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Changes in Mineral Content in Several Leaf Vegetables
by Various Cooking Methods
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Department of Food and Nutrition, the Catholic University of Korea

Abstract

This study was conducted in order to determine the effect of various cooking methods (boiling, pressure
cooking, steaming and microwave heating) on mineral content, color and sensory quality of spinach, chinese
cabbage, and cabbage. It was shown that steaming and microwave heating were desirable methods for all
three vegetables. Both the acceptability and the retention of mineral content were high when these methods
were used. It was also shown that boiling more than 5 min. and pressure cooking were not appropriate for
leaf vegetables since both the acceptability and the retention of mineral contents were low in those methods.
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Table 1. Analytical results of 7 elements in spinach”
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Method of Na** K** Ca Mg** Fe** Zn Cu
cooking (mg) (mg) (mg) (mg) (bg) (ug) (1g)

1 min. 377 432° 58.7 33.8% 1052 1318 148
(48.7) (66.4) (96.7) (61.8) (52.1) (84.2) (64.1)

Boiling 2 min. 24.6% 336° 56.5 27.8¢ 959" 1270 145
(31.8) (51.6) 93.1) (50.8) 47.5) (80.1) (62.8)

5 min. 23.1° 327 54.2 26.1 882%™ 1205 129
(29.8) (50.2) (89.3) 7.7 (43.6) (76.9) (55.8)

0 sec. 343" 432° 46.4 32.4% 837" 1265 145
Pressure (44.3) (66.4) (76.4) (59.2) (41.4) (80.8) (62.8)
cooking 1 min 30.5% 335° 40.0 27.8F 646° 1248 137
: (39.4) (51.5) (65.9) (50.8) (32.0) (79.7) (59.3)

2 min. 47.1° 521% 46.7 46.3° 1617 1359 187
(60.9) (80.0) (76.9) (84.6) (80.0) (86.8) (80.9)

Steaming 3 min. 37.0" 480° 44.0 40.6* 1511° 1334 166
(47.8) (73.7) (72.5) (74.2) (74.8) (85.2) (71.9)

S min. 328> 447" 37.2 38.0" 1016° 1224 164
42.4) (68.7) (61.3) (69.5) (50.3) (78.2) (70.9)

40 sec. 43.4* 602 445 41.0° 1685" 1512 176
Microwave (56.1) 92.5) (73.3) (75.0) (83.4) (96.6) (76.2)
heating 1 min 37.9% 588" 40.4 38.6™ 1478 1411 173
(49.0) (90.3) (66.6) (70.6) (73.1) (90.1) (74.9)

77.4 651 60.7 54.7 2021 1566 231

Raw sample (100) (100) (100) (100) (100) (100) (100)

Contents per 100 g of raw material, ( ): Relative analytical values vs. control taken as 100
Values with the same letter in the same column are not significantly different (*: p < 0.05, **: p < 0.01).
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Table 2. Analytical results of 7 elements in chinese cabbage”
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Method of Na* K** Ca** Mg** Fe* Zn** Cu
cooking (mg) (mg) (mg) (mg) (ug) (ug) (3]

1 min 57 130° 16.9® 5.6 27474 259° 29

: (79.1) 61.7) 87.6) (77.8) (79.7) (85.8) (58)

Boilin 2 min 2.7°% 108° 15,7 4.8 257 206° 27
2 - (37.5) (51.4) (81.3) (66.7) (74.7) (68.2) 4

S min 2.6 73 14.3¢ 4.1% 250° 196° 24

: (36.1) (34.8) (74.1) (56.9) (72.7) (64.9) (48)

30 sec 2,67 104° 15.8" 46" 271% 211° 32

Pressure : (36.1) (49.5) (81.9) (63.9) (78.8) (69.9) (64)
cooking 1 min 2.2° 96° 14.7° 4.0% 267> 193° 29
: (30.6) (45.7) (76.2) (58.3) (77.6) (63.9) (58)

2 min 4.6™ 186" 17.2° 6.1 331° 278 45

: 63.9) (88.6) (89.1) 84.7) 96.2) 92.1) (90)

Steami 3 min 4.0 180" 16.3* 6.0 323° 266 37
caming ma. (55.6) (85.7) (84.5) (83.3) 93.9) (88.1) (74)
S min 3.6™* 177 16.1* 5.8 2547 265* 35

min. (50) (84.2) 83.4) (80.6) (73.8) 87.7) (70)

40 soc 49" 199° 17.1° 6.6° 304® 275° 38

Microwave : (68.1) (94.9) (88.6) 91.7) (88.4) (91.1) (76)
heating 1 min 4.5 195* 16.9" 6.4 301%™ 262 35
(62.5) (92.9) (87.6) (88.9) (87.5) (86.8) (70)

Raw sample 72 210 19.3 72 344 302 50
a P (100) (100) (100) (100) (100) (100) (100)

Contents per 100 g of raw material, ( ): Relative analytical values vs. control taken as 100.
YValues with the same letter in the same column are not significantly different (*: p < 0.05, **: p < 0.01).
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Table 3. Analytical results of 7 elements in cabbage”
Method of Na** K** Ca** Mg** Fe Zn** Cu
cooking (mg) (mg) (mg) (mg) (1) 1) (ug)
1 min 12.1° 87’ 28" 6.8 191 211™ 32
: (72.0) (52.1) (89.2) (69.4) (83.8) (73.0) 84.2
Boiin 2 min 8.8 72" 233" 6.0 172 186% 27
e ’ (52.4) @43.1) (74.2) 61.2) (75.4) (64.4) (71.1)
5 min 8.4* 63 20.9° 5.2° 164 162° 25
min. (50.0) (37.7) (66.6) (53.1) (71.9) (56.1) (65.8)
30 sec 8.6 85" 21.8 6.5" 201 204° 20
Pressure : (51.2) (50.9) (69.4) (66.3) (88.2) (70.6) (52.6)
cooking 1 min 7.3 76* 20.9° 5.8% 189 177 18
R (43.5) @5.5) (66.6) (59.2) (82.9) (61.2) (47.4)
3 min 11.9" 148" 28.4" 9.1° 221 250° 30
o (70.8) (88.6) (90.4) (92.9) (96.9) (86.5) (78.9)
Steamin 3 min 11.3" 142" 25.2™ 8.4* 217 245" 29
eaming - (67.3) (85.0) (80.3) (85.7) (95.2) (84.8) (76.3)
5 min 11.1% 137° 24.4™ 83" 159 243 26
. (66.1) (82.0) 777 (84.7) (69.7) (84.1) (68.4)
40 sec 15.5° 159 29.5° 9.6" 226 256" 37
Microwave : 92.3) 95.2) 93.9) (98.0) 99.1) (88.6) 97.4)
heating 1 min 13.4*° 154* 282" 9.4 206 251° 31
m (79.8) (92.2) (89.8) (95.9) (90.4) (86.9) (81.6)
Raw samol 16.8 167 31.4 9.8 228 289 38
ple (100) (100) (100) (100) (100) (100) (100)
Contents per 100 g of raw material, ( ): Relative analytical values vs. contro] taken as 100.
YValues with the same letter in the same column are not significantly different (*: p < 0.05, **: p < 0.01).
Table 4. Changes in the Hunter color values of spinach, chinese cabbage and cabbage after cooking
Method Spinach Chinese cabbage Cabbage
of
cooking L a b L a b L a b
1 min. 17.6 9.9 7.9 57.1 -11.4 18.7 583 -10.1 225
Boiling 2 min. 16.9 9.1 7.5 56.9 -10.2 18.8 59.3 92 18.7
5 min. 185 8.6 8.2 577 -8.7 16.5 58.6 -8.4 19.8
Prossure 30 sec. 207 99 9.5 56.8 -10.9 19.0 573 -10.9 23.1
cooking 1 min. 23.5 -10.4 11.6 58.1 8.2 15.8 57.1 -8.7 20.8
2 min. 228 -11.8 113 55.5 93 16.8 53.9 125 233
Steaming 3 min., 19.5 93 8.8 57.1 95 17.7 56.3 -10.4 21.3
5 min 18.4 93 8.4 55.9 9.8 185 55.7 97 21.3
Microwave 40 sec. 191 -10.6 9.3 54.7 -12.0 20.1 57.4 -10.1 22.0
heating 1 min. 20.4 -10.6 9.3 56.4 -11.6 20.5 57.2 92 20.7

p > 0.05.
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Table 5. Sensory scores of spinach after cooking”

Ao} - 2%

. Overall
*% *% %k
Method of cooking Color Odor Taste Hardness Acceptability **
1 min. 4.13" 4.0 4.22¢ 5.43° 4.44*
Boiling 2 min. 387 4.0 4.0™ 3.96° 4.13°
5 min. 2.26° 3.91 3.09* 2.65° 3.04°
Pressure 30 sec. 4.65™ 3.52 2.00° 1.30° 2.30°
cooking 1 min. 3.78° 3.65 2.44¢ 1.39 222
2 min. 487 4.44 3.61° 4.57 4.35*
-Steaming 3 min. 4.70* 4.09 4.04* 5.16° 417
5 min 3.09° 3.52 3.44% 2.78 313
Microwave 40 sec. 417" 435 3.61% 6.00" 413"
heating 1 min. 4.26™ 3.70 4.35° 5.09° 4.13°
YValues with the same letter in the same column are not significantly different (** p < 0.01).
Table 6. Sensory scores of chinese cabbage after cooking”
i Overall
& * % * ¥
Method of cooking Color Odor Taste Hardness Acceptability **
1 min. 2.57¢ 3.78 374" 4.87 3.04°
Boiling 2 min. 3.96° 4.0 4.04* 3.91° 3.96°
5 min. 3.70% 3.30 3.04° 257 2.35%
Pressure 30 sec. 3.52 40 2.48" 1.96% 2.78%
cooking 1 min. 317 339 2.22¢ 1.61° 1.83
2 min. 544 4.17 4.09* 517 4.83"
Steaming 3 min. 3.74% 3.83 448 4.65 4.48">
5 min 3.78" 3.96 4.04" 3.61° 4.17*
Microwave 40 sec. 3.52% 3.96 439 517 435"
heating 1 min. 5.35° 4.48 435 513 5.04°

DValues with the same letter in the same column are not significantly different (** p < 0.01).
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Table 7. Sensory scores of cabbage after cooking”
. Overall
sk sk * % *k
Method of cooking Color Odor Taste Hardness Acceptability**

1 min. 4.09™ 3.57 3.78* 5.39* 4.13*

Boiling 2 min. 4.09™ 3.96 4.0° 4.0 3.96™
5 min. 3.83 4.09 317 2.87 3.04*

Pressure 30 sec. 4.30® 3.65 3.09 2.44¢ 3.26%
cooking 1 min. 4.48® 3.96 2.26° 1.398 2.44°
2 min. 4.57 3.61 4.0° 5.65° 4.44°

Steaming 3 min. 439 3.48 4.22* 4.57% 422
S5 min 3.13* 3.83 4.61" 3.09° 3.44>

Microwave 40 sec. 3.39* 4.13 4.04° 5.70° 4.00"
heating 1 min. 2.83¢ 3.91 478" 5.04 4.00™

DValues with the same letter in the same column are not significantly different (** p < 0.01).
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