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A Study on Mineral Distribution in Korean Foodstuffs
by Neutron Activation Analysis
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Concentrations of minerals (Ca, K, Mg, Na, Se, Zn, Fe, and Mn) in 50 different Korean foodstuffs were
determined through neutron activation analysis. To check the accuracy of this method, the U.S. NIST standard
reference materials were analyzed. Anchovy, sesame, perilla, and laver were found to contain relatively higher
concentrations of Ca, Mg, Fe, and Zn than the other foodstuffs.
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Table 1. Analytical condition for neutron activation analysis

Sample Irradiation Cooling Counting Target
Weight Time . Time Time Elements
. 5 min 300 sec Ca, Mg
10mg 2 min 30 min 800 sec Mn, Zn
4 day 1000 sec K, Na
100 mg 2h 15day  4000sec  Fe, Se, Zn

Table 2. Moisture removal by freeze drying in korean diet
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Category Food Removal (%) Category Food Removal (%)
Cooked Rice 65.7 Beef 88.9
Wheat Flour D Pork 88.6
Kidney Bean 149 Chicken 594
Cereals Barley 16.6 Meets Ham 67.9
Glutinous Rice 14.7 Milk 87.8
Black Rice 184 Cheese 45.1
Sesame Seed 493 Egg 76.1
Perilla Seed 42.0 Anchovy 29.0
Spinach 94.8 Saury Pike 88.1
Lettuce 942 Hairtail 89.0
Sesame Leaf 87.6 Walleye Pollack 81.0
Welsh Onion 85.2 Fishes & Shellfishes Mackerel 785
Tomato 94.1 Cuttlefish 78.8
Vegetables Cucumber 93.9 Shrimp 6.99
Pumpkin 91.6 Oyster 36.8
Radish 94.2 Shellfish 8.84
Garlic 68.4 Laver -
Unripe Red Pepper 923 Seaweeds Tangle 91.0
Chinese Cabbage 94.6 Brown Seaweed 87.6
Watermelon 88.2 Ramyeon -
Melon 87.0 Bread 255
: . Pear 88.8 Biscuit 154
Fruits Strawberry 878 Processed Food Boiled Fish Paste 59.4
Orange 884 Bean Curd 843
Grape 85.0

Vdried sample
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Table 3. Evaluation for the analytical results with u.s. nist standard reference materials

EYAEY /A X AT 393

(unit: pg/g)

(1) Total Diet (SRM 1548)
Element Certiﬁecll) Value Aanlytical Results Cert./Exp.” Z-score
(SD.” %) Range Mean (S.D. %)

Ca 1740 (4) 1676~1765 1735 (0.08) 1.00 0.07
K 6060 (5) 5049~5958 5621 (1.28) 1.08 141
Mg 556 (5) 521~568 551 (5.98) 1.01 0.12
Na 6250 (4) 6352~6605 6460 (2.00) 0.97 0.75
Fe 32,6 (11) 30.4~36.39 342 (12.4) 0.95 0.29
Mn 52(8) 5.00~5.39 5.25 (0.40) 0.99 0.12
Se 0.245 (2) 0.245~0.272 0.257 (4.90) 0.95 0.88
Zn 30.8 (4) 32.5~36.3 34.2(7.89) 0.90 1.15

UThe square root of the quantity(sum of squares of deviations of individual results from the mean, divided by one less than the number of results

in the set).
PCertified value over experimental value.

(2) Oyster Tissue (SRM 1566b) (unit: pg/g)
Element Certified Value This Work Cert./Exp. Z-score
(SD. %) Range Mean (S.D.%)
Ca 838 (2.4) 796~996 900 (9.7) 0.93 0.70
K 6520 (1.4) 6528~7219 7087 (13.4) 0.92 0.59
Mg 1085 (2.1) 1105~1383 1239 (8.7) 0.88 1.40
Na 3297 (1.6) 2769~3956 3377 (13.5) 0.98 0.17
Fe 206 (3.4) 196~201 199 (1.0) 1.04 0.99
Mn 185(1.1) 18.5~19.6 18.8 (2.7) 0.98 0.60
Se 2.06 (7.3) 2.06~2.32 2.23 (4.5} 0.92 0.96
Zn 1424 (3.2) 1395~1450 1434 (1.5) 0.99 0.19
, Total Diet (SRM 1548) E35), 9x= 4, AdE, ofd B Ui gdiE
momaon| o] FUE T T4 AN, /e BE olHFt o
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Fig. 1. Comparison of the analytical results of nist standard
reference materials.
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Table 4. The result of mineral distribution in korean food by NAA (wet basis, Lg/g)
Category Food Ca K Mg Na Fe Mn Se Zn
Cooked Rice 415 779 25.9 470 3.60 1.70 0.013 5.04
‘Wheat Flour 164 1203 272 9.94 9.44 592 0.077 5.11
Kidney Bean 254 5948 530 - 135 23.6 16.3 *D 149
Barley 272 2655 463 30.8 18.2 17.7 * 16.6
Cereals Glutinous Rice 69 1095 383 6.79 337 116 0.600 147

Black Rice141 3049 1066 14.5 9.68 29.8 * 18.4
Sesame Seed 7851 4536 3107 129 743 16.7 * 493
Perilla Seed 3467 6278 2374 49 52.3 119 * 42,0
Mean 1532 3105 1028 17.5 24.3 273 20.8
Spinach 26.9 305 45.7 8.16 9.05 273 * 21.7
Lettuce 859 3302 175 229 4.71 177 * 20.0
Sesame leaf 1103 1594 413 <20 16.12 3.68 * 11.5
Welsh Onion 780 8446 263 37.1 2.53 240 * 2.90
Tomato 84.1 1951 87.7 104 1.86 0451 * 1.03 -

Cucumber 164 2360 142 2.09 4.75 0.860 * 337
Vegetables Pumpkin 150 2145 120 2.0 273 0.865 * 2.66
Radish 255 1443 86.8 218 142 0.708 * 1.63
Garlic 30 5419 235 19 115 2.84 * 9.01
Unripe Red Pepper 221 237 429 3.47 5.12 1.16 * 1.63
Chinese Cabbage 376 2205 - 73 355 3.53 0.64 * 3.02
Mean 368 2673 188 63 5.76 176 <005 713
Watermelon 409 1745 127 2.89 229 0473 * 1.10
Melon 471 4389 148 1.57 3.03 0.360 * 337
Pear 1.25 1767 68.8 0.956 0.701 0.673 * 0.66
Fruits Strawberry 161 1725 105 17.0 0.87 1.87 * 0.96
Orange 58 622 39 10.8 051 035 * 048
Grape 69 1679 44 2.745 0.87 1.01 * 0.27
Mean 63 1988 89 5.98 1.38 0.79 <0.05 1.14
Beef 8.94 606 84.0 12 - 12.8 0.038 0.092 302
Pork * 861 124 147 5.30 0.062 0.113 17.6
Chicken 74.7 2521 391 548 14.1 0.149 0.269 31.0
Ham * 5146 * 9374 16.0 * 0.159 254
Meets Milk 799 1433 123 406 * 0.020 0.024 3.59
Cheese 4808 495 217 10870 1.67 * * 293
Egg 364 1364 140 1357 16.8 0270 0.258 114
Mean 1211 1775 180 3259 11.1 0.108 0.152 212
Anchovy 23953 7273 832 24266 266 36.1 0.880 65.9
Saury Pike 212 437 112 234 116 0.104 0.212 4.55
Hairtail * 1097 134 176 1.73 0.071 0.195 2.76
Walleye Pollack 291 1379 251 386 6.08 0.153 0317 5.85
Fishes & Mackerel 94.2 1453 230 176 122 0070  0.409 7.76
Shellfishes Cuttlefish 914 2302 350 9631 19.2 0.201 0.437 15.8
Shrimp 822 581 982 7037 16.4 1.14 0.312 6.99
Oyster 152 2064 201 1304 81.0 6.84 0.761 36.8
Shellfish 153 1722 288 1305 166 6.09 0.638 8.84
Mean 3221 2034 376 4946 64 5.64 0.462 17.2

UN.D. or lower limit of detection
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Table 4. Continued

Category Food Ca K Mg Na Fe Mn Se Zn
Laver 3854 26059 4246 - 3075 117 30.4 * 376

. Tangle 285 7536 320 1967 145 0.419 0.047 0.46
Seaweeds Brown Seaweed 978 * 823 13074 13.5 1.06 * 270
Mean 1706 16798 1796 6039 483 10.6 0.047 13.6

Ramyeon * 1672 95 3459 3.29 377 0.094 298

Ramyeon Soup * * * 112869 16.6 4.68 * 6.35
Bread 245 1081 381 2840 17.6 3.20 0.207 1.2
Pf%cessed Biscuit 2378 767 76.9 6173 102 478 * 434
00 Boiled Fish Paste 1010 2056 123 6038 8.93 3.02 0.190 414
Bean Curd 695 1218 351 66.9 179 6.70 0.044 10.1

Mean 1082 1359 205 21908 12 436 0.13 6.51
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