建立鑑定肉品種類之定性及定量分析方法
Development of qualitative and quantitative assay for meat species identification
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【摘要】
鑑於近年來市面上肉品摻雜的情形層出不窮，故需建立快速檢測系統，以保障消費者食用的權利。聚合酶連鎖反應(polymerase chain reaction, PCR)技術因具有專一性、特異性、高靈敏性及快速性等優點，已廣泛應用於食品衛生安全檢測。本研究針對雞、豬及羊肉中肌鈣蛋白I基因(troponin I, TnI)、牛肉中核糖體蛋白質(mitochondrial ribosomal protein, MRP)及鴕鳥中原肌球調節蛋白(tropomodulin, Tmod)序列設計專一性引子對，配合PCR技術增幅肉品cDNA，評估此系統應用於肉品鑑定之可行性，並以即時定量聚合酶連鎖反應(real-time PCR)技術定量混合肉品。在定性分析方面，針對雞肉、豬肉、羊肉TnI mRNA序列、牛肉MRP及鴕鳥肉Tmod mRNA序列，分別設計專一性引子對CK2-f/CK2-r、P-f/P-r、GT3-f/GT3-r、B6-f/B6-r及OS2-f/OS2-r，經PCR增幅之產物大小分別為418 bp、500 bp、573 bp、654 bp及112 bp。將五種肉品等量混合後進行PCR反應，發現引子對之間並無交叉反應，具有物種專一性，且於PCR產物電泳圖上可清楚辨別其種類，可應用於複合式PCR同時檢測五種肉品。並將各肉品於4℃貯存10天及-80℃貯存13週後分析貯存對肉品檢測之影響，於4℃貯存10天之樣品除羊肉需以模板濃度100 ng方可被檢出，其餘肉品皆可以10 ng模板濃度被檢出；而於-80℃貯存之樣品除鴕鳥肉於第10週後需以100 ng方可被檢出外，其餘肉品貯存13週仍可以1 ng模板濃度被檢出。另依不同比例混合之肉類樣品MSO、MSC、MSP、MSG、MSB及MSA，以P-f/P-r、GT3-f/GT3-r及OS2-f/OS2-r進行複合式PCR反應，檢測其中豬肉、羊肉及鴕鳥肉成分，其偵測極限皆為20 ng cDNA樣品濃度；而以B6-f/B6-r及CK2-f/CK2-r引子對進行複合式PCR反應，檢測混合樣品中牛肉及雞肉之成分，其檢測極限除了MSO為20 ng cDNA外，其餘樣品皆為2 ng cDNA。定量分析方面目標序列RNA與定性試驗相同，分別設計QCK-f/QCK-r、QP-f/QP-r、QGT-f/QGT-r、QB3-f/QB3-r與OS2-f/QO-r引子對，檢測雞肉、豬肉、羊肉、牛肉及鴕鳥肉進行即時定量聚合酶連鎖反應，分別可增幅出為86 bp、70 bp、77 bp、84 bp及68 bp大小之產物。利用即時定量聚合酶連鎖反應檢測肉品之靈敏度均為0.2 ng cDNA，而將肉品cDNA依不同比例混合之MSC、MSO、MSG、MSB、MSP及MSA樣品進行系統之精密度及準確性試驗，精密度方面六種不同混合比例之樣品，其CV範圍分別介於0.42~4.82% (MSC)、0.48~4.88% (MSO)、1.16~5.24% (MSG)、0.25~6.3% (MSB)、1.95~3.09% (MSP)及0.38~2.56% (MSA)。而準確度方面，六種不同混合比例樣品之誤差分別介於0.41~12.1% (MSC)、0.74~2.05% (MSO)、0.28~6.98% (MSG)、0.87~3.08% (MSB)、0.68~2.33% (MSP)及0.69~3.11% (MSA)，誤差值皆於一般國際所接受定量PCR可有20%誤差的容許值範圍內，顯示本研究建立之定性及定量檢測系統應可作為我國建立肉品種類鑑定之參考。
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【Abstract】

Meat adulteration happens frequently in the market. Therefore, it is necessary to set up a detection system for meat adulteration. Polymerase chain reaction (PCR) technology has been widely applied for food safety control due to its rapidity, specificity and sensitivity. The objectives of this research are to establish PCR-based methods for meat species identification and quantification. Primers CK2-f/CK2-r, P-f/P-r, GT3-f/GT3-r, B6-f/B6-r and OS2-f/OS2-r were designed specific to mRNA sequence of TnI gene from chicken, pork and goat, mitochondrial ribosomal protein gene from beef and tropomodulin gene from ostrich, respectively. Amplicons of 418 bp, 500 bp, 573 bp, 654 bp and 112 bp could be obtained by PCR from chicken, pork, goat, beef and ostrich, respectively. These five primer sets had no cross reaction to each other and could be used in multiplex PCR to detect 5 different meat species in food simultaneously. The detection limits of pork, chicken, beef and ostrich cDNA stored at 4℃ for 10 days were 10 ng cDNA except 100 ng cDNA from goat; and 1 ng cDNA for pork, chicken, beef and goat after 13-week storage at -80℃ except 100 ng cDNA from ostrich after 10-week storage at -80℃. The detection limits of cDNA from adultration samples, MSO, MSC, MSP, MSG, MSB and MSA, by P-f/P-r, GT3-f/GT3-r and OS2-f/OS2-r primers were 20 ng. The detection limits of cDNA from MSC, MSP, MSG, MSB and MSA were 2 ng by B6-f/B6-r and CK2-f/CK2-r primers except 20 ng for cDNA from MSO. In quantitative assay, QCK-f/QCK-r, QP-f/QP-r, QGT-f/QGT-r, QB3-f/QB3-r and OS2-f/QO-r primer sets were designed to detect chicken, pork, goat, beef and ostrich. The sizes of real-time PCR amplicons were 86 bp, 70 bp, 77 bp, 84 bp and 68 bp, respectively. The detection limit of the assay for chicken, ostrich, goat, beef and pork by real-time PCR were 0.2 ng cDNA. The precision of real-time PCR analysis expressed as coefficient of variation (CV) were 0.42~4.82% for MSC, 0.48~4.88% for MSO, 1.16~5.24% for MSG, 0.25~6.3% for MSB, 1.95~3.09% for MSP and 0.38~2.56% for MSA, respectively. The trueness of real-time PCR detection methods, expressed as error, were 0.41~12.1% for MSC, 0.74~2.05% for MSO, 0.28~6.98% for MSG, 0.87~3.08% for MSB, 0.68~2.33% for MSP and 0.69~3.11% for MSA, respectively. The international acceptable range for CV and error are 10% and 20%, respectively. The CV and error for the developed quantitative method were within the range. The developed qualitative and quantitative assay could be a reference for establish a detection method of meat species in Taiwan. 
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