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Changes in y-Aminobutyric Acid of Bitter Melon (Momordica charantia L.) with Different
Cultivation Regions, Harvest Time and Maturation Stages, with Method Validation

. +
Sang Hoon Lee, Yun Sook Jeong, Jin Song, Kyung-A Hwang, Soo Muk Cho and In Guk Hwang
Dept. of Agrofood Resources, National Academy of Agricultural Sciences, Rural Development Administration, Wanju 55365, Korea

Abstract

This study aimed to investigate the changes in the y-aminobutyric acid (GABA) content of bitter melon (Momordica
charantia L.) cultivated from different regions, with different harvest times and at various maturation stages. Methods for
observing the changes in GABA content were validated by determining the specificity, linearity, limit of detection (LOD),
limit of quantification (LOQ), and precision and accuracy using the HPLC-FLD system. Results showed high linearity in
the calibration curve with a coefficient of correlation (R%) of 0.9999. The LOD and LOQ values for GABA were 0.29 and
0.87 ng/mL, respectively. The relative standard deviations for intra- and inter-day precision of GABA were less than 5%.
The recovery rate of GABA was in the range of 98.77% to 100.50%. The average content of GABA was 0.93 mg/g and
Cheongju showed highest GABA content of 1.88 mg/g. As the time of harvest increased from May to September, the GABA
content decreased from 1.56 to 0.86 mg/g. Also, maturation of the bitter melon fruit was associated with a decreased in
GABA content.
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N = ) AR X Ao} v7h AARE A4E 5

7} FAlel AKSen - 2016).

H2A w1 Hiof &3 oJF(Momordica charantia L.)
= A%, F9, ofkZE7L '] 5 ofgd) A HoA F= Auj
T3 lon, £9 0], nigauri, goya, bitter melon, bitter gourd,
wild cucumber, karela & ampalaya 5 T}t o] 202 EE|11
1 thBeloin 5 2005; Lee 5 2015a). 2012 -2yt A=
AR L 2179 haol] 75 5717 AFRE At Ao B
HERL, I F AAEE Lol ARG =2 10 ha
o] 40 57t2 ZAE ItH(Lee 5 2015a). ©|F o7} A7}V
8 a2 FELOAHA AujHZ o] IA F7lste] Hd
Ao Al 20161 7] oF 43 ha H=7F A= glom, 5=

oF9o] 9 FJUPAPE O Z glucoside, saponin, alkaloid, oil,
terpenoid, protein, B|E}Hl C & B-carotene 52 -3t )
o} o] &utoll= @ A5t aE 2= AlEAHE WiE
A S} WS £29] amino acid, galacturonic acid, citrulline,
pectin 52| AJ&0] lth 53] o5 Emfjet FA = T
of &5 = AEA A& charantin®] F-=o] Utk
(Parkash 5 2002; Rathi 5 2002; Virdi 5 2003; Grover &
Yadav 2004; Schmourlo 5 2005). =2]oj|A] o]F2] t}okal AY
o R Fo AL, FYAL AL, FuEF AL, T
WS M ot 2 o] ik a5 B AFE

' Corresponding author: In Guk Hwang, Dept. of Agrofood Resources, National Academy of Agricultural Sciences, Rural
Development Administration, Wanju 55365, Korea. Tel: +82-63-238-3672, Fax: +82-63-238-3672, E-mail: ighwang79@korea.kr

- 408 -



Vol. 31, No. 3(2018)

o] Wo] B E 7 It Welihinda 5 1986; Ali S5 1993; Raman
& Lau 1996; Sarkar 5 1996).

y-Aminobutytic acid(GABA)= AtAA o] BE5}= vk
2 ojm|iAke] dFoz 4719 Har FAHE Jlon, &
o tigt &3/do] uj-¥ =2 EFo|tHOh F 2002; Xing 5
2007; Ahn 5 2010). GABA= L-glutamic acid25-E] glutamate
decarboxylase(GAD, EC 4.1.1.15)9] &J&) &u] &= 2EtAiL gt
oA AR, 2 559 A FFABAY A4
ARG ELAR=A Ho Hgpo] 2 EAFAHChung 5
2009). o]23F GABA: E7stahg, 55 EetaAl ¢t
Y, 925 43 53 &2 Aol EaE I thBjork
< 2001; Wang 5 2006; Zhang 5 2006; Bai 5 2009; limure
T 2009). 21& WellA GABAE 71AAQ A=, 714 A2,
A7 24, A, ol 3 22 2EH A 2l o3 A
Aol Z71Ect EaE 3 ItOh SH 2003; Bai 5 2009).
GABA 3ol & AZ2og WoldnE & 4= 3t Oh
5(2003)9] A4 AuE TokrF Hf, GABA o]
0.013 mg/gol| A 0.047 mg/g .2 3.68] F7lstg o, £ F
(0.026 mg/g) et F1H=(0.031 mg/g)9] GABA o] &3ttt
I B5HETE Ahn 5(2010)9] A= dr]E Lol A
GABA #Fo] 0.091 mg/go A 0.258 mg/g0 & 2.84) Z7}3}
Aot F5E o379 GABA TS £A4% A= =W
A} o477} 043 mglg© 2 W) W(Galaxy BH)T S 0}%
o] 1.99 m/gT} 144 mgght AL FFS HATHKIm 5
2009). FE W AZE B AR ARG T QUL
715748 ez ALl d=vAlor 2 FEobAoret g
SHvets FE ILE0 2 AuE ] 7] g o Sy
ol A A= L Ql= of Fof] thigt A AA=7F w|n|g AA
ojth. oA vsTTE A8t e s A 9 JHEE
o] i3 Ql=d], }AHO E5 % oetE FEE|
e B= FENA ATE HESHY 7154 EE A=
A9 7Hs S BASTHKIm 5 2015). E3F 524 &2
dojA AF e A7 EFrdeedSE T afe
H I EATHKIm 5 2016). A& oFFPAA A= o520 &
o, &, AL AFLER AR 7HssHAEL A, FolE7,
Fe= A8 B2 2 ERS] 450l o=l lthlee
S 2016). ERF ofof iRt B4 F7HE A, Adat, g 2
9 59 FEi= e AT S &3e g QIsf 4H
7b Azt o)7] wizo &5t A7AAZI7] Yl s
FEERE 9E& Axst BEAAS FHA7ILA s
A7 WY AthLee 5 2015b). oF=2] F8 Y7st &
2l charantin 32 F X FAAY] wet ZJo]& Hol=
Aoz Uehd=d|(Kim 5 2013; Kim 5 2014), Lee 5(2016)
& 0] 9l FE +F % 2719 Fo] TR} charantin

o152] GABA

I st 409

=4

ol ol M2 7H& Y 7FeAde Easkgith

J2iu GABAS] 7%, FAIA Q1 Auf A, <714, Aul
Al7]o] W& GABA gHgwistol] gt A7F £53)ch whet
A 2 Ao A= GABA B4 HF YL 53l 2421
O AF=E SRk, U4k of o Aul A FHE, A7|E,
7)o W o9 GABA g vl £4sto] A4
oA FFPEZE &EF Bl o2}, o7 7|5 S
283t AENELY 7| 2ARE o|-&staAt 3 E QI

M= L g

1. M= 2 Al

2 AFolAl= ARG, SEA7E D £71E o7
y-aminobutyric acid(GABA) 3EFg B4317] & i<
doFs A7), A 35 5 A5 A9 @ Aay A4t
A 1630l A 2015 8Hof| =83t o35 Faiol A RE
AHESHE T A7 o= Ao wot dH|AH A
I}, GABA @] ot 5& HQ AE FFY A4t oA
590 g AT E A RE AMESIR O, 7Y o=
2o YA A 4 T 5~35UA 0] 583t o FE AT
of A|Z 2 ARSI o= T2 SA| AlET & 54
Az 9 st -70TCo|A BHustHA £4& ARE AL
235} th GABAE Sigma-Aldrich(St. Louis, MO, USA) 2 X.E]
Tstg e, AccQ Fluor™ reagent kit(WAT052880), AccQ-
Tag Eluent A(WAT052890) 2 AccQ-Tag Eluent B(WAT097953)
= Waters(Milford, MA, USA)ol|lA] F+3}4d 1L, 1 dho] AJef
2 analytical ¥ HPLC 552 AMSH4 T

2. 0F FE= NX

oAFE FEAXET 05 gol SF7== 50 mLE 7}s}al, homo-
genizer(Polytron RT 2500 E, Kinematica AG, Luzern, Switzerland)
£ °]&3t9 16,000 rpmof A 283t #ASlSIH. FEES
4TCoA 1027 A& T A5dS EstaL, JHE9
thl S84 50 mLE 7hste] 2870 F7} 248 AAsHh
AUl A2 AFAL FHFR HE(00 mLTHA
™, 0.2 um nylon syringe filter(Whatman, Clifton, NJ, USA)Z
AFete] GEAS AR2 AT

3. GABAS| REA[sl & HPLC £4A

BAL 93 S =A== WaterAke] AccQ Fluor™ reagent
kitg ©] 8¢ Tomita $(2014)9] Wl oz A Ystgct. =,
6-aminoquinolyl-n-hydroxysuccinimidyl carbamate(Vial 2A)9]|
acetonitrile(Vial 2B) 1 mLE 7}5to] & £3A1A A oFS
FHISHATE BEEH 9 o5 5= 10 uLojl 70 uL2| borate
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buffer(Vial 1)E €17 vortexdt & 127F Ar2o| A B2l )
20 pLe] ¥F2AJ2kE YWt vortex 3 & 55T 2] water bathoj] A
1027 WA R ¥H $8 § A2 o= YZbstal, HPLC
(Waters 2690 system)ES o]|-g&3to] B A5ttt Columno 2
Mightysil RP-18 GP column(4.6x250 mm, 5 pm, Kanto Chemical,
Tokyo, Japan)2 AFE-3}9 1L, ©]FAF2 AE AccQ-Tag Eluent
A concentrate 200 mLE HPLC water 2 Loj| 3]435}911, o]%
4} Bi= AccQ-Tag Eluent BE ©]-&3t3ith 82442 7=
7] €82 27] ABE 90:102.2 §XA|FRLoH, 308714
70:30(0.6 mL/min), 315742 0:100(0.8 mL/min), 38E7}7]
0:100(0.8 mL/min), 3957} 90:10(0.6 mL/min), 50E7}7]
90:10(0.6 mL/min) ©.2 EA5}Ac}h A& e 10 1L, 3
Z£7]+= fluorescence detector(474, Waters)E ARESHe] Ex. 250
nm, Em. 395 nm2 EAsrgich

4. BMY 2HZF(Method validation)

GABAY] tfgt R4S oJofE 5 419 Wrold
(validation)o]] T3t 7}o]=2}QI(KFDA 2004)S AR E9]
A (specificity), 241 Al(linearity), 7234 (Limit of Detection:
LOD), &F3A|(Limit of Quantitation: LOQ), % A(precision)
9 e (accuracy) F7HE B9 Atk Sol4L GABA

HELNT} AFFESES F=AIS A7 F HPLCR Z43}
o] 3 Z2utE 1AL HEE A|7Hretention time)S H] .5}
5t ATt FAAE GABA EFENE 125,25, 5, 10, 20
9 40 pgmlLe] FEE A 23 & F=A4|3}F A]A HPLCE 73]
(13119 ¥k Bajsje] EEgoo] 72 AT SES W
52 2T AL ABARRD) T ol 8ste] A
2 SISt E3 BAEC) GABAY| g A L 4%
o P HA HEE Bs] P ABUAL 330k
(0: Wge) EZUR, s EEARAY 7127]), FLUAL
10<0/s A1 o] §:3ho] Aok AU AUIA] Binira
day test)d} YZFA] & (inter-day test) &2 Li=o] A3}
QYA P L 2 Eot 639 22 W HAS upE =43t
Agbolnl, AN PL 62 Fo 5] 33 25 Y 2
XS diEste] d2 Ailo] At EFHxKRelative Standard
Deviation: RSD)E &3t H7let 3t FEAHL 34E(re-
covery) A|¥S B3] E215191, GABA FFENHL 1.0, 2.0
% 30 mgmLe] w2 Fujstel AGSHACh ZH2He] GABA
8N 1 mLE 3= A A= A7}st, GABA =& 14
of met &3 F F=AS W HPLC 4% F5t €2
Z}zko] F=9 H|E o]§sto] o} o] FAof YA &
& Aoy,

qbu nded

Recovery (%) = % 100

alddcd

.X-]O/\._éo\_ Z

c Ao 2R - U=

= FIgeteAl

A7) oA s GABA EZEH-S H713H A 2.0 GABA
L2t AJR9 GABA HX= Zojo|y, Cuw= BEZEHMI]
GABA %ot}

5. EAINZ|
EARAL SPSS AL 2 713 (Statistical Package for the
Social Science, Ver. 12.0 SPSS Inc., Chicago, IL, USA)S o] &
slof 7t 2Tl PR BEUAE MBS, A el
9]Z¢] z}o] GEE One-way ANOVAR EX3} & 0 oj4z
5%0°]| 4] Duncan’s multiple range test® =%+

A5 ATHp=0.05).

1. GABA EAMH 2=
GABA9|| i3t BA4¥ o GaAL EolA, FAA, A&T
A, A, AU 4 & &9 A5tk 5ol
2 ESE, £, WiRAEE 5 o8 /A b8 dEEe £
TEO U= FE2 T FRHENS AuFoz A LA
F 24T = d=AE ;Y AS2, GABA EF§
W} JFE2EE Z GABAY HEE A7 ¥ty Hrt
SHSTHKFDA 2004). ¥4} o F32EE 4 GABAY
B2 A7Fe ZH7F 29.0958Fig. 1(a)) 29.162E(Fig. 1(b))
o2 FYs Edoln], &Y waz EEHe AL st
Aok FEE T %_‘7** Tk Yol = GABA Fgof| dist
01 4 ARl &3 dojd 5= U=AE F7sH7] $isteq
(125, 2.5, 5, 10, 20 D 40 pg/mL) GABA EZE-£9H9)
7_\]/8_*3 S Hr}st A, AFA Sx(correlation coefficient, R%)7}
0.9992 & A4S HYrkFig 2). £ whgo] w2
et 2E2HFAY 718712 el AEdA A=
Z}7} 0.29 pg/mLe} 0.87 ng/mLE UFERGTHTable 1). FA3H
ANB2RE o2 | Hete] 4 MRS A 21 o
o e BASIES o 24Ed g A4z 334 7&«1
Zelatet. WAL 3 B¢t 639 & 4
H =43 dafo|n], ATAFL 6 Fe 3R
389 & ¥ 245 WHEste] A2 23| RSD S45}o]
Table 1] Ue it GABA &2 tie duiet A7t
A mE RSD7}F Z+2F 3.53%%} 2.56%2 5% ©]3}e] 4%t
1AL olstgitt AL AAT1.0, 2.0 L 3.0 mg)<]
FEAS *lfnoﬂ A7H & 5 9 AT oA 35E
kS Felate] 3]4=&0] 90~110% H$], RSD7} 5% o]&}
HE3H=A1E F7HHITHKFDA 2004). GABAS] 3]4=&
98.77~100.50% Mg o™, RSDE 0.70~1.65%2 JEbG
THTable 1). To} 4] 2] GABA g2 Astr] $1sto

){A

flo it rr K
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Fig. 1. HPLC chromatogram of y-aminobutyric acid (GABA) standard solution (a) and bitter melon (Momordica charantia
L.) extract (b). The retention times of GABA in standard solution and bitter melon extract were 29.095 and 29.162 min,

respectively.
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Fig. 2. Calibration curve of y-aminobutyric acid (GABA)
standard solution.

AQCZE F=A3} X171 GABAS] E4HE HPLC-FLD AJA g0
2 3 Ahn 5(2010)2] AFolA] Z A A9 *W&rﬂl# 0.998,
AETHA 0.23 ng/g, AFTA 0.76 ngg L 348 122.4%(%
HEEZHZ} 2.0%) 2 et 2 drd et fAstach
of 9 ¥a Hn|=HE GABA AFS $13)l 2-hydroxynaph-
thaldehyde® -§-EH|2A1Z] ¥ HPLC-UVD A|Ag]o2 EA
3t Hayat 5(2015)] g7l A= 24149 AdaAls 09983,
AZ3H 005 pg/ml, ZeF3HA 048 pg/ml L 342 97.99%
2 Yepsith ojef o] A3t Wy 2 Bz wet

Table 1. Sensitivity, precision and accuracy of y-amino-
butyric acid (GABA) for analytical methods

RSD
Parameters Mean SD ©%)"
Limit of detection
0.29
o (ng/mL)
Sensitivity o
Limit of quantitation 0.87
(11g/mL) '
Intra-day test
10.4 . .
N (me/100 g whb) 047 037 353
Precision Tter-da
ter-day test
(me/100 g wb) 1047 027 256
Il mg 9877 070 0.70
Accuracy Recovery (%) 2mg 9942 113 1.14

3 mg 10050 1.66 1.65
D RSD (%), relative standard deviation.

4% 5% AL ol R, A 31l



5 O . X
412 T HRH-F -
2.50
- 2.00 a
= T
= b
5 —E—
E 150
= ¢
= .
=
=
- d
= W]
= f T
2
2 -
E h
< 030 ‘ - ‘
ol
0.00
& & & s > "
& e"\}\ & 4594\& & : :‘:\\‘v 90% "_'6:3‘
e o o & P & e o
o & o Q¥ o %) ~

S 25, 3lo 5 I AJOLELS
Yo} - 208« ol SH4) B opakal A
d
= . . ¢
. f
h i h

& & & & & & & o

3 e ¥ s \‘-«"9\9 & & <»~‘f§°
o F '\;50' < 4 ‘\i:-

Cultivation regions

Fig. 3. y-Aminobutyric acid content of bitter melon (Momordica charantia 1.) depending on the cultivation regions. d.b.:
Dry basis. Vertical bars represents standard deviation (n=3). Small letters on the error bars indicate a significant difference

at p<0.05 by Duncan's multiple range test.

A 16300 A 2015 8o 23t {2 GABA <
A A3k Fig 33 2ol Uehitth. A< GABA B3
0.51-1.88 mg/e WHIR T 2hol7} Wol Uehgron], Bagt
£ 0.9340.39 mg/go]|Ytt FE HFAF o] F7} 1.88 mg/gO 2
7P =2 GABA 2 Hglow, 14, sid, 47 2 &
A o7} 1.00 mg/g o149 g EtHp<0.05). F54E
o] 39] GABA 3% A% Kim 5(2009)2] Aol A =
FF AT B 043 mggo 2 Yepyton, U2 9 Nikkoo}
Peacoak= Z1Z} 0.54 mg/g} 0.36 mg/g .2 FASIRA R 4L
YA (Galaxy)T} S 9F= 1.99 mg/gi} 1.44 mg/gl 2 =2
GABA g2 EAtta Busiqich 423, 712, A5, A
WA, 2 S0 Aab Az Boke] L, SR27
S5} e AakR A} 27o] JHF) Bho] FFE 02
3l B Eo] Qe m(Kim & Lee 2001; Jeong 5 2016), o|=2
n] & o iR HE GABA 9] Zpol= &5, ey,
71527 I ZE BH Y Zpolof 7|elE Ao wekEHh

=]
pun

[e)
—

3. TEM7IY U =7|H GABA Eat

U AF9 Fa A FL Fd FFAGolH, 459
AAete] 9~10971A] =&3k= &g o|th(Kim 5 2016).
A FFel AR of| A 5~99Yof =313t %7] 15U} 59
GABA - A% b= Fig 49 2t 590 33t o
79| GABA o] 1.56 mgge 2 7 w3teon, A4 9
FTEA7|7F 2ol A5 GABA 2 Hasto] 99of
3k o F9] GABA T2 0.86 mg/go 2 YEFGTHp<0.05).
o A Y AR A 2 T 535U F}o]| 83t of =
9] GABA ¥ Fig. 5¢F Zo] 74 5 5o 1.69 mg/goilA]
%717} Skl wheh sk 3043 359 ol= 2k 0.36

1.50

1.00

0.50

y-Aminobutyric acid (mg/g, d.b.)

c
|
August

June July

Harvest time

September

Fig. 4. y-Aminobutyric acid content of bitter melon (Mo-
mordica charantia L.) depending on the harvest time. d.b.:
dry basis. Vertical bars represents standard deviation (n=3).
Small letters on the error bars indicate a significant difference
at p<0.05 by Duncan's multiple range test.

1.00 4

e
¢ f
5 10 15 20 25 30 35

Maturation stage (day after fertilization)

y-Aminobutyric acid (mg/g, d.b.)

0.00

Fig. 5. y-Aminobutyric acid content of bitter melon (Mo-
mordica charantia L.) depending on the maturation stage.
d.b.: dry basis. Vertical bars represents standard deviation
(n=3). Small letters on the error bars indicate a significant
difference at p<0.05 by Duncan's multiple range test.
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mg/g¥} 0.38 mgg o= UEsTh AE4 WolA GABA g
2 QF AEH A g2l o) WlsH, ol& FHsH] 9
3t A7} wo] 3= et Komatsuzaki 5(2007)1} Choi 5
(2004) 21T F71H2A A& S8 dv)ef Hotd
njol A GABA 3go] F7ksts A& gelstgien, Ohet
Choi(2000), Oh 5(2002)-2 SF4t, 7| EAF X 2jof ot} &
ol m| 9] GABA s S7HRH o9 F8 7|54 E
¢l charantin 3 A7 (6~90D)HE AR Aat, 3
AZ17F F7¥ekell whet charantin o2 Hadhes S B
Ao H(Lee 5 2016), $-2tet ofF9] T4 F3F3 charantin
Fere vlwet Az, 2o 2717 Ao ueh et
BT EQtKLee S 2015b). E3F Pyo YH(008): Zof T
wH(Monascus <)< vjFste] WaAX] A, Bl Fof H]
3l GABA @o] o 5.6v] S716tHa= Earstqit:. o]
% GABAL 7AHQl A3, L&, A2FT, S8, Wof Se
2.200] oJ3) 44 9 Bal7h 2AFE, AW GADOY
93] L-glutamate 25 €] A =™, GABA transaminase©]] 2|3}
succinic semialdehydeE #|* Z|$2% © 2 succinic semialdehyde
dehydrogenase®]] 2J3} succinate 2 35 = IS AX= A
©2 ¥ IEQcKShimajiri S 2013). 2 A2 E3] o
29] A9, ARTHoNA GABAY] T4 2 Eafol Trojsh
aaso gt 24 B7F 9 I tiARAIE] gt st At
u|gstr] wZol F7H8Ql A+trF B asitha waEoh

OOk Ol 2
i | =

0
rHu

2 dAollA= £ GABA EAME AFshL, W4t
9] AujA| S, £=2HA]7] D 5710 T2 GABA 3= $13}
4319 th GABA A4S HS5t7] Y3l A4A, AE
Al, e, ZEA 9 A4S eIk, 1 A3t 3
Aol ATAS FhE 0.9999, HETHAE= 0.29 ng/mL, AF
A 087 ygmL, U9 A xZHA= dHAIEl
£ 3.53%, AP AE 2.56%0] 9T, FEAIL 98.77~
100.50%2 95% o|Aro] &=& 3|43} 2% o|3}e] AuzE
HALE Hlch 959 GABA AFEx70=2 FE58=
B, FE35s 23, NS #EAFEE A5t A
iz JH 2 GABAS 2438 23}, 0.51~1.88 mg/go 2 §F
2fo|7F Egkom, B TS 0.93+0.39 mygo 2 vrEbtth
FEA7|E 39 GABAY| g2 8 27| 599 1.56
mg/goll A 942 0.86 mg/g7HA| HAL st e Hiich
E3H %718 GABAY| 32 A% 2719 1.69 mg/gol| Al <
7] 3592+9] 0.36~0.38 mg/g7}A] ZHAaskch o] A" o9
GABA 35f2 X9 537 of whet Ajul A7), %71E
of wet gk Zpo|7t et o, 7154 AlEdRe A

o

o

A

et

2% 479 |2ARE Bgo| H5T HOE s|dEct

ZAle| =

B gTEe 52134 TEATAANRAAY: oix
o) 9w ®E5 L A B, RIS PI01000304)
o] Aol 28 o] ol Ael.

e o
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