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Quantitative Analysis of GABA Production and Pro-column
Derivatization in Fermented Foods
# % 2 (5131)
11/19/2025
Outline

I Introduction
Il. To investigate the production of GABA in fermented foods
1. Pre-column derivatization assists in the HPLC quantification of GABA
A. Derivatization was performed using OPA as a derivatization reagent
B. Derivatization was performed using DABS-CI as a derivatization reagent

V. Conclusion
Abstract

y-Aminobutyric acid (GABA) is a non-protein amino acid produced from glutamate through the
catalytic action of glutamate decarboxylase (GAD). It exerts multiple physiological benefits,
including blood pressure reduction, modulation of central nervous system excitability, promotion of
sleep, and stabilization of neural signaling. The amount of GABA generated in fermentation
substrates is strongly influenced by factors such as microbial community composition,
interspecies interactions, substrate availability, environmental pH. In particular, lactic acid
bacteria (LAB) and Bacillus spp., which frequently become dominant during fermentation
due to their inherent GAD activity, convert glutamate into GABA through the GAD system.
However, the complex composition of fermented-food matrices often results in low GABA
levels and substantial interference from coexisting amines, peptides, and free amino acids.
Traditional colorimetric assays or general UV detection often fail to deliver sufficient
sensitivity and selectivity. Consequently, in recent years, the food chemistry field has shifted
toward “pre-column derivatization coupled with high-performance liquid chromatography
(HPLC)” as a replacement for conventional analytical techniques. OPA and DABS-CI
represent two major derivatization strategies: OPA-based fluorescent derivatization provides
high sensitivity but limited derivative stability, whereas DABS-CI forms conjugated aromatic
amine derivatives with excellent stability and broad matrix applicability. The goal is to
establish a research-grade analytical framework for quality monitoring and functional
verification, thereby providing a comprehensive scientific foundation for future functional

food development.
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Table. 1. Modification of scheme of elution gradient for HPLC analysis (Le et al.,2020)

Reaction time (min) Glu GABA

Glu PA/IS PA CV% RSD% GABA PA/IS PA CV% RSD%

1 1115 + 0,041 339 7.0 1.563 + 0.037 24 7.0
2 1.121 + 0,038 34 1.515 + 0.043 28
3 1.119 + 0,035 31 1.452 + 0.076 52
4 1.114 + 0.036 32 1.385 £ 0.072 52

PA peak area; IS internal standard; CV coefficient of variation; RSD relative standard deviation

Table. 2. Modification of scheme of elution gradient for HPLC analysis (Le et al.,2020)

15t modification of gradient 2nd modification of gradient

Time (min) Solvent A (%) Solvent B (%) Time (min) Solvent A (%) Solvent B (%)
0 90 10 0 80 20

27 i} 100 24 0 100

37 ] 100 34 0 1041

42 100 0 39 100 1]

57 100 0 33 100 1]

Table. 3. Linear ranges, linear equation, R2value, LODs, and LOQs of Glu and GABA in
75%EtOH and water measured by HPLC method (Le et al.,2020)

Solvent Glu GABA
Lincar ranges  Lincar equation R LOD LOQ Lincar ranges  Lincar equation R LOD LOQ
(mg/L) (mg/l) (mg/L) (mg/lL) (mg/L) (mglL)
Water 1-104 y=0.0087 = x 09957  0.75 1.5 1-60 y=00185=x 0.999% 0.78 1.57
75% E1OH 1-104 y=0.0056 = x 0.9961 0.36 071 1-60 y=00188 =x 09866 0.51 Loz

Table. 4. Glu and GABA content in fermented foods extract (75%EtOH and water with
4%SSA) measured by HPLC and spectrophotometric methods (Le et al.,2020)
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Products HPLC method Spectrophotometric method

Glu (mg/g DW) GABA {mg/z DW) GABA (mg/z DW)
75% EtOH Water T5% EtOH Water 75% EtOH Water

Vegetable products

Fermented Bonbon 040 + 0.01 <L0OQ 0.62=0.02 <LOQ 19.38 £ 0.78 7907

Fermented green mustard 0.92 +0.17 0.77=0.11 0.77+0.12 0.61+0.07 17.70 £ 0.73 104 £ 0.6

Fermented coconut shoot 0.38 + 0.08 <L0OQ <LOQ <LOQ 16.30 = 0.60 480 + 1.50

Fermented leck 0.15 + 0.01 0.15+0.01 0.24+0.01 0.19+0.01 595+ 040 389+ 017

Fermented garlic 6073 +0.85 0.51=0.21 <LOQ <LOQ 16.50 = 1.20 10,10 £ 0.40

Fermented radish 17.56 = 0.64 13.62 =037 L38=0.01 126=0.02 2540 = 1.26 17.40 + 1.53

Fermented sweet and sour eggplant 433 £ 0.16 3922017 0.99=0.04 087001 6.74 = 0.37 3.94 £0.15

Fermented eggplant 19.85 = L.16 16.64 =027 2.94=0.06 2.75+0.06 18.13 = 1.10 1041 £ 0.20
Soy derivates

Fermented tofu 13.69 = 0.95 13.77 099 L.83=0.07 2.40=0.08 98.50 = 2.52 5376+ 1.37

Fermented soybean 5330001 5.07=0.13 1.38=0.07 143002 2391 = 040 15.85 + 046

Soya sauce 111 +8.19 99.13+8.83 0.2220.00 022001 738 +0.74 4.69 = 0.39
Animal and fish-based products

Fermented milk 0.57 £ 005 0.51=0.05 0.08 =0.00 0.08+0.01 231 =009 1.56 = 0.09

Fermented pork 397 £ 061 5.10=043 0.52+0.06 0.54+0.03 1590 £ 1.78 13.78 £ 023

Fermented sour shrimp 314 £ 045 298=0.07 1.73=0.07 1.79+0.02 19.16 £ 0.94 1257 £ 027

Fermented anchovies 15.64 = 0.51 14.73 £0.57 6.21+0.30 586020 35.24 396 25.08 + 0.88

Fish sauce 3785 = 115 36.87+1.50 16.29+0.53 16.71+0.64 127.01 £ 3.52 91.97 + 1.09

Table. 5. The results of six consecutive injections of 50ug/mL mixed standard working
solution. (Xiao et al.,2024)

Serial Number The Peak Area of DABS-Theanine (mAU) RSD (%) The Peak Area of DABS-CABA (mAU) RSD (%)
1 1,447 947 3,693,706
2 1,449,504 3,694,736
3 1,446,784 3685472
1 1,447,279 0.08 3,693,983 010
5 1,449,319 3691,117
6 1,447 828 3,694,924

Table. 6. The detection result of 50ug/mL mixed standard solution within 24h. (Xiao et
al.,2024)

Time (h) The Peak Area of DABS-Theanine (mAU) RSD (%) The Peak Area of DABS-GABS (mAU) RSD (%)
0 1,447,947 3,695,706
2 1,447 828 3,694,924
4 1441699 3,647,233
6 1,447,330 0.37 3,679,871 0.49
8 1,449,575 3,659,602
12 1,434,174 3,681,925
24 1,443,504 3,681,633

Table. 7. Recoveries and RSDs of the target analytes spiked in different sample matrices.
(Xiao et al.,2024)
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Additive

Sample Amount Recovery (%) 1::0?
(mg/kg)

Theanine 9518 9668  102.18  99.08 99.18  100.28 254

30 GABA 10197 9977 9577 9827 10187 10097 241

Crisps 100 Theanine 9739 9769 924 10319 9834 10034 254

GABA 9813 10078 10113  98.08 99.88 10213 165

Theanine 10112 9905 10035 9967 10062  96.10 1.82

200 GABA 10254 10172 10207 10324 9967 98.57 1.78

Theanine 9770 10040 10170 9560 9860 10110 234

50 GABA 10050 9790 9910 9850 10160  98.60 141

. Theanine 9740 9610  103.65 10225 10170  99.70 294

Coated Tofu 100 GABA 97.50 99.80 9440 10390 10265  103.05 370

Theanine 10145 9523 9815 10115 10218 9395 353

200 GABA 10285 10150 9733 10213 9990 10095 195
Additive

Samp]e Amount Recnvery (%) lf:’?
{mg/kg)

Theanine 9920 9430 9790 10300 9660 10370 370

30 GABA 10387 10047 9817 9987 10267 9947 211

. . Theanine 9885 9875 9855 9795 10080  97.10 128

Ak Candy 100 GABA 9453 9963 101.33 94.93 98 83 100.63 2.96

Theanine 10243 9760 9925 9793 9843 9875 176

200 GABA 9459 10029 9614 10337 948 95.87 362

Theanine 9970 9530 10240 9950 10340  99.20 284

50 GABA 10160 9610 9850 9690 10380  98.80 293

Green Toa Beverage 100 Theanine 9990 9830 9935 9900 9690 9440 208

GABA 9840 9865 9790 10240 9745 9875 179

Theanine 9575 9575 97790 9578 9525 10315 311

200 GABA 99.13 98.08 10358 9810 10070  101.45 215

Theanine 9898 9708 9788 10168 10008  98.88 164

30 GABA 9882 9402 9892 9842 9582 9692 201

L Theanine 9409 9669 9964  97.64 9589  99.74 226

Matcha Cookie 100 GABA 94.76 98.01 97.06 9946 99.71 96.56 192

Theanine 9927 10077 9935 9975 10127  98.30 1.08

200 GABA 98.30 96.23 9980 9988 94.85 98.75 207

Theanine 9952 9882 9622 9642 10282 10222 281

30 GABA 9777 9627 9757 9537 9917 10097 205

Solid Beverage 100 Theanine 9826 10116 9481 96,81 9651 10151 273

GABA 9473 9983 9653 9448 9498  98.03 222

Theanine 9710 10048 9673 9960 9713 9685 166

200 GABA 10379 10049 9727 9722 95.92 96.89 302

Theanine 9597 10367 9827 10157 10277 10257 300

50 GABA 10108 10038 9988 10138 9868  99.68 0.99

Theanine and GABA Theanine 10283 9683 10183 9658 9413 10343 393

Mixed drink 100 GABA 9774 9944 9414 9964 9879  102.69 283

Theanine 10267 10159 9529 9999 934 9759 270

200 GABA 10115  97.70 9820 9947 96.90 98.47 151

Table. 8. The results of actual samples. (Xiao et al.,2024)
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Average

Samples Content (mg/kg) Value F:‘i?
(mglkg)
Theanine and GABA bonls Theanine 1330010 131375 1336.80 1309.65 1264.05 1318.40 131213 196
panine and LABA honbon GABA T0RS.40 7012.10 6528.75 B6RT .05 6563.10 587,90 6744.55 361
Theanine and GABA gummy Theanine 1093.10 110020 1118.15 1110.80 1100.590 1130.15 1108.88 1.23
candy GABA S2B2.20 513490 5299.75 5211.30 5129.65 5158.25 520268 143
Theanine and GABA mixed Theanine 768.75 76820 77340 783.20 TH2.90 77383 77222 0.99
drink GABA S7FR.E0 574425 5800.25 5817.75 578555 5826.35 579211 0.51
Black tea Theanine 375.60 366.85 370.20 371.95 36.80 37365 37054 0.97
beverage CABA 2290 22.50 2260 23.30 2335 23.25 2298 1.62
. . Theanine 30240 302.55 31275 305.70 30755 31400 30749 1.62
Solid beverage .
GABA 93.50 90.65 9190 94.35 91.70 91.50 9227 1.50
Table. 9. Comparison of the introduced method with other methods. (Xiao et al.,2024)
LOD LOQ Linear Range  Derivatization Derivatization Separation
Analytes Samples (mg/kg) (mg/kg) (ug/mL) Reagent Time (min) Time (min) RSD (%) Method Ref.
Theanine Green tea 3 %1073 0.01 0.02-1.0 - 16 3.0-105 GC-MS/MS g;g?['l ill
Formaldehyde .
2 N - N Yietal
Theanine Tea 9.8 x 107 - (L87-34.8 and sodium - 5 CE-ECL 2017 [17]
borohydride ’
Theanine Tea 57 % 1074 1.88 % 103 10-200 CBBC-CI 6 14 224485 HPLC-FLD ‘:;;gﬁ'q‘;'
" Alcoholic P = e . Liu et al.
GABA beverage 01-82 025273 10-500 - 3 1.17-7.93 LC-M5/MS 2023 [20]
) Germinated = - . Cheng et al.
GABA P 9.8 % 10 - 5-60 OPA 2 20 HPLC-DAD 04721]
Fermented h tal
GABA soybean 3 10 1-100 FMOC-CI 5 15 0.56-4.21 HPLC-DAD aang e
: 2023 [22]
products
Flants foods Pencheva et al
GABA and medicinal 9 - 2-1000 Dansyl-Cl 60 - 0.73-3.72 HPLC-DAD ~ ~ “peneva eal
‘ 2022 [24]
plants
Theanine 1.74-69.6 and - - Tuetal.
nd GABA Tea 26and 4.1 87and 137 Losa1a  OPAandNAC 1 19 and 18 HPLC-FLD 2002 23]
Theanine 1162 < 1072 Syu etal
nd CABA Tea Cand - - DABS-Cl 10 20 and 40 HPLC-DAD 2008 [33]
34 %10
Theanine Food 0.6and 0.2 1.7 and 0.6 1-100 DABS-Cl 20 11and 15 0.99-3.93 HPLC-DAD  This method
and GABA
[
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Fig. 1. LAB and Yeast growth during terasi spontaneous fermentation DO until D14. (Utama

et al.,2024/2025)
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1  Fig. 12. Chromatograms of different chromatographic columns: Platisil ODS(A), Kinetex C18
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4  Fig. 13. Chromatograms of different mobile phase gradients : Isocratic(A), Gradient(B). (Xiao et

5 al.,2024)
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7 Fig. 14. derivatization temperature on peak area. (A)DABS-Theanine; (B)DABS-GABA. (Xiao et
8 al.2024)
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Fig. 15. derivatization time on the peak area. (A)DABS-Theanine; (B)DABS-GABA. (Xiao et

al.,2024)
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Fig. 16. different amount of buffer solution. (A)DABS-Theanine; (B)DABS-GABA. (Xiao et

al.,2024)

10" o

mA L

110" o
110"

A
2 2 o &
b
1]
d
fI
pY_|
n-l—l—l—l—l—.—.—.——

e aF s 03 1 11 LI LY 14

The addilive ssseunk of desivalization reagead imlL)

Sl o

i
Ll
(]

LU 1] [ 5] 1 L 12 L3

The addilive ameunt of derivalizalion reagenl (ml]

4

Fig. 17. different amount of derivatization reagent. (A)DABS-Theaninge; (B)DABS-GABA. (Xiao
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Fig. 18. Standard curve of (A)Theanine; (B)GABA. (Xiao et al.,2024)
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Fig. 19. Chromatograms of actual samples. ((A)Theanine and GABA bonbon; (B)Theanine and
GABA gummy candy; (C)Theanine and GABA mixed drink; (D)Black tea beverage; (E)Solid

beverage). (Xiao et al.,2024)



