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v -tk 7 pa(GABA)E_- ﬁ_% AT RN I W s R EO SRS G S LA T L
G B S BRI KRG S o A RGHY AT
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37°Cizie 8 | pris » L @-20°C R4 ik 48 ) L 2B f2h 24 /] ¥ > GABA §
BRI RILIER N T0% CF R 7R E A 7 BATR Y 4793 5196 BT ke
Rtk > k4 E GABA § Bokk § Lo iz 2 if e 513k 37 C e 8 )
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Abstract

Gamma-aminobutyric acid (GABA) is a non-protein amino acid widely distributed
in nature, and is a major inhibitory neurotransmitter in the central nervous which provides
several physiological functions. Development of functional foods rich in GABA through
microbial fermentation has a potential in the consumer market. This study was used the
domestic adzuki beans(Vigna angularis) variety Kaohsiung No.8 that produced from
Wandan Township as the material to evaluate the effect of different pretreatment
conditions on the GABA accumulation, and further inoculate different probiotics in the
adzuki bean milk to select the suitable probiotic strain for GABA production. This study
also adjusts the optimum conditions for the culture media and develops functional
fermented adzuki bean milk that carries both the GABA and probiotics. The GABA
content in raw adzuki beans was 6.81 mg/100g DW. After soaking at 37°C for 8 hours,

the GABA content in the adzuki beans increased to 90.21 mg/100g DW, which was 13-
fold higher than non-treated adzuki beans. The total phenolic acid content was increased
from 14.85mg GAE/g DW to 18.04mg GAE/g DW, the soaking treatment was not
favorable to stabilization of the anthocyanins that the content of anthocyanins was

decreased. The GABA content of adzuki bean freezing at -20°C  for 48 hours and thawing
at room temperature for 48 hours after soaking at 37°C for 8 hours was increased 70%

higher than that of un-freezing beans. The anthocyanin and total phenolic content of
adzuki beans after freezing and thawing treatment was decreased 47% and 51%
respectively, which indicated that the effect of freezing and unfreezing treatment after
soaking treatment on raising the content of GABA was limited. The adzuki beans was
added 5 folds water and soaked at 37°C for 8 hours, homogenized into thick liquid and
added 595 skimmed milk powder to make adzuki bean milk. Adzuki bean milk
inoculated with Lactobacillus rhamnosus GG increased GABA content from 0.05 mg/mL
to 0.44 mg/mL after 36 hours of fermentation, which showed the greatest elevation in this
study. The anthocyanin content was increased 2.88-fold and the total phenolic content
was increased 409% than un-fermented adzuki bean milk. Further, the optimal cultural
condition to adzuki bean milk inoculated with Lb. rhamnosus GG to improve the GABA
content by response surface methodology (RSM). The results showed that GABA content

was dependent on the addition of galactose, monosodium glutamate and pyridoxine with
v
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which the increasing ratios of GABA was 23~389%, 24~68%, and 8~36%, respectively.

The optimal culture condition for GABA production of adzuki bean milk was addition of
galactose 1.44%, monosodium glutamate 2.27%, and pyridoxine 0.20%. Under the
optimal cultural condition, the GABA content of fermented adzuki bean milk was 1.12
mg/ml, increased 22.4 folds higher than that of the unfermented adzuki bean milk. The
acid-sugar ratio of fermented adzuki bean milk was adjusted to 16 by sensory evaluation
had higher score on sweetness, acidity and overall acceptance of the fermented adzuki
bean milk. After 15 days of storage at 4°C, the GABA content of fermented adzuki bean
milk was remained 1.26 mg/ml and the lactic acid bacteria number was maintained at log
9.42 cfu/ml. The fermented adzuki bean milk was contained both in GABA and probiotic

that suitble for consumers as a daily supplement as suggested.
Keywords:

Gamma-aminobutyric acid (GABA), Lactobacillus rhamnosus GG, adzuki beans,

response surface methodology(RSM)
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# 11 * 2011~2015 #FWp =842 A ff ~ AE 2 B
Table 1.1. Planted area, production and price of domestic adzuki bean during 2011~2015

T4 5 1t AE Fp AR i
R
DE) (2> 7/28) (o> ¥R/ E) (=/27)
100 5,601 2,053 11,498 70.06
101 6,904 1,550 10,698 48.18
102 5,693 2,083 11,858 60.11
103 5,884 2,000 11,769 70.46
104 6,089 2,096 12,765 63.82
5& T35 6,034 1,956 11,718 62.53
(Freke b £4 F ¢ 0 2016a)
2
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mg/100g) > % 3%3 Fl# L B3R A P eV §IHEI A RDL G LB
# 149 (1,172 mg/1009) & F I A if #hz 7 2% o s % B (0.43 mg/100g) R § 245
MG s o o0t o B g g FHEORAR > BARARMESY o IERE T £
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%12 222 ik FAI0R
Table 1.2. The main nutritional components of adzuki beans

¥ O£ 2 # 100 25 7 &
BEkit g P 60.8 g
Fe By i 0.7¢9
fe Fov 21.8¢
k Rk ik
x F* % 3fg (Asp) 2469 mg
Fesaaiz (Thr) 750 mg
Shvepz (Ser) 1082 mg
g vt (Glu) 3728 mg
spvpic (Val) 1063 mg
B o osepi(Ile) 884 mg
i #2it (Lew) 1668 mg
¥ 5 v=pk (Phe) 1170 mg
Hoepk (Lys) 1590 mg
# 2k (Arg) 1541 mg
AR 1859
asd %
a4 2Bl 0.43 mg
ad %B2 0.16 mg
4k F 1.99 mg
a4 2B6 0.42 mg
a4 2C 1.6 mg
BT
P2\ 2 mg
4o 1172 mg
4T 95 mg
41 170 mg
pon 451 mg
45 7.7 mg
4 3.2mg

(#F2 A8 f1% > 2015)
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§% 549 pumol TE/g =& &7 &3 5604 ymol TE/g > KA1 52 &P 3%
fi= (total phenolics) ~ 4%, fir (total flavonoid) ~ 45 & H % (condensed tannin) ~ 4%, & 3 (total
saponin) & == &~ 2 kR B 28X FE > a AR NG s (v 4 (Luo et al,
2016) - )k & 0.5 mg/mL e’z & #-k 5B~ 2 0.5 mg/mL «a-# ¥ f%(«a - tocopherol)
FARR AR Z F it o R RORF P4 B R4~ FE DPPH 2 F g &
BT A RN E T ERS HPF 4 Fr L5 @A 8
P or R (Wu et al., 2002) o #-'= & 12 [ ik 5 B~ 15 H o 5 % 2 HPLC-PAD(High
performance Liquid Chromatography with photoiode array detector) % 4 » £ 2 HPLC-
MS & 473 2 & 5 s o= 0 3 2 % 4 (catechin) ~ % 2% = § § 4% 3 (epicatechin
glucoside) ~ ##4 % # % #% 1 (quercetin glucoside) ~ 1§ 15 & Ak (myricetin){c f 7= 5 % =
F A8 (procyanidindimers) ¥ =& » 1 & eh % i it & 4~ > 2 & Ba(protocatechuic acid)
IR (2 13) ot IRl T id 2 e B g ¥ it 4 (Amarowicz
etal, 2008) - F F - fiic o ¥ F o it gAY M4 TR BRI B gy 1
Mo iR s R FLApM o 2 ¥ ;ﬁ-ﬂ,ért DPPH it # frid S ps 2 BARRE M5 % (r=
0.945, P <0.01)(Lee et al., 2015) -
Z ) R RRIEH

el B T BRSBTS £ 580002 R E B e s kiR R T R de BT e
EEPPF N e 535 0.8%4 8 p 345 o B B (spontaneously hypertensive rat,
SHR)™ 28 ¥ " MAFSE R M 2 SHeT Y Exfimie ez BIE® » ¥ Bk § o5 5B
P enSHRH & 5o T % ¢ . NADPH ¢ jcendz § 1443 2 £ 7~ & > (Sato et al.,
2008) ° iz & fi§ip 30 F A 4~ (prolamin fraction) ® 9Pk B & i o F i B
#1#)7% 12 (ACE inhibitory activity)(ICso= 0.17mg/mL) > & 7 #on 3 BiFfEm ¥ 4 18
7 % (Durak et al., 2013) - #&2~ 7 1.0% = & A 4 FSHRE R e fprt > 7 % €3 &
e B 4 N ehdg § I aS (O )#ic® 2 NADPH# i % p473; # ¢ messenger RNA
R FIER B R F AL FF R ol mE el gk Bk

5
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Table 1.3. Content of individual phenolic compounds in adzuki bean crude extract

Compounds Peak/compound* Content( « 9/g)
Protocatechuic acid 1 67.6 £ 4.01
Protocatechuic aldehyde 3 7.71+£0.62
trans-p-Coumaric acid 18 31.3+1.96
trans-p-Coumaroyl malic acid 10 4.57 + 0.69
Epicatechin 17 25.7 + 2.06
Epigallocatechin gallate 13 0.14 £ 0.02
Epicatechin glucoside 6 159.0 + 8.31
Catechin glucoside 2 688.0 £ 35.6
Quercetin 29 36.2+1.54
Quercetin rutinoside 24 38.2+1.52
Quercetin galactoside 25 46.9 £ 5.87
Quercetin glucoside 26 181.0+9.14
Quercetin arabinoglucoside 22 42.8 £ 4.23
Dihydroquercetin 21 1.15+ 0.07
Dihydroquercetin hexose (1) 11 0.54 + 0.02
Dihydroquercetin hexose (2) 12 0.48 + 0.05
Dihydroquercetin derivative 7 1.35+ 0.06
Myricetin rhamnoside 23 212.0 £ 9.85
Kaempferol rutinoside 27 38.2+1.52
Tetrahydroxydihydrochalcone glycoside 15 0.55+ 0.08
Procyanidin gallate 14 12.4 + 1.06
Procyanidin dimer (1) 4 213.0+13.2
Procyanidin dimer (2) 16 15.9 + 1.56
Procyanidin dimer (3) 19 25.3+1.53
Procyanidin dimer (4) 28 16.0 + 0.89
Procyanidin trimer (1) 8 418+1.11
Procyanidin trimer (2) 9 42.4+1.09

(Amarowicz et al., 2008)
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»z % (Mukai et al., 2011) -
(Z) ™ M=paHdpyie?
Blzg ok BAE D2 28t > 11150 gldayshik & 3k ik B A PR SR g
W o FRAEY et R R Z Y WA BT 1115.4%6~17.9
96 > B bR % OF R B T P44 %R 13 fF (pancreatic lipase activity) s 141
wz%ﬁawﬁ,ﬁﬁﬁ%:jﬂ%&iﬂ3&ﬁﬁm@ﬁ%mﬁ#ﬁwwmﬁ%ﬁﬁ®
W B BB R ENSY Y A e NI B kT & (Maruyama
etal,2008)c iz 2k 4e 1 B A K B oRFCE B ATEE B § 3 169 S praE o 1
LB REPPA&RS R RGOS B T n L BN TR RFRICL Y Ay
TAMBERS M BRTET > 2o R BP E frd] A W2k me = iy F
FAR Pl PR R & BR A feg R 2 2% % (Kitano-Okada et al., 2012) -
(z ) Fedl % 18 n $Ek R 3 4o
#-ix B #ok X B 1B Diaion HP-20% 1k 45 14 2 % A 3+ 4073 274096 ¢ i » »¢
mie S Y Bl B e ? g -k pr(a-amylase) ~ a-F B H P (a-
glucosidase) ~ & ¥ #& A+ (maltase) ~ j& #& A+ (sucrose) 2 £ ¢ ¥ #%f# (isomaltose) = |+ » i
CHFEBAL LG R B L EFRS &S K2 FERRBNG A K
(STZ-induced diabetic rat) ¥ & d #r4| gEpEeni® * % & {4 o4&k & (Itoh et al.,
2004) - 12 4875 iz 7] % (Streptozotocin)# ¥ ~ BUA 2 4% g > i F28x A 8402 5/
Tl B B4 0 HOFRY § §4E-6-m 2 5 (Glucose-6 phosphase) s 4 IR &g ¥ 143
FoAl o A e R HpREE 1 30 jops (AMP-activated protein kinase, AMPK) % 5k
VRELIFRVERL Boo pr (AKT)BRRL 1 > £ 3 sc il § § 4B a2 4 en4 (Sato et al,
2015)
() e B2 %@

LZEHOKEB R A7 ] 3B16-BL6 melanomaz. 2.4 E 4 2 > @ 2 4 E 3

I

B4 1759640 3 € Frflimee 2 £ > 2~ &k & C3H//Hej Jl B12:k 5 » # £ ¢ ¢ %
7
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CRER

2o*d L RPIEDEERFZI e Pike?d 2 IRt PR 4
AR TR B RO

(cyclic adenosine-3’,5°-monophosphate, CAMP): 7 & 2 F-9 & jcfs A(protein kinase
A, PKA)FE 1 » 2 {39 F jgcps C(cytosolic protein kinase C, PKC) #t ¥t ‘e PKC e

e o RS bR G 2 2 s % (Itoh et al., 2005) o

ko ek SHceni- B A S A L WAL A S 5090 & ik 2090 B ki

159 » H 4% (E1595(F » 2003) o s if4e 1 A& F v BB E 41 A ¥ 0 A
PRk B2 SR E -3 (2000)% M FA L E 2R BN B T L H A
AP 302 A4 HERT L F L B2 o8 P8 A F-20148 £5 B FE
KepkA&E T R s BB AR ZHHER AR R S 4
TEYEF2RAES 0 FER Y 281750002 (50 0 2014) ¢ B RPN o B
G2 1l b 2 BEERASES L ma ket el B EE A R FA R
AP BEHGDERBLEFLZPA AP AP UIFRIFT O B IHRFLLERF S

A L
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oo~ M7 B (v —aminobutyric acid)
- Y TRAT RAEY

l—/'«

y - "% & 7 p& (gamma-aminobutyric acid, f§ £ GABA) &~ + 3
H2.NCH,CH,CH,COOH 3 £ B 20 %ﬁgzﬁkﬁ’i Ry R R - ek
(amino group) > AN G AN S EATIE EFAFET Y 5 GABA A3 £ 5

10312 g/mole » 4B 3 350k ~ F AT BE B L iy o wtd (% 0 2002) 0 &

it

Bt 57 e 3 o 3R RY T RIS B 0 4og 00 vepl (proline) shsk sk &

ik

#°GABA 5 FRFE G & T irfrf T e {2323 (zwitterionic) » pKa & & 4.03 %
10.56 (Shelp et al., 1999) -
Iy RAT RS

y ¥Rk T L 5 8 7 & 95 Bk (Tricarboxylic acid cycyle ; Krebs cycle) £ sz @ R

Pood 2 FRASE 4 -k N Z fi(a-ketoglutarate) o i i B AR (T A g0k

fé(glutamate) » £ ‘5d — i@ B ¥ 2 (T e 2 ghaa pi(succinate) o pt G oy R T B
& B (GABA shunt)(B] 1.1.) » 2 4~ B e — 39 B8 8 4 g vefil 0 d 44 0Rpl W 50
fi= (glutamate decarboxylase > # # GAD : EC 4.1.1.15)i& {7 o "% 2 (¥ * 2) =
GABA(Shelpetal.,1999) » @ {& GABA 7 4% GABA #& *«fis (GABA transaminase >
# GABA-T;EC2.6.1.19) i * » 2} = y& 7a 2 iz ik (succinic semialdehyde- #§ £ SSA) i&
- d gz L EEE R & fs (succinic semialdehyde dehydrogenase » #§ - SSADH ; EC
1.2.1.16)2. # ¥ i & Ji 81 = succinate £ w 3| Krebcycle; f v -3%ik = fa s Fa @ o 45
VRAL SR 25 v 55 % GABA 0 & B 4Ef% £ (% 0 2002) -
N O % A

y YA T k3t d 1950 £ poef L d e ] Pl B A RLfoAR e 2 B
7% @ 3 3L (Roberts and Frankel, 1950) » % P f&4d 55 % Sede i & odd 0@ H e b H
(Wong et al.,, 2003) » & 3 # S mPe R Fr4liv* > 7 B R 8EEit
(hyperpolarization) ~ j& > &3 i ~ " Mime NEE F AL E WA 0 @ RF A
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Glutamale
NH,

—HO \ A OH -

ce=Hetn acid
¢

0 0 NAD* «  Transaminase
Glutamate E'DE - NHEI /H_
decarboxylase '
/ P-Aminobutyrate Amino acid |sacitrate
HOAANH,  (GABA)
| 5
Pyruvate -~ a-Ketoglutarate u-Ketoglutarate
GABA: \f GABA:
pyruvate ' u-Ketoglutarate GABA Krabs
transaminase ; Cmmlnﬂ&a shunt cycle
+ Glutamate =- Alaning Succinyl-CoA
Succinic
HD W‘#D NAD* Eﬂl'l'lhldﬂlﬁrdﬂ
0 . dehydrogenase J
Succinic semialdehyde ﬂ_\' Succinate

N
NADH + H* -

Trends in Plant Science

Bl L1 -k ™ e N obfRe i 2 & B0 RTIR N RR AT 2 BE TR o
Fig 1.1. The gamma-aminobutyric acid shunt and its relationship to other metabolic

pathways.
(Shelp et al., 1999)
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B RST RRE R (5 0 2003) 0 T FHEA L ET ARG LB
ERRAIFC R ANE I PR SRR o AR RETE A 1 PN ¥
% AR R B Sk (F 0 2002) 0 GABA 481 2 d BN 1T 409604 e
A GBEEY S T Eg AP ERE O SR LB E s R LT
fro GABA AL 230 5 P B 2ol SEFER O FH ZERR KSR A gl g
GARET T RARET R FERT L R EFTHF LI LT REAE D
(% >2002) - GABA = =5 5 54 @ iv* (% 1.4.)(Dianaetal,2014) - 5 ¥ GABA
B2 L % o AT
() iR

FHEPHFRGABA LG Frillg ~ A3 B WRESF LR A2 Hn A
“Lif ¥ GABA ¥ & kb 5w BT "8 209 (Stanton, 1963); 12 0.5 mg/kg GABA 4%
8 p 3 M43 = /& B (spontaneously hypertensive rats, SHR) - #% & GABA 4~8 | p¥ 1
ﬂ’«:jﬁ%’—fﬁ? % 14 20.8~22.8 mmHg > GABA ¥+t SHR z_. "¢ n R iT* V3§ 24 ] P>
A E o n B2 Wistar-Kyoto ~ 8@ % > # & GABA ¥ 7 ¢ i & n BT '
(Hayakawa et al., 2002) - 4= B B x B L 4 L% 7 GABA v 3} (GABA 16.8
mg/day) > i 8 s > HERPIF e REFENFEIXFHen > Baad i
GABA 7 *uf ¥ & 37 17 5 4 3] § o R (Nishimuraetal., 2016) ; ¥ % & B &+ < 3%
P35 EEFA(NZ 18MgGABA)T F »xtE M B > F € F F i ek 0§ kR

BERE Y EIFLERT LIRS T &5 (F > 2002) o

(=) FEFRME XA i

EROE TR A CREF T oM G P ERERE Bl S
B F G KR Y hGABA kR B ¥ Ot B & 4 (Nandhuetal, 2011) > £ F ¥ <
GABA 827 jid GABA shunt %t (f13] > ie & 825 & AN RS H e 0 g %07
GABA % # Flse (M2 2 > 2006) - 4 * % 7 GABA 2z 3 /8 K & 53 "% ™
FVB/NJNarl & % - B g pm et ™ ¥4 Swre PCL2#1ig 2o 2§ I R4 2 3
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# 1.4. GABA ffetr 2 L sk cnd 3L Gy

Table 1.4. Physiological functions of GABA tested on animals and humans

Physiological function

Specific function

Reference

Neurotransmission

Blood pressure regulator

Brain diseases

Psychiatric diseases

Vital organs

Immune system

Inhibitory neurotransmitter

Potent hypotensive agent

Action on neurological disorders

Enhances memory

Action on mood disorders

Relaxing effect

Action on sleeplessness
Antidepression

Prevention and treatment of alcoholism
Action on chronic kidney disease
Activates liver function

Improves visual function

Increases rate secretion protein in brain
Enhances immunity

Battaglioli et al, 2003

DeFeudis, 1981

Abe et al, 1995;A0ki et al,2003;Hayakawa et al, 2004;Inoue et
al, 2003;Joye et al, 2011;Kajimoto et al, 2004;Matsubara et al,
2002;Noguchi et al, 2007;Pouliot-Mathieu et al, 2013;Sasaki et
al, 2006;Shimada et al, 2009;Tsai et al, 2013;Yamakoshi et al,
2007;Yang et al, 2012;Yoshimura et al, 2010;Wang et al,
2010;Watanabe et al, 2003

Okada et al, 2000;Seidl et al, 2001;Wong et al, 2003;Streeter
et al, 2007

Kayahara and Sugiura, 2001

Bjork et al, 2001;Krystal et al, 2002

Wong et al., 2003

Okada et al., 2000

Krystal et al, 2002;0kada et al, 2000

Bjork et al, 2001;0h et al, 2003a

Sasaki et al, 2006;Sun, 2004

Sun, 2004

Leventhal et al., 2003

Tujioka et al., 2009

Abdou et al., 2006

12
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# 1.4.(9) GABA d 4 2 A Hig% i 125 5
Table 1.4. Physiological functions of GABA tested on animals and humans

Physiological function Specific function Reference
Protective against cancer Delays and/or inhibits cancer cells proliferation Kleinrok et al, 1998;Minuk, 2000; Opolski et al, 2000
Stimulatory action on cancer cells apoptosis Oh and Oh, 2004
Potent tumour suppressor Schuller et al., 2008
Cell regulator Keeps cell volume homeostasis Warskulat et al., 2004
Anti-inflammation and fibroblast cell proliferation Han et al., 2007
Synthesis of hyaluronic acid Ito et al., 2007
Enhances the rate of dermal fibroblasts Ito et al., 2007
Quorum sensing signal cell-to-cell Chevrot et al., 2006
Protector of CVD Reduces inflammation in rheumatoid arthritis Kelly and Saravanan, 2008
Attenuates the metabolic response to ischemic Abel and McCandless, 1992
incidence
Preventer of obesity Imam et al., 2014
Respiratory diseases Control in asthma Xu and Xia, 1999
Control on breathing Kazemi and Hoop, 1991
Hormonal regulator Increases growth hormone Tujioka et al., 2009
Regulation of hormone secretion Parkash and Kaur, 2007
Regulation of progesterone Rapkin, 1999
Regulation of thyroid hormone Wiens and Trudeau, 2006
Potent secretor of insulin Adeghate et al., 2002
Preventer of obesity Xie et al., 2014
(Cont’d from p12) (Diana et al., 2014)
13
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TVE MRy FEF (2 ) 2 Fpdiim e B = 2 i (E 0 R 100) e
(=) gk

MR S E A LG &P GABA Hk B R B5 KT o vhT g
100mg GABA 4 * -kentfie » Hog? g (BHz~13Hz » i & "g3R 2 fhk i8 )R] <
BEE KON HBE > BRET T GABA # 4 crcEirc % (Abdou et al., 2006) o % 3
¥ @ 28 %5 GABA 75 4 15 A dfs v T ERGE o S TWE R
N

5%

{1

)

%’ﬁ@}w A(chromogranin A > CgA)s=k & % (- 2 % k7 » #P 7 GABA 7%
4B g @R 4 it ¥ (Nakamuraetal., 2009) - #4225k % =7 > #&S 3
GABA 7 i 4= ch¥ 8 > 02 KB4 3% & 719G Jk & & $ R 2 4p vt 7 A B F R
S A ERERD IQGER X DIRA B ARG > FF #ES GABA B FUR
e % (HiT > 2006) o
() =L {EPHHm

WhRHRFR > B {LEPRROFRLF M2 0 2y ik i(H3
26mg GABA) » 3% 48 = 16 ¥ {4 ¥+ 659 11 1+ ﬁv,&ﬁﬁflliﬁﬁﬁrﬁ@aﬁﬁ%if
fRrck > e B E R ERDLM(K T > 2001) o { EW AL P EH K
AR FERESAEN B - BEE R Y GABAGRA ARV A 0 B
WU PR NAT A G 7 GABA fuEd B > Ve LA S @ e Er 2 B RR R
(EHFA2 2%~ ERERMAGr > 1998) -
() TP %%

W EEL26-32 2 X EE P RIS A SFER K S T8-96 ) eA SY B L

N

b2 3054 GABA - ¥ it E JERRFERRE S S feB B i 4 X TR
e AR D T-9 R g AM a4 > ok A & E 5] G GABA V4 ik glmie v
SEMF B &R B e 8 A i PIFE 1 gk (Leventhal etal., 2003) ; GABA
i A fein B A K B EGIETR 0 % GABA MULVEE 8 5805 S redk i AR
Bkt B VA A B GABA i i BV R a (T
¥ 5 2012) -
(=) B4 LEForn

4 £ 2 (growth hormone » GH) &~ &%+ "53] ke > A A 8¢ FLF f2red
B Pl fodcd R & s I g fofl et e P OIRA B E L L S
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it GABA ¥ 115 iEF 4B GH & s f B ehd £k (bldo: 5 % ) » i FlEGE
GH Aerpc% » i 4 % v JR# v 3g GABA it gt GH kR B FRA
(Powers, 2012) -

(=) H4chs i afda

GABA a7 wie § 3% 5 B8 ¢ 457 g R drdlimse F) 3 A jn o 13 4 vz
IV R B mre il A > P E% B I T PR GABA F U A G 5F b R R

=
ki

SN
gl

o] Bleng R B(inetal., 2013) ;5 0 A BB f R RS T 7 IRF RS
3 BIRY GABA 2 A4LEF R 54 o hk il 7 e ARke Bfr- S LE B A
vREH

BAT s TEEFT R BT GABA T I FrdlG HR 4 PELR kS et 1L
(Abdou et al., 2006) -

(~) fumpier

P E T GABA T 1 i S Fr UK ~ B R E TR E S iR e ik

)‘1‘«

i Ig A g BEARS 0@ APRY GABA et ez Ig A kR

% 2 ## (Diana et al., 2014) ; & @& * £ & & i f5 " (mouse leukemia L1210
cells) ~ A &g & 44 = ¢ i J5 % (human acute lymphoblastic leukemia Molt4 cells) =
A ¥g 3 ¥ 5P % 22 (human cervical cancer HelLacells) 5 #0 531 7 GABA 2. % 7
ROK B P ke i 4 O I GABA R R £ 8 28 T AN B P8 MOk
SREIEE ST gL E g4 > BT GABA R B pare iy £ ¥ AP M (Ohand

Oh, 2004) -

(1) FrREFH F 53
NI TR X P BFH - P4k a Balblc R 4% > B2 Y 3 RAR,
F-v "&£ 7 f% (high density lipoprotein cholesterol) %, ¥ & fig (total cholesterol) sk &
BT RO S FF e R > BT GABA TR MUFIF R TR AT A BHE 5 S
B 7R F P4 o Balb/c Bt AR F dor ] FLEPE i ST o ¢ -GTP~ AST
o ALT px 2 i iiensf 4 > @ E 33 17 P o $ %5 £ 5% (Oh et al,
2003) - /| K Fig 5 § 7 GABA k2 5t ehfe4n(GABA 7 & 3.60/L)7 = {6 28 12
P R FRERR 5690 P BB - SURA 2R AL E Bk
HReedpy o R F st A R AR 0 F SRR R BE 0 P %P GABA £
EE Y & 2 FRFEck (B8 0 2015) ¢ A8 bR A 0 GABA #12 iRE
15
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BT ﬁ’a’%iﬂd b chd BT (7 8% 2012) .
(

)
#3 Fra0p4 @2 CETBIBN B> adeid? 4§ 7 GABA 24 FHkA 534
08 T ATV IAE AV E MO NP B At SR E 160 0 ¥ iy
vz A RPEFERE Z MR R Ph 3w 2 F /% (Low density lipoprotein cholesterol)
7 A% 4 (Ohetal., 2005) o & "5 W4k & A B A 4 7 vk B> 4% 5 GABA ¢
RS TG RE P RUER R RS 2 o EIRE W E AR e e
sz % (Xie etal., 2014) -
E s RBF ARG IRl TR B2

P FFE S RE oA EE R85 71957 GABA H Y udF P

7¢ &G 4% 5 389nmol/g~ 326 nmol/g = 302 nmol/g- %

FEY % GABA s £%% 07 4l4nmollgs &5 ¢ ¢ GABA 5 & 5 188

9

¥

nmol/g(#% % > 2008) » ‘T & - ipdt % X & 4 2. GABA 7 £ A 0.019~0.042 mg/g
B p ¥@En 7 BHEF 2B FRERPI B ARG F P G 225
f© GABA 17 2 » & 45 1% *F p ik B B MR T g AR pE
(GAD) e * T » (%L fis 2 & GABA » & )% ficd o3 52 (7 4 o f 4 > A it 4o
T
(=) B4l

FEHER R B RGT A EE R e RERA RO (I ES
¢ GABA A (4 15) e ¥ Hm™ » 4 ¢ GABA 7 €435 003-0.2
wmol/g > %y X IR 4 §kpF > GABA 7 £+7 #% % 1.3~100 & (Kinnersley and
Turano, 2000) -

wiEd @ o pH P & 243 GABA ch R ff > i § pH BT o g vepl
ﬁE(GAD);F‘gEJ die BTV @ B BN ATARS o 4o @ ARE 1 (Dianaetal., 2014) ek

BL¥ 3 2% GABA 1} ff > ffede & 3¢ GAD i#- & pH 5.8 7 i & 3 (Kinnersley

and Turano, 2000) ; 1 7 & aJdZ L E] EP wre > R me TpH &> & 15§p 7 @
GABA 7 B# % 2~3 2 £#%E5 " pH &£ 3 > R RMRRLR S R AR T
b G GABA-T(B<if pH & 8.9)i (74 4= it * @ 3% GABA & #f =

SSA(Crawford et al., 1994) -
16
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# 15 {£4 7 GABA R f2 B4 jphi &+ &
Table 1.5. Stress-related kinetics of GABA accumulation in plants

Plant Stress GABA 9% of control? Time Ref
Asparagus cells Cold (10°C) 200 15 min Cholewa et al., 1997
Sesame Heat (50°C) 21 2h Bor et al., 2009
Shoots of Arabidopsis thaliana  Salt 1400 4d Renault et al., 2010
Foxtail Millet Salt 141 48 h Bai et al., 2013
Asparagus cells Acidosis 300 155 Crawford et al., 1994
Wheat Anoxia 120 2h Youn etal., 2011
Rice bran byproduct Anoxia 1700 5h Kim et al., 2015
Soybean Anoxia, cold (-18C) 1420 42 h Yang et al., 2015
Tartary buckwheat Anoxia 210 2d Guo et al., 2016
Soybean leaves Mechanical damage 1800 1 min Ramputh and Bown, 1996

& For each stress the time to reach the greatest reported GABA accumulation relative to unstressed controls has been shown.
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b L PR R PE > e P BALEIR 0 1 1 dmre P ATBE S 2 3 BT R R
deo BAEPERN EEORBM ST EM X7 @ GABA R AGHKF 1827 &
(Ramputh and Bown, 1996; Wallace et al., 1984) -

MERBETF I GABA S EH > AP A R we AR IE R 20CT %
3 1Cr¥ > GABA 7 £ p 2.7 nmol/10° cell 3 % & 5.6 nmol/10° cell » 3§ 4c 2 12 +
(Cholewa et al., 1997) ; < & & {s 4 K,éft ek o L EdE-4C ~-200C 3 -32°C 4
%2 30Cf#ik » 2 GABA 7 £ = > AR 2 $HRR gt » ¥ Hi4e 27.3 B > W4
BARTEM R PER R4 > GABA £ B2APHHES > ir% 2 GABA* 27 Y k]
HEAm "F’" W ERER B EHL LS S(Kwonetal,2007) o # 5 ek 2 A
FA-18C A ik 12 - pF > 2 R 4R e ~{'f.21§“ £ f24 6 ¥ & GABA 2
BB 721 8 0 Ak~ fRk D AR Sk AP R TE Y 0 @ 32 GABA R i (Yang
etal., 2015) -

HEFEET FES R R T R B R T M F 0@ @ ¥ SSADH
Bt SSA shE i b 0 412t GABA R (A% > 2002) 0 MK EE R R F ehe
GRe 12 pF - GABA 7 £ 7 # % 4 3 1 (Hattorietal., 2001) « iR R % % 7 1
W GCABA A 2@V A PEHA AR F o NEENEA T 0 ARJLE R
& A4~6 - T @ GABA i3 E W&,@fi’gﬁg@%@xﬁtfiﬂjﬁ%ﬁ

\4—

| & 30~40°C

—Lx\«

=1

A

\F“b

<k

¥ H 4 GABA 13 £ (% » 2002) -
EHF BT hizie i BEY K> ZERS > F 2B 2w F ¢ Glutamate
decarboxylase % 1+ #% < GABA 7 & (Shelpetal., 1999); ~ & 7 e 10 % -k 10~40
Czie»v#3 GABA 2 & » X230 40Cxze 8/ Fisv it~ GABA 7 £¢
70 wglg#F T 768.1 nolg> Hi4e 10 B > ER K Ee R > GABA 3
I g rgiEe R L T b 4o (Kwon et al., 2007) » fE+ i&e b L € fabefE

—3-);?"'9,’ ?' jg rn4 ILF}'{%’%—’\/QH-/Q?;"F é’\f} V—IVAIF%’}%'%ERE;_ ’ .”i,E‘
FARMTFOEARH FREERTF KB T T - d a3 gk

AR @ Rd TAE iR KRS 6 A < Bk 0 B Y & dEovRp (B

% ,2008) > d *+3x 8 7 GABAshunt A F AR @ 58 GABA 2 = o528 ~ 7

e EENEF T RJL6 X 0 7@ GABAY &% % 3 1.04 mg/g ~ 0.32 mg/g ~ 0.44

mg/g - 5 ¥ AR ¢ Tk $3° GABA chA ® & 1 & ¥ ¥ B(Kuoetal., 2004) ;
18
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\ﬂ\

> S iEE Y 5% o GABA 7 £ ¥ #% % 1 2 & (Rozanetal., 2001) ;

Ciﬂ

fbeh

>\

4.¢

N N

N
4
.\\
4

o

~ @ fS KH A~ 2 AT REF A5 F T 0-3 %8 GABA 2
£7 4B 2550 & (% 1.6.) (& > 2005) -

RS TlgiE s R GABA ALY iy ity 2R GABA A2 £ i
s 4T ap+ (Ca?*) iti 4 48 ¢ ¥ 2247 5% 48 3—v (Calmodulin, CaM).i & - tlj CAD &
M@ #% % GABA =% £ (Kinnersley and Turano, 2000) » % 5 32 5 Fifik 3 e @ > 7
bo g V4T s de 2 AT AR R R 22 vRpLE R iE B 20mmol/mol BF - 7 i@ GABA
A B4 % 3093k % - 2004) o 4 refit B & & GABA i & R > § 4L vepc ok B A
oo KB GAD v chAFER 0 Tl GAD B4 0 3 BAATREREL LI 3
GABA(Kinnersley and Turano, 2000) - & & 3 /22 3t 3 3% engid=pi-kiar ¥ 4]
pF oo ¥ @ GABA 3 4r X 8 & (Hattori et al., 2001) » -] # 2 5 427 | e 1.5 mg/mL
$heps ~ 25 mM & it 42 50 ¢ M Pyridoxal-5-phosphate (PLP) » 32+ & GABA A
BHFRS o 00F Y & 235 0 4 L2mg/mL & rpk ~ 50t MPLP 2 2.5 mM
F it4F > ¥ i@ GABA 7z £4% % 1 42.9 mg/100g (Bai et al., 2009) -
(=) #c2 3 3

mig > frfgl At 58 5 4 % GABA i 4 o it ¢ GAD i
{22 GABA 2 3 & 2 af e (H) #8415 B e 4~ #3 GABA 1 & § - ik g2 (1)
B A AT 4o 0 2R BB P A2 2 GABA L QBB Pt d A w
# i $Rps 4 20 GABA(ER %> 2013)- %‘? f* L F]1 42 # 4¢ Escherichia coli GADK
10m?e » 25 8 GAD E#1 7 p /< ? ~ 22 A R 8 F 99% 7 GABA-1 =
s iP5 Al b fe 7 B3¢ 23~25 o 5 e GABA (Plokhov et al., 2000) - Aspergillus oryzae
LG R GAD Fit > g RE R R AT EARERET LR L E
GABA » # 4 7 i# 5 5 0.99/g Aspergillus mycelium/hr (Tsuchiya et al., 2002) - 41 *
~ B F2 A GABA B REEF > REW A P 22 HR 0 M
Aspergillusoryzae # 2 GABA» % F S E 47~ 3 sc FI AR F 2 ¥ A & 3 4
TIPSR PG ARG 5 RAUKA P EEZRS 9
GABA Zz £ 4| TP L BEY * W SFEE - X 2 PRI ORAALEF
Rap ¢ GABA 7 £ ; ~ E#48 Rhizopus microsporus var. oligosporus # & k¥ if
2T E R L% P (Tempeh) » ¥ % % A 5 GABA 7 & > &7 - LB AFRHE < |
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% 16. 7 B+

i 0-4 X 3 5 {5 GABA i

A
7E

Table 1.6. The GABA content of various seeds after germination 0-4 days

# g PR GABA(mg/100g dry material)

(=) & 3 AT SRS AT RS # 4 & R A
0 3.2 2.3 0 3.4 0 0 0 6.5
1 56.3 11.2 3.4 18.9 2.3 6.7 34 16.7
2 104.0 24.5 4.4 31.2 4.2 22.8 18.3
3 165.3 34.5 6.5 56.7 5.1 45.6 32.3

(% > 2005)
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tpvt > 2 GABA 7 £ 7 H 4c 3 i3 (Aokietal., 2003) ; #A#FAFfEL 2877 2 F R
% 7 £ GABA > §.0.10mg/g~3.45mg/g > i & . d 3% B P 77 50 TR
4 PP pE i ik L GABA(¥ % 02007) 0 d 3t X L NEPN % &4 HE 5 B gkt
P¥AEY ar &0 @iz Er 5 GABACBHF T L¥ 8% 2.5 7 GABA
FEBREFPEFEHT R
BEodl i A MR 5 3~5% 444 Lb. breves IFO3345 % 25~42°C T # %
12~48 | pF > ¥ @ GABA 2 £#% 8 35 B » ZHE By v ivs 2k a 55 &
* (Monma and Hayakawa, 2007) - d ;¢ 3 ¢ 4 &t 11 Lb. breves GABA100 - i&:fﬁ%?;‘;‘]:
e 20 IR 2 B2 F S AP PR 12~15 X7 @ GABA Z E# 3 103w iE
7] 18.8~27.6 mg/mL(Kim et al., 2009) o #F % i* i +e 3% 7%pk ~ 1961k pesp 2 1.5%
/Fyta > %48 Enterococcus avium *+ 30°C % fi% 48 -] pF» ¥ % GABA ¢ 33.3 mg/100ml
# 8 1 1070 mg/100ml (Sugiyama, 2007) - P # chz 47 iFp 4t @ 2 3 3F  FaLE
ek o 53E Lb. breves IFO-12005 # f% fs # # 4% 5 GABA (Dhakal et al., 2012) -
T & GABA i Bl 7 % €A § RES < gk B > 23k GABA A 5
FEZEN6 LY (R E > 2013) 0 fe & FH GABA &L FE RGN G RLAR
TEA IR o 2R G &EE ¥ 2L (Foodand Drug Administration » FDA) 13 33 5 12 &
Foedp 20 850 E G4 GABA L& 2an H 3@ * RS FRAR e B
fer AME > LA AFZLNROEE P ASATEAS BN EEL 2R
(European Food Safety Authority » EFSA) L3¥ & a4~ 7 = #%i,’]: ‘e GABA > = p &P~
FGTE OBE0 T R REF AT KR GEL P AN EE S B

4 P 7 > GABA ¥ ;/]“ﬁx:é‘m:;\ TE NIT5 4 R _ﬁ_é}r\#i\#%ac \.{%{ufjgrr%ﬂfraggfu
%Fr’fszﬁﬁa%gpv’%%«“iﬁ:%c(#’ii’2013)°‘\F]f§’r i@ F 38
"glutathion ~ citicoline ~ GABA % rutin | ¢ & A /837 2 & ZRfL & & i e » (F

2 ARF138 0 2012) > w2 6 Rl AR B4R 4 GABA it Tl i VEAUN NI
P2 R A RE R 7 GABA Z i 128 S &0 3t e
&E@m’f4ﬁé1%712%7&@9$§i#%%i%3%%%’%¥
A BB PR WA B Fd 30690 H 4 63.3% c pHE R A F D
#7 % (Kita et al,, 2010) - p & % 1988 1 1998 £/ » = B4 1,700 % f65 2 FA
501999 & ¥4 FASE Y LY 1 BRE S P07 2003 ER 4T 19 RE A W
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M H2006 F F A AASOE Y RIS RE A GEFR SN T FD1LY%
(P % 22016)-3F &3 2014 & % 2020 & 23k ¥ 4 j7 ¥ T 4545 £ & £ % (Compound
annual growth rate, CAGR)#-+ i£ 7.4% > % 2020 # p¥ 8 %47 i& 960 R% ~ » H
PO SARE T B A > T GA AR R B R G EH L R

Wit & AT R EH (S 1 EF BT 0 2016)c B S R K F
PAFHEREEBNLES B B RF e H
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\\\ﬁr
4
R

pa
- ]

F2FA* R 2 il Ffa(probiotics)  #74 p F HFE 0 & LA forlife” o B
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- e EFE AT
e B A A d e TR FE 2 F (Salminen et
al.,1996) ; FAO/WHO =t 2001 & ¥f 5 2 Feh T & RIP Fedp > £ 2 B & F i
PR EEFERERFTES AR DE R

- FAROEE

FARs-fAAviitaala s Bl ERBNEFET E FE-ER HF
A RE) R RS NG g o E T BA R rﬁ%»;:%(Guptaand Garg,
2009) -2ty K8 NEMAFFEEZAFOEAFRR LA BT 2

&
W HEAEEE 3R HY > AT AP G R(- )R YA I HE
RMANAB ()T ARESEASTEY S BEH (C)EIFL AEARAER
Lot (m)7? gEPEREFL S v 5 ()7 B8Pt 2 AT e
P 6 RIG R A T AL (- )RR B AR R ()RR (2)T S E S
FPA AR F e (e )R LB Pl 2 B iR K 8255 (3 )% Helicobacter pylori,
Salmonella sp., Listeria monocytogenes % Clostridium difficile % R A&7 ()
BAAMBESREFELAL FRIEY (G I BN FARACE(-)E
LR F T (O )RR () ate 1 WY R GRS (2)E SR
8 7 & 48 % 14 (Hoerr and Bostwick, 2000;Saarela et al., 2000) -

¥ N FAFASL ARSI 2 H S (C)ATEE WivE
& /6 (Lactobacillus) ~ g & 7/ (Bifidobacterium) ~ 4&7% 7/ (Streptococcus) ;
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Table 1.7. Evolution in definition of probiotics

Greek Mythological Meaning "For life"
Mythology reference

1907 Elie Matchnikoff  Introduced concept of probiotic in his book on prolongation of life

1953 Kollath "Probiotics" was first introduced

1965 Lilley and Stilwell ~ Substances secreted by one micro-organism which stimulates the growth of another and thus was considered
as antonym the term antibiotic

1974 Parker Organisms and substances which contribute to intestinal microbial balance

1991 Fuller A live microbial feed supplement which beneficially affects the host animal by improving its intestinal
microbial balance

1992 Havenaar R A viable mono- or mixed-culture of microorganisms which applied to animal or man, beneficially affects
the host by improving the properties of the indigenous microflora

1996 Salminen Alive microbial culture or cultured dairy product which beneficially influences the health and nutrition of
the host

1996 Chaafsma Oral probiotics are living micro-organisms which upon ingestion in certain numbers exert health effects
beyond inherent basic nutrition

1998 Guarner Living micro-organisms, which upon ingestion in certain numbers, exert health effects beyond inherent basic
nutrition

2001 FAO/WHO Probiotics are defined as living micro-organisms, principally bacteria, that are safe for human consumption
and, when ingested in sufficient quantities, have beneficial effects on human health, beyond basic nutrition

2001 Jurgen A preparation of or a product containing viable, defined micro-organisms in sufficient numbers, which alter

Schrezenmeir the microflora (by implantation or colonization) in a compartment of the host and by that exert beneficial

health effects in this host

2003 Reid G. Viable micro-organisms the confer health benefit when administered insufficient doses

(Chatterjee et al., 2011)
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(=) * 253 7 4o 7% Bacillus) ~ 7 1% 7 (Propionibacterium) 5 (= )23k
FlLEE* © 4opE Fh(Saccharomyces) ; (= )& 732 & & B ohik 2 3f £ F(Rad
etal., 2012) -
ER N e TR

p 1908 & Metchnikoff #& | a Fp i W&Hv 5 2 & Fg p 7 ¥ A&k 1
FEZRCHET L FHEANBEE BRI SEFRYFE2 A pIrree 54
i 7 ok & & adTripathi and Giri, 2014)4c®) 1.2. > B % B 2/ 3 254 ic 4o o

(=)@ 3 pan 2 T

FARAZEAHPTAL 2 3 R EF 3 R wmpE T M pH E e

TR A FReFL &0 2 PBET SRS BT RE R G TFRDY

<

iﬁ FR mwemﬁl—#ﬁ“a g_:}é’:];])fglfgg—, b2 4 ﬁ:]i Vt’[?’,}%’ﬁmi bl %/}E‘lz‘ p}‘KfTi;Efi

7“+
pizs
Ry

Fooup R i 7 T3 % i ¢ (Arunachalam, 1999; Crittenden et al., 2003) - 14
Lactobacillus plantarum je & # 8f7E i * 4 3F 183 PR 20k f B3 ot g o X
a4 i (84%) ¢ E 5 AL(34 %)% G Lb. plantarum 3 &0 F 4 BT et
fwPe k= (apoptosis) » MAF SRR B 0 RS FIH S R A g A kR
¥ AR F s (3% > 2013)
(C)EBasHEY A ?%'. B
BEr gL R e iRl &

m

v et 2 B a4 2 KZE EREA R
4 # (Crittendenetal., 2003) ; "4 X REFE G ¢ SdpdichzE 4 F 454 8P &
= J1%8% ¢ e Lb. plantarum SM 39 ~ 2 3t p 4 & JF ¢ ¢ Lb. plantarum CN-49 v
Lactobacillus helveticus CD 6 - 12 2 p 2 5 ¢ & %t - Lactobacillus delbrueckii
subsp. bulgaricus CRL ¥ 3% i dfker % 34 g2 (Pterin branches) 2 %% 2 ¥ 7 f& 3L
Bt (p-aminobenzoate branches) = i B 5 k & = E R (@ & > 2015) - = & &
Streptococcus thermophilus ST5~ Lb. helveticus R0052 # Bifidobacterium longum R017
FRE o VB 2 3 B (thiamine)2 a4 % Be (pyridoxine)ik & - i ¥ 35 ft 4 48
53 ¢ 1 Lactobacillus reuteri €_% — B ¥ 2 & 4 37 iR 24 % Biz(cobalamin) it
EfBfrkF N iiE - LA B AMAE2 & B § R 4 (LeBlanc et al.,

2013) o pt7b > BER AL G KRR Fehac 4 o § R FHRARK £ TR
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Process Effect

cancer intolerance

Fig. 1.2. Probiotics consumption and health benefits.
(Tripathi and Giri, 2014)
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B0 T F o FARFE R ERTAE S 2 B AR ¢ IRUEAT ~ B 4B RlT
F1* (Arunachalam, 1999) -
(Z)EF A

d Escherichiacoli ~ Salmonella + Campylobacter - Shigella % 5 J& &3 [ 422 *1i5
GEBARFEFRRTF RBEREY I ERS BE R @S A
Lactobacillus casei Shirota ¥ & % * & % $5 R Fadsdui 4 0 2 {5 57 B
Rm R 5 BEF TR REZE R FROR S HT A > RGBT A R
(Black et al., 1989; Ericsson, 2003; Saavedra et al., 1994) - #= 3 % 3% » Saccharomyces
boulardii, Lb. acidophilus, Lb. rhamnosus, Lb. casei # Bifidobacterium bifidum % z #
Fl> T FORIRE FRA IR~ FRRAE MR e 2 A LG nip gy 8 erad o 2 FIEEHK
% 1% )48 B #2785 (Clostridium difficile associated diarrhea, CDAD) » & * & & Ftken
vl L 4F(5 %5 2016) 0 544726 BRRAEAT T 0 H 7,957 LR FE L EPHBE%
BRI ORY FAFAVHEFE MY 605% CDAD # 4 b %> ¥ 4 Fie ¥ 2t
AN2F % ERES B7 "5 i< CDAD # 24 b "% ~ %] 5 59.5% ~65.9%% 61% (Lauet
al., 2016) -

(2 )ee 5 43w

PP ELRALIUET A FHRI R R iR Ft #&p¥ (lactase) » & &
FHBEMHE S (T > 0 d FF 5 K25 EA kg + 2 §-galactosidase # 1
? R R FURE 7 @fe 2 sk (Jiang et al., 1996; Mustapha et al., 1997) - 435 2
PRSP ISR LIR S LIV Rl T R BSUR T Ak 2 KR o 24
¥ %+ 77 Lb.acidophilusDDS-1 2 7§ ¥ 2 &> 2B & Tt 2 % FH4pre > P
d FUAEI A2 ~ PR > vRek & g sk (Pakdaman et al., 2016) -

FLAEMEPEAL ] PR TR EIRP IR LT Skp iR R
TR g 0 & ¥ # 1 (Tanaka and Shimosaka, 1982) - & & if 8
CORE 2 FFIH 28 % o LiEE T KRR i&ﬂ#&a2§’$%
$ 2 ¥ i 73.5%GE > 2014) -

(=) MAEFIR (F

AR L S ST EE R

\
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\
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:%'
w

FARANEB ALY > o 5B T e 2 4 A TRAE
4 Lb. casei Shirota ¥ #% ¥ ThO (T helper 0 cell) % £ = Th1 (T helper 1 cell) » = i* 'm
e LRk L PR A A B0 MG AT E 2 IgE 7 £ (Hosonoetal., 2002) -
FEATE A mAZTF Th1 & Th2 A5 F 73 T 29 > @ h F
Pl Th2 2 R F ilds ¥4 AR5 2 {2 %8 57 84 IFN-a 2 IFN-¢
FEILE > FF Thl LB F o> #4) Th2 £ F & > & ' i< IgE A& 2 (Cross et al.,
2001) ; Lb.casei Shirota ¥ 33 & ac |2} LR H 2 AR F &> ® 1gG#F > IgE ™
TV R BT A L2 g sk (Ivory et al., 2008) -
(™)t
FARATRESIERMA T MY EATFF M RBE R A
PAami TEFEweEE INF-y ~ IL-1 v+ 5 2 L & Ji(Boirivant and
Strober,2007) > £ 2 F¥ 2 B B FR"HET L7 ERA4 ~FELTMBYEF L4 i
FELF PR CERGY > 2004) 0 A A PR R R e R A R
> FME L G Fril e ¥ 4 2 4 (Kimetal., 2002) -
(1)t
CORFE AT M ER A M s fRIEY > R B2 b ey A
#® ® o ix(Martinetal., 2008) » w4t & * 7 v Lactobacillus paracasei ST11 # % i< §
oAk G 2] B RS o BE R ] Blahp A A IR B aa R 6 d &

trd Pgiple A o @ e E o0 9% ¢ # (Tanida et al., 2008) -

ﬁ/ﬁ’_f”lfp' gm‘%4*ﬁig?}tﬁﬁaﬁﬁ* [ ‘:'\‘ﬁ\_p_ F]m/%&’; s e "+"‘r —E‘_,ﬁ; s jE O S
RiLmE 4 F s e b (Lactobacillus) 2 g2 4% 7 (Bifidobacterium) = =~ &g
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% a2 (4 18) » ¢ 3# 7 Lb. acidophilus ~ Lactobacillus delbrueckii ssp.
bulgaricus ~Lactobacillus paracasei-~Lactobacillus johnsoni-Lactobacillus casei -~ Lb.
rhamnosus ~ Lactococcus lactis ~ Bifidobacterium breve ~ Bifidobacterium lactis % » %]

RPERAREEP X 2R DR 0 TR LS A GRAS (generally recognized as

safe) » fe pFs E_ 4 R iF ¢ 4 & 5t b (Tripathi and Giri, 2014) - @ 4+ £ 18
A AR R AR B B EY S 2 P B MALE 500 S AEE 4
FlA & Af@if 2 M4 ? o d B s RS eER(F RS R Bk E)

2P UEFRUSE L HASERRE R 2 § 5 £4(S. Gupta and Abu-
Ghannam, 2012; Kotozyn-Krajewska and Dolatowski, 2012; Rouhi et al., 2013) -
MEARFBRES SR RS ﬂ?’_ﬁﬁ;‘ HAEe b2 Aalts
4

SR H6h% 0 FEAUHE  FREFZ A AL PR SAE B AQWE TH0 BE
= (Holzapfel and Schillinger, 2002) - MNP RE RN P s L R E A

2_ probiotics 2 prebioytics & & IF t 2 $ a0 28 S 7 7 H-2 3 4 (Saarela et al.,
2002)- B E R EA AN S S M RN F R AN ITL G X R A AR
EAFZ 8 & 30 q4p s B 8 52 % (Sanders, 2003) - & AR5 7
FTEAAM A G2 BEIEEFAID L NP FHII LT 0 &
F L kR TR ER I RAAF LB EPFT R NPT
Bl E A B RATLN204R AT T0RB A B HE R A S S ERAM
BA 2 A AQEATS % 100 B> L SR FARET FRENLE L TS
B Mt E A2 g E o BB PR AR g ik B 3 (> 2007)
FAR A RE 2 A S R AREY YIRS FEF RS
SR ETER NS FA Eﬁﬂ’ﬁ GAD 7 > ¥ it L4 eps e 5 i dp 2 7
* ietal, 2016) > iT# M F 2 F#EFEA 2 GABA 2 fp =

o

TArdk 19, c iz ¥4 ABRA NP R E ~FEEE S R FEA ko p jxl_&]

Kung-Som (r27a 4 ~ 4E ~ Bl = 2 B gz s &) & 4 Lactobacillus futsaii CS3

#48>" MRS 32 % 7k (de Man, Rogosaand Sharpe) » >+ 37°C# % 108 -] pF > ¥ 2 4

11,000 mg/l GABA (Sanchart et al., 2016) - p # #& § i+ » &t < Leuconostoc

mesenteroides SM £ p & B¢ ¥ 4~ &2 Lb. plantarum »*-k 54 ¢ XAk > 7 2 4

10,000 mg/l GABA (Kwon et al., 2016) - # 5 :g » 4 3tz Lb. brevis FPA 3709 3% 48>+
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e 52008 % 72 P> v i@ GABA 7 £ :% 6,120 mg/l (Ko etal., 2013) - #

Faﬁfﬁakéi GABA thiii 4 ¢ § 48 » S EHEF L2 ¥4 (RN s R
B TAARPESFAF5 GABA Z Efa iz s 5 DREREAERA

AEF AR BAGE LML A2 8 MALE 2R TR T AL E
EHER e yRATHRIEZLPE - HUTREAL E}i‘*ﬁé*?‘:ii LA

%&—E‘}é‘ A—L;i‘%ﬁ*%,jg%gig%ﬁg&ilbp+li9I/PBJ§“?\\.‘?Si‘%ﬁl
GABA £ # ez il i 2 3 s st o
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Table 1. 8. List of probiotic strains used in commercial applications

Source/product Strain
Chr. Hansen Lb. acidophilus LA1/LA5
Lb. delbrueckii ssp. bulgaricus Lb12
Lb. paracasei CRL431
B. animalis ssp. lactis Bb12
Danisco Lb. acidophilus NCFMs

DSM Food Specialties
Nestle

Snow Brand Milk
Institute Rosell
Yakult

Foneterra

Probi AB

Danone

Essum AB

Biogaia

Morinaga Milk Industry Co. Ltd.

Lacteol Laboratory
Medipharm

Lb. acidophilus La
Lb. paracasei Lpc

B. lactis HOWARUTM/BI
Lb. acidophilus LAFTIs L10

B. lactis LAFTIs B94

Lb. paracasei LAFTIs
Lb. johnsonii Lal

Lb. acidophilus SBT-2
B. longum SBT-29281
Lb. rhamnosus R0011
Lb. acidophilus R0052

Lb. casei Shirota
B. breve strain Yaku

L26

0621 Products Co. Ltd.

B. lactis HNO19 (DR10)

Lb. rhamnosus HNOO1

Lb. plantarum 299V
Lb. rhamnosus 271

Lb. casei Immunitas

(DR20)

B. animalis DN173010 (Bioactiva)

Lb. rhamnosus LB21
Lc. lactis L1A

Lb. reuteri SD2112
B. longum BB536
Lb. acidophilus LB
Lb. paracasei F19

31
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Table 1.9. Application of GABA produced by different probiotics

Probiotics Isolation source Culture medium GABA production Reference
Brown rice juice, skim
Lactococcus lactis subsp. lactis Chinese cabbage/ Kimchi  milk, and germinated 7200 mg/I Luetal., 2009
soybean juice
Lactobacillus brevis GABA100 NP MSG 13,000 mg/I Kim et al., 2009
Lactobacillus brevis FPA 3709 Fish Black soybean milk 6,120 mg/I Ko etal., 2013
Lactobacillus brevis BJ20 Kimchi Seaweeds and rice flour 2,465 mg/I Leeetal., 2010

Thai fermented shrimp

Lactobacillus futsaii CS3 oroduct MRS broth 11,000 mg/l  Sanchart et al., 2016
Lactobacillus plantarum DW12 Fermented foods Red seaweed 4,000 mg/l  Ratanaburee etal., 2011
Lactobacillus plantarum K154 Kimchi MRS broth 155mg/l  Park et al., 2014
Lactobacillus plantarum DM5 gg?/g'rgggal fermented MRS broth 1,000 mg/l  Das and Goyal, 2015
Lactobacillus plantarum M-6 Chinese fermented food MRS broth 537 mg/l Lietal., 2016
Leuconostoc mesenteroides SM and - S

Lactobacillus plantarum K154 Carrot juice / Kimchi Water dropwort 10,000 mg/I Kwon et al., 2016
Streptococcus thermophiles APC151  Digestive tract of fish Skim milk 2,000 mg/I Linares et al., 2016

Pediococcus pentosaceus HN8 and Fermented meats Fermented ground pork
Lactobacillus namurensis NH2 (Nham)

NP: Not provided.

4,051 mg/kg Ratanaburee et al., 2013
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#£ Fi8 g% © 0.22 . m PVDF filterpt g Millpore SA, Molsheim, France.

f& & P T3+ Microcomputer pH vision 6071, Jenco Electronics Ltd., Michigan,
U.S.A.

% it % : ELF 10/14, Carbolite Furnaces, Sheffield, England.

¥ 7Z 4 ® 1 B323, Buchi, Flawil, Switzerland.
L& S Syringrs B o F o g S
oo N E 7 /}a‘fﬁ#ﬁ : Model SVC100H, Savant Co., Farmingdale, NY, U.S.A.
e g s P8 1 A200, Ankom Technology, New York, U.S.A.
2 E % Votex Mixer Genie 2, Scientific Induipment Co., Bohemia, New York,
U.S.A.
4 % 52 8 Free Zone 18L Freeze Dry System with purge valve, Labconco Co.,
Cansas City, Missouri, U.S.A.
. 3w 5 Universal 320R, Hettich-Zentrifugen, Tuttlingen, Germany.
& 45 % - Electronic balance ER-180A, A&D Co., Bohemia, New York; U.S.A.
ki - Hotech-810, Hotech instrument Corp., New Taipei City, Taiwan.
%45 ¢ FD-115, WTC Binder, Germany. > # 374t = @ > 44 > 1% o
& %k B3+ Unicam Co., Model HE ISO » # 74t o @ » & 4 » & % o
® »xae % 48 & 17 & (High performance liquid chromatography, HPLC)
(1)~ +7 ¢ tL(Analytical column) : Phenomenex 00G-4375E Cag, 4 micron(250x
4.6mm 1.D.)
(2)# & 40 7% é*ﬂ]ﬁi%] 41k si(Solvent delivery system)
Degassing system, Model DG-2410, Sanwa Tsusho Co., Tokyo, Japan.
Hplc pump(880-PU, Jasco., Tokyo, Japan.
Solvent mixing module(880-30, Jasco Co., Tokyo, Japan)
(3)% ¢k k& p| E (UVI70, Jasco Co., Tokyo, Japan)
(4) 7 L % P~ g2 i ki(Data processor) : EC2000 datasystem 1.0 = {7 & & » &
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e pARES Kf&iﬁ—&ﬁﬂé PR RoRGRESS 0 RS 0 BT RLIEY
oo F oo 5 R p ko (ww) s W4T - 25°C 2 37TC ik
2~4-8-12-24-30-36-482 60/ pF> ¥ B EA B2 kAT E 4
A~ “7 %72 ~GABAZ £ ~ GAD#E 2 miz jppHiE » & &~
GABAZ £ 2 Bif izie iE i o
(=) ‘Bz 4Rk faig AL
+ Kwon % (2007)2. = j# ¥ e 4 5 2 Rk R R > BB E g Ee i
W2 o8 BRORPEROPERFHRAF RJLETY RY ) &

BB 4C -20Ck402 R F P BT A H12°24 48 ) FF s L3R RET

L*s\

%
ﬁa .

f2£0~12~24 ) pF > B A 472 2 2 GABAZ £ 2 GADE M > & iE 7 3 4
= 2GABAZ B2 B iF Ak ~ fRFIER
(Z2) =22 F#Epl T
% CNS 108905 & &-iic? 4 2 B2 -2 AL ok - P iziefs2 &
259 & FH T o P der 7 225g° R F] 0.1%peptoneff-f# ik chis BT A
P MBI 4 0 & 5 10R iR 0 Bl R e F ARG o
Bl 38 & % f2 1 "5 8 2 plate count agar& e H R £355 0 FRE AR
FE3TCH £2% > oskd Fk o
(w ) =2 i=5 % ”l < (Padmavati et al., 1997)
FRlceBEELEL i 2050z 2B R e r 1Y
HCl/methanol(MeOH) » »t & % T %3604 48 > £ 5 120009 #:# v 154
B0 00 %K B iR R e 530NmM2 657 nma sk i g 00k kT £ = 31.6
Tk i

A

nMlem? > 3-8 5% £ o
=7 % 7 £ (umole/g)=(Aszo- 0.33xAss7) + 31.6 x MeOHZ = #i = £ ¥ ()
(1) =e2ip s 2Rz (Wuetal, 2012)
izl 2k k¥ 509% ethanolr21 : 10 478 & » >0 4°C ™ #3604

4 > 1212000 Qi 4o 154 46 0 B~ b FiR 045 mih i 0 T s 2Bk
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i« & Jj ;% bml#2 Folin-Ciocalteu reagent 5ml 4= 78 & {8 » 3 % 3% 45 > 4r

y

10% NaxCOsz 5ml » FFEciR £ 1/ pF > 14 A Sk sk B 246 0p) 735nmz s sk

SN
2}

E > 1gallicacid i 2 &8 w 4 » £ 5 & N5 28 (§z£)972 2 8 + fe(gallic
acid) ® s #c -
= 2 GABA% £ % » 2006)

Rk VN N SER TSN J—Eﬁrr'/ﬁ.% (& 0 3B (T4 0k FT R T U w2 *@ 1’#@‘3\‘
Fosk o Be 1giz B gk 40 108 (Wiw) 7096 ¢ FR 3 4°C T E Bl S 20 A
Ll peis > 4CH w3044 & B el 2 3B @ i o R RIES
s #W =10 ml~ 474 5 » %1% 3%-20°C (Rozan et al., 2001) -

PITCji= 4 #|pe ®

T4 AA T HKRTEA ~ methanol 2 g+ -k 2 010 L(VIV) 2 v 5>t 3 f 119 R

L3035 5 BA20CHT G H o

#3 B PITC ~ 2 33 -k ~ TEA22methanol 2 1:1:1: 7(vIv)vt )30 3 5

Wme REHEY > E-20C8F * o

BP0 SR TR S e A RA 20l REBF TR TR
oo L3 “Tm4 | o

B A0 p A2 BB R T IER 2004 0 B S ) Tm* Al o
A 18 2 R &R > 200 w 1$54p ( 0.1M ammonium acetate) ¥ - 2 0.22 £ mik
iR g {6 18 (THPLC A 47 -

% +7 1% 2 (Kuo et al., 2004)

#4p A : 0.1 M ammonium acetate -

# 4pB : 0.1 M ammonium acetate ~ acetonitrile£2 methanol 244 : 46 : 10(v/v)+*
J%«g@,% e R LEEES o

# i A% BiR & & r2glacial acetic acid:3 #pHiE 1 6.5 -

BEApp R D d4pA 100%-0% - #49B  0%-100% -

#4p ik ¢ 1.0 ml/min o

AT pEERY D 504 48 o

#p AL UV 254 nm -
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7. »0-5-10-15-20-25-30-35u ik & & 0.2mg/mLeGABAE# Fait 7
A L R S TR A G TR S(RP=0.9953) ¢ #-1E
SR AT A G IR e dat B 5 9GABAZ £ o

(=) =2 GADE Hip| z_

Bzt 2 BRI TN ESL P Figde Bl oR e AU
Bt o R 7 v 5ml potassium phosphate buffer ( 1/15 M, pH5.8, z 3 2 mM
p-ercaptoethanol » 2mM EDTA % 0.2mMPLP) *t7kis @ s im0 » 325 4 11
12000 g &t 30min > ¥ {Fde $A R I FE B o Br2ml e E R 4 1ml
A F(19% glutamate » pH5.8) » ** 40C F i 2 /] BF » £ B30 -kis? F 5
Ada R pEE A S 0 5 045 pl iR 0 5 PITC 472 2 HPLC 4 47 GABA
E oy ipieaprEc U B2 550 40CT 5 v 44 1 umol

GABA z_ % (Zhang et al., 2007) -
(M) eledsnigides bR e NEBHBES B K EFEL BN

1. -ki> © 12AOAC(1993) 4 45 = i Bl %_o

#4+1.00000-2 % » ¢ FE P FALTEEE L2 M4BT > L AHmha
Faor g 105 Cie'k 24 [ P o Bl M mE sk Y o FERE S
FREFEEZ CEDEELL Y B ERIFEE LIRS T E 0
k& (%)= 100 x (W1 -W2)/ (W1 -Wo)

Wo & 3 éhia £ ()
Wit ¥4 + 5t 2(5)

2. feigve i B R AOAC(1993)A 45 i Bl 2o
B RCESLE Y4 Y 0 g 105 C wicisEE > H EE (X)) B

(£ 2 S r MR > de— KR > 2% 98T %482~3/)
PE ook ok o B R FEE Y e 19200ml2 e it +060°C
i ¢ R E LG B BT AR 0 B RERLT 08 C U s
EXoo
#2753 9%(9/100g) =[(X2—X1) / S ] x 100

3. 439 1 =AOAC(1993)4 45 = i ipl & o
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Poif BRSO fEHLY o 4 r 2 g KoSO4 ~ 40 mg CuSO4 2 2 ml
HoSOs > de » it T b i f3 0 E I A JRIR G £ BiF > B 4B B

CEEER AT A

(2

PSR ERTh VL RN RIS -y N S
¢ b x &7 e NaOHiR &% » 455X B¢ 4 ~5 ml HaBOste foid i » 1K % &
N okt HaBOsfrpin ® » 7 @ kw2 0.02NHCIE R F o 117 iF
fefk 2 0F TE TS 7 vk &(blank) -
#2 39 (9/100g)=[( HCI (sample) ;¥ =ml#c—HCI (Blank) /# =ml#k]x F
x 0.00028 x 6.25/ # & ¥ (g) ] x 100
F:0.2NHCl3 i+ i
0.00028 : 48 % *+1ml 0.02 N HCIF jf 2.2 § ¥ (q)
6.25: 7 § fadk
LA 5B RAOAC(1993) 4 45 = 2 B 2o

Mepyr P FRE s % 105°C w4 Y i B

= T P4 L Fr T

T
FEE X HfEee 1oy Y 22 S X B3t ype » 38550 C %
LI B EAY ARG R R R(ES R E A R BRI Y
Lgr s be UFEACKEBIR LHMEACIRY) AR 2E o REERT
81 100~200C = + > B~d ¥ dh - Bic R BN 440 T AL (Xe) 0
4 (9/100 g)=[ (Xs—X1) / (X2—X1) ] x 100
e gy £ 0 =AOAC(1993)4 5= i ifl 2o
# AL 1.000 + 0.005g # & > 4c » fibre assay kit(Megazyme Inc.) & i #7
%it2. MES-TRIS % ##%40mL > £ 4c » heat-stable a-amylase 50 y 384 » &
RS B 95-100°Ckig BT 354 4moB- 014 4r: 60°C o4 ~ protease
100 1> **60°C-kip BF 304 48fs > 4 » 5mL 0.561N HCI #4~ > 14
NaOHe HCI# #pH & % 4.1~4.8 > .15 4 » 200 i | amyloglucosidase *% &
GeP A £ s 60C ki R 30 4 KR § Bimis 7T
it 2 ik
(1) #-ki3 15 & & s (insoluble dietary fiber, IDF) @ 1235 % i 2 f2€ i % 5
Bt 2 MR RRih 0 595% ¢ iR R PR Fieie R 0 T30 103°C 4

Wik dr s fE o FRIRUAAY R d R A A F R MT kAT
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T detf e Framzgig - s2ukizpnsgag e
(2) -ki3 4% & % sa(soluble dietary fiber, SDF) @ jai% 54 4 » 42 R € £
2 95% ¢ f: (60C) #EL AT g a5k Eig - M 78%¢
fe ~ 95902 % ~ [ Ak A S 0 2T103°C 40 CEIRY -3 7 fetk
Bfedoo T2 AL ZE > Sk MHREaRETE -
(3) #-2-kia M & 4 7 & (insoluble dietary fiber, IDF)4r F -k A (454 & %
2 7 £ (soluble dietary fiber, SDF) ¥ 5 %" a2 7 & -
6. Bkt EFZEC
BEki &4 (9) =100- 4875 95(9/100g) - 4= 30 (9/100g)-44 7% & 4 &
z £ (9/100g) - # 4 (9/100g)
(1) #3441
LRSRIOE AT o M E 2 B TR R A7 0 ¥ SASE
2 3§ (Statistical Analysis System 9.45%, SAS Institute Inc., Cary, NC, USA)i&
7347 o TR R %38 p% 2 (Duncan’s new multiple range test)i&

FL ke Tl B EAT  Ep<0.05PF 4 7 2 Rk e T ERELR
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&

AGERRE I LB arkas TR 5 13840 i g ik4c 5 R A
%ok ts B3 4°C ~25°C % 37°CiEe 2-~60 | PFiRl -k A 7 £ 4cB 2.3, et e
BERGFET R REFEFH o ke g B2 RG> LRIRE 2P
kA ZEE€HSB I 167 %218 % 25C& 37 Cxie 4 wiskrzd xR
PR FRIEPFTARE L2 AR TE s AERIEFEFHen 5 Y
28 (p<005) » @ e 4Cixehice kA A E %2 4~30 /| FRF B &
Mo b o ke PRI AZIE 30 ) PREEABAT TR o L R PR R RIE B ATRIEF R
AFRERKET N 2C2 TCReLce kA FEHEFF W A4CRIEZ
2 ke (p <0.05) » *t 25°C & 37Cizie 12 /| PFis
9% T fEA T IALA 2 v 3 4C - 25C & 37
B 487 B2 69.19 - 72.2% % 735% -

\’m
o
>
N
[k
[
]

N

’
D
o

Cizieicd 60 | FF » kA 3

) % (2005)#-i= &+ 10~60C IR T i2ie » FIRF 1L M- B e KB AZ
> BEEH AR A ADS KPR RIS K RFCE SR G A kA TR 60
W=t ZiEFHeeRe ZEH 60%F > KAz E gzl m
TRMH A R - KPR Bks 7 £421E 60%18 ’I\I‘/ﬁ»i@)\;‘ﬁ\:ff"z}"k
B kA G RERETR A RN T o 3 CEESE o B kS Y
W 18C2 24 Cikiedidl e W F R AL KB = 5 ki B2 kTP
$EEE AT F T A2 GABAGRE 2 2013) AFFF B EF M 8 ¥ 25
C37CiEe 12 ) FEts kA T BAE60% X BEFSE KRB kAT EAL
KIEH 4t 256°C 2 T CRIEL B ARMERM@C)REZ 2 kAT E

Wi 20 ) PETS B AL R AR G B RO BB R A2 kA o

F_&

= S
;rq.

bo

A Rebr bk 5 8 609 %% o £ ¥ £ ] %% e Nipponbare &k 3 5+ 35
Czie 24 | F > ka3 92 35%~36% » & E %z Haiminori S-fE4kst »+
35Cikie 2/ Pk A 5 B WAZB 35% 2 24 [ pEIs kA 5 B B i 43.6% - 1
AR A GRS kA § BB D 3506~50% 0 & EREFF w
#i% 4 (Komatsuzaki etal., 2007) » #£7 5 #-%z & /2 ¢ 2 425 3>+ 25C % 37

C/)./é' 12 - JEE Y2 =8 ke b2 FI L F v 0 }@;ngﬂﬂi ‘37]?]/‘ 4 97
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LF AL 0 A ]

LB RokFE3A > 4 FBics 5 1.30 log cfu/g iz AR Sk
B3R EPFE A en R BadEE O FREERGF TRIF LR
Bz EHEEFRS > WAC25C237Cx#60 ) 2 e 4 Rl 4 Wi 5
3.4 log cfu/g ~ 8.9 log cfu/g# 11.1 log cfu/g (®]2.4.) - %rt 1 EEd)
3T Cimie2 e 2 Fik: B F R W25 CRF2 e (p<0.05) iz
2325 Cxe12 ) Pt > 4 F#icTACHE 5 log cfulg > 237 Cixiz 12/ PFrihie
2o 2 A#LARE Tlogcefulg: fEA & Bapp 3 D Rpeek o

BRI ERY §F FREMAF AL BIEE S REOR

AR RFRREHPIRORAN B e e ot 23 20TRE %

P e R e 2

< i FEopE* F ¢ X4k RIJLb. casei 2 Staphylococcus epidermidis > %30
C iz e BB 8 Lb. casei, Streptococcus faecium, Streptococcus dysgalactiae f=
Staphylococcus epidermidis » &4 fF4p 3 & k p R ¢ pcd F oo ke B4R
¢ OB he g A% 0 333 2 F e (Ashenafi and Busse, 1991) -

AP AEBCECGABAZ R AP B o e FR
PR TR RREREL P PO LGSR A PR BFEF Y
FRFEFAF LR AR ERY CERFRIET R RRFRRE A
Hed 4 frid S en i pe o Bai® 4 (2009) #-) ok fEF 3tz w g 190=

>‘1\

FRARREE0M BT LG RE LSRR IR LELF L KRt
Aoz Lg T09FW ikl sl # % 5 1.296F »cd 2 = & rsp AL 5
AR Fis 4 (Livetal, 2005) 5 gt b > kESE Rie W oAz A A e
R e Riewae B8 0.6 ppom Oz ok -k and o UL FiT AR 0 T F ook
Fralizie k2 32 Aik(E > 2006) - &AL iz m AR ¥ §fRchpiiiok ikl
KR FR k0 T B diE e AR L (R E 2 2008) 5 FiEE Y o

|m)

By REARZE PG IRART AL LG AT F X2 hRR R YA
FACENARASTIREREIRF AT R 3R 2240

L {130 (2012) & Fap it R 0 B F SR E(e e~ 4

Ao e ERE)eT E 8

a
e

L P L LSRN AN AT T
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,

LB BAFRA SRR F A AP LMK F R o AT
drggkid > BAACEE60 ) BRIES B B RG S 5% 2K T
25°C2 37 Cixie 8- p > 24 FA# ™ &4F 5log cfulgm ™ » 2 e pr I 42188/]

-

PR 2 FlHF o A1 od AT R RALLEINRE R D AILIE W

R

&

Ix%
=

W

o

e

(ﬂ
o we

AT PEFEMRFE LML AU F
¥

» A EeiEARY AR Y ?Lﬁﬁ;@,ﬁ% ¥ o

ERERER  RERFT AL OPHETRRRG S LEREAILT 0 RiER
PHE %) 5 7.3 284°C ~ 25°C 2 37°CiZi¢ iz 2 60 ] P& » j2 2 A pHiE A w| T % 1
55+432 41 %237 Cixie8 ] > zieRpHET "% 158> *25Cixie
24.] pE >
% > hixe30 | pF{s'E 2580 2260 pFiSpHE v iF3t55%

F] % (2015) % & 11BRMA K iZie 15 0 2 2R (X925°C)imie 12 o5 > 53

R

e RpHIE ™ 7 % 15,95 4Tz o

o]

g
B
W
X
o
T
Ty

.|
AR
=
i

|

ik

¥

PR R PIEE R Y RARGLA SRR EFARHT  FY
ek 1B g A4 ¥ ¢ F=Empedobacter brevis ~ Enterobacter aerogenes  Lc.
lactis » #-5 = frjf 2 WA 2 Y 0 R A R RpHERF T 2
FER B 4 o et P B R BA R R R BRI E P A RS
TR E ZF]%pH’*‘f % o

IR AF T RREDEARERER S > LRI EN KL 2R
AN L SR RANE S E AR I

FEYE S0 BUBHE 3 £ > XM 03 U~ Fd B R 3 FpH

\F‘b
g
1=
_h‘\
&
{4
feyr
pf
T
&
>t
ki
bal

FRTFHET 2722 TwrR 26 AgEm
FiERILnize it Bi-F £ 2 £ 5 113 umole/g » 3+ 4°C ~ 25C 2 37Cix
e BEFEZERLREMFUELA RS P 2w TCHRIEL

FETHEEAR S AR ZRERET 3T CRELLETT £

ZEEAALACE2 25CEzahize4pv ¥ R (p<0.05) - >+ 4C2 25Cizie 4
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=g

TREZEE TR REEASREDE s T AR F LR (P>005) %5
A2 8 P18 o BCREZ e TF R EHF M4
<0.05) » »t 4°C ~25°C2 37Cixi# 8 /)
umole/g ~ 1.06 umole/g % 0.85umole/g > =
% 279% ~6.2%% 24.8% -

EETRGTE 265 B

R & 4°
%fu,&i’“‘b%ﬂ*f%ﬁ&i‘?ﬁ’ﬁ%% T R A2 AR B8

F

.
FEREN R TR ET R R AP A2 (R E > 2008) o 48
,ﬁ -

$ﬂm%$%%ﬁﬁ%%’%%%é¢%ﬁ%%3%’ﬁﬁl@*i?%%

# 4 (P<0.05) > & hizie 8 ] pFprit FlE % @ 18.04 mg GAE/ g DW » & & 5§
PSR E TR 3 37 CikE 60 o pF
22 BB REE AR CET A F LR (P>005);*4C2 25Ciz
Gl B 224 AR ECER TR EHEF KT CRIEHZE o
ACHRBT » =2k 36 ¥p 7 23 1526 mg GAE/gDW » & 25°C 3%
BT kEeEE 24 B 7 £ iF 16.86 mg GAE/g DW -
ARG RFEEFTEE O RF IR IR R e TN R ER
63" > F285iedpd 16.43mg/g,asgallicacid = "% 3 13.19mg/g, as
gallic acid (Mt % > 2008) » &> %2095 o A-kA F AT > PINIRA R EE > &

=7
E\éﬁﬁ‘&ﬁ A AREASRAFEET RS AFTE QP E
R4 2B A FTHEE A X4 £ 5L (resveratrol) s % & % ¥ i

A2 A& 4 2 enfis 85 A pr#g(flavonoids) » % & ~ =B 2 229 BEF T A

= 2_ fim #f ™ fis fe (phenolic acids) & 2 (Khang et al., 2016) - = & # 25°Cixz/¢ 24
R H R 2 - ok B3 25°C~100% RH s T % 5 12 ) pF o &
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fro 7 B340 52.759% % 7 24 /| P2 B fs 7 B # 12 /] PFena R e i 3 4o 27.83
% (%2 3 > 2015) o 4v 1 iF i+ 4

13

D

WY d gt EFA 07 B0
REHBRBENESSE AT AR F R
1 AEBXEEEiEAEY o — WA HELA Y 4 4 (glycosilated compounds) K fE = &

fedEz(aglycones) - i&— # & =it £ F 0 B RiERe F fIv RS Eps
#¥p v & 4~ 7 € (Maria Landete et al., 2015) -

>

AT R R RSV RF AP o B i
37Cxie 8 1?Nﬁ,,g i@ﬁﬁZlSV’&ﬁﬂ‘ C B EE AT 7 RB IE

‘“l

I RE ';L“ [ #EU}"TF”%/\

=3

PPN PRERIT A2 AR RIfRTHELH Y L P ERRE S
(Khang et al., 2016) -
Zie itz GABA 7 £ 2 GAD iz B

LENARERTEE HGABAZ B Rt 40422, 34 C T2 0 o

o]

GABAZ B ¢'fzie PPV £ @ B4 > 2248 | A7 ¢ = 2 GABAZ £# 3
68.17 mg/100g » #-i% & P34 260/ ¥ > GABAZ £ 57 ¢ ¥ H B 5 =
4+25°C %7236/ P » GABAZ # 7 :£73.90 mg/100 g » 2t & /&2 pF ¥ 1 48|

fn

feut

m o E @ @GABAZ £ TR 37T Cike L 2k 03228 FFGABAS £ ¥
i£90.27mg/100g > & & > 25°C 2 4 Cixie 2 #1F Bl » ¥z e PR £ 124
[ B GABAZ £ { #+4r193.35mg/100g > @ {5 & IRT *F codgg o

{4 f5+ ¥ GABAZ £ £ GADE 5 » GADA & =3t imwe v > 4
B I R BpHA S - AT ¥ T IERT > 5 f ? OGADE R > ¥
TR N A BpHIE B T > GADZ Ciy i A £ & % H % (calmodulin
binding domain, CMBD) ¥ £2 3% 47 3-v (Calmodulin)?f.‘ BELE S AFHEME B

oy

tmre

m HiEGABAZ & = (Gut et al., 2009) » GAD#% i pHiE £ % 5.8 (Johnson et al.,
1990) » § fetr fwie Fr2 pHE"f M5 243 8 GADE ML » & 3 & 2 GABAE A2

PR LB T g RFPHE - F i AF RSB pHE S A R 1
GABA# = (Kinnersley and Turano, 2000) > ¥ -— = & » 2GABA shunt® » v -
ek 7 e s (GABA transaminase) 2. &g pH & 8.9 0 ' M tm fe BT FpHE ¥
1T ) £ GABAZ F Ji (M - 2006) -

Vo200 o fAF bl LKA EPE SEEFE
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BooHmkBpHED 2% > @ PECGADE L2 &2 GABAGi 4 o riokizie
Wk 2T 0 R AEGABARGE &2 8 & 240C » Bif £pH 5.5 #EeippHA
% > ¢ € GABAR f i 1k & % ¥ (Saikusa, etal., 1994) > *# i< %2 FpH™ & 3
”ﬁ Fp 24 %) i R Fie? GABAZ £ 0 15§ 0 ¥ i€ GABAXR 40 2-3 1%
(Crawford, Bown, Breitkreuz, & Guinel, 1994) - - $tf 2 7 = 2 2@ gpHE
A% B 33TCiE e8] B35 C R0 240 B A4 C 22300 BF O TR
BpHE# G {I>*GABAR # -

% B SiERE24 P GABAZ BV RBO6R - H B ik kv TR
IR fR o T 5 1Y GAD#-A 7 97 18 chgk vt i 3 = GABA(Tiansawang et al.,
2014) ; = 26+ %10~40°C ikt T 27 > GABAZ £ 30~40CH *c tg & 5 B
Bz R L GABAZ BT 4o e ixe R AZE L2/ P15 > GABA

w0

ERREMTE R TIRZEERFLE >  GABAZ 2T 7% € & Vb GH 4
(Kwonetal., 2007) ; #&4 *+35Cixie3-] s > GABAZ £ ¥ & 835 » #ix.¢
R E 34 pFis > GABAZ # F @ T 5 (Komatsuzaki etal., 2007) ; % ;8 %¢
AT RAEE

18°C ¢ i § % 2111975 (55 % > 2013) 5 %7 F S48 3 BF 20401Cizie L)
P> GABAN{ 4rig 5 § 20 iRie 2~4/ P2 gZle > H g ikieAn g o Ky o
GABA it B A L Fl 5 « B L0 MR - §RE Y 5 g § R
i - GABAZ £

GABAZ £ » M34Cize = 320/ pF > #r4 £ GABAZ £ #&

# % (Varanyanondetal., 2005)  »#7 3 # > & F iZe B &k 0 k=
EV AL RIGABA &2 5 Ay B % 4p 5 3037 Ci2ie8 ) ¥ & 4 GABA
$90.27 mg/100g > 2 G ie I hie & 0 H 4cGABAZ £ 9131 » Ao e 1
TAGE Y EREEV % F e GABAT £ -
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fi4 & & 50-100 MM PF » GADE i ¥| 8 % (Bai etal., 2009) ; - 4 m% p GABA
i & 4 & AR T AR ek (L-glutamic acid; Glu) i fe B ¢ gl el
# fix 2 % 3 s (pyridoxal-5-phosphate; PLP) »i& {7 q-5 2 (v % @ 4 & > 'z B 5
TiEALY $0Rpi X PIGADE M A a1t £ GABAGE S A e o Flptag S H
RT3 GABAZ Bt A (BrE > 2012) o AT P B A FR

T e T HGABAZ £ 2 GADE AR E R A3TCHRE T 0 GAD
A ze ) FERRAMR S > A s TE s d T 5%e360) FFIEE )T
*# 5 2GABAZ E ixie2-8 P A K 4r > 8-24/) PFRARI - o @ (bR
2 ABF AP 2 > 25°C 2 AC iz ch@EBk e m R AT e, Vvl B AR e B

f2¢ GABAA 4 2GADE LT % Bk -

e

Fhmch o w3TCREEHEFCABAZ 2 2 »ak ¥ Bt 525C 2 4
CTigig2 22 3 #% % GABAZ £

Eielr B2 B R ER S R EREGADE g B85 2 GABAY &
0020237 C IR B 28 = 8 24 P GADE 17 i % % (61.48 U g DW)> GABA
z £7d6.81mg/100g #% & 193.35mg/100 g > 3 4r ¥13.7% » R @ fytifi*
T2 Fdkcire 378 x 108cfulg » ¥ I IPepark » B F KT A A R R
FEAILT > FEEREFL e 0 FHRRIEPFFHERLI8) 0 RIGABAZ
£ 174 90.27mg/100 g » & Pepe % fF 5 12 5 59.47U g DW > @ 4 i 2.7
x 10%fulg > BBk > MG EFL S F 1Y > HATTER KL

€387 ~ 8 PEIT G bl iRiE DT - PR R -

)q\v

o o
>
&
-
sy
N
o
3
00
H
foe)

¢
B 354 ~ -20C & ,.@§;¢;¢12~48f1~£%»ﬁ%%€
9 ~ 7.1~23.59 % 2.49~209% (@) 2.8.) > r1i% fi § 4
Z 72 a4 08 umole/g AL e F iR AHFLE (p>
0.05); %5 37 CiE Adenic 230 G F A B+ 3 7 B R-2004 % 2

i,
H
N
7
5:

3

a

?
~zm)

N

doi:10.6342/NTU201700611



IEMREFAF OB EG20CHE, 20 ) PFR G 25 5 A 480 B R
= 7 % (proanthocyanidins)fr = % € " j# » S fidfkn RIF L > 7 % T
39~275% iy A R RAEF A FFEY PR BRIFRE AT RS
I Ak i (Oszmianski et al., 2009) o 143+-20°C 12 ™ E ik 4 i e R
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W iE A~ ke 2 = F (zone of maximum ice crystal formation) » 25 = | ek & > %

& :sﬁ#«,s o] i TAE 0 B B 5 iR % (Jamesetal., 2015) - 4p 2. T -4°C
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ARARSLER AN TF R BTk g R LR B RS AT M

TR E T P

o

L2 37CxE% 8/ PRI R 7 £ 5 1804 mgGAE/gDW » i2- 4 &
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DR SR AT  GABA F B R Aok 24, m B gimieis o B
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BAE2 B4 SR F A2 B o B AEA 2B 22 GABA § £
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§ 44T 2
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mg/100 g & & #7F SfEuf R ZEB JACAH R R EfEN, 24 )
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% GAD F14 > 37 Cixe s 8/ fr o £ 5-200C4 i 48 /| BFis » > 3 iR 2
241 pF > T it GAD E 3 1 101.66 U gl DW ;5 2k A S 0% fi §
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umol/g # +r 2 0.385 umol/g> *+-8°C /4 ik GABA 7z & # 4¢ % 0.688 umol/g: GAD
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2.1 * R RRIpRATEE L op RAS T2 D RIRAR TS B
Table 2.1. Major amino acid derivative reagents for HPLC and CZE separations

Reagent Availability of Detection  Detection Pre-/post- ~ Separation

commercial kit separation technuque

Nihydrin? No Vis Post- CEC/TLC

Fluorescamine No F Pre- RP-HPLC
Post- CEC

PITC Yes uvb Pre- RP-HPLC
CZE

Dabsyl-Cl Yes Vis Pre- RP-HPLC

Dabsyl-Cl Yes FI/UV Pre- RP-HPLC
CZE

F-MOC Yes FI Pre- RP-HPLC

OPA? Yes Fl/UV® Pre- RP-HPLC
CZE
Post- CEC

OPA/F-Moc Yes Fl Pre- RP-HPLC

AQC Yes FI° Pre- RP-HPLC
BQCA No LIF Pre- CZE

4t was also been used for the quantitation of total amino acids without separation.
bAlso susceptible to electrochemical detection.
PITC: Phenylisothiocyanate
Dabsyl-Cl:4-dimethylaminoazobenzene-4'-sulfonyl chloride
Dansyl-Cl:1-dimethylaminonaphthalene-5-sulfonyl chloride
F-MOC: 9-Fluorenylmethyl chloroformate
OPA: o-phthaldialdehyde
AQC: 6-aminoquinolyl-N-hdroxysuccinimicly crbamate
BQCA: 3-benzoyl-2-quinolinecarboxaldehyde
RP-HPLC: Reversed-phase high-performance liquid chromatography
CEC: cation-exchange chromatography
CZE: capillary zone electrophoresis
TLC: thin-layer chromatography
IP: ion paired
FI: fluorescence detection
Vis: visible detection
UV: ultraviolet detection
LIF:laser induced fluorescence detection
(Aristory and Toldra, 2004)
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Table 2.2. Effect of soaking temperature and time on GABA content of adzuki beans

Soaking GABA content(mg/100g adzuki bean)*

time(hr) AC 25°C T
2 16.67+1.058 % 20.52+1.17Af 21.85+1.52A9
4 18.52+0.60¢ 27.01+1.48%¢ 62.11+1.834
8 24.57+1.13%¢ 43.25+0.4684 90.27+0.78AP
12 34.45+3.57¢1 63.98+2.255¢ 91.34+1.07A%
24 58.48+0.85%¢ 67.16+1.5550¢ 93.35+0.9742
30 64.65+1.54%P 68.80+1.508" 88.67+1.04"P
36 64.85+1.45CP 73.90+2.60°2 83.40+1.57A¢
48 68.17+1.41B2 68.10+1.645° 85.81+1.58"°
60 69.60+0.50"2 66.85+2.68" ¢ 70.9243.00%¢

L. GABA content of unsoaking adzuki beans:6.81+0.83 mg/100 g adzuki bean.

2 Values are expressed as mean + SD (n = 3). Means with different uppercase letters

within the same row are significantly different (p < 0.05). Means with different

lowercase letters within the same column are significantly different (p <0.05).
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Table 2.3. Effect of soaking temperature and time on GAD activity of adzuki beans

Soaking GAD activity(U g DW)!

time(hr) 4C 25°C 37°C
2 11.12+1.118 13.3240.76" 14.19+0.9949
4 12.87+1.03¢f 17.54+1.158¢ 39.66+1.37A1
8 17.2241.14%¢ 28.77+0.9384 59.48+1.22A
12 22.23+1.54¢4 41.97+1.428°¢ 59.73+1.39A
24 37.98+1.46¢¢ 44.39+1.08B° 61.49+1.06%2
30 41.71+1.54¢P 44.64+1.02B° 57.79+1.02/Ab°
36 42.78+1.01¢% 47.98+1.6982 53.92+1.02A4
48 44.60+1.2782 44.19+1.06Bb¢ 55.98+1.59/d
60 37.27+0.938¢ 43.59+2.02A° 46.06+1.944¢

L.GAD activity of unsoaking adzuki beans : 4.34+0.08 U g-1 DW.
2 Values are expressed as mean + SD (n = 3). Means with different uppercase letters

within the same row are significantly different (p < 0.05). Means with different

lowercase letters within the same column are significantly different (p <0.05).
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Table 2.4. Effect of freezing and thawing conditions on GABA content of adzuki beans

] GABA content
Freezing Fr(-eezmg (mg/100g adzuki bean)
temperature tl:])e No thawing Thawing for 12 Thawing for
hours 24 hours
-4°C 12 96.5621.605¢ 99.265.938¢  106.98+3.94A¢
24 104.59+2.88%¢  117.11#5.07%¢ 132.41+5.69A¢
48 113.06£1.33°%  119.34+4.93B"C 138.39+2.64A¢
-20°C 12 101.162.8489  119.79+8.26"" 124.98+5.33A¢
24 106.47+3.25¢°¢ 127.19+3.18%% 146.74+4.90AP
48 118.92+2.50%%  135.19+4.78%2 154.51+4 1572
Liquid 12 89.99+1.428f 90.99+2.228¢  107.91+4.12A¢
nitrogen 24 90.70+0.978" 92.76+2.5859 108.31+1.42A¢
48 90.17+1.278f 91.60+1.6789 114.95+4.80"¢

L. GABA content of soaking adzuki beans without freezing and thawing treatment:90.27+

0.78 mg/100 g adzuki bean.

2 Values are expressed as mean + SD (n = 3). Means with different uppercase letters

within the same row are significantly different (p <0.05). Means with different

lowercase letters within the same column are significantly different (p <0.05).
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Table 2.5. Proximate composition of adzuki beans

Constituent Raw beans? After soaking treatment?

Crude protein(g/100g DW) 19.58+0.52 8 18.460.38 A

Crude fat(g/100g DW) 1.16+0.154 1.1440.134

Crude ash(g/100g DW) 4.86+0.374 4.94+0.424

Total dietary fiber(g/100g DW) 21.75+0.814 21.51+0.36%
Soluble dietary fiber(g/100g DW)  19.82+0.74 4 19.64+0.46 A
Insoluble dietary fiber(g/100g DW)  1.93+0.114 1.86+0.104

Carbohydrate(g/100g DW) 52.64+1.404 53.96+0.64 4

Each value represents mean + SD (n = 3). Means with different uppercase letters
within the same row are significantly different (p <0.05).
2Soaking treatment:adzuki beans were soaked in five-fold weight of water (w/w) at

37°C for 8 h.
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Phenylisothiocyanate, PITC
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B 2.1. "= p5 PITC im4 F B -
Fig. 2.1. Amino acid derived with phenylisocyanate.

(Sherwood, 2000)
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Fig. 2.2. The framework of the study.
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Fig. 2.3. Effects of soaking temperature and time on moisture content in adzuki beans.
Each value represents mean + SD (n = 3).
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Fig. 2.4. Effects of soaking temperature and time on total counts of adzuki beans. Each

value represents mean + SD (n = 3).
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Fig. 2.5. Effects of different soaking temperature and time for adzuki beans on pH values

of soaking solution. Each value represents mean + SD (n = 3).
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Fig. 2.6. Effects of soaking temperature and time on anthocyanin content in adzuki beans.

Each value represents mean + SD (n = 3).
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Fig 2.8. Effects of freezing and thawing conditions on anthocyanin content of adzuki

beans.

“4F12H : freezing temperature at -4°C for 12 h; 4F24H: freezing temperature at -4°C for
24 h; 4F48H : freezing temperature at -4°C for 48 h; 20F12H : freezing temperature at
-20°C for 12h; 20F24H : freezing temperature at -20°C for 24 h; 20F48H:freezing
temperature at -20°C for 48 h; NF12H: freezing in liquid nitrogen for 12 h; NF24H:
freezing in liquid nitrogen for 24 h; NF48H: freezing in liquid nitrogen for 48 h.

“Anthocyanin content of soaking adzuki beans without freezing and thawing treatment:
0.85 + 0.03 pmole/g.
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Fig 2.9. Effect of freezing and thawing conditions on total phenol content of adzuki beans.

*4F12H : freezing temperature at -4°C for 12 h; 4F24H: freezing temperature at -4°C for
24 h; 4F48H : freezing temperature at -4°C for 48 h; 20F12H : freezing temperature at
-20°C for 12h; 20F24H : freezing temperature at -20°C for 24 h; 20F48H:freezing
temperature at -20°C for 48 h; NF12H: freezing in liquid nitrogen for 12 h; NF24H:
freezing in liquid nitrogen for 24 h; NF48H: freezing in liquid nitrogen for 48 h.

*Total phenol content of soaking adzuki beans without freezing and thawing treatment :

18.04 + 0.14 umole/ g.
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Table 2.10. Effect of freezing and thawing conditions on glutamate carboxylase of adzuki
beans.

*4F12H : freezing temperature at -4°C for 12 h; 4F24H: freezing temperature at -4°C for
24 h; 4F48H : freezing temperature at -4°C for 48 h; 20F12H : freezing temperature at
-20°C for 12h; 20F24H : freezing temperature at -20°C for 24 h; 20F48H:freezing
temperature at -20°C for 48 h; NF12H: freezing in liquid nitrogen for 12 h; NF24H:
freezing in liquid nitrogen for 24 h; NF48H: freezing in liquid nitrogen for 48 h.

*GAD activity of soaking adzuki beans without freezing and thawing treatment : 59.48

+1.22 U g-1 DW.

80

d0i:10.6342/NTU201700611



5k
P F e B BB R AR A 2015 4 PUARHELAER B

7ok AT RS & R E 40(4) 0 82-87 -

A Am gl > 2012 - - &8 F 2t R E - 2016 £ 12 * 10 p o0 B

p - https://consumer.fda.gov.tw/Law/Detail.aspx?nodelD=518&lawid=93

AP ¥ L A € 02016 P ¥E @ v -5 1 4g45-2016 & 12 7 15 p > B~
g https://kmweb.coa.gov.tw/subject/mp.asp?mp=409 -
Bd 326502015 F T e g f adZH AT LB s B irdng L gD

P ABARF TR 31(4) 5 61-66 -

24002006 3 7ok A QBT M A

i%%*%ﬁ%%gﬁ&iﬁépz%ﬁiéa%é,i%ﬂo
~FER TN B ‘a—fé}r:,t ¥ 552013 % 27 4 GABA > § fir (1%

R ET S

B L A AR 2 3 o W

4 bR o A HF RS 4 29(2) » 29-33 -

BH

F LA 201242 % sk Apd S F R RS &Y chy - A7 f o8 %1 % 33(8) 161
163 -

MU o % B 5E§ 5020080 i B - fisc 2o F 0T B oK e A& 4R (96 £ A ) 40-
47 o

ERRIE TS, FT K, BE, N2 E

M e & > 2006 - 41 * HPLC -

GABA % ¢ GABA & - " &< FaRTR* 2 FPHE ML E =%
2 i LB B

w2 A fU 3% > 2007 o - & SR EA % 2016 £ 10 7 2 p o> B
> http://www.fda.gov.tw/tc/newsContent.aspx?id=1747&chk=ccf6f667-bf94-

4018-8bab-
759aea940eel&param=pn%3D188%26¢id%3D3%26cchk%3D46552e96-810a-

42c3-83el-bd5e42344633#.WGKIOFN94mk
Biig 2 s B EF S PER T4 0 20120 2B e
Fez A o AR LB S 50(4) > 217-226
Flobm ~xsh ~ I 7o ¥ PR k2 iF~ 3 5P 52005 B i2okAs WO025 #E54
EoR A AT MBS T o (P58 31(10) » 1265-1270
BRI LA s e BEE N0 F 31 F 582 52015 « BiRE
81

X B TIEARY A5y RE T

=
&

doi:10.6342/NTU201700611


https://kmweb.coa.gov.tw/subject/mp.asp?mp=409

ALY R PR E R TR e 8 54 36(14) 0 161-164 -

EHECBRE FT L F AT F AN A3 0 2006 - MRS TR F B
Y- & AT RO 8 5fH 31(5) 0 94-97 -

H A Ah Lz (2005) TRAFE LUT A XDk
BREFFLI o p AP ELFE L 52(12) 0 T 566-571 -

Amarowicz, R., Pegg, R. B., 2008. Legumes as a source of natural antioxidants. European
Journal of Lipid Science and Technology 110(10), 865-878.

A.O.A.C. 1993. Official Methods of Analysis. 14th Edition, Association of Official
Analytical Chemist, USA.

Aristory, M. C., Toldrd, F., 2004. Amino Acid. In Hand book of food analysis. Nollet, L.
M.(Ed.). Marcel Dekker, Inc. New York. chap 5, 83-93.

Ashenafi, M., Busse, M., 1991. The microflora of soak water during tempeh production
from various beans. Journal of Applied Bacteriology 70(4), 334-338.

Bai, Q., Chai, M., Gu, Z., Cao, X., Li, Y., Liu, K., 2009. Effects of components in culture
medium on glutamate decarboxylase activity and y-aminobutyric acid accumulation
in foxtail millet (Setaria italica L.) during germination. Food Chemistry 116(1), 152-
157.

Barampama, Z., Simard, R. E., 1995. Effects of soaking, cooking and fermentation on
composition, in-vitro starch digestibility and nutritive value of common beans. Plant
Foods for Human Nutrition 48(4), 349-365.

Crawford, L. A., Bown, A. W., Breitkreuz, K. E., Guinel, F. C., 1994. The synthesis of
[gamma]-aminobutyric acid in response to treatments reducing cytosolic pH. plant
physiology, 104(3), 865-871.

de Ancos, B., Gonzalez, E. M., Cano, M. P., 2000. Ellagic acid, vitamin C, and total
phenolic contents and radical scavenging capacity affected by freezing and frozen
storage in raspberry fruit. Journal of Agricultural and Food Chemistry 48(10), 4565-
4570.

Gohara, A. K., Souza, A. H. P. d., Gomes, S. T. M., Souza, N. E. d., Visentainer, J. V.,
Matsushita, M., 2016. Nutritional and bioactive compounds of adzuki beans
cultivars using chemometric approach. Ciéncia e Agrotecnologia, 40(1), 104-113.

Guo, Y., Chen, H., Song, Y., Gu, Z., 2011. Effects of soaking and aeration treatment on
y-aminobutyric acid accumulation in germinated soybean (Glycine max L.).

European Food Research and Technology 232(5), 787-795.
82

doi:10.6342/NTU201700611



Gut, H., Dominici, P., Pilati, S., Astegno, A., Petoukhov, M. V., Svergun, D. I., Griitter,
M.G., Capitani, G., 2009. A common structural basis for pH-and calmodulin-
mediated regulation in plant glutamate decarboxylase. Journal of molecular biology
392(2), 334-351.

James, C., Purnell, G., James, S. J., 2015. A Review of Novel and innovative food
freezing technologies. Food and Bioprocess Technology 8(8), 1616-1634.

Johnson, B. S., Singh, N. K., Cherry, J. H., Locy, R. D., 1997. Purification and
characterization of glutamate decarboxylase from cowpea. Phytochemistry 46(1),
39-44.

Kaulmann, A., André, C. M., Schneider, Y. J., Hoffmann, L., Bohn, T., 2016. Carotenoid
and polyphenol bioaccessibility and cellular uptake from plum and cabbage varieties.
Food Chemistry 197, 325-332.

Khang, D. T., Dung, T. N., Elzaawely, A. A., Xuan, T. D., 2016. Phenolic profiles and
antioxidant activity of germinated legumes. Foods 5(2), 27.

Kinnersley, A. M., Turano, F. J., 2000. Gamma aminobutyric acid (GABA) and plant
responses to stress. Critical Reviews in Plant Sciences 19(6), 479-509.

Komatsuzaki, N., Tsukahara, K., Toyoshima, H., Suzuki, T., Shimizu, N., Kimura, T.,
2007. Effect of soaking and gaseous treatment on GABA content in germinated
brown rice. Journal of Food Engineering 78(2), 556-560.

Kuo, Y.H., Rozan, P., Lambein, F., Frias, J., Vidal-Valverde, C., 2004. Effects of
different germination conditions on the contents of free protein and non-protein
amino acids of commercial legumes. Food Chemistry 86(4), 537-545.

Kwon, S., Park, H. W., Sohn, K., Kim, K., 2007. Method for enhancing the content of
soybean seed gamma-Aminobutyric acid. US Patent, US20070202202 ALl.

Maria Landete, J., Hernandez, T., Robredo, S., Duenas, M., de las Rivas, B., Estrella, I.,
Munoz, R., 2015. Effect of soaking and fermentation on content of phenolic
compounds of soybean (Glycine max cv. Merit) and mung beans (Vigna radiata [L]
Wilczek). International journal of food sciences and nutrition 66(2), 203-209.

Mazzucotelli, E., Tartari, A., Cattivelli, L., & Forlani, G., 2006. Metabolism of y-
aminobutyric acid during cold acclimation and freezing and its relationship to frost
tolerance in barley and wheat. Journal of Experimental Botany 57(14), 3755-3766.

Liu, L., Zhai, H., Wan, J.M., 2005. Accumulation of y-aminobutyric acid in giant-embryo
rice grain in relation to glutamate decarboxylase activity and its gene expression

83

doi:10.6342/NTU201700611



during water soaking. Cereal Chemistry 82(2), 191-196.

Narayan, V. S., Nair, P., 1990. Metabolism, enzymology and possible roles of 4-
aminobutyrate in higher plants. Phytochemistry 29(2), 367-375.

Oszmianski, J., Wojdyto, A., Kolniak, J., 2009. Effect of I-ascorbic acid, sugar, pectin
and freeze-thaw treatment on polyphenol content of frozen strawberries. LWT-Food
Science and Technology 42(2), 581-586.

Padmavati, M., Sakthivel, N., Thara, K. V., Reddy, A. R., 1997. Differential sensitivity
of rice pathogens to growth inhibition by flavonoids. Phytochemistry 46(3), 499-502.

Piergiovanni, A. R., 2011. Kinetic of water adsorption in common bean: considerations
on the suitability of peleg's model for describing bean hydration. Journal of Food
Processing and Preservation 35, 447-452.

Rahman, M. S., 2007. Handbook of food preservation. Boca Raton, Florda, CRC press.
USA.

Rozan, P., Kuo, Y.-H., Lambein, F., 2001. Amino acids in seeds and seedlings of the
genus Lens. Phytochemistry 58(2), 281-289.

Sai-Ut, S., Ketnawa, S., Chaiwut, P., Rawdkuen, S., 2009. Biochemical and functional
properties of proteins from red kidney, navy and adzuki beans. Asian Journal of Food
and Agro-Industry 2(4), 493-504.

Saikusa, T., Horino, T., Mori, Y., 1994. Distribution of free amino acids in the rice kernel
and kernel fractions and the effect of water soaking on the distribution. Journal of
Agricultural and Food Chemistry 42(5), 1122-1125.

Sherwood, R. A., 2000. Amino acid measurement in body fluids using PITC derivatives.
In Amino Acid Analysis Protocols. C . Cooper, N. Packer, K. Williams (Eds.),  NJ:
Humana Press, Totowa. 169-175

Tiansawang, K., Luangpituksa, P., Varanyanond, W., Hansawasdi, C., 2014. GABA
(gamma-aminobutyric acid) production of mung bean (phaseolus aureus) during
germina-tion and the cooking effect. Suranaree Journal of Science and Technology,
21(4), 307-314.

Varanyanond, W., Tungtrakul, P., Surojanametakul, V., Watanasiritham, L., Luxiang, W.,
2005. Effect of water soaking on gamma-aminobutyric acid (GABA) in germ of
different Thai rice varieties. Kasetsart J.(Nat. Sci.) 39, 411-415.

Wu, T. Y., Tsai, C. C., Hwang, Y. T., Chiu, T. H., 2012. Effect of antioxidant activity

and functional properties of Chingshey purple sweet potato fermented milk by

84

doi:10.6342/NTU201700611



Lactobacillus acidophilus, L. delbrueckii subsp. lactis, and L. gasseri strains. J Food
Sci 77(1), M2-8.

Yang, R., Feng, L., Wang, S., Yu, N., Gu, Z., 2015. Accumulation of y-aminobutyric acid
In soybean by hypoxia germination and freeze-thawing incubation. Journal of the
science of food and agriculture 96, 2090-2096.

Zhang, H., Yao, H.-y., Chen, F., Wang, X., 2007. Purification and characterization of
glutamate decarboxylase from rice germ. Food Chemistry 101(4), 1670-1676.

85

doi:10.6342/NTU201700611



b
I

3 FAFHrEERPtyomATBRZEE

MAA G ERBENRS A5G TF 1@ 5 GABA 2 i & 5inE
KpFH e hF GABA F A S FEE k%Y - nH FEAK £ 4 9003t
2.00 p mol/g (Kim et al., 2009) = i} # % €ik48ii 128 57 GABA ek i » $f 8 5+
% (8Tt GABA sl 45 [ %0 B i L F £ S GABAE G B4R K G i
A CRACTRERE > RSP ERA  PEERRERS RS SSY
GABA 7z £ - & ® * ’)5 FMcA Rt An it GABAHA S  EFF a5 Y AR
#24 GABA 7 ¥ & 3 chif 47 (Dhakal et al., 2012) - p 4 /2 % & #t2_ Streptomyces
bacillaris R9 % Streptomyces cinereus Y11 + ¢ #7# » & A% iz 180 % i GABA 7 £
#® 5.7 2 4.7 £ (Jeng et al., 2007) » 5 &> £ ¢ 7 Aspergillus oryzae 7= # % 3L 7F
3 glutamate decarboxylase encoding-gene(gad A) ¥ 4 & GAD #+% &2 2 GABA (Kato
etal.,2002) > ~ & 4%4& Rhizopus microsporus var. oligosporus IFO 32002 % |FO 32003
& [ ¥ ¢ GABA 7 ¥ 8 % # v 8 i (Aokietal., 2003) - . m[ﬂ(Monascus)ér_
B fEsee ¢ &2 2 Fv F o fE(protease) - ¢ v FAEA A 4RE > A (5d 4
FETA 4 o GAD H#gkkpl g 2 (8% 4 & GABA (Tsuji, 1992) o F it g2 47 32
7% GAD F> v FHFMEEASY GABA it 4 o friv X v AL P

&

{-\

\.J

MEFT Bl PRARAES Y BE§ 7 GABAZ & 5o i
EAFRIER AP R AR > T e RS RAARZFER
B2 R 2FSRAESYD FRE 7,:(kImChI)\?) fi ] Lb. brevis GABA100 » ‘5 30
CTHFE12 2 7 ¢ GABA 7 £# +c 9 12 & (Kim et al,, 2009) ; vt & Eirik 48
Lb. brevis IFO3960 » # 7 »z i $&efedd it 2 GABA > #& it »x5 £ 87%(Monma and
Hayakawa, 2007) ; @ % i* #4& Enterococcus avium G15 % 1% iFpa s ¥ & GABA 2
¥ #% % 4 2(Sugiyama, 2012) ; & * Lc. lactis #i 5 %% cheese z_ starter » 7 ¥ 3% %
cheese ¢ 2. GABA 7 & (Nomura et al., 1998) ; d @ 3L i & 54 34718 2 S L 7
¥ o g 3R Lb. paracasei £ 7 & GAD i#: > ¥ @ priEiz? 2 2 GABA (Komatsuzaki
etal.,2005) ; & JI* LB F4 A% 7 GA

BA 5 {28 Schf® > 4 & ST 7 B

ET

86

doi:10.6342/NTU201700611



ARt B a0 4e Lb. brevis - Lc. lactis ~ B. longum % (Kim et al., 2009; Monma and
Hayakawa, 2007; Nomuraetal., 1998) » ¥ A M1 H s ¥ 2 FfE7 v 7 22 % GAD &

Fth(% 31) =2 P E 2 FPti2it? 4 £ 2 GAD 1% ¥ GAB
FobRN g iR 2SI AP ERE 2L ARPE G GABA 2 £ 2 AR

# e i I i 2

[

FRAEXEBAGFE §RTME S A2 GABA i s Frul L5 e sl ~ § IR
2 H @ st 7 B GABA A 2 B (Dhakal et al., 2012) » 752 54 ¥ i 4 15% (Wiv)
5~ 1% (W) 3% 1 %0 % 0.1% (W/v) 2 % Bes i > 4248 Lb. brevis BCRC 12310
£ B. longum BCRC 14661 > »>* 30°C T /& & 3 f¥ 48 /] pF > ¥ 2 4 20.88 mg/100 ml
GABA » % A 7oA f12. 224 (56 > 2007) « & 5 4 B enft ik Bt 4 £ H ) &
B RS RIR - F120 4 £ (Heller, 2001)» 77 5 $F34 30 e 2 549 KA b AUR -~ § R
EofsAvelrS R s FRfhdE o~ & CAHF 4 FGABAR B 2ok > - KR E
¥ & ;2 (Response surface methodology, RSM) & i% d1 #if 'z & S A Frpe = o
F ¢ &2t 1951 #£d Box % Wilson % > @ (S48 i£4]* » MacDonald %

Bly »* 1963 & 1| # gt = ;2 & 47 Fopxpeid @ 54 i &2 ﬁxiﬁ,ﬁ]& s¢ £ »Nielsen % « 3+ 1972

4

R R N Gl TR Y o A SR R MR RS g

2_F e B B %k 2 2 & i% i (Gaculaetal.,,2009) - & i & 2 iTH e S @ H

|

*3F 5 @ GABA 4 A if % B3 i o7 7 (Shan et al., 2015) > 287 7 J1* L3-8+ en
¥ s R & 3k 3+ (Central composite design)#F st # fE oS S AT AR ~ F RE B B 5
PrdifFae R UEREA L GABA R SRT  IT F B 6 et 24T b
FRY 6Bl M REERFC2ZHFRECE A ATRS -

87

doi:10.6342/NTU201700611



PO MRS

— N 35@ f?‘-_

ARG E R ERQGICEE 8 ) F)AILISZ B 0 SFE R hedm
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ST 2 A Ko Y EAEAcR 318 32477 o

= REHHE

(=) R#:

BT REP EIRR g2 F B E o
2. g 4msks g Scharlau Chemie S.A. Barelona. Spain.
o) BEER

Bifidobacterium infantis BCRC14602 - Bifidobacterium adolescentis
BCRC14606 -~ Bifidobacterium bifidum BCRC14615 ~ Bifidobacterium longum
BCRC14634 ~ Bifidobacterium breve BCRC 11846 ~ Lactobacillus rhamnosus GG
BCRC16000 -~ Lactobacillus delbrueckii  subsp. bulgaricus BCRC
10696 -~ Lactobacillus plantarum BCRC11697 ~ Lactobacillus acidophilus BCRC
14079 -~ Streptococcus salivarius subsp. thermophilus BCRC14085 p-p & -1 #
FRBAL AT RE G E ALY S (R 0 4 #) Lactococcus lactis Lab5
FihAFEPKE (FFS > &4 )  Bifidobacterium lactis Bb-12 % g Chr.
Hansen A @ (RE BB 5 "L a2 gzes > 4 4o

(=) #&:

1. Gamma amino butyric acid(GABA), Triethylamine(TEA), HCI, Methanaol,
Phenylisothiocyanate (PITC), B-ercaptoethanol, pyridoxal 5'-phosphate (PLP),
fructose, galactose, maltose, galactose, monosodium glutamate, pyridoxine,
magnesium chloride, calcium chloridept p Sigma Chemical Co., St. Louis, MO,

US.A.
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Taipei, Taiwan.

128 # % 45 LM-570, Yite precisin Machinery Co. Ltd., Taichung, Taiwan.
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f& & P T3+ © Microcomputer pH vision 6071, Jenco Electronics Ltd., Michigan,
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¥ 7Z 4 ® ' B323, Buchi, Flawil, Switzerland.

g4 s Syringr BiF 2P 0 B S

4o 58 2 % k451 - Model SVC100H, Savant Co., New York, U.S.A.

Ak 5% 8 Free Zone 18L Freeze Dry System with purge valve, Labconco Co.,

Cansas City, Missouri, U.S.A.
¥2E 5 © Votex Mixer Genie 2, Scientific Induipment Co., Bohemia, New York,

U.S.A.
.o % Universal 320R, Hettich-Zentrifugen, Tuttlingen, Germany.
% 47 % L Electronic balance ER-180A, A&D Co., Bohemia, New York; U.S.A.
Ak £ K 3+ 0 Unicam Co., Model HE ISO » # AT 2 & » & 44 > 4 % o
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glucose - fructose ~ maltose ~ galactose » £ 590°C ks 1] P85 #&481% Lb.
rhamnosus GG BCRC16000%+37°C5%C022. fx ¥ 32 & 4432 % 36/ p¥ > pl 2 2
GABA: £ 2 GADE M » i B i BRI iE 1 o
2. it ¥ R
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GG BCRC16000++37°C5%CO22 k¥ 3% % {43 % 36-] ¥ » | T GABAZ &
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9% CO2z_ k3 & % 4832236/ P > p| T H GABAZ £ % " efe M # 4R A1 o

() F oo %%t

r2Lb. rhamnosus GG BCRC16000 % &5 Fth > fifsk ik 35 ¢ S i AUR -~ B
EEREBHERGRFEEEIRREL > 100Mliz e AT L AR
4v19 ~ 1.59% ~ 29 galactose 5 X119 ~ 296 ~ 3% glutamate = X2 > 0.1%9 ~ 0.2
9 ~0.3% pyridoxine % X3+ 2Box % Behnkenig {7 = F]+ = FF k2 ¢ <R K K
3+ (Central composition design) » #5% F]+ % H Ff & 4o £ 3.2 > 385% £ 15 > 4
#.3.3%751 » 3*37°C ~ 5% CO22. k¥ £ % 4445 %36/ pF o

B AT L2t 2 GABAZ £ 2 GADE . > 718 B % E 1Y

SAS(Statistic Analysis System) % #t #8 ¢ RESRGR(Response Surface
Regression) 4z ;% :& 7 * & & & 4 7 (Giovanni, 1983) - 1 & /& (galactose) ik &
(X1) ~ ¥ & (monosodium glutamate);k & (X2)£2 v+ #4 A% (pyridoxine) k & (X3) 5 i
EREF)F > UGABAZ R IFAF Y 22 F REY12Y BXRF RE
(response, Y) 5 = F]5 2 8 Sl o Bl Y=F(X1, X2, X3) » £ = 8- X %
I8 #c -
H ¢ Xi=galactosejk &

X2 = monosodium glutamate;k &
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X3 =pyridoxinek &
Y =ap+a1 X1+a2Xo+asXa+aa X1 Xo+a1aX1 Xa+azsXoXa+a11 X12+a22X 2% +assXa?
HPaifoT &I821 ﬁﬁz Tl o 1% SASH R & (7 & 7 2 Design-Expertir 48 &
% o
(=) Bz i pHiEipl 2
BR20mIgFprize L E AP o o R 2 fig AL R B R
BIE 2 pHE o
(=) #prloe 57 F Tpip 2 (AOAC,2000)
mig s 2 5 > 4o~ 10 Mz 4k 478 > 201N NaOH73 i if 1 pH
8.5 e TiF T2 NaOHR A » & % T 7| 3N 8 S U f 8 2 7 f
e (%) °
Lactic acid(96) = (NxfxVx0.09/v)x100
N : NaOHk & fi O INHCLIR ¥R ter 2 4 1§
V: NaOHL/ﬁ%’ 2 48 % (ml) Vo &2 88 (ml)
(~) #pree i F 4 kR
B-lmls p% iz & 34 120.19 peptone waterig A8 (5 - P~ § 7 &
R Iml 2w g & 2 g i 5 2 MRS agar? MR & 25 > 3
% A FE37TC ~5%C0x2 k¥ 35 % fa3s £2% » e Flic o
(1) #pce -5 % 7 £/p T (Padmavati et al., 1997)
BRCEFELNITEL  BHOSgh I E B R e 2 1Y
HCl/methanol (MeOH) » >t & % © 5 B~604 45 » £ 512000 g 4 & .o 154
4 > 1Ak kB P 7 4530 nmZ 657 nmz vk sk B s oLk %#ce =316
AMTemt s $E R R -
=7 % 7 2 (umole/g) = (Aszo- 0.33xAgs7) + 31.6 x MeOHZ = #ic + £ £(0)
() #pRpee st 8p 7 2R = (Wuetal, 2012)
PR B SEARITRE > Fitie 2 ik k2 50% ethanolrz1: 104 6
L 0 ANAC T 4604 48 0 1212000 g iE At 154 48 0 B~ b ik £0.45 um
T TR 2B Rk
iz 2 §4 g% 5mlZ Folin-Ciocalteu reagent 5ml 4% i ® B3 e
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~ 10% NaxCOz5mls [ Bcif & 1] pF > 12 4 Sk Sk B 246 R 735 nmz ¥ 3k 8 > 12

gallicacid i 3 &8 w M -3 & & S g Az & L (§2 £) 77 2 gallicacid s #c-
(t-)#prize $*GABAZ £ Bl %

1 &l A PR TN LA 0% > 20102 ik 52 4 105

ﬁm%WMbﬁﬁfbﬁﬁﬁgfﬁﬁwbﬁn%wﬁﬁiﬁﬁ’%ﬁ%#ﬁ

102 en70%(VIV)2 B4z 3 A BT % -2 TE P2 3w > & 3 - X5 P9riF 2

dFiR45°C TR RE S5 T 4 0 £ 120.1M ammonium acetatew i i % £

[0

10ml > §0.22 umig ¥ i 7 7y -vRA T B E B (58 0 2007) o
2. PITCh=4 #|fe il
B4 BA T ETEA s methanol 22 & gp 5 -k 12 1 1 1(VIV) 2o v 52t 5 182 R &
325 5 BA-20CRT G H Y o
74 %B : PITC~ 4 3+ -k ~ TEA® methanol 1 : 1 : 1 : 7(VV)st &+t 4 5+
PR L35 5 ¥ 3-20CEFHE * o
JF20ulrSREFE 8% > e 2 imABA 20yl REBZFE2TE T iC
o3 EES
4, ¥4 30y limd HBI TR TIFH 204040 B 7 ) Tﬁf*f’s" °
5. #m4 {42 ¥ 5% >v200 y 1$5 4p (0.1M ammonium acetate) ¥ > 120.22um g %-iE
o i & (THPLC A 47 o
6. & 7% i+ (Kuo et al., 2004)
#4p A : 0.1 M ammonium acetate -
# 4pB : 0.1 M ammonium acetate ~ acetonitrile £ methanolr244 : 46 : 10 (v/v)
W F IR R L8E o
#4p Az B:R £ 12 2 glacial acetic acid# FpH®E 1 6.5 -
BEaptrk D dApA  100%-0% 0 #4pB  09-100%
#4p ik ¢ 1.0 ml/min
A drEER L 504 48
R BAE UV 254 nm -
7.2%0-5-10-15-20~25-30~ 35k & 7 0.2mg/mLeik & 538 (7 74 i T
VLR R A X kAR A G (TR R(RP=0.9912) o - 50 A 17 15
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2 A AR AR W R e E R 59 IGABAS £

(=

=) # %z & *GADE (i) 2 (Huang et al., 2007)

Blmlgpsste 2ml AF3 % (77 10 mmol/L $55=piér 2. 0.2 mol/L
NaHPO4-citricacid buffer)>+ 40°C ks 60 ~ 48> F Rl k{8 1A Kip b~ 4%
EER R O KR iR o B R A 17 GABA 7 B o iR B (V)L T

5 A0CT E L A TR A2 1umol GABA 2 & i o

(“2)#Fpee iy s
#196 ¢ i# i+ 2 Lb. rhamnosus GG#:48*t if #r 1.449 galactose ~ 2.279%

glutamate %2 0.209% pyridoxinez_ = & abz%;‘rt‘ ’%“37C 59%6C0O22_ Fk % ¥ %
BN RERI6)FEED S PRV RRAR ZE 0 TR AR RAFEL R
Wi13~14-1501617 SF R L RREREIAC ) B FEHE T
B FER LIRS RPHEL 4 218k 23 4325
Lo E SAIVTEMA BRIBKA L Y 2 BE 3254 > #5080 & =g
FEEEFEIET BRE SRS EET Y ARG 0 SRR ¢4
¢ 7 (color) ~ #f & (swewtness) ~ fi& & (acidity) ~ % =& (flavor) ~ 3~ (texture) = %*
8 % 43 |+ (overall acceptance) % - 3= A4 53z s TA A TR EE 14 &7
BA B BEIEE R B A (£34) 0
WL =7 F LA + BA (Brix )
(te)BFRos G R%
#-4%481% Lb. rhamnosus GG *+37°C# p%36-| P » 33 AR 5 162

)

BB P EN PRI > NTCAREEH15X 0 AU 5369 122

% 15= Bl 2 -T-lp % ;é?\zl‘zgl F ﬂ"?ﬁ;— “EY pH BN /ﬁr' E4 ‘E’Lﬁﬁﬁﬁi‘GABA
7 £ % GADE Mg o

(L 1) ezt a 47
LiRERIDE A = = 0 #7iF ﬁﬁdfill T ®ig g L7 > % SASE
%% i 44 (Statistical Analysis System 9.ed)i& {7 ket & 47 > B F X § Pk 2

(Duncan’s new multiple range test)i& {7 % 85k k22 £ B 247 > % p<0.05p% % 7+
PRBETERFLE -
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(-)

B EE3TCEIE8 ) P ;)313% S HEm >~ TR T o jﬁ'_;‘,’lién%i’?g]{zﬁ;‘ft';ﬁi

FESFAT L ANBRELRRE FASY FR2ZF 2 F 0 w37C ~5% COz

BT 660/ pF o BT c B RS2 pHE ~ T OF A R RS e
®3.3. -

BEMT o AFBL e AFPHE 26300 5 F 4 AFE6-360) BF > &
EFMAPHETF PR 4em TIRE AT 2484 > T F 30 PFIE T g
B %¥ o 2 ¥ Lb. delbrueckii subsp. bulgaricus# B. longum % f%6-60-]- p= & pH
R S RAREE A M 560/ pF o pHEA %] 534022344 0 HEH
2 ﬁf\;i L A p¥60/) FFispHE A # £.3.52~3.87 ; Lb. rhamnosus GG
b3 % 5 6~18/ PEPHE i d 6277 % 2600 B EF 91 ABa(p<
0.05) » ** 4 F % 18- PS4 B 4op BT % o

PR ES AR g BT TOF T2 A R 4o RS4RI
%5 B 50219 - ;ﬁéz Fe B 56 BB AT F A
GEHEFRB ONPRYIA ) FERV AR EES BT R e 50
P> 3 46B. longumZ Le. lactisLab52. =& 54V jF 2k 2 B B IEF 240 PRIS T

P

BEFNEG L F I HEP60 P T R s A uE14% 1.3%

B E60- [ PF2 B BT A 5 B A 51.00%~1.269%F 0 2 &
SR E 2 pHE S B F £ & 5 Lb. rhamnosus GG t 3 ¥4~ v jf 2k 7 £ W4
M 4e > 2 2 BFEEF30 ) S A B FH A SFMR60 ) FTFERIESCTE

B FHN® 2 6 (F13.5) 0 BEE 2 FL LB RO 60 pF AR

2 5 pk A 5 6.3~7.0logcfu/ml > g # %56/ PFL %18 IR R R

B U 4e o 'ELb. acidophilus t > S ARd s 4 2 T e L R 5 36

P REE BB 0 ) 9.5logcfu/mls i pE42-) B UL BB 4 B T " LD,

acidophilus &% fi% % 24/ P& 5 ik fF 8+ £ 10.1 log cfu/ml > ® 7 4 f%36-] p%

f6 4 B F T ' 5 #&4ELb. rhamnosus GGz = & 5 A3 it % 48% 60/ P* 5 ik F#kc
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¥ B HE @ & 2(p<0.05) £ 9logcfu/ml -

* B B¢ EAES x 10° cfuimlz £ 2 &> 37 CH#pE > 29 RAbLb.
rhamnosus GGz & 5* 4% f%9.5/ Fis > pH™ "% 2 45> ¥ jF € 77 1 4xfaLb.
rhamnosus GGihe 54 T "5 tg & Sl > R FREEARY MFHPICAR 7 & %
ol e F A Fed KB Fod R R 4 X RORA R 1
@PHE T % » 7 jf T4 (Lietal, 2012) o 2 547 7 4 2~6964% 3 & AT eh
>k 0 £ 4% 44 Str. salivarius subsp. thermophilus £ Lb. delbrueckii subsp.
bulgaricus - 5% %24 ] p* - pHiEd 6.87 *# 1 4.5 & F#icd 6 log cfu/mlit 3
2 8logcfu/ml (Baeetal., 2011) - * 3} 45 -k J\ S ) (e 4 4aLb. casei ~ Lb.
acidophilus E ~ Lb. casei #c Lb. bulgaricus Lb £ S. thermophilus 19987 - Lb.
acidophilus E+c Lb. bulgaricus Lb#2 S. thermophilus 19987 ~ Lb. bulgaricus Lb#2 S.
thermophilus 19987 » *+37°C 4 %48 ] p* » pH &% 3.78~3.90 2 F » 2 & pF#k
£ % 8.2~8.9logcfu/ml » ¥ jf % % 5 0.21~0.28% (/= > 2006) - s Monasus-3¥ fi¥ 2
+ E % P~ % (MFSE) 7 3t B 54 ¢ > & 48 Lb. delbrueckii subsp. lactis 2 Lb.
plantarum > (g3 524 ) PFispHE ™ " 24.18 > v iF 2k 7 £:31.09% > At
108%cfu/ml » GABA # £ 7= ¢ 1 45.5 mg/100 g DW (Pyo and Song, 2009) ; *
ABSRgREe Y GE 7 HAEGABAA 4 2 FU L FLb. brevis » Lb. plantarum 2
Lb. paracasei**MRS*® 32 % {40/ % > pHE ™ "% 1 < > Hllciess 248/ prid
7|5 % (Komatsuzakietal., 2005) - A7 7 ‘= & S 4287 I & 2 F¥HpH ~ S i 7
B2 VO TR AR e n A 7 4p e fadfELb. rhamnosus GG = &

FOFET RS SEF 36 PFpHE A "F 243 7 F 2
9 > 54 F#<9.5 log cfu/ml -

o
o)

87

(5)3 F ¥ % Bk 4o 2 #GABAS £ 2 GAD 12 B8

BT RS ARSEHCEGABA; B2 B4 35. e AW
iA g pEa GABAZ £ 90.05mg/mL > & Bl 48124 F 4 ﬁ%:«src < 504CO2fx

RS FE12-] PE 1S 0 f £ fEBbifidum i B 5 o) ’méﬁ B4 ERET @
2 7*GABAZ R F 4 B (0<0.05) » *+ % % %36 p5 ¥ 1 GABAZ £ 7|5

B oM ERE A AL fr it GABAZ % e &t X 4 FY » #48Lb. rhamnosus
GGz e A" GABAAZE &3 " PHEEHEIEE P<
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0.05) » =% %36/ PFGABAZ 72044 mg/mL > & A S F 2 28 it i
> GABAZ ¥ 3 % X181 » #£48B. infantis f236-) pF2. = & 5 - GABAZ £ 7*
¥ :£0.38mg/mL > B. longum¥tGABA 7 & #% = »c% e £ > % 236 FFGABA 2
€ @3 % 20.16 mg/mL > 3 4 37 o
B AR ARG pE TR FGADE 2L F K 0 B 4 40.030 Uml > &
HERAI2RE 2 F37C - 5% CO2R ¥ BB 3 pxl2 ) pE i “$ % 78B. lactis
Bb-12/z & 5t *t » B H A F 4 FthL 2 L GADE & A S fEw 4p vt 288
%% 8 (p<0.05) 4 ps36/ ] pF > v R GADEME 5B > @ SEFREET G
% > GADE M8 b7 "% (£3.6.)  &124kF 2 F ¢ > 2 4ELb. rhamnosus GGz
B B P GADE A F R H © LA F(p<0.05) v St pE 5 36/ BT i
0.065U/ml » ## K ‘g a2z =2 7 4pvt > GADEM N B2 » it E P REEF 3
48] p& » GADE 1+ 17  0.061 U/ml » ¢ % 60-] 4 *% % 0.042 U/ml ; #4&
B.bifidum ~ B. lactis Bb-12 % Lb. acidophilusz. =z & 5* >+ p£ ¥ FFGADE (£ 4 R

6

B4 o p%36°) ¥ ¥ 0.046~0.049U/ml » 53 f%60-] FFGADE e T ' 1 9
0.028U/ml -

d 5 4w iF(koumiss) ¥ 4 32 Lb. helveticusi&fd T ~ & 544 f£30-) p= » H pH
BT 24160 T LS BT E 5 18~30/ P& H 4o 0 7 GABAZ £ &
%30 FiE & F 0 % 2 170mg/100g DW GABA (Sunetal., 2009),,, e & Monasus
FEEINOA B IS E P > B 4ELb. delbrueckii subsp. lactis % Lb.
plantarum 5 % %24 ] % » ¥ & GABA 7z £ :£0.46 mg/g DW (Pyo and Song,
2009) - A3 ¢ 124k F 4 AL aj#&;}éﬁ? LB A FRITCH 36 T R E
# B GABAZ £ ZGADE M > B & 2 F#F pEEARG B30 F EGAD» ¥ g
B §U Y R dE L GABA o

73 ko o L. lactis2 E. colisg % 427 #74 4 2 GABA¥ L pHZE 3 £
3 $ufE(Castanie-Cornet et al., 1999; Sanders et al., 1998) ; 4 **GAD# # GABA
ALY b G A HAAS o R IE T T R e T enpH E A e e
%077 % 7 2GABAZ GADFE 2 -/ 57 % prFphac 4 o WaE L kA
I g o F4LH F F# ox(Park and Oh, 2007; Sunetal., 2009) - ~# 7 #&
#Lb. rhamnosus GGz # fi¥ iz & >+ % [236-] F¥ 2. GABAZ & % GADE 14 5
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B OHRBPHEZ 5 RO RIS FF R HpHE &% if % 6-36] FOH ¥ 3
WH B I (p<0.05) 7 AT AF S 12~360) PFR R F MOTH B gl
2 (p<0.05) > &z Lb. rhamnosus GG A3 f¥iE42¢ # 2 ~ EGADT jJ £z 2 7*
PHHEE 5 B B AREAR Y AL FBcz £036-) BFaE $]9.53 log cfu/ml s s
Fat £ A pErE T 3600 PF o 5L A B0 T % 3 8.95log cfu/ml - £ 44
BAREATDEZE AP o PR ABOF A F RSB 0 K or Lb. rhamnosus GGFl A 4
GABA » # i i fEiBA2Y A 2 2 PR IRBE X i imie 508 o ¥ AT or
% 2 124K 5 & ﬁ“'g £ #3225 GABAZ & chwe 4 > 2 11 3% 48 B.bifidum~B.
lactis Bb-12% Lb. acidophilusz. = & 5* &% p¥ 8 FF GABAA € 2 GAD/E M4 IR
A o
St S kot o #&4ALb. rhamnosus GGz 3 fi¥ iz & 54 303 f¥ 36/ pF ¥
WIGABAZ B 63 > il - AR FL e PAFTH 2R~ & RE B G
te4 5 FfELb. rhamnosus GG*37°C ~ CO232 % 44 ¥ % f%36-] ¥ > 11 F o o
FI T G R FCABARE 2 e LA TR o
CE)?FE2ZAREEH eI R 7228
AEFEL LT £ 7 £ 5 0.68umole/g #fET7 F F 24 FE A 6~12
PR REERREL > TR ERR DAY L 12 BREAHY O BA
Lb. rhamnosus GG -~ Lb. delbrueckii subsp. bulgarics ~ B. breve # B. bifidum 2_ ‘=
BRCCHEEY 30 )P EF 4§ 7 i 1.92~1.94 pmole/g 0 B ¥ A B
WEAFL PN (p<005) WMAFFEZ LB SR AIT29R > FREERT
HET 36 P ETFE TR EMIEH S L ERE30 FEES LT F R
At T AR FLBEP>005) SEFpE A2 LB RS R
R IRT EARR (B 3.6.)c L2 A BEMAA R F A F 0 S8 37C ~60 )
PR > TF A 7B 151~1.82 umole/g c B EF R A SHFFEL LB 1 (p

HH? adpHEZ R T S8 E & kB Slic2 - > HEikd kg
A2¥ B P %"Tm%ﬁ;éﬁéxh Mo F 5Py EoT 1»3—% A MpHE ™ 5 42
¥ (Huretal., 2014) » % 4 & Z R {582 5L § J\ij’%fr v e » 109 R P s (8 R
E
L

d

A %EHES S ©F % 7295 5umole/100g > » w4 4ELb. acidophilus -+ Lb.

98

doi:10.6342/NTU201700611



gasseri ~ Lb. delbrueckii subsp. lactis » **37°C# 24/ p¥ts » o5 % 7 £ 4 2
16.8~17.5 pmole/100 g » &8 % B ** A 5@ p % 4 B 5(P<0.01) » &7 % &
FRiEA2Y § AL 7 B4 pHE ™ Mo e 2 5 JI30 154 £ H flavylium
cation?; ;% i3 i Ik B (Wuetal,, 2012) - 2 & 3 & {¢ & faBacillus natto*+37
CTHm36 > HitF 2 7 ERFBHI/RF OLTI3R > T u L 148
e & ¢ RH 42460 B R A2 0B — § § %4 fF(B-glucosidase)
F B4 F % £ & (Huetal,,2010) - A7 3 $#REMAE 2 FEpHEE = F % %
L F-A5 0 B A Lb. rhamnosus GG - Lb. delbrueckii subsp. bulgarics -~ B. breve
£ B. bifidumz_ = & 3¢ » *v g p2iEAR Y pHERITA2PF » o5 % 2 2P > 2R
oo RUIREZE Z 2 FIRBIEH g o
(2)2 R E2 ARF BT A50 7
AEFHL LR 29 51079MgGAE/gDW > 487 F F 24 F
37C ~5% COE:B#ps  CFBFFLE > QP 2R 2A4E% > ¥ 4 F
230 B 1S 0 AR ok (B]3.7.) - 2124k 5 2 B¢ - #&4éLb. plantarum % B. breve

7 B AR
w3

ek

B F 36 PF o A § 215.72~15.86 pmole/g » A E F St fE R ©
2 FL e # A (p<0.05)  fAH ML B SR 7 2R F 9314470
» ¥ fLb. plantarum2 B.brevel= & 5 3 i A af £ 160 pF > - B FUAES 3
BE ¢ N4 o B2 A8/ pEPEARL 4T EREF ¥ £ B (P>0.01) -

e fEHE £ KefirF(7 S. lactis, S. cremoris, S. diacetylactis, Lb. plantarum,

£y

\sﬂh \ 1=\

Lb. casei, S. fragilis,frLc. cremoris ¥ ¥ # #)*" % & % 40-] B+ > s 2 £ d 232

pg CAE/ml 3 4 3 418 uyg CAE/ml » 3 8 ¥80% » e (51848 ¥ pkis » # s e

FURE 7 £ F @0 77%(McCue and Shetty, 2005) 5 - & 7 # R A HAP & F
AIRACFALTE STREAR I EREF I T ATREE (3R 2012) &
kR 4% iz B 54 ¢ $fELb.delveburekiis sp.lactis**37°C 32 % 96-] & > . 7 E

kB R 40 1896 (F 0 2013) 0 AFTF 124K E 2 F A B BT HE RS

S F R T TR AR R (Y R RS R

Jan

R o
S 2ARREY RATEBLEEHMAATE DE
(= ) B
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T B A AR B 4e0.506~2002 TER B TEE LB BELD
rhamnosus GG & *+37°C ~ 5% CO2%k 8 % 536 P » p|1¥ 2. GABAZ £ 2 GAD%
PAae$ 3.7, 2B 5L 7 e LU TT 5 AR > E4ELb. rhamnosus GG A% 4 » GABA
ATEEBERM A B 0 B A lbRr 2L e R 2
GABA z £ ¥ :£0.61mg/mL% 0.62mg/mL > & ¥ % >t 2 & /2 % (p<0.05) ; T e

2R T e f o FitEMRY GABAZ £ T TR R R R A
FAEF R (p>005) 0 A b2 B bR SRR FARELSY > GABA

1P B4 B (p<0.05) 3 s iz £ 5 2 GADE 1.8 % 7 BT » i 4 1596 % 29
Feab2 o B FUF pE S P17 2. GADE 1:20.075% 0.077 U/ml > B ¥ % >0 H & e
2 0 (p<0.05) > 4§ F AR 52 e P GADFE M A B Se R E R
a3 EE LB (P>005) -

el o kNPT R U S R e F S F RS - e
2% 4R *,;é]a TGt lodly 3T R GADE P B F o i $ T
W2 R P &% (Yang et al., 2008) - /5 5 (2008) ¢ e F ~ fedr ~ Belizie Pt

Kl

A2 % GAD/E &

—I;E‘;;,* voERiE T 4 & 5 GABAZ FUEL FHRLD. brevis c st g R A Y &

W l000 B A TR BT MR LA SR F R RS SR R
Lb. brevis# 2 GABAE P ks % » L2 & Tk L ML J MRS £ A7
/”J‘ 4ed9% % 7k > #&F8Lb. brevis K203+ 37°C# %72/ %> 7 i GABAZ £ 4% % 16
%(Binh et al., 2014) - ## 7 #7i¢ * 2 Lb. rhamnosus GG/ & fF * 15 » 3 i
FIr bk A LA FE R R4 T HEE o Lb. rhamnosus GGF i i
- BELSCEfEL 544 > — 4 Leloir pathway » 7 #-L S g e L F 5 E-6-mER
(glucose-6-phosphate) » ¥ — §&j% & tagatose-6-phosphate pathway » #-2 5% g i
5 H i fF-3-#4 4 (glyceraldehyde-3-phosphate) = = #5 /5 Ak £ fis (dihydroxyacetone
phosphate, DHAP) > #& B ¥k« * 14 (Koskenniemi, 2012) > » #F+ * %z}
AT Y R X2 e A F o 4aLb. rhamnosus GG# e 7 A 2 i §
GABA: R Flo s b M dh » iz 2 RS Y Tén L #3033 GABAA E %
GADE MM 4 sc b P BB FH-SB2 78 % 7 4rl15908 2% L FUEt i
EFATHFEC2CABAZE T EAF > - BRI aEF L E(P>0.05)-

()& § R
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ZE A ?’UT 4v 196 ~6 96 2 soytone ~ soy protein isolate ~ & monosodium
glutamated&#&Lb. rhamnosus GG s *+37°C ~ 5% CO23 & 44 ¢ # 36 B+ > ¥f
GABAZ & % GAD/E M2 4% 3.8. » 7 4rmonosodium glutamatez_ = & 5% 4 %
s 2. GABA 7 £ 2 GAD# 2. £ ILI5iRT 75 4e soy protein isolate & soytonez. jix
72w (p<0.05) > ¥ 7 b 2% monosodium glutamatez_ = & 5* 3 ¥ {s GABAZ £+
£0.64 mg/mL > -k A 4% F 1 496-69 ¥ GABAZ £ I j& A ¥ 3% B (p<0.05) ;
4vsoy protein isolate ¥+ % = & 3*GABA 7z £ A GADE 458 g F e (p>
005)> gk Bs ZLE A % 4029 soytonew ¢ % f%x = & $*GABA 2
o2 L% F1047Tmg/mL e Kk F 2 =2 it4p  GABAZ £ X a kg ¥
£ 2 (p<0.05) -

ﬂJ‘ 1% 7 F % =2 3 $48Lb. brevisz B. longum*+30°C ™ % fi¥48-] p& > # ¥
e monosodium glutamate £ tryptone2_ 385 ‘2. 4% 3 # ¥ i 2 # GABA 7 £ 2 %
% [ &% 2t sesoy protein isolate » ¥ i de g ARELAN 2 52 5405 FE36-] PEF 3 4o
£ & B otryptone i pE AR Y R BBE ~ RSHR TR s H 3N B A~ P $1GABA
7z ¥ 2 3 4 2% 7 4emonosodium glutamate(3& > 2007) 5 H#-Lb. brevisi >+ 4r fi%
A Fen GG s A FANEREEAAY # R se10g/L -0 "tk B
GABA 7 £ 2 2t % .47 » > GAD 7 # ¥ ¥ * (v ¥ » 2008) ; Monosodium
glutamate™ £ -k & 1% &2 2 GABAE *#7F A FNa" 2 L-fxi=pk » & m 53§
GABA shunt®} = GABA(Shelp et al.,. 1999) - ## 5 % % & % 7 #rsoytone*s iz &
Fo P o ¥ 4 GABA A £ s % i@ 7 2 monosodium glutamate > 4 GABA shunt
v srglutamate 3 & = GABAZ_ i J sl 4 glutamate)k & 3% 3 > 7 3 & GADE (4
m E:2GABAZ = ; % ,T svglutamatez. MRS broth ® #&#éLb. paracasei NFR17451
¥ ¢ GABAZ £ 4 8 > § glutamate)k & 42:8500mM > fm#z 2 £ £ @ € A% 5 7 3¢
#1(Komatsuzaki et al., 2005) » #MRS broth # 7 4v 4k & (0~20 g/l)monosodium
glutamate - # féLc. lactis » ¥ # % GABAZ £ (Lu et al,, 2009) ° # 7= § if *r
monosodium glutamate™ #§d £ 7k & # B & 113<GAD# 23 4 » £ soy protein
isolate 2 soytone i it i 3bHte 4 SR AT L BT AR Y > 45 8 GABAZ £
2 7T % P ORE R4 o ﬂJ‘ 4v29% glutamatez. = & 5 ¥ X s GABAZ £ 97 #% 3 46
9% - #glutamatelk & #% % > GABAZ € A £ & ¥ 3 4 (p>0.05) »
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(2)if 4o eh fh  FRp4R 2 § 14T

b B gt AR B 40 0.196~0.5% magnesium sulfate ~ calcium chloride #
pyridoxine¥+GABA z £ %2 GAD/E 122 2 540 £ 3.9, o 7 4r0.29%~0.59% pyridoxine
2.2 g 36 PF s GABAA £ 2 GAD S 18 F § 7 ¢ magnesium
sulfate 2 calcium chloride =% %] (p <0.05) > 7 $¢0.29% pyridoxine¥r v & = & 3 fi%
F*GABAZ £ # % 10.60mg/mL - #-pyridoxineif: 4 £ 4 % *GABAZ £ & A ¥
W4 (P>0.05) iz gt¥ ,T 40 0.296 magnesium sulfate¥ ¢ GABA % & #% %
18.6% > i *r EREF205% F A #GABAZ £ T % 7 v calcium chlorides
Ry 72 *GABAZ £ 3 4r v 75 4:0.3% calcium chloride® i GABAZ £ #%
B LLA%G > 227 G i e %/rm\_g Fulprt ¥ EREFLR(P>005) ke
i s 7 7 4vcalcium chloride » # GADE |+ 7 #\;w,] NERREEN G RFLR

g it GABA# = 2 fi¥ % GAD &_- f&r++4 fE ¥ % (Pyridoxal enzyme) » F]
pyridoxal phosphate(PLP) = GAD i® * z_ 1 & # ¥]+ (Kang et al., 2002; Tong et al.,
2002) - 4cpyr|doxal phosphate® i¢ 5 ik gF]Lb. paracasei NFRI74517% fi% # = 2
GABA 2 ;_iv‘gﬁ 4r (Komatsuzaki et al., 2005) » &4 % Bs = pyridoxal phosphatez_ #+ 4%
ook gRy Fpoviad ABem W § 2R UEGABAA, # (3% > 2008) o ¥ - 3
B R TRBLY AR R F 0 24T 4 F-v (calmodulin) it * ¢ & it GADE it
AR GABAZ R - g E T R AATAR T AT L Fu B ] F ook
% > 4r S £calmodulin ¥ b % A35 & 2 i 7] 5z % (Kinnersley and Turano,
2000) > B4 © § F s FA L 2 GADY H AT & b 2 4RI §
GABAZ & > Ay Nz 75 *v calcium chloride#r & i - 32 ¥ % % GABAA
£ 0 P E7% 5 Lb.rhamnosus GG & Ap 2 40 5% & F-v 4253015 B - p Lb.
brevis IFO 120055 i* 2. GAD> 32 % A ¥ Z 4 A 198E+ v 3% % H /& 1+ (Ueno et
al,, 1997) » ¥ * Mz A Y 7 4r0.39%6 magnesium sulfatez_ ‘=z & 3 ¥ 5 > FlF:
et g+ B @ GADE M 4r @ @ GABAZ £ & 3 (IR % e S
pyridoxine °

()2 A

ME Bl G 22 RBE AR e AT LGRS > 2 RSN

R ek B (X)) ~ ¥ ¥ seik B (X2) 2 vkbwﬁ%/] e ER(XS) ) AR AIFET
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e B 2. GABA 7 404 3.10.%77 » #- GABA 7 £ 12 SAS © % E Kt

¥ RSREG(Response Surface Regression)#% ;% i& {7 & o & » 45 » 12 ¥ GABA %

S RPN 2 G R ECE Lt R T A2 2 s = ARt

Y =-1.37+1.73X, +0.49X, +6.77X, +0.01X, X, —0.15X, X, + 0.38X, X,
—0.60X;/ —0.12X? —18.88X?

REEEFAR T A 7404 311 2 2 47(ANOVA) % % ¢ 4 GABA 7 £ 2 &

i fF105¢ (Total model)z - I«QK(R)p 0.9726 » o - il b @ fF e
i ST RNl P R AR IR o S s R ETR e S B
ity AR R

B ML Pl AR RN L R B AR AAE LAY B EN
¥-k#(p<0.05) > © & A& (lackof fit) & i &5 % -k 8 (p>0.05) » ¥ A % F oo o 2

i f%fﬁ“%i;“ B o =03 AN AraE 2 oend SN G YR Aol 1 iF £ (Bezerra

BARITN 1 £ 7 ‘Wﬁﬁ*$5'?'jﬁi7“ﬁ‘*ﬁr5§&% 'ER

etal, 2008) - AF 7 %> A45% % » R? EABiT3t— ~ MM P &5 0.01 (p<
0.05) » T ¢ ALABF Bl XMFIANTREIEHELE
FhAFERR - FRE S BEHRBNEATEE GABAZ EZ R HRR
AR TEPZ AR BE S VERF o d LFFHEE B 6
BRI e AR GABA AR 2 F A IT(2
312) B RAA AR AG B F RS BHAS 2B 5 GABA § £35
» LR FH2 L& F]F(p<0.01) -

PRl S AT ARG R BUR(E z%ﬁ)ﬂ‘ feg P BEL 159% ~ F R
(monosodium glutamate),;"‘én vkl 205 0 weg ﬁg(pyrldoxme),f A1 LN 13
502% 0 = Rz rw] PR KR EF 0 15 miEsk 0 1T 12 Bk A shEp
S 133 15w i Foke B £ E4F 3 o M 31L(Q) 5 B4 02%
pyridoxine pF > L 5t & 2 monosodium glutamate 7 ‘v GABA 4 2§ 2 25 d
Fsd % B7 kg% % 2L 5442 monosodium glutamate ﬂr ‘e g 3 B4 4 GABA
AE % —z“q‘#ﬂj‘ ‘v £ 3 4r 1 1.8% - monosodium glutamate 7 e B H 4D 2.8%

o FRize 5 GABA 7 £ F @ v¢ 50 5 #- monosodium glutamate 7 v § FH

&

=i

TLr 2%PFF > %3 L 542 pyridoxine /‘jwr_ v 3 B4R 4 GABA A& 0 @

FAEp e B4 F 1 1.8% 1 ¢ o pyridoxine 7 4 £42i8 0259611+ w fE i
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Il

GABA z & F @ T '3 (® 3.11.(b)) ; #-ZL 5 W sv & H 2 1.5% > monosodium
glutamate %2 pyridoxine 7z £ # GABA # = 2 82 %4cr@ 3.11.(c) » ¢ F & ¥ & B
A% g > 4 monosodium glutamate % pyridoxine 7 e £# 3% 0 &5 GABA A
£ % A 4484 > § monosodium glutamate 7 @ kB 1 2.8%% pyridoxine 7
BB L 0.25%FF At e 2 GABA 23 R T FARS o

&d RSM K32 SAS sidtsitistr o A F 2 5 ”J‘%cii‘(/& S FORE g
R B0 w1 GABA A £ Suif 1 iR 5 R e
glutamate 2.279% ~ pyridoxine 0.209% » GABA # & g p| & 5 1.14mg/mL > 12 = it
iEE Rt B RS A F 448 Lb. rhamnosus GG ** 37°C ~ 5%CO23 % 36 /|
P ipl 18 GABA 2z £ 5 1.12 + 0.02mg/mL » #2 = =t > 42383+ 5 2 SER| @ AP T ©

ARFHATE AR v RIPRFFHEL S GABAMI 4 £ X R
ZJE* RSM Rfgsa? B FF F G A2 B PR A FER Y TR RSF
TR BFEATE RN S F T A B2 kfER 1 33:58:9(viviv)s £
7 tv 190 ephdp > 7 B4 Le. lactissubsp. lactis 2 2 GABA:» 2 = £ 1% 6.410/L $#&
% MRS & A4 1908 %pg 175 A A5 - GABA 7 £ 3 v 749(Chen et

U 4% 1.4496 ~monosodium

al., 2008) ; I * @ s pEst W & ¢ & iE 42 5Lk ) Lactobacillus plantarum
NDC75017 4546+ 2 5 ¥ - ig RSM s34 T 5 S 75 4c 80MM 44 viepid 44+ 18
uM PLP % 32 %8 B #£241% 36°C » ¥ # GABA % # i 314.56mg/ 100g »
ABERZFE2FE2 5 GABA 2 £ % 1 1.92 & (Shan et al., 2015) ; &2 4
¥ f4a Lactobacillus plantarum NTU 102 & {74 f% > 4 % %q = 9 2555 95 535 4 k&
RAEL 8~12060 ~ #5044 £ 0.6~1% ~ 33 B R 5 3TCHF - A4 GABA
i 629 mg/L # A 3 A2 & 0 F A 4r 27.3 B (Tung et al,, 2011) - A F7 7 &3

FrAAT? I - $Rpi4p 2 pyridoxine 7 g »GABA 2 &7 d 044
mg/mL #% % I 1.12mg/mL - 34 ¥ 2.5 & -

e

HAE B T AR

#4819 7 - 2 Lb. rhamnosus GG *= ik *r 1449 galactose ~ 2.27%

[ad

glutamate % 0.209% pyridoxine z_ iz & * AL H# > & 37°C ~ 5%CO2 2 k% 3 %

36 ) B R T R RS R 5 0.879 0 M Pz B 50 TR IED B AR

fart 2w 5 13141516 2 17> 3§ 50 == A 7 B4 532 B % 4o @)
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39.- A FH P AEf L F 2 5 &g d (color)~ 4 F (aroma) % i # (texture) 2
VR EE STk B Y LR (p<005) > @ &7 & (sweetness) > &+ 14k
fart 16 2 17 2 e Wt S m Ao Blg F fov Rt 13 2 14 2 ekl 0 Bf
& (acidity) 2 & #84% X & (overall acceptance) | ;1 pEpa v A £F 5 16 2 17 2 Bt =
EFE AR ST H(p<0.05) AV AEAERFEE LS UBLF RO ERED

e i g 1 16 £ &7 8 H3% -

5 (1999)i5 B B b A Fa At P BB R & M2 b0 SR T BT o
CY CSE R ’?’ifu%/‘ﬂ*f”’?ﬁ}a“w?m PEE L2 FF > B E
A 7 EoRRRDREL Bl P F S LI R AEHEFLLE L
4&%§‘,gﬂéc»3a/fUV%ﬁqb\u»Q%% 0.25%4F & % & 2 0.25%4F

LRk TE 2 BN L RGRARE CROEIFGRRETE G A SR Y

AEfrd i R A ANREAFEE AR BB AT HRER T S AR

@ﬁﬂ%ﬁ%ﬁm%@ﬁmaQM%?&’é&ﬁﬁﬁ%ﬁ%ﬁz%&

fart ke d T2 RAF ROR - F IR AT S L B (F F 0 2006)
AFE G i B FU 4548 196 Lb. rhamnosus GG *t 37°C % fi% 36 /| p# iRl ¥ 2. pH

%437 ﬁiﬁ%§é0m9“ﬁ%%&éUﬁ?m’ﬁ%%ﬁ“éB2%§

TR ABERISHER DD 14 Brix 0 ARV AKD B2 5iTE o &
i %,_%#ELL(I\ 313) ‘fﬁ}i , &*ﬁﬁg‘pb B g;,g A EE LR

BRI RGTRR

#4548 19%Lb. rhamnosus GG *+ 37°C % % 36 /| p% » I 3 FEHER 5 16 2
FRE B R 4TS 3-15 % 0 B D &~ 7 F R A S Flcn® - 4o
310, #pEi e 12 AC G pl 5 4.3 7 2k s 0.87% » Sk F#cs
log 9.56 cfu/ml > 4CA&EFEBEFET 3 1 6 % ~pl EA7F EFa®(p>
0.00) > @ s ERE s~ B4 > pH ERE R T "2 48% > JAGRET 12 X 1 15 % A2
* o pH B AR B FEC(p<0.05) > > 4CiEs 15 = {6 » Fptees pH B 3
408 F e 93t ACHH 0-3% 355 6 7 FRhs BB REL
AHA o EEE 0L 5 AT FAMIE S AL MERD N ACHH 15T
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REBCe P VIFTRIEREETES Y 36.6 %(p<0.05) - =& HFpEs
ACiEH 3~15 % » sk s £ 4Tt 0-0 < » A B Bl 2 BEE R 1 (p
>005) @ erERg r PR L > FPRABKI AT T CREF 10 e ¥k
P F s log 9.42 cfu/ml o R 2 FEES A ACRE FEARY GABA 7 £
2 GAD /B4 (B 311)3 > GABA 3 B RGP sem T 2 A8% > 5k
9 e  GABA 2 EHF 3 AL G2 ¥ 22 3 (p<0.05) » @ i ik
F 10 % > 2 GABA 7 £ 7 i 1,26 mg/mL > #aiE s 3 40 X 12,590 © R
FHREFR 5 GAD E ek RARS 27 GABA 7 £ 4p 10 > GAD F TR PF R
HAvm ik 3 >3 4TS 9 X HE e FR GAD FD AL Fa¥ (>
005 BT 122 > e FBIGCADFEREFF N ALRG2ZFRERZEN(P
<0.05) > FiERESF 15 % » e #ES GADERS 0.13 U/ml > s &3 9
51.4 % - K K BB AL DCHEw 14 = » 2 FH#ikd 9.07~11.80 log
cfu/ml = *% 1 8.27~10.61 log cfu/ml > pH &A*% 7 0.01~0.03 > ¥ JjF 2 pey
40 0.13~0. 90%Cix %= 5% > 2006) 5 * 54548 L. plantarum PULL % pz 48 /| p= > +
A2 144.5mg/kg GABA > *» 4C5 % 40 = » H Rl A 7 HFa® BPR
v ie® 5 s ACE #rilidftadFE 2 > GABA 7 9 &5 F = 1 165. 7 mg/kg » # 4«
14.67% (Nejati et al., 2013) c 2 33 gtz bt s a7 »plE -~
AP PR ECE GABA 7 BNt m AT AR F A RS R RE G
oo Fov FORfEEF B R Bded T A RN F AL o 4v b GAD % 9 4 it
2 5 GABA» @ i€ ¥ GABA Z £ 3 4c (Gronnevik, Falstad, & Narvhus, 2011)-
Fyp P FARRFILE CNS3058 T # st | 2 B MERT 8 FRF7 £
232 107 cfulg(B 28465 & > 2016) » 2 AT 5 2 Bt 8 NG REL > B LR
TR R T o v‘)]%;};] o P RE Fiﬁ—‘gﬁ p #2 100ml z 7 10~12mg GABA
SR RS B 12 % 8 0 TR E 11 17.4mmHg > 4755 R ' 14 7.2 mmHg(Inoue
et al., 2003) ; At dsie gFRIE Y > o] B4 L 46.69 mg / ml ¢ Lactobacillus sakei
B2-16 # 2 7 GABA > 7 »xdt % | & & F e fhic 4 (Seoetal., 2012) ; B = A &
P &5 18mg GABA ¥ if ' i R % 4p Bl 4 187 2k (ph 0 2006) o AT ko B B R
5 % GABAL.12mg/mL > # p 3~ 16 ml ¥ 5  18mMgGABA > [ P74t %L 5 4
Fl P2 RACe B FR FELE S EBABEREETAR-
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Ji

3 4L )
2 5w

B RokiFiks > it b BOR(WV)A BTCiRe 8 B dliRie i - Aus
B~ der BOgm i L (WIW) RS > TR e e AT AR 12 e £ Y
* F 4 F 0 ¥ 37°C ~5%CO24 % 45 ¥ % fi¥ 36 -] ¥ > 1248 Lb. rhamnosus GG
2 g i b fEiEs® GABA A8 5% 4 0.05mg/mL #% % 3 0.44mg/mL > 4
404 881 » GAD JE L7 ¥ d 5% 2 0.030 U/ml # & 3 0.065U/m » 5.5 fif
435 ¥ if wfed 0.21964 4 1 0.87% 5k B

FEET A 288 oW 7 8RB 940

6] FFis pH Ed 627 T 3 43>
iz 9.35logcfu/mly =4 % 7 2R A
94

o A F A Mg 0596200 A~ RAE -~ § RS LI £ R4 Lb.
rhamnosus GG ** 37°C ~5%CO2 # % 4% % > 11 7 dv 159 L FUdE2 2k i
4 > GABA % #:i% 0.61 mg/mL » GAD 7#4+:£ 0.075U/ml > BgF B> % 4 ¥ §
W RS P T2 (p<005) 0 kg gAY A B e 196~6%
soytone ~ soy protein isolate & monosodium glutamate £ %4 Lb. rhamnosus GG
8= ,;']‘ 4v 2% monosodium glutamate z_ = & ¥* GABA 2 € 2 GAD i# 2k
*t 7% 4r soy protein isolate £ soytone 2. s 3E 2 (p <0.05) - #% monosodium
glutamate 7 *c kAR ® > £ 242038 GABA A2 £ (p>0.05) o 4 ulij 4 0.1%
~0.59% magnesium sulfate ~ calcium chloride 2 pyridoxine 2_ = & 5* %% 36 /] P¥

BFEELS AT i 4 0.2% pyridoxine ¥ # = & 3 fix5* GABA Zz £# % 2 0.60
mg/mL > GAD & 44+ # % £ 21% -

RN/ LI BEE s fea: :sz‘%?f B e o 0 e 196 AU ~ 20040 VR4
2 02% 5 s ¢ B FHBEATH -3 GABAZ R 2 8 &
BT ?gﬂ?ﬁiiﬁfﬁ‘ﬁ;“ﬁﬂRz 097260 ¢ T EREAKF > HELZ S fF
ANV IR B FY Re D A R AR S IR B R AR
f516 GABA 7 2 ¥/ % » if RSM 3+ 2 SAS M fir#l A 4 @ irz g 4 ¢ i
dv L FUE 14490 ~ g Rphdp 2.27% ~ e iR 0.20% 0 £ #4& Lb. rhamnosus GG
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=g

wTERE 0 L4 A GABA 2 Beiitpe if i - GABA A B plE 5 1.14
mg/mL > S &gt 22T Y ERE GABA 7 £ 5 112 + 0.02
mg/mL > & 3ERIEAPIT -

B EAFEGRTIER2 et iada 1% F it 2 Lb. rhamnosus GG 5
37°C ~5%CO2 2 k¥ % 36 /] > PlR 7 jf € 7 £.9 5 0.87% > 1 E e
RRERE 2 11T R FR T Sy # R FRER L #F e s 5 b
(color) ~ % # (aroma) % & = (texture)z ~ #icx ®m A ¥ £ £ (p<0.05) » & A&
(Sweetness)™ & > ERLM 16 2 17 2. B F RS T o BB FROR 0 AR
(acidity) 2 & %84 % & (overall acceptance): ™4 B R| 2 pEF v 5 16 2 17 2 % p%
B 5B BB SiA #i(p<0.05) -

o RARE R s SRR L 16 £ B2 4Ci 3~15 % » A pH
EERTEARER VIR ECR R AL AW SR EABEE 15
T3 log9.42cfuiml» # 4 °¢ B RILE TS | B EHT &%
FEEF SRR ¥ GABA § B 126 mg/mL > 2 5% 7 11§ # GABA
FERIFRND D IFEZFAFRF R FHERABEACE R ERY o
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ks 5 ok %t 37Ciie 81 ¥ > GABA § £7 d 6.81mg/100g
# 43 90.27mg/100g > #& % 13 & > GAD #1td 44Ug-1DW #% 8 3 595U g-1
DW: -kixz &d 13.8%3# 41 47.3% > 2 F#icd 1.30 log cfu/g # 4 = 5.44 log
cfulg> =2 pHEd 73 7% 158>+ % 7&J 113 umole/g ™" I 0.85
wmole/lg > & 7z £ 4 14.85 mg GAE/ g DW # % & 18.04 mg GAE/ g DW >

F_*

Rpom
fgﬂ% /.w_"""i—r 3’4}3 ‘;'é'LTF‘;mGAD’zam:J’%@TP? GABA%‘—E_,

EHEARY B BT L MR LA o a RB AP R B ER T
AT AL GRS EREL s T EFET

E37CEE8 | FLxe » L5B-20CHE4L 0 48 | X33 B iRk 24 )

P 7 - GABA 7 £ £ # 8 1 15451mg/100g = > A ST P A2 3T - B B
N 2R2TB LR BAERER CEY T R EEI /P E AT T E
NAEBEEZT IR AR R R eI B 2 GABA 7 £ a9tk 3 doif ) o &
FHRERER B RRCCEFEEFDIL > 7L GBEEL N~ R I -
ERFEERERILL w2 ER R P E RS e AT s
RBpFELAFT Y252 Fp 2w 37C5% CO232 % 44 7 # > 11 4%44 Lb. rhamnosus
GGz =25 GABA A & £ 38 >d 0.05mg/mL # 3 1 0.44mg/mL> 34 4¢ ¥) 8.8 &5 »GAD
7T d g pe 2 0,030 UMl 2 % 3 0.065U/MI» 154 £ 7 B B A 5 ik 5 4 2.88
BoRpFERB Y409 pH Ed 6.27 T 43 Vi a A d 0219 4 3
0.87% » & F#cE 9.35 log cfu/ml -

Rl G R e e S AT 2 i e o e L)X S (RUR) ~ 2%
monosodium glutamate(# )% 0.29%pyridoxine(# 7 e )u ¢ s Bh FES A
Tt 24 fsf GABA A B2 B4 (i AT % B i 4o 2 4 14496 14
g an 2.279% ~ v+ g 0.20% 0 5 Lb. rhamnosus GG % % 4 2 GABA 2 & i it fie
%t > GABA 2 £ 3R E 5 1.14 mg/mL -

ShE MRS FEAR e AT e > FEERERT GABA FE 5 112
mg/mL > ZFERIEAPIT o B F ST o FREE g R S 160 &
BABEZFHMESRY L] RS ST PR ATHE2 B A F2H
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iz e 5
mg/mL > ¥ F'fL B
R LFEEE

A

%

5 112mg/mL %3 2 1.26

BfsY FARATRE TEES ) AMERT Y BEERTE

S0 A T2 A o
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# 3. 1L B EELRAFEDT b
Table 3.1. Some example of commercial probiotic dairy beverages

Product

Starter organisms

Acidophilus milk
Sweet acidophilus milk
Acidophilin

Nu-Trish A/B

Diphilus milk

Biomild

Cultura® or A/B milk
Bifighurt®

Acidophilus buttermilk

Acidophilus-yeast milk
Bifidus milk

Yakult

Yakult Miru-Miru
A-38 fermented milk

Onaka He GG,
Gefilus (Valio Ltd)
CHAMYTO

Vitagen
Procult drink

Actimel

AKTHTit, Biola, BioAktiv,

YOMO, LGG+,

Yoplait360°, Kaiku Actif

Gaio
Verum
ProViva

Lb. acidophilus

Lb. acidophilus

Lb. acidophilus, Lc. Lactis subsp. lactis, kefir yeasts
Lb. acidophilus, Bifidobacterium spp.

Lb. acidophilus, B. bifidum

Lb. acidophilus, B. bifidum

Lb. acidophilus, B. bifidum

B. longum (CKL 1969) or B. longum (DSM 2054)

Lb. acidophilus, Lactococcus lactis subsp. lactis, subsp.
cremoris, subsp. lactisbiovar. diacetylactis
Lb. acidophilus, Saccharomyces lactis

B. bifidum or longum

Lb. casei Shirota

Lb. casel, B. bifidum or B. bereve, Lb. acidophilus
Lb. acidophilus, mesophilic lactic cultures

Str. thermophilus, Lb. delbrueckii subsp. bulgaricus,
Lb. rhamnosus GG
Lb. johnsonii, Lb. helveticus

Lb. acidophilus

B. longum BB536, Str. thermophilus, Lb. delbrueckii
subsp. bulgaricus
Lb. casei Immunitas™

Lb. rhamnosus GG

Lb. casei F19
Lb. rhamnosus LB21
Lb. plantarum 299v

(O zer et al., 20)
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Table 3.2. Process variables and levels in the three variables- three levels response surface

design
Coded-levels
Varible Symbol
-1 0 1
Galactose X1 1% 1.5% 2%
Glutamate X2 1% 2% 3%
Pyridoxine(vit Be) X3 0.1% 0.2% 0.3%
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Table 3.3. Three variables-three levels of rotatability central composite design arrangement

of adzuki bean milk

Response value Code value

Runs Galactose Glutamate Pyridoxine X X X
(%) (%) (%) : 2 3

1 2 3 0.2 1 1 0
2 2 1 0.2 1 -1 0
3 1 3 0.2 -1 1 0
4 1 1 0.2 -1 -1 0
5 2 2 0.3 1 0 1
6 2 2 0.1 1 0 -1
7 1 2 0.3 -1 0 1
8 1 2 0.1 -1 0 -1
9 1.5 3 0.3 0 1 1
10 1.5 3 0.1 0 1 -1
11 1.5 1 0.3 0 -1 1
12 1.5 1 0.1 0 -1 -1
13 1.5 2 0.2 0 0 0
14 1.5 2 0.2 0 0 0
15 1.5 2 0.2 0 0 0
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Table 3.4 The questionnaire of hedonic test of fermented adzuki bean milk
WL 2
w9 O+

#8 0[]20 k™ [ 21-30 & [ 31~40 & [ 41~50 & [ 51~60 ¢

WP L AREKREGF D BRES FRAE ST SR FRESARNTES L JE O E

BHRS&FTFRE AN Kok B &7 - BiRS -
E

NS

o 15 25 # 4 # 4 % 2t

. %

¥ ¥k 2 ¥

% z 7 »

%: _‘}; ;‘} % %

" B hon )23 hn hn hn
e [] [] [] (] ] ] ]
A ] ] ] ] ] [] []
fik B [] [] ] ] ] ] ]
LR 3 ] [] [] (] ] [] ]
g ] ] ] ] ] ] []
FREEE [] [] [] (] ] [] []
T & 1 25 2= % 4 % X % e

. E

¥ ¥k 2 ¥

% a # »

: 47 ¥
7] [] [] [] [] (] [] []
R ] ] [] (] (] [] []
e B ] ] [] (] (] [] []
EE3 ] [] [] ] ] ] ]
g ] ] ] ] ] [] []
FHEFE [] [] [] ] ] ] ]
e )
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Table 3.5. Effect of GABA content in adzuki bean milk inoculated with different probiotic strains

GABA content(mg/mL)*
Strain 0 h. 12 h. 24 h. 36 h. 48 h. 60 h.
B. infantis 0.05£0.025%  0.09+0.01°°  0.21£0.03“"  0.38+0.02°  0.31+0.048°  0.12+0.04P"
B. adolescentis 0.05£0.01°%  0.08+0.018¢®  0.10+0.018¢ 0.30£0.03A¢  0.29+0.03~*  0.10+0.03B:c
B. longum 0.05£0.01°%  0.09+0.02%°  0.10+0.018¢  0.16+0.03~f  0.15+0.02*¢  0.04+0.01¢¢
B.bifidum 0.05£0.01°%  0.06£0.01®>  0.12+0.03%%  0.21+0.01~¢"  0.22+0.02*¢  0.04+0.01¢¢
B. breve 0.05£0.01P2  0.07+0.02°P°  0.14+0.02B¢ 0.29£0.02A¢  0.29+0.047*°  0.10+0.04¢
B. lactis Bb-12 0.05+0.02%2  0.07+0.028%  0.08+0.028F  0.22+0.03A%  0.21+0.03”¢  0.03+0.03%¢
Lb. rhamnosus GG 0.05£0.01F*  0.15+0.02%%  0.28+0.03*  0.44+0.02%  0.38+0.02%2  0.20+0.02°2
Lb. delbrueckii subsp. bulgarics 0.05+0.01°%  0.13+0.02¢P 0.24+0.03%%  0.41+0.024°  0.40+0.02*%  0.21+0.02B2
Lb. plantarum 0.05+0.01°*  0.08+0.02°P®  0.18+0.03%°  0.37+0.05°  0.33+0.05%P  (.14+0.058CP
Lb. acidophilus 0.05+0.01%%  0.07+£0.01°°  0.11+0.018%  0.23£0.04A%  0.22+0.03*¢  0.06+0.02¢
S. salivarius subsp. thermophilus 0.05+0.02¢2 0.08+0.01¢° 0.13+0.028%  0.27+0.01A%  0.24+£0.02”4¢  0.06+0.02¢
Lc. lactis Lab5 0.05£0.01°%  0.08+0.02°°  0.19+0.03°¢  0.31+0.03A°  0.25+0.098¢ (0.07+0.020%

Lvalues are expressed as mean + SD (n = 3).

2 Means with different uppercase letters within the same row are significantly different (p <0.05). Means with different lowercase letters within

the same column are significantly different (p <0.05).
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Table 3.6. Effect of GAD activity in adzuki bean milk inoculated with different probiotic strains
GAD activity(U/ml)!

Strain 0 h. 12 h. 24 h. 36 h. 48 h. 60 h.
B. infantis 0.030+£0.001 P2 0.034+0.004 “PPc 0.048+0.001 B2 0.059+0.002 A*° 0.057+0.002 AP 0.036+0.003 ©P
B. adolescentis 0.029+0.000 P2 0.034+£0.001 ©P¢ 0.037+0.002 ©¢ 0.056+0.003 A  0.049+0.002 B¢ 0.034+0.002 CP°
B. longum 0.030+£0.002 2 0.032+0.001 P¢ 0.037+£0.002 ¢ 0.051+0.002 A€  0.047+0.002 B9 0.029+0.001 Pd
B.bifidum 0.029+0.002 P2 0.034£0.001 <" 0.036:+0.001 BCd 0.046+0.002 9  0.039+0.002 B9 0.029+0.001 Pd
B. breve 0.029+0.002 B2 0.032+0.002 P°¢ 0.040+0.002 ©* 0.054+0.003 A% 0.047+0.002 B9 0.034+0.003 DPbc
B. lactis Bb-12 0.030£0.001 PE2 0.033+0.002 ©P° 0.036+0.002 ©¢ 0.049+0.002 Af  0.044+0.002 B¢ 0.028+0.003 P
Lb. rhamnosus GG 0.030+0.001 P2 0.040£0.004 €2 0.053+0.007 B2 0.065+0.003 ~*  0.061+0.002 A2 0.042+0.001 ©2
Lb. delbrueckii subsp. bulgarics ~ 0.031+0.001 "2 0.037£0.002 52 0.050+0.002 ©2 0.062+0.001 ~* 0.057+0.001 B 0.043+0.002 P2
Lb. plantarum 0.030£0.002 ®? 0.033+0.003 ©P¢ 0.044+0.004 Bb¢ 0.061+0.002 A® 0.057+0.002 AP 0.037+0.004 CP
Lb. acidophilus 0.029+0.000 PE2 0.032+0.003 P¢ 0.038+0.003 ©9 0.048+0.001 ~fM  0.043+0.001 Bf 0.028+0.003 E¢
S. salivarius subsp. thermophilus  0.030£0.001 P? 0.033+0.000 °¢ 0.040+0.004 ©¢ 0.058+0.002 AP 0,051+0.002 B¢ 0.030+0.002 P
Lc. lactis Lab5 0.031+0.002 P2 0.033+0.03 P° 0.044+0.003 ©"¢ 0.058+0.004 Abcd 0.051+0.002 B¢ 0.031+0.002 P

Lvalues are expressed as mean = SD (n = 3).

2 Means with different uppercase letters within the same row are significantly different (p <0.05). Means with different lowercase letters within

the same column are significantly different (p <0.05).
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Table 3.7. Effect of carbon source on GABA content and GAD activity of adzuki bean milk

Carbon GABA content (mg/mL)*

source 0% 0.5% 1.0% 1.5% 2.0%
Glucose 0.44+0.02422 0.46+0.02/%° 0.45+0.05°° 0.4610.02*° 0.48+0.02AP
Fructose 0.4310.0282 0.3910.06%°  0.4410.04B° 0.5110.04AP 0.5240.01A°
Maltose 0.4310.03%%  0.4410.04A°  0.4810.28%% 0.4710.03~Y 0.5010.03A°
Galactose 0.4410.0282  0.5440.03B*  0.54%0.03%% 0.61+0.02*% 0.62+0.01°2
Carbon GAD activity (U/mL)

source 0% 0.5% 1.0% 1.5% 2.0%
Glucose 0.065£0.003%® 0.065+0.00242P  0.065+0.002~P 0.063+0.0024° 0.064+0.001AP
Fructose 0.06310.0228%2 0.06410.0027BC 0.06210.003%" 0.067+0.004”B° 0.068+0.001AP
Maltose 0.06410.004~2  0.064£0.001AP  0.065%0.002"° 0.064£0.002~° 0.067£0.002AP
Galactose 0.066+0.003¢2  0.070+0.003B%2  0.070+0.001B2 0.075+0.0014% 0.077%0.002A2

L Values are expressed as mean+SD (n = 3).

2.

Means with different uppercase letters within the same row are significantly different (p

<0.05). Means with different lowercase letters within the same column are significantly

different (p <0.05).
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Table 3.8. Effect of nitrogen source on GABA content and GAD activity of adzuki bean milk

GABA content (mg/mL)*
Nitrogen source
0 % 1% 2% 4% 6%
Soytone 0.4410.02A22  0.42+0.0248° 0.4710.04*°  0.41+0.02%° 0.41+0.03B°

Soy protein isolate 0.4310.024 0.39£0.0248> 0.41+0.027B* 0.42+0.02~°  0.38+0.02B°

Monosodium 0.4410.0262  052+0.0582 0.6410.03**  0.6510.01A%  0.64+0.02A%

glutamate
GAD activity (U/mL)
Nitrogen source
0 % 1% 2% 4% 6%
Soytone 0.05910.002482 0.056+0.00382 0.062+0.0024* 0.060+0.0014° 0.059+0.00248°

Soy protein isolate 0.059+0.002%  0.057+0.001/2 0.059+0.0024* 0.060+0.0024 0.057+0.0014°

Monosodium

glutamate 0.057+0.003B2  0.059+0.001B2 0.079£0.003*¢ 0.079+0.001%2 0.079+0.001A2

Lvalues are expressed as mean = SD (n = 3).
ZMeans with different uppercase letters within the same row are significantly different (p <
0.05). Means with different lowercase letters within the same column are significantly

different (p <0.05).
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Table 3.9. Effect of other additional each pyridoxine, magnesium sulfate and calcium chloride
on GABA content and GAD activity of adzuki bean milk

GABA content (mg/mL)!
Other additives
0% 0.1% 0.2% 0.3% 0.5%
Pyridoxine 0.44+0.02 22 0.48+0.0582 0.60+0.03"% 0.59+0.02”% 0.60+0.02/2

Magnesium sulfate 0.43+0.02°% 0.44+0.03%% 0.51+0.04B 0.52+0.024° 0.46+0.01BC°
Calcium chloride  0.44+0.0242 0.44+0.04”2 0.47+0.02”° 0.49+0.05P 0.44+0.03AP

GAD activity (U/mL)
Other additives
0 % 0.1 % 0.2% 0.3% 0.5%
Pyridoxine 0.062+0.002 B2 0.065+0.004B2 0.075+0.00242 0.076+0.00242 0.077+0.00242

Magnesium sulfate 0.063+0.002¢¢ 0.062+0.003¢2 0.067+0.003*8> 0.067+0.0034" 0.066+0.004B8C¢
Calcium chloride  0.063+0.0014% 0.064+£0.00242 0.065+0.0024° 0.069+0.001A° 0.070+0.004A°

Lvalues are expressed as mean + SD (n = 3).
2Means with different uppercase letters within the same row are significantly different (p <0.05).
Means with different lowercase letters within the same column are significantly different (p <

0.05).
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Table 3.10. GABA content of fermentation milk according to a response surface design
Trials X1 X2 X3

GABA content (mg/mL)
Galactose Monosodium  Pyridoxine
(%) glutamate (% ) (%) Observed value  Predicted value

1 1(2) 1(3) 0(0.2) 0.8310.04 0.91
2 1(2) -1(2) 0(0.2) 0.73£0.03 0.69
3 -1(1) 1(3) 0(0.2) 0.88+0.02 0.98
4 -1(2) -1(2) 0(0.2) 0.7940.06 0.78
5 1(2) 0(2) 1(0.3) 0.66+0.04 0.70
6 1(2) 0(2) -1(0.1) 0.73+0.06 0.76
7 -1(1) 0(2) 1(0.3) 0.77+0.02 0.79
8 -1 (1) 0(2) -1(0.2) 0.81+0.02 0.83
9 0(1.5) 1(3) 1(0.3) 0.88+0.02 0.92
10 0(1.5) 1(3) -1(0.1) 0.85+0.05 0.89
11 0(1.5) -1(1) 1(0.3) 0.61+0.02 0.64
12 0(1.5) -1(2) -1(0.2) 0.7310.06 0.76
13 0(1.5) 0(2) 0(0.2) 1.04+0.05 1.11
14 0(1.5) 0(2) 0(0.2) 1.10+0.05 1.11
15 0(1.5) 0(2) 0(0.2) 1.09+0.02 1.11

1" GABA content of ABM without inoculation Lb. rhamnosus GG was 0.05 + 0.01 mg/mL.
GABA content in ABM inoculated with Lb. rhamnosus GG at 37°C in 59%CO; for 36 hr

was 0.44%0.01 mg/mL

2 Values are expressed as mean = SD (n=3).
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Table 3.11. Analysis of variance (ANOVA) for GABA content of fermented adzuki bean milk

Source DF? Sum of squares ~ Mean of squares®  F-value Prob>F
Model* 9 0.0300 0.9726 19.70 0.0022
Linear 3 0.0583 0.1892 11.50 0.0111
Quadratic 3 0.2355 0.7643 46.46 0.0004
Cross-product | 3 0.0059 0.0191 1.16 0.4118
Total error 5 0.0085 0.0017

Pure error 2 0.0026 0.0013

Lack of fit 3 0.0059 0.0195 1.50 0.4240

R?=97.26%

LANOVA for response surface quadratic model

2Degree of freedom

3Determination coefficient

122

doi:10.6342/NTU201700611



2312, LF|FHEE B G E R ELET B GCABAZ R EEFE A
Table 3.12. Analysis of variance showing significance of the variance on GABA content of

adzuki fermented milk

gf  Sumof Squares  F Value PrObSE

Galactose(X1) 4 0.0932 17.79 0.0066"
Monosodium glutamate(Xz2) 4 0.1042 15.42 0.0051"
Pyridoxine(Xs) 4 0.1424 21.06 0.0025
Significant at 1% level
: Degree of freedom
b
Prob > F = level of significance.
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Table 3.13. Basic characteristics of adzuki bean milk and commercial fermented milk
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Abstract

y-aminobutyric acid (GABA), a non-protein amino acid, is widely distributed in nature
which provides several physiological functions. In this study, various lactic acid strains which
were commonly used to produce fermented milk products were inoculated into adzuki bean
milk for producing GABA. The high GABA producing strain was selected in further experiment
to improve the GABA production utilizing culture medium optimization. The results
demonstrated that adzuki bean milk inoculated with L. rhamnosus GG increased GABA content
from 0.05 mg/mL to 0.44 mg/mL after 36 h. of fermentation, which showed the greatest
elevation in this study. Further, the optimal cultural condition to adzuki bean milk inoculated
with L. rhamnosus GG to improve the GABA content was performed by response surface
methodology (RSM). The results showed that GABA content was dependent on the addition of
galactose, monosodium glutamate and pyridoxine with which the increasing ratios of GABA

was 23-38%, 24-68%, and 8-36%, respectively. The optimal culture condition for GABA

production of adzuki bean milk was found at the content of galactose 1.5%, monosodium
glutamate 2%, and pyridoxine 0.3%. Under the optimal cultural condition, the amount of
GABA produced in the fermented adzuki bean milk was 1.08 mg/ mL, increased 21.6 folds
higher than that of the unfermented adzuki bean milk (0.05 mg/ 100mL). The results suggested
that the optimized cultural condition of adzuki bean milk inoculated with L. rhamnosus GG can
increase GABA content for consumers as a daily supplement as suggested.

Keywords

Gamma-aminobutyric acid, Lactobacillus rhamnosus GG, Adzuki beans, Response surface

methodology
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1. Introduction

The adzuki bean (Vigna angularis) is an annual vine widely grown throughout Southern
Taiwan that is used mainly in the production of sweets such as mooncakes, tangyuan, youkan,
etc. It is a good source of a variety of minerals, with 100 g of adzuki beans providing 7.1 mg
of iron, 162 mg of magnesium, 442 g of potassium, 3.1 mg of zinc and 94.5 mg of calcium. It
also contains various amino acids, the most abundant being glutamate (3608 mg/100g),
followed by aspartate, leucine, lysine and arginine [1]. In addition, the adzuki bean contains
pro-anthocyanidins and polyphenols that are known to have antioxidant effects, attenuate
blood pressure elevation, lower serum triglyceride level, suppress hyperglycemia, and prevent
cancer metastasis [2]. Though the adzuki bean is used extensively in the treatment of dropsy
and beriberi in traditional Chinese medicine [3], it is seldom the focus of functional food
development studies.

Gamma-aminobutyric acid (GABA) is a four carbon non-protein amino acid that is
known to function as an inhibitory neurotransmitter in the brain and spinal cord of mammals.
GABA is produced primarily from the a-decarboxylation of glutamate catalyzed by glutamate
decarboxylase (GAD) and is known for relieving menopausal syndrome, enhancing immunity,
treating cancer, preventing chronic alcohol-related symptoms and fighting obesity[4].

Although GABA is available in many fruits and vegetables, the concentration in foods is low

in nature ranging from 0.03 to 2.00 umol/g fresh weight [5]. Many researches focus on finding

new ways to increase GABA content in natural food that can benefit human health.
Environmental stress, additives and biotransformation have been found to stimulate the
accumulation of GABA [6, 7]. The microorganism fermentation is an effective and convenient
method to ferment and produce GABA in food industry. The fermentation of Escherichia coli,
Aspergillus oryzae, and Rhizopus microspores var. oligosporus can produce high-purity

GABA, such as Tempeh, and Chinese fermented soybean product [6, 8]. Lactic acid bacteria

144

doi:10.6342/NTU201700611



(LAB) have been applied in GABA production over the last few years. For example,
Lactobacillus brevis, L. paracasei and Lactococcus lactis are applied to the GABA-rich foods
and pharmaceuticals synthesis [9-11]. The GABA-producing LAB is mostly cultivated in
synthetic or semisynthetic media; however, the purification of GABA after fermentation is
necessary, and this will increase the time and cost of production. Application of natural media
such as dairy products, fruits and vegetables for LAB to obtain GABA-enriched food could
avoid the previous problems, however the literature was limited.

The adzuki bean contains a high level of glutamate and has the potential via fermentation
with LAB for enrichment of the GABA content; further development of fermented milk that
is suitable for drinking every day and that assists the consumer to take in enough GABA and
calcium to experience the conferred health benefits would then be possible.

It is found that GABA-production ability of LAB is influenced by the cultural
compositions suitable for glutamate decarboxylase reaction, especially by the type of carbon
source, nitrogen source and other components [12-14]. It is important to optimize the medium
for enhancing GABA production during fermentation. Traditional optimizing methods involve
changing one independent variable while fixing the others at given levels, but the single-
dimensional search technique often fails to yield optimized conditions because it does not
consider possible interactions among factors. Response surface methodology (RSM) is a
combination of statistical and mathematical techniques useful for optimization of
bioprocesses. It can be used to evaluate the effect of several factors that influence the responses
by varying them simultaneously in limited number of experiments. Based on the key factors
influencing the GABA production opted with one independent variable, RSM was applied to
optimize the factors of medium for enhancing the GABA production.

The purposes of this study are aimed to evaluate the effects of various LAB commercially-

used [15, 16] in the production of fermented milk on the GABA vyield of fermented adzuki
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bean milk and to find out the optimal culture medium of adzuki bean milk by RSM. This study
provides an alternative to the traditional utilization of cooked adzuki beans, enabling the

production of a variety of functional adzuki bean products with beneficial effects to health.

2. Materials and methods
2.1. Materials, reagents and equipments
Adzuki beans (obtained from Wandan Farmer’s Association in Taiwan) were washed and
soaked in five-fold volume of water (w/w) at 37°C for 8 h. After soaking, the adzuki beans
and soaking solution were homogenized to a paste and filtrated twice through cotton cloth.
Powdered skim milk (5%) was added to the filtrate and the mixture was homogenized in a
blender for 5 minutes and heated in a water bath at 90°C for 1 h to prepare for the adzuki bean
milk (ABM).
2.2. LAB strains
Bifidobacterium adolescentis (BCRC 14606), B. longum (BCRC 14634), B. bifidum
(BCRC 14615), B. breve (BCRC 11846), L. rhamnosus GG (BCRC16000), L. plantarum
(BCRC11697), L. acidophilus (BCRC14079), and Streptococcus salivarius subsp.
thermophilus (BCRC14085) were purchased from the Bioresource and Collection Center of
the Food Industry Research and Development Institute (HsinChu, Taiwan). LAB were cultured
in MRS broth(Difco, Detroit, MI, USA) at 37°C in 5% CO. for 48 h, giving cells number about
8 log cfu/mL.
2.3. Adzuki bean milk fermentation
The ABM was inoculation with 1% activated probiotic strain and fermentation at 37°C
in a 5% CO> incubator for 6 to 60 h. The lactic acid bacteria count, pH and GABA content in
the ABM were analyzed.

2.4. Cultural conditions for GABA production

146

doi:10.6342/NTU201700611



2.4.1. Carbon source addition
Glucose, fructose, maltose, and galactose with concentration of 0.5-2% were respectively
added to 100 mL ABM. It was inoculated with 1% L. rhamnosus GG BCRC16000 (v/v, 8 log
cfu/mL) and fermented at 37°C in a 5% CO: incubator for 36 h. in order to assay the best
suitable conditions for GABA production.
2.4.2 Nitrogen source addition
Soytone, soy protein isolate and monosodium glutamate with concentration of 1-6%
were, respectively, added to the ABM (100 mL) as the nitrogen source. The subsequent step
was the same as 2.4.1.
2.4.3. Other source addition
Pyridoxine, which was filtered through a 0.22 uM sterilized membrane filter (Critical®
Syringe Filters; Critical Process Filtration Inc., Nashua, NH, USA), together with magnesium
sulfate and calcium chloride with concentration of 0.5-2% were added to ABM. The
subsequent step was the same as 2.4.1.
2.5. Response surface methodology
On the basis of single-factor experiments, the cultural conditions to the cultured ABM,
namely galactose (X1), monosodium glutamate (X2), and pyridoxine (X3), for the GABA
yield (YY) in the ABM were optimized using response surface methodology (RSM) (RSREG
in the Statistical Analysis System, SAS, Cary, NC, USA). The factors and levels investigated
using a Box—Behnken design was listed in Table 1. The experimental results were analyzed

by quadratic stepwise regression to fit the following second-order polynomial equation (1):
Y :ﬁ0+2i3:1ﬁixi+Zi3:1'8iixi2+Zi2:12i3<j'8ijxixj (1)
Where Y denotes the response observed for treatment combination X = (X1, X2, X3) for p

factors, [, represents the intercept, and the parameters S, f; and jg; represent the
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regression coefficients of variables for linear, quadratic and interaction regression terms,
respectively.
2.6. Viable cells of Lactic acid bacteria
Viable cells of LAB were quantified using the plate enumeration method. The viable cell
numbers were determined after 36 h of incubation at 37 °C under anaerobic condition. Plates
with 25-250 colonies were enumerated and recorded as colony forming units per millimeter
(cfu/mL) of fermented milk.
2.7 Gamma aminobutyric acid assay
Freeze-dried fermented ABM powder of 0.1 g was extracted by the addition of 10
volumes of 70% (v/v) ethanol and ultrasonication at 2°C for 10 min. The samples were then
centrifuged (18,000 x g, 15 min) and the precipitates were extracted twice as described above
[12]. The supernatants were pooled and concentrated under vacuum, then re-dissolved in 0.1

M ammonium acetate to 10 mL, filtered through a 0.22 pm membrane filter (Critical® Syringe

Filters; Critical Process Filtration Inc.) and analyzed for GABA content by HPLC gradient
system with pre-column phenylisothiocyanate (PITC) derivation [17]. 20 uL sample extract
was removed and dried under vacuum. Then 20 pL of derived reagent A [methanol, water,
triethylamine (2:2:1; v/v)] was added. After mixing, the sample was directly dried under
vacuum and was then reacted with 30 pL of derived reagent B [methanol, PITC, TEA, water
(7:1:1:1; v/v)] at room temperature for 20 min before drying under vacuum to remove PITC.
The derivatized samples were then redissolved in 200 pL of buffer A (0.1 M ammonium
acetate, pH 6.5) that is used as mobile phase for HPLC and filtered through a Millipore
membrane (0.22 pm). A 20 pL sample was injected into an HPLC system using a gradient
system of buffer A (100—0% after 50 min) and buffer B [0.1 M ammonium acetate containing

acetonitrile and methanol, 44:46:10, v/v, pH 6.5 ; (0—100% after 50 min)]. C18 reversed-

phase column from Phenomenex(C18, 4 micron) was used. The flow rate was 1 mL/min.
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Absorbance was detected at 254 nm. The results were analyzed by EC2000 data system 1.0

(Analab CO., Taipei). The coefficient of determination (r2) was greater than 0.99.

3. Results and discussion
3.1. LAB screening for high GABA production in adzuki milk

The changes in pH and the lactic acid bacteria counts of the ABM during fermentation
were as shown in Figure 1. The result showed that after 36 h incubation with different lactic
acid strains, the pH values of ABM were decreased from 6.3 to the range of 3.81 to 4.31 (Fig.
1A). In the L. rhamnosus GG inoculation group, the pH value of ABM was significantly higher
than the other groups (pH of 4.31). Previous study found that glutamate decarboxylase (GAD),
a critical GABA synthesis enzyme, presents the high ability for synthesizing GABA at pH
value of 4.4, which suggests that pH value of fermentation plays an important role in GABA
production by regulating the activity of GAD [18]. Our result (Figure 1A) showed that ABM
inoculated with L. rhamnosus GG after 36 h may cause a low pH value of 4.31. The low pH
value of fermentation may help to increase the production of GABA.

After 36h incubation, the growth of lactic acid bacteria was increased from 6.7 to 9 log
cfu/mL when inoculated with ABM (Figure 1B), which is similar to previous study [19]. The L.
rhamnosus GG inoculated ABM group exhibited the rapid growth ability after 36 h
fermentation (9.53 cfu/mL), and reached the highest growth ability within 42-60 h compared to
the other groups.

The GABA content of ABM milk without probiotic inoculation was approximately 0.05
mg/mL. After fermentation with LAB, the content significantly increased (P<0.05; Table 2),
reaching a maximum after 36 h. of fermentation, and then decreased (Table 2). Of the ABM
fermented with the different strains of LAB, one that was inoculated with L. rhamnosus GG

had the highest yield of GABA (0.44 mg/mL; P<0.05) after 36 h. of fermentation, which was
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approximately nine-fold the original content. Therefore, L. rhamnosus GG was selected in
following experiments due to its rapid growth and high production of GABA.
3.2. Effect of the culture ingredients on GABA production in fermented adzuki milk

The effects of carbon source addition in ABM inoculated with L. rhamnosus GG on
GABA content were shown in Table 3. Without adding carbon source, the production of GABA
was 0.44 mg/mL. With addition of galactose to ABM resulted in a higher GABA content than
that of ABM with addition of other carbon-source (P <0.05). In 1.5% galactose addition group,
the GABA production increased up to 0.61 mg/mL, and no significant increase was observed
when a higher concentration (2%) of galactose was added (P>0.05).

GABA production by L. brevis K203 was addition 4% maltose with a 16 % increase of

GABA, compared to standard MRS medium [20]. Our results showed that the addition of 1.5%
galactose to ABM significantly increased 38.6% GABA content. Koskenniemi suggested that
L. rhamnosus GG could degrade galactose by two different pathways: the Leloir pathway,
which converts galactose to glucose-6-phosphate, and the tagatose-6-phosphate pathway,
which metabolizes galactose to glyceraldehyde-3-phosphate and dihydroxyacetone phosphate
[21]. It may be explained why the addition of galactose in ABM with L. rhamnosus GG can
improve the production of GABA. The actual mechanism need to investigate in further study.

With regards to the nitrogen source, addition of monosodium glutamate to the ABM
during fermentation led to a higher GABA. Our findings showed that the increasing ratios of
GABA with addition of monosodium glutamate as a nitrogen source was 24-68%, respectively,
higher than that of soytone or soy protein isolate. An addition of 2% monosodium glutamate
could increase the GABA generation up to 0.64 mg/mL, while no significant increase of
GABA content was observed as the concentration of monosodium glutamate was increased to
4-6% (P> 0.05). Monosodium glutamate can hydrate to form Na" and L-glutamic acid which

is the substrate for GABA synthesis. Increasing the added glutamate was aiming to stimulate
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the production of GABA by glutamate decarboxylase via GABA shunt [22]. Production of
GABA by Lactococcus lactics in MRS broth, increase of monosodium glutamate addition at
lower levels (0—20 g/L) can increase GABA yield [23]. Monosodium glutamate concentration
above a certain level would inhibit cell growth. As for L. rhamnosus YS9, monosodium
glutamate concentration should be limited to 200 mM. The highest GABA yield was observed
with 200 mM of monosodium glutamate by L. rhamnosus YS9 [18]. Our findings showed the
addition of 2% monosodium glutamate to ABM significantly enhanced its GABA content to
0.64 mg/mL (P <0.05).

With regards to the addition of pyridoxine and mineral salts, 0.2% pyridoxine addition
resulted in the highest GABA content, which was considerably higher than that with addition
of magnesium sulfate or calcium chloride (P < 0.05). Increasing the addition levels of
pyridoxine did not induce a higher production of GABA. Pyridoxal phosphate (PLP) plays an
important role in stimulating GAD activity since it is a cofactor of enzyme [24]. Thus, the
addition of PLP to the culture medium might influence GABA production [25]. With the
addition of PLP, GABA production increased and reached to 7333 mg/L, 200 mM and 504
mg/kg during the fermentation with S. salivarius subsp. thermophiles Y2, L. paracasei NFRI
74150 and L. plantrum C48, respectively [26]. The enhancement effect of GABA production
was similar to that of S. salivarius subsp. thermophiles Y2, L. paracasei NFRI 74150 and L.
plantrum CA48 [26]. The addition of sulfate ions increased the GAD activity of L. brevis IFO
12005 in a dose-dependent manner, suggesting that the increased GAD activity was due to an
increased hydrophobic interaction between the subunits [26]. It explained that the addition of
0.3% magnesium sulfate to ABM inoculated with L. rhamnosus GG could slightly increase
GABA production, which was lower than that with addition of pyridoxine.

3.3. Optimization of culture conditions for GABA production in fermented adzuki milk
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In present study, three factors including galactose, monosodium glutamate, and
pyridoxine addition in ABM inoculated with L. rhamnosus GG on GABA content were
selected as independent variables. The Box-Behnken design (BBD) and the corresponding
experimental data were shown in Table 1. Multiple regression analysis of the data
demonstrated that the RSM design model was consistent with the second-order polynomial
equation referred to as Eq. (1). The second-order polynomial model describing the correlation
between GABA content and the three variables in this study is presented in Eq. (2) as below:

Y =-1.37+1.73X, +0.49X, +6.77X, +0.01X, X, —0.15X, X, +0.38X, X,
—0.60X7 —0.12X7 —18.88X?

2
Where Y was the predicted GABA production; X1, X2, and X3 were the uncoded values of
initial concentration of galactose, monosodium glutamate and pyridoxine, respectively.

Table 4 showed that the proposed model was adequate for its purpose and had a satisfactory
value of R? (0.9726). The closer the value of R? was to unity, the better did the empirical model
fit the actual data. The “F-value” was 19.70, which implied that the model was significant
because model terms which the values of “Prob > F” was less than 0.01. Meanwhile the model
was adequate in approximating the response surface of the experimental design. Response
surface plots were used to illustrate the interactive effects of galactose, monosodium glutamate
and pyridoxine concentration on GABA content. The response surface plots for GABA content
were displayed in Fig. 2. At a fixed pyridoxine concentration of 0.2%, as shown in Fig. 2(a),
galactose addition led to a slight increase in GABA content; however, GABA content decreased
if the addition level was higher. The highest GABA content happened at the galactose
concentration of 1.5%. On the other hand, if the galactose level was set, the GABA content
sharply increased with the addition of monosodium glutamate, in which the optimal addition
concentration was 2%. The effects of monosodium glutamate and pyridoxine, at a constant

galactose concentration of 1.5%, on GABA content were illustrated in Fig. 2(b). At the fixed

monosodium glutamate concentration, GABA content increased rapidly with the increase of
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pyridoxine addition at the beginning, after that a slower rate was observed, which showed the
same relation between the GABA yield and the addition of monosodium glutamate. Figure 2(c)
showed the effects of galactose and pyridoxine concentrations on GABA content in ABM at a
constant monosodium glutamate concentration of 2%. The GABA content increased when the
galactose concentration increased from 1.0% to 1.5%, and decreased thereafter when the
galactose concentration was above 1.5%. At a fixed galactose concentration, the GABA content
reached a peak value when the addition level of pyridoxine was 0.2%.

According to the results of RSM test, the optimal additives to the cultured ABM for the
highest GABA content were 1.5% galactose, 2% monosodium glutamate and 0.2% pyridoxine.
Under these optimal conditions, the predicted maximum GABA content in the fermented ABM
was 1.11 mg/mL. Verification of the model represented by Eq. (2) was performed under the
optimum conditions for maximum GABA content. The average GABA content observed in
fermented ABM under the optimal conditions was 1.08 mg/mL, which was in agreement with
the predicted value of the model. The GABA content in ABM inoculated with L. rhamnosus
GG and fermented under the optimum conditions was 21.6-fold that of unfermented ABM
(which had a GABA content of 0.05 mg/mL).

In skim milk inoculated with L. helveticus after 30 h. of fermentation, the GABA content
reached 0.165 mg/mL and had a high ACE-inhibitory activity [27]. In female patients with
mental symptoms who were administered defatted rice germ enriched with GABA (26.4 mg
GABA/day), and symptoms such as sleeplessness, somnipathy and depression improved in
more than 65% of the patients [28]. The amount of GABA produced in the fermented ABM in
this study was 108 mg/100 mL, which is sufficient to provide the beneficial functions. Previous
study demonstrated that the fermentation of beans with GABA provides a successful strategy
for producing a functional food with antihypertensive activity [29]. This study showed the

alternative utilization of adzuki beans to promote health benefits of with enriched GABA and
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probiotic bacteria when it was taken by consumers as a dietary supplement to provide the

content required for physiological efficiency.

4. Conclusions

In this study, we focused on development of novel GABA enriched adzuki bean
fermented milk. Various LAB strains that were commercially used in food fermentation were
used to ferment milk with adzuki bean. Among all LAB strains, L. rhamnosus GG was selected
in the following experiment due to its high GABA production ability. In addition to improve
the GABA production in adzuki bean fermented milk, the adzuki bean fermented culture
medium was also optimized by RSM. The RSM result suggests that the optimal culture
medium including 1.5% galactose, 2% monosodium glutamate, and 0.4% pyridoxine can help
to increase GABA production more than 21.6 folds compared to unfermented adzuki bean
milk. The further studies on scaling up the production of adzuki bean fermented milk beverage

will be the next challenge in future applications.
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Table 1 —Optimization of cultural conditions in fermented adzuki bean milk inoculation with

Lactobacillus rhamnosus GG using a Box—Behnken design to achieve the greatest

GABA content.
Trials X1 X2 X3 GABA content (mg/mL)
Galactose =~ Monosodium Pyridoxine  Observed value Predicted value
(%) glutamate (%)
(%)
1 1(2) 1(3) 0(0.2) 0.83+0.04 091
2 1(2) -1(1) 0(0.2) 0.73+0.03 0.69
3 -1(1) 1(3) 0(0.2) 0.88+0.02 0.98
4 -1 (1) -1 (1) 0(0.2) 0.79+0.06 0.78
5 1(2) 0(2) 1(0.3) 0.66+0.04 0.70
6 1(2) 0(2) -1(0.1) 0.73+0.06 0.76
7 -1 (1) 0(2) 1(0.3) 0.77+0.02 0.79
8 -1 (1) 0(2) -1(0.1) 0.81+0.02 0.83
9 0(1.5) 1(3) 1(0.3) 0.88+0.02 0.92
10 0(1.5) 1(3) -1(0.1) 0.85+0.05 0.89
11 0(1.5) -1(1) 1(0.3) 0.61+0.02 0.64
12 0(1.5) -1 (1) -1(0.1) 0.73+0.06 0.76
13 0(1.5) 0(2) 0(0.2) 1.04+0.05 1.11
14 0(1.5) 0(2) 0(0.2) 1.10+0.05 1.11
15 0(1.5) 0(2) 0(0.2) 1.09+0.02 1.11

3. GABA content of ABM without inoculation Lactobacillus rhamnosus GG was 0.05+0.01

mg/ml. GABA content in ABM inoculated with L. rhamnosus GG at 37°C in 596CO; for 36

hr was 0.44+0.01 mg/ml

4 Values are expressed as mean + SD (n=3).
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Table 2 — Changes of GABA content in adzuki bean milk inoculated with different LAB.

GABA content (mg/mL) !

LAB
0 h. 12 h. 24 h. 36 h. 48 h. 60 h.
B. adolescentis 0.05£0.03%32  0.08+0.015¢®  0.10+£0.018¢  0.30+0.03A°  0.29+0.03*¢  0.10+£0.03B"¢
B. longum 0.05+£0.01*  0.09£0.02%°  0.10+0.018¢  0.16+0.03~f  0.15+0.02*¢  0.04+0.01¢¢
B.bifidum 0.05+£0.01*  0.06£0.01¢°  0.12+0.038¢¢  0.21+0.01~¢"  0.22+0.02*¢  0.04+0.01¢¢
B. breve 0.05£0.01%2  0.07+0.02°P  0.14+0.02B¢ 0.29£0.024¢  0.29+0.047*°  0.10+0.04¢P¢
L. rhamnose GG 0.05+0.01%%  0.15+0.025%  0.28+0.03%%  0.44+0.02**  0.38+0.02%%  0.20£0.02°2
L. plantarum 0.05+0.02°2  0.08+£0.02°P®  0.18+0.03®>  0.37+£0.05"°  0.33+0.05*°  0.14+0.058CP
L. acidophilus 0.05+0.02%  0.07£0.01¢*  0.11+0.01B¢  0.23+0.04"%  0.22+0.03*¢  0.06+0.02¢
Streptococcus salivarius subsp. thermophilus ~ 0.05+0.02¢2 0.08+0.01¢P 0.13+0.028%  0.27+0.01A%  0.24+0.02”¢  0.06+0.02¢

1. Each value was expressed as mean + SD (n = 3).

2. AF different letters in the same row show significant differences, ¢ different letters in the same column show significant differences (P < 0.05,

Duncan test).
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Table 3 — Effects of the culture ingredients on GABA yield in fermented adzuki bean milk inoculated with L. rhamnosus GG.

GABA content (mg/mL)
Carbon source
0% 0.5% 1.0% 1.5% 2.0%
Glucose 0.4410.024%  0.4610.024%b  0.45+0.05%°  0.4610.02%°  (0.4810.02A°
Fructose 0.4310.02 B2 0.3910.06 B 0.4410.04%>  0.5110.04%°  0.52+0.014P
Maltose 0.43+0.03 42 0.4410.04 A0 0.48+0.2844  (0.47+0.034°  (0.50+0.03AP
Galactose 0.44+0.02 B2 0.541+0.03 B 0.5410.033*  0.6110.02%*  0.6210.014°
GABA content (mg/mL)
Nitrogen source
0 9% 1 % 2% 4% 6%
Soytone 0.4410.02%  (0.4240.024B>  0.4740.04%°  0.4110.02B°  0.4140.03B»
Soy protein isolate 0.4310.024° 0.39+0.024B>  (0.41+0.0248>  0.42+0.024>  0.38+0.02B°
Monosodium glutamate 0.44£0.02 ©* 0.52+0.05 B 0.6410.03%*  0.6510.01%*  0.6410.024°
GABA content (mg/mL)
Other additives
0 % 0.1 % 0.2 % 0.3 % 0.5%
Pyridoxine 0.44+0.0282  0.48+0.05832  0.60+0.03%*  0.59+0.024*  0.60+0.0242
Magnesium sulfate 0.43+0.02¢2 0.44+0.03%*  0.51+0.04%B> (0.52+0.024°  (0.46+0.01BCP
Calcium chloride 0.44+0.02 42 0.44+0.04 A 0.47+0.02%°  0.49+0.054°  0.44+0.034°

I Each value was expressed as mean + SD (n = 3).

2 A-C different letters in the same row show significant differences, a-c different letters in the same column show

significant differences (P < 0.05, Duncan test).
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Table 4 — Analysis of variance (ANOVA) for the production of GABA and cultural

conditions.
Mean of
Source DF? Sum of squares F-value = Prob>F
squares’
Model! 9 0.0300 0.9726 19.70 0.0022
Linear 3 0.0583 0.1892 11.50 0.0111
Quadratic 3 0.2355 0.7643 46.46 0.0004
Cross-product | 3 0.0059 0.0191 1.16 0.4118
Total error 5 0.0085 0.0017
Pure error 2 0.0026 0.0013
Lack of fit 3 0.0059 0.0195 1.50 0.4240
R?=97.26%

TANOVA for response surface quadratic model.
’Degree of freedom.

3Determination coefficient.
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Figure 1 —Changes of pH and lactic acid bacteria count in adzuki bean milk inoculated with

different LAB.
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Fig 2 — The response surface for the GABA content of fermented adzuki bean milk. (a)

Combined effects of galactose and monosodium glutamate with constant pyridoxine

(0.29%); (b) Combined effects of galactose and pyridoxine with constant monosodium
glutamate (2%9); (c) Combined effects of monosodium glutamate and pyridoxine with

constant galactose (1.59%)
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