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Abstract: Objective: This study aimed to provide the basis of
quantity traceability for the analysis of amoxicillin residues in
milk. At the same time, it can also provide quantity standards for
ensuring the effective implementation of amoxicillin monitoring in
milk and combating the abuse of amoxicillin in the country and
regions. Methods: Two healthy middle-class dairy cows were
injected with amoxicillin intramuscularly. After the natural

metabolism of the drug for a period of time, the milk containing
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the target drug amoxicillin was collected and made into milk
matrix reference material containing amoxicillin by vacuum
freeze-drying technology. The uniformity test, stability test,
fixed value and uncertainty evaluation of the prepared milk
lyophilized powder matrix reference material were carried out.
Results: In the uniformity test, the F value obtained is <ZF s »
The results showed that the preparation of the standard milk
powder was homogeneous; In the stability test, the short-term
stability test (25, 4, —20 C; 2 weeks) and long-term stability
test (4, —20 C; 6 months) showed good stability; The
reference materials were jointly calibrated by 8 laboratories, and
the final calibration result was 4.05 p.g/kg, the total uncertainty
being 0.2 pg/kg. Conclusion: The prepared amoxicillin matrix
reference material in milk freeze-dried powder has good
uniformity and stability, which can be used as a carrier to trace
the amount of amoxicillin in milk, and can be widely used in the
methodology verification and quality control of amoxicillin
detection in milk.
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Figure 1 The eutectic point of milk
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Figure 2 Effects of different material thicknesses on water

content of milk powder in vacuum freeze-drying
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Table 1 Homogeneity testing of reference material amoxicillin in lyophilized milk ng/kg
AT #1W %2 W 53K V- {E =L HIW %2 W %3 T H
1 4.12 4.03 4.16 4.10 9 4.22 4.38 4.33 4.31
2 4.20 4.11 4.23 4.18 10 4.20 4.11 4.23 4.18
3 4.21 4.03 4.17 4.13 11 3.90 3.93 3.90 3.91
4 4.33 4.21 4.23 4.25 12 4.38 4.24 4.40 4.34
5 4.06 4.01 4.09 4.05 13 4.00 3.99 4.05 4.01
6 4.17 4.10 4.21 4.16 14 4.12 4.18 4.15 4.15
7 3.99 3.89 3.86 3.91 15 3.93 4.09 4.11 4.04
8 3.90 3.85 4.01 3.92 ,\j%ﬂ]{a 7777777777777777777777777777777777777777777777777777777777 -110 777777

t A2 ST=0.78: 41N I 2 S$=0.90; F fH(S1/S%)=1.86,

R2 APMETHIANEERGEYRERREERESER

Table 2 Short-term stability testing of reference material amoxicillin in lyophilized milk

1 25 CLJ M —20 C, 5 E A5 4C LR
i Feah 1 FESN 2 FERN 3 CEXME FEA L FES 2 RS CEXIME FEA 1 FES 2 REWM 3 FIIME
0 4.13 4.05 4.14 4.11 4.11 4.10 4.13 4.11 4.11 4.07 4.02 4.07
1 4.01 4.08 4.02 4.04 4.07 4.10 4.08 4.08 4.05 4.01 4.00 4.02
4 3.97 4.06 4.06 4.03 4.14 4.10 4.09 4.11 3.97 3.99 4.05 4.00
7 4.10 4.11 4.08 4.10 4.06 4.05 4.10 4.07 3.98 4.02 4.06 4.02
14 3.99 4.09 4.10 4.06 4.03 4.00 4.08 4.04 4.03 4.06 3.97 4.02
""""" vHE 4086 408 s
B b, —0.000 336 5 —0.004 432 2 —0.001 861 2
R 0o 4.069 749 8 4.105 047 4 4,035 678 2
52 0.001 682 8 0.000 329 7 0.000 760 2
s(b1) 0.003 643 0 0.001 612 5 0.002 448 6
Logssn—2 3.18 3.18 3.18
Loossn—2Xs(by) 0.011 584 9 0.005 127 8 0.007 786 6
i [by | <<togs,3Xs(by) FasE |61 | <<tog5,3Xs(by) FasE [b) | <togs,3Xs(by) FaxE

R3 HMETHHIMEERITENRKBRESEREER

Table 3 Long-term stability testing of reference material amoxicillin in lyophilized milk

—20C 4°C
i/ A
BEdh 1 REM 2 BRSNS CFIMME REEN L FERN 2 REM3 PHE
0 4.10 4.14 4.12 4.12 4.08 4.10 4.05 4.08
1 4.08 4.10 4.07 1.08 4.06 4.01 4.05 4.04
2 4.10 4.13 4.09 4.12 4.00 4.05 4.07 4.04
4 4.09 4.08 4.09 4.09 4.09 4.06 4.09 4.08
6 4.14 4.08 4.07 4.10 4.11 4.02 4.04 4.06
"""""" b —oooleszs  ooo0821
bo 4.107 2 4.057 8
s(b) 0.004 132 8 0.004 768 7

togs sn—2Xs(by) 0.013 142 4 0.015 164 6
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Table 4 The certification of reference material amoxicillin in lyophilized milk
. Fr il &5 2R/ (pg » kg™ I E/ RSD/ B/
S —1 9 !
1-1 1-2 13 21 22 23 31 32 33  (ugrke D % (pg kgD
1 4.16 4.09 4.12 4.06 4.02 4.10 4.11 4.02 4.06 4.10 0.03 0.76
2 4.11 4.05 4.06 4.02 4.00 3.97 3.96 3.99 3.94 4.01 0.05 1.36
3 4.06 4.12 4.08 4.11 4.06 4.12 4.11 4.05 4.07 4.09 0.03 0.69
4 4.11 4.12 4.15 4.06 4.01 4.00 4.13 4.10 4.09 4.09 0.05 1.28
4.05
5 4.01 3.96 3.91 4.11 4.06 4.08 3.94 3.91 3.95 3.99 0.08 1.89
6 4.17 4.16 4.17 4.02 4.00 4.02 4.10 4.02 4.07 4.08 0.07 1.74
7 4.05 4.07 4.10 4.02 4.05 3.99 3.97 3.95 3.97 4.02 0.05 1.29
8 4.06 4.01 4.05 4.09 4.10 4.05 3.97 3.99 4.06 4.04 0.04 1.08
RS HPETHHINEARRENRNABEEITHER
Table 5 Uncertainty evaluated of reference material amoxicillin in lyophilized milk
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Uchar = —— —_— x
7 »(p— D
o Biotechnology, 2022, 41(7): 71-83.
3 &5k &

3 gk 0T 8 L 30 0 45 2 AL P S T S PG Ak 24 4 Rk
B AR AR Oy 2R A 2 % 2 o, A5 B B B ST Ak A
W PHAEAE i, I X FEHEAT 39 BT VR T M 0L o O A
25 RN 50 B3 0 bR Y BT 3 5] M AR E M R A
HURAEAE 9 (4.054+0.2) pg/kg(k=2). HHi. *F E L&
PRUEY R AR & 5 &k E R 1 22 B R HAR R B . &
FhRUEY) I 1 K RARAS - o 25 AR S & BT, A o ) oA
PURIRL AN U], E R T RAR Y R, S
R A DG 5 24 B A b v 4 5T A T o b T o O 1
SABRTERR BRI L )5 2 dh S AL IR A7 RNk T L
20 R AR 1 SRR ) T G A B B K — GebR
) I b o

5% Uk
(1] 3 A 1. BT S VG bRl ek 45 2 2L 55 48 1 B3 ¥ 1 3 (], 75 A B
i, 2007, 26(2): 20-21.
ZHANG C J. Prevention and treatment test of amoxicillin sodium
on mastitis in dairy cows [J]. Journal of Animal Science and
Veterinary Medicine, 2007, 26(2): 20-21.
[2] SEFLFe, TR EE, AL, B0 ih 22 42 A6 D0 k14 A o 4 5 0F 5 0 SR 0],
S AP BRI, 2022, 41(7): 71-83.
GUO L L, XU H, KUANG H. Research progress of food safety
Journal of Food and

testing matrix reference materials [J].

B XZ W, £ 4, A, 55 2 5 SRR Y B R R ] '
it 22 4 S i K 24 4, 2019, 10CD): 8-13.
LIU S L, WANG H W, ZHAO M, et al. Research progress of matrix
reference materials in food[J]. Journal of Food Safety and Quality
Inspection, 2019, 10(1): 8-13.

(4] WA, 251, A 0E, 5. VR T SR 0 o A7 20 1R 2R R IR AR ME D T
B (9] F B EL A Tlk, 2021, 49€9): 23-27.
YANG Z W, LI B, LI H J, et al. Preparation of matrix reference
material for ivermectin residues in freezedried goat milk powderin
[J]. China Dairy Industry, 2021, 49(9): 23-27.

[5] XURAN, AL, AR5, 5. 200 0R T8 vh R 10 2 S 14 b v
Wy ST IF A [9]. T 7L Tk, 2022, 50€9): 24-28.
LIU T H, WU C H, ZUO W Y, et al. Preparation of enrofloxacin
matrix reference material in goat milk freezedried powder[J]. China
Dairy Industry, 2022, 50(9): 24-28.

(6] £%, H#JE, B F, 5. B A SMFLH AR EY BUIE 5L BRI,
B b Tk, 2018, 39(9): 223-226.
WANG Y, YANG Y M, CHENG B Y, et al. Research status of
reference materials for dairy products at home and abroad[J]. Food
Industry, 2018, 39(9): 223-226.

(7] £ 10 5, i, a0E, 5. B2 b TIESSR LG W bR ) BT
WE (] A £ AR 2K, 2014, 26(3): 205-209.
WANG X Y, ZHANG L, LI J G, et al. Development of standard

substances for dioxin-like compounds in milk[J]. Chinese Journal of

59



60

2L 57 SAFETY & INSPECTION

Food Hygiene, 2014, 26(3): 205-209.

(8] HBAS, £ —F, BATX%, 55, FLTT HEAT RO 43 Bl 32 05 AR TE 4 3 o
5k B R B S S AR [). b E B EE R, 2011, 41(4): 418-421.
YU J, WANG Y P, GE Z X, et al. Dynamic changes of the residual
quantity of amoxicillin of Runnaikang drug in the cow milk[J].
China Veterinary Science, 2011, 41(4): 418-421.
9] BRAREE, SEAR R, XU 2R &, A 1y o B B 7Y AR Ak B A A K T
BR ML B FE 9.+ [ 8 2 25 35, 2005, 39(12): 16718,
HOUD J, WU Y L, LIU S Y. Research on the detection and
elimination of amoxicillin residues in milk[J]. Chinese Journal of
Veterinary Medicine, 2005, 39(12): 16-18.

[10] 248 A . 1T 60 ft %2 42 73 BT A6 ZLA s o 499 53 69 40F 41 [D]. L 3¢
JE At AE TR, 2015: 46-49.
LI X C. The development of milk powder reference material for
food safety analysis[D]. Beijing: Beijing University of Chemical
Technology, 2015: 46-49.

[11] ERER B R, — AR B AR BE: JIF 1006—1994[S].
JUAT: [ 55T i M K 0 R R, 1994
State Bureau of Technical Supervision. Technical specifications for
primary reference materials: JJF 1006—1994[S]. Beijing: General
Administration  of
Quarantine, 1994.

[12] [ G E A Wi B R A ) S5 (% 3 0 JEE 0 % 48 3 2 Ji
JIF 1343-—2012[S]. 4t [ 5 o ik W A 36 A 9% 6 J), 2012,

State Bureau of Technical Supervision. General principles and

Quality  Supervision, Inspection and

statistical principles of standard material determination: JJF
1343—2012 [ S]. Beijing: General Administration of Quality
Supervision Inspection and Quarantine, 2012.

XU, AT, 2, 45 TL R E PR bR 1 )
[J]. i 5L, 2022, 38(4): 65-71.

LIU Y, YIN K K, LI B, et al. Preparation of matrix reference

T 4T

material for acetamiprid in cowpeas[J]. Food & Machinery, 2022,

BE 288 | 2023 F 4 A | RaSHW

38(4): 65-71.
[14] MR, BRAEDT, BRATR, 45, B 255k 6
HEY W ST 8 [J]. B i 42 42 BT ik
8 242-8 250.
HU NN, LI Y X, CHEN D D, et al. Research progress of matrix

BA 43 A o 4 4 ) BE A4 AR
R 2 di, 2021, 12200

reference material for quality control of veterinary drug residue
analysis[J]. J Food Saf Qua, 2021, 12(20): 8 242-8 250.

[15] A 77, 0% e, EocH, 45, oz ﬁﬂ: LaSota # # l F [E &
R R ) ot B AT 1 (0], Sl B 2 g, 2021, 42(7): 28-33.
MEI L, GAO X L, WANG Y C, et al. Preparation of national
nucleic acid reference material for detection of Newcastle disease
virus LaSota strain[J]. Progress in Veterinary Medicine, 2021, 42
(7): 28-33.

[16] Z=4xk, TIEM, ER/ 5. Yol AR 5 20 AR ol W) 50 E (1 Je A
78 BEVPAS (9], £2 A S HLAR, 2020, 36(4): 95-101.

LI QF YU H S, WANG M, et al. Determination of purity certified
reference material of genistein and the evaluation of its uncertainty
[J]. Food & Machinery, 2020, 36(4): 95-101.

(177 5K 3% PR IR T 03 rh 2 B ST A8 45 2 s o 99y 5 49 40 1 [D]. K e
KR, 2012: 35-37.

ZHANG M. The development of standard substance clenbuterol in

lyophilized pig urine[D]. Tianjin: Tianjin University, 2012: 35-37.

(18] WP 7. RS 1A P A 2 1k ok 24 5 24 5 B S 0 Joi 428+ B A A v
S5 () B o) 5 107 P (D). HIS 3R b TR K2, 2021: 39-40.

HU N N. Development of matrix reference material for quality

control in determination of nitrofuran veterinary drug residues in

chicken[D]. Handan: Hebei University of Engineering, 2021: 39-40.

[19] X5 . A EE W b BB v v 2 25 W 5% B Bk A o 4 ) 5 % BT 4 [D
et o E AR BE2E BE, 2018: 26-29.

LIU F. Development of the certified reference material of
enrofloxacin residue in whole liquid egg[D]. Beijing: Chinese

Academy of Agricultural Sciences, 2018: 26-29.

(k3% 25 )

[19] SZCZESNIAK A S, BRANDT M A, FRIEDMAN H H.
Development of standard rating scales for mechanical parameters
of texture and correlation between the objective and the sensory
methods of texture evaluation[J]. Journal of Food Science, 1963, 28
(4): 397-403.

[20] SR, WA, 9 FF, A%, H Dk S O Ak BN SR T
AL BBOR[I]. B A S HLBK, 2019, 35(6): 201-204.
WU N, ZHAO W Q, LU D, et al. Study on sterilization effect and

T AW L

process optimization of dried bean curd by thermosonication
treatment[J]. Food & Machinery, 2019, 35(6): 201-204.

(217 75 0. R 5P £ B PR 0 P 7 A A T D i WF A (D). B8 I
KA, 2015: 33-36.
LU H. Study on bionic detection method of physical properties of
viscoelastic food materials[D]. Wuxi: Jiangnan University, 2015:
33-36.

[22] Sz, E AR g, R, 2. JORAE AR 3 IR 4 i 0 8L g A
SR ] ARl TAR 244K, 2016, 32(19): 88-94.

MA'Y H, XUAN C Z, WU P, et al. Experiment on stress relaxation
of corn stover during compression with assisted vibration [J].
Transactions of the Chinese Society of Agricultural Engineering,
2016, 32(19): 88-94.

[23] ANDREADIS M, MOSCHAKIS T. Effect of ethanol on gelation
and microstructure of whey protein gels in the presence of NaCl
[J]. Food Hydrocolloids, 2023, 134: 107985.

[24] HUANG Z R, SUN J, ZHAO L Z, et al. Analysis of the gel
properties, microstructural characteristics, and intermolecular
forces of soybean protein isolate gel induced by transglutaminase
[J]. Food Science & Nutrition, 2022, 10: 772-783.

[25] BRITO-OLIVEIRA T C, CAVINI A, FERREIRA L S, et al.
Microstructural and rheological characterization of NaCl-induced
gels of soy protein isolate and the effects of incorporating different
galactomannans[J]. Food Structure, 2020, 26(3): 100158.

[26] LIU Y M, LI R J, ZHAO S M, et al. Effects of water, Na* and

Ca?" on stress-relaxation properties of surimi gel[J]. Journal of

Central South University of Technology, 2008, 15(s1): 529-533.



