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Acrylamide Monitoring of Domestic Food Products
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Food products selected based on their annual sales and international acrylamide research data were analyzed for
quantitation of acrylamide. Samples including raw food, substitute meal, snack, drink, and sauce products were
analyzed by LC/MS/MS methods adopted by FDA. Upon comparison, concentrations of acrylamide in these
products were similar to those analyzed in other countries.
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� �

2002� ����� �� ���� �� ��� �����

��� ��� �� ��� �� ����� �� �����

����� �����(1). � � ��� ���� �����

��� �����, �� ��, �� �� �� ��� ���

���� ��� ��� ��� ����� �����(2-7).
�� ��� ��� ��� ��� ����� ������

�� ���� �� ��� �����, ������� ��

� 	�� �� ��� ����� ���� ��(8).
�� � ������� ���� gas chromatography(GC),

high-performance liquid chromatography(HPLC)� mass spectrometry
(MS)� ��� ��� ���� ���, Barber �� HPLC-
UV detector� ���� �������� �����(8-12). �
������ ����� [2H3]acrylamide, [13C3]acrylamide� �
������ ���� liquid-chromatography-tandem mass spec-
trometry(LC-MS/MS)� ��� ��� �
 �� ���� �
��, gas chromatogarphy-mass spectrometry(GC-MS)� ���

��� ��� ���� ����� ��(13-17).
������� ���� ���� ����� 	�� ��

�� ��� ����� ����� ���, 2002� 4	� �
�� ���� ��, 2002� 11	 �	��, �	�, 
�, �
�, ��, ��� 
�� ������(4,8,11,17-21), ��� 2003

� ��� ��
��� ��� � 400�� ��� ��� �
�� �����(22), ���, ��, ����� �� ����

� �����(6-7,23). �� � ������� ��� ���

���, ���� �, tortilla chip, bread crust, crisp bread ��

����� ��� ���� �	� ����� ��� ��

����� ��� ����� �
 ��� 
� ���� �
� ����� ��� ������� ��� �����. �
��� LC-MS/MS ���� ���� ������ ����

�� � 327� ��� ������� ��� ���� ��

� ���� ������� ��� ������
 ���.

�� � ��

���� ��

�� � ������� �� ����� 	�� ��
�

����, ��� ���� ���� 	� ������� �
�� ‘�� �� ��� ���� ��
 �� �	 20� �
�(2001)’ ��
�� ���� ���� �����(24). ��


�� ���� � ��� �� 
����, ���, ��, �
�, ���, ��, 
� �� ������, ����� �� 


� ����� ����� ���� �
 �� ���� �
� ��� �� �����. �� �� 
�� �� �	 ��


���� ����� �����. ������� ����

��� �� ��� ���, ���� �� ������� �
����, 2002�� �� ��� ���� ���� �� ��

�� ���� ��� �� ����� �����. ��� �
�� �� �� ��� ���, ���� ���� �����.
� ��� ��� ��� 327�� ��� �����(���,
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��)� �		��(���, ��), ������(��)�� �
��� �����. �
 ��� 4�2oC�� �
 ���� �
����, ��� ���� �� � 3�� ��� �����.

�� � ��

�������� ��� Aqua C18(2�250 mm, Phenomonex,
Torrance)��� 
�� electrospray positive ionization(ESI+),
high-pressure liquid chromatography, S2100 Solvent Delivery
System(Sykam, Germany); triple-quadrupole tandem mass spec-
trometer, Quattro micro(Micromass UK Ltd., Manchester, UK);
data system, MassLynk version 3.5 LC-MS/MS� �����

Shaking incubator(KMC-8480SF, Vision scientific Co., Korea),
High speed refrigerated centrifuge(SUPRA 22K, Hanil Sci-
ence Industrial, Korea), Micro centrifuge(Marathon Micro High
Speed Centrifuge, Fisher Scientific, USA)� �����. ���

�� Acrylamide(Sigma Chemical Company, St. Louis)� ��

�� �����, ������� 13C3-Labeled acrylamide(Cam-
bridge Isotope Laboratory, Andover)� ���� 4�2oC� �


���� �����.

����

���� ����� 	� �� �� ��� ���� ��

��13 
	
�� ��� 13C3-labeled acrylamide� ����

��� ���� �� 
 ��� �� ��� �� ����

��� ���	 � �� ��� 
	
� ���� ����

�(17). �� 100 g� HMF-560 ���(Hanil Science, Korea)�
���� �, 50 mL Polypropylene Copolymer Centrifuge Ware

(Nalgene, USA)� 1 g� ����(Fig. 1). ������� 13C3-
labeled acrylamide(200 ng/ mL in 0.1% Formic acid) 1 mL�
��(1 g)� 9 mL �
�� �� shaking incubator(Vision scien-
tific Co., Korea)� 180 rpm�� 10� 
� shaking� �, 30�

� 
���(9000 rpm, Hanil Science Industrial, Korea)���.

��� �, ���� ���� �� ��
 5 mL� 0.45 µm
PVDF Maxi-Spin filter tube(Alltech Associates, USA)� ��

Micro centrifuge(Fisher Scientific, USA), 9000 rpm�� 4� 

� 
���� � � �
� SPE(Solid Phase Extraction) car-
tridge� ��� �����. �� PVDF Maxi-Spin filter tube
�� ��� �� 2 mL� conditioning� OASIS HLB SPE
(200 mg packing, Waters Corporation, USA) cartridge� ���

� �
� 2 mL� �� �����. OASIS SPE cartridge� �
�� 4 mL ��� conditioning� Varian SPE cartridge(200 mg
packing, Varian Inc., USA)� ���� �, LC-MS/MS� ��

���. ��� ��� 	�� HPLC grade water� ����

���� ���� 5, 25, 125, 250, 500 ppb �� ��� stan-
dard solution� 
���. Calibration� ������� 
��
13C3-acrylamide 
� ���� ���� ��� 	��, standard
curve� ��� ��� ������� ��� �����. �
� ����� 1� �� �����, 10 ppb ��� ����

<10 ppb� �����.

�� � ��

���

��� ��� 	�� HPLC grade water� �������

� ���� 5, 25, 125, 250, 500 ppb �� ��� standard
solution� 
���. 	 ��� standard solution 1 mL� ��

��� ��� ��� 
�� ������(13C3-acrylamide, 200
ppb) 1 mL� 	� standard curve ��� �����. 		� �
� ���� ���� �����(Fig. 2), ���� r��

0.999998, r2�� 0.999996��. Standard curve� ��� ���

������� �� � �����. ���
� �� ����

� ��� 
��� ����� ���
� �� ��� ���.

�� ���-����

� ����� 
� ��� ���� ���� �� ���

Crush and homogenize sample

 Weigh 1 g
 Add 1 mL
 Internal standard solution
 Add 9 mL water
�

Mix for 10 min on shaker
�

Centrifuge tube at 9000 rpm for 30 min
�

Micro Centrifuge at 9000 rpm for 4 min
(0.45 µm PVDF Maxi-Spin filter tube)

�
OASIS HLB 6 mL SPE (C8)

 
 5 mL methanol conditioning
 5 mL water conditioning
 
 2 mL sample loading
 2 mL water elution
�

Varian SPE cartridge
(Mixed mode; C8, SAX and SCX)

 
 3 mL methanol conditioning
 3 mL water conditioning
 
 All sample loading
�

LC-MS/MS analysis

Fig. 1. Scheme for acrylamide analysis (FDA, 2002).

Fig. 2. Standard curve.
S: Standard, IS: Internal standard.
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�	� �, �, ��, �, ��, ��, ��, ��, ���, ��

�, ���� 	��� �����(Table 1). �(17 ppb), ��

(10, 12, 12 ppb), ���(12 ppb)� ��� �� �	� 
��

���� �������� ���� ��� <10 ppb� ���

��. �� ��, ��� �� 20 ppb ��� �� ���� �
���. 2002�� ���������� ���� 
� ���

�
 ����� �������� ���� �	��, 
� �
��� �������� ���� ��� ��������

	�� ���� �� ����� ����� ������(4).
����� ��� ���� ����� 
���� Wholemeal,
Rey flour, Porridge oats, Oat-bran, Bacon�� <30 ppb� ��

�� ���� �� 
� ����� ������� ���

� �� ���(23).

�������-�, �, �, ���, ���

�� ��� �� ��� ��� 	��� ���� ���

� �	�� <10 ppb��� � ��� �����
 14 ppb�
�� ���� ����(Table 2). �������� ����

��� ���� �� ����� ������ �� ���

�� ��� ����� ��� �
� ��� ������

�� ���� �	�. ���
 ��� ���� ���� 	
� ��� ����, � �� �� ��� ��������

���� �	�.
�� ����� �� �������� ���� ���

<10 ppb ������, �� �� ��� ����� �� 

�� �� �� ���� ��� ����� �������

� ���� ��� �	�(Table 2). ��� �� �� �, �
��� ���� ������� ���� ��� � ���

� ��� ���� ��� ��� 	��� �� ���� �
�� 
�	 ��� ����.
�� 	��� �� <10 ppb� �� ���� ����, ��

�� ���� 40 ppb ��� ���� ����(Table 2). FDA
���� � Wonder Bread��� �������� ����

�	� Pepperidge Farm Dark Pump Pumpernickel(Toasted)�

364 ppb� ���� ����(22).
�� ���� 	��� ���� ���� ������ �

��� �	�� 27 ppb �� �����(Table 2). �� ��

�� ��� 4-581 ppb �����(7).
���� � ���� 10 ppb �
 ����� �� ���

�� 12-236 ppb �����(Table 2). �� ������ ��

� ���� ��� 
� ��� ��� ������� ��

�� ���� ���� 
�� ����� �
� ����

� ��� ������� ��� 
� ��� �	�. FDA
���� � Muesli/Granola� 11-89 ppb �����, �� �

Table 1. Acrylamide concentration in raw food products

Sample
Acrylamide concentration (ppb)

Sample 1 Sample 2

Raw foods
Rice 1 <10 1)N.D.1)

Milet 1 17 <10
Barley 1 <10 N.D.
Red Bean 1 <10 <10
Mung Bean 1 <10 <10
Black Rice 1 <10 <10
Black Rice 2 <10 10
Black Rice 3 12 12
Brown Rice 1 N.D. <10
Indian Millet 1 N.D. <10
Yellow Millet 1 <10 <10
Black Soybean 1 <10 <10
Black Soybean 2 <10 12
Yellow Soybean 1 <10 <10

1)N.D.: Not Detected

Table 2. Acrylamide concentration in substitute meal products

Sample
Acrylamide concentration (ppb)

Sample 1 Sample 2

Boiled Rices
Boiled Rice 1 1)N.D.1) N.D.
Boiled Black Rice 1 14 <10
Boiled Black Rice 2 <10 <10
Boiled Black Rice 3 <10 <10
Boiled Brown Rice 1 N.D. <10
Boiled Brown Rice 2 N.D. N.D.

Rice Cake Products
Rice Cake 1 N.D. N.D.
Rice Cake 2 N.D. N.D.
Rice Cake 3 N.D. <10
Steamed Rice Cake 1 <10 <10
Glutinous Rice Cake 1 N.D. N.D.

Bread Products
Muffin 1 <10 <10
Pastry 1 14 <10
Castella 1 15 10
Castella 2 20 12
Chou Bread 1 N.D. <10
Butter Bread 1 33 32
Red Bean Bread 1 <10 <10
Cream Puff Bread 1 <10 <10

Fried Noodle
Fried Noodle 1 N.D. N.D.
Fried Noodle 2 N.D. <10
Fried Noodle 3 <10 13
Fried Noodle 4 N.D. N.D.
Fried Noodle 5 N.D. N.D.
Fried Noodle 6 22 N.D.
Fried Cup Noodle 1 N.D. 27
Fried Cup Noodle 2 11 <10
Fried Cup Noodle 3 <10 <10

Cereals
Cereal 1 72 12
Cereal 2 109 93
Cereal 3 <10 23
Cereal 4 236 236
Cereal 5 18 29
Cereal 6 101 100

1)N.D.: Not Detected
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������� 44-1,057 ppb �����, ��� �����

<30-1346 ppb �����, �� ���� 33-213 ppb ����

�(7,22-23).

���-��� ���, ���, ���, ���, ��, ���, �
��� �, ���� ��, ��, ���, ��� � ��

�������� ���� �
 �� ���� ��� �
����, 141 ppb�� 1,118 ppb�� ��� ���� ���

�(Table 3). 2002� �� ����� 341 ppb�� 1,896 ppb
������, �� �������� �
� 
�� �� �
��� ��	 �� �� ��� � ��� ��� ����

�(4). FDA� ����� ��� ��� ��� ������

� ��, Arby’s French Fries� 252 ppb, Burger King French
Fries� 197-369 ppb �����(22). Checkers French Fries�
257, 407 ppb, Fuddruckers French Fries� 346, 452 ppb, KFC
French Fries� 117-313 ppb �����. McDonald’s French
Fries� 117-497 ppb �����, Popeyes French Fries� 301-
1,030 ppb, Wendy’s French Fries� 157-302 ppb �����. ��

� ��� 301 ppb�� 1,104 ppb �����(23).
����� 17-66 ppb �����, ���� 15-18 ppb ��

���(Table 3). ���� ���� 
� ���� 75-587 ppb
�����. ��� 152-237 ppb �����.
���� �� ���� �� �� ��� ���� ���

�� ������� ���� �� ��� ��� ��� �
����(Table 3). 
 �(4)� ������� 598-1,709 ppb �
�����, � ����� 278-3,277 ppb ����� � ��

� ����� �����. �� FDA� Potato Chips� ���

� �� 117-2,510 ppb� ��� ���� �����, ���

47-2,620 ppb. ���� 332-2,287 ppb, ����� 60-1,220 ppb
� ��� ����(6-7,22-23). ���� ��� ������

�� �� ����� �
� 
�� �� ��� ���� �

 �� �������� ���� � � ��.
���� 13-459 ppb ����� ��, ���� �����

��� ���� ��� 289 ppb�� ���� �������

�� ��� ���� ���� � �� ������ �� �
����(Table 3). ��, ���� ���� 
� �
�� �
������ ���� ����� ���. ����� 
��

��� ��� ������� ���� ��� ��� ��


 ���� ��� �� ������� ����� ���

� 	 ��� ����. FDA� ��, Cookies� 334-432 ppb,

Table 3. Acrylamide concentration in snack products

Sample
Acrylamide concentration (ppb)

Sample
Acrylamide concentration (ppb)

Sample 1 Sample 2 Sample 1 Sample 2

French Fries Cracker, Snack and Biscuit Products
French Fries 1 141 168 Cracker 1 23 13
French Fries 2 220 237 Cracker 2 131 116
French Fries 3 264 236 Cracker 3 435 459
French Fries 4 501 442 Cracker 4 303 218
French Fries 5 423 514 Cracker 5 279 202
French Fries 6 533 546 Snack 1 150 114
French Fries 7 1059 1118 Snack 2 98 40

Popping Rice, Scorched Rice and Hardtack Products Snack 3 68 66
Popping Rice 1 39 17 Snack 4 12 <10
Popping Rice 2 43 66 Biscuit 1 86 48
Scorched Rice 1 15 18 Biscuit 2 10 69
Puffed Corn 1 587 486 Biscuit 3 56 289
Popping Rice 2 349 283 Biscuit 4 281 <10
Popping Rice 3 75 92 Biscuit 5 1)N.D.1)

Hardtack 1 143 152 Chocolate And Candy Products
Hardtack 2 185 200 Chocolate 1 24 18
Barley Hardtack 1 237 233 Chocolate 2 31 15
Barley Hardtack 2 187 168 Chocolate 3 30 16

Potato Chips and Potato Snack Products Chocolate 4 24 13
Potato Chip 1 278 284 Candy 1 N.D. <10
Potato Snack 1 600 566 Candy 2 25 <10
Potato Snack 2 1534 1511 Candy 3 <10 <10
Potato Snack 3 1813 1837 Candy 4 N.D. <10
Potato Snack 4 907 783 Candy 5 34 39
Potato Snack 5 2626 2509 Caramel 1 N.D. <10
Potato Snack 6 1595 1778
Potato Snack 7 502 606
Potato Snack 8 3277

1)N.D.: Not Detected
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Snack Foods(�
� ��)� 12-1243 ppb �����(22).
���� 13 -31 ppb �����(Table 3). FDA �����

Cocoa �� ��� �������� ���� �	�, Ghirardelli
Unsweetened Cocoa� 316 ppb, �
 �� �������� �
�� Hershey’s Cocoa� 909 ppb��(22). �� ������ �
������ �� 31 ppb �
�� �� ������, ��

��� �� ���� �	�� 909 ppb�� ���� ���

��. �� ���� 
�� 
�� ��� ��� ��� �
�
 ��� 
�� ��� ���� ������� ���

� ���� ��� 
�	 ��� ����. ��� ����

����� ���� ��� 34 ppb �� �����.

����-�, �� � ��

�� �� � �
 �� ��, ���� �� ��� ���

�� ��� ��� ���� �����. � 
 ��� � �
�
 24 ppb� ���� 	��� ���� �	�� <10 ppb
�� �����(Table 4).
���
� 394-1,026 ppb �����(Table 4). �
� ��

��� �� �� ����� � ����� ���� 1 g�
��� ��� ��� �� ���� ��� ���� �	�

����� 	 ��� ����. FDA� Regular Roasts 37-374
ppb�����, Dark Roasts� 97-319 ppb, Brewed Coffee�
11 ppb �� �����(22).

���-��, ��� � ���, �, ����


�� ��� 
�� �� 
� ��� ��� ��� 

�� �� 
� ��� ���� ��� �� �������

� ���� �	�� <10 ppb�� �����(Table 5). ��

��� ���� ���� ���� �� ������� �
������� ���� ���� ����� ��� ���

����. �� ��� 10� ��� 	��� ������ �
� ���� �������� ���� �	�� <10 ppb �
����. ��, ����	� ����� �������� �

��� �	�. FDA ����� Grace Sweetened Condensed
Milk� ���� �	�, Carnation Malted Milk Original
43 ppb, Carnation Infant Nonfat Dry Milk� 11 ppb, Saco
Cultured Buttermilk Blend� 10 ppb �
�� �����(22).
�� ����� 
� �
��� �������� � �

�� 51 ppb, ��� ��� ���� �	�� <10 ppb ��

���(Table 5). �
 �� �� 23 ppb �� �����. �


��� �������� 60, 34 ppb �����. ��
�

26 ppb �� �����. � ���� ����� 	��� �
�����, ���� ������� �������� ��

� ��� ��� ���� ����� �� �������

������� ����� 
�	 ��� �	��.
�� � ��� �������� ���� �	�� 16 ppb,

����� 10, 51 ppb, ������ 10 ppb �
 �����. �
������ ���� �	�(Table 5). 	��� 10 ppb �
 �
���� 42, 51 ppb �����. 
�� ��� <10 ppb ���

� ��� 	��� ���� �������� ���� �	�.

Table 4. Acrylamide concentration in drink products

Sample
Acrylamide concentration (ppb)

Sample 1 Sample 2

Tea and Drink Products
Tea 1 1)N.D.1) <10
Jujube Tea 2 24 <10
Green Tea 3 <10 <10
Ice Tea 4 <10 N.D.
Oolong Tea 5 N.D.
Carbonated Drink 1 N.D. N.D.
Carbonated Drink 2 N.D. N.D.
Carbonated Drink 3 <10 <10
Juice Drink 4 N.D. N.D.
Juice Drink 5 <10 <10

Coffee Products
Powdered Coffee 1 1026 804
Powdered Coffee 2 359 805
Powdered Coffee 3 831 394
Powdered Coffee 4 359

1)N.D.: Not Detected

Table 5. Acrylamide concentration in sauce products

Sample
Acrylamide concentration (ppb)

Sample 1 Sample 2

Butter, Margarine and Dairy Products
Butter 1 <10 <10
Butter 2 <10 1)N.D.1)

Butter 3 <10 <10
Margarines 1 <10 <10
Margarines 2 N.D. N.D.
Milk 1 N.D. N.D.
Milk 2 N.D. <10
Milk 3 11 <10
Milk 4 <10 <10
Milk 5 <10 <10
Cheese 1 N.D. <10
Cheese 2 N.D. N.D.
Yogurt 1 N.D. <10
Yogurt 2 N.D. N.D.

Fermented Soybean Products
Ssamjang 1 10 N.D.
Ssamjang 2 51 <10
Soy Sauce 1 15 <10
Soy Sauce 2 23 11
Bean Paste 1 60 34
Hot Pepper paste 1 <10 26
Hot Pepper paste 2 19

Sauce Products
Ketchup 1 16 <10
Ketchup 2 N.D. N.D.
Mustard 1 51 10
Dressing 2 <10 <10
Mayonnaise 1 N.D. N.D.
Sesame Oil 1 <10 <10
Sesame Oil 2 42 51
Pork Cutlet Sauce 1 N.D. <10
Pork Cutlet Sauce 2q <10 <10

1)N.D.: Not detected
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��-����, ��� ��, ��	, ��


���� ������ 
���� ��� ��� 	��

� �����. � �� 
������ �������� �
��� �	�� 15 ppb �����(Table 6). FDA� ��� 

� Gerber ����� Gerber 2nd Foods Apple & Cheeries�
���� �	�, Gerber 2nd Foods Carrots & Sweet Peas�
39 ppb �����(22). � ��� Gerber Tender Harvest
Organic Sweet Potatoes(lot 2)� 121 ppb, �
 �� ���

Baby Foods� Gerber Finger Foods Bitter Biscuits� 130 ppb
�����.
�, ���, �� �� ��� ��� �	� ��� ���

����� ���� �	�� <10 ppb �����(Table 6). �
���� ��� �	� ��� �	 ���� �� ��� �
�� 	��� ����� ��� �������� ����

�� ��� ����. ���� � ���� ��� ����

� ���� ���� � ������� �� ��� ���

� ���� 	 ��� ����.
���� �
 � � ���� 20 ppb ����� ��� �

���� ���� �	�� <10 ppb �����(Table 6). FDA
� ����� 	��� ���� ���� �	�� 10 ppb
�� �����, B&M Original Brick Oven Baked Beans�

83 ppb, B&M Vegetarian 99% Fat Free Brick Oven Baked
Beans� 70 ppb, Libby’s Pumpkin� 25 ppb �����(22).
� �� �� ��� �� ��� ������, �����

�� �������� ���� �	� ������� ��

�� ��� 13 ppb �����(Table 6). FDA� ���

Almonds ��� 236-457 ppb �����, Peanuts �����

�������� ���� �	�(22).

� �

����� �� ���� �� �� �������� �
�� �� ���� ������ ��� � �������

� 	� ��� �
���� ���� ��. � �����

�� ��� 	� ����� 	� ��� ��� ����

327� ��� �����. ���� �� 
���� ND-17
ppb, �� ND-14 ppb, �� ND-<10 ppb, �� <10-33 ppb, �
��� ND-27 ppb, 
���� ND-15 ppb, ��� ����

141-1,118 ppb, ��� ��� ��� 
 ��� 15-587 ppb, �
	� ��� ND-<10 ppb, ���� �, ���� ��� 278-
3,277 ppb, ���, ��, ���� 13-459 ppb, ���� <10-
236 ppb, � 
 ��� ND-24 ppb, �
� 394-1026 ppb, ��

�� 13-30 ppb, ��, ���� ND-34 ppb, ���� ND-20
ppb, ��, ��� 
 ���� ND-<10 ppb, 

� ND-60 ppb,
��� ND-51 ppb, ��(��, ��)� ND-13 ppb �	� ��

������ �����. �� ��� ������� ���

���� ��� ������� ��� �����.

��� �

� ��� 2003�� ���������� ��� ����

����� ��� �
� ��(�)� ���� ������

�. �� �� ������.
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