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Abstract. This study was carried out to investigate plant characteristics and nutritional components of the
genetically modified (GM) Chinese cabbage and its control line grown in the central and northern parts of
Korea in order to establish the evaluating protocol and standard assessment. The GM and non-GM Chinese
cabbage was planted with normal and concentrated density at two locations in spring and fall of 2008 and
2009. From the statistic analysis on plant characteristics and nutritional components, there were not many
significant differences between GM and non-GM Chinese cabbage. Only few differences in the plant
characteristics were found between the dense and normal planting. In the dense planting, there was no significant
difference between GM and non-GM Chinese cabbages except for three out of 18 plant traits, such as leaf
shape, hairiness and midrib length. On the other hand, nine plant traits including leaf length, leaf width, leaf
color, leaf shape, fresh weigh of ground part, number of leaf, midrib length, midrib width and root diameter
were slightly different between GM and non-GM Chinese cabbage in the normal planting. In case of leaf
length, midrib length, midrib width and fresh weigh of ground part, there were significantly differences not
only between two lines, but also between two locations. From nutritional component analysis, only five fatty
acids were identified in the Chinese cabbage: palmitic acid, oleic acid, stearic acid, linoleic acid and linolenic
acid. Except linoleic acid, four fatty acids in one gram of dried sample from GM line were little higher
than those from non-GM line. However, there were no significant differences in total contents of fatty acids
not only between GM and non-GM Chinese cabbage line, but also between northern and central cultivating
areas in the normal and dense planting. According to the composition of inorganic elements identified in
the samples from both lines, there were six macro-elements, such as N, P, Ca, K, Mg and Na, and four
micro-elements, Cu, Fe, Mn and Zn. Based on the result from PCA analysis, specific clusters were not found
between GM Chinese cabbage and the control line, but found between two regions.

Additional key words: dense planting, fatty acids, macro-elements, micro-elements, standard assessment
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Table 1. Comparison of the outer leaf traits between GM and non-GM Chinese cabbage cultivated on the dense planting in 2008

and 2009.
. ) . Profile of
Season Location  Lines Length Width Color  Shape Undulatu_)n InC|S|o_ns Hairiness  Glossiness longitudinal
(cm) (cm) of margin margin section
2008 Fall Ansung SC 439 abc® 186 e 1.16d 24c 1.2 cd 1.12 bed 20 a 3.0 a 10 c
SKCP 37.7bc 194 de 12d 25c¢c 14 c 1.06 cd 20 a 30 a 1.0 c
Dukso SC 498ab 245b 20a 49 a 33 ab 1.07 cd 13 ¢ 30 a 1.3 b
SKCP 486 ab 287 a 20a 1.7 d 30b 133 b 1.0d 30 a 19 a
2009 Spring Ansung SC 36.2 c 177e 20 a 28 c 0.8 de 1.28 bc 1.0d 3.0 a 10 c
SKCP 453 abc 184 e 20 a 10 e 06 e 1.30 b 1.0d 30 a 1.0 ¢
Dukso SC 543 a 278a 13c 34 b 3.7 a 1.27 bc 13 ¢ 30 a 2.0 a
SKCP 505 a 296a 11d 48 a 30b 1.13 bed 10d 30 a 20 a
2009 Fall Ansung SC 50.3 a 19.3 de 2.0 a 20d 0.0 f 1.00 e 1.0d 30 a 1.0 ¢
SKCP 43.0 abc 21.0cd 2.0 a 19d 0.0 f 1.00 e 10d 30 a 1.0 ¢
Dukso SC 485ab 228 bc 15D 46 a 34 ab 1.00 d 15 b 30 a 2.0 a
SKCP 427 abc 237b 17b 36D 35 a 3.27 a 1.0d 30 a 20 a
“Mean separation within column by Duncan’s multiple range test, P = 0.05.
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Table 2. Comparison of the above ground part, midrib and root characteristics between GM and non-GM Chinese cabbage cultivated

on the dense planting in 2008 and 2009.

_ _ Frgsh No. of Pith Midrib Mi_drib Midrib Rqot Root _Root
Season Location  Lines weight leaf shape length width color weight length  diameter
(9) (ea) (cm) (cm) (9 (cm) (cm)
2008 Fall Ansung SC 3489 f* 20.7 d 20 b 26.7c 41c 10a 104 de 189ab 14 a
SKCP 3265 f 188de 20b 219de 27d 10a 106de 187 ab 14 a
Dukso SC 735.7 bc 176 ef 20D 297b 45abc 10a 84e 173 b 1.7 a
SKCP 639.1 cd 155 f 29 a 295b 47 abc 10a 123 bcde 180 ab 1.8 a
2009 Spring  Ansung SC 427 .4 ef 272ab 20b 214e 30d 1.0a 122 cde 122 ¢ 24 a
SKCP 423.9 ef 276 a 19b 196 e 29d 10a 121 cde 136 ¢c 1.7 a
Dukso SC 933.5 a 247 bc 15d 342a b55a 10a 153 abc 7.1d 26 a
SKCP 817.7 ab 215de 19b 339a 54ab 10a 149 abcd 74 d 24 a
2009 Fall Ansung SC 770.1 bc 269 abc 20 b 320ab 54ab 1.0a 169ab 134 c 23 a
SKCP 554.5 de 243 ¢ 20b 242cd 46abc 10a 178 a 176 ab 22 a
Dukso SC 676.6 bcd 192 de 18c 295b 44abc 10a 159 abc 19.7 a 19 a
SKCP 661.9 cd 199de 21b 255c¢c 43bc 10a 17.7 a 196 ab 2.0 a

*Mean separation within column by Duncan’s multiple range test, P = 0.05.
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Table 3. Comparison of the outer leaf traits between GM and non-GM Chinese cabbage cultivated on the normal planting in 2008

and 2009.

Season Location Lines Lzecnrg;h V(\Qg]t? Color Shape L;?drﬁﬁzci): Ir::iasri;?]s Hairiness Glossiness Ioirgi?tt%ir?;l

section

2008 Fall Ansung SC 477 ¢ 246f 15d 24 cd 1.7 d 12 ¢ 2.0 a 30b 1.0d

SKCP 420 ef 249f 15d 26¢c 1.9 cd 1.1 cd 20 a 30b 1.0d

Dukso SC 501b 322b 1.7c 23de 3.3 ab 1.0d 10c 30b 1.1d

SKCP 445d 349a 18a 30b 30b 1.1 cd 10 c 30b 13 ¢

2009 Spring Ansung SC 403f 202h 20a 2.1 def 22¢ 1.7 b 10 c 30b 1.0d

SKCP 373 g 222g 20a 19¢g 1.7 d 12 ¢ 10 c 30b 1.0d

Dukso SC 477c 319b 14d 26¢ 34 ab 12 ¢ 10 c 33 a 15b

SKCP 43.7de 321b 14d 24cd 3.3 ab 12 ¢ 10c 31b 1.5b

2009 Fall Ansung SC 555a 269e 20a 20 efg 02e 0.0 e 10 c 30b 1.0d

SKCP 474 c 283d 20a 2.0 efg 02e 0.0 e 10 c 30b 1.0d

Dukso SC 49.1bc 305c 1.9ab 34 a 3.1 ab 12 ¢ 11b 30b 23 a

SKCP 419e 293cd 1.7 cd 3.0b 35 a 28 a 10 c 30b 21 a

“Mean separation within column

by Duncan’s multiple range test, P = 0.05.

Table 4. Comparison of the above ground part, midrib and root characteristics between GM and non-GM Chinese cabbage cultivated

on the normal planting in 2008 and 2009.

_ _ Fr«_esh No. of Pith Midrib Mi_drib Midrib R(_)ot Root _Root
Season Location Lines weight leaf shape length width color weight length  diameter
)] (ea) (cm) (cm) )] (cm) (cm)
2008 Fall Ansung SC 1,3f 315ef 202ab 27.2de 51f 10a 701b 178¢g 4.1 bc
SKCP 1,2 f 299 fg 187 bc 227fg 45¢g 1.0a 1143 a 242 de 42 b
Dukso SC 29a 331e 207ab 292c 6.5 c 10a 735b 302b 43 b
SKCP 27b 523 a 225a 26.1e 6.8 c 11a 881b 350a 47 a
2009 Spring Ansung SC 16 e 394 ¢ 189 bc 233 f 311 1.0 a 351c¢c 220f 2949
SKCP 14 f 369d 155d 217¢g 39h 1.0 a 356c 215f 28 g
Dukso SC 25b 465b 1.74cd 309b 73 b 1.0 a 424 c 166 g 3.8 cd
SKCP 20d 472b 187bc 279cd 6.1d 1.0 a 356c 163 g 3.5 de
2009 Fall Ansung SC 21cd 316 ef 199 bc 328 a 7.7 a 1.0 a 437 c 214 f 42 b
SKCP 1,7e 310ef 197 bc 283 cd 55e 1.0 a 376 ¢ 229 ef 3.2 fg
Dukso SC 2,2 c 327 e 1.87 bc 335 a 6.5c 1.0 a 395c 249 cd 3.3 ef
SKCP 16e 277g 193 bc 231 f 59d 1.0 a 371 c 264 c 3.1 fg
“Mean separation within column by Duncan’s multiple range test, P = 0.05.
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Table 5. Comparison of the fatty acid contents between GM
in 2009.
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and non-GM Chinese cabbage cultivated on the normal planting

Fatty Acid Contents (mg/g)

Location Lines — - - - - - - - - - - -
Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid  Total Content
Ansung sC 42 a* 12 a 09 a 32a 96 a 191+ 13 a
SKCP 3.7b 11 a 04 b 28 b 88 ¢c 16.7 £ 1.3 a
Dukso SC 41 a 1.2 a 06 b 270b 91b 177 £ 15 a
SKCP 41 a 1.1 a 04 b 22 ¢ 9.6 a 174 + 06 a

“Mean separation within column by Duncan’s multiple range test, P = 0.05
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Table 6. Comparison of the inorganic elements between GM and non-GM Chinese cabbage cultivated on the normal planting in

2009.

Inorganic Elements Contents (mg/Kg)

Location Lines

Nitrogen Phosphorus Calcium Potassium Magnesium Sodium Copper Iron

Manganese  Zinc

(N, %) (P) (Ca) (K) (Mg) (Na) (Cu)  (Fe) (Mn) (2n)

Ansung SC 21 a* 18.8 c 37.7c 2845 a 16.9 a 247 a 055a 0.58 a 0.09 b 0.16 b
SKCP 24 a 27.7 a 66.1 b 307.7 a 179 a 241a 018 b 065 a 0.21 a 0.22 a
Dukso SC 1.3 b 275 b 1254 a 2221 b 83 Db 123 a 0.03c 065 a 0.16 ab 0.25 a
SKCP 150b 171 ¢ 1261 a 1728 ¢ 95 b 92a 002c 061a 012 b 0.15 b

“Mean separation within column by Duncan’s multiple range test, P = 0.05.
'The total nitrogen content was measured by Kjeldahl method and indicated in percentage.
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Fig. 1. Scores plotting chart of principal components 1 and 2 of the PCA results obtained from the mineral elements concentration
data and fatty acids contents on the GM and non-GM Chinese cabbage lines. The numerical figures on X- and Y-axis are the

relative cluster values.
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