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Changes in Nutritive Components by Growth Periods in Spinach Grown Outdoors
in Autumn

Mi-Hee Lee
Dept. of Hotel Culinary Arts, Taekyung College

Abstract

The purpose of this study was to investigate nutritional component changes (chlorophylls, vitamin C, and minerals) in
two Korean spinach cultivars (Cheongrok, Ddangddali) according to different growth periods, as well as differences in
the components of three plant parts (leaves, stems, and roots). Chlorophyll, vitamin C, Na, and Hunter's color ab vaues
reached maximum levels in the spinach leaves after 35 days of planting, while these components did not significantly
change in the stems and roots during the growth period. Chlorophyll and vitamin C contents were higher in the leaves
than in thestems and roots. On the other hand, moisture content was higher in the stems than in the leaves and roots,
and Fe content was highest in the roots. The vitamin C content of this fresh harvested spinach was 2.5 times higher
compared to the existing data (Food Nutritive Vaue Table 2005).

Key words : Spinach, growth periods, nutritional components.
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Table 1. Apparatus and conditions for anaysis of vita-
min C by HPLC

Instrument Hitachi 655A-11
Column Inertsil NH, .
(5 #m, 4x250 mm, GL Science)

Pump Hitachi L-6000

Solvent Acetonitrile10 mM KH,PO4(85:15, v/v)
Detector Shimadzu UV-VIS SPD-10Avp

Injector Hitachi 655A-40 Auto Sampler
Integrator Hitachi D-2500

Column temperature  40°C(Shimadzu Column oven CTO-10vp)

How rate 0.7 mL/min

Injection volume 20 ¢L

Detection 254 nm
waveength
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Fig. 1. Spinach during growth periods. leaf width (D) of spinach during growth periods.

Y Days dfter the leaves were initially observed on the field. Y Days dfter the leaves were initially observed on the field.
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Fig. 3. Weight of spinach during growth periods.
Y Days after the leaves were initially observed on the field.
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Table 2. Moisture contents of spinach during growth
periods (Mean"+SD)(%.f.w.)
Culti- Dy Moisture
var Lesf Stem Root
7 9390056 9505+0.34° 92.88+0.11°
14 90.36:0.88% 93.66+1.23°  90.79+1.49°
Cheong- 2L ~ 9242t056" 9582+056° 91312021’
rok 28 9295+0.38° 9157+1.02"°  90.53+0.15°
35 90.08+0.69° 94.51+059®  88.68+0.56"
Fvaue 2040 12.01” 4899
7 89.23+042°  90.94+1.01°  88.77+058
14 9216:073  9474+039°  91.00+1.09°
Ddang: 21 9046:046" 9253:0.17°  8848+137°
addi 28 8962+089" 91.96+0.42°  87.57+0.37°
35 9023153  91.82+0.19°  86.15+0.01°
F-value 471 2162 1342

Y Means of three samples in duplicate determinations.

2 Days dfter the leaves were initialy observed on the field.

¥ Means with different letters are significantly different by Dun-
can's multiple range test a=0.05.

9" p<005, 7 p<001, " p<0.00L
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Table 3. Chlorophyll contents of spinach during growth periods (Mean1)+SD)(mg/100g.f.w.)
Part Cultivar Days? Chlorophyll a Chlorophyll b Tota chlorophyll
7 53.12+2.18° 16.64+0.40° 69.762.60%
14 62.56+0.09° 19.58+1.89° 82.14+1.97°
21 67.34+0.80° 20.36+1.37° 87.70+2.17°
Cheongrok b .
28 75.74+1.47° 22.24+1.42 97.98+2.73
35 94.40+7.75" 28.23+1.80° 122.63+9.56"
et F-value 6048 296" 6111
7 68.73+2.44 18.56+1.15 87.29+3.60
14 72.55+1.91 18.01+0.43 90.56+2.30
21 75.06+3.16 19.37+1.34 94.43+4.29
Ddangddali
28 79.37+1.02 22.56+1.38 101.93+2.36
35 88.83+1.79 19.85+2.63 108.68+4.00
F-value 161 0.22 0.76
7 1252+0.73 4.16+0.28° 16.68+0.99°
14 19.81+1.75° 6.92+0.42° 26.73+2.17°
21 13.45+1.28" 4.09+0.84° 17.54+2.08°
Cheongrok b b
28 14.61+1.46 5.65+1.66 20.26+3.13°
35 9.74+0.49° 3.73+0.38° 13.47+0.84°
F-value 2785 14.60" 40.27"
Stem
7 20.33+0.50 6.08+0.17 26.41+0.67
14 19.39+1.12 7.07+1.19 26.46+2.21
_ 21 19.54+0.82 5.41+0.29 24.95+1.07
Ddangdddli
28 17.92+1.20 6.34+0.85 24.26+1.95
35 16.97+0.53 5.88+0.39 22.85+0.90
F-vaue 135 0.73 0.67
7 1.80+0.09° 1.7240.04° 3.52+0.05°
14 1.23+0.21° 1.25+0.13% 2.48+0.13*
21 0.53+0.17% 0.64+0.16% 1.17+0.33°
Cheongrok "
28 0.51+0.10° 0.65+0.15° 1.16+0.24
35 0.46+0.18% 0.60+0.05% 1.06:0.24°
F-value 1055 443 6.88
Root b b
7 1.78+0.23 0.83+0.15 2.61+0.3%°
14 0.91+0.17° 0.80+0.05° 1.71+0.22°
, 21 0.58+0.09% 0.26+0.02% 0.84+0.10%
Ddangddali
28 0.44+0.08% 0.41+0.11° 0.85+0.20°
35 0.57+0.18 0.84+0.05° 1.41+0.20%
F-vaue 16.70" 7.34 11.15"

Y Means of three samples in duplicate determinations.

2 Days after the leaves were initidly observed on the field.

¥ Means with different letters are significantly different by Duncan's multiple range test a=0.05.
9" p<005, 7 p<001, " p<0.00L
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Fig. 4. Chlorophyll &b ratio of 'Cheongrok’ spinach during
growth periods.
Y Days after the leaves were initially observed on the field.
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Table 4. Vitamin C contents of spinach during growth

periods (Mean”+SD)(mg/100g.f.w.)
Vitamin C
Cultivar Days”

Leaf Stem Root
7 7097+ 5007 1866257 3.24+1.06°
14 7545+ 386" 2054207 3.01+0.49"
Cheong- 21 10652+ 839" 17.63:132  346+021°
rok 28 13230+ 880° 22564439 4214023
3B 159.43+16.71° 16894262  6.45+0.15°

Fvaue  37.377% 0.91 734
7 7713+ 388 3050+1.07  4.52+0.65
14 7152+ 636 2664+318 3.10+0.36"
Diang 2L 10308+ 612" 3224r267  474x150"
ddali 28 12619+10.87° 2814+240 7.31+1.97°
35 14305+ 7.17° 31.84+325  7.90+0.60°

F-value 21.47" 108 7.79

Y Means of three samples in duplicate determinations.

2 Days after the leaves were initialy observed on the field.

9 Means with different letters are significantly different by Dun-
can's multiple range test a=0.05.

9" p<005, 7 p<001, " p<0.00L
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Table 5. Mineral contents of spinach during growth periods (Mean1)+SD)(mg/100g.f.w.)
Days? Mg Ca Na K Fe P
7 64.67+2.37%  40.27+1.46" 18.76£321° 46981+ 693°  3.76+0.24° 113.13+0.50"
14 81.35+026°  74.55+2.60° 21124202 30654+ 937  3.70:0.11° 78.04+3.33°
21 104.44+0.78"  72.04+0.26" 40.07+3.12° 311.10+1042°  5.98+0.25° 102.36+1.85°
28 92774153  71.24+3.70° 51.70+1.66° 30343+ 587°  5.18+0.24° 94.34+2.18
35 102.30#0.07  86.99+9.03° 58,76+2.23° 304.85+ 6.17°  6.21+0.14° 103.43+1.83°
Fvaue 28681 7 3855 4504 5.66 974" 11305
7 71.68+265°  34.79+257° 35.08+031° 65357+ 613  5.02+0.21° 142.11+1.96°
14 88.77+201°  55.88+4.53 25568+227 64086+ 371°  5.37+0.30° 103.97+1.32°
21 104.62+901°  82.81+342° 56.36+1.90°  617.34+ 877°  7.80+0.09° 103.08+1.34%
28 97.22+344"  84.71+502° 53714158  606.60+ 324°  7.78+0.31° 112.81+4.09°
35 107.49+1.90°  97.24+0.49" 65.83+3.25" 584.79+ 4.66°  9.84+1.10° 113.10+2.99°
F-value 16.80" 149.00™ 3.39 2433" 4084 114347
7 18.06+0.88° 7.000.20° 18.70+0.94° 68320+ 223  3.90+0.31° 113.61+2.03"
14 3330+1.51°  34.60+3.73° 30.82+1.02° 54352+ 813" 4.27+0.41° 80.12+1.77°
Cheong- 21 28.35+045°  19.53+2.06° 3332¢.150° 49564+ 1.86°  3.77+0.25° 71.13+0.94°
rok 28 24824069  17.77+1.71° 38.93+0.78" 527.69+ 261°  3.71+0.25° 68.19+0.93"
35 2556+:098°  18.27+1.93° 4467153 44817+ 628  2.95+0.17° 68.93+1.10%
Sam F-value 9881 5870 428 431.00" 821" 541.84"
7 26.60+0.83" 8.40+0.09" 21.75+1.56" 668.88+ 683  4.86+0.04° 152.20+2.46"
14 2555+027°  25.05+0.90° 22.90+098°  569.08+ 7.78°  5.43+0.29° 88.35+0.97°
Ddang- 21 30.74+1.14°  30.13+1.73° 37.45+092° 56213+ 6.91°  7.02+054° 85.15+2.35"
28 3031+1.10°  34.68+1.24° 40.00+0.06" 52425+ 214"  6.61+0.42° 104.01+1.81°
35 35.14+0.41°  34.46+0.74° 43.04+1.05° 44022+ 218 6.7240.46° 100.56+0.89"
F-value 6332 300.79" 457 67.62 " 17.18" 659.38"
7 37.97+159°  38.60+1.90° 37.48+157° 44676+ 482°  1251+0.40° 128.88+1.35°
14 4323+1.88"  59,64+3.66" 61.32+0.47° 416.23+10.15°  1541+0.77° 100.03+2.05°
21 42.82¢1.03"  3897+0.77° 59.69+1.55° 388.76+10.30°  20.15+1.39° 149.99+0.95"
28 3369138  33.02+358° 53.03+1.14° 36853+ 6370 13968+0.79°  116.43+343°
35 4030+1.30°  21.94+1.01° 51.19+0.37° 357.83+ 352  1045+0.48" 117.2441.32°
F-value 21817 89.69 10245 2414 56.48 250.77"
7 4711402  55.2046.60° 15.24+1.97° 504.20+12.33  17.43+0.94° 159.87+0.40"
14 3175+121°  34.61+251° 2319+340° 39757+ 321°  14.76+0.60° 124.29+2.43°
21 38.86+1.89°  23.23+0.43° 378741938 46638+ 297°  8.82+051° 124.27+0.91°
28 37.92+039°  19.66+0.76°  40.93+046° 44561+ 267°  4.25+0.27° 145.68+1.06°
35 4603+1.00°  2248+081°  4041+075° 44019+ 191°  11.95+0.40° 156.59+1.03°
F-value 9339 6295 19.017 4866 230.29" 48548

Y Means of three samples in duplicate determinations.

2 Days dfter the leaves were initialy observed on the field.

¥ Means with different letters are significantly different by Duncan's multiple range test a=0.05.
97 p<005, 7 p<001, 7 p<0.00L
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Table 6. Hunter's color value(L, a, bY) of spinach leaves during growth periods (Mean?+3D)
Front Back
Cultivar  Days”
L a b alb L a b alb
7 4945+101 -1955:051° 3256:044° 060 5348+343 -18.03+051° 3081145 059
14 4463+143° -1684+063° 2620+1.29° 064 4958+165 -—1642+025° 26.33+057° 062
21 43324343 -1649+1.38" 2537+288° 065 50.86+151 -1690+0.30° 27.81+030° 061
Cheongrok 28 4235+1.00° -1636+1.56° 24.61+1.98" 066 5055+155 -1595+1.01° 26224232 061
3B 422841377 -1635:1.11° 2518+#317° 065 49.08+257 -1610+030° 27.33+012° 059
Fvaue 7577 456 6.69" 1.69 6.90" 578"
7 4736:056° -1960+057° 32224049 061 54.28+271° -1842+085" 31.23+1.78° 059
14 4440+026° -1583+061° 2277+060° 070 50.08+093 -1561+014" 2516+0.74  0.62
21 4214+151° -1413+1.63° 21.444250° 066 48.63+255° -14.85+159° 25204290 059
Ddangddali
28 3885055 -14.28+157° 1894+2.09° 075 46.76+2.24%° -1534+0.74° 2571+147°  0.60
35 3950062 -1324+087° 17.59+226° 075 4563:082° -1518+131° 2499+211° 061
Fvaue 5548 1442 3039 835" 5.69 575
Y L value : Lightness(white + 100 <> 0 black).

a vaue : Greenness(Red +100 <— 0 — — 80 Green).

b vaue : Ydlowness(Yellow + 70 < 0 — - 80 Blue).

2 Means of three samples in duplicate determinations.

3 Days after the leaves were initidly observed on the field.
9 Means with different Ietters are significantly different by Duncan's multiple range test a=0.05.
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