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Abstract

Omija (Schizandra chinensis) extract (OE) was fermented by using Lactobacillus plantarum EJ2014 to produce
a beverage fortified with gamma-aminobutyric acid (GABA). After 2 days of fermentation in the presence of 2%
monosodium glutamate (MSG) and 0.5% yeast extract (YE), the four-fold-diluted OE showed a higher viable cell
count (2.2x10° CFU/mL) and lower acidity (1.2%) than that of the unfermented OE. In particular, addition of
MSG as a precursor resulted in a small increase in the initial pH. MSG (2%) was completely converted to GABA
(0.92%) during lactic acid bacteria fermentation for 3 days. Furthermore, the acidity of the fermented OE decreased
from 1.74% to 0.56%. In addition, the original red color of the OE disappeared during LAB fermentation. However,
when the fermented OE was mixed with 50% of the original OE, the original red color was recovered, with 19.56
and 13.92 for Hunter L and a values, respectively. The mixture of 50% original OE and 50% fermented OE showed
the highest sensory score including the highest overall preference. In conclusion, the OE fortified with GABA
and probiotics was produced by fermentation with a static culture, L. plantarum EJ2014.
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Fig. 1. TLC patterns of GABA obtained from the Lactobacilli MRS broth during lactic acid fermentation by L. plantarum K154 and

L. plantarum EJ2014,
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Table 1. Changes in the viable cell counts of the Schizandra
chinensis extract during lactic acid fermentation by L. plantarum
EJ2014 in the presence of YE and MSG

(CFU/mL)
Viable cell count
Group Fermentation time (days)
0 1 2 3

Control 30<10 28x100  40x107  8.1x10°
MSG 3010 44x10'  83x10°  64x10°

YE 3010 20x100  59x10°  42x10°
M+Y" 30<100  15x10°  22x10°  14x10°

"M+Y, omija extract fortified with 2% MSG and 0.5% YE.
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Fig. 2. Changes in the pH and acidity of the Schizandra chinensis
extract during lactic acid fermentation by L. plantarum EJ2014 in
the presence of YE and MSG.

DOmija extract was fermented by L plantarum EJ2014,

R @mja extract was fortified with 2% MSG.

3Omya extract was fortified with 0.5% YE.
¥ Omja extract was fortified with 2% MSG and 05% YE
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Table 2. Changes in the color values of the Schizndra chinensis
extract during lactic acid fermentation by L. plantarum EJ2014
in the presence of YE and MSG

Color Fermentation time (days)
value 0 1 2 3
L 22241011 2671£0.15  26.13+0.10  25.860.04
Control a 22381005 23481008 23961022 22.89:0.10
b 1247019 1348026 14.40£0.02 13.26%0.05
L 2711010 3225004 32.05t0.07 27.81:0.05
MSG a 1824038  11.16£053 13.09t1.14  8.61+0.01
b 6.15t006  3.15t004 370002  4.04£0.05
L 23181007 24.62:1008 23801001 23.75:0.17
YE a 23051014 2033£0.18 17.7310.04 10.54:0.04
b 13.66+0.09 1251+0.11 997002  4.53:0.06
L 24961003  2626+0.03 2731+0.10 26.71:0.12
M+Y a 15741020  7.92#001  5.66£0.02  5.39:0.07
b 7851007 623003 638004  6.280.06
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AEE Fole EAQ HANAAEeth 2y emak
dnf] FEde] iR e Zite] 5o 76t
3 AT ke AR Hole Ao wig- ol#H ARl
Azfolt}, o]= ZAL HEA Y5of EAlste HRY T
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Fig. 3. Changes in the soluble solids (°Brix) of the Schizandra
chinensis extract during lactic acid fermentation by L. plantarum
EJ2014 in the presence of YE and MSG.
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Zol, 7] emzt g FEde] &4 nFE FFS
% 2.5 °Brixoll 4] MSG 7}l whe} 4.6 °Brix® 5718
Rom, MSGeF YEZ &7 #7tet Z-5-ell 5.5 °Brix® 57}
At 2T YE 0.5%5 78t 7 %o &g 3d9
Z¥z} 12 °Brix, 1.5 °Brix&® 745+ o™, MSG 2%+ A7}
g A= nF R o] WHE 19 35 BrixE A
gt & ot FTske AdE YERIITE ol emAt &
Hof| 712 H7HE MSG7} GABAR HhEA] ¢ha »&
sh= Aol 71908k A2 ALRE Itk MSGF YEE 37
E335te] M1k 270 BE 3ol 3.9 °BrixE Ta
stich webA ew|t & EAlete HEA Fol &
AR Fotol] AREHA 8] u R Shefo] vixwrT
TAE Fder Haste Ao Ut

SmA} Guff FZdol] MSGS} YE 7} E e what A
H GABA T2 Fig. 404 Uebd AR gz £
2% MSGYF A 71gk 220l = HFEZ MSG7F GABAZ
Agto] AF o] Fox|A] ggtom YET 0.5%5 715t
Z70 M= GABAR 1| A3y = Z o2 Yepyitt vhi
o] MSGS} YEZ &4 H71et A s 22 g 194
2B MSGZ 42715lHA] GABAR A= AL 2 5
A om, 3R &= MSG 2% 2 R 28 Ao R
Uebstth en|z} duf & YES MSGE H7Hek &
AR E 39 Bt A5t Aozl dEES] GABA
S HPLCE A & 418 AZE Table 304 YERAS]
o} 2§ 29 cysteine(Cys), tryptophan(Trp)< A <] 3t 1871}
o ks BAEI o, A f] o] Ak Akt

GABA

2 025 05 1 0 1 2 3 0 1 2

MSG(%) GABA(%) Control M3G

YE M+Y

Lactic acid fermentation time (day)

Fig. 4. Changes in the GABA content of the Schizndra chinensis extract during lactic acid fermentation by L. plantarum EJ2014 in the

presence of YE and MSG.
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Table 3. Changes in the free amino acids of the Schizndra
chinensis extract fermented by L. plantarum EJ2014 in the
presence of YE and MSG

(ng/mL)
Schisandra chinensis extract”

Before fermentation

After fermentation

ASP 82.67 182.69
GLU 14,267.42 4,362.14
ASN 4897 50.88
SER 81.33 4.09
GLN 62.09 91.44
GLY 4132 60.41
HIS 2391 20.16
ARG 120.85 122.56
THR 76.01 65.03
ALA 162.40 113.36
GABA 22049 9,276.38
PRO 54.98 57.00
TYR 90.36 5420
VAL 120.84 103.98
MET 3443 25.60
ILE 124.03 89.63
LEU 187.52 13491
PHE 124.78 69.33
LYS 170.98 168.48
TOTAL 16,101.39 15,052.27

D Omifa extract was fortified with 0.5% YE and 2% MSG.

o)A YA E GABAS Edtato] 27] 1
IE T 150 mgmL= o 7Sk Ade Btk o=
Bakte] g 3 B w7t YRR of) e
AP ARE AHG Zlo R AlREIIT 27 AFEHR
MSGE 14.3 mgmLo A HE Fof 4.3 mg/mL A3t
o, WhHol] GABA E2-2 %7] 02 mg/mL2] v|&kol| A 9.2
mg/mLE 37| F7kete 2SR JEsT

53], enjzt duf| FEdd WEA G FUHRE A
713t & Aot g g ks o AFEEQ MSGE
B GABAZ e wj- mH|sllon, WE 7=
2ol MSGE ZEstE Aoz Ueldthdata not
shown). ©]= ZiHtol| 9|84 GABA A4k &9 =
T3] gl miA o] dHdEo R ey Ao
o] B]go] 223 Ao g AlgHw, WFEA o] A&l
oA AUl MSGe] o] =& wWl GABA 78to]

FeA9 Aoz A=k
AEZRoR ouzl Ayl 2N FIAQ HALFE
A E enAt FE2AS 41) FAA7)E Ho] Dasi,

A234 A3E (2016)

E3] B3 JFEA0l YEO| A7V} L plantarum EJ20149]]
ofgt AU FE FXst] ATTE =ole ALE YERL
o} 53] 2a o] 53 onjAt Gl =& 5] Y
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A7Vehs a7F] 2002 sto] om|x} 2 A
E33lo] M E =%} tH(Table 4, Fig. 5). Qu|#} &8
=8 Ax Al enzp Guff FEdl| WFH onfx} FEH
o] H7H&o] FobdaE AAlo] hasigl o, 50% A7t
oA Lgk 19.56, agk 13928 e 3h-S YeRITh 314
T ow|ap Ak g Eol o HIFso2M F435] bikel
sl o, 50~100% H7FE 2AdAE bkel 2ol7}
Al JeA] it} 2 Hagre] A oula} 3}
= oz ool B4t WEE] FE7} 5050 Ml &R =9
gk 7o) 71 5t A2 UEhTE o] & FalA] 2
AF Arf FE N2 GABAS} probioticsS 3HrahH Qm| A}
A Y-S 2t enA HESS A2V} 7hssttha

AR .

2 o

Table 4. Changes in the color values of the Schizandra chinensis
extract mixed with various concentrations of the Shizandra
chinenesis extract fermented by L. plantarum EJ2014

Fermented Schizandra chinenesis concentration (%)

Color value
50 75 100
L 2643+007"  19.56+0.04 22.2240.26 25.42+0.26
a 25.4110.04 13.92+0.09 10.80+0.21 5.53+0.30
b 15.60£0.14 3.61£0.10 3.62£0.21 4.930.09

"Values are means+SD

0 50 75 100

Fig. 5. Changes in the color of the Schizndra chinensis extract
mixed with various concentrations of the Schizndra chinenesis
extract fermented by L. plantarum EJ2014.
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Table 5. Sensory evaluation scores of the Schizndra chinensis
extract fortified with various concentrations of the Schizndra
chinenesis extract fermented by L. plantarum EJ2014

Sensory Fermented Schizandra chinenesis content (%)
characteristics 0 50 75 100
Color 6.00:063"? 6331052 500063° 4.17:041°
Taste 367:082° 550:084"  6.00:0.63° 4.330.82"
Flavor 533:05° 633082 4831075 517075
Fermented smell 6172075  6.67:052° 483:075"  5.00:0.63"
Overall acceptability ~ 4.50:0.84° 6332075 5.50:0.55" 433£0.52"

7pomt hedonic scale (1: extremely weak, 7: extremely strong).

Values are means£SD.

> Means in the same row with different letters are significantly different by Duncan’s
multiple range test (p<0.05).
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