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Abstract : The contents of free amino acid in cabbage cultivars originated from China and Korea were measured to
determine the quality for taste and nutrition. The experimental variables were season (spring-sowing and fall-sowing),
leaf position (inside and outside), and the cabbage color (green and red). Eighteen free amino acids were detected at
the range of 0-38 mg/g dry weight. The most abundant amino acid was serine(0-128 mg/g). Alanine, aspartate, glutamate,
asparagine, histidine, and proline were relatively rich at 2-12 mg/g dry weight. Glycine were significantly increased in
spring-sowing cabbages by 2-fold but proline was reversely decreased by 7-fold. The inside parts of cabbages contained
significantly more alanine, glutamate, glycine, isoleucine, serine, and valine than the outside ones. The higher contents
of isolecuine, leucine, proline, and valine were observed in the red cabbages than the green ones. The significant cross
effects of season-color and position-color were also observed, indicating the red and the green cabbages were differently
affected by season and tissue position.
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Table 1. Free amino acids in cabbage. (unit: mg/g dry weight).

2 A2 4R T BT T BARE e
of W ko e F 5 943
S oA HMF-390, 3td7 5
52725 AR 1 siolch, 2AE NS 0|83}

3] A5 6199t Amino aicds mixture standard solution
(Type H, Wako, Japan)<& ARt} HAGAE 613tk

H

ZEAAZ A& 0.1 gol] 5% trichloroacetic acid(Duksan,
Korea) 1.2 mlE A7}el9lal & 418 5 4 ColA| 22,250
XgZ Ao A 1587t YAEZ(Micro 17r, Hanil science
Korea) & 58-S 3ttt Sodium
diluent(Na220, Pickering Laboratoris Inc,, USA)-&H
< o]gste] Akl 0.2 um ZE|(Millex—gv 4 mm,
Millipore, USA)2 J1}5}%tHThe Korean Society of
Food Science and Nutrition, 2000).

industrial co,,

3. HPLCS} Ol AHM7| 2 0]8% B4

HPLC(Waters 2695, Waters, Milford, MA, USA)E 9]
£3to] opu|leAbS AT o] 2 H(sodium amino
acid analysis cation exchange 8 pm 30X250 mm,
Pickering, USA)S AMg311L, Ao & 48CE 39
o} oAt 253} ninhydrinA|2HPickering Laboratoris
Inc, USA)& amino acid analyzer(Vector, Pickering

Laboratoris Inc., USA)o|A] ¥F-3-A|A detector(Waters

Amino Spring Fall Amino Spring Fall
. Sample - - - - . Sample - - - -
acid Inside Outside Inside Outside acid Inside Outside Inside Outside
GC* 2.84 1.67 2.71 1.74 GC 4.52 3.77 4.39 1.76
Ala o Arg
RC 5.11 2.35 2.73 1.16 RC 5.77 5.07 2.49 4.15
GC 2.94 2.24 441 2.30 GC 0.05 0.02 0.17 0.06
Asp Cys
RC 4.04 349 2.60 3.33 RC 0.08 0.08 0.02 0.03
GC 2.38 1.33 3.64 1.90 GC 0.28 0.19 0.19 0.14
Glu Gly
RC 3.04 1.92 2.89 2.60 RC 0.39 0.28 0.17 0.10
Hi GC 3.09 0.93 1.78 0.37 1 GC 0.67 0.51 0.76 0.28
is e
RC 222 1.18 0.20 0.58 RC 1.06 0.66 0.99 0.75

*GCEZF (A1) (n=6): GC1=Kyongoong-1ho, GC2=Young-oe, GC3=Shuoyuan, GC4=Bogam-2ho, GC5=Highque-2ho, GC6=Dongbuk.
bRC%%‘(ﬁﬂ%)(n:@: RC1=Joongsanglubia, RC2=Lubia, RC3=Redrooky, RC4=Redshine.
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Table 1. Continued.

Amino . Spring Fall Amino Spring Fall
. Sample - - - - . Sample - - - -
acid Inside Outside | Inside | Outside acid Inside | Outside | Inside Outside
GC* 0.75 0.56 0.67 0.28 GC 0.34 0.27 0.52 0.29
Leu 5 Lys
RC 0.75 0.90 0.80 0.98 RC 0.32 0.34 0.38 0.28
GC 0.63 0.03 0.02 0.02 GC 0.19 0.14 0.38 0.16
Met Phe
RC 0.06 0.00 0.00 0.00 RC 0.18 0.32 0.16 0.30
p GC 1.23 0.67 6.89 3.72 S GC 30.12 7.05 13.37 8.01
ro er
RC 1.75 1.22 13.56 9.66 RC 38.48 20.40 19.51 6.67
GC 0.00 0.16 0.00 0.04 GC 0.12 0.12 0.08 0.00
Thr Trp
RC 0.05 0.00 0.07 0.00 RC 0.10 0.04 0.09 0.05
GC 0.13 0.11 0.10 0.12 GC 0.98 0.73 1.16 0.59
Tyr Val
RC 0.10 0.24 0.12 0.20 RC 1.76 1.20 1.60 1.11

*GCEF(AIE)(n=6): GC1=Kyongoong-1ho, GC2=Young-oe, GC3=Shuoyuan, GC4=Bogam-2ho, GC5=Highque-2ho, GC6=Dongbuk.
"RCEZ(A1%E)(n=4): RC1=Joongsanglubia, RC2=Lubia, RC3=Redrooky, RC4=Redshine.
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inc., USA)E ©]-3}%lth A Na328 100%2 Al2tsto]
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gradient, 56,1~58% 0= RGO11 100%F-A], 58~58. 1%
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Table 2. Analyses of variance for free amino acids by the factors (season, position, color) in Brassica oleracea.

Amino acid Season Average® Position Average Color Average
Ala Spring 2.99 Inside 3.35%* Green 2.24
Fall 2.09 Outside 1.73 Red 2.84
Arg Spring 4.78 Inside 4.29 Green 3.61
Fall 3.20 Outside 3.68 Red 4.37
Asp Spring 3.17 Inside 3.49 Green 297
Fall 3.16 Outside 2.84 Red 3.36
Cys Spring 0.06 Inside 0.08 Green 0.07
Fall 0.07 Outside 0.05 Red 0.05
Glu Spring 2.17 Inside 2.99* Green 2.31
Fall 2.76 Outside 1.94 Red 2.61
Gly Spring 0.29%* Inside 0.26* Green 0.20
Fall 0.15 Outside 0.18 Red 0.23
His Spring 1.85 Inside 1.82 Green 1.54
Fall 0.73 Outside 0.76 Red 1.04
Ile Spring 0.72 Inside 0.87* Green 0.55*
Fall 0.69 Outside 0.55 Red 0.86
Lue Spring 0.74 Inside 0.74 Green 0.57%*
Fall 0.68 Outside 0.68 Red 0.85
Lys Spring 0.31 Inside 0.39 Green 0.35
Fall 0.36 Outside 0.29 Red 0.33
Met Spring 0.02 Inside 0.02 Green 0.02
Fall 0.01 Outside 0.01 Red 0.01
Phe Spring 0.20 Inside 0.22 Green 0.21
Fall 0.25 Outside 0.23 Red 0.24
Pro Spring 1.22%* Inside 5.86 Green 3.13*
Fall 8.46 Outside 3.82 Red 6.54
Ser Spring 24.01 Inside 25.37* Green 14.64
Fall 11.89 Outside 10.53 Red 21.26
Thr Spring 0.05 Inside 0.03 Green 0.05
Fall 0.03 Outside 0.05 Red 0.03
Tip Spring 0.09 Inside 0.10 Green 0.08
Fall 0.06 Outside 0.05 Red 0.07
Tyr Spring 0.15 Inside 0.11 Green 0.11
Fall 0.13 Outside 0.17 Red 0.17
Val Spring 1.17 Inside 1.37* Green 0.86**
Fall 1.11 Outside 0.90 Red 1.41
Total Spring 43.99 Inside 51.35% Green 33.52
Fall 35.82 Outside 28.46 Red 46.29
**Factor is significant at the 0.01 level (2-tailed).
*Factor is significant at the 0.05 level (2-tailed).
*Average: The average of amino acids that grouped by the factors.
acid, glycine, isoleucine, serine, valineX} & o}u|=At Zjo)= oF . Z Mokhfj2= o) vpZAZ. Z MokhllZ=of| A leucine
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Table 3. Free amino acids showing significances in cross factor
effect (seasonxcolor and positionxcolor) in Brassica oleracea.

Amino acid SeasonxColor Averagea
Spring Green 0.236*
Gly Red 0.335
Fall Green 0.164
Red 0.134
) Green 0.949%*
pro Spring Red 1.484
1 Green 5.307
Fa Red 11.606
Amino acid PositionxColor Average
Inside Green 0.712%*
Leu Red 0.771
d Green 0.421
Outside Red 0.939
Inside Green 0.281%**
Phe Red 0.166
Outside Green 0.148
Red 0.309
Inside Green 0.00**
The Red 0.056
Outside Green 0.101
Red 0.00

**Factor is significant at the 0.01 level (2-tailed).

*Factor is significant at the 0.05 level (2-tailed).

*Average: The average of amino acids that grouped by the
factors.

A Al 7HA18] o3 Aol fle AlR Ugith

= A7
A9] Z¥zko] & gk 125.05 mg/g dw, 99.15 mg/g dw,
0794 mgfg dwO R Th2 ohu|iAke] 5 e} ulw A
Al 7FA17} BlS=tt fhee: ZEal Qlti(Table 1), o5& TCA
cycle SXIAMHEZSE AYALE] izo(Fig, 1) A=
kol Slkal AZE=t ol AT I FoHA w2 4
WAGE HolFal Qlrh(Table 4), T3t o] ofujicAto]
o5 Al ohn|icAte = e QA7) wiof (Fig, 1)0]E0]
W2 O E opuiAlEt Aol e AR ARET
(Table 4), Alanine¥} cystine-2 FollA] A== 140
A A2 oA Q1oL cystineo||A] alanineS 2 %k
A7e Eao] 8 cystine®] Sl alanineo] Y=
W= Zlo® Hor

Tyrosine, phenylalanine, tryptophan< Fig, 10]4]%]
chorismateo| 5B TH50]X]7] w&of chorismate?)
Tl FaFe W& Ao ® AZHE, AT Tyrosine
phenylalanine2 pathwayol| 4] &0] Q7|0 A2 JgF
ZFA9 tryptophan?] 3% T2 T amimo acids@} A
AgFo] = A0 HoltKTable 4), Valine, isoleucine,
leucineA]] 7}A] E3}F pathwayol|A 74l significance”}

Aspartic acid+= alanine, glutamic acid+

ojN o

fu o

D-Glucose

1
L-Histidine <— PRPP <— Glucose-6P

!

J/—> Fructose-6P
!

Erythrose-4P <= Glyceraldehyde-3P

Phenylalanine

!
Glycerate-3P — Serine <— Glycine
Tryptophane ! ) )
Tyrosine}% Chorismate PEP L-Cystine — L-Alanine

J

L-valine
L-Leucine }

Pyruvate

L-Isoleucine

L-Alanine

L-Threonine <—‘ w

T

v

Acetyl-CoA

.

L-Asparagine < L-Aspartate <> Oxaloacetate S
/ Citrate
ioni S)-Malat
L-Methionine (S (a ate
Fumarate

.

\
Citrate cycle )
///

e
—

L-Lysine «<——— 2-Oxoglutarate

L-Glutamate

L-Glutamate A
J

L-Proline <—— L-Ornithine <— L-Arginine

Fig. 1. Amino acids pathway(http://www.genome.jp/, http://plantcyc.org/).
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Table 4. Pearson correlation coefficients among free amino acids in Brassica oleracea.
Ala | Arg | Asp | Cys Glu Gly His Ile Leu | Lys Met | Phe Pro Ser Thr Trp Tyr Val
Arg 0.38*
Asp 0474 0.66**
Cys 0.32* | -0.01 | 0.01
Glu 0.60** 0.55%* 0.88** 0.14
Gly 0.75%* 0.56** 0.65%* 0.17 | 0.55%*
His 030 | 030 | 042*%-0.05 | 031 0.48*%
Ile 0.65** 0.40* | 047*%% 0.08 | 0.61**% 0.43*¥ 0.04
Leu 0.36* | 027 | 0.38*% |-0.06 | 045*% 030 | 0.07 | 0.83**
Lys 0.32*% | 0.38* | 0.55%% 0.28 | 0.59** 0.38* | 0.21 0.38*% | 0.30
Met 030 (-009 |-0.13 | 031 [-007 | 0.11 |-0.04 | 0.06 |-023 |-0.10
Phe 024 | 033* | 0.51*% 0.16 | 0.58*% 0.11 | 0.11 | 0.52** 0.53** 0.50** -0.07
Pro 0.15 | 0.32* | 0.45*%% -0.06 | 0.66** -0.02 |-0.08 | 040* | 0.28 | 0.41*% -0.18 | 0.40*
Ser 0.46** 0.38* | 0.62** -0.03 | 047*% 0.73*% 0.81** 0.17 | 0.12 | 026 |-0.03 [-0.03 | 0.07
Thr -0.14 |-0.17 |-0.11 |-0.16 |-0.14 | -0.06 |-0.17 |-0.14 |-021 |-0.13 | 025 |[-0.35% |-0.11 |-0.04
Trp 024 (-001 | 000 |-0.05 | 0.03 | 0.12 |-0.06 | 0.34* | 029 | 003 | 0.14 | 025 |-0.01 |-0.11 |[-0.12
Tyr -0.03 |-0.04 |-0.11 |-0.11 [-0.09 |-0.10 |-0.17 | 0.35% | 0.54**% 0.08 |-0.10 | 0.54**-0.01 |-0.30 |-0.27 | 0.29
Val 0.69%*% 0.47** 0.71*% 0.02 | 0.80** 0.63*¥ 024 | 0.85%% 0.68** 0.43** 0.07 | 0.49*% 0.55%% 0.48**% -0.08 | 024 | 0.14
Total 0.57*% 0.57%* 0.80**% -0.01 | 0.71**% 0.76** 0.75** 0.38* | 0.28 | 0.48**% -0.06 | 020 | 0.35% | 0.94** -0.10 |-0.06 |[-023 |0.68**
"PC=pearson correlation.
**Factor is significant at the 0.01 level (2-tailed).
*Factor is significant at the 0.05 level (2-tailed).
Table 5. Pearson correlation coefficients between precursor amino acids and phenolics.
Phenolic acids Anthocyanidins Flavonols Gluconasturtiin | Glucobrassicin Glucosinolates
Phe 0.06 0.10 0.24 ND" ND ND
Tyr 0.26 0.28 0.39% ND ND ND
Ser 0.10 0.17 -0.05 0.42%* 0.65%* 0.45%*
Total glucosinolates synthesized from tryptophane
Trp 0.15
Total glucosinolates synthesized from homomethionine | Total glucosinolates synthesized from dihomomethionine
Met 0.07 -0.07

"ND=not determined.

*PC=pearson correlation.
**Factor is significant at the 0.01 level (2-tailed).
*Factor is significant at the 0.05 level (2-tailed).
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Phenvlalanine Tvrosine

Cinnamic acid — p-coumaric acid— caffeic acid — ferulic acid —— sinapic acid

[E'm.na.m oly-CoA

‘;—coumamyl—c 0A —— Narigenin — Dihvdrokaempferol

Kaemferol

Quercetin

1

Caffeovl-CoA —— Eriodictyol — Dihvdroquercetin —— Cyanidin

Pe;nid.in—3—glucoside

Fig. 2. Metabolic pathway of phenolics. (To p-coumaric from tyrosine way is not proven in Arabidopsis thaliana) (http://plantcyc.org/).

Methianing Homo-Methionine Dihoma-Methioning
GSL-QTLs I GSL-ELONG l
a.
| |
3methylthiopropyl GSL d-methyithiobutyl GSL
Glucoiberverin Glucoerucin
l GSL-0XID l GSL-0MID
F-methylsulphinylpropyl GSL 4-methylsulphinylbutyd GSL
Glucotberin Glucoraphanin
| ostaux | esLa
2-propenyl GSL J-butenyl GSL
Sinigrin Gluconapin
| esLon

Hhydrony-3-butenyl GSL
Progoitrin

Letryptophan

|

b indode-3-acataldoxime

e

indotylmethyl glucosinalate
glucobrassicin

T

1-migthaxy-3-indolylmethyl glucobrassicin
neoglucobrassicin

oyyidracey-3-indolyimethyl glucobrassicin
d-hydroxy ghucobrassicin

|

A-methory-J-indolyimethyl glucobrassicin
A-rvithonty glucobrassicin

Fig. 3. a. Glucosinolate biosynthesis pathway from methionine, GSL=glucosinolate, QTL=quantitative trait locus, OXID=oxidation,

ALK=dioxygenation, OH=hydroxylation(Mithen, et al.,

plantcyc.org/).
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