
 

 
 

豆制品、火锅、麻辣烫等食品中喹诺酮类化合物的测定 

BJS 201909 

1  范围 
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2  原理 

    0.1 mol/L EDTA-Mcllvaine ‖ Ҭ ̆

̆҉ HLB  ̆ -ұ ת ̆ῤ

Ȃ 

3  试剂和材料 

Ҋץ ╕̆ ≢ ҹ№ ̆ ҹ GB/T 6682 ѿ Ȃ 

3.1  Ә ̂CH3CÑ̔ Ȃ 

3.2  ̂CH3OH̃̔ Ȃ 

3.3  ̂CHOOH̃̔ Ȃ 

3.4  ̂CH3OH Ȃ̃ 

3.5  ̂NH4OH̃̔ 25%͘28%Ȃ 

3.6  Әԋ Ә ԋ ̂C10H14N2Na2O8·2H2O Ȃ̃ 

3.7  ̂C6H8O7·H2O Ȃ̃ 

3.8  ԋ ̂Na2HPO4·12H2O Ȃ̃ 

3.9  ̂NaOH̃Ȃ 

3.10 ̂HCl̃̔ HCI 38%Ȃ 

3.11 Ә ̂CH3COONH4̃̔ Ȃ 



 

 
 

3.12 ԋ ̂0.2 mol/L̃̔ 71.63 g ԋ ̂3.8̃̆ 1000 

mLȂ 

3.13 ̂0.1 mol/L̃̔ 21.01 g ̂3.7̃̆ 1000 mLȂ 

3.14  Mcllvaine ‖ ̔ 1000 mL 0.1 mol/L ̂3.13̃ҍ 625 mL 0.2 mol/L

ԋ ̂3.12̃ ̆ pH 4.0±0.1Ȃ 

3.15  EDTA-Mcllvaine ‖ ̂0.1 mol/L̃̔ 60.5gӘԋ Ә ԋ ̂3.6̃ 1625mL 

Mcllvaine ‖ ̂3.14̃Ҭ̆ ᶏῒ Ȃ 

3.16  5% ̔ 5 mL ̂3.4̃̆ 100 mLȂ 

3.17  25% ̔ 25 mL ̂3.5̃̆ ̂3.4̃ 100 mLȂ 

3.18  ‰ ̔ ‰ Ҭ ȁ ȁCAS ȁ№ ȁ № A

A.1̆ ů99%Ȃ 

3.19 ‰Ữ └ №̔≢ ‰ ̂3.18̃ 10 mğ 10 mL Ҭ ⱴ̆῀0.2 mL

̂3.3̃̆ ᶏ ̆ Ә ̂3.1̃ ┴ ̆ ̆ └ ҹ1.0 mg/mL

‰Ữ ̆ ╕ Ҭԍ-18ŅץҊ ᾣḠ ̆ 6ҩ Ȃ 

3.20 ‰ └̔‰ ‰Ữ ̂3.19̃1 mLԍ100 mL Ҭ̆

̂3.2̃ ┴ ̆ └ ҹ0.01 mg/mL ‰ ̂ Ҙ ȁ

0.015mg/mL̃̆ ԍ4ŅץҊ ᾣḠ ̆ 3ҩ Ȃ 

3.21 ‰Ҭ └̔‰ ‰ ̂3.20̃1 mL 10 mL Ҭ̆

̂3.2̃ ┴ ̆ └ ҹ1.0 ɛg/mL‰Ҭ ̂ Ҙ ȁ

1.5 ɛg/mL̃̆ ԍ4ŅץҊ ᾣḠ ̆ҳ Ȃ 

3.22 ῤ ‰Ữ └̔№≢ ף ᵝ ‰ ̂3.18̃ 10 mğ 10 mL

Ҭ̆ⱴ῀0.2 mL ̂3.3̃̆ ̆ Ә ̂3.1̃ ┴ ̆ └ ҹ1.0 mg/mL

‰Ữ ̆ԍ-18ŅץҊ ᾣḠ ̆ 6ҩ Ȃ 

3.23 ῤ ‰Ҭ └̔‰ ῤ ‰Ữ ̂3.22 0̃.01mLԍ10 mL

Ҭ̆ ̂3.2̃ ┴ ̆ └ ҹ1.0 ɛg/mLῤ ‰Ҭ ̆ԍ4Ņ

Ҋץ ᾣḠ ̆ҳ Ȃ 

3.24 ̂500 mg 6̆ mL̃̔ HLB Ȃᶏ ╠ᶭ mL 6ץ ȁ6mL

̆Ḡ ᵣ Ȃ 

4  仪器和设备 

4.1 -ұ ̔ת ̂ESI Ȃ̃ 



 

 
 

4.2 № ̔ 0.001g 0.00001 gȂ 

4.3  

4.4  ת

4.5 ̔ Ó8000 r/min 

4.6  

 ת 4.7

5  测定步骤 

5.1 └ ҍḠ  

└ ȁ  

׆ Ҭ ₮ 500ğ ᾟ№ ̆ ῀  Ҭ̆ ̆

̆ԍ-18Ņ‛‟ Ȃ 

ȁ  

ᵣ ׆̔ Ҭ ₮ 500ğ ᾟ№ ̆ ῀ 

Ҭ̆ ̆ ̆ԍ 4Ņ‛ Ȃ 

ᵣ ׆̔ Ҭ ₮ 500ğ ῀ Ҭ̆ ̆ ῀ 

Ҭ̆ ̆ ԍ 4Ņ‛ Ȃ 

ᵣ ׆̔ Ҭ ₮ 500ğ ῀  Ҭ̆ ̆

̆ԍ 4Ņ‛ Ȃ 

5.2 └  

    ̔ 5.0 g ̂ 0.001g̃̆ 50 mL Ҭ̆ ⱴ῀ ῤ

‰Ҭ ̂3.23̃0.1mL̆ⱴ῀ 20 mL 0.1 mol/L EDTA-Mcllvaine ‖ ̂3.15̃̆

1min̆ 15 min̆8000 r/min 5 min̆҉ 50 mL Ҭ̆

EDTA-Mcllvaine ‖ ̂3.15̃ ң ̆ 10 mL̆ ҉

ѿ Ҭ̆ EDTA-Mcllvaine ‖ ̂3.15̃ ┴ ̆ Ȃ ̂

10000 r/min 5 min ̃̆  Ȃ 

 ̔ ҉  25.0 mL ץ̆ 1 mL/min ῃ ̂3.24̃̆

3 mL 5% ̂3.16̃ ̆ ̆ᾢ ץ 6 mL ȁ3 mL ̂3.17̃

̆ ̆45 Ņ ̆‰ ⱴ῀ 2.0 mL ꜚ ∆ ᶛ

̆ 0.22 ɛm̆ ᶫ -ұ №ת Ȃ 



 

 
 

5.3 ‰ ᵬ └  

5.0 g ̂ 0.001g̃̆ 50 mL Ҭ̆ Ҍⱴ῀ ῤ ‰Ҭ

̆ῒᵩ 5.2 ᵬ ⌠ ̆῍└ 6ᴍȂ 

№≢ ‰Ҭ ̂3.21̃0 mLȁ0.010 mLȁ0.020 mLȁ0.050 mLȁ0.100 

mLȁ0.200 mL ῤ ‰Ҭ ̂3.23̃0.025 mLԍ Ҭ̆ ̆ ⱴ

῀ 1.0 mL ̆ 0.22 ɛm̆└ ҹ 0 ng/mLȁ10 ng/mLȁ20 ng/mLȁ50 

ng/mLȁ100 ng/mLȁ200 ng/mL ‰ ᵬ ̂ Ҙ ȁ ҹ 0 ng/mLȁ

15 ng/mLȁ30 ng/mLȁ75 ng/mLȁ150 ng/mLȁ300 ng/mL̆ ᵝ ῤ 25ng/mL Ȃ̃ 

5.4  

5.4.1 ᴆ 

 1̃ ̔C18 ̆2.1 mmĬ50 mmĬ1.7 ɛm̆ Ȃ 

 2̃ ̔40ŅȂ 

 3̃ ̔0.25 mL/minȂ 

 4̃ ̔2 ɛLȂ 

 5̃ ꜚ ̔A-5 mmol/LӘ ̂ 0.1% ̃̆ B-Ә Ȃ ᴆ 1Ȃ 

表1 梯度洗脱条件 

̂miñ  A(%) B(%) 

0 90 10 

3 90 10 

8 70 30 

10 70 30 

10.5 5 95 

13 5 95 

13.1 90 10 

15 90 10 

5.4.2 ᴆ  

  1̃ ̔ ̂ESĨ̕  

  2̃ ̔ ̕ 

  3̃ ̔ MRM̕ 

  4̃ ᴆ̔ 

 ̆ 4000 V̕ ̆350 Ņ̕ ╕ ̆250 Ņ̕

ⱴ  ̆ 400 Ņ̕ 2̆.9 L/min̕ 1̆0.0 L/min ⱴ̕ 1̆0.0 L/minȂ 



 

 
 

  5̃ ȁ 2Ȃ 

表2 喹诺酮类药物主要质谱参数 

 №   Q1   Q3  

̂m/z̃  ̂m/z̃  ̂Ṽ  (V)  ̂eṼ  

1  320.2 
*302.0 - 16 - 21 - 21 

231.1 - 15 - 39 - 25 

2  362.2 
*318.2 - 30 - 18 - 24 

261.1 - 30 - 28 - 19 

3  352.0 
*265.0 - 25 - 23 - 29 

308.0 - 25 - 17 - 22 

4  334.0 
290.1 - 25 - 18 - 20 

*316.2 - 25 - 21 - 22 

5  370.0 
*326.0 - 30 - 20 - 23 

269.0 - 29 - 28 - 26 

6  386.2 

342.0 - 15 - 19 - 25 

299.1 - 29 - 30 - 20 

*368.1 - 14 - 22 - 26 

7  400.0 
*356.0 - 17 - 20 - 25 

299.0 - 17 - 28 - 28 

8  393.0 
*349.0 - 30 - 21 - 28 

292.0 - 30 - 21 - 24 

9 Ҙ  332.1  

*314.1 - 25 - 21 - 22 

287.8 - 24 - 17 - 30 

231.0 - 25 - 40 - 40 

10  358.0 

*340.1 - 26 - 23 - 24 

283.2 - 14 - 24 - 30 

82.1 - 26 - 44 - 15 

11  360.0 

*342.1 - 27 - 20 - 25 

316.0 - 13 - 20 - 22 

245.2 - 28 - 27 - 17 

12 D8- Ҙ  340.3 322.1 - 10 - 21 - 22 

13 D5-  365.1 321.1 - 11 - 19 - 22 

14 D5-  325.3 307.2 - 10 - 20 - 21 

̔1.ñ*ò ̕2. ↓ ᴆ ̂LC/MS-8050̃ ҉ת ̆ ↓

ת ֽᶫ ̆Ҍ ҙ ̆ ꞉ ᶏ Ҍ ת ̕3. Ҍ ̆ת

ת ̆ ╠ ᴨ ⌠ ᶃ̕4. ԍ ҹ

̆ ᶏ ’ Ҭ ↓ Ȃ 



 

 
 

5.4.3 ‰ └ 

‰ ᵬ ̂5.3̃ ᵞ⌠ ᶭ ̆ῤ └ ‰ Ȃ 

5.5  

ᴆҊ̆ Ҭ Ḡ ҍ ‰ ᵬ Ҭ Ḡ Ẓ

±2.5%ӊῤ̕ғ Ҭ № ү ҍ ‰ ᵬ

ү ̆ῒᾛ Ẓ Ҍ 3 ↕̆ ҹ Ҭ Ȃ ‰

̂MRM̃ῖ BȂ 

表3 定性确证时相对离子丰度的最大允许偏差 

ү ̆% ̘50% ̘20%͘50% ̘10%͘20% Ò10% 

ᾛ Ẓ ̆% ±20% ±25% ±30% ±50% 

5.6  

Ҭ ṿ ‰ ῤ̆ ȁ ȁ

ȁ ץ ף ҹῤ ̆ ȁ ȁ Ҙ ȁ ץ ף

Ҙ ҹῤ ̆ ȁ ȁ ץ ף ҹῤ ̆ῤ Ȃ

Ҭ ↓ῤ ̆ ᴆᾛ ̆ ᵝ ᵬ

ҹῤ Ȃ 

6 结果计算 

Ὲ ̂1̃ ̔ 

F
m

VC
X ³

³

³³
=

1000

1000
éééé. (1) 

Ҭ̔ 

Xðð Ҭ № ̆ ᵝҹ ᾥ ᾥ̂ɛg/kg̃̕  

mðð ̆ ᵝҹᾥ̂g̃̕  

Cðð ᵬ ⌠ Ҭ № ̆ ᵝҹ ᾥ ̂ng/mL̃̕  

Vðð ᵣ ̆ ᵝҹ ̂mL Ȃ̃ 

Fðð Ṑ  

ṿ̂ ̃̆ Ḡ ҈ᵝ Ȃ 

7 检测方法灵敏度、准确度、精密度 

7.1  

ȁ ȁ ȁ ȁ ȁ ȁ ȁ

ȁ ₮ ҹ 5 ɛg/kğ Ҙ ₮ ҹ 7.5 ɛg/kğ ₮ ҹ 7.5 

ɛg/kgȂ 



 

 
 

ȁ ȁ ȁ ȁ ȁ ȁ ȁ

ȁ ҹ 15 ɛg/kğ Ҙ ҹ 22.5 ɛg/kğ ҹ 22.5 

ɛg/kgȂ 

7.2 ‰  

15.0͘100.0 ɛg/kgⱴ ҉ ҹ 65.0%͘120.0%Ȃ 

7.3  

ᴆҊ ң ṿҌ ṿ 15%Ȃ 



 

 
 

附录 A 

标准品信息 

表A.1 标准品中文名称、英文名称、CAS登录号、分子式、相对分子质量 

   CAS  №  №  

1  Norfloxacin 70458-96-7 C16H18FN3O3 319.33 

2  Ofloxacin 82419-36-1 C18H20FN3O4 361.37 

3  Lomefloxacin 98079-51-7 C17H19F2N3O3 351.35 

4  Pefloxacin 70458-92-3 C17H20FN3O3 333.36 

5  Fleroxacin 79660-72-3 C17H18F3N3O3 369.34 

6  
Sarafloxacin 

Hydrochloride 
91296-87-6 C20H18ClF2N3O3 421.81 

7  
Difloxacin 

Hydrochloride 
91296-86-5 C21H20ClF2N3O3 435.85 

8  Sparfloxacin 110871-86-8  C19H22F2N4O3 392.40 

9 Ҙ  Ciprofloxacin  85721-33-1 C17H18FN3O3 331.34 

10  
Danofloxacin 

mesylate 
119478-55-6 C20H24 FN3O6S 453.48 

11  Enrofloxacin 93106-60-6 C19H22FN3O3 359.39 

12 D8- Ҙ  Ciprofloxacin-d8 / C17H10D8FN3O3 339.39 

13 D5-  Enrofloxacin-d5 / C19H17D5FN3O3 364.37 

14 D5-  Norfloxacin-d5 / C16H13D5FN3O3 324.37 

̔ ‰ Ҭ №ҹῒ Ȃ 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

附录 B 

14种喹诺酮类化合物多反应监测（MRM）谱图 
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14 ‰ (100 ng/mL̆ ῤף ҹ25 ng/mL)

̂MRM̃  

 

  

  

ᵝ̔  

ҍ ᵝ̔҉ ȁ ȁ ₮῀

Ҭ ȁ қ ȁ

Ȃ 

Һ ֲ̔ᵩ ̆ ̆ Ҽ ̆ ̆ ̆ Ԑ 

 

 


