
氨基糖苷类抗生素（AG）属于抗生素产品，广泛用于治疗
牛、羊、猪和家禽的细菌感染。它们具有广谱活性，可用于抑
制革兰氏阳性和革兰氏阴性菌。

AG具有耳毒性和肾毒性，但由于价格低，并没有妨碍它
在兽医应用中的广泛使用。

AG对组织具有高度的亲和力，如果没有遵守停药期或使
用不当，它们可能会出现在肉类、牛奶或蛋中。因此，吃含氨
基糖苷类抗生素的食物对人体健康有潜在危害。

监管机构已为这些兽用化合物设定了最大残留限量
（MRL）。

氨基糖苷类抗生素属于极性很强的化合物，难以通过反相
液相色谱保留。

选择离子对试剂并不理想，因为其容易污染分析系统并干
扰其它方法。

对此，已开发出一种方法包来克服这些难题。其中包括从
各种产品中制得纯净提取物的方法，以及使用亲水相互作用液
相色谱（HILiC）结合三重四极杆质谱检测的快速定量方法。
必要时，在无需更换试剂的情况下，可以使用另外一种方法
MRM扫描模式进行正式峰鉴定。

本文中，我们报告了使用该方法包来评估多种肉类样品和
牛奶的安全水平。

Mikaël Levi，日本京都市岛津制作所。
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Axial Compression Test of Hat-Shaped Specimens 

 

LAAN-A-AG-E028

In the automotive industry, improvement of automobile fuel 
economy as a countermeasure for global warming has become 
a critical issue in recent years. Although various measures such 
as reducing the air resistance of the auto body and reducing the 
rolling resistance of the tires are conceivable, one of the most 
effective measures is reduction of auto body weight. Reducing 
the thickness of members can be considered as an approach for 
reducing auto body weight, but on the other hand, safety 
requirements must also be satisfied. High-strength materials are 
being developed from this viewpoint. As examples, CFRP 
(carbon fiber reinforced plastic) and high tensile strength steel 
may be mentioned.  
CFRP is a resin material which is reinforced with carbon fiber, and 
has particularly high specific strength and specific rigidity, even 
among composite materials. CFRP in which thermosetting resin 
is used as the matrix resin is already used in racecars and luxury 
vehicles, and in recent years, CFRTP (carbon fiber reinforced 
thermoplastic composite) has also been developed by using a 
high formability thermoplastic resin as the matrix resin. On the 
other hand, high tensile strength steel is a class of materials with 
higher strength than general structural steel, and materials with 
strength of 1,000 MPa or more have also been developed. 
In this research, hat-shaped specimens of CFRTP and high tensile 
strength steel were prepared as hollow frames, which are used 
in large numbers in automobile bodies, and were subjected to 
an axial compression test. In addition to measuring the 
compressive strength of the respective materials, video 
recording synchronized to the test results was also performed in 
order to identify the fracture point. 

F. Yano 
 

Measurement System 
A Shimadzu AGX™-V Series precision universal testing machine 
was used in these tests. Because analog input equivalent to 20 
channels is possible with the AGX-V Series, the hat-shaped 
specimens were divided into 10 sections in the height direction, 
a total of 20 strain gauges were attached to the front and back 
sides, and their signals were captured. Video recording was also 
performed using a USB camera, and the results were compared 
with the output from the strain gauges. Table 1 shows the 
specification of the test system used here. Fig. 1 shows the 
condition of the test, and Fig. 2 shows a test specimen after the 
strain gauges were attached. 
 

Table 1  Specification of Test System 
Instrument : AGX-300 kNV 
Test jig : Fixed compression plate 
Software : TRAPEZIUM X-V 
USB camera : LifeCam Studio® 
Dynamic strain gauge : DPM-952A 

Measurement Results 
The compression tests were conducted with the test speed set 
to 20 mm/min. Table 2 shows the test conditions. Fig. 3 shows 
the test force-displacement curves. The maximum test force of 
the hat-shaped specimens was 58.3 kN for the CFRTP and 
132.6 kN for the high tensile strength steel. The earliest damage 
of the CFRTP occurred at approximately 50 kN, and after that 
point, the test force trended at around 40 kN in spite of increases 
and decreases. On the other hand, with the high tensile strength 
steel, the test force decreased greatly after achieving the 
maximum test force. However, as in the case of the CFRTP, the 
behavior of the test force after this point trended at around 
40 kN with some variations. 

 
Fig. 1  Condition of Test (High Tensile Strength Steel) 

 

 
Fig. 2  Test Specimen after Attaching Strain Gauges 

(High Tensile Strength Steel) 

 
Table 2  Test Conditions 

Test speed : 20 mm/min 
Specimen height : 400 mm 
Specimen materials : CFRTP, high tensile strength 

steel 
Number of tests : n = 1 

  

USB camera 

Dynamic strain gauge 
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图 1. 本文涉及的氨基糖苷类抗生素
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Fast Quantitative Analysis of Aminoglycoside 
Antibiotic Residues in Meat, Eggs and Milk and 
Identity Confirmation with MRM Spectrum Mode 

 

LAAN-A-LM-E145

Aminoglycoside (AGs) are an antibiotic family widely 
used for the treatment of bacterial infections in cattle, 
sheep, pigs and poultry. They have a broad-spectrum 
activity and are used against Gram-positive and Gram-
negative bacteria. 
AGs possess oto- and nephrotoxicity which did not 
hinder the widespread use of AGs in veterinary 
applications because of their low cost. 
Due to their high affinity for tissues, They may occur in 
meat, milk or eggs if the withholding period has not 
been observed or if used improperly. Therefore, eating 
food containing aminoglycosides can be potentially 
hazardous for human health. 
Regulatory agencies have set maximum residue limits 
(MRL) for these compounds with veterinary use. 
Aminoglycosides are very polar compounds poorly 
retained by reversed-phase liquid chromatography. 

Ion-pairing reagents are not desirable as they can easily 
contaminate the analytical system and interfere in 
other methods. 
A Method Package has been developed to overcome 
these problems. It comprises a protocol to generate 
clean extracts in a variety of  commodities and a rapid 
quantitative method using hydrophilic interaction 
liquid chromatography (HILiC) combined with triple 
quadrupole mass spectrometry detection. When 
necessary, a second method for formal peak 
identification using MRM Spectrum Mode can be 
applied without changing reagents. 
In this document, we report the use of the method 
package to assess the safety level of several meat 
samples and milk. 
 

Mikaël Levi, Shimadzu Corporation, Kyoto, Japan. 

 
 

 
Fig. 1  Targeted aminoglycosides 
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■样品制备
肉类样品（神户牛肉、鸡胸肉和鸡肝、猪排）和牛奶均从

当地超市购买。研磨后，依据方法包中的说明处理 5 g样品。
简而言之，添加内标物（核糖霉素）后，用酸性缓冲液分两次
提取化合物。然后，利用弱阳离子交换作用纯化提取物，并在
进样前稀释 5倍（5 μL）。另外，按日本厚生劳动省规定的 0.5

倍和 1.5倍 MRL（最大残留限量）加标各个样品。
除了 0.5倍 MRL加标水平的牛肉样品制备 6次以外，所有

样品均制备一次。

■ LC-MS/MS 分析
使用方法包中的 LC-MS/MS条件和即用型方法测定纯化的

提取物。使用流动相溶解的校准曲线定量样品。
首先，使用快速定量法来测定样品。该方法在 HILiC条件

下用乙腈和甲酸盐缓冲液对化合物进行梯度洗脱。分析的周期
时间为 4.5分钟。在多反应监测（MRM）模式下进行检测，每
个化合物采集 2个离子对。

对阳性样品（即，超过MRL）的纯化提取物进行二次进样，
从而评估峰的同一性。为此，采用了第二种方法，该方法具有
相同的色谱柱和流动相，但梯度有所不同，且每种化合物（ISTD

除外）选择 15个 MRM离子对。

分析系统为 NexeraTM X2 UHPLC与 LCMS-8060三重四极
杆质谱仪的联用系统。用 LabSolutions InsightTM v.3.1在筛选
选项下进行数据处理。

■结果
MRL 视种类和产品而有所不同。根据日本现行规定，如

果没有对兽药残留的 MRL做出正式规定，则对于任何被测化
学物质，均应考虑将‘默认’MRL设为 10 μg/kg。将安普霉
素、二氢链霉素、庆大霉素、卡那霉素、新霉素、大观霉素和
链霉素的校准曲线范围设为涵盖最低 MRL的 10%到最高 MRL

的 150%。将没有正式规定 MRL的其它化合物的校准范围设为
10 μg/kg的 20%至 150%。表 1中列出了校准曲线浓度值。
评估了在该范围内定期使用的七个校准级别。选择准确度范围
介于 85 - 115%的校准标准品。图 2列出了代表性校准曲线。

未加标的样品显示不含氨基糖苷类抗生素残留物。然后，
使用计算的浓度计算加标样品的回收率。表 2中列出了计算结
果。所有化合物和所有类型样品的回收率均在 70 - 120%的可
接受范围内。利用 0.5 × MRL水平加标的牛肉样品评估重复性。
结果见表 3。%RSD小于 20%，说明适合此类应用。

图 3显示了质谱图示例。

表 1. 所选样品在日本的最大残留限量和相应校准曲线范围

校准曲线范围

低 MRL
（μg/kg）

高 MRL
（μg/kg）

LLOQ
(μg/kg)

LLOQ
(ng/mL)

ULOQ
(μg/kg)

ULOQ
(ng/mL)

阿卡米星 无值 默认值（10） 2 0.1 15 0.75

安普霉素 60 500 6 0.3 750 37.5

二氢链霉素 200 600 20 1.0 900 45.0

庆大霉素（总和） 100 200 10 0.5 300 15.0

潮霉素 无 MRL 默认值（10） 2 0.1 15 0.75

卡那霉素 40 500 4 0.2 750 37.5

新霉素 500 500 50 2.5 750 37.5

奈替米星 无 MRL 默认值（10） 2 0.1 15 0.75

巴龙霉素 无 MRL 默认值（10） 2 0.1 15 0.75

西索米星 无 MRL 默认值（10） 2 0.1 15 0.75

大观霉素 200 2000 20 1.0 3000 150.0

链霉素 200 600 20 1.0 900 45.0

妥布霉素 无 MRL 默认值（10） 2 0.1 15 0.75
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 Sample Preparation 
Meat samples (Kobe style beef muscle, chicken breast 
and liver, pork cutlet) and cow milk were purchased 
from local supermarket. After grinding, 5 g of sample 
were treated as described in Method Package. Briefly, 
after addition of internal standard (Ribostamycin), 
compounds were extracted twice with acidic buffer. 
Extracts were then purified by weak-cation exchange 
and diluted by a factor of 5 before injection (5 μL). Each 
sample was also spiked at 0.5 times and 1.5 times the 
MRL defined by Japanese Ministry of Health, Labour 
and Welfare. 
All samples were prepared once except the beef 
sample spiked at 0.5 × MRL, which was prepared in 6 
replicates. 
 

 LC-MS/MS Analysis 
Purified extracts were assayed using LC-MS/MS 
conditions and ready-to-use methods included in the 
Method Package. A calibration curve prepared in 
mobile phase was used to quantify samples. 
Samples were first assayed using a fast quantitative 
method. This method use HILiC conditions to elute 
compounds with a gradient of acetonitrile and a 
formate buffer. Cycle time for analysis is 4.5 minutes. 
Detection was performed in Multiple Reaction 
Monitoring (MRM) mode with 2 transitions acquired 
per compound. 
For positive samples (i.e. over the MRL), a second 
injection of purified extracts was performed to assess 
peak identity. For this purpose, a second method with 
same column and mobile phases but alternative 
gradient and 15 MRM per compound (except ISTD) was 
used. 

The analytical system was a NexeraTM X2 UHPLC 
coupled with LCMS-8060 triple quadrupole mass 
spectrometer. Data processing was made with 
LabSolutions InsightTM v.3.1 with Screening option. 
 

 Results 
Depending on the species and commodities, MRL are 
different. According to current rule in Japan, if no MRL 
has been officially defined for a veterinary drug residue, 
a ‘default’ MRL of 10 μg/kg should be considered for 
any chemical tested. Then, for Apramycin, 
Dihydrostreptomycin, Gentamicin, Kanamycin, Neomycin, 
Spectinomycin and Streptomycin, the calibration 
range was set to cover from 10 % of the lowest MRL to 
150 % of the highest one. For other compounds 
without official MRL, the calibration range was set from 
20 % to 150 % of 10 μg/kg. Calibration values can be 
found in Table 1. Seven calibration levels, regularly 
dispatched within the range were prepared. 
Calibration standards with an accuracy within 85 - 
115 % were selected. Representative calibration curves 
are shown in Fig. 2. 
Samples without spiking revealed to be free of 
aminoglycoside residues. Then recovery was calculated 
in spiked samples using the calculated concentrations. 
Results can be seen in Table 2. Recoveries were in the 
acceptable range of 70 - 120 % for all compounds and all 
type of samples. Repeatability have been assessed in 
beef sample spiked at 0.5 × MRL. Results are presented 
in Table 3. The % RSD was less than 20 % which is 
suitable for such application. 
Mass chromatograms example is presented in Fig. 3. 

 
Table 1  Maximum residue limits in Japan for the selected samples and corresponding calibration ranges 

  Calibration Range 
 Low MRL 

(μg/kg)
High MRL 

(μg/kg) 
LLOQ 

(μg/kg)
LLOQ 

(ng/mL)
ULOQ  

(μg/kg) 
ULOQ 

(ng/mL)
Amikacin No value Default (10) 2 0.1 15 0.75
Apramycin 60 500 6 0.3 750 37.5
Dihydrostreptomycin 200 600 20 1.0 900 45.0
Gentamicin (sum) 100 200 10 0.5 300 15.0
Hygromycin No MRL Default (10) 2 0.1 15 0.75
Kanamycin 40 500 4 0.2 750 37.5
Neomycin 500 500 50 2.5 750 37.5
Netilmicin No MRL Default (10) 2 0.1 15 0.75
Paromomycin No MRL Default (10) 2 0.1 15 0.75
Sisomicin No MRL Default (10) 2 0.1 15 0.75
Spectinomycin 200 2000 20 1.0 3000 150.0
Streptomycin 200 600 20 1.0 900 45.0
Tobramycin No MRL Default (10) 2 0.1 15 0.75
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图 2. 代表性校准曲线

图 3. 针对每种化合物以 50% MRL加标的鸡肝样品

表 2. 加标样品中的计算回收率

AMI APRA DHSTP GENT C1a GENT C1 GENT C2/C2a HYGRO KANA

0.5 x MRL

时的回收率

牛奶 91.9% 88.7% 108% 76.6% 89.4% 83.3% 94.3% 100%

牛肉 107% 89.0% 117% 90.4% 94.2% 95.2% 107% 102%

猪肉 88.3% 98.9% 114% 80.4% 86.3% 87.6% 96.5% 88.7%

鸡胸肉 82.2% 90.3% 97.4% 98.7% 92.4% 90.3% 105% 94.8%

鸡肝 70.9% 91.5% 103% 91.3% 80.8% 86.1% 99.4% 101%

1.5 x MRL

时的回收率

牛奶 83.0% 99.0% 106% 85.8% 91.0% 101% 91.8% 98.1%

牛肉 89.9% 95.9% 96.9% 98.8% 91.2% 95.5% 104% 96.1%

猪肉 86.3% 89.5% 98.5% 95.1% 102% 96.9% 112% 97.2%

鸡胸肉 82.2% 90.3% 97.4% 98.7% 92.4% 90.3% 105% 94.8%

鸡肝 87.8% 90.7% 90.7% 99.5% 85.5% 88.8% 91.6% 83.8%

NEO NETIL PARO SISO SPC STP TOB

0.5 x MRL

时的回收率

牛奶 81.2% 101% 73.3% 75.3% 94.0% 111% 91.0%

牛肉 91.4% 101% 88.1% 88.4% 110% 114% 91.5%

猪肉 85.7% 91.0% 90.7% 76.4% 101% 111% 85.8%

鸡胸肉 94.1% 90.5% 78.4% 84.9% 92.7% 102% 107%

鸡肝 78.6% 90.8% 76.5% 78.8% 101% 108% 92.5%

1.5 x MRL

时的回收率

牛奶 96.7% 93.6% 86.9% 99.4% 94.8% 105% 102%

牛肉 113% 91.1% 103% 106% 86.9% 93.1% 105%

猪肉 106% 90.4% 94.8% 94.3% 95.2% 105% 108%

鸡胸肉 94.1% 90.5% 78.4% 84.9% 92.7% 102% 107%

鸡肝 109% 82.4% 89.5% 95.3% 75.3% 90.0% 98.1%
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Table 1  Maximum residue limits in Japan for the selected samples and corresponding calibration ranges 

  Calibration Range 
 Low MRL 

(μg/kg)
High MRL 

(μg/kg) 
LLOQ 

(μg/kg)
LLOQ 
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ULOQ  
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Table 2  Calculated recoveries in spiked samples 
  AMI APRA DHSTP GENT C1a GENT C1 GENT C2/C2a HYGRO KANA

Recovery at  
0.5 × MRL 

Milk 91.9 % 88.7 % 108 % 76.6 % 89.4 % 83.3 % 94.3 % 100 %
Beef 107 % 89.0 % 117 % 90.4 % 94.2 % 95.2 % 107 % 102 %
Pork 88.3 % 98.9 % 114 % 80.4 % 86.3 % 87.6 % 96.5 % 88.7 %
Chicken Breast 82.2 % 90.3 % 97.4 % 98.7 % 92.4 % 90.3 % 105 % 94.8 %
Chicken Liver 70.9 % 91.5 % 103 % 91.3 % 80.8 % 86.1 % 99.4 % 101 %

Recovery at  
1.5× MRL 

Milk 83.0 % 99.0 % 106 % 85.8 % 91.0 % 101 % 91.8 % 98.1 %
Beef 89.9 % 95.9 % 96.9 % 98.8 % 91.2 % 95.5 % 104 % 96.1 %
Pork 86.3 % 89.5 % 98.5 % 95.1 % 102 % 96.9 % 112 % 97.2 %
Chicken Breast 82.2 % 90.3 % 97.4 % 98.7 % 92.4 % 90.3 % 105 % 94.8 %
Chicken Liver 87.8 % 90.7 % 90.7 % 99.5 % 85.5 % 88.8 % 91.6 % 83.8 %

     

  NEO NETIL PARO SISO SPC STP TOB 

Recovery at  
0.5 × MRL 

Milk 81.2 % 101 % 73.3 % 75.3 % 94.0 % 111 % 91.0 % 
Beef 91.4 % 101 % 88.1 % 88.4 % 110 % 114 % 91.5 % 
Pork 85.7 % 91.0 % 90.7 % 76.4 % 101 % 111 % 85.8 % 
Chicken Breast 94.1 % 90.5 % 78.4 % 84.9 % 92.7 % 102 % 107 % 
Chicken Liver 78.6 % 90.8 % 76.5 % 78.8 % 101 % 108 % 92.5 % 

Recovery at  
1.5 × MRL 

Milk 96.7 % 93.6 % 86.9 % 99.4 % 94.8 % 105 % 102 % 
Beef 113 % 91.1 % 103 % 106 % 86.9 % 93.1 % 105 % 
Pork 106 % 90.4 % 94.8 % 94.3 % 95.2 % 105 % 108 % 
Chicken Breast 94.1 % 90.5 % 78.4 % 84.9 % 92.7 % 102 % 107 % 
Chicken Liver 109 % 82.4 % 89.5 % 95.3 % 75.3 % 90.0 % 98.1 % 

 
 

 

Fig. 2  Representative calibration curves 

 
 

 

Fig. 3  Chicken liver sample spiked at 50 % of the MRL for each compound 

 
 

Application 
News 

No. C175 

Table 2  Calculated recoveries in spiked samples 
  AMI APRA DHSTP GENT C1a GENT C1 GENT C2/C2a HYGRO KANA

Recovery at  
0.5 × MRL 

Milk 91.9 % 88.7 % 108 % 76.6 % 89.4 % 83.3 % 94.3 % 100 %
Beef 107 % 89.0 % 117 % 90.4 % 94.2 % 95.2 % 107 % 102 %
Pork 88.3 % 98.9 % 114 % 80.4 % 86.3 % 87.6 % 96.5 % 88.7 %
Chicken Breast 82.2 % 90.3 % 97.4 % 98.7 % 92.4 % 90.3 % 105 % 94.8 %
Chicken Liver 70.9 % 91.5 % 103 % 91.3 % 80.8 % 86.1 % 99.4 % 101 %

Recovery at  
1.5× MRL 

Milk 83.0 % 99.0 % 106 % 85.8 % 91.0 % 101 % 91.8 % 98.1 %
Beef 89.9 % 95.9 % 96.9 % 98.8 % 91.2 % 95.5 % 104 % 96.1 %
Pork 86.3 % 89.5 % 98.5 % 95.1 % 102 % 96.9 % 112 % 97.2 %
Chicken Breast 82.2 % 90.3 % 97.4 % 98.7 % 92.4 % 90.3 % 105 % 94.8 %
Chicken Liver 87.8 % 90.7 % 90.7 % 99.5 % 85.5 % 88.8 % 91.6 % 83.8 %

     

  NEO NETIL PARO SISO SPC STP TOB 

Recovery at  
0.5 × MRL 

Milk 81.2 % 101 % 73.3 % 75.3 % 94.0 % 111 % 91.0 % 
Beef 91.4 % 101 % 88.1 % 88.4 % 110 % 114 % 91.5 % 
Pork 85.7 % 91.0 % 90.7 % 76.4 % 101 % 111 % 85.8 % 
Chicken Breast 94.1 % 90.5 % 78.4 % 84.9 % 92.7 % 102 % 107 % 
Chicken Liver 78.6 % 90.8 % 76.5 % 78.8 % 101 % 108 % 92.5 % 

Recovery at  
1.5 × MRL 

Milk 96.7 % 93.6 % 86.9 % 99.4 % 94.8 % 105 % 102 % 
Beef 113 % 91.1 % 103 % 106 % 86.9 % 93.1 % 105 % 
Pork 106 % 90.4 % 94.8 % 94.3 % 95.2 % 105 % 108 % 
Chicken Breast 94.1 % 90.5 % 78.4 % 84.9 % 92.7 % 102 % 107 % 
Chicken Liver 109 % 82.4 % 89.5 % 95.3 % 75.3 % 90.0 % 98.1 % 
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■结果（续）
为了增加超过 MRL的化合物鉴定的精准度，可以将提取物

再次进样，使用另外一种方法进行分析，延长梯度时间，并针
对每种化合物选择 15个 MRM离子对。然后，合并 MRM信号
以生成在最佳碰撞能量下的 MRM扫描谱。

下面显示了 LabSolutions Insight在筛选选项下搜索结果的
示例（图 4）。可以在批表模式下自动完成样品处理和谱库检
索。在此情况下，可以获得较高的鉴定分数。二氢链霉素得分
为 95，而第二条筛选结果中的化合物（链霉素，结构非常相似
的化合物）得分仅为 51。

■结论
新开发的方法包成功用于真实肉类和牛奶样品的鉴定。即

使对于痕量水平下的非监管化合物，定量方法也获得了较高的
回收率和准确度，无需使用对应的基质标曲即可将其用于各种
不用的样品。

利用 MRM扫描模式的补充方法提高了超限化合物鉴定的
精准度。

图 4. 1.5×MRL加标牛奶样品中二氢链霉素 MRM扫描的频谱检索结果
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 Sample Preparation 
Meat samples (Kobe style beef muscle, chicken breast 
and liver, pork cutlet) and cow milk were purchased 
from local supermarket. After grinding, 5 g of sample 
were treated as described in Method Package. Briefly, 
after addition of internal standard (Ribostamycin), 
compounds were extracted twice with acidic buffer. 
Extracts were then purified by weak-cation exchange 
and diluted by a factor of 5 before injection (5 μL). Each 
sample was also spiked at 0.5 times and 1.5 times the 
MRL defined by Japanese Ministry of Health, Labour 
and Welfare. 
All samples were prepared once except the beef 
sample spiked at 0.5 × MRL, which was prepared in 6 
replicates. 
 

 LC-MS/MS Analysis 
Purified extracts were assayed using LC-MS/MS 
conditions and ready-to-use methods included in the 
Method Package. A calibration curve prepared in 
mobile phase was used to quantify samples. 
Samples were first assayed using a fast quantitative 
method. This method use HILiC conditions to elute 
compounds with a gradient of acetonitrile and a 
formate buffer. Cycle time for analysis is 4.5 minutes. 
Detection was performed in Multiple Reaction 
Monitoring (MRM) mode with 2 transitions acquired 
per compound. 
For positive samples (i.e. over the MRL), a second 
injection of purified extracts was performed to assess 
peak identity. For this purpose, a second method with 
same column and mobile phases but alternative 
gradient and 15 MRM per compound (except ISTD) was 
used. 

The analytical system was a NexeraTM X2 UHPLC 
coupled with LCMS-8060 triple quadrupole mass 
spectrometer. Data processing was made with 
LabSolutions InsightTM v.3.1 with Screening option. 
 

 Results 
Depending on the species and commodities, MRL are 
different. According to current rule in Japan, if no MRL 
has been officially defined for a veterinary drug residue, 
a ‘default’ MRL of 10 μg/kg should be considered for 
any chemical tested. Then, for Apramycin, 
Dihydrostreptomycin, Gentamicin, Kanamycin, Neomycin, 
Spectinomycin and Streptomycin, the calibration 
range was set to cover from 10 % of the lowest MRL to 
150 % of the highest one. For other compounds 
without official MRL, the calibration range was set from 
20 % to 150 % of 10 μg/kg. Calibration values can be 
found in Table 1. Seven calibration levels, regularly 
dispatched within the range were prepared. 
Calibration standards with an accuracy within 85 - 
115 % were selected. Representative calibration curves 
are shown in Fig. 2. 
Samples without spiking revealed to be free of 
aminoglycoside residues. Then recovery was calculated 
in spiked samples using the calculated concentrations. 
Results can be seen in Table 2. Recoveries were in the 
acceptable range of 70 - 120 % for all compounds and all 
type of samples. Repeatability have been assessed in 
beef sample spiked at 0.5 × MRL. Results are presented 
in Table 3. The % RSD was less than 20 % which is 
suitable for such application. 
Mass chromatograms example is presented in Fig. 3. 

 
Table 1  Maximum residue limits in Japan for the selected samples and corresponding calibration ranges 

  Calibration Range 
 Low MRL 

(μg/kg)
High MRL 

(μg/kg) 
LLOQ 

(μg/kg)
LLOQ 

(ng/mL)
ULOQ  

(μg/kg) 
ULOQ 

(ng/mL)
Amikacin No value Default (10) 2 0.1 15 0.75
Apramycin 60 500 6 0.3 750 37.5
Dihydrostreptomycin 200 600 20 1.0 900 45.0
Gentamicin (sum) 100 200 10 0.5 300 15.0
Hygromycin No MRL Default (10) 2 0.1 15 0.75
Kanamycin 40 500 4 0.2 750 37.5
Neomycin 500 500 50 2.5 750 37.5
Netilmicin No MRL Default (10) 2 0.1 15 0.75
Paromomycin No MRL Default (10) 2 0.1 15 0.75
Sisomicin No MRL Default (10) 2 0.1 15 0.75
Spectinomycin 200 2000 20 1.0 3000 150.0
Streptomycin 200 600 20 1.0 900 45.0
Tobramycin No MRL Default (10) 2 0.1 15 0.75

 

NEO NETIL PARO SISO SPC STP TOB

浓度平均值（μg/kg）
回收率
%RSD

228 5.03 4.39 4.47 275 348 4.66

91.4% 101% 88.1% 88.4% 110% 114% 91.5%

8.8% 10.0% 8.1% 4.4% 11.0% 11.9% 6.2%

表 3. 0.5× MRL牛肉样品的重复性

AMI APRA DHSTP GENT C1a GENT C1 GENT C2/C2a HYGRO KANA

浓度平均值（μg/kg）
回收率
%RSD

5.38 225 350 45.6 47.5 48.0 5.32 21.1

107% 89.0% 117% 90.4% 94.2% 95.2% 107% 102%

19.9% 7.7% 10.0% 10.8% 10.2% 6.9% 7.1% 12.0%
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Table 3  Repeatability in beef sample at 0.5×× MRL 
 AMI APRA DHSTP GENT C1a GENT C1 GENT C2/C2a HYGRO KANA
Mean Conc. (μg/kg) 5.38 225 350 45.6 47.5 48.0 5.32 21.1
Recovery 107 % 89.0 % 117 % 90.4 % 94.2 % 95.2 % 107 % 102 %
%RSD 19.9 % 7.7 % 10.0 % 10.8 % 10.2 % 6.9 % 7.1 % 12.0 %
    

 NEO NETIL PARO SISO SPC STP TOB 
Mean Conc. (μg/kg) 228 5.03 4.39 4.47 275 348 4.66 
Recovery 91.4 % 101 % 88.1 % 88.4 % 110 % 114 % 91.5 % 
%RSD 8.8 % 10.0 % 8.1 % 4.4 % 11.0 % 11.9 % 6.2 % 

 
 

 Results (continued) 
For increased confidence in identification of 
compounds exceeding the MRL, additional injection of 
the extracts can be done using a second method with 
elongated gradient time and acquisition of 15 MRM 
transitions per compound. MRM signals are then 
merged to create a spectrum in which every fragment 
is acquired at optimum collision energy. 
An example of search result by LabSolutions Insight 
with Screening option was illustrated below (Fig. 4). 
The samples can be processed and the library search 
can be automatically done in batch mode. In this case, 
high identification score can be obtained. 
Dihydrostreptomycin got a score of 95 while the second 
hit (Streptomycin, a very close compound) got a score of 
only 51. 

 Conclusion 
A newly developped Method Package was succesfully 
applied to real meat and milk samples. The quantitative 
method gave good recoveries and accuracies, even for 
non-regulated compounds at trace levels. It can be 
applied to a variety of samples without using matrix-
matched calibration curves. 
A complementary method gives increased confidence 
in identification for over-the-limit compounds using 
MRM Spectum mode. 
 

 

 

Fig. 4  Library search result of dihydrostreptomycin MRM spectrum in milk sample spiked at 1.5×× MRL 
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