE 25 mL, 5 A4, Z5RNFE 6. 458 T
R, AL ERIIA XS A4 Ak, AL S RN
0.2 mL B, Ad fe R, BOEFEL A A A E R 0.2 mL,

x 6 FEUEAENWAE R (n=4)
Table 6 Effects of hydrogen peroxide dosages
on absorbance (N=4)

AF/mL 0.1 0.2 0.5 1.0 3.0 5.0

itk 4, 0.594  0.603  0.581 0.587  0.586  0.583
fitdb 4, 0.576  0.575 0.573 0.564  0.564 0.567

AA 0.018 0.028 0.008 0.023 0.022  0.016

2.6 EFRGRASRIERE

6 L@, [ 5 ORISR 153 3
0.8, 1.2, 1.6, 2.0. 2.4 mL, T 6 3 A& KRN
A5 mL pH 4.4 BSTR-BEFRENZE vhizs ik, 5 Bk 0.4 mL,
FEAE 02 mL, NMKEAZE 25 mL, BEREAEHES
W), HE AE, SRR 7, SBRER, BEESRRT
W, A4 SIS RIS, A4 7E 1.2 mL BHEK,
I AR BEAR PRI P o 1.2 mL.
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RTEFRR RSB R0 (n=4) IR AT R IR 4.B,C.D, ARG, I 25k,
Table 7 Effects of amount of chromium standard solutions on RIS S BTN, 7 At S RS S R L

absorbance (n=4)

R R RAE 4,B,CD, JITASH A4 (H KT 4,B,CDs, ik
JEBEE RIS H 4,B,CD,
2.10 T {Ephsk
Wty 28 SN T s B B A S5 R, 78 HA S5 A4 A A2 1 15
BT, SR AR MEE TR A0 fE 4, B 6 57 25 mL AU HZELL
B, RUMA 0, 0.5, 1. 1.5, 2. 2.5 mL M8 FRuE( A
2.7 RREERIIEEE W B TAHEMZE T A4=0.0943C-0.0038, HiH1 =0.9913,
M pH Wy 44, MAILARTEY 02 mL, WHIBEN 51y misEE
4 0. EA N7 A ] S in s
FARD 04 mL, JKEHR 25 mL, SR S min B, FEBRERE AP 0.2 g HEBRMERERE, U5 HOUEEE,
KRB BITE 25, 40, 55, 60, 70 °CHATR N, 45 A4 1H, S
FLIKZE R 8. 3 8 WA, W% SR EE Y T i, - o e

FH/mL 0.8 1.2 1.6 2.0 24

JEffL 4, 0.185 0.186 0.176 0.184 0.177
itk 4, 0.175 0.173 0.175 0.177 0.177

AA 0.010 0.013 0.001 0.007 0.000

AA WA AEARBIFE R, 76 60 °CHY Rk T, KL £10 FXRBER
éﬁi@, ZIRAE 25 °CT}L¥‘]§§{£{E}§{J@ BER Y ER AR Table 10 Results of orthogonal test
JETE 60 °CAEA o R ol BIWmSA  CidEfkEM D RIVIE
=7 P H/mL H/mL BE/°C
=8 BEXIRAERENE(n=4) 1 1 1 1 1 0.005
Table 8 Effects of reaction temperatures on absorbance (n=4)
- 2 1 2 2 2 0.008
i /°C 25 40 55 60 70
3 1 3 3 3 0.011
JEfEAL 4, 0.179  0.180  0.179 0268  0.226
4 2 1 2 3 0.029
4k 4, 0.181  0.180  0.179 0260  0.223 s 5 5 3 ) 0.020
AA -0.002  0.000  0.000  0.008  0.003 6 ) 3 | ) 0.007
7 3 1 3 2 0.005
2.8 RMZATEIADIEEE 8 3 2 1 3 0.014
M pH K 4.4, i AAR AR 0.2 mL, IRH BZRIY 9 3 3 2 1 0.003
HEHN 0.4 mL, VRN 60 °C, 4351m# 3. 5,10, 15, K, 0.024 0.039 0.026 0.028
20\ 25 min, EYI"HZ}ﬁﬁJZ)\‘(@ﬂ(*Y@fﬂi%?EO —i—i‘;’%‘k AA E/‘J K2 0.056 0.042 0.040 0.023
H LB v e e 9 pk BT
i, EARSERILEE 9, HRTTLIE H A4 (ERE/K IR [E] 34 K 0022 0.021 0.036 0.054
RN VS BE] in s i iSfligrites
ﬁuﬁﬁfﬂfﬁﬂﬁ N, IKIEETEIS 5 min B, A4 R, B RR K 0.008 0.013 0.009 0.009
LB TE] A 5 ming
k  0.019 0.014 0.013 0.008
ks 0.007 0.007 0.003 0.018
RO RERIEIX R (=4) R 0032 0021 0.014 0.026
Table 9 Effects of reaction time on absorbance (n=4)
B[] /min 3 5 10 15 20 25
Jefefb 4, 0261 0268 0264 0259 0260  0.261 w1 FEMIREER (n=4)
Table 11 Average spiked recoveries (n=4)
f#fk 4, 0260 0261 0277 0273 0277 0277 - ~ —
BEn TR bRE BICER AHXRR R 22
A 0.001 0.007 -0.013 -0.014 -0.017 -0.016 . /(ng/mL)  /(ng/mL) 1% 1%
il 0.021 0.211 95.0 1.4
AL R 0.014 0.197 91.5 2.2
2.9 IERIRIEEIT
L WK 0.020 0232 106.0 1.9
M 10 IESTIRIRZE R AT LUE L, 520 A4 (1) 4 DNRE
X i 0.009 0.186 88.5 3.0

B FIMF S pH (4) > #ARBUTEL(D) > I Bk 1k (B)
> AL AFIRC), RHERIA M 45,005, 1% R o0t 029 940 M
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553 11 AT, 205 MR AE 88.5%~106.0%2Z (1],
¥4 GB/T 27404—2008 (I E T dlE i
Ry e AR S AE -

2.12 KHREESR

XPRESDZS AT 11 OPATINGE, THE AR 22, D3
R v O 22 PO L 1 S e B A A R B, LA 10 A5 RR R
25 %68 L P JoT e v B O R, AL Bl ) SO RETR RS L R
47 0.256 pg/mL, EHEFRA 0.853 pg/mlL.

213 HmEBERSH

WAL Bl J12E VAR R B pH R 4.4, 1 A AL

0.2 mL, B HEHN 0.4 mL, 7E 60 °C/K N

# 5 min, FPK 630 nm FIEEREE . 2B IAS ] 1 1A
TSR SR, SR R 120 AR A k4% A G P
BB B R R R E (1 mg/kg).
2.14 BUENDFNREZXS ICP-MS SENELERILER
BUER o g SR, KRR AN, fEAE
FITE AL 2R, 2 5 R UL AR ) i ek 3l ) 2206 B vk
F1 GB 5009.268—2016 F1 ICP-MS #1475 WEATINE, #
U7 2 0 VT RS 6 5, 45 SR 110 A KA 4 O 22 (relative
standard deviation, RSD)7E 5.8%~11.7%Z [A], fF&1R7E
VRS 6 2 ROy kit AT FARERN, Brig FESSNT F e
(F £=5.05, 0=0.05), VLB 2 Py ih ek % B LRAEAE i 2
PES ., BIRGRILE 12,

R12 EURTEEFEES ICP-MS ERIMEL R (n=5)
Table 12 Results of catalytic kinetic spectrophotometry and ICP-MS (n=5)

oy HEAE G L ICP-MS %
MR ERTH M mgke)  SD%  RSD% RGP (meke)  SD%  RSDM P
Pl 0.272 22 8.1 0.262 2.7 10.3 1.5
% 35 0.170 2.0 11.7 0.176 2.1 11.9 1.1
B 5% 3k 1A 0.250 2.5 10.0 0.290 1.6 5.5 2.4
1 ik 0.164 1.5 9.1 0.164 2.1 12.8 2.0
HERA 0.604 3.5 5.8 0.642 4.0 6.2 1.3

13:: SD (standard deviation) A AR (R 72

AT FT T N7 B4 A AR Bl 0 BE v I R 1 A o
TR AR AR K2 630 nm, KW ARZR pH 4.4, AR
B HE R 0.2 mL, {RHEr& R 0.4 mL, 7F 60 °C/KIAH
BN s mine ZF A HER R 0.256 ng/mL, 3 EKERLE
88.5%~106.0%Z 8], FMXTFRHEMZEAE 1.1%~3.0%Z [, 5
EZAREP T ICP-MS M, FEREH S B AR E 2
S, AR 5 AR VR RRT o, UACFR E 22 J f FH  A EE
TR TT#RAE, REELTIREIN, RSN ES 15, W
ARSI, BT

SE MR
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