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一、工作简况 

1.1 任务来源 

根据全国饲料工业标准化技术委员会下达的饲料行业标准制修

订文件，由江苏省农业科学院（农产品质量安全与营养研究所）承担

《饲料中链霉素、双氢链霉素和卡那霉素含量的测定 液相色谱-串联

质谱法》农业行业标准制定工作，项目编号为 2019-87，该标准由中

华人民共和国农业农村部畜牧兽医局提出，全国饲料工业标准化技术

委员会（SAC/TC 76）归口。 

1.2 制定背景 

氨基糖苷类药物（Aminoglycosides，AGs）是由氨基糖分子和苷

元通过醚键连接而成，主要分为天然和半合成两类，链霉素

（Streptomycin）、双氢链霉素（Dihydrostreptomycin）、卡那霉素

（Kanamycin）和安普霉素（Apramycin）均是由链霉菌属培养液中提

取获得，属于天然来源的氨基糖苷类抗生素。AGs 易与细菌的菌体蛋

白结合，对细菌蛋白质合成起抑制作用，并且破坏细胞膜的完整性，

杀灭细菌或抑制其生长[1]。AGs 药物具有广谱抗菌性，杀菌活性强、

临床疗效好等特点，被广泛应用于兽医临床治疗上。除此之外，AGs

还可作为促生长剂提高饲料报酬率。 

《兽药典（2020 年版）》一部收录了链霉素和卡那霉素等氨基

糖苷类等药物。卡那霉素为多组分药物，以卡那霉素 A、B 为主要成

分，A 的侧链基团为-OH（分子式 C18H36N4O11，分子量 484），B 的

侧链基团为-NH2（分子式 C18H37N5O10，分子量 483），结构式见图 1，
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由于 B 的耳毒性与肾毒性比 A 高 1~1.5 倍，生产中将 B 作为杂质控

制，所以市售产品中卡那霉素 A 的含量占 95%以上，而 B 则控制在

5%内。因此，监测饲料中卡那霉素违禁添加时，实际测定的有效成

分是卡那霉素 A。 

 

图1. 卡那霉素 A、B 结构式 

《兽药质量标准（2017 年版）》中链霉素

和双氢链霉素具有相同的母体结构，链霉素的

侧链基团为-CHO（分子式 C21H39N7O12，分子

量 581），双氢链霉素的侧链基团为-CH2OH（分

子式 C21H41N7O12，分子量 583），本方法标准

对链霉素和双氢链霉素均进行了测定。 

《兽药质量标准（2017 年版）》中卡那霉素可溶性

粉含量为 12％，用于治疗敏感菌所致的肠道感染，以卡那霉素计，

混饮每 1L 水 60~120 mg，混饲每 1000 kg 饲料一般添加 60~240 g，

连用 3~5 天，休药期 28 天。《兽药典（2020 年版）》和《兽药质量

标准（2017 年版）》中链霉素与双氢链霉素为白色或类白色粉末，

肌内注射治疗时，家畜每千克体重 10~15 mg，连用 2~3 天，休药期

18 天。养殖中畜禽混饲给药每 1000 kg 饲料一般添加 100~200 g。 

随着全球细菌耐药性问题愈加严重，欧盟和美国分别于 2006 年

链霉素和双

氢链霉素母

体结构式 



5 

 

和 2014 年禁止抗生素在饲料中使用[2]。我国自 2020 年 7 月停止促生

长类药物饲料添加剂使用，商品饲料中不再允许添加抗菌类药物（农

业农村部第 194 号公告），因此，饲料中添加氨基糖苷类等药物属于

违禁行为。目前，对饲料中 AGs 残留检测方法主要有微生物法、离

子色谱法和高效液相色谱法。美国分析化学家协会发布的《AOAC 

Official Method 971.49 Streptomycin in Feeds》、《AOAC Official 

Method 973.81 Spectinomycin in Feeds》和《AOAC Official Method 

998.02 Neomycin in Feeds》的三个标准中采用微生物法分别分析了链

霉素、大观霉素和新霉素，但该方法易受条件限制，且操作繁琐，灵

敏度低，重现性差，仅适用于定性实验[3]。Liu[4]等、Y. X. Zhou[5]等采

用高效液相色谱法测定 AGs，由于 AGs 分子结构中缺少紫外和荧光

吸收基团[6]，采用离子色谱法和高效液相色谱法测定时，待测样品需

进行柱前或柱后衍生化，操作繁琐，易造成目标物损失，导致测定结

果偏低，应用有局限性。近年来，高效液相色谱-串联质谱法因定量

准确、灵敏度高、抗干扰力强且无需衍生化等优点被广泛应用[7]。 

国内现行有效的饲料中氨基糖苷类药物测定方法标准见表 1，目

前尚未建立配合饲料、浓缩饲料、添加剂预混合饲料和精料补充料中

链霉素、双氢链霉素和卡那霉素的质谱测定方法标准，本标准属于首

次制定，将作为农业行业标准确保饲料产品的安全。 

表1. 饲料中氨基糖苷类药物测定方法标准

现行方法标准 适用药物 适用饲料 灵敏度 

SN/T 5117-2019 进出口食用动物、

饲料 链霉素类（链霉素、二氢链霉

素）药物残留测定 液相色谱-质谱/

质谱法 

链霉素、二

氢链霉素 

玉米粉、小麦粉、

高粱粉 
测定低限 10µg/kg 
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农业部 1486 号公告-3-2010 饲料中

安普霉素的测定 高效液相色谱法 
安普霉素 

配合饲料、浓缩饲

料和添加剂预混

合饲料 

检出限为 3mg/kg 

定量限为 10mg/kg 

农业农村部公告第 197 号-3-2019 

饲料中硫酸新霉素的测定 液相色

谱-串联质谱法 

硫酸新霉素 
配合饲料、精料补

充料 

检出限为 0.2mg/kg 

定量限为 0.4mg/kg 

农业部 2086 号公告-7-2014 饲料中

大观霉素的测定（高效液相色谱法

和高效液相色谱-串联质谱法） 

大观霉素 

配合饲料-HPLC 

配合饲料、浓缩饲

料、添加剂预混合

饲料、精料补充料

-HPLC-MS/MS 

HPLC-MS/MS 法： 

检测限为 1.0mg/kg 

定量限为 2.0mg/kg 

DB13/T 1384.3-2011 饲料中链霉素

的测定（液相色谱-串联质谱法） 
链霉素 饲料 检出限为 20µg/kg 

DB34/T1367-2011 饲料中硫酸安普

霉素的测定 高效液相色谱法 
安普霉素 饲料 检测限为 0.5mg/kg 

1.3 工作过程 

1.3.1 成立标准编制小组 

计划任务下达后，我单位成立标准起草小组，对标准起草工作进

行分工，明确任务职责，确保项目顺利实施。 

1.3.2 查询国内外相关标准和文献资料 

查阅了国内外有关标准和参考文献等技术资料，选取具有代表性

的参考资料作为标准起草中的主要技术参考文本。 

1.3.3 确定标准制定技术路线、原则 

本标准依据氨基糖苷类药物的理化性质，本着科学和准确的原

则，结合我国现阶段实验水平制定。 

1.3.4 开展方法学研究、实际样品检测 

标准编制小组开展了色谱条件的选择和优化、提取条件的优化、

方法学考察和实际样品测定。 

1.3.5 编写标准征求意见稿 
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根据收集和查阅的相关资料文献以及实验测定结果，形成标准征

求意见稿，编写标准文本内容和编制说明。 

1.3.6 开展定向征求意见 

标准编制小组发送给国家饲料质检中心、省部级饲料质检机构、

大中型饲料企业实验室、全国饲料工业标准化技术委员会委员等相关

的质检机构、科研院所、高校、企业等单位的专家征求意见，在此基

础上修改征求意见稿，形成标准预审稿。 

1.3.7 组织方法验证 

2021 年 10 月，组织三家有资质的检测单位，对标准中的技术指

标等内容进行验证，汇总相关验证数据和确认方法有效性。 

1.3.8 组织标准预审 

2022 年 4 月 15 日，全国饲料工业标准化技术委员会饲料检测方

法标准化工作组组织专家对我单位起草的该项标准（预审稿）进行了

认真审查。专家组由李俊玲、常碧影、杨秀玉、张育润、程林丽、张

凤枰、李宏、吴银良、吴宁鹏、王威利 10 位专家组成。标准编制小

组根据预审会专家组的意见和建议，进一步补充有关数据、修改完善

标准文本和编制说明，形成标准公开征求意见稿，送全国饲料工业标

准化技术委员会秘书处审核。 

1.3.9 公开征求意见 

202*年**月**日-**月**日饲料标委会通过中国畜牧兽医信息网

向社会公开征求意见，结果为对该标准***意见。 

1.3.10 组织标准终审 
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202*年*月*日，全国饲料工业标准化技术委员会饲料检测方法标

准化工作组组织专家对我单位起草的该项标准（送审稿）进行了认真

审查。专家组由***、*位专家组成。标准编制小组根据终审会专家组

的意见和建议，进一步补充有关数据、修改完善标准文本和编制说明，

形成标准**稿，送全国饲料工业标准化技术委员会秘书处审核。 

二、标准编制原则、主要内容及其确定依据 

2.1 编写规则 

本标准的结构、技术要素及表述方法是按照 GB/T 1.1-2020《标

准化工作导则 第 1 部分：标准化文件的结构和起草规则》以及 GB/T 

20001.4-2015《标准编制规则第 4 部分：试验方法标准》的规定和要

求编写。标准制定结合国内外检测技术发展趋势和我国饲料行业发展

现状，力求做到技术上先进、经济上合理，确保方法的安全性、准确

性、通用性。 

2.2 编制依据 

（1）遵循国家颁布的相关法律法规；（2）国家或行业有关标准，

如《饲料中兽药及其他化学物检测试验规程》GB/T 23182-2008、《实

验室质量控制规范 食品理化检测》GB/T 27404-2008；（3）标准编

制小组调研和实测的样品检测数据。 

2.3 主要内容及其确定依据 

经资料查询，目前氨基糖苷类药物的检测方法有微生物法、离子

色谱法、液相色谱法和液相色谱-串联质谱法等[3-5]，因为氨基糖苷类

禁止在饲料产品中使用，所以在饲料中的测定应考虑准确定性和定
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量，并要避免离子试剂干扰。为此，选择了目前国际上普遍采用的液

相色谱-串联质谱法对其进行检测。方法确定过程总体分为样品提取、

样品净化和样品检测三个部分，并对具体实验条件进行优化。 

2.3.1 仪器试验条件研究 

2.3.1.1 色谱柱的确定 

氨基糖苷类药物结构上含有羟基、氨基等基团，极性大，如果用

C18色谱柱为反相色谱柱，则目标药物保留较弱，目前国家标准及文

献报道在流动相中加入离子对试剂[6,9,13,15-16,19-22]，如七氟丁酸、庚烷

磺酸钠等使目标物易于在反向色谱柱上保留，但离子对试剂对质谱负

离子模式有抑制作用，且无法从色谱柱上冲洗干净，对仪器后续使用

影响较大；或使用高浓度盐增强目标物在色谱柱上的保留，但流动相

体系中的盐析出后易增加液相系统堵塞的风险[8-14]。 

本标准不选用离子对和高盐试剂。实验中比较了色谱柱OSAKA 

SODA SILICA（2.1×150mm，5μm）、SiELC Obelisc R （2.1×150mm，

5μm）、Waters ACQUITY BEH C18（2.1×100mm，1.7μm）、Waters 

ACQUITY UPLC HSS T3（2.1×100mm，1.8μm）、Waters ACQUITY 

BEH HILIC（2.1×100mm，1.7μm）和Waters ACQUITY BEH Amide

（2.1×100mm，1.7μm）对链霉素、双氢链霉素和卡那霉素标准溶液

的分离效果（见图2～7）。结果表明Amide色谱柱较其他色谱柱具易

保留与分离强极性化合物特点，因此，选择BEH Amide色谱柱作为方

法开发的分析柱。 
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XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 21 (AGs_STD_10_1000ppb_Obelisc_method_1) of 20200625.wiff (Turb... Max. 4.0e5 cps.
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图2. 三种 AGs 药物在 OSAKA SODA SILICA 色谱柱的总离子图 

XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 19 (AGs_sielc_9_1ppm) of 20200706.wiff (Turbo Spray IonDrive) Max. 1.8e5 cps.
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图3. 三种 AGs 药物在 SiELC Obelisc R 色谱柱的总离子图 

XIC of +MRM (7 pairs): 582.400/263.300 Da ID: SM_1 from Sample 11 (QC_AMIs_100ppb) of 20171222_C18.wiff (Turbo Spray IonDrive) Max. 6001.0 cps.
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图4. 三种 AGs 药物在 Waters ACQUITY BEH C18 色谱柱的总离子图 

XIC of +MRM (7 pairs): 582.400/263.300 Da ID: SM_1 from Sample 3 (QC_STD_100ppb) of 20181213_AMI_Honey.wiff (Turbo Spray IonDriv... Max. 5.2e4 cps.
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XIC of +MRM (7 pairs): 485.300/163.200 Da ID: KM_1 from Sample 3 (QC_STD_100ppb) of 20181213_AMI_Honey.wiff (Turbo Spray IonDriv... Max. 1.9e5 cps.
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图5. 三种 AGs 药物在 Waters ACQUITY UPLC HSS T3 色谱柱的总离子图 
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XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 6 (ST_AGs_9_yibingchun_1ppm) of 20200715_ACD+YD_YN_TEXT.wif... Max. 3.4e4 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 6 (ST_AGs_9_yibingchun_1ppm) of 20200715_ACD+YD_YN_TEXT.w... Max. 3.1e4 cps.
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图6. 三种 AGs 药物在 Waters ACQUITY BEH HILIC 色谱柱的总离子图 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 38 (B_STD_7) of 20211019_FEED_PEIHE_1.wiff (Turbo Spray IonDriv... Max. 2100.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 38 (B_STD_7) of 20211019_FEED_PEIHE_1.wiff (Turbo Spray IonDri... Max. 9.6e6 cps.
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图7. 三种 AGs 药物在 Waters ACQUITY BEH Amide 色谱柱的总离子图 

 

2.3.1.2 流动相的确定 

实验中比较了甲醇或乙腈（有机相）与乙酸铵缓冲溶液、甲酸溶

液、乙酸溶液（水相）等组成对峰型、灵敏度及分辨率的影响（见图

8～11）。结果表明1）BEH Amide色谱柱在酸性环境下，平衡时间短，

对强极性分析物易于保留和分离，2）乙腈为非质子性分子较甲醇洗

脱目标物能力强，3）在流动相中加入1%的甲酸，目标物易于离子化，

提高检测灵敏度，加入乙酸铵可增强对目标物吸附洗脱能力及稳定酸

性环境，优化峰形，4）上机溶液pH值越高越易造成目标物相应降低

和峰形拖尾，当pH值在0.8时可优化目标物分离。本方法选择1%甲酸

2 mmol/L乙酸铵-1%甲酸2 mmol/L乙酸铵乙腈作为流动相。 
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XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 17 (AGs_10_1ppm_yibingchun) of 20200710.wiff (Turbo Spray IonDrive... Max. 7.8e5 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 17 (AGs_10_1ppm_yibingchun) of 20200710.wiff (Turbo Spray IonDriv... Max. 1.1e5 cps.
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图8. 流动相体系为甲醇和 1%甲酸溶液时目标药物总离子图 

XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 18 (AGs_10_1ppm_ACN) of 20200710.wiff (Turbo Spray IonDrive) Max. 1.0e6 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 18 (AGs_10_1ppm_ACN) of 20200710.wiff (Turbo Spray IonDrive) Max. 7.2e4 cps.
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图9. 流动相体系为乙腈和 1%甲酸溶液时目标药物总离子图 

XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 5 (AGs_9_Amid_yibingcjun_1ppm) of 20200713.wiff (Turbo Spray IonDr... Max. 5.7e5 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 5 (AGs_9_Amid_yibingcjun_1ppm) of 20200713.wiff (Turbo Spray Ion... Max. 6.9e5 cps.
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图10. 流动相体系为 1%甲酸-2 mmol/L乙酸铵甲醇溶液和 1%甲酸-2 mmol/L乙酸铵

溶液时目标药物总离子图 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 38 (B_STD_7) of 20211019_FEED_PEIHE_1.wiff (Turbo Spray IonDriv... Max. 2100.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 38 (B_STD_7) of 20211019_FEED_PEIHE_1.wiff (Turbo Spray IonDri... Max. 9.6e6 cps.
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图11. 流动相体系为 1%甲酸-2 mmol/L乙酸铵乙腈溶液和 1%甲酸-2 mmol/L乙酸铵

溶液时目标药物总离子图 

梯度洗脱可实现饲料中杂质与目标分析物的良好分离，通过对不

同比例组合流动相分离效果比较，确定了梯度洗脱程序：流动相组成

卡那霉素 
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体系A为1%甲酸-2 mmol/L乙酸铵溶液，流动相B为1%甲酸-2 mmol/L

乙酸铵乙腈溶液，洗脱条件见表2。 

表2. 梯度洗脱条件

时间 

min 

流速 

mL/min 

1%甲酸-2 mmol/L乙

酸铵溶液，% 

1%甲酸-2 mmol/L 乙

酸铵乙腈溶液，% 

0.0 0.3 20 80 

2.5 0.3 20 80 

3.5 0.3 65 35 

5.5 0.3 90 10 

6.7 0.3 90 10 

7.5 0.3 20 80 

12.0 0.3 20 80 

 

2.3.1.3 质谱试验条件的确定 

现有的动物源性食品和饲料方法标准中[15-18]，链霉素、双氢链霉

素和卡那霉素的特征离子信息见表 3。母离子或同一碎片离子存在差

异是由于仪器间的性能不同引起的，属于正常偏差范围。本实验将

200 µg/L 三种 AGs 混合标准溶液注入到质谱仪中，在扫描模式下获

得各物质的一级和二级质谱图，选择响应值高、干扰小且具有代表性

的离子对作为定量离子和定性离子，结果见表 4，本方法离子对的研

究结果与发布的标准和文献报道相一致。 

优化后的质谱参数为离子源：电喷雾离子源，正离子模式；扫描

方式：多反应监测模式（MRM）；离子源电压：5.5 kV；雾化温度：

550℃；气帘气：30 psi；碰撞气：8 psi；雾化气：65 psi。 

表3. 现行方法标准中氨基糖苷类药物离子对信息 

化合物 母离子（m/z） 特征子离子（m/z） 

链霉素 582、582.2、582.3 或 582.4 
263、263.3、263.5，221，246、246.5，

407.4 
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双氢链霉素 584、584.2、584.3 或 584.4 
263、263.3、263.4，245.5、246，

392，409.3 

卡那霉素 485、485.1 或 485.3 163、163.2，324、324.2，205 

表4. 三种氨基糖苷类药物的质谱参数 

化合物 
监测离子对 

（m/z） 

去簇电压 

（V） 

碰撞能量

（eV） 

链霉素 
582.4>221.4 270 49 

582.4>263.2a 270 44 

双氢链霉素 
584.4>246.2 244 57 

584.4>263.1a 244 40 

卡那霉素 
485.2>324.3 50 24 

485.2>163.2a 50 33 
a 为定量离子。在 API 6500 plus 仪器参数。 

2.3.2 标准溶液稳定性研究 

液相色谱和质谱试验条件确定后，对标准溶液稳定性进行了考

察。文献报道，玻璃材料对氨基糖苷类药物具有一定的吸附影响，而

聚丙烯材料可降低其吸附作用[8]，实验中使用了聚丙烯材质的容量

瓶、储液瓶和进样内衬管等替代常规的玻璃材料。 

标准储备溶液稳定性验证。将标准储备液 1 mg/mL 分成若干份

置于聚丙烯瓶 2~8℃储存，分别在储存 0 天、30 天、60 天从冰箱取

出，充分回温至室温，用甲酸:异丙醇:2 mmol/L 乙酸铵溶液稀释至 500 

µg/L 工作液（A）。同时在 0 天、30 天、60 天配制 1 mg/mL 标准储

备液，用甲酸:异丙醇:2 mmol/L 乙酸铵溶液稀释至 500 µg/L 工作液

（B）。用液相色谱质谱联用仪分析。对工作液 A 和 B 连续多次进样

分别取平均值，以工作液 B 为标准校准工作液，计算工作液 A 的平

均浓度，结果见表 5。以 RSD≤5%结果有效，标准储备溶液 1 mg/mL

在 2℃～8℃保存，有效期为 1 个月，此保存时间与 SN/T 5117-2019、

DB13/T 1384.3-2011 一致。 
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表5. 标准储备液稳定性试验 

稀释时间 
工作液 A 平均浓度（µg/L） 

双氢链霉素 链霉素 卡那霉素 

0 天 500 500 500 

30 天 491 490 487 

60 天 446 424 417 

RSD%(0&30) 1.8 2.0 2.6 

RSD%(0&60) 10.8 15.2 16.6 

标准中间溶液稳定性验证。将标准中间溶液 10 μg/mL 分成若干

份置于聚丙烯瓶 2~8℃储存，分别在储存 0 天、7 天、14 天从冰箱取

出，充分回温至室温，用甲酸:异丙醇:2 mmol/L 乙酸铵溶液稀释至 500 

µg/L 工作液（C）。同时在 0 天、7 天、14 天配制 10 μg/mL 标准中

间溶液，用甲酸:异丙醇:2 mmol/L 乙酸铵溶液稀释至 500 µg/L 工作液

（D）。对工作液 C 和 D 连续多次进样分别取平均值，以工作液 D

为标准校准工作液，计算工作液 C 的平均浓度，结果见表 6。以 RSD

≤5%结果有效，为减少测试误差，标准中间溶液10 μg/mL在2℃～8℃

保存，有效期为 7 天。 

表6. 标准中间溶液稳定性试验 

稀释时间 
工作液 C 平均浓度（µg/L） 

双氢链霉素 链霉素 卡那霉素 

0 天 500 500 500 

7 天 490 493 492 

14 天 453 444 442 

RSD%(0&7) 2.0 1.4 1.6 

RSD%(0&14) 9.4 11.2 11.6 
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2.3.3 样品前处理条件的研究 

2.3.3.1 提取条件的选择 

选择猪预混合饲料称取 2 g，添加链霉素、双氢链霉素和卡那霉

素标准溶液使其添加浓度分别为 0.5 mg/kg。根据文献选取了三氯乙

酸、EDTA-2Na 和磷酸二氢钾为组分的提取溶液[6,13]，比较了 0.5、1、

2、4 mmol/L EDTA-2Na，2%、5%、10%三氯乙酸和 10 mmol/L 磷酸

二氢钾构成的不同提取液组合，以及 pH 值分别为 3.5、4.5、6.5、7.5、

8.5、9.5 时的提取效果，结果见图 12～14。提取液中的 EDTA-2Na

可螯合金属离子减少对目标药物的影响，而合适的 pH 值影响着螯合

物的形成，磷酸二氢钾起到稳定溶液酸碱度的作用，不同浓度的三氯

乙酸溶液，可沉降样品中的蛋白质，起到样品净化作用。试验结果表

明，当提取液组成为 10%三氯乙酸-10 mmol/L 磷酸二氢钾-2 mmol/L 

EDTA-2Na（pH=7.5）时，样品中链霉素、双氢链霉素、卡那霉素具

有较高的回收率约 80%。 

 

图12. EDTA-2Na 对猪预混合饲料中三种 AGs 药物的回收率影响 
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图13. 三氯乙酸对猪预混合饲料中三种 AGs 药物的回收率影响 

 

图14. pH 值对猪预混合饲料中三种 AGs 药物的回收率影响 

考察了提取时间对猪预混合饲料中三种 AGs 的作用效果，添加

浓度同上，结果见图 15。分别超声 5 min、10 min、15 min 和 20 min，

提取 15 min 后回收率无明显增加。因此，为提高检测效率，节约操

作时间，将样品提取时间定为 15 min。为进一步考察简化试样提取步

骤，分别比较了超声 15 min+振荡 5 min 提取方式，以及超声 15 min+

期间充分摇动两次的提取方式，两种处理方式对回收率结果影响不显

著，因此，选择后者来简化提取步骤。 
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图15. 提取时间对猪预混合饲料中三种 AGs 药物的回收率影响 

考察了提取液体积对猪预混合饲料中三种 AGs 的作用效果，添

加浓度同上，结果见图 16。分别选择 10 mL、20 mL、30 mL 和 40 mL，

当体积为 10 mL 和 20 mL 时，离心后上清液较少，不利于移取，体

积为 40 mL 时，回收率达到要求，但造成了提取液的浪费。因此，在

满足回收率要求的情况下，选择提取液体积为 30 mL。 

 

图16. 提取液体积对猪预混合饲料中三种 AGs 药物的回收率影响 

进一步考察该提取条件对猪配合饲料、牛精料补充料和猪浓缩饲

料中三种 AGs 的作用效果，添加浓度同上，结果见表 7。目标药物在

饲料中的回收率和相对标准偏差（RSD）均满足方法标准要求，因此，

选择此溶液作为提取液。 

表7. 提取液对不同饲料中三种 AGs 药物的提取效果 

饲料 
配合饲料 精料补充料 浓缩饲料 
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药物 

回收率 

% 

RSD 

% 

回收率 

% 

RSD 

% 

回收率 

% 

RSD 

% 

链霉素 84.4 2.1 86.8 9.3 78.7 2.9 

双氢链霉素 75.5 8.9 81.9 6.7 75.6 3.2 

卡那霉素 76.1 1.1 74.5 6.6 83.2 9.5 

2.3.3.2 净化条件的选择 

2.3.3.2.1 固相萃取柱的确定 

常用的净化方法为利用固相萃柱对待测物或样品中杂质选择性

吸收，达到净化的目的。AGs 属于极性较强的碱性化合物，为增加目

标物在固相萃取柱保留，文献报道通常在流动相中加入七氟丁酸、庚

烷磺酸钠等离子对试剂[6,9,13]；现行标准中农业农村部公告第 197 号

-3-2019、GB/T 21323-2007 添加了七氟丁酸离子对试剂[15,19]，GB/T 

22954-2008、GB/T 22969-2008、GB/T 22945-2008、GB/T 22995-2008

则添加了庚烷磺酸钠离子对试剂[16,20-22]。 

为避免使用离子对试剂，本实验比较了 Oasis WCX、Oasis MCX

和 Oasis HLB 等固相萃取柱对净化的影响。选取牛精料补充料称取 2 

g，提取得到空白基质溶液，添加链霉素、双氢链霉素和卡那霉素的

标准溶液使其浓度分别为 0.5 mg/kg，过 WCX、MCX 和 HLB 柱初步

净化测定。结果表明，WCX 和 MCX 对链霉素和双氢链霉素基本无

保留，HLB 柱对三种 AGs 保留稳定，回收率在 65%以上。因此，选

择 HLB 柱作为净化 SPE。 

2.3.3.2.2 过柱备用液 pH 值的确定 

过固相萃取柱的备用溶液中目标物的离子化程度将影响在净化
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柱的吸附效率，实验对比了 pH 为 3.5、4.5、5.5、6.0、6.5、7.0、7.5、

8.5 的过柱备用液对净化的影响，添加处理方法同 2.3.3.2.1，结果见

图 17。当过柱备用液 pH 值为 6.5 时，饲料中三种 AGs 药物在 HLB

柱回收效果最好。 

 

图17. 过柱备用液 pH 值对精料补充料中三种 AGs 药物的回收率影响 

根据预审专家组的意见“进一步考察了过柱备用液 pH 6.50±0.10

稳定性的问题”。处理方法同上，饲料提取后调整过柱备用液 pH 至

6.50±0.10，经过 0、2、4、6、8、24、28h 间隔后测定溶液 pH，考察

不同时间间隔的过柱备用液 pH 变化，结果见表 8。发现由于提取液

中存在缓冲盐体系，过柱备用液 pH 在 28h 均在允许误差范围，批内

RSD 为 0.09%~0.15%，批间 RSD 为 0.2%，pH 值差异不显著。 

表8. 过柱备用液 pH 值在不同间隔时间的变化 

时间间隔 

（h） 

温度 

℃ 

pH 
平均值 

RSD 

% 
平均值 

RSD 

% 1 2 3 

0 24.1 6.54 6.54 6.53 6.54 0.09 

6.53 0.20 
2 23.0 6.55 6.54 6.54 6.54 0.09 

4 23.5 6.53 6.54 6.53 6.53 0.09 

6 24.3 6.52 6.53 6.53 6.53 0.09 
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8 24.1 6.51 6.53 6.52 6.52 0.15 

24 24.5 6.51 6.52 6.52 6.52 0.09 

28 24.0 6.51 6.50 6.52 6.51 0.15 

2.3.3.2.3 固相萃取柱洗脱条件的确定 

氨基糖苷类药物属于强极性化合物，而异丙醇极性较强，在酸性

水溶液中加入异丙醇可提高 AGs 在 HLB 柱的洗脱效果。实验中筛选

出 5%异丙醇、甲酸:异丙醇:2 mmol/L 乙酸铵溶液（10:10:80，体积比）

和甲酸:异丙醇: 2 mmol/L 乙酸铵溶液（10:5:85，体积比）三种洗脱液。

添加处理方法同 2.3.3.2.1，用三氯乙酸溶液调节过柱备用液 pH 至 6.5

后过 HLB 柱，分别用上述洗脱溶液洗脱从而观察作用效果，结果见

图 18。甲酸:异丙醇: 2 mmol/L 乙酸铵溶液（10:5:85，体积比）对三

种 AGs 药物的洗脱效果明显高于其他两种溶液。 

 

图18. 洗脱液对精料补充料中三种 AGs 药物的回收率影响 

注：A 为 5%异丙醇溶液；B 为甲酸:异丙醇: 2 mmol/L 乙酸铵溶液（10:10:80）；C 为甲

酸:异丙醇: 2 mmol/L 乙酸铵溶液（10:5:85） 

因洗脱液中水分含量高，氮气吹干将影响处理效率，本方法考虑

将洗脱后溶液直接上机测定从而简化前处理过程来提高分析效率。实

验对比了洗脱液 pH 为 0.8、1.0、1.2、1.4、1.6、1.8、2.0 对三种 AGs
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药物在色谱柱的分离影响，发现卡那霉素的色谱峰和响应值受 pH 影

响较大，代表性特征离子谱图见图 19。当洗脱液 pH 值为 0.8 时三种

AGs 药物保持了较好的响应和色谱峰。 

XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 11 (H2O_pH_0.8) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 3.2e5 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 11 (H2O_pH_0.8) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.6e6 cps.
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XIC of +MRM (22 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 11 (H2O_pH_0.8) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.3e6 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e6

1.3e6

I
.

.
.

5.33

XIC of +MRM (22 pairs): 540.300/378.300 Da ID: APC_1 from Sample 11 (H2O_pH_0.8) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 3.2e5 cps.
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XIC of +MRM (22 pairs): 540.300/217.000 Da ID: APC_2 from Sample 11 (H2O_pH_0.8) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 2.7e5 cps.
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XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 13 (H2O_pH_1.21) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 3.3e5 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 13 (H2O_pH_1.21) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.6e6 cps.
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XIC of +MRM (22 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 13 (H2O_pH_1.21) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.2e6 cps.
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XIC of +MRM (22 pairs): 540.300/378.300 Da ID: APC_1 from Sample 13 (H2O_pH_1.21) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 2.5e5 cps.
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XIC of +MRM (22 pairs): 540.300/217.000 Da ID: APC_2 from Sample 13 (H2O_pH_1.21) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 2.0e5 cps.
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XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 15 (H2O_pH_1.62) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 3.2e5 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 15 (H2O_pH_1.62) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.4e6 cps.
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XIC of +MRM (22 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 15 (H2O_pH_1.62) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.0e6 cps.
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XIC of +MRM (22 pairs): 540.300/378.300 Da ID: APC_1 from Sample 15 (H2O_pH_1.62) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.9e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e5

1.9e5

I
.

.
.

5.39

5.59
6.16

XIC of +MRM (22 pairs): 540.300/217.000 Da ID: APC_2 from Sample 15 (H2O_pH_1.62) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.6e5 cps.
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XIC of +MRM (22 pairs): 333.100/98.200 Da ID: STM_1 from Sample 16 (H2O_pH_2.0) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 3.0e5 cps.
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XIC of +MRM (22 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 16 (H2O_pH_2.0) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.2e6 cps.
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XIC of +MRM (22 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 16 (H2O_pH_2.0) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.0e6 cps.
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XIC of +MRM (22 pairs): 540.300/378.300 Da ID: APC_1 from Sample 16 (H2O_pH_2.0) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.8e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e5

1.8e5

I
.

.
.

5.41

6.00 6.35

XIC of +MRM (22 pairs): 540.300/217.000 Da ID: APC_2 from Sample 16 (H2O_pH_2.0) of 20200716_pH.wiff (Turbo Spray IonDrive) Max. 1.4e5 cps.
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图19. 不同 pH 测定液对卡那霉素分离的影响 

根据预审专家组的意见“进一步核实洗脱液 pH 0.80 允许误差范

围”，起草小组结合上述洗脱液 pH 范围 0.8~2.0 的实验结果，进一

步考察了 pH 为 0.80、0.82、0.84、0.86、0.88、0.90 的影响，结果发

现 pH 0.80~0.90 时，目标物的面积响应会稍微降低，但对定量结果影

响不显著，因此，将洗脱液 pH 的允许误差范围适当放宽至 0.1。 

为进一步考察前处理条件对猪配合饲料、浓缩饲料和预混合饲料

中 AGs 药物的提取和净化效果，选择上述空白饲料，链霉素、双氢

链霉素和卡那霉素的添加浓度分别为 0.5 mg/kg，提取后调节过柱备

pH=0.8 

pH=1.2 

pH=1.6 

pH=2.0 
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用液 pH 值为 6.5，过 HLB 柱净化，用甲酸:异丙醇:2 mmol/L 乙酸铵

溶液（10:5:85，pH=0.8）进行洗脱测定，结果见表 9，添加回收结果

均满足要求。 

表9. 猪的配合饲料、浓缩饲料和预混合饲料回收率试验结果 

样品 化合物 
回收率（％） 平均回

收率％ 

批内变异

系数％ 1 2 3 4 5 

猪配合

饲料 

双氢链霉素 71.6 85.3 77.2 72.9 87.6 78.9 9.1 

链霉素 89.1 70.4 87.8 83.6 89.7 84.1 9.6 

卡那霉素 88.9 72.9 87.1 83.3 76.0 81.6 8.5 

猪浓缩

饲料 

双氢链霉素 83.7 75.3 79.3 92.7 76.2 81.5 8.7 

链霉素 73.6 86.1 85.4 73.4 88.1 81.3 8.9 

卡那霉素 86.3 94.3 96.3 82.8 90.7 90.1 6.2 

猪预混

合饲料 

双氢链霉素 85.7 79.8 88.2 71.0 83.0 81.5 8.2 

链霉素 72.5 77.6 71.8 90.9 81.3 78.8 9.9 

卡那霉素 74.7 83.9 91.6 84.3 86.4 84.2 7.2 

综合以上结果，确定了饲料中三种 AGs 药物的前处理方法：称

取试样 2 g，置于 50 mL 离心管中，准确加入 30 mL 提取液（10%三

氯乙酸溶液-10 mmol/L 磷酸二氢钾-2 mmol/L EDTA-2Na，pH=7.50），

涡旋 1 min 后超声提取 15 min，期间充分摇动两次，于 10 000 r/min

离心10 min，准确移取15 mL上清液，用三氯乙酸溶液调节pH至6.50，

备用。HLB 固相萃取柱依次用甲醇和水各 5 mL 预淋洗，将备用液全

部过柱，分别用水 5 mL、10%甲醇溶液 5 mL 淋洗，负压抽干，准确

量取 5 mL 洗脱液（甲酸:异丙醇:2 mmol/L 乙酸铵溶液=10:5:85，体积

比，pH=0.80）洗脱，负压抽干，收集洗脱液，涡旋混匀，过 0.22 µm

滤膜后上机测定。 

2.3.4 不同 HLB 固相萃取柱净化处理的稳定性和重复性 

在配合饲料、浓缩饲料、添加剂预混合饲料和精料补充料中，一

般配合饲料的成份全面、基质复杂，加入一定体积洗脱液，收集的溶
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液体积可能会变化，对定量结果产生影响。本实验选择代表性的猪配

合饲料，考察不同 HLB 固相萃取柱净化处理的稳定性和重复性。 

称取饲料 2 g，三种 AGs 添加浓度分别为 0.5 mg/kg，按前处理方

法操作，选取 StrataTM-X（500mg 6cc）、Oasis HLB（500mg 6cc）、

Copure HLB（500mg 6cc）、Poly-Sery HLB（500mg 6cc）等常用的

亲水-亲脂 SPE 柱活化，将备用液过柱后淋洗，负压抽干，分别准确

量取 5 mL 洗脱液洗脱，负压抽干，收集并定量过柱后的溶液体积，

考察不同 HLB 柱对洗脱前后溶液体积以及对定量结果的影响。 

2.3.4.1 洗脱液体积差异考察 

不同 HLB 柱对洗脱前后溶液体积差异的影响见表 10。三种 SPE

柱净化后待上机溶液的体积 RSD 为 0.32％，洗脱前后溶液体积损失

率 0.33％~1.15％，均小于 5％，表明洗脱液经过三种 HLB 固相萃取

柱净化，处理前后溶液体积差异不显著。 

表10. 不同厂家 HLB 固相萃取柱对洗脱前后溶液体积的影响 

固相萃取柱 
过柱后体积/mL 不同 SPE 柱间 过柱损

失率％ 1 2 3 平均值 平均值 RSD% 

StrataTM-X 
4.95 4.92 4.97 4.95 

4.97 0.32 

1.08 

4.95 4.99 4.95 4.96 0.78 

Oasis HLB 
4.97 4.99 4.97 4.98 0.46 

4.98 5.00 4.97 4.98 0.33 

Copure HLB 
4.92 4.95 4.96 4.94 1.15 

4.98 4.95 4.95 4.96 0.85 

Poly-Sery HLB 
4.96 4.98 4.97 4.97 0.59 

4.98 5.00 4.97 4.98 0.35 

2.3.4.2 洗脱液体积差异对定量结果的影响考察 

选取其中一组处理后的溶液上机测定，以基质匹配标准溶液进行

结果校正，考察不同厂家 HLB 固相萃取柱对回收率和精密度的影响，
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结果见表 11。双氢链霉素在四种 HLB 固相萃取柱的回收率为 85.6％

~91.5％，链霉素为 86.4％~93.2％，卡那霉素为 74.1％~77.2％，RSD

范围 1.71％~3.24％，RSD 均小于 5％。 

表11. 不同厂家 HLB 固相萃取柱对回收率和精密度的影响 

添加药物 固相萃取柱 
回收率％ 不同 SPE 柱间 

1 2 3 平均值 平均回收率％ RSD% 

双氢链霉

素 

StrataTM-X 82.0 95.5 91.8 89.8 

89.1 2.79 
Oasis HLB 92.1 82.0 82.7 85.6 

Copure HLB 82.1 93.8 98.5 91.5 

Poly-Sery HLB 87.7 93.3 87.9 89.6 

链霉素 

StrataTM-X 85.5 89.1 84.7 86.4 

90.5 3.15 
Oasis HLB 96.7 82.7 93.9 91.1 

Copure HLB 94.9 82.7 95.8 91.1 

Poly-Sery HLB 99.0 83.6 96.9 93.2 

卡那霉素 

StrataTM-X 80.0 77.0 70.6 75.9 

75.6 1.71 
Oasis HLB 72.1 78.9 80.6 77.2 

Copure HLB 70.2 74.3 77.9 74.1 

Poly-Sery HLB 79.9 73.4 72.1 75.1 

通过表 9~表 10 四种 HLB 柱净化处理后洗脱液体积和检测结果

试验来看，不同 HLB 柱间重复性较好，SPE 柱对双氢链霉素、链霉

素、卡那霉素的净化体积差异对定量结果的影响差异不明显，直接用

洗脱后的溶液测定目标物，不会对定量结果产生影响。 

2.3.5 固相萃取柱承载量考察 

为防净化步骤中 SPE 柱出现过载现象，考察了 HLB 柱（500 mg/6 

cc）对三种药物的承载量。在空白试样添加高浓度的链霉素、双氢链

霉素、卡那霉素，按前处理方法处理上机，HLB 柱对饲料中三种 AGs

药物承载量见表 12。结果表明，当饲料中链霉素、双氢链霉素、卡

那霉素的含量超过表中所述值时，将超过固相萃取柱的承载能力，此

时的样品提取液需经稀释后测定。 
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表12. 固相萃取柱承载量结果 

化合物 
添加浓度（mg/kg） 

配合饲料 浓缩饲料 精料补充料 预混合饲料 

链霉素 200 500 200 200 

双氢链霉素 200 500 200 200 

卡那霉素 200 500 200 200 

2.3.6 方法学考察 

2.3.6.1 基质干扰实验 

饲料产品种类繁多且本底复杂，含有丰富的蛋白质、纤维素、脂

肪、维生素等，ESI 离子源易受到上述物质干扰，产生基质效应，影

响目标物准确定量，因此，需评估基质对目标物测定的影响。以基质

匹配标准曲线的斜率（A）和溶剂标准曲线的斜率（B）的比值评估

基质效应（Matrix effect, ME），ME=A/B，若 ME 为 0.8~1.2，则表明

基质效应不明显。配制成浓度为 10 ng/mL、20 ng/mL、50 ng/mL、100 

ng/mL、250 ng/mL、500 ng/mL、1000 ng/mL 溶剂标准溶液和各代表

性空白饲料基质标准溶液，进行液相色谱串联质谱分析，利用外标法

绘制标准曲线，各基质标准曲线的斜率与溶液标准曲线的斜率之比在

1.0~2.4 之间（表 13）。链霉素、双氢链霉素、卡那霉素在四种饲料

中均存在一定的基质增强效应，为消除基质效应带来的定量偏差，本

研究采用基质混合标准工作液进行定量。 

表13. 三种 AGs 药物在饲料中的基质效应 

饲料 化合物 
基质匹配标准曲

线的斜率（A） 

溶剂标准曲线

的斜率（B） 

基质匹配标

准曲线相关

系数 r 

基质效

应（ME） 

猪配合

饲料 

链霉素 2248.3 1527.7 0.9995  1.5 

双氢链霉素 8075.5 4028.8 0.9997  2.0 

卡那霉素 8600.5 6827.0 0.9995  1.3 

猪浓缩

饲料 

链霉素 1789.4 1527.7 0.9997  1.2 

双氢链霉素 5010.1 4028.8 0.9999  1.2 
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卡那霉素 6733.5 6827.0 0.9996  1.0 

牛精料

补充料 

链霉素 2746.1 1527.7 0.9993  1.8 

双氢链霉素 9782.8 4028.8 0.9994  2.4 

卡那霉素 11399.7 6827.0 0.9982  1.7 

猪预混

合饲料 

链霉素 1877.2 1527.7 0.9989  1.2 

双氢链霉素 5237.3 4028.8 0.9994  1.3 

卡那霉素 6756.8 6827.0 0.9997  1.0 

2.3.6.2 基质匹配标准曲线 

选取猪鸡配合饲料、浓缩饲料、预混合饲料，以及维生素预混合

饲料、牛精料补充料。准确称取试样 2 g，以标准文中方法配制 10 

µg/L、20 µg/L、50 µg/L、100 µg/L、250 µg/L、500 µg/L、1 000 µg/L

基质匹配标准系列溶液，以待测物峰面积为纵坐标，浓度为横坐标，

绘制标准曲线，求回归方程和相关系数。结果表明，目标物在不同基

质中 10~1 000 µg/L 浓度范围内线性良好，相关系数 r 均>0.99。 

2.3.6.3 方法的灵敏度 

在定向征求意见阶段，专家根据“不同基质中检出限和定量限的

信噪比值”，建议进一步考察和降低检测限与定量限。选择配合饲料、

浓缩饲料、预混合饲料和牛精料补充料的空白饲料，各饲料在相应的

保留时间处对所测药物无干扰，用空白饲料制备 0.05、0.1、0.2、0.3 

mg/kg 添加样品，经前处理后供液相色谱-串联质谱仪检测。 

方法检出限（LOD）依据分析物的特征离子信噪比 S/N>3，确定

方法检出限为 0.05 mg/kg，方法定量限（LOQ）依据分析物的特征离

子信噪比 S/N>10且要满足准确度要求，确定方法定量限为 0.1 mg/kg。

检出限和定量限信噪比代表性色谱图见图 20 和图 21。 
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图20. 猪配合饲料检出限（0.05 mg/kg）时特征离子信噪比色谱图 
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图21. 猪配合饲料定量限（0.1 mg/kg）时特征离子信噪比色谱图 

 

2.3.6.4 方法的准确度和精密度 

选用畜禽配合饲料、浓缩饲料、精料补充料和预混合饲料分别进

行加标回收试验，每种饲料采用不同的添加浓度，包括了残留浓度、

实际使用浓度，每个添加浓度制备 6 个平行样品，重复 3 个批次，结

果见表 14~表 22。 
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! !- Noise -

S/N = 46.6Peak Int.(Subt.)=5.6e+4Ymax=1.2e+3 cps  Ymin=0.0e+0 cps

XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 5 (A_Low_LOQ_5) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 4.1e4 cps.
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! !- Noise -

S/N = 20.1Peak Int.(Subt.)=4.0e+4Ymax=2.0e+3 cps  Ymin=0.0e+0 cps
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表14. 不同饲料中三种 AGs 添加浓度 

化合物 饲料 
添加浓度 方法的灵敏度 

mg/kg mg/kg 

双氢链霉素 

链霉素 

卡那霉素 

猪配合饲料 0.1、0.3、1.5、3、

50、100 

检出限 0.05 

定量限 0.1 

鸡配合饲料 

猪浓缩饲料 
0.1、0.3、1.5、3、

250 
鸡浓缩饲料 

牛精料补充料 

猪预混合饲料 
0.1、0.3、1.5、3、

250、2500 
鸡预混合饲料 

维生素预混合饲料 

链霉素、双氢链霉素、卡那霉素的基质匹配标准溶液特征离子色

谱图见图 22。猪配合饲料、猪浓缩饲料、鸡配合饲料、鸡浓缩饲料、

牛精料补充料、猪预混料、鸡预混料和维生素预混料在定量限 0.1 

mg/kg，及 3 mg/kg 的特征离子色谱图见图 23~图 46。 

待测物响应信号强，杂质干扰少，添加浓度的回收率满足饲料中

氨基糖苷类药物测定工作的需要。 
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图22. 基质匹配氨基糖苷类药物标准溶液（20 µg/L）特征离子色谱图 

DSM－双氢链霉素；SPM－链霉素；KNM－卡那霉素 

 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6001.0 cps.
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4.85

XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.8e4 cps.
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Time, min

0.0

4.8e4

I
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5.03

XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.0e4 cps.
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Time, min
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5.03

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.7e4 cps.
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Time, min
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5.05

XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.3e4 cps.
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5.06

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6001.0 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min
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I
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4.85

XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 3.7e4 cps.
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Time, min
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I
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4.96

XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray I... Max. 9980.3 cps.
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Time, min
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4.96

XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.9e4 cps.
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Time, min
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4.98

XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 33 (E_Low_LOQ_3) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.4e4 cps.
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图23. 空白猪配合料特征离子色谱图 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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9.168.991.02 1.36 2.16 9.312.38 6.263.70 7.381.92 4.054.12 9.913.34 4.432.95 5.49 8.667.215.09 5.86 6.64 7.90

XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2400.0 cps.
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2.931.33 3.693.60
2.62 8.813.93 4.831.88

9.341.78 9.79 9.93
1.23 8.47

4.27 4.47 5.00 5.32 7.49

XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2000.0 cps.
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3.20
1.26

9.652.21 8.741.02 2.45 3.311.55 3.75 4.09 9.93
8.39 8.92

7.355.54 6.914.984.89 5.75 8.28 10.006.16 7.50

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1500.0 cps.
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7.971.78 4.95 9.741.50 3.372.59 4.34 6.26 9.952.39 9.375.37 6.151.04 8.987.246.68 7.41

8.42

XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1400.0 cps.
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5.314.71 7.00 8.07 11.307.626.756.345.87

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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9.168.991.361.02 6.26 9.312.382.16 3.70 7.383.34 4.054.122.95 4.43 5.49 9.91

XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1400.0 cps.
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9.30 9.455.724.78 7.70 9.083.761.511.32 5.203.893.26 7.85 9.884.222.762.22 7.401.84 8.77 11.406.61 6.906.22

XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1300.0 cps.
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3.031.21 9.792.09 4.05 8.53 9.263.752.431.80 3.64 8.106.371.02 5.01 5.394.244.51 5.64 9.927.907.58

XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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8.77

6.762.801.23 9.181.37
3.58 9.31 10.003.12 8.571.97 5.642.36

4.03 4.60
1.02 4.94 6.07 6.42

7.886.975.51 11.66

XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 1 (A_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 600.0 cps.
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0.18 2.58 6.66
7.845.30
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图24. 添加浓度为0.1 mg/kg猪配合料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 3800.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 1.9e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 1.5e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e5

1.5e5

I
.

.
.

5.05

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 8.8e4 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 6.2e4 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 3800.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 1.2e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 3.1e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 3.5e4 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 4 (A_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 2.9e4 cps.
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图25. 添加浓度为3 mg/kg猪配合料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.9e5 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.1e5 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.3e5 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 5.4e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.1e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.9e5 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 3.5e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.6e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.0e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 117 (E_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.6e5 cps.
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图26. 空白猪浓缩料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2300.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2800.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1700.0 cps.
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7.87

XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1700.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1300.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1400.0 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0

1000

1400

I
.

.
.

5.33

1.52
1.34

3.39 4.103.26 4.18 7.14 8.688.763.49 8.511.91 9.252.34 2.70 4.75 6.69 9.829.756.235.43 7.531.030.07 9.95

XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 2 (B_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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图27. 添加浓度为0.1 mg/kg猪浓缩料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4500.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.4e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.0e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.2e4 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.9e4 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4500.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.5e4 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.9e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 3.7e4 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 16 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.3e4 cps.
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图28. 添加浓度为3 mg/kg猪浓缩料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.7e5 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.5e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.1e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.4e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.2e5 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.7e5 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 5.6e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.1e5 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.6e5 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 139 (F_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.6e5 cps.
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图29. 空白鸡配合料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1800.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2200.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1800.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1500.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 3 (C_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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图30. 添加浓度为0.1 mg/kg鸡配合料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2500.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.8e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.5e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 9.2e4 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.4e4 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2500.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.4e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 3.3e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.3e4 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 10 (B_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.8e4 cps.
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图31. 添加浓度为3 mg/kg鸡配合料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 2.0e5 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.1e5 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.2e5 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 5.6e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.1e5 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 2.0e5 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 3.3e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

3.3e5

I
.

.
.

4.98

XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.7e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.9e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 115 (E_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.6e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e5

1.6e5

I
.

.
.

5.00



41 

 

 

图32. 空白鸡浓缩料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2200.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1700.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1700.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1400.0 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0

1000

1400

I
.

.
.

9.29
8.64 9.612.30 9.868.501.29 3.891.01 8.962.16 3.721.85 4.043.222.98 4.35 6.885.35 9.996.43 7.984.72 7.837.485.64 5.76

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1500.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1500.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 500.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 4 (D_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0

500

800

I
.

.
.

9.74

4.39 9.03
2.631.57

2.78 9.822.04 5.99 8.623.40 8.36
9.224.181.07

4.47 6.966.44
4.981.01 7.45



42 

 

 

图33. 添加浓度为0.1 mg/kg鸡浓缩料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5601.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.4e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 9.7e4 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.2e4 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.8e4 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5601.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.1e4 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.0e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 3.0e4 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 22 (C_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.7e4 cps.
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图34. 添加浓度为3 mg/kg鸡浓缩料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.9e5 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.7e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.2e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.5e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.3e5 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.9e5 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 5.9e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.1e5 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 2.9e5 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 137 (F_T_3_1) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDri... Max. 1.7e5 cps.
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图35. 空白精料补充料特征离子色谱图 

 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 700.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2100.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1700.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1500.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 700.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 700.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 900.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 5 (E_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1700.0 cps.
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图36. 添加浓度为0.1 mg/kg牛精料补充料特征离子色谱图 

 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5901.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6.2e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.7e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

4.7e5

I
.

.
.

5.03

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 3.1e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.3e5 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5901.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.0e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5.2e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6.7e4 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 28 (D_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6.6e4 cps.
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图37. 添加浓度为3 mg/kg牛精料补充料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDrive... Max. 8.1e4 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 2.9e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 2.5e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.5e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.3e5 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDrive... Max. 8.1e4 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 6.8e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.3e5 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.9e5 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 95 (D_T_3_3) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.1e5 cps.
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图38. 空白猪预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 600.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2100.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1800.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2000.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 600.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1200.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 6 (F_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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图39. 添加浓度为0.1 mg/kg猪预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6201.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.5e4 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6.3e4 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.4e4 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.9e4 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6201.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.1e4 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.8e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.1e4 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 34 (E_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.5e4 cps.
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图40. 添加浓度为3 mg/kg猪预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Ion... Max. 4.2e4 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 1.3e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 1.4e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 1.0e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 8.9e4 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Ion... Max. 4.2e4 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 2.8e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 5.2e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 1.0e5 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 4 (E_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 5.1e4 cps.
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图41. 空白鸡预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 600.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 2400.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1900.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1500.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1300.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 600.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1800.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 900.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 7 (G_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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图42. 添加浓度为0.1 mg/kg鸡预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1600.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5.6e4 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.8e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 3.7e4 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.4e4 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1600.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 7.3e4 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5.8e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

5.0e4

I
.

.
.

5.03

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 2.2e4 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 41 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 1.6e4 cps.
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图43. 添加浓度为3 mg/kg鸡预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDrive... Max. 8.9e4 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 2.1e5 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.2e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.00

1.00e5

I
.

.
.

4.90

XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 6.7e5 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.2e5 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDrive... Max. 8.9e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

5.0e5

7.6e5

I
.

.
.

4.62

XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 3.1e5 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 2.4e5 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.4e5 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 94 (D_T_3_2) of 20210903_FEED_JMD_BC.wiff (Turbo Spray IonDriv... Max. 1.3e5 cps.
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图44. 空白维生素预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 700.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1600.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1900.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1700.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1600.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 700.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 1100.0 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0

1000

I
.

.
.

8.46

9.063.24 8.432.35 8.732.65 3.972.261.01 9.191.42 3.68 4.50 9.711.73 9.835.144.81 5.26 6.06 6.486.77 7.59 8.197.20

XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 700.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 8 (H_K) of 20210916_FEED_8_BLANK.wiff (Turbo Spray IonDrive) Max. 600.0 cps.
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图45. 添加浓度为0.1 mg/kg维生素预混料特征离子色谱图 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1700.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 6.4e4 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 5.1e4 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 1.8e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e4

1.8e4

I
.

.
.

5.05

XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Ion... Max. 1.6e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min
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1.0e4

1.6e4

I
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5.05

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1700.0 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min
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5.0e4

7.7e4
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 4.8e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

4.8e4

I
.

.
.

4.97

XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 1.3e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e4

1.3e4

I
.

.
.

4.97

XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 3.6e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

3.6e4

I
.

.
.

4.98

XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 48 (F_Low_LOQ_4) of 20211022_C+E+LOQ+GR.wiff (Turbo Spray Io... Max. 2.0e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

2.0e4

I
.

.
.

4.98
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图46. 添加浓度为3 mg/kg维生素预混料特征离子色谱图 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 3.1e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

2.0e5

I
.

.
.

4.63

XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 1.1e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.00

1.00e5
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1.21

XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 1.2e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.00

1.00e5

I
.

.
.

4.98

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 8.6e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

5.0e4

8.6e4

I
.

.
.

5.00

XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 7.0e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

5.0e4

7.0e4

I
.

.
.

5.00

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray Io... Max. 3.1e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

2.0e5

I
.

.
.

4.63

XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 2.0e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

1.0e5

2.0e5

I
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4.89

XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 3.2e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

3.2e4

I
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4.89

XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 8.8e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

5.0e4

8.8e4
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4.92

XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 17 (F_STD_4) of 20210910_AGs_FEED_GR+GTC.wiff (Turbo Spray I... Max. 3.8e4 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
Time, min

0.0

3.8e4

I
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4.92
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表15. 猪配合料回收率试验结果 

化合物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢链

霉素 

0.1 

86.9 74.1 79.8 89.5 87.5 98.0 86.0 9.6 

82.1 7.0 82.7 82.7 78.4 84.4 81.3 83.3 82.1 2.5 

80.6 77.8 76.2 76.2 79.3 79.4 78.2 2.3 

0.3 

82.4 83.1 76.9 79.6 81.1 70.2 78.9 6.1 

79.3 7.1 78.9 92.7 82.3 76.0 72.6 80.7 80.5 8.6 

73.8 75.6 74.9 85.5 74.4 86.7 78.5 7.5 

1.5 

83.6 87.9 96.3 87.9 97.9 102.2 92.6 7.8 

89.2 10.5 90.6 104.8 94.2 95.7 86.6 98.2 95.0 6.6 

70.4 80.3 80.8 87.1 86.9 73.4 79.8 8.5 

3 

74.8 83.7 98.3 92.5 90.2 90.3 88.3 9.2 

86.9 12.8 105.2 98.6 106.9 87.7 94.0 86.3 96.5 9.0 

79.9 74.6 72.1 74.0 83.9 70.9 75.9 6.6 

50 

97.0 88.3 88.2 94.3 95.5 92.4 92.6 4.0 

91.8 4.2 88.7 86.5 86.3 91.5 95.8 90.4 89.9 4.0 

95.5 98.9 88.0 94.8 88.5 92.0 93.0 4.6 

100 

94.9 91.4 93.0 90.1 92.2 93.1 92.4 1.8 

90.1 4.3 82.8 87.4 93.7 83.9 92.0 92.4 88.7 5.3 

90.2 86.7 83.0 92.2 94.5 88.8 89.3 4.6 

链霉素 

0.1 

72.2 86.4 68.3 71.9 71.0 69.2 73.2 9.1 

72.5 7.8 72.0 79.2 65.8 72.0 69.1 79.7 73.0 7.6 

76.1 70.7 68.9 65.1 79.8 67.9 71.4 7.7 

0.3 

72.5 83.4 79.1 71.8 84.7 85.4 79.5 7.7 

86.2 11.2 78.8 101.6 95.5 98.4 97.8 97.4 94.9 8.6 

95.9 87.6 87.2 72.7 81.4 79.8 84.1 9.4 

1.5 

83.1 85.6 78.2 75.2 89.7 94.7 84.4 8.5 

86.6 9.6 89.2 87.3 88.0 76.1 75.5 71.8 81.3 9.4 

98.3 94.6 92.4 97.5 94.3 86.4 93.9 4.5 

3 

71.6 79.5 79.9 86.8 89.5 87.4 82.4 8.2 

80.9 7.6 88.0 83.8 84.9 72.4 79.0 78.6 81.1 6.9 

75.4 73.9 71.1 82.2 87.5 85.4 79.3 8.5 

50 

71.6 70.2 75.4 85.2 85.1 87.6 79.2 9.7 

79.8 6.6 81.9 76.4 82.3 75.6 74.5 86.1 79.5 5.8 

81.7 76.4 82.1 82.2 85.5 77.0 80.8 4.3 

100 
87.6 92.8 86.8 84.4 86.8 87.6 87.7 3.2 

86.4 4.3 
84.7 84.6 87.9 93.6 89.1 82.0 87.0 4.7 
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90.5 84.6 87.6 80.0 80.6 84.9 84.7 4.7 

卡那霉

素 

0.1 

79.5 90.6 81.9 100.1 95.7 87.8 89.3 8.9 

86.9 7.9 82.3 86.7 98.7 82.9 83.1 82.6 86.0 7.5 

83.2 80.9 80.2 82.7 87.8 98.4 85.5 8.0 

0.3 

89.7 80.1 77.4 77.7 80.6 84.6 81.7 5.8 

85.6 11.3 104.9 84.7 104.7 89.6 93.0 97.3 95.7 8.5 

72.4 83.7 87.7 76.0 83.3 73.4 79.4 8.0 

1.5 

92.3 90.3 78.1 86.6 82.9 74.1 84.1 8.4 

83.8 6.5 90.9 87.1 89.4 83.5 77.3 86.9 85.9 5.7 

79.8 75.3 82.0 81.4 82.5 87.8 81.5 5.0 

3 

92.2 88.6 73.3 83.6 88.9 82.6 84.9 7.9 

82.3 6.2 82.0 79.3 79.8 78.2 88.5 74.1 80.3 5.9 

82.5 82.3 76.9 82.1 80.3 85.7 81.6 3.6 

50 

70.7 83.8 73.9 74.6 75.4 83.7 77.0 7.1 

78.1 6.3 75.1 77.7 86.1 78.3 82.1 72.2 78.6 6.3 

70.3 80.6 74.6 81.6 82.9 81.8 78.6 6.4 

100 

80.8 79.1 82.6 89.7 83.8 90.0 84.3 5.4 

84.7 5.0 82.8 84.1 85.3 75.8 87.0 91.1 84.4 6.0 

92.7 83.5 83.4 84.7 83.2 85.9 85.6 4.3 

 



58 

 

 

表16. 猪浓缩料回收率试验结果 

化合物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢链

霉素 

0.1 

96.3 108.0 84.3 97.1 99.9 88.5 95.7 8.8 

92.6 6.1 94.2 92.9 85.1 89.0 93.9 88.2 90.6 4.1 

88.7 90.4 91.6 95.5 93.3 89.9 91.6 2.7 

0.3 

87.3 103.7 88.5 90.9 89.2 91.2 91.8 6.5 

81.2 11.2 69.9 71.3 84.4 73.2 73.4 79.1 75.2 7.3 

79.2 80.3 79.5 76.4 71.7 72.9 76.7 4.8 

1.5 

100.2 89.2 99.0 89.7 92.1 95.8 94.3 5.0 

82.2 11.9 85.7 75.4 76.1 73.4 72.2 72.3 75.8 6.7 

73.0 83.6 75.2 74.1 77.9 75.1 76.5 5.0 

3 

109.4 94.1 89.4 85.3 85.0 96.1 93.2 9.8 

82.3 12.4 88.5 79.1 73.6 71.2 79.1 75.6 77.8 7.8 

77.2 80.7 74.2 72.3 80.5 70.4 75.9 5.6 

250 

104.2 88.1 98.5 87.5 88.4 91.2 93.0 7.4 

94.1 5.6 93.2 99.1 88.6 98.7 88.4 96.2 94.0 5.1 

89.6 99.3 99.1 89.4 96.0 97.7 95.2 4.8 

链霉素 

0.1 

105.0 105.2 84.0 96.6 101.3 90.8 97.1 8.7 

93.5 7.4 86.2 86.0 99.7 92.5 97.8 91.0 92.2 6.2 

82.6 99.2 88.7 95.9 90.5 90.5 91.2 6.3 

0.3 

90.6 73.3 84.5 72.1 80.8 82.6 80.7 8.7 

78.2 7.3 73.3 72.1 74.4 73.9 83.4 71.7 74.8 5.8 

73.9 80.6 79.9 73.0 82.9 83.8 79.0 5.8 

1.5 

82.1 85.4 88.0 95.4 95.9 99.0 91.0 7.4 

91.5 5.1 91.3 86.5 94.2 98.3 87.0 89.7 91.2 5.0 

91.6 91.6 95.4 93.3 93.9 88.1 92.3 2.7 

3 

95.5 86.5 96.8 86.3 91.5 95.2 92.0 5.1 

92.4 5.7 86.7 79.7 96.2 96.2 95.2 88.1 90.3 7.4 

94.9 95.3 90.4 98.4 99.8 91.2 95.0 3.9 

250 

89.3 79.4 79.8 76.7 73.4 78.1 79.4 6.7 

79.2 6.5 85.2 88.4 73.4 77.8 81.6 70.8 79.5 8.6 

75.6 73.8 82.6 83.7 79.2 76.8 78.6 5.0 

卡那霉

素 

0.1 

82.6 84.0 75.2 73.5 79.1 68.2 77.1 7.7 

79.4 7.6 89.3 84.0 82.7 76.4 79.9 80.0 82.1 5.3 

71.8 78.7 80.3 70.6 84.1 89.7 79.2 9.2 

0.3 

68.0 76.2 82.8 80.3 77.6 75.8 76.8 6.6 

76.2 6.6 71.3 63.4 76.0 80.4 77.0 82.6 75.1 9.2 

73.9 74.4 80.9 79.3 73.0 78.7 76.7 4.3 
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1.5 

78.9 72.3 84.4 82.7 78.2 80.0 79.4 5.3 

76.0 5.9 73.2 71.1 71.5 70.1 77.1 72.5 72.6 3.4 

76.8 71.2 81.7 78.8 76.6 71.4 76.1 5.4 

3 

70.7 83.4 77.1 75.2 77.7 76.4 76.7 5.4 

75.4 5.5 74.3 70.3 75.0 83.4 73.9 73.4 75.1 5.9 

70.5 71.0 76.7 76.8 80.8 70.4 74.4 5.9 

250 

78.1 76.3 79.0 74.3 70.4 76.4 75.7 4.1 

76.4 4.4 76.1 75.8 80.1 83.7 71.3 73.9 76.8 5.8 

76.5 77.3 82.1 72.8 76.3 75.6 76.8 3.9 
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表17. 鸡配合料回收率试验结果 

化合物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢链

霉素 

0.1 

100.1 104.1 104.6 98.3 96.7 84.4 98.0 7.5 

94.2 5.6 95.8 94.5 92.2 89.3 91.4 87.0 91.7 3.5 

92.9 94.9 93.6 90.5 94.2 91.3 92.9 1.8 

0.3 

97.6 109.0 96.1 92.2 93.6 92.2 96.8 6.6 

99.5 6.2 103.5 105.2 101.6 106.2 91.7 100.3 101.4 5.2 

107.6 93.5 94.0 101.5 96.1 109.6 100.4 7.0 

1.5 

103.8 86.4 89.1 91.9 96.0 93.0 93.4 6.5 

96.5 6.3 99.1 96.4 103.0 90.1 104.6 93.5 97.8 5.7 

95.2 92.0 90.5 104.1 103.0 104.8 98.3 6.6 

3 

82.9 85.2 99.7 85.1 97.5 91.4 90.3 7.8 

96.5 8.2 91.5 94.3 99.1 92.8 93.3 107.5 96.4 6.3 

95.1 108.9 101.6 107.5 106.0 97.7 102.8 5.4 

50 

87.7 94.6 101.3 82.6 92.7 83.3 90.4 8.0 

96.5 7.8 103.4 107.0 101.8 97.9 97.2 108.9 102.7 4.6 

91.9 97.2 93.0 101.0 104.1 90.6 96.3 5.6 

100 

93.7 83.7 89.4 98.5 87.8 99.4 92.1 6.7 

91.7 5.3 90.5 97.8 90.7 91.3 88.1 92.3 91.8 3.5 

86.6 93.8 85.9 94.9 99.1 87.0 91.2 6.0 

链霉素 

0.1 

81.5 76.6 83.5 75.0 78.1 78.1 78.8 4.0 

80.7 4.6 77.2 87.7 77.4 82.8 81.8 80.1 81.2 4.8 

87.0 82.2 86.2 78.5 79.0 79.3 82.1 4.6 

0.3 

81.1 71.7 80.7 70.7 74.7 80.8 76.6 6.3 

88.0 13.3 106.0 97.4 103.6 93.9 95.7 106.6 100.5 5.5 

94.7 85.4 81.1 80.3 99.5 80.1 86.8 9.6 

1.5 

75.9 72.7 76.6 83.5 77.0 75.6 76.9 4.6 

82.0 8.5 94.2 86.3 96.4 88.2 84.6 87.8 89.6 5.2 

80.3 82.5 80.2 86.0 71.9 76.6 79.6 6.1 

3 

70.9 70.9 71.3 79.7 74.2 83.7 75.1 7.2 

83.5 10.4 92.6 94.4 86.7 89.9 97.6 89.9 91.8 4.2 

90.0 72.3 86.9 79.9 89.0 83.3 83.6 8.0 

50 

81.4 88.9 90.4 80.6 83.2 83.9 84.7 4.7 

87.4 5.9 95.2 92.7 88.4 81.9 90.7 93.3 90.4 5.3 

88.3 88.4 80.0 97.1 83.5 85.9 87.2 6.6 

100 

93.6 82.2 91.6 83.1 90.6 87.1 88.0 5.3 

88.6 5.3 87.5 92.5 80.7 90.5 90.5 85.1 87.8 4.9 

84.8 94.7 81.9 93.2 89.3 95.2 89.9 6.1 
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卡那霉

素 

0.1 

77.4 80.8 75.5 64.1 83.4 83.4 77.4 9.4 

82.8 8.2 89.6 75.3 86.1 89.3 89.3 84.6 85.7 6.4 

75.8 88.3 86.6 88.9 85.8 86.7 85.3 5.6 

0.3 

90.0 103.1 91.8 94.2 89.9 88.6 92.9 5.8 

86.2 8.5 79.4 79.6 77.2 71.5 84.0 84.7 79.4 6.1 

86.2 80.2 82.5 90.1 92.8 86.5 86.4 5.4 

1.5 

83.1 95.1 98.0 97.9 89.7 96.0 93.3 6.3 

84.2 10.4 73.7 71.1 73.3 82.5 80.4 77.9 76.5 5.9 

88.0 75.0 77.1 89.0 83.7 83.7 82.7 6.8 

3 

73.0 71.1 83.4 72.5 73.4 81.5 75.8 6.9 

91.7 13.6 92.2 105.1 99.3 98.6 104.7 99.2 99.8 4.7 

98.0 106.4 103.8 99.1 94.7 94.8 99.4 4.8 

50 

70.5 86.4 85.9 86.4 77.3 84.5 81.8 8.0 

82.1 6.6 84.2 81.8 89.8 86.1 85.4 80.7 84.7 3.8 

75.3 80.5 89.9 76.4 82.6 75.0 80.0 7.2 

100 

97.5 86.2 86.3 88.1 77.8 81.6 86.3 7.8 

86.3 6.2 84.9 86.7 86.8 93.7 86.6 85.8 87.4 3.6 

93.8 92.6 81.5 81.0 80.7 80.8 85.1 7.4 
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表18. 鸡浓缩料回收率试验结果 

化合物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢链

霉素 

0.1 

98.2 96.3 93.2 81.0 97.3 99.2 94.2 7.2 

92.4 6.7 87.0 81.2 99.1 86.2 97.1 84.5 89.2 8.1 

96.4 88.4 98.9 94.8 90.4 94.0 93.8 4.1 

0.3 

86.8 88.8 87.0 87.5 90.3 96.3 89.4 4.0 

93.0 8.6 82.2 91.7 85.4 97.0 99.5 80.0 89.3 9.0 

98.4 96.6 107.3 100.0 108.6 91.1 100.3 6.6 

1.5 

81.7 82.2 80.0 97.2 81.1 82.5 84.1 7.7 

92.6 10.2 94.3 81.5 88.3 97.5 90.6 91.6 90.7 6.0 

106.5 101.3 101.1 101.7 99.4 107.7 102.9 3.2 

3 

103.0 97.9 99.8 96.0 82.6 97.6 96.1 7.3 

98.8 5.8 98.4 95.9 104.4 94.2 103.6 106.7 100.6 5.0 

90.3 100.3 101.7 102.8 99.7 103.8 99.8 4.9 

250 

87.7 94.6 101.3 96.6 92.2 94.8 94.5 4.8 

95.1 6.9 91.4 93.6 89.5 94.4 82.6 94.3 90.9 5.0 

91.9 90.7 97.2 104.8 108.1 106.6 99.9 7.6 

链霉素 

0.1 

87.8 86.4 99.1 96.2 96.4 86.5 92.1 6.3 

90.3 6.8 92.4 96.8 80.9 91.9 96.8 99.0 93.0 7.0 

85.5 81.8 90.0 80.6 86.9 90.5 85.9 4.8 

0.3 

78.6 83.0 84.2 82.2 86.0 81.7 82.6 3.1 

84.3 9.1 89.4 79.4 70.5 73.2 83.3 77.5 78.9 8.7 

83.0 89.1 95.8 99.7 96.7 83.9 91.4 7.7 

1.5 

75.0 75.0 76.6 74.9 89.7 83.7 79.1 7.8 

82.6 8.7 78.9 75.7 85.6 74.4 86.4 80.2 80.2 6.2 

89.3 84.7 80.7 98.7 82.8 95.0 88.5 8.1 

3 

92.5 90.1 86.2 101.9 95.5 99.5 94.3 6.2 

96.7 5.8 96.5 98.5 98.9 95.8 88.3 91.2 94.9 4.5 

102.6 107.5 94.5 102.2 101.5 97.1 100.9 4.5 

250 

81.4 88.9 90.4 89.0 87.8 93.3 88.5 4.5 

93.9 6.7 91.2 99.5 96.2 84.1 94.8 96.0 93.6 5.7 

98.4 104.8 101.5 96.1 102.5 93.9 99.5 4.2 

卡那霉

素 

0.1 

85.4 80.5 79.2 84.4 72.9 85.8 81.4 6.1 

80.7 8.1 79.1 71.1 76.5 70.3 84.1 73.2 75.7 7.0 

88.8 88.6 72.1 85.7 88.6 85.6 84.9 7.6 

0.3 

65.3 64.4 69.5 62.3 73.4 73.6 68.1 7.1 

73.0 11.0 65.0 65.3 68.0 64.1 78.0 70.7 68.5 7.7 

84.6 81.1 81.3 80.5 79.5 87.4 82.4 3.6 

1.5 78.0 79.9 70.1 73.6 74.0 77.5 75.5 4.8 77.2 6.6 
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79.2 70.5 79.7 70.4 79.8 75.8 75.9 5.9 

83.8 86.6 71.2 82.7 83.2 72.9 80.1 8.0 

3 

80.7 75.9 80.9 86.8 85.2 94.5 84.0 7.6 

82.7 6.9 82.5 83.6 70.3 82.2 71.8 85.7 79.4 8.2 

87.5 87.2 86.6 81.6 82.2 82.5 84.6 3.3 

250 

70.5 86.4 85.9 74.5 72.4 83.1 78.8 9.1 

83.4 10.7 89.8 73.7 74.6 79.3 86.4 76.3 80.0 8.3 

96.4 85.9 100.0 82.1 85.7 98.2 91.4 8.4 
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表19. 牛精料补充料回收率试验结果 

化合物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢链

霉素 

0.1 

85.6 83.4 85.0 77.7 91.2 89.6 85.4 5.6 

79.9 7.8 70.4 73.2 76.9 81.0 79.2 77.3 76.3 5.1 

80.7 70.8 85.1 70.3 81.4 79.1 77.9 7.8 

0.3 

73.9 87.0 89.9 96.6 90.6 96.9 89.1 9.5 

91.3 6.8 101.8 91.7 96.1 91.1 85.5 94.0 93.3 5.9 

93.3 86.8 89.7 95.5 86.7 97.3 91.6 4.9 

1.5 

85.2 86.8 91.9 88.8 95.8 86.6 89.2 4.5 

90.1 4.7 95.3 87.2 86.7 86.3 96.3 97.4 91.5 5.8 

93.9 87.5 86.2 86.9 89.1 94.9 89.7 4.1 

3 

82.8 88.2 92.6 94.0 89.8 98.6 91.0 5.9 

92.4 5.4 86.7 95.9 91.9 88.0 98.5 86.4 91.2 5.6 

93.3 97.7 98.1 89.6 90.6 99.7 94.8 4.5 

250 

97.5 93.6 97.3 92.8 90.7 94.2 94.4 2.8 

86.0 8.3 89.6 80.8 80.6 82.8 83.9 78.7 82.7 4.6 

85.6 73.3 76.9 81.6 83.7 84.4 80.9 6.0 

链霉素 

0.1 

70.6 72.3 65.7 74.1 72.5 74.0 71.5 4.4 

69.8 4.5 70.5 66.4 67.7 72.5 73.7 69.4 70.0 4.0 

66.0 65.9 73.0 65.9 67.0 70.0 68.0 4.3 

0.3 

83.9 76.8 74.1 84.6 78.4 83.0 80.1 5.4 

84.6 7.6 89.7 91.5 84.6 82.9 71.9 81.2 83.6 8.4 

86.0 87.0 92.7 90.9 94.3 89.6 90.1 3.6 

1.5 

85.1 87.9 81.6 78.4 70.8 73.0 79.5 8.5 

79.2 6.7 86.9 76.4 85.0 82.1 78.1 72.1 80.1 7.0 

81.2 78.2 78.3 70.2 81.0 80.0 78.1 5.3 

3 

84.7 77.4 81.2 83.4 81.6 83.0 81.9 3.1 

80.2 6.9 73.2 87.7 78.0 77.0 80.8 71.2 78.0 7.5 

90.9 81.2 84.6 73.6 83.0 71.0 80.7 9.1 

250 

86.7 82.4 74.1 84.7 75.7 71.9 79.2 7.7 

77.6 6.3 77.9 77.9 74.7 80.4 70.3 84.5 77.6 6.2 

76.9 76.9 78.0 80.7 72.5 70.8 76.0 4.8 

卡那霉

素 

0.1 

67.4 70.7 73.8 72.6 66.1 73.6 70.7 4.7 

70.2 4.2 65.9 68.9 71.0 67.8 72.2 71.6 69.6 3.5 

69.0 66.9 74.4 74.9 68.1 69.2 70.4 4.8 

0.3 

91.5 99.7 98.9 86.2 98.9 91.8 94.5 5.8 

94.7 5.0 100.6 84.2 98.2 97.7 92.8 94.4 94.6 6.2 

92.2 98.2 91.1 98.2 93.1 97.1 95.0 3.4 

1.5 84.4 95.6 86.6 97.8 95.1 89.2 91.4 6.0 89.6 7.9 
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75.2 74.0 86.1 89.7 83.8 93.4 83.7 9.3 

96.0 95.1 92.4 94.5 86.0 97.6 93.6 4.4 

3 

94.9 87.4 87.2 88.6 87.8 93.5 89.9 3.8 

91.9 5.2 80.3 89.9 96.8 96.4 92.9 91.4 91.3 6.6 

89.9 89.1 98.4 94.0 99.2 95.7 94.4 4.5 

250 

91.5 80.3 98.0 93.7 97.4 87.3 91.4 7.3 

89.1 7.6 86.5 80.3 93.2 85.1 85.5 99.4 88.3 7.7 

80.6 78.1 88.2 95.6 96.3 86.5 87.5 8.6 
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表20. 猪复合预混料回收率试验结果 

化合

物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢

链霉

素 

0.1 

107.2 107.6 102.6 97.8 104.3 101.6 103.5 3.6 

95.8 7.9 86.2 90.7 97.5 93.6 84.5 89.9 90.4 5.3 

96.7 96.7 96.7 99.9 91.1 80.6 93.6 7.5 

0.3 

89.1 108.2 86.2 88.9 91.0 99.2 93.8 8.9 

94.3 7.6 85.4 107.6 96.4 85.2 98.4 99.5 95.4 9.1 

99.7 95.7 85.1 91.6 94.2 96.4 93.8 5.3 

1.5 

96.5 102.8 96.5 86.5 86.7 95.1 94.0 6.7 

95.5 6.8 104.0 108.2 98.1 96.7 99.3 85.4 98.6 7.9 

99.5 92.6 98.0 96.4 87.8 88.8 93.9 5.2 

3 

89.0 91.3 86.3 98.6 89.6 95.7 91.7 5.0 

93.9 5.1 97.2 100.9 97.2 99.8 88.8 98.6 97.1 4.4 

97.4 85.2 91.8 91.4 94.6 96.2 92.8 4.7 

250 

101.3 93.8 90.4 95.9 93.4 98.7 95.6 4.1 

94.2 4.4 98.7 86.7 89.0 88.8 94.6 98.5 92.7 5.7 

95.4 96.7 90.7 98.3 91.1 93.9 94.4 3.2 

2500 

99.2 91.3 96.8 89.7 97.1 86.9 93.5 5.2 

93.5 6.8 107.3 95.1 93.3 99.9 92.1 88.1 96.0 7.0 

87.5 78.1 93.7 93.5 96.1 97.9 91.1 8.0 

链霉

素 

0.1 

104.1 90.2 96.8 93.0 89.6 100.8 95.7 6.1 

92.5 6.8 95.2 93.2 85.9 91.5 80.4 92.9 89.9 6.2 

95.8 99.2 80.3 93.7 86.8 95.4 91.9 7.6 

0.3 

94.1 77.9 91.2 95.4 91.4 89.0 89.8 7.0 

91.5 5.6 88.0 90.4 96.5 92.7 88.3 87.5 90.6 3.8 

87.7 91.2 98.4 97.3 90.6 99.4 94.1 5.2 

1.5 

84.3 77.9 88.3 86.8 90.5 92.2 86.7 5.9 

89.2 5.3 97.4 90.4 85.2 94.6 85.4 87.3 90.0 5.6 

90.7 91.1 91.4 97.0 85.9 89.3 90.9 4.0 

3 

75.3 81.2 93.9 85.5 86.7 88.0 85.1 7.4 

91.2 8.2 90.1 105.6 97.0 98.1 86.3 99.7 96.1 7.2 

86.0 99.8 89.6 93.9 95.5 88.9 92.3 5.5 

250 

90.0 97.9 95.7 86.9 91.0 90.0 91.9 4.5 

92.0 4.4 87.0 90.1 96.5 89.4 93.9 85.4 90.4 4.6 

96.4 91.8 93.8 88.8 99.7 91.5 93.7 4.2 

2500 

91.8 97.0 86.8 85.6 99.6 92.6 92.2 6.0 

89.5 6.9 93.9 87.0 85.2 89.5 97.1 85.5 89.7 5.4 

74.8 80.6 91.3 93.0 86.4 92.7 86.5 8.6 

卡那 0.1 78.8 77.8 79.0 79.7 77.0 78.5 78.5 1.2 75.9 4.4 



67 

 

霉素 74.6 74.3 78.2 72.5 75.9 74.7 75.0 2.5 

80.0 70.7 71.9 70.0 80.1 72.6 74.2 6.2 

0.3 

83.1 71.5 73.7 78.7 81.9 81.6 78.4 6.1 

81.8 8.3 94.9 92.3 73.2 83.0 78.0 84.6 84.3 9.8 

90.7 88.7 71.9 83.3 80.9 80.5 82.7 8.1 

1.5 

73.2 72.3 81.9 75.3 81.7 80.0 77.4 5.6 

78.4 7.4 90.8 88.7 77.0 84.8 71.4 74.0 81.1 9.9 

75.5 73.8 81.6 75.1 82.2 71.7 76.7 5.6 

3 

77.8 70.5 72.4 84.2 78.0 84.2 77.8 7.3 

80.6 8.2 91.7 86.0 74.4 75.5 82.5 79.5 81.6 8.1 

87.0 96.0 76.6 78.4 80.5 76.2 82.5 9.3 

250 

83.8 85.5 72.9 79.6 82.3 80.8 80.8 5.5 

78.3 6.4 70.8 79.7 80.6 73.4 79.5 72.2 76.0 5.7 

70.6 72.0 80.6 78.0 83.7 83.6 78.1 7.3 

2500 

78.1 85.7 73.5 78.1 80.8 73.5 78.3 5.9 

77.7 7.7 87.4 84.8 82.8 71.3 70.8 83.8 80.1 9.0 

85.7 72.4 70.9 73.7 72.7 72.9 74.7 7.3 

 



68 

 

表21. 鸡复合预混料回收率试验结果 

化合

物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢

链霉

素 

0.1 

86.1 81.1 87.6 89.0 85.8 94.7 87.3 5.1 

89.1 4.8 85.7 89.0 85.9 95.8 91.3 95.2 90.5 4.9 

88.4 85.8 85.6 92.4 95.9 88.9 89.5 4.5 

0.3 

102.2 101.5 104.7 101.3 100.3 107.7 102.9 2.7 

101.6 5.0 94.4 94.0 101.1 107.7 93.1 93.4 97.3 6.1 

103.1 103.7 108.8 102.4 107.9 101.4 104.5 2.9 

1.5 

108.9 104.6 103.4 96.8 93.2 97.1 100.7 5.9 

100.8 6.7 109.3 109.4 108.7 104.0 95.7 90.8 103.0 7.7 

102.8 109.7 100.5 92.1 92.8 94.1 98.7 7.0 

3 

104.3 100.8 95.0 103.8 91.5 100.8 99.4 5.1 

98.0 4.9 95.1 96.8 102.8 101.8 92.7 90.6 96.6 5.0 

95.3 96.9 101.5 98.2 90.5 104.8 97.9 5.1 

250 

102.1 105.7 101.2 103.1 94.9 97.6 100.8 3.9 

100.2 5.3 105.5 100.8 100.3 108.8 102.8 93.0 101.9 5.3 

109.3 97.0 102.7 92.5 93.1 93.8 98.1 6.8 

2500 

91.0 92.5 93.8 92.3 99.2 101.3 95.0 4.4 

97.4 5.1 93.3 99.3 95.4 90.1 108.7 103.1 98.3 6.9 

103.2 97.0 101.5 94.5 98.0 99.1 98.9 3.2 

链霉

素 

0.1 

75.9 77.9 77.4 90.4 77.1 84.9 80.6 7.2 

82.2 7.0 80.1 76.8 85.5 89.1 87.6 72.2 81.9 8.1 

89.1 75.0 86.4 83.5 88.7 81.8 84.1 6.3 

0.3 

100.5 106.5 103.4 104.6 100.9 104.1 103.3 2.2 

99.8 5.7 90.5 100.5 100.6 92.9 90.1 107.1 97.0 7.1 

108.0 98.3 97.2 99.3 90.6 101.8 99.2 5.8 

1.5 

107.7 102.8 108.9 104.0 102.4 90.0 102.6 6.5 

100.7 6.3 107.1 100.9 90.2 96.3 103.0 107.7 100.9 6.6 

100.1 96.8 108.5 95.4 90.9 99.4 98.5 6.0 

3 

109.3 103.2 109.7 95.2 105.5 105.7 104.8 5.1 

100.4 6.2 93.6 92.8 95.5 93.8 98.3 97.7 95.3 2.4 

94.4 94.3 105.5 105.9 109.6 97.2 101.1 6.6 

250 

93.8 92.0 97.0 105.7 99.3 104.8 98.8 5.7 

98.9 6.4 92.5 94.6 106.7 92.8 98.4 93.0 96.3 5.7 

108.3 91.9 109.0 93.1 106.0 100.8 101.5 7.4 

2500 

103.2 96.9 97.9 106.7 94.4 106.5 100.9 5.2 

101.7 6.0 106.1 98.1 91.8 109.2 108.3 102.6 102.7 6.5 

105.4 100.8 90.2 106.4 96.7 109.8 101.6 7.1 

卡那 0.1 73.6 77.2 75.1 73.9 71.2 69.7 73.4 3.7 78.2 8.1 
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霉素 73.9 87.4 77.1 81.9 78.3 89.4 81.3 7.5 

88.5 79.2 70.2 84.8 83.3 73.7 80.0 8.7 

0.3 

108.0 107.5 105.6 108.4 93.5 109.6 105.4 5.7 

100.5 7.0 94.6 101.7 102.6 100.7 107.4 101.9 101.5 4.1 

91.6 93.7 93.6 90.2 90.3 107.7 94.5 7.0 

1.5 

88.9 94.9 89.1 97.0 91.4 96.2 92.9 3.9 

92.0 5.4 97.1 80.4 93.8 96.0 88.9 98.6 92.5 7.4 

89.9 89.1 94.6 97.2 83.8 89.6 90.7 5.2 

3 

92.5 84.4 86.8 85.9 80.7 95.2 87.6 6.1 

90.1 7.3 90.7 96.3 81.2 98.1 82.9 93.5 90.4 7.8 

99.3 94.3 93.8 80.2 98.6 86.8 92.1 8.0 

250 

80.3 78.3 77.2 74.7 84.3 75.1 78.3 4.6 

80.0 7.7 89.8 88.8 76.3 71.6 88.9 81.9 82.9 9.2 

87.1 73.3 73.3 75.0 77.6 86.9 78.9 8.2 

2500 

101.8 90.1 103.1 105.9 104.7 95.8 100.2 6.1 

100.7 5.7 109.4 105.9 93.1 102.5 106.4 90.6 101.3 7.6 

102.2 98.7 94.7 104.6 104.7 98.4 100.5 3.9 
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表22. 维生素预混料回收率试验结果 

化合

物 

添加浓

度

(mg/kg) 

平行样回收率（%） 

批内添加平

均回收率

（%） 

批内

RSD

（n=6,%) 

批间添加

平均回收

率（%） 

批间 RSD

（n=18,%) 

双氢

链霉

素 

0.1 

92.0 85.7 93.3 86.4 92.1 94.3 90.6 4.0 

90.6 4.3 85.0 93.7 94.2 85.7 94.9 91.0 90.7 4.8 

93.8 85.6 93.0 86.5 87.5 95.9 90.4 4.8 

0.3 

97.7 103.3 97.1 100.7 106.4 106.5 102.0 4.0 

100.4 5.4 94.3 94.5 106.4 109.1 107.1 100.7 102.0 6.4 

93.9 96.2 95.3 94.9 96.3 107.2 97.3 5.1 

1.5 

98.7 96.1 97.7 88.7 94.5 82.2 93.0 6.8 

89.4 7.1 84.4 94.7 84.6 91.9 86.0 81.7 87.2 5.7 

95.5 82.1 97.3 87.1 80.6 85.8 88.1 7.8 

3 

100.6 100.2 103.1 92.5 104.8 90.8 98.6 5.8 

101.4 5.4 104.9 106.5 92.6 104.4 104.1 99.5 102.0 5.1 

108.6 107.5 94.0 105.4 103.0 103.7 103.7 5.0 

250 

102.1 105.7 101.2 102.5 108.4 97.6 102.9 3.6 

102.5 5.0 108.8 96.6 106.3 96.0 107.1 96.9 101.9 5.9 

102.7 103.3 108.6 106.0 103.9 90.7 102.5 6.0 

2500 

98.9 108.2 92.9 94.3 97.6 95.4 97.9 5.6 

100.1 4.9 94.7 108.0 105.6 103.6 92.5 99.7 100.7 6.1 

102.3 102.8 101.8 97.9 104.0 101.0 101.6 2.1 

链霉

素 

0.1 

92.6 91.8 93.0 88.3 91.4 86.2 90.6 3.0 

91.6 2.8 90.4 88.9 95.5 90.3 94.6 93.1 92.1 2.9 

92.3 92.9 88.1 90.1 94.4 94.7 92.1 2.8 

0.3 

61.6 63.7 70.9 64.9 77.1 69.6 68.0 8.4 

71.9 8.0 79.2 75.3 78.6 71.6 73.4 75.0 75.5 3.9 

73.9 62.1 77.2 67.9 74.1 77.8 72.2 8.4 

1.5 

78.1 87.6 83.6 84.3 87.2 85.7 84.4 4.1 

82.5 6.9 85.1 75.6 72.5 88.7 76.3 89.2 81.2 9.0 

71.3 77.6 86.5 82.8 87.5 85.5 81.8 7.7 

3 

74.1 74.1 75.8 86.8 70.4 81.0 77.0 7.7 

77.5 6.4 82.4 74.7 71.6 81.6 78.1 79.9 78.0 5.4 

71.4 74.1 72.8 83.8 78.0 84.2 77.4 7.2 

250 

93.8 92.0 97.0 109.3 108.4 109.1 101.6 8.1 

100.6 6.7 95.3 108.6 109.3 92.1 96.6 97.6 99.9 7.3 

109.8 99.8 94.9 100.4 101.9 94.7 100.3 5.5 

2500 

91.6 93.4 95.3 90.7 95.5 95.1 93.6 2.2 

96.8 5.1 90.3 101.7 97.8 106.4 103.8 97.9 99.7 5.7 

96.0 101.3 101.8 90.9 92.0 100.3 97.1 5.0 

卡那 0.1 88.6 89.3 86.3 92.0 85.2 85.9 87.9 3.0 90.0 3.6 
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霉素 87.3 86.7 91.5 88.7 93.2 94.4 90.3 3.5 

95.3 92.8 95.0 92.1 88.6 88.1 92.0 3.3 

0.3 

98.3 105.7 100.3 102.8 105.4 90.6 100.5 5.6 

98.7 5.3 93.7 97.9 93.6 106.5 95.9 97.6 97.5 4.9 

91.0 92.7 105.2 103.4 100.4 95.6 98.0 5.9 

1.5 

81.1 79.5 82.7 83.7 70.1 73.7 78.5 6.9 

79.8 7.2 73.6 87.2 87.2 74.1 78.5 74.2 79.1 8.2 

78.3 75.5 87.4 77.1 89.7 83.5 81.9 7.1 

3 

81.9 86.9 85.9 75.0 84.7 77.7 82.0 5.8 

80.9 6.2 78.3 84.2 80.5 84.6 76.3 87.2 81.8 5.1 

75.6 74.6 72.9 85.8 77.5 87.5 79.0 7.8 

250 

80.0 78.9 77.3 72.0 86.4 89.7 80.7 7.9 

82.3 6.1 78.1 87.3 78.6 84.8 75.0 85.2 81.5 6.0 

89.7 84.6 81.8 80.7 86.8 84.2 84.6 3.9 

2500 

99.0 90.5 100.1 109.6 95.1 109.3 100.6 7.6 

100.0 6.1 109.1 94.3 101.7 102.4 92.6 107.1 101.2 6.6 

102.7 102.4 100.2 97.4 91.4 95.0 98.2 4.5 

结果可知，猪鸡配合饲料、猪鸡浓缩饲料和牛精料补充料中链霉

素、双氢链霉素、卡那霉素的添加平均回收率为 68.0%~102.9%，批

内和批间 RSD 为 1.8%~13.6%；猪复合预混料、鸡复合预混料、维生

素预混料中链霉素、双氢链霉素、卡那霉素的添加平均回收率为

68.0%~105.4%，批内和批间 RSD 为 1.2%~9.9%。表明本方法准确度

和精密度良好，适用于上述类型饲料中三种氨基糖苷类药物的测定。 

液相色谱串联质谱仪为高灵敏度高精密度仪器，饲料样品种类繁

多，所含杂质无法准确确定，且实验前处理过程影响因素多，因此会

给同一样品的检测结果造成不同程度的偏差。因此，依据本实验检测

结果的相对偏差值，参照国内相关液质联用方法标准，最终将本标准

重复性允许偏差确定为不大于 20%。 

2.4 实际样品（非添加样）的测定 

为进一步验证方法的适用性和科学性，应用所建立的测定方法对
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养殖场的 20 份饲料样品进行检测，包括配合饲料、浓缩饲料、精料

补充料和预混合饲料，结果发现所检样品中三种 AGs 均低于检测限，

说明饲料禁抗政策得到了有效实施，违禁添加行为得到有效制止，代

表性饲料样品图谱见图 47~50。实际样品种类汇总表见表 23。 

表23. 实际样品种类汇总表 

饲料 数量（个） 检出值（mg/kg） 

鸡配合饲料 8 ND 

猪浓缩饲料 6 ND 

猪预混合饲料 3 ND 

精料补充料 3 ND 
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图47. 鸡配合饲料样品特征离子色谱图 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 1400.0 cps.
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4.612.001.62 2.32 4.251.04 2.89 3.10 4.734.14 8.27 9.048.545.54 9.47 9.686.85 7.446.973.85 11.925.68 6.080.670.16 7.575.25 9.99 10.74 10.91

XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 3200.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 1700.0 cps.
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10.43

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 5200.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 2400.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 1400.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 1000.0 cps.
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8.574.08
4.99 5.53 9.87

XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 500.0 cps.
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0.78 3.95 4.99 7.08 7.50 8.26 9.93

XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 900.0 cps.
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3.18 8.52
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 7 (A_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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图48. 猪浓缩饲料样品特征离子色谱图 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 9502.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 2.9e4 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 900.0 cps.
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2.66 8.817.60 7.83

10.546.85
0.21 10.66 11.34

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 3800.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 3900.0 cps.
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3.26 4.651.82 2.21 9.188.477.142.31 8.271.30 8.991.14 5.835.10 9.839.485.312.67 10.853.59 3.79 11.517.026.68 7.354.11 9.920.53

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 9502.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 500.0 cps.
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3.17 5.52 6.68 7.28 7.45 9.08 9.312.000.08 11.54

XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 500.0 cps.
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3.10 7.05 8.513.681.03 9.98

XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 400.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 8 (B_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 500.0 cps.
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图49. 牛精料补充饲料样品特征离子色谱图 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 3500.0 cps.
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XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 1100.0 cps.
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XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 5200.0 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 2300.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 1000.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 800.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 600.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive) Max. 900.0 cps.
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0.38 5.73 7.54 11.55

XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 9 (C_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 1200.0 cps.
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图50. 猪预混合饲料样品特征离子色谱图 

 

 

 

 

 

 

XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 2700.0 cps.
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XIC of +MRM (27 pairs): 485.200/163.200 Da ID: KNM_1 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDriv... Max. 3700.0 cps.
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3.823.14 5.081.07 8.22 8.607.10 9.22 10.30 10.940.25 11.370.75 5.62 9.815.88 11.516.86 8.027.62

XIC of +MRM (27 pairs): 485.200/324.300 Da ID: KNM_2 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDriv... Max. 5801.0 cps.
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2.061.04 4.48 4.59 4.942.942.43 4.223.733.43 8.818.06 9.955.49 9.396.57 7.477.30 8.616.085.97

XIC of +MRM (27 pairs): 540.300/378.300 Da ID: APC_1 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 1.4e4 cps.
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XIC of +MRM (27 pairs): 540.300/217.000 Da ID: APC_2 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDriv... Max. 4800.0 cps.
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XIC of +MRM (27 pairs): 333.100/98.200 Da ID: STM_1 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDrive... Max. 2700.0 cps.
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XIC of +MRM (27 pairs): 584.400/263.100 Da ID: DSM_1 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDriv... Max. 1700.0 cps.
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XIC of +MRM (27 pairs): 584.400/246.200 Da ID: DSM_2 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDriv... Max. 1400.0 cps.
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XIC of +MRM (27 pairs): 582.400/263.200 Da ID: SPM_1 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDriv... Max. 1800.0 cps.
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XIC of +MRM (27 pairs): 582.400/221.400 Da ID: SPM_3 from Sample 10 (D_K) of 20210929_FEED_AGs_TEXT9.wiff (Turbo Spray IonDriv... Max. 3000.0 cps.
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三、试验验证的分析、综述报告，技术经济论证，预期的经

济效果 

2021 年 10 月，标准编制小组委托农业农村部饲料质量监督检验

测试中心（成都）、广东省农业科学院农业质量标准与监测技术研究

所和江苏省兽药饲料质量检验所完成本标准的复核验证工作。 

验证结果表明，目标分析物在不同仪器上的母离子和子离子之间

分别相差 0.2 和 0.3 单位（见表 24），属于仪器的误差范围，基本无

差异性变化。目标物在各自浓度范围内线性良好，相关系数>0.99；

加标回收率范围、相对标准偏差与标准规定相符合；方法检出限、定

量限与标准规定一致；方法灵敏度高、重复性好，适用于饲料中链霉

素、双氢链霉素、卡那霉素的测定。 

表24. 三种 AGs 药物的母离子和子离子在不同仪器间差异性变化 

本方法 验证单位 1 验证单位 2 验证单位 3 

仪器类型 AB 6500 plus Agilent 6495 SHIMADZU 8060 AB 5500 

化合物 母离子 子离子 母离子 子离子 母离子 子离子 母离子 子离子 

链霉素 582.4 
221.4 

263.2 
582.3 

221.2 

263.1  
582.26 

221.10 

263.10  
582.4 

221.4 

263.2 

双氢链霉

素 
584.4 

246.2 

263.1 
584.3 

246.1 

263.1 
584.21 

246.05 

263.20 
584.4 

246.2 

263.1 

卡那霉素 485.2 
324.3 

163.2 
485.2 

324.2 

163.1 
485.00 

324.15 

163.10 
485.2 

324.3 

163.2 

制定、发布、实施本标准，有利于农业主管部门对饲料中氨基糖

苷类药物进行质量安全监管，保证饲料、畜禽产品和水产品的质量安

全，促进我国饲料工业的高质量发展。 

四、与国际、国外同类标准技术内容的对比情况 

美国分析化学家协会发布了《AOAC Official Method 971.49 
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Streptomycin in Feeds》、《AOAC Official Method 973.81 Spectinomycin 

in Feeds》和《AOAC Official Method 998.02 Neomycin in Feeds》标准，

采用微生物法分析链霉素、大观霉素和新霉素含量，而本标准采用液

相色谱串联质谱的仪器方法，在方法种类、技术内容和药物品种等方

面存在较大差异。 

与国内同类标准技术内容对比情况见表 1。结果表明：我国现行

的《SN/T 5117-2019 进出口食用动物、饲料 链霉素类（链霉素、二

氢链霉素）药物残留测定 液相色谱-质谱/质谱法》规定了玉米粉、小

麦粉、高粱粉中链霉素和二氢链霉素的测定，测定低限 10 µg/kg。本

标准适用范围与 SN/T 5117-2019 不同，检出限、定量限也不同。 

五、采标情况，以及是否合规引用或采用国际国外标准 

未采用国际标准或国外标准。 

六、与有关法律、法规的关系 

本标准与现行的有关饲料法律、法规、规章和政策以及有关基础

标准和强制性标准方向统一一致，相互支持，互相配合、协调一致，

形成统一的有机整体。 

七、重大分歧意见的处理经过和依据 

标准编制小组发送给国家饲料质检中心、省部级饲料质检机构、

大中型饲料企业实验室、全国饲料工业标准化技术委员会委员等相关

的质检机构、科研院所、高校、企业等单位的专家征求意见，发函单

位 21 个，回函单位 21 个，未回函单位 0 个；提出意见单位 21 个，

无意见单位 0 个；收到回函意见 29 份，合并相同意见后共计 98 条，
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采纳 86 条，部分采纳或不采纳 12 条。无重大分歧意见。 

2022 年 4 月 15 日，全国饲料工业标准化技术委员会饲料检测方

法标准化工作组组织专家对我单位起草的该项行业标准（预审稿）进

行了认真审查，提出审查意见 14 条，标准编制小组全部予以采纳。

本方法在研制过程中包含了安普霉素的有关内容，因与饲料标准方法

体系冲突，预审会后删除了该药物。无重大分歧意见。 

八、涉及专利的有关说明 

本标准未明确涉及某一具体专利，但某些内容可能涉及专利，本

文件的发布机构不承担识别专利的责任。 

九、贯彻国家标准的要求，以及组织措施、技术措施、过渡

期和实施日期的建议等措施建议 

（1）本标准在实施前，使用者应得到有效的电子和纸质文本，

保证新标准贯彻实施的基础。 

（2）发布后、实施前应将信息在媒体上广为宣传，建议全国饲

料工业标准化技术委员会组织标准起草单位通过标准培训、会议宣

贯、影音文件等方式，积极开展本标准的宣贯工作。 

（3）建议本标准正式发布后，设定 6 个月的过渡期，过渡 6 个

月后实施。 

十、其他应当说明的事项 

无 
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