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Abstract: Objective: This study aimed to improve the safety
supervision of cadmium in milk samples. Methods: A liquid-liquid
microextraction method based on hydrophobic deep eutectic
solvent (DES) was developed for the determination of cadmium
in milk samples by graphite furnace atomic absorption
spectrometry. The types of deep eutectic solvents were selected

for high extraction efficiencies and it was found that DES

composed of thymol and lactic acid at the molar ratio of 1 : 1
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provided higher extraction efficiency. In addition, several
important experimental conditions including the volume of DES,
sample pH value, the pretreatment methods of samples were
optimized. Results: Under the optimized conditions, Cd had good
linearity in the range of 0~ 3.0 ng/mL, and the correlation
coefficient was 0.998. The detection limit was 0.02 pg/kg. The
recoveries ranged from 94.7% to 113.0% with relative standard
deviations (RSD) of 0.38% ~ 7.00%. Conclusion: With the
advantages of simplicity, rapidness, exactness and low detection
limit, this method could be used for the detection of cadmium in
milk samples.

Keywords: cadmium; hydrophobic deep eutectic solvent; liquid-
milk;  graphite furnace atomic

liquid  microextraction;

absorption spectrometry
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Figure 1 Effects of DES amount on the extraction

efficiency of cadmium (n=16)
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Figure 2 Effects of pH value on the extraction

efficiency of cadmium (7 =6)
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The results of interference of

coexisting ions (n=16)
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Table 1 The results of recoveries and relative standard deviations (7 =23)
) JAR{E 0.050 0 pg/kg JAR1E 0.100 pg/ke JAR1E 0.200 pg/ke
FE i (::f%:j/}) MEM/ MR/  RSD/ MEM/  MmeE/  RSD/ MEM/  MmeE/  RSD/
(pg+ kg™ % % (pg* kg™ % % (pg* kg™ % %

afi 215 1 ARAG 0.048 9 97.9 4.27 0.094 7 94.7 6.70 0.198 99.0 5.11
a1 2 KA 0.054 4 109.0 3.58 0.099 0 99.0 5.23 0.211 105.0 0.60
a4 17 3 Akt 0.053 4 107.0 4.45 0.108 0 108.0 7.00 0.210 105.0 1.93
R B 48 4 4% A 0.056 6 113.0 2.47 0.104 0 104.0 4.38 0.207 103.0 4.92
2 B Mg W A 0.056 4 113.0 0.38 0.109 0 109.0 2.69 0.206 103.0 5.19
&Y 0.040 0 0.090 7 101.0 1.46 0.145 0 105.0 1.00 0.230 95.2 2.80
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Table 2 Comparison between the results of this method
and national standard method (7 =3) ng/kg

FE i W AR 5 2

1# 0.206+0.008 0.195+0.007

2% 0.25840.013 0.26340.014

3% 0.26440.011 0.24740.017

4% 0.19740.008 0.204740.014

5% 0.21040.013 0.19440.007
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Table 3 The results of real sample determination

B it FERAER Rtk HH/(ug s kgD
4l 41y 10 1 0.152
IR 2 4 75 4 0 /
B AR E 3 1 0.206
R 3 1 0.040

71



72

L2 5% SAFETY & INSPECTION

DI SRBIAE o T — 20 Ak 2 IR FOR % 7 B T T A
S JFORE i v A D0 B RT AT R [ R BT S T Ak R

HCE SR 7 g T A AP 2 B A R AN LB SE IS L DL
Wt — 2P Rz 7 v nY s Y .

S % Xk
[1] B0, SRtk 5, ARk, A5, 2 4% MR 38 Mo K 1 45 B 7T 01k 4G

J7IRI. B RSP, 2018, 34(6): 35-38.
ZHAO X, WU S J, YUE L, et al. Aptamer-based colorimetric
detection of Cd?'[J]. Food & Machinery, 2018, 34(6): 35-38.

[2] ERCAL N, GURERORHAN H, AYKINBURNS N. Toxic metals
and oxidative stress part I: Mechanisms involved in metal induced
oxidative damage[J]. Current Topics in Medicinal Chemistry, 2001,
1(6): 529-539.

[3] R R, Tk R, A0 E A, S s s RO 3% R IR e

AT R A B0, B S Tk, 2017, 45€10): 39-41.
CHENG G D, ZHANG L Z, SUN Y M, et al. Graphite furnace
atomic absorption spectrometric method for the simultaneous
determination of lead and chromium in milk [J].
Industry, 2017, 45(10): 39-41.

4] A BT A7 AR R ST T s R A SRR S A AR B vk
DNSE KK By HR A R (D] R R RO, 2021, 32(7):
114-121.

China Dairy

YANG X C. Cadmium determination in rice flour by graphite

furnace atomic absorption spectrometry and verification by
inductively coupled plasma mass spectrometry [J]. China Food
Additives, 2021, 32(7): 114-121.

[5] EAL, BEAS, WG, 55, GO0 i — o SR 4 IR MR ik X 2 A ik

0D Ve R O R DA o v A L Sl E B LA B o
2022, 32(4): 415-417.
WANG S, BI R, CHU T, et al. Determination and analysis of lead
and cadmium in a variety of imported rice noodles for infants and
young children by microwave digestion-atomic absorption graphite
furnace method [J]. Chinese Journal
Technology, 2022, 32(4): 415-417.

[6] 2 4L MR, A= fe, BRHe . J5 98 66 3% i W 5 1L 25 rh dif R
R AR D] B Tl 5HOR, 2020, 49(7): 120-121.

YAN T Z, L1 J H, CHEN Y J. Determination of arsenic, mercury,

of Health Laboratory

cadmium and lead in yam by atomic fluorescence spectrometry[J].
Light and Textile Industry and Technology, 2020, 49(7): 120-121.
7] IE, WHELL, B, AF. GO TH % -1CP-MS A I E B A LAY 2K
FiE P 17 M moC R ] B AR, 2021, 46(2): 309-314.
YAN Z, SHEN J H, QIU X, et al. Determination of 17 kinds of
metallic elements in cereal-based complementary foods for infants
and young children by microwave digestion and ICP-MS method[J].
Food Science and Technology, 2021, 46(2): 309-314.

8] HHZ, WS BN A B RS (ICP-MS) % 5 51 1)
ot CAAS) 3 I 52 PY T 2 v i R (D). IR L o3 A Ak 27,
2017, 7(4): 28-32.

BE 2618 | 2023 F 7 B | RAEHMH

XIAY J, CAO W Z. Determination of cadmium in gen-seng by
inductively coupled plasma mass spectrometry (ICP-MS) and
atomic absorption spectrometry ( AAS) [J]. Chinese Journal of
Inorganic Analytical Chemistry, 2017, 7(4): 28-32.
Ol ¥ 7507, IR, IR0, 5. BN I — B & 2 o T IR R AT
A kI 2 v P YR (9] B R B2, 2011, 32(18): 218-220.
YANG X F, XU L, XU J F, et al. Determination of cadmium in tea
using microwave digestion and inductively coupled plasma atomic
emission spectroscopy[J]. Food Science, 2011, 32(18): 218-220.
[10] GUO Y M, ZHANG Y, SHAO H W, et al. Label-free colorimetric
detection of cadmium ions in rice samples using gold nanoparticles
[J]. Analytical Chemistry, 2014, 86(17): 8 530-8 534.

(1] BRER, TR, 500 T . 8 F WM — S5 ORI IRE UE 7T B
BREE 5 YL Py e o ¥ 52 [7]. SR, 2015, 36(5): 250-259.
ZHANG Y, ZHANG Y H, JIAO B N. Application of ionic liquid-

dispersive liquid-liquidmicroextraction for the determination of

contaminants in foods and environment: A review [J]. Food
Science, 2015, 36(5): 250-259.
[12] ARG ZE, SRR, FRw 77, 45, DRIk i 0] — 23 OO VR AR 246 TR

T i B R 58 5 g Wy A6 T o i 0 T
2021, 47(7): 260-268.
LIN Z H, ZHANG Y H, JIAO B N, et al. Application of deep

(] & a5 A BT,

eutectic solvents-dispersive liquid-liquid microextraction for the
determination of contaminants in food and environment[J]. Food
and Fermentation Industries, 2021, 47(7): 260-268.

[13] OVIEDO M N, FIORENTINI E F, LLAVER M, et al. Alternative
solvent systems for extraction and preconcentration of trace
elements[J]. Trends in Analytical Chemistry, 2021, 137: 116227.

(4] FEE, &, R4, 45 JOR R RCHI 1 A A LE R Ea R

A AR SR 7 700 2 L/ 280U € 3 1 DN A 0] A DO 3K A A,
2019, 38C11): 1 3581 363.
ZHOU J, YU J, ZHU S Q, et al. Determination of 11 organic
synthetic pigments in drink and compound wine by deep eutectic
solvent extraction/high performance liquid chromatography [J].
Journal of Instrumental Analysis, 2019, 38(11): 1 358-1 363.

[15] ¥, T vk4e, BRI, 4. 5 /K P AR SH J v 590 R VL ol 2 B/

BSCTBURH € 33 12 I 7 2 g% v = 08 I RO UK 28 IR 5 (0], 43T
ik 2F 4, 2021, 40(10): 1 467-1 473.
ZHU Q, LONG B H, CHEN X H, et al. Determination of triazine
and phenylurea herbicides in soy milk by high performance liquid
chromatography with hydrophobic deep eutectic solvent based
liquid-liquid microextraction[J]. Journal of Instrumental Analysis,
2021, 40(10): 1 467-1 473.

[16] FKHe, BRoR, X, B AR IR & 0 ok s Ak & k4t
K2 HEBUIEIE[D). 22 WF5E, 2020, 39(6): 320-325.
ZHANG H, CHEN Q, LIU Y J. Extraction of five non-steroidal
anti-inflammatory drugs in water by hydrophobic deep eutectic
solvent[J]. Journal of Pharmaceutical Research, 2020, 39 (6):
320-325.

(FT#% 151 )



&M | Vol.39, No.7

[22] J AR, mRIN, W IE SC, A R T AR A R R 43 A i A

BBk 22 4 0RO Y 0 SE K TN D). £ S PR, 2022, 38
(8): 144-151, 226.
ZHOU H J, GAO X F, YE Z W, et al. Prediction of safe storage
period and quality of fresh yellow peach based on correlation and
time series analysis[J]. Food & Machinery, 2022, 38 (8): 144~
151, 226.

[23] LM, EWELE, KA. FUR A B R 47 (0] A
2%, 2014, 47(20): 4 056-4 066.

WANG Y X, WANG X M, GUAN J F. Flesh texture characteristic
analysis of pear[J]. Scientia Agricultura Sinica, 2014, 47 (20):
4 056-4 066.

[24] % M, ¥ e, 2205 38, 45 TPA J5i A4 4 H1r 8 1A Bk SR 92 R I
Mo EAL[T]. R, 2013, 34(20): 273-276.

YUAN C L, DONG X Y, LI P H, et al. Changes in texture
properties of crisp peach during postharvest storage by texture
profile analysis[J]. Food Science, 2013, 34(20): 273-276.

[25] 3 48, e e, M oe 3C, 4. AN TR) D AR S Ao R A e % AR

FIGHE IR 5 50 BT D], R 2241, 2016, 33(SD: 65-70.
JIANG S, YUE X Y, TENG Y W, et al. The contents of sugars and
acids, and the expression analysis of metabo- lism-associated genes
in fruit of Pyrus pyrifolia [J]. Journal of Fruit Science, 2016, 33
(SD: 65-70.

[26] WkEk 35, SRR, B2, &

SR HUBR A 43 % 5 43 A 0]
25-31.
YAO G F, ZHANG S L, WU J, et al. Analysis of components and

=10 AN TR ZR 58 AL 5 R T 1
RO K AR, 2011, 34(5):

contents of soluble sugars and organic acids in ten cultivars of
pear by high performance liquid chromatography [J]. Journal of
Nanjing Agricultural University, 2011, 34(5): 25-31.

[27] E T, Eﬁﬁl‘é’ BATT I, S5, JE T LTSS BT 1-MCP X7 41
BU7SE PG RR G B R [T]. & Tl BB, 2021, 42(4): 271

BB BT REMEF 5T H R 5L R ST I R I & R 5 i B

275, 281.
YAN Z R, YUE Y X, ZHAO J L, et al. Effect of 1-MCP on the
ripening process of 'Xianghong' pears based on the electronic nose
analysis[J]. Sciencc and Technology of Food Industra, 2021, 42
(4): 271-275, 281.

[28] W 3HE, IR, 5k 77, 6. 2 T T SR 2E AR
Sr2EBESE). £ 5 Tl RBHE, 2020, 41(3): 246-258.
ZHAO C, MA S S, ZHANG L, et al. Research on classification of

TS Ve 45 4%

rotten grades of huangguan pears on electronih nose technology[J].
Science and Technology of Food Industry, 2020, 41(3): 246-258.

[29] TR, AR, XIRE, 55, WA PH BB o o A2 b 7 SOl 4
R AEAC BB FE[T]. 22 BFARATF 5T, 2013, 31(3): 35-40.

MAT X, WANG J H, LIU Z, et al. Composition and change of
aroma components in Pyrus breschneideri during storage [J].
Nonwood Forest Research, 2013, 31(3): 35-40.

[30] 2= [ M5, 55 B4R, 5. W40 %Y ( Pyrusussuriensis) 5 55 J5 240 F
R AU B AR AR [T]. SR SRR, 2012, 29C D1 11-16.

LI G P, JIA H J, WANG Q, et al. Changes of aromatic composition
in '"Youhongli'
Journal of Fruit Trees, 2012, 29(1): 11-16.

[31] JAEIR, A2 2, R0, 45 KBk 2R i vh 6 R 005 &
AR5 HG A TE SR A S A (0] 28 BF AR T 52, 2019, 37(1):
1-10.

ZHOU H J, DU J H, SU M S, et al. Relationship of content

( Pyrusussuriensis) fruit during fruit ripening[J].

changes of pigments and aromatic compounds in pericarp with
internal quality of honey peach fruits [J]. Non-wood Forest
Research, 2019, 37(1): 1-10.
[32] ABIDI W, CANTIN C M, JIMENEZ S, et al. Influence of
antioxidant compounds, total sugars and genetic background on the
chilling injury susceptibility of a non-melting peach ( Prunus
persica (L.) Batsch) progeny[J]. Journal of the Science of Food

and Agriculture, 2015, 95: 51-358.

(L35 72 70

[17] SHISHOV A, GERASIMOV A, NECHAEVA D, et al. An
effervescence-assisted dispersive liquid-liquid microextraction based on
deep eutectic solvent decomposition: Determination of ketoprofen and
diclofenac in liver[J]. Microchemical Journal, 2020, 156: 104837.

[18] OZAK S S, YILMAZ Y. Ultrasound-assisted hydrophobic deep
eutectic solvent based solid-liquid microextraction of Sudan dyes
in spice samples[J]. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 2020, 236: 118353.

[19] LIU W, ZHANG K D, YU J J, et al. A green ultrasonic-assisted
liquid-liquid microextraction based on deep eutectic solvent for the
HPLC-UV determination of TBHQ in edible oils [J].
Analytical Methods, 2017, 10(9): 3 209-3 215.

[20] HABIBOLLAHI M H, KARIMYAN K, ARFAEINIA H, et al.

Food

Extraction and determination of heavy metals in soil and
vegetables irrigated with treated municipal wastewater using new

mode of dispersive liquid-liquid microextraction based on the

solidified deep eutectic solvent followed by GFAASI[J]. Journal of
the Science of Food and Agriculture, 2019, 99(2): 656-665.

[21] SOROURADDIN S M, FARAJZADEH M A, OKHRAVI T.
Application of deep eutectic solvent as a disperser in reversed-
phase dispersive liquid-liquid microextraction for the extraction of
Cd (ID and Zn (ID) ions from oil samples[J]. Journal of Food
Composition and Analysis, 2020, 93: 103590.

[22] SOROURADDIN S M, FARAJZADEH M A, DASTOORI H.
Development of a dispersive liquid-liquid microextraction method
based on a ternary deep eutectic solvent as chelating agent and
extraction solvent for preconcentration of heavy metals from milk
samples[J]. Talanta, 2020, 208: 120485.

[23] 7, BR R, 57 35 G T A R 2O 1 0 A % P i g 0.
B TR R 4% 7, 2012, 22(7D): 1 536-1 538,

WU P, CHEN L, FAN LY. Determination of lead in milk by non-
digestion atomic fluorescence spectrometer[J]. Chinese Journal of

Health Laboratory Technology, 2012, 22(7): 1 536-1 538.

151



