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Preparation of Sun-dried Salt Containing GABA by Co-crystallization of
Fermentation Broth and Deep Sea Water

Bu-Young Choi and Seok-Cheol Cho'*

Department of Pharmaceutical Science & Engineering, Seowon University
! Department of Food Science & Engineering, Seowon University

Abstract

y-Aminobutyric acid (GABA)-containing salt was prepared by crystallization of a mixture of salt water from deep
sea and fermentation broth by lactic acid bacteria that contained GABA converted from glutamic acid. Salt from
deep sea water has a lower sodium content but higher calcium, potassium and magnesium contents than commercial
salt. Instead of monosodium glutamate (MSG), glutamic acid was used for solving the residual MSG problem. Fer-
mentation by a lactic acid bacterium converted 90% of added glutamic acid (5%, w/v) to GABA, and continuous
production of colorless fermentation broth containing more than 3% (w/v) GABA was achieved by using an acti-
vated carbon. Mixtures of salt water and fermentation broths with various GABA concentrations were co-crystallized
and the GABA content was analyzed. This analysis showed that more than 90% of GABA from broth was adsorbed
to salt. The appearance and surface of this prepared GABA-containing salt were examined with an image analyzer
and scanning electron microscope. No difference was found with commercial sun-dried salt and no separated parti-
cles were detected, which indicates that the co-crystallization process used is suitable for the production of GABA-

containing salt.
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AEE k= Na' o] 29 Aejzg3 #do] e Jos
dEA Ak B 2T FAES AIHEF o9l
CaSO,, MgSO,, MgCl,, KCl 5¢] F7]&°] &3telo] e
g, °] $ K, Mg % Ca 52 4 3= 247} vt

3 & A d(Joffers et al., 1960; Schroeder, 1960).

Ay dene] 20119 e SRIYgRA e 2y
2 HRle] He A7 FFAFS 2010 12.27 gof] vl &
F 7Aagk 12,16 g2 7153t sinitk &g W AT
ZAastae Joy AAXRAZH(WHO) da7|Ed 5
g (UEF B4 1,969 mg)oll Hlsl 2ull o] =2 FX]o|H
(MFDS, 2012) 9= % ml=2 E& ¥4 9o 437
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Freedman & Petitti, 2001). ©]5A = =2l 1Y
S TR ARl YEF O] HYAdH e B #Ho] e
AoR dHA Utk YEF AdH= FEAST
I TEE AL dogs oo & 57 ske T 2R
AgE S7H71AL AR o8 TEYS oF7]3H(Son &
Huh, 2001).

HEt GEF HFHE £017] 918l o2 A7se] 3
Ha ok 2 F shbe 25 HEF oS UE 9L
Z A= WHOE Horita et al. (2011)2 &7 UYE
F ol tiAl Z4, rtls, 258 ol&s) Exdet A
Z5 A FsHN o™ Corral et al. (2013)2 AGLFS o] &
& 2AAE Azxste] g HUHE AP od BF
A ZAE AT T gl

I Wl E S AR 7158 Aeel ST
(Kim et al., 2007), &9 T/4E vdE & & +x
H|2 A7-(Ha & Park, 1998) 5 &gt #dHE 7154 2
A Z2Fg e Aol g tdet A7 g = AT

y-Aminobutyric acid (GABA)= AAAld] dz2] EE3l=

vk g 4 ofu|=ako 24, Algel lojA= A1 A
g hfrEo] Jou, TS ¥ FF] &Rk
aectylcholineo|2} &&= AAAY 24& F7MA17]1A, ¥

75S FANTE Tl A okvgl, o Ag A
_Q_ 0]3121_9_ 3}al3] 2 xL_Q_ A T2 ROl By 2L
J*OEI s, 55 g3l 37t e Aoe® dHA vt
(Chang et al., 1992; Shelp et al., 1999; Park et al., 2002).

GABATE glutamic acid decarboxylase (GAD)®l| <] 3]
glutamate”} H| 7} 4 0 2 Gehiksls| o] A= =t], GAD
¢} GABAE P EOMTH LS de] s
k. LE5AEL] F3AAA N GABAE A4 neuro-
transmitter® 2 A A&, GADO 28] &4 neuro-
transmitter?! glutamate®}t GABAS] =7} 2EFH I Ut}
(Ueno, 2000).

GABA= 715 oA, #d, &, T 5ol
e Aoz PeiA Youk 1 el
UehiA g 2oy Aade 2 9 3 2E 4
AR g AL FollA EEld ke fFitE°l GABAS
FEEg AQAelE AoZ B IEUTHUeno et al. 1997;
Park & Oh, 2006; Kook et al., 2009; Li et al., 2010;
Lee et al., 2014).

Hanio] 9% GABAS] A WAUSS wijA] Foll H
7}8+ mono sodium glutamate (MSG)ol| thet wra o] &
St a A o] 2ol ofste] uij kel Foll GABAZF A El=
Ao o]FA ol H7tE MSGE 9EE GABAS
Aakels FA A HiA] F ZHFskE MSGe Ul A5
2| A el A A s ol mfg- HE FES w5 3
t}. Kook et al. (2009)2 wjHjolFE &S YEE AME-S
HjR] oA viR] Sl H7FEE 7% (wiv)e] MSGE 100% A
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M
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5k ARE AYort WAV EASE BE R 5
g WES F MSG IRIFEAS WY EAG o
98 AR @] Aske] B AFAE wA ol

MSG th4lel glutamic acidE 3 7F3}51
2 AFAM = glutamic aicdE IR Foll 3 71ste] AJ4t
HE GABA ¥t wifdlz s AAS g A5l
A frefste 978 Y8R st AEEEE YERE 3
TE olAe] GABAES TR-3 AFS AxXTFoEH 4L
J,]_oo]/dﬁoﬂ}q H]—/\gﬁl— 2= O]E Elros]_ 7<1§]__ cq]uo]—-g
= 7154 23 Az 7HsA S AR
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B oAye Abgd #5E PARRE E2F Laco-
baczllus sakei B2-162 (F)vlo] . ¥l(Bucheon, Korea)ol| A
A F-rol ALg-351% 2™, 30%2] glycerol stock 2.2 -70°Ce|
A WE BAEE FF5 Lactobacilli MRS brothol] HZ
sted 30°CollA] At v - ARE-sHA

SEREE

95 2 AP Bitel AxE 239

HE = digital

salt meter (ES-421, ATAGO, Tokyo, Japan)S AF&-&to] =
Aasith. AxE 23 SRS ehsel d=g 574
sov dwel 24 ol NS Folol dvg =
IS
0jLiig Ble &5

ICP/OES (Optima 8300, Perkin Elmer Inc., Waltham,
MA, USA)E °o]&3te] 9] 163-782nm 9]¢l A

Na, Ca, K, Mg2] 42 A5}t =4 3stax) sl 944
o] AlEe| 0.5N HNO, (Merck, Darmstadt, Germany) 2
mLE 7}t $ hot plate (VS-130SH, Vision Scientific,
Daejeon, Korea) A4 90°CZ SHA|7F 7FE e & B4 7t
g HRIR A% § A s

= PN
n7ye Axel FY v FFEA ] Frice processing
complex, RPC)o| Al = §HA] 24A17F oJuj o] 7 Algut
o} -18°CollA] WERAstAA AMEsIRon n7t5E
u73el 108 (viw)e] & F7FeE F m)7tel £ %
33 A FEE 55-60°Col A 12417 o] A wukE
5,000 rpmo.2 1037+ YA sl] e
E’\él‘i—oi 3}011 o ]Lq] zzou 16&5’__

Toltt. mAFE=dle

>

o
N o 2 o

2.5-3% &
GABA 3 b FAEF] ASe 2

23 7124 FdEe] T dou FET @add
oS AwsAe Xt FL}EW 4 FE=el 2%
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sucrose (w/v, ©]3} T Y)2}t 1%2] yeast extract, 0.5%<]
sodium acetateE 7FFO 24 GABA - vigdS A
sbet7] 918k Ahd -8 miAE $deksiTh

SIS0 2|5 GABAM A

GABAAAHS 913 =18 2kdg wj#]o] Ao a3k
FE9 MSGE F7hst & 80°ColA 30&7F At &
3%2] seedE HF AU H7IE= seed= MRSHIA] o
1%2] MSGE H7Fste] AR om 30°CollA] 48417 A
2w kst o 2 itk 30 L 2a ol working volume
< 20LE K&t om A-guiAel 6% MSG 2 5%
] glutamic acidE 77t 7k & pHeO| 24 glo] 30°C
oA 50 rppmOo.2 Wkl 72417k ok wa s 33
o Y= GABAS 3, AIX & % pH 55 <
sttt

HHQIOH = GABA &2t 24

Hjkel 9 GABA @& w4 syl flstel H7td
glutamic acid B A4HE GABAE AH 43171 flsts

RP-HPLC (Waters 2487 Dual A Absorbance detector, Waters
1525 Binary HPLC pump, Waters 717 plus Autosampler,
Milford, MA, USA)E ©]8-3}%ith. RP-HPLCE ©]&3 &
A Z72 Ibolya & Vasanits (1999), Tcherkas et al.
(2001)°] Hizgh A& FZ3IIATH AIEE 8,000 rpmollA]
1087 94 28 & A459S 045 um cellulose acetate
membrane filter (Advantec MFS Inc., Dublin, CA, USA)
2 o#}ste] AY FEE 343 F o-phthaldialdehyde
(OPA)E ©] &3 Fx=A s & RP-HPLCZ #4355t
XTerra column (RP18, 5 mx4.6 mmx150 mm, Waters,
Milford, MA, USA)S AF&-3F31 o™, o] 542+ 0.05
M sodium acetate (pH 7.2)& &wl AZ, 283 01 M
sodium acetate, acetonitrile (HPLC grade), methanol (HPLC
grade)o] 27} 46:44:10 (viv)SE 41¢1 Z(pH 7.2y &l
BE A3t 05749 FE THle & AE 100%=
ato] A4S AAEIA 30 A3 Tl & B7F 100%
7h H3, 408 A3 F7HA & B7F 100%, 458 73 2%
FAE oA &l AZF 100%7F S1A SHem, 608 &
7M. &H) A7} 100%7F H=s -3k ol el #
22 |1 mL/minZ I3, 358 nme| UV detector =
GABAE AZsISith

A2 GABASEF 24

ARsh BN 2Tl LTE GABASH FAE 24
o Troat o) o) 2L T3] ske] LOMSE o] 43
o] GABAZ#HS E438ith HPLCE Ultimate 3000 RS
UHPLC (Thermo Scientific Co. Ltd., Hudson, NH, USA)
& AME-3F9 ™ Mass spectrometry= LTQ Orbitrap XL

az

!

(Thermo Scientific Co. Ltd., Hudson, NH, USA), ESI Ion
source, column- acquity uplc BEH CI8 (1.7 pm, 2.1x
100 mm, Waters, Milford, MA, USA)S AR&-3}it}. SIM
mode, [+] modeZ 573} 2™ sheath gas= 50, spray
voltage:= 5 kVE AH&-3FITE HPLCE A&Wl= S/,
B&1|+= acetonitrile®]] formic acidE 0.1% &3}3}4] flow
ratee 025 mL/minZ ZPA|Z] 3 350 Agufjo] v &S
95%° A 5%, B2 W& 5% 95%= Hedt
T 550l el vER BEAAN F 627 FrA S
o1 standard curve= 99% ©17<]
aminobutyric acid (MW 103.12, Sigma-Aldrich Co., St.
Louis, MO, USA)E AH&-3F4] 500-50,000 ppb Atole] &
Lo A e A F9 injection volumes 5 pL=

AT =2

=
TEE Ze v-

WS AAB] S8t ()
73} 8k(Yongsan, Korea)®| 2&-8& 24 A] &4d& SGS-
100 AHE-3FSA T
g 7} 2 uj ke
o] S ot

< 80°CE 7FE3gt % 1.0-5.0% (W/v)

stz G gro] IR e wlehd

S Hho] Ek ujgFed -2 8,000xg ©]

= of et =S FA A A

som SAdeo] AAE YA SFHTE controlZ -]
0

et R
0>4
u3
0

24310l 2|et GABAZR A=F2| M=
45 GABAR Wl s FHST2HE
W2l ojte] gE g dFE ol &5t
GABAEHf &aS& AxsAh ()&
Korea)oll A 27 A 2F3F pilotiF&.2] ALY E 0]8-5lo
AAQstE JdstAnt. EAEgo] =i o] &4 ¢
Eelg o2 Azd AA 4@ mx1.5 mx0.05 m)°l| 2-3 cm F
A2 D52 GABA i gl S Edk &5 H7te
5 AASE APt oju] AR FAH= d
= =

L= SEA A 25%71A] A A

sl

GABA $Ht Wil st A2 A A4 sHE GABATH
27 FHHES flete] 94 B o] Ard s
212X (Image analyzer, Diapot 300, Nikon, Tokyo,
Japan)E ©]-&-3o] 400u) = A&t o Yare] FHS A
AZEs FAF 228 v (Field Emission Scanning Electron
Microscope, JSM-6701, JEOL Co. Ltd., Tokyo, Japan)=



A3t} BRI,

SHXz]
DTS o &3 wi gy o] S AL 33] o] WA
ol et Faoz Yepidv dddzte] it FAA
+ SPSS software package (Version 22.0, SPSS Inc.,
Chicago, IL, USA)S ©]&-3}e] EA4HE2-8- 33 Duncan®]
= AA (p<0.05) W HhH o 2 A} A A o)

.- M

oy g
GABA &t HfHS| XM=

7S FAFE 3 2GR 6%2] MSG2F 5%2]
glutamic acid& Z}z} F71sE & 72A17F 52k 30°Col| A uj
FotHA wme F FAE= GABAS T, pHWHS 3
AdrE S48 tHFig. 1). ZHolA B vpe} o] |
A F HA7H 6% MSG(EHRE, A% 187.13) ¢a
218 48217l 97%, 72A17Fl= A2 100% GABAZ
slxo} wtg ol 3 33% 52 GABAZF AAE AL
H 5%2] glutamic acidFEAHF 147.13)5 713 Ao+
MSGE 7kt 799l Blste] @& 3 vEhfo] 48417F
733 ol 88.3%, 72417kl 90.9%2] MEES YERL o
3.18%¢] GABA7} $-8 vl A2 4 Uit o]
= vujol FEES ARE-S uiR] oA HiF] F H7TE 6-7%
o] MSGE 4817k 100% 1 #A1Z]1 Kook et al. (2009)
o A+ AN A5 YER AT 6%2] MSGellA
sodium &S ALt 4.72%2] glutamic acid’t GABAZ
AgE AL A 5 FA7HeF 5% glutamic acids 4.55%7}

—O=pH- 5% Glu —@—pH- 6% MSG

60
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Fig. 1. Batch fermentation profiles of L. sakei B2-16 on rice
bran extracted broth (added 6% MSG and 5% glutamic acid
seperatively) at 30°C under uncontrolled pH and agitated 50

rpm.
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GABA® 8t X8t & Apo]& UehlA &=t o=
B Ao HeH wix] 2 FF 2FolA Ha FFo A
gHsgo] W HAT L T Ut

GABARS] #gtE o|¢lo] &g F MEFT 9 GABAH
A, wiFA o] pH W3t 52 2 AolE YeA] &2
S} GABAS] AA o] 543] a = A3 A glutamic
acidE 7k 74 Alxe] Ao == pHe| Ws) 2
GABA®] ZH3to] kg AXA WA sl= 202 et
o] glutamic acid&3E 918t 4% H7tEe 2
o3 pHH 3Bl ¢J3le] GABA A WAYZEo] W2 &5
2 @43t ¥© Aoz AdEH(Baum et al., 1996; Kang,
2002) 2 AP Fate] o £ste AR skE A1

AT GABATHE 3% o] o] g S A| =33t

ofr

[e}
0 nm =
2 e 7HAsien 34 skaE 39 o]/\l—o]

o] AYPHA = AE & & AATH HH%F@M -E—
= 042540312 vebgon S 1%, 2% 2 3%
3 A3 7}z 03154044, 0.203+0.31, 0.017+0.022)
FE=E Yepdlo] @4 T3 3% 7= sl gde] A=
o Al Fast ot ool A #elA f¢
A o] e YRR 9t
A7 23] 918t 3% SAde A
FaE Aro] ¥stE ERISIT 3% &4
7F 9 FAIZE A g A9 3= E ZH2 0.263+
0.232} 0.018+0.03S YERHS] AZte] F7t8E w7t
FoiA = AHE YO 2A417F o] FRH = F3E9]
o2k e HErt gl Aoz Folno] GABALTEL
Aol AR Bl o] e 3949] EAeRS HUek
2A17F Ft R,

o 1o rr n
rug Ho
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ZXsl0f| 2|8t GABA &7 229 M=
AATH4 mx1.5 mx0.05 m)°l 23cm4 AR
GABA & v &3lsl oo Ho 5 AXFE A
et olwf AAA o FY
SEFE AR 9
Aol A 25%7H] HEE
Sher 3% (Wiv) =2 %
Zw} X1y 313
¢l 5o GABA "évb_“
Tm 50-200 mg (10-40 mg/g slat) ©
WHE GABATFo| T2 AgS AxT
Hdolle A 12 LE A7ME F 14 L]
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NS 7t7} Efste] AR sE KA.
Aol GABA &tzf

HjeFl 7 A4o] EEHES galsle] A4S ¥ A
A= Bgold F7E GABAZY g2 thFet muE A
w3 A AR stE=A gyl A% LC-MS A3E
Table 19 YeERNSIT) o]&2 o2 37tEl GABAY] &
I AA3E AEFS GABAT o] 2 z}o]E Holx| &
o2 yeht Arisl & wigd Fo GABAZL tiF-E
AR st A gl S = Ao Z el H7t
¥ GABA? %7} AlF FA T 2%E 9 F=AA=
A7He GABAS] Y7t AR St=A] 2 A o2 it
4%°] GABAT=oAME H7IE v 2o GABA
10% =7t 24 3tEA] e 2oz Vel ded 24
3l FHOE WFE GABAS T3 23S AxT 4
olE T4 4 &40 Ak AL Il ¥
el HE 9% AFEe] GABATH &aS A3
fste] g3t FAlOl A4 3tE = GABATHE] U x|
H3 AT FHHeE 1yT Hart oy F 59
WAEFS HHE A5 A2EAE S JeElll= 522 50-200
mg (10-40 mg/g salt) WSl GABA7F e &5S Al
Zohe A IubEel AA sz AA TS Bt

fr ot

NEE AMEHE 4 dies 9ol AlAE] wet
Table 1. GABA contents of co-crystallization salt with salt

water and fermentation broth containing various GABA
content

Theoretical yield (%)

GABA added GABA analysed (Analyzed amount/
(mg GABA/g salt) (mg GABA/g salt) Theoretical amount)x100
10 1.2 112
20 22.8 114
29 27.6 95.2
40 36.2 90.5

oF7re] AolE WOt R 22-24% ARole] g ek
ol a8 AHgste] AL Axske B9l dF =

w9} AT,

=

AZol frEEe ALAE I, BAE @ FeaTdy
H g v AE-S Table 201 VRN

2g 3 vl & Al F Sl
= AdAH FAFSE Nao] &8
2 A9 vAEM = v g =2
Zoz et o= ulgtEQl ASFolA EE AlA
e o4 2 @] AAR & e el ARl F
FEE EolsH v=H+e 2942 Yehe 208 Holy
b B AFAAR AZEE 27 GABAS 4 54
mju|2te] o] EolFog =o EXS B i drh

ZHE
BN A4S AFEsle] AF g 20 mge] GABAZF &
FE AFS 400009 vl& = #E3 AHE Fig 20 e}
Witk 71E

Al A4 FeE YeprE stioy 4
A FollA] ZolE  Sl= §243 ] A4S AAHA ¢
gtk 243 34 Foll NaCl o]9lo] Le=g EX|5h=

o2 AA3E AYPsh= A T I

A Ao AT ol HAATL &
ARTFze] o] FHEHEA HE o] F
& Park (1998)°] AT+4xe x| gttt

EoEd AAT ALAS AEA AN B¢

Table 2. Mineral contents of various salts

(unit: mg/kg)

Sample Na Ca K Mg

Salt water from

deep sea water 313,995 1,076.4 15,560.6 30,919.6
Sun-dried salt 333,287 1,429.0 3,067.3 9,797.0
Refined salt 386,014 164.52 1,807.9 642.1
Roasted salt 374,524 23471 1,527.8  672.5

BN 50 um
Fig. 2. Image of salt containing 20 mg GABA/g salt (X400, Image analyzer).
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EEN 1.0 mm

x 100

Fig. 3. Comparison of surface image between GABA containing salt and commercial sun-dried salt in the scanning electron

microscope (a; sun-dried salt, b; salt including 20 mg GABA).

o|%= Han (1999)°] X119} o] H&HA o] AR TS
Zrol B 7] o]H 9tk Lee & Kim (2008)¢] A#=E vojgt
At Age ARPFUE d4ske de AAst T4
EA3hH= NaClol9]9] 97/e] F= o]¢fo= the 847t
HoJsls oz FerEnh vhE Hro] o|57 ez =
A YAE A kol GABA T vl gAlo] &F
of FatE= FEE I AAsE JdE AoE HuE]
o ol AAAN| AL o] &8 ¥ FAM L F<lo] g
A=tl(Fig. 3) GRF FAolA A3t 34E AX AlH =+
Ql Agd vlwste] oA} 5 Aol HS YERNA &
ko™ AT GABA®] ARt e H AW HEe] A
H2 Y3t dyshe A4 JehR] egktt

o ok
B

A FA STl G5 AAE D) faktol oste
A2kEl GABA - Bl ge E3tete] GABAZE i€
7S AZIIAT B4 A A" Golls ARt 2gY
Hlwste] YEFS] 7k Wokoy 4, 4, vlvls
e AF R =2 28 o F AUk v I
5o gady AAaYS I nikete] Alxs A8
7HA] ol 6%2] MSG} 5%2] glutamic acidE HiA] &

A7tste]l aE e A3k 72417F & MSGE 100%
ASES YERN L glutamic acidE 90% =2 HM3E

Uehfo] 3% o] GABA7} 3Hid wads A&

AR S o] &3t GG gste] T
A F AU SAE A d5FE A
skE sttt Aot st s GABAZE &
vl S Egste] AASE AR AR w g Fol

ol

Joomy 1 4yt o & X o

it ox o

S8 GABA7F 2743} & i &hgel 344 Jle=
BAHN e ddeA AidE o] AuEE et Z3d
U A dE 3 o 3 xudEs SeiMe

GABAE#e] &
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