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Abstract

y-aminobutyric acid (GABA) is a non-protein amino acid ubiquitous in food matrices.
Determination of GABA by HPLC with fluorescence detector has been mainly used. However,
the sample needs to be derivated with orthophthalaldehyde (OPA) and the specificity is affected
by the matrix interference. Therefore, the purpose of this study was to establish a high-
performance liquid chromatography tandem mass spectrometer (LC/MS/MS) method for
analyzing GABA. The method validation will be also evaluated. The results indicated that the
retention time of GABA was at 2.01 minutes, which overlapped with the a-aminobutyric acid
in the chromatogram. Thereafter, the effective separation and quantitation detection conditions
by MS/MS, with m/z 104> m/z 69 as the qualitative ion pair and m/z 104> m /z 87 as
quantitative ion pair, were established. The linear equation of the standard curve is y = 1910.8
x +6005.9, R?=0.9993, and the linear range is 25-200 ppb. Accuracy evaluation was conducted
by standard addition method. When 97 ppb and 388 ppb of GABA standard were added to rice
bran powder, the recoveries were 80.74% and 93.81%., respectively. For the repeatability, the
coefficient of variation (CV) was at range of 2.69% to 4.15%. The coefficient of variation of 3
days intermediate precision were 7.48%, 8.93%, and 2.69% in the 97 ppb added group, while
there were 0.45%, 3.41%, and 4.15% in the 388 ppb added group. The limit of detection (LOD)
1s 2.0 ppb and the limit of quantification (LOQ) is 6.6 ppb. Collectively, the established
LC/MS/MS analysis method can determine the GABA content in brown rice effectively. Then,
the GABA content of seven brown rice was determined. The contents were at range of 4.78-
15.67 mg/100g dry rice, while Taigen brown rice No. 2, 9, and 4 had higher content, and
Taichung Indica brown rice No. 10 had the lowest content. The GABA content of brown rice
increased significantly after germinated in 0.3 cm-0.5 cm. The GABA contents of germinated
Taigen brown rice No. 2 and Taichung Indica brown rice No. 10 increased to 31.44 mg/100g

dry rice and 30.52 mg/100g dry rice, respectively, which was about 2-6 times of ungerminated
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brown rice.

Keywords: y-aminobutyric acid, brown rice, germinated brown rice, high-performance liquid
chromatography tandem mass spectrometer, method validation
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Fig. 1. LC/MS/MS Chromatograms of (A) mixture of standards, (B) y-aminobutyric acid
(GABA), (C) a-aminobutyric acid (AABA), (D) aspartic acid, (E) lutamate.
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Fig. 2. Positive mode mass spectra of y-aminobutyric acid (A) MS!, (B) MS? and (C)

a-aminobutyric acid.
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T Ly-Hehs T R AR AR SRR TR 2~ e (R BRI ER M a0 B DA S L e AR AR PR AT
AR SR
Table 1. Regression equation, coefficient of determination (R2) and linear range for standard

curve of y-aminobutyric acid (GABA) as well as its limit of detection (LOD) and limit

of quantitation (LOQ)
Regression equation* R? Linear range LOD LOQ
(Ppb) (Ppb) (Ppb)
y=1910.8x+6005.9 0.9993 25-200 2.0 6.6

*y: Area, x: Concentration

5e+5
4e+5 |
3e+5
©
Q
<
2e+5
y = 1910.8x + 6005.9
R2 = 0.9993
le+5
0 1 1 1 1 1 1 1 1
0 25 50 75 100 125 150 175 200 225

Concentration (ppb)

3. BLLC/MS/MS 434 y-fd T st i -
Fig. 3. Standard curve of GABA analyzed by LC/MS/MS (linear range : 25-200 ppb).
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AN 97 ppb K 388 ppb MATEA[FIREEHT GABA AR AL HIME ) h A { THERE LM
TE 0 SERAR 2 > BURIANI 97 ppb J 388 ppb GABA fRAESH ATV 7 80.74
+ 3.48%F; 93.81 + 4.40% - [ RSD RSBk 4.31 F14.69% » /A 5% - HRIEFIHEH
B LB A Z HERSOHEE T ARG TR ECRARE 75-120% 2 6] » BURA AN
HERREFEAE M 12 2 L[ -
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(00)

BRI BII 97 ppb . 388 ppb GABA IEERME(THITREPISHIE (%£3) B
(TR ERFEEUER 1 97 ppb GABA FEESAFA{ 5 H45 A2 R 5 Ann. Neurol.
CV%) 5 2.69% » TN 388 ppb GABA A H B SUBRAH 5 R FAATL Ann.

Neurol. CV%) Fs 4.15% > Wi HVEEABIG/ N 5% - BURGARA BRAFAVEREN: -

R 2. RERAE T y-fg ks T RRHY IR

Table 2. Recovery for y-aminobutyric acid determination of brown rice matrix

Spike  Determined concentration Recovery Mean + SD RSD
(ppb) (ppb) (%) (%) (%)
97 80.44 82.93 80.74 + 3.48 431
77.73 80.19
82.01 84.55
73.12 75.38
78.25 80.67
388 339.38 87.47 93.81 +4.40 4.69
365.66 94.24
360.14 92.82
386.98 99.74
367.84 94.80

HE—THITAE H PSRRI (£ 4) 53 AE— ZR=RHIHE - /0 97
ppb GABA FEAE f H o1 [
/il 388 ppb GABA #5224 i H H S B Y BB SAR B (C V% ) IRy 0.45%~ 3.41%F(1 4.15%
BEURIE/INTA 10%N AR BT 7 ANRRE e v #2527 - (RIBfrEE & i L2 R 74
Z MR D - RN TR R R A ST HLEEAE 15%M]1 18% » AR5pAr J77ARI T AIFE
5%H110% 2 » ERFEE JTHEALZIERHH -

B

REREEEAAE (CV%) B 7.48%, 8.93% ~ F12.69% ; T
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% 3. TR AR T y-REs T RV R
Table 3. Repeatability for y-aminobutyric acid determination of brown rice matrix

Spike Orlglnal_ Determmed Mean + SD cV
concentration concentration

(ppb) (ppb) (ppb) (ppb) (%)
97 47.1 127.54 125.41 + 3.37 2.69
124.83
129.11
120.22
125.35
388 47.1 386.48 411.1+17.08 4.15
412.76
407.24
434.08
414.94

R4 ITREREE T y-Hks T BRAY R

Table 4. Intermediate precision for y-aminobutyric acid determination of brown rice

matrix

Spike day Determined concentration Mean + SD Cv

(ppb) (ppb) (ppb) (o)
97 1 90.72 77.31 66.18 86.44 77.61 79.65 £9.48 7.48
2 73.11 76.34 88.58 73.47 58.24 73.95+10.81 8.93
3 80.44 77.73 82.01 73.12 78.25 78.31 £3.37 2.69
388 1 382.24 378.48 382.54 380.00 381.6 380.97 £ 1.70 0.45
2 394.65 388.05 379.36 376.26 409.5 389.56 £ 13.29 341
3 386.48 412.76 407.24 434.08 414.94 411.10+17.08 4.15

(f1) MR (LOD) EilE &fifR (LOQ)

FITEEAL 2 53 U5 748 e PAG EA RS SR AT E EASPREE SR - 73 5l R OISR (LOD) 2.0

ppb ; MEEMIR (LOQ) ARy 6.6 ppb (£ 1) o AI7AZ HMRIR 2R —f &

GABA & 2RV NIEIE - HERUEMRE AU MEREAE AR - A7 R T
TITHEE -

SR Pl b ASERATENL 2 LO/MS/MS Sk hFrE GABA S &RV AN G

FEEER L B i LER BT AR - B —(EEA BAr S » B -

G
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FIEEBUEHIRRIR DL R B BARRATT7 74 - R EREEA N & GABA S2HIE - &
Bt B LUEETT 2 A TRE R FIZE 2P ok o GABA & &5 -
= RNEETERDR 2 %25 % GABA SERTE (L

FIFH R TL 2 WXL GABA 73 #7774 » 73 T A B CRE A FIRDR anfd 2 ok - £84%
FEBR% TS GABA S &MV 1L - [EiMEetH= GABA &AM KRIME - #E—HFER
RAGAES Ryl B0 e F A -

(—) BEkH4E GABA & &

DAEFEARE SAEITREOR HETT GABA S &1 T &R B AI#R 5> 618 2 5517 GABA
S8y 15.67mg/100g dryrice » 2 CERCRH GABA &&RKEm® 5 HIR/EM 998 - H
GABA 45 5 13.18 mg/100g dry rice : B2 B 418 4 58> £ GABA 22754 12.33 mg/100g
dry rice ; ZAMfiriE 139 5% ~ {63 215 5FRE# 16 5517 GABA &8 B KA 10 mg/100g
dryrice LT > 4358 9.29 ~ 7.72 & 7.12 mg/100g dry rice o FiA g o L& Hhfill 10 SEfY
GABA &8 Fyi(l » (€% 478 mg/100g dryrice » Y R/EM 2 SR =y 2 —& & - #hE
A 2008 F e KR GABA & 8475 56.84 mg/100g - HLAEHAL 10 5% ~ &7l 2
SRR 141 SRR S ERENS © AAMAEREIEORT GABA & &{E1E 4.78-15.67
mg/100g dry rice ] » ELAE AL 10 55 Ryl o HEMEL RPN AT 8E R A B ZRETHE e 7
AR BOR ARSI J7 74 7T S22 bR HoAtr By 4307 BRI T A B0 B Ry Y
GABA & & > HUMENIER S Al EE -

(=) #hEk” GABA & &

B = fEYIG GABA & EWE IR & SR E RT3 - il
S 2 5%~ G 4 9% - B 9 SR ARl 10 5% > LA RES R 0.1-02 cm & 0.3-0.5
om S A (F e h 8 SFUE - S55R013% 6 R » NS RE 0.1-02cm I > &8 2
R BT 9 552 GABA S EMHILNEIFAINE S AHE TS I T 5 %
TEBENF ISR KA B S R EE TREZEY - HER SR E 5 - ARG
fi 4 552 GABA S ELLARBEIFAIAIGHES T 1% &l 10 582 GABA &&RIELR

SECFRIAIERTT T 3 - T PRSP RIEES] 0.3-0.5 om B ATrA RV SFE K GABA

/A
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SEMFHERISI - KR e 2 5% - G 4 58 R B 9 SREEREFATIGRIA T 2 %

FrHEG TR 10 SEAIREBEENRSA - BRI T 6 52% - frAk

AEEEERE 0.3-0.5 cm B » GABA & &4k 26.44-31.44 mg/100g dry rice » H P& &
2 BEFIEFAl 10 584y GABA &8 =R IIZE 31.44 mg/100g dry rice F1 30.52

mg/100g dry rice » 2 RFEHME 0.5 cm DL FRSEAH T ROKEE 2% » NILERET

il 2 LA -

% 5. DUEILZ LC/MS/MS J53k ik b y-aeks T R &

Table 5. Content of y-aminobutyric acid of seven brown rice determined by proposed

LC/MS/MS method

Brown rice GABA RSD
(mg/100g dry rice)* (%)

Taiken 2 15.67+0.61°¢ 3.87
Taiken 9 13.18 £0.77¢ 5.82
Taiken 4 12.33+1.53 ¢ 12.37
Kaohsiung 139 9.29+0.45° 4.81
Hualien 215 7.72 +1.21°% 15.74
Taiken 16 7.12+093"? 13.1
Taichung sen 10 478 +1.08 ¢ 22.59

*Values (Mean + S.D., n=3) in the same column with different letters are significantly different
(p <0.05).

6. TURENERALERF 1% v-HEk | TR BAVEEL

Table 6. Changes in content of y-aminobutyric acid of four different brown rice after

germination
Brown rice Length of sprout (cm)
0 0.1-0.2 0.3-0.5
(mg/100g dry rice)

Taiken 2 15.67+0.61°¢ 2.99 +0.08° 31.44+2.04°
Taiken 9 13.18 £0.77 ¢ 2.81+0.03°? 27.21 +1.362
Taiken 4 12.33 +£1.53¢ 13.76 £0.90° 26.44 +1.09
Taichung sen 10 478 £1.08%° 13.10+0.37" 30.52 + 1.39°

*Values (Mean=S.D., n=3) in the same column with different letters are significantly different
(p <0.05)
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A A FEURIEIR A ~ B S SRR AT HR AL 100-200 mg /Y GABA fILAE 5 5350
W HEEEL 10-20 mg #Y GABA HIIE AR E MEERITIZ (Abdou et al., 2006; Koga et al.,
2012) - AEEREH S FHEORET GABA & & A2 31.44 mg/100g dry rice » PRI FLAIAKERHL
100 mg GABA - AIIFFZEHEHL 300 g DL EAVEEFHEK - BIE EAZET > BFRAK - HE
& 10-20 mg GABA HIfEFRFELY 50 g #EK - BURVH Z etk v sE B AR BTy
TRIEDIRE > RARIE T HE—H R ALRET > SCATInL ORI S B EE -

B &nm

DA S B /K 28 10 3 gy LC/MS/MS 734 U570k » Rl Se B e KRR o
Z GABA & & - [ 80.7-93.8% L[| #FHEE/INY 10% - AT AT SRR & dn
(BB SR T AR HERCREL - TSR - DI 2 98T GABA &8 REs (15.67
mg/100 g dry tice ) ; &1l 10 3515 GABA & & Azl (4.78 mg/100 g dryrice ) » fii>k
EAFF R KT 0.3cm-0.5cm Z#i[# - n[{2TTH GABA &8 &ff 2 53 SFORIE R 31.44
mg/100g dry rice » [fifE R EAF AV ZFREOR A A& Pl 10 58 > SEILREFAHETT
T 6522 - AN 2 SRAIG HAL 10 554 GABA & &159477E 30 mg/100g dry rice /&
A BHEEL S0 g #ERETRTHE ALY 15mg 1Y GABA » BATEMIREIIREZVET] » (EISH#
— TR DA SRR 2 B E(E -

B

AWFORSAT BRI S % B g BhdE: - stEldwsk: 107-2813-C-197-021-B
RrEFEHTE -

SE R
FRDES ~ BAEAT ~ SIFHIE - 726 © 2004 - SRARZFh y-&5 T B o EHEIU 2 E - Bon
&2 25 : 76-78 -

WAk ~ BT BERTE - AREMH - 2008 - dhEEESERLEE 41 ¢ 3974-3982
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BREE - fBokl@ - £ - % - F0H) - d7%2% - K - 2010 - 535K 2E T
TKAERE S e gl A BR ARS8 - EY)ER#R 36  1931-1940 -
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