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摘要 

市售酒精本研究發展了飲料中胺基甲酸乙酯(ethyl carbamate, EC)之快速氣相層析(使用

CP-wax, 30m X 0.53mm)直接注入分析法。酒精飲料樣品經簡易之前處理包括：(ㄧ)直接取樣(不做

任何處理)注入法(Method I) 、(二)樣品經濃縮後(濃縮 5-10 倍)之注入法(Method II) 、及(三)樣品中

之 EC 經乙酸乙酯 (v/v=1/2) 萃出濃縮後之注入法  (Method III) 。選用 2-甲基 -戊酸

(2-methyl-n-pentanoic acid)為內標準品，分別添加 5μg 之胺基甲酸乙酯於多種蒸餾酒及非蒸餾酒

中，Method I 、Method II 及 Method III 之回收率分別為 95-119%、96-112%及 96-106%，變異係數

CV%均在 9.5%以下，顯示本研究方法相當精確。以本方法分析市售蒸餾酒 21 件及非蒸餾酒 24

件之胺基甲酸乙酯含量。Method I 、Method II 及 Method III 對上述 45 件樣品中胺基甲酸乙酯之

檢出率分別達 22、72 及 77%。其中以Method III 分析之結果顯示 45 件酒精性飲料中胺基甲酸乙

酯之含量分別為 0～2.74、0～2.28 及 0～2.57μg/mL。 

 

 

關鍵字 : 酒精性飲料、胺基甲酸乙酯、直接注入法、氣相層析法、定量分析。 
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前言 
 

胺基甲酸乙酯（Ethyl carbamate,EC），又稱Urethane，自然存在於酒精性飲料及一般醱酵食

品中。胺基甲酸乙酯具生物活性，在動物體中會導致腫瘤產生。在 1970年初，陸續有不少的研

究報告指出在各種發酵食品，尤其是酒精性飲料中含有 EC。由於 EC 可能導致癌症，因此在近

幾年來有關酒類中 EC含量之問題頗受重視。在 1985年之前，各國對於酒類中 EC含量並無任何

規定，但由於加拿大的酒類曾被發現含高量 EC，因此由其健康保護局訂定各種酒類之 EC 含量

標準，餐酒（table wine）中 EC含量不可超過 30 ppb；葡萄酒中 EC含量不可超過 100 ppb；蒸餾

酒中 EC含量不可超過 150 ppb，而白蘭地等 EC含量不可超過 400 ppb。同時在 1985年下令由市

場回收含 EC超過規定量（150ppb）之某些廠牌之酒類。另外也在其他食品如牛乳、麵包、柑橘

果汁….中發現 EC 含量。Zimmerli 等學者研究估計，成人每日 EC 之攝食量約為 20ug/Kg body 

w e i g h t 。 

    由於 EC 具有潛在危害性，近年來頗受歐美各國之重視，紛紛致力於研究其在食品中之含

量、分析方法、形成原因及降低含量之方法，以減少其對消費者健康之毒害性。 

    國內傳統之各式酒精性飲料種類相當多，加上近年來酒類之開放進口，國人對於酒精性飲

料之消費量非常高，但是對其中可能存在的 EC含量，卻未能引起政府相關單位及消費大眾之廣

泛注意。因此為了維護國人飲食之安全，實有必要建立國內此類食品中（及其他含 EC之發酵食

品）EC 含量之基本衛生資料。然而目前 EC 之分析方法多以溶劑（二氯甲烷或乙醚）萃取法或

以二相透析萃取法、萃取後以GC分析定量。但由於 EC為偏親水性物質，萃取率及回收率均偏

低，且萃取時的濃度稀釋、濃縮過程造成的分解及管壁殘留、衍生反應的反應率等等，都可能

造成回收率精確度偏低，而且這些前處理過程相當耗時耗工，不適合作為例行分析工作之方法。 

    本人曾以 splittless direct injection 之氣相層析方法，成功的建立了食品中咖啡因、膽固醇及各

種防腐劑之簡易快速定量方法。基於此本研究擬採用 splittless direct injection 之方式，探討以GC

直接分析（或濃縮後再分析）各種酒精性飲料中 EC含量之可行性。以期建立發酵食品中 EC之

簡易快速定量分析方法，可供作為 EC之例行分析之標準方法。 
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材料與方法 
 

一、 材料： 
市售各種台灣製及進口之酒精性飲料包括蒸餾酒(distilled spirit) 21件及

非蒸餾酒(non-distilled spirit)24件共54件，購自台南與屏東地區之超級市場；

胺基甲酸乙酯 (ethyl carbamate, EC)、癒創木酚 (guaiacol) 、1,3-  二醇

(1,3-butanediol)、  1,5-戊二醇 (1,5-pentanediol)、  3-甲基 -1,5-戊二醇

(3-methyl-1,5-pentanediol) 、2-甲基-正戊酸  (2-methyl—pentanoic acid)及1,6-
己二醇(1,6-hexanediol) 等標準品(純度均在98以上)為日本東京化成SCI公司

商品製造。 

 

 
二、 方法： 

(ㄧ)標準品及內標準溶液之配製： 
分 別 精 稱 0.4g 之 胺 基 甲 酸 乙 酯 及 2- 甲 基 - 正 戊 酸

(2-methyl-n-pentanoic acid)於100mL定量瓶中，以甲醇稀釋定量至標線。 

 
(二 ) 胺基甲酸乙酯對2-甲基 -正戊酸之相對表現因子 (relative response 

factor，RRF)之測定： 
將0.4% (w/v)之胺基甲酸乙酯與0.4% (w/v)之2-甲基-正戊酸（內標準

品）甲醇溶液依不同比例混合 (ethyl carbamate /2-methyl-pentanoic  

acid=2/1、1/1及1/2)，依氣相層析分析， 
以兩者在氣相層析儀之波峰面積，計算胺基甲酸乙酯對2-甲基-正戊

酸之相對表現因子。亦即： 

RRF = (AS/WS )÷ (AIS/WIS)⋯⋯⋯⋯⋯⋯⋯⋯⋯(1) 

AS = ethyl carbamate 之GC波峰面積； AIS = 2-methyl-pentanoic  acid 
之 GC波峰面積；  WS = ethyl carbamate 之重量 (ug)；  WIS = 

2-methyl-pentanoic acid 之重量(ug)。 

 
(三) 胺基甲酸乙酯之定量分析： 

*酒精飲料樣品經簡易之前處理包括： 

(1)直接取樣(不做任何處理)注入法(Method I) 、 

(2)樣品經濃縮後(濃縮 5-10倍)之注入法(Method II) 、及 

 
 
 
 
 
 
 
 
 
 
 
 

     



 4

(3)樣品中之 EC經乙酸乙酯(v/v=1/2)萃出濃縮後之注入法 (Method III) 。 

即直接取0.1μL注入GC中分析。胺基甲酸乙酯之含量可依公式(2)
計算求得： 

     Ethyl carbamate (ug/mL) = (AS/AIS )×(WIS/RRF)×1/V ⋯⋯(2) 

        V = 檢體之體積(mL)。 

 

 

 

 
MethodⅠ:直接注入法 

 

取酒類樣品 1 mL 

⇓ 

放入 7 mL vial中 

⇓ 

加入 200 µg/50 µL之內標準溶液 

 (IS = 2-Methyl-n-Pentannoic Acid) 

⇓ 

取 0.1 µL注入氣相層析儀 

分析 EC含量 
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MethodⅡ:濃縮後注入法 
 

取酒類樣品 25 mL 

⇓ 

放入 250 mL 濃縮瓶中 

⇓ 

加入 400 µg/100 µL之內標準溶液 

 (IS = 2-Methyl-n-Pentannoic Acid) 

⇓ 

減壓濃縮至約 2-5 mL 

⇓ 

取 0.1 µL注入氣相層析儀 

分析 EC含量 

 

 

 

 

MethodⅢ:溶劑萃取法 
 

取酒類樣品 25mL 

⇓ 

放入 100 mL 量筒中 

⇓ 

加入 200 µg/50 µL之內標準溶液  

(IS = 2-Methyl-n-Pentannoic Acid) 

⇓ 

以 50 mL之乙酸乙酯萃取 2-3次 

⇓ 

乙酸乙酯萃取液減壓濃縮至約 0.2-0.5 mL 

⇓ 

取 0.1 µL注入氣相層析儀 

分析 EC含量 
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 (四)最低檢出量試驗： 
以胺基甲酸乙酯標準溶液(200μg /mL)，分別以純水稀釋至 2.5、

1.0、0.5、0.25及0.1 μg/mL，各取1 mL上述溶液，添加50μg 之內標準

溶液(2-methyl-pentanoic acid)，混合均勻後，直接以GC分析之，估計胺

基甲酸乙酯之最低檢出量，每一濃度均做三重覆。 

 

 
(五)添加回收試驗： 

分別添加5μg之胺基甲酸乙酯於1 mL, 25 mL及25mL之蒸餾酒及非

蒸餾酒中，再分別添加200, 400及200μg之內標準溶液，經混合均勻後，

分別以Method I,  Method II 及Method III分析之，每一添加量均做三重

覆，同時作空白試驗，計算胺基甲酸乙酯之回收率。 

 

 
(六)氣相層析儀條件： 

GC儀器：Hitachi G-3000； FID 檢測器：H2 ，flow rate=30 mL/min，

air flow rate=300 mL/min； 檢測器溫度=280oC；注入口溫度=240oC； 攜

帶氣體：He ，flow rate = 4 mL/min； 分離管柱：CP-Wax (30 m×0.53 

mm，1μm) ，(Chrompack, Netherlands)；烘箱溫度：起始溫100 oC，2
鐘後，以每分鐘3 oC之速率升溫至135 oC，再以每分鐘5 oC之速率升溫至

155 oC，再以每分鐘50 oC之速率升溫至300 oC； 注入量： 0.1μL； 注

入型式： direct injection mode。 

 

 

 

 
結果與討論 

 

 
一、氣相層析條件之探討： 

     最近有關胺基甲酸乙酯之傳統前處理之分析定量方法，均是以有毒之

有機溶劑如(二氯甲烷乙醚)多次的連續萃取，再經濃縮後以GC分析定量

之，此傳統之前處理步驟。其中李等
（19）是以1 mL醬油，調pH至2.0後，以
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10倍體積之乙醚連續萃取三次，乙醚層經濃縮至1 mL後，再以GC分析定量

之（採split mode 注入方式）。此法每分析一個樣品耗時約30~40min，果糖

酸之回收率約在90%左右。而本研究室先前（20）以5 mL醬油，調pH至2.0再

以NaCl飽和後，以6倍以上乙酸乙酯萃取，加入內標準品（heptanoic acid）

後，再稍經減壓濃縮去除部分乙酸乙酯，即以GC分析定量之（採splitless 

direct injection mode 注入方式）。此法每分析一個樣品需時約20min，果糖

酸之回收率在92~98%左右。以上兩種分析果糖酸之方法，已是相當簡便快

速，缺點是果糖酸仍是親水性極高化合物，需以大量之有機溶劑萃取才可

達到90%以上之回收率。Sheu  et. al., 1996,  發展出二相透析萃取法，此法

相當費時，且回收率亦不高。  

     氣相層析具有高解析度及高靈敏度等優點，仍為現代最重要分析技術

之一。本研究室從事多年GC分析發現，可於注入口(injector) 之insert 玻璃

管內塞上玻璃棉或接上一小段（約1~2m）保護管柱（guard column），可有

效防止非揮發性之有機物等進入分離管柱，以降低污染物之干擾，減少波

峰之拖尾現象（tailing），提高GC層析圖之解析度
（22-24）。本研究室亦發現

市面販售之GC分離管柱（megapore column） 之耐水性相當高（24）。即使直

接注入水溶液之樣品於GC中，GC管柱之分離效果與滯留時間之再現性仍與

原先之新管柱一樣。且滯留在insert玻璃管內之鹽分及雜質不需經常的清

洗，約可在分析100個以上之樣品後才需清除，而insert之清除亦很簡便，只

需將insert玻璃管取出，用鹽酸浸泡10分鐘後，將玻璃棉取出，用水沖洗乾

淨，乾燥後換上新的玻璃棉即可放回injector內使用。 

     基於上述之理由，本研究擬將酒精性飲料，(一)不經任何前處理，加

入適當適量之內標準水溶液後，直接注入氣相層析儀中(Methood I)，(二)樣

品經濃縮後注入GC(Method II)(三 )樣品以乙酸乙酯脆出濃縮後注入

GC(Method III)配合適當的分離管柱及氣相層析條件，以期建立簡便、快速

又精確之酒精性飲料中胺基甲酸乙酯之定量分析方法。 
本研究之結果顯示，在分離管柱之選擇方面，在分析極性之胺基甲酸

乙酯(EC)乃採用極性之管柱如CP-Wax為宜。樣品採用直接注入方式進行分

析，管柱分析之昇溫程序為起始溫度為100oC經2 min後，每分鐘昇溫8oC至

220oC，再以每分鐘50 oC之速率升溫至250 oC。檢測器之溫度為290oC，注入

口溫度為250oC。依上述條件直接注入酒精性飲料而得EC之GC滯留時間為

12.73min，如圖一至圖四所示，分析一個樣品需約20 min。 
在內標準品的選擇方面，於酒精性飲料等樣品中逐一加入少量之

guaiacol , 1,3-butanidiol, 2-methyl-n-pentanoic acid, 1,5-pentanediol 、
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3-methyl-1,5-pentanediol及1,6-hexanediol 六種水溶性之標準品，然後依上述

GC條件分析之，由分析之結果顯示，1,5-pentanediol、3-methyl-1,5-pentanediol
及1,6-hexanediol之滯留時間分別為11.41,  14.32,  14.68, 17.24, 18.57及

19.08min，如表一所示。經與空白樣品之GC圖比對，以2-methyl-n-pentanoic 

acid 最適宜，波峰完全不會與樣品中之波峰重疊，因此選定為本研究中EC
分析定量之內標準品。 

依上述之 GC分析條件，Method I , Method II 及Methood III 三種 
分析市售酒類樣品，分析一個樣品僅需 20分鐘左右，如圖一～圖五所示。 

 

 

三、 胺基甲酸乙酯對內標準品之相對表現因子： 
本研究選擇水溶性之 2-methyl-n-pentanoic acid  作為直接定量酒類等水溶液樣品中

EC之內標準，要有準確之定量，必需先定出 EC對 2-methyl-n-pentanoic acid (內標準)之

相對表現因子(RRF)，則樣品中 EC 之含量可依公式(2)計算之。由 EC 對內標準品之 GC

波峰面積比(Y軸)對其濃度比(X軸)作圖，其線性迴歸係數 R2=0.99以上。並計算求得 EC

對內標準品之相對表現因子為 0.42。 

 

 

三、胺基甲酸乙酯之最低檢出量： 
本研究將酒類樣品不經任何前處理，直接取樣注入 GC中(Method I)，)

樣品經濃縮後注入 GC 中(Method II)及以乙酸乙酯萃出濃縮後注入 GC 中

(Method III)三種方法分析，採用 FID 為檢測器，訊號設定 FID=1，且

attenuation=1 ，上述三種分析方法之 EC最低檢出量分別在 0.5, 0.1及 0.1

μg/mL左右，如表三所示。 

 

 

四、添加回收試驗： 
表四、表五及表六分別為5μg之胺基甲酸乙酯添加至六種酒類飲料(包

括蒸餾酒及非蒸餾酒) ，然後分別以Method I、 Method II及 Method III三種

方法分析之。結果顯示: Method I 之回收率為95~119%，變異係數(cv%)均

在9.2%以下。Method II之回收率為96~112%，變異係數(cv%)均在8.9%以

下。Method III之回收率為96~107%，變異係數(cv%)均在7.3%以下。 

 

 
五、市售酒精性飲料中胺基甲酸乙酯之含量 
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         表七為市售蒸餾酒 21件及非蒸餾酒 24件，共 45件樣品，分別以Method I、 Method 

II及 Method III 分析定量胺基甲酸乙酯之含量。以Method I分析之結果顯示: 21件蒸餾酒

中 EC 之含量在 0-2.74μg/mL 和 24 件非蒸餾酒中 EC 含量為 0-1.01μg/mL, 45 件樣品中

EC之檢出率達 22%。  以Method II分析之結果顯示 : 21件蒸餾酒中 EC之含量在 0-2.28

μg/mL和 24件非蒸餾酒中 EC含量為 0-1.12μg/mL, 45件樣品中 EC之檢出率達 72%。 以

Method III分析之結果顯示 : 21件蒸餾酒中 EC之含量在 0-2.57μg/mL 和 24件非蒸餾酒

中 EC含量為 0-1.35μg/mL,  45件樣品中 EC之檢出率達 77%。由上述之結果顯示Method 

II及 Method III  之 EC 檢出率均較Method I為高, 此乃 Method I 之最低檢出濃度僅為

0.5μg/mL(如表三所示), 即樣品中 EC 含量若在 0.5μg/mL以下以便無法檢出以Method I

便無法檢出。 

 

 

 

結論 
 

     本研究將酒精性飲料樣品，經簡易之前處理, 包括: (一)直接取樣

(1 mL) 加入水溶性之內標準品(2-methyl-n-pentanoic acid , IS)後，直接

注入GC分析(Method I) ; (二)酒類樣品(25 mL)加入內標準品, 經濃縮

5-10倍後, 直接注入GC分析(Method II) ; 及(三) 酒類樣品(25 mL) 加

入內標準品以乙酸乙酯(v/v=1/2)萃取2-3次, 且經濃縮至0.5 mL以下, 再

注入GC分析 (Method III) 。 Oven temperature：起始溫100 oC，2分鐘

後，以每分鐘3 oC之速率升溫至135 oC後,  以每分鐘5 oC之速率升溫至

155 oC，再以每分鐘50 oC之速率升溫至300 oC，可以簡單、快速又精確

的定量酒精性飲料之胺基甲酸乙酯，分析每一樣品全程僅需20-30分鐘

左右。以本研究發展出來的三種方法，檢驗市售各種蒸餾酒及非蒸餾酒

共45件之胺基甲酸乙酯含量。結果顯示，中胺基甲酸乙酯之檢出率分別

達22、72及77%。以Method I 、Method II 及Method III對上述45件酒類

樣品分析, 結果顯示45件酒精性飲料中胺基甲酸乙酯之含量分別為0～

2.74、0～2.28及0～2.57μg/mL。 

 

 
 
 
 
 
 
 
 
 
 
 
 

     



 10

參考文獻 
 

1. Dennis-MJ; Massey-RC; Ginn-R; Parker-I; Crews-C; Zimmerli-B; Zoller-O; Rhyn-P; 

Osborne-B .1997. The effect of azodicarbonamide concentrations on ethyl carbamate 

concentrations in bread and toast. Food-Additives-and-Contaminants; 14 (1) 95-100. 

2. Canas-BJ; Diachenko-GW; Nyman-PJ.1997. Ethyl carbamate levels resulting from 

azodicarbonamide use in bread. Food-Additives-and-Contaminants; 14 (1) 89-94. 

3. Dennis-MJ; Massey-RC; Ginn-R; Willetts-P; Crews-C; Parker-I .The contribution of 

azodicarbonamide to ethyl carbamate formation in bread and beer. 

Food-Additives-and-Contaminants; 14 (1) 101-108. 

4. Eun-Jung-Kim; Dong-Kyung-Kim; Dong-Sun-Lee; Taik-Soo-Lee; Bong-Soo-Noh . 1995. 

Application of acid urease to prevent ethyl carbamate formation in takju processing. 

Foods-and-Biotechnology; 4 (1) 34-38. 

5. Kodama-S; Yotsuzuka-F .  1996. Acid urease: reduction of ethyl carbamate formation 

in sherry under simulated baking conditions. Journal-of-Food-Science; 61 (2) 

304-307. 

6. Watkins-SJ; Hogg-TA; Lewis-MJ . 1996. The use of yeast inoculation in fermentation 

for port production; effect on total potential ethyl carbamate. 

Biotechnology-Letters; 18 (1) 95-98. 

7. Canas-BJ; Joe-FL Jr; Diachenko-GW; Burns-G .1994. Determination of ethyl carbamate 

in alcoholic beverages and soy sauce by gas chromatography with mass selective 

detection: collaborative study. Journal-of-the-AOAC-International; 77 (6) 

1530-1536.  

8. Kodama-S; Suzuki-T; Fujinawa-S; Teja-P-de-la; Yotsuzuka-F .1994. Urea contribution 

to ethyl carbamate formation in commercial wines during storage. 

American-Journal-of-Enology-and-Viticulture; 45 (1) 17-24. 

9. Liu-SQ; Pritchard-GG; Hardman-MJ; Pilone-GJ . 1994. Citrulline production and ethyl 

carbamate (urethane) precursor formation from arginine degradation by wine lactic 

acid bacteria Leuconostoc oenos and Lactobacillus buchneri. 

American-Journal-of-Enology-and-Viticulture; 45 (2) 235-242. 

10. Nout-MJR; Nche-PF; Hollman-PCH. 1994.  Investigation of the presence of biogenic 

amines and ethyl carbamate in kenkey made with maize and maize-cowpea mixtures as 

influenced by process conditions. Food-Additives-and-Contaminants; 11 (3) 397-402. 

11. Haddon-WF; Mancini-ML; McLaren-M; Effio-A; Harden-LA; Degre-RL; Bradford-JL . 1994. 

 
 
 
 
 
 
 
 
 
 
 
 

     



 11

Occurrence of ethyl carbamate (urethane) in U.S. and Canadian breads: measurements 

by gas chromatography-mass spectrometry. Cereal-Chemistry; 71 (2) 207-215. 

12. United Kingdom, Ministry of Agriculture, Fisheries & Food, Steering Group on 

Chemical Aspects of Food Surveillance . 1994. Naturally occurring toxicants in food. 

Food-Surveillance-Paper,-Ministry-of-Agriculture,-Fisheries-and-Food; No. 42, xi + 

57pp. ISBN 0-11-242971-8. 

13. Groux-MJ; Zoller-O; Zimmerli-B .1994.  Ethyl carbamate in bread and beverages. 

Mitteilungen-aus-dem-Gebiete-der-Lebensmitteluntersuchung-und-Hygiene; 85 (1) 

69-80. 

14. Dyer-RH . 1994. Determination of ethyl carbamate (urethane) in alcoholic beverages 

using capillary gas chromatography with thermal energy analyzer detection: 

collaborative study. Journal-of-the-AOAC-International; 77 (1) 64-67. 

15. Nout-MJR .1994. Fermented foods and food safety. Food-Research-International; 27 

(3) 291-298. 

16. Reddy-NR; Pierson-MD .1994. Reduction in antinutritional and toxic components in 

plant foods by fermentation. Food-Research-International; 27 (3) 281-290. 

17. Nout-MJR; Ruikes-MMW; Bouwmeester-HM; Beljaars-PR .1993. Effect of processing 

conditions on the formation of biogenic amines and ethyl carbamate in soybean tempe. 

Journal-of-Food-Safety; 13 (4) 293-303. 

18. Stevens-DF; Ough-CS. 1993. Ethyl carbamate formation: reaction of urea and 

citrulline with ethanol in wine under low to normal temperature conditions. 

American-Journal-of-Enology-and-Viticulture; 44 (3) 309-312. 

19. Brun-S; Cabanis-JC . 1993. Food safety in relation to wine. 

Annales-des-Falsifications,-de-l'Expertise-Chimique-et-Toxicologique; 86 (914) 

9-15.  

20. Vahl-M . 1993. A survey of ethyl carbamate in beverages, bread and acidified milks 

sold in Denmark. Food-Additives-and-Contaminants; 10 (5) 585-592. 

21. Fauhl-C; Catsburg-R; Wittkowski-R .1993. Determination of ethyl carbamate in soy 

sauces. Food-Chemistry; 48 (3) 313-316. 

22. Sen-NP; Seaman-SW; Boyle-M; Weber-D.1993.  Methyl carbamate and ethyl carbamate 

in alcoholic beverages and other fermented foods. Food-Chemistry; 48 (4) 359-366. 

23. Zhixian-Huang; Ough-CS .1993. Identification of N-carbamyl amino acids in wines 

and in yeast cells. American-Journal-of-Enology-and-Viticulture; 44 (1) 49-55. 

24. Finley-JW; Robinson-SF; Armstrong-DJ .1992. Food safety assessment. 

 
 
 
 
 
 
 
 
 
 
 
 

     



 12

ACS-Symposium-Series; No. 484, 478pp . 

25. Matsudo-T; Aoki-T; Abe-K; Fukuta-N; Higuchi-T; Sasaki-M; Uchida-K .1993. 

Determination of ethyl carbamate in soy sauce and its possible precursor. 

Journal-of-Agricultural-and-Food-Chemistry; 41 (3) 352-356. 

26. Ferreira-MA; Fernandes-JO. 1992. The application of an improved GC-MS procedure 

to investigate ethyl carbamate behavior during the production of Maderia wines. 

American-Journal-of-Enology-and-Viticulture; 43 (4) 339-343. 

27. Daudt-CE; Ough-CS; Stevens-D; Herraiz-T.1992. Investigations into ethyl carbamate, 

n-propyl carbamate, and urea in fortified wines. 

American-Journal-of-Enology-and-Viticulture; 43 (4) 318-322. 

28. Pieper-HJ; Seibold-R; Luz-E. 1992.  Reduction of the ethyl carbamate concentration 

in manufacture of Kirsch (cherry spirit).] Reduzierung von Ethylcarbamat bei der 

Herstellung von Kirschbraenden. Kleinbrennerei-; 44 (6) 125-130; (7) 158-161. 

29. Sen-NP; Seaman-SW; Weber-D . 1992. A method for the determination of methyl 

carbamate and ethyl carbamate in wines. Food-Additives-and-Contaminants; 9 (2) 

149-160. 

30. Fauhl-C; Wittkowski-R.1992.  Determination of ethyl carbamate in wine by GC-SIM-MS 

after continuous extraction with diethyl ether. 

Journal-of-High-Resolution-Chromatography-and-Chromatography-Communications; 15 

(3) 203-205. 

31. Sponholz-WR; Kuerbel-H; Dittrich-HH. 1991. Formation of ethyl carbamate in wine. 

Wein-Wissenschaft-; 46 (1) 11-17.  

32. Stoewsand-GS; Anderson-JL; Munson-L. 1991. Inhibition by wine of tumorigenesis 

induced by ethyl carbamate (urethane) in mice. Food-and-Chemical-Toxicology; 29 (5) 

291-295.  

33. Balestrieri-F; Flori-A; Marini-D.1991. Determination of ethyl carbamate in 

alcoholic beverages. Industrie-delle-Bevande; 20 (113) 187-189, 194.  

34. Fazio-T. 1991. Food Additives. 

Journal-of-the-Association-of-Official-Analytical-Chemists; 74 (1) 115-118.  

35. Tegmo-Larsson-IM; Henick-Kling-T.1990. The effect of fermentation and extended 

lees contact on ethyl carbamate formation in New York wine. 

American-Journal-of-Enology-and-Viticulture; 41 (4) 269-272.  

36. Hasegawa-Y; Nakamura-Y; Tonogai-Y; Terasawa-S; Ito-Y; Uchiyama-M . 1990. 

Determination of ethyl carbamate in various fermented foods by selected ion 

 
 
 
 
 
 
 
 
 
 
 
 

     



 13

monitoring.  Journal-of-Food-Protection; 53 (12) 1058-1061. 

37. Clauss-E; Konja-G; Konka-J. 1990. Toxicological evaluation of ethyl carbamate and 

its consequences for the commercial production of spirits. Food-Biotechnology; 4 (1) 

603.  

38. McGill-DJ; Morley-AS.  1990. Ethyl carbamate formation in grain spirits. IV. 

Radiochemical studies. Journal-of-the-Institute-of-Brewing; 96 (4) 245-246. 

39. Cook-R; McCaig-N; McMillan-JMB; Lumsden-WB. 1990. Ethyl carbamate formation in 

grain-based spirits. III. The primary source. Journal-of-the-Institute-of-Brewing; 

96 (4) 233-244. 

39. MacKenzie-WM; Clyne-AH; MacDonald-LS.1990.  Ethyl carbamate formation in grain 

based spirits. II. The identification and determination of cyanide related species 

involved in ethyl carbamate formation in Scotch grain whisky. 

Journal-of-the-Institute-of-Brewing; 96 (4) 223-232. 

40. Aylott-RI; Cochrane-GC; Leonard-MJ; MacDonald-LS; MacKenzie-WM; McNeish-AS; 

Walker-DA. 1990. Ethyl carbamate formation in grain based spirits. I. 

Post-distillation ethyl carbamate formation in a maturing grain whisky. 

Journal-of-the-Institute-of-Brewing; 96 (4) 213-221. 

41. Schlatter-J; Lutz-WK. 1990. The carcinogenic potential of ethyl carbamate 

(urethane): risk assessment at human dietary exposure levels. 

Food-and-Chemical-Toxicology; 28 (3) 205-211. 

42. Tegmo-Larsson-IM; Henick-Kling-T. 1990. Ethyl carbamate precursors in grape juice 

and the efficiency of acid urease on their removal. 

American-Journal-of-Enology-and-Viticulture; 41 (3) 189-192. 

43. Almy-J; Ough-CS.1989. Urea analysis for wines. 

Journal-of-Agricultural-and-Food-Chemistry; 37 (4) 968-970. 

44. Funch-F; Lisbjerg-S.  1988. Analysis of ethyl carbamate in alcoholic beverages. 

Zeitschrift-fuer-Lebensmittel-Untersuchung-und-Forschung; 186 (1) 29-32. 

45. Dennis-MJ; Massey-RC; Pointer-M; Willetts-P.1990. Cooperative trial studies on the 

analysis of ethyl carbamate using capillary gas chromatography. 

Journal-of-High-Resolution-Chromatography-and-Chromatography-Communications; 13 

(4) 247-251.  

46. Adam-L; Postel-W.  1990. Determination of ethyl carbamate in extract-containing 

or extract-free spirits. Branntweinwirtschaft-; 130 (10) 170-174.  

47. Tegmo-Larsson-IM; Spittler-TD .1990.Temperature and light effects on ethyl 

 
 
 
 
 
 
 
 
 
 
 
 

     



 14

carbamate formation in wine during storage. Journal-of-Food-Science; 55 (4) 

1166-1167, 1169.  

48. Fujinawa-S; Todoroki-H; Ohashi-N; Toda-J; Terasaki-M.1990. Appli-cation of an acid 

urease to wine: determination of trace urea in wine.   Journal-of-Food-Science; 55 

(4) 1018-1022, 1038.  

49. Battaglia-R; Conacher-HBS; Page-BD.1990. Ethyl carbamate (urethane) in alcoholic 

beverages and foods: a review. Food-Additives-and-Contaminants; 7 (4) 477-496.  

50. Ough-CS; Stevens-D; Almy-J. 1989. Preliminary comments on effects of grape vineyard 

nitrogen fertilization on the subsequent ethyl carbamate formation in wines. 

American-Journal-of-Enology-and-Viticulture; 40 (3) 219-220.  

51. Tegmo-Larsson-IM; Spittler-TD; Rogriguez-SB.1989. Effect of malolactic 

fermentation on ethyl carbamate formation in Chardonnay wine. 

American-Journal-of-Enology-and-Viticulture; 40 (2) 106-108.  

52. Baumann-U; Zimmerli-B.  1988. Accelerated ethyl carbamate formation in spirits. 

Mitteilungen-aus-dem-Gebiete-der-Lebensmitteluntersuchung-und-Hygiene; 79 (2) 

175-185.  

53. Canas-BJ; Havery-DC; Robinson-LR; Sullivan-MP; Joe-FL Jr; Diachenko-GW.1989. Ethyl 

carbamate levels in selected fermented foods and beverages. 

Journal-of-the-Association-of-Official-Analytical-Chemists; 72 (6) 873-876. 

54. Kobashi-K. 1989. Ethyl carbamate in alcoholic beverages. 

Japanese-Journal-of-Toxicology-and-Environmental-Health, 35 (2) 110-124.  

55. Drexler-W; Schmid-ER.1989. A gas chromatographic method for the determination of ethyl carbamate in 

spirits. Ernaehrung-; 13 (10) 591-594. 56. Kiyoshi-Y; Kojiro-T. 1989.  Simplified method for 

determination of ethyl carbamate in sake. Journal-of-the-Brewing-Society-of-Japan,84 (3) 192-194.  

56. Clegg-BS; Frank-R; Ripley-BD; Chapman-ND; Braun-HE; Sobolov-M; Wright-SA.1988. 

Contamination of alcoholic products by trace quantities of ethyl carbamate (urethane). 

Bulletin-of-Environmental-Contamination-and-Toxicology; 41 (6) 832-837. 

57. Dennis-MJ; Howarth-N; Key-PE; Pointer-M; Massey-RC.1989. Investigation of ethyl 

carbamate levels in some fermented foods and alcoholic beverages. 

Food-Additives-and-Contaminants; 6 (3) 383-389. 

58. Riffkin-HL; Wilson-R; Howie-D; Muller-SB.1989. Ethyl carbamate formation in the 

production of pot still whisky. Journal-of-the-Institute-of-Brewing; 95 (2) 115-119. 

59. Hartman-TG; Rosen-RT.1989. Determination of ethyl carbamate in commercial protein 

based condiment sauces by gas chromatography-mass spectrometry. 

 
 
 
 
 
 
 
 
 
 
 
 

     



 15

Journal-of-Food-Safety; 9 (3) 173-182. 

60. Dennis-MJ; Howarth-N; Massey-RC; McWeeny-DJ; Parker-I; Scotter-M; Startin-JR.1988.  

Ethyl carbamate analysis in fermented products: a comparison of measurements of mass 

spectrometry, thermal energy analyser, and Hall Electrolytic Conductivity Detector.  

Journal-of-Research-of-the-National-Bureau-of-Standards; 93 (3) 249-251. 

61. Lee-TH. 1988. Technical and legal aspects of ethyl carbamate in alcoholic beverages. 

Australian-&-New-Zealand-Wine-Industry-Journal; 3 (2) 44-45. 

62. Canas-BJ; Havery-DC; Joe-FL Jr. 1988. Rapid gas chromatography method for 

determining ethyl carbamate in alcoholic beverages with thermal energy analyzer 

detection. Journal-of-the-Association-of-Official-Analytical-Chemists; 71 (3) 

509-511. 

63. Bertrand-A; Barros-P.  1988.  Determination of ethyl carbamate in wine and brandy. 

Connaissance-de-la-Vigne-et-du-Vin; 22 (1) 39-47. 

64. Ingledew-WM; Magnus-CA; Patterson-JR.  1987. Yeast foods and ethyl carbamate 

formation in wine. American-Journal-of-Enology-and-Viticulture; 38 (4) 332-335. 

65. Anon. 1988. Ethyl carbamate. Grapepress-; No. 63, 21. 

66. Laugel-P; Binder-F; Grimm-P.  1988. Ethyl carbamate in fruit brandies. 

Tecnologie-Alimentari; 11 (2) 33-38. 

67. Laugel-P; Bindler-F; Grimm-P. 1987. Ethyl carbamate (urethane) in fruit-based 

spirits. Annales-des-Falsifications,-de-l'Expertise-Chimique-et-Toxicologique; 80 

(862) 457-466. 

68. Clegg-BS; Frank-R. 1988. Detection and quantitation of trace levels of ethyl 

carbamate in alcoholic beverages by selected ion monitoring. 

Journal-of-Agricultural-and-Food-Chemistry; 36 (3) 502-505. 

69. Brumley-WC; Canas-BJ; Perfetti-GA; Mossoba-MM; Sphon-JA; Corneliussen-PE.1988. 

Quantitation of ethyl carbamate in whiskey, sherry, port, and wine by gas 

chromatography/tandem mass spectrometry using a triple quadrupole mass spectrometer. 

Analytical-Chemistry; 60 (10) 975-978. 

70. Mossoba-MM; Chen-JT; Brumley-WC; Page-SW.1988. Application of gas 

chromatography/matrix isolation/Fourier transform infrared spectrometry to the 

determination of ethyl carbamate in alcoholic beverages and foods. 

Analytical-Chemistry; 60 (9) 945-948. 

71. Wucherpfennig-K; Clauss-E; Konja-G. 1987. Formation of ethyl carbamate in alcoholic 

beverages derived from ̀ Maraska' sour cherries.  Deutsche-Lebensmittel-Rundschau; 

 
 
 
 
 
 
 
 
 
 
 
 

     



 16

83 (11) 344-349. 

72. Kobayashi-K; Toyoda-M; Saito-Y.  19877. A simple method for analysis of ethyl 

carbamate in alcoholic beverages.  Journal-of-the-Food-Hygienic-Society-of-Japan- 

28 (6) 492-497. 

73. Kobayashi-K; Toyoda-M; Saito-Y. 1987. Determination of ethyl carbamate in sake by 

alkylation and gas chromatography with a flame ionization detector.  

Journal-of-the-Food-Hygienic-Society-of-Japan- 28 (5) 330-335. 

74. Conacher-HBS; Page-BD; Lau-BPY; Lawrence-JF; Bailey-R; Calway-P; Hanchay-JP; 

Mori-B.1987. Capillary column gas chromatographic determination of ethyl carbamate 

in alcoholic beverages with confirmation by gas chromatography/mass spectrometry. 

Journal-of-the-Association-of-Official-Analytical-Chemists; 70 (4) 749-751. 

75. Cairns-T; Siegmund-EG; Luke-MA; Doose-GM.1987. Residue levels of ethyl carbamate 

in wines and spirits by gas chromatography and mass spectrometry/mass spectrometry. 

Analytical-Chemistry; 59 (17) 2055-2059. 

76. Andrey-D. 1987. A simple gas chromatography method for the determination of 

ethylcarbamate in spirits.  

Zeitschrift-fuer-Lebensmittel-Untersuchung-und-Forschung; 185 (1) 21-23. 

77. Wasserfallen-K; Georges-P.1987. Gas chromatographic determination of urethane in 

spirits and mashes. Zeitschrift-fuer-Lebensmittel-Untersuchung-und-Forschung; 184 

(5) 392-395. 

78. Gaetano-G; Matta-M.1987. Determination of ethyl carbamate in wines and spirits by 

gas chromatography and mass spectrometry. Bulletin-de-l'O.I.V.; 60 (671/672) 36-42. 

79. Bebiolka-H; Dunkel-K.1987. Determination of ethyl carbamate in alcoholic beverages 

by capillary GC/MS.   Deutsche-Lebensmittel-Rundschau; 83 (3) 75-76. 

80. Christoph-N; Schmitt-A; Hildenbrand-K.1986. Formation and distillation behaviour 

of ethyl carbamate in distillation of spirits. Alkohol-Industrie-; 99 (15) 347-354. 

81. Ingen-RHM-van; Nijssen-LM; Berg-F-van-den; Maarse-H.1986. Determination of ethyl 

carbamate in alcoholic beverages by two-dimensional gas chromatography. 

Journal-of-High-Resolution-Chromatography-and-Chromatography-Communications; 10 

(3) 151-152. 

82. Dennis-MJ; Howarth-N; Massey-RC; Parker-I; Scotter-M; Startin-JR .1986.Method for 

the analysis of ethyl carbamate in alcoholic beverages by capillary gas 

chromatography.  Journal-of-Chromatography; 369 (1) 193-198. 

83. Bailey-R; North-D; Myatt-D; Lawrence-JF.1986. Determination of ethyl carbamate in 

 
 
 
 
 
 
 
 
 
 
 
 

     



 17

alcoholic beverages by methylation and gas chromatography with nitrogen-phosphorus 

thermionic detection. Journal-of-Chromatography; 369 (1) 199-202. 

84. Walker-G; Winterlin-W; Fouda-H; Seiber-J.1975. Gas chromatographic analysis of 

urethan (ethyl carbamate) in wine. Connaissance-de-la-Vigne-et-du-Vin; 9 (3) 

187-197. 

85. Walker-G; Winterlin-W; Fouda-H; Seiber-J.1974. Gas chromatographic analysis of 

urethan (ethyl carbamate) in wine. Journal-of-Agricultural-and-Food-Chemistry; 22 

(6) 944-947. 

86.Takanao, M., Terumiche, A; Keietsu, A.; Nami, F.; Takeshi,  H.;Masoki,s.; and Kinji, 

U. Determination  of Ethyl Carbamate in Soy Sauce and Its Possible Procursor. J. Agric. 

Food  Chem. 1993,41,352-356. 

87.Ough, C.S.; Crowell, E.A.; Gutlove,  B.R.  Carbamyl compound reaction  with 

ethanol. Am. J. Enol. Vitic. 1988a, 39, 239-242. 

88.Sassaki, M.; Nunomura, N.; Matsudo. T. Biosynthesis of 4-hydroxy-2(or  

5)-ethyl-5(or 2)-methyl-3(2H)-furannoone by  yeasts. J. Agric. Food Chem.  1991,  

39. 934-938. 

89.Monteiro, F.F.; Trousdale, E.K.; Bisson,  L.F.  Ethyl carbamate formation in wine; 

use of radioactivity labeled precrusors to demonstrate theinvolvement of urea. Am. 

J. Enol. Vitic. 1989, 40,1-8. 

90.Ough, C.S.; Crowell, E.A.; Moony, L.A. Formation of ethyl carbamate precursors 

during grape juice(chardonnay) fermentatiooon. I. Addition of amino acids, urea and 

ammonia: effects of fortifivatioon aon intracellular anf extracelllllullar 

procursors. Am. J. Enol. Vitic. 1988b, 39, 243  -249. 

91.Sansan H.W. Wang and Gow-Chin Yen. Determination of Ethyl Carbamate in Non-Alcoholic 

Fermented Foods Marketed in Taiwan. J. of Food Drug Analysis. 1998.6(2)517-527. 

92. Sansan H.W. Wang, Sheu-Fen Chang and Gow-Chin Yen. Determination of Ethyl Carbamate 

in Alcoholic Beverages Retailed in Taiwan. J. of the Chinese Agric. Chem. Soci. 

1997.35(1)40-51. 

93.Fuu Sheu, Ya-Lin Chien and Yuan-Tay Shyu. Studies on the Methodology of Ethyl 

Carbamate Analysis in Foods(II) Application of Diphasic Extraction. J. of the Chinese 

Agric. Chem. Soci. 1996. 34(5)601-611. 

    

 
 
 
 
 
 
 
 
 
 
 
 

     



 18

 

Table 1. Gas chromatographic retention time of some standard 
candidates 

 

   Compound Retention time (min)a 

   Guaiacol 11.41 

   1,3-Butanediol 14.32 

   2-Methyl-n-pentanoic acid 14.68 

   3-Methyl-1,5-pentanediol 17.24 

   1,5-Pentanediol 18.57 

   1,6-Hexanediol 19.08 
a CP-Wax column (0.53mm×30m, DF=1.5µm) was used. 

 Oven condition＝100℃(1min)@ 3℃/min→135℃@5℃/min →155℃/min@ 

 50℃/min →300℃. 

 

 

 

 

 

 

 

Table 2. Relative response factor (RRF) and GC retention time (RT) 
of  2-methyl-n-pentanoic acid to ethyl carbamate 

 
     Compound RRFa RTb 
   Ethyl carbamate (EC) 0.42 12.73 
   2-Methyl-n-pentanoic acid (MePA) c 1.00 14.68 
a RRF of  2-methyl-n-pentanoic acid to ethyl carbamate. 
b CP-Wax column (0.53mm×30m, DF=1.5µm) was used. 
c Internal standard. Oven condition＝100℃(1min)@ 3℃/min→135℃@5℃/min →155℃/min@ 50℃

/min →300℃. 
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Table 3. Lowest quantitatively determinable concentration of ethyl 
carbamate by gas chromatography with FID detector 

 

Sample 

preparation* 

Concentration 

(µg/mL) 

Detectability a Recovery 

（％）
b 

RSD 

（％）
c 

Ⅰ 2.5 Yes 102.4 5.8 

 1.0 Yes 104.9 6.6 

 0.5 Yes 108.1 9.5 

 0.25 No -- -- 

 0.1 No -- -- 

Ⅱ 2.5 Yes 99.1 4.9 

 1.0 Yes 102.8 5.1 

 0.5 yes 96.7 7.3 

 0.25 yes 107.5 8.9 

 0.1 Yes 118.4 12.7 

 0.05 No -- -- 

Ⅲ 2.5 yes 97.7 5.7 

 1.0 yes 102.3 6.3 

 0.5 yes 94.8 7.4 

 0.25 Yes 105.6 8.4 

 0.1 yes 117.3 13.9 

 0.05 no -- -- 
*
Ⅰ= by direct injection method;  Ⅱ=25mL sample was concentrated to 2-5mL, before injection;  Ⅲ

=25mL sample was extracted with ethyl acetate, and concentrated to 0.5-1 mL,before injection. 

a FID range＝1,  Attenuation＝1. 
bAverage of three analyses. 
cCoefficient of variation （cv％）. 
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Table 4. Recoveries of the spiked ethyl carbamate from various 
alcoholic liquor or beverages by spitless direct injection GC method 

(methodⅠ) 
 

  Sample  

  

Blank a 

(µg) (A) 

Amount added 

(µg)(B) 

Amount found 

(µg) b (C) 

Recovery 

(％)c 

CV 

(％)d 

  Whisky 1 ND 5.12 5.79 113.09 7.62 

      

  Kaoliang 1 ND 5.12 5.61 109.60 4.38 

      

 Medecine wine ND 5.12 6.14 119.92 9.17 

        

  Red wine 1 ND 5.12 5.07 99.02 7.39 

      

  Grape wine 1* 3.37 5.12 9.29 109.42 8.27 

      

  Plum wine ND 5.12 4.87 95.12 7.69 
a Ethyl carbamate in 1 mL whisky. 
bAverage of triplicate analyses. 
cRecovery（％）＝（C－A）/ B×100％. 
dCoefficient of variation （cv％）. 

 

 
 
 
 
 
 
 
 
 
 
 
 

     



 21

 

 

Table 5. Recoveries of the spiked ethyl carbamate from various 
alcoholic liquor or beverages by concentration-direct injection GC 

method (method Ⅱ) 
 

  Sample  

  

Blank a 

(µg) (A) 

Amount added 

(µg)(B) 

Amount found 

(µg) b (C) 

Recovery 

(％)c 

CV 

(％)d 

  Whisky 1 1.25 5.12 6.23 97.80 3.47 

      

  Kaoliang 1 1.71 5.12 7.17 104.97 5.81 

      

 Medecine wine ND 5.12 4.91 95.90 7.38 

        

  Red wine 1 0.38 5.12 6.18 112.36 8.92 

      

  Grape wine 1* 4.49 5.12 9.33 97.09 5.67 

      

  Plum wine 1.39 5.12 6.71 103.07 2.19 
a Ethyl carbamate in 25 mL whisky. 
bAverage of triplicate analyses. 
cRecovery（％）＝（C－A）/ B×100％. 
dCoefficient of variation （cv％）. 
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Table 6. Recoveries of the spiked ethyl carbamate from various 
alcoholic liquor or beverages by solvent extraction-spitless direct 

injection GC method (method Ⅲ) 
 

  Sample  

  

Blank a 

(µg) (A) 

Amount added 

(µg)(B) 

Amount found 

(µg) b (C) 

Recovery 

(％)c 

CV 

(％)d 

  Whisky 1 1.32 5.12 6.86 106.52 3.89 

      

  Kaoliang 1 1.36 5.12 6.25 96.45 5.64 

      

 Medecine wine ND 5.12 5.48 107.03 7.28 

        

  Red wine 1 ND 5.12 4.98 97.27 6.89 

      

  Grape wine 1* 4.58 5.12 15.02 103.29 7.34 

      

  Plum wine 1.12 5.12 6.37 102.08 5.43 
a Ethyl carbamate in 25 mL whisky. 
bAverage of three analyses. 
cRecovery（％）＝（C－A）/ B×100％. 
dCoefficient of variation （cv％）. 
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Table 7. Ethyl carbamate levels found in some alcoholic beverage 
 

Sample  EC content （µg/mL）  

 MethodⅠ MethodⅡ MethodⅢ 
Distilled spirit    

Whisky 1 1.02 1.25 1.32 
Whisky 2 ND 0.78 0.85 

White liquor 1 ND ND ND 
Kao liang 1 1.34 1.71 1.25 
Kao liang 2 0.93 0.83 0.79 

Kirin whisky ND 0.26 0.31 
XO-1 ND 0.20 0.18 

XO-2(J) ND ND 0.14 
VSOP-A ND 0.32 0.41 
VSOP-B ND 0.24 0.31 

Drambule-B 2.74 2.28 2.91 
Kliporiff-c ND 0.56 0.62 
Drambule-d 2.43 1.82 2.57 

Martell-e ND ND ND 
Pushkin-f ND ND ND 

Smirnoff-g ND ND ND 
Cocorico-h 1.46 1.72 1.28 

J&B-I 2.01 1.23 1.59 
Rice wine 1 ND 0.21 0.15 
Rine wine 2 ND 0.20 0.13 

Rine wine heads ND 0.18 0.14 
Non-distilled spirit    

Plum wine 1 ND 0.59 0.72 
Plum wine 2 ND 0.43 0.35 
Plum wine 3 ND 0.23 0.37 
Red wine 1 ND ND 0.12 
Red wine 2 ND ND ND 
Red wine 3 ND ND 0.13 
Red rose 1 ND ND ND 
Red rose 2 ND ND 0.13 
Red rose 3 ND ND 0.11 

White wine 1 ND ND 0.14 
White wine 2 ND ND 0.11 
White wine 3 ND ND 0.17 
Yellow wine 1 ND 0.62 0.84 
Yellow wine 2 ND 0.54 0.73 

Shao-Hsing wine 1 0.88 1.12 1.35 
Shao-Hsing wine 2 0.74 0.69 0.85 

Taiwan beer 1 ND 0.28 0.34 
Taiwan beer 2 ND 0.37 0.41 

Beer 3 ND 0.22 0.37 
Beer 4 ND 0.38 0.42 

Medecine wine 1 ND ND ND 
Medecine wine 2 1.01 0.82 0.75 
Medecine wine 3 ND 0.15 0.19 
Medecine wine 4 ND ND 0.11 

Detectability  (%) 22.22% 71.79% 76.92% 
a Average of two analyses. 
 

 
 
 
 
 
 
 
 
 
 
 
 

     


