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Abstract

The optimization of lactic acid fermentation was conducted to produce an old antler fortified with functional ingredients.
For the over-production of gamma aminobutyric acid (GABA), the extract of old antlers (OA) was fermented by
Lactobacillus plantarum EJ2015 with 0.5% YE, 1.5% glucose, and 3.5% MSG at 30C for 7 days. The lactic
acid fermented OA showed high viable cell counts of 2.0x10° CFU/mL, pH 6.56 and 0.77% acidity after 7 days.
Addition of Auricularia auricula-judae (AAJ) enhanced the cell growth of L. plantarum EJ2014, resulting in higher
viable cell counts of 2.0x10° CFU/mL and acid production after fermentation for 1 day. In particular, acidity was
greatly decreased after fermentation for 3 days and 1.4% GABA was produced by converting efficiently mono

sodium glutamate as a

substrate. Fermented OA/AAJ mixture indicated the reduced cytotoxicity compared with

that of unfermented OA. The fermented OA/AAJ mixture indicated anti-inflammatory effect with less production
of NO in microphage cells. The production of NO dropped to 17.75 uM at 4 mg/mL, and to 5.58 uM at 6 mg/mL
old antler after fermentation. Thus, lactic acid fermented OA with AAJ could fortify GABA, probiotics and dietary

fiber.
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A5l #sl= 8 A E= macrophage = A4 91O
), A=ol AGA 50| FH|sh= Al EFRQI Sl <
& 24d 3} ©](8), proinflammatory cytokine, nitric oxide
(NO)$} prostagladin E2(PGE2)E A/dste2M 55, a8
Ty, 4, 5% 59 d59eS st WA 29
ol5S EXAZITH9). I F NOE A% Ao Aojsh=
Atz A Bl (10), ©]& L-arginine > Z%-E] NO
synthase (NOS)°l| 23] 3Hd €t} NOS % inducible NOS
(iNOS)<= lipopolysaccharide(LPS)Y 945 cytokine 5l
oJ8f == a1, iNosel| & it AdE Now 95 v
= ASAA fFAF Jo], Ao &4 A1 &%
do7IH(11,12), ¥E, T st 2 M4 5
dAsdgolvt Gy 2 Agd dg 3o 74F 4
PR 7= o2 HaEo] 9rk13).

=ZHold antler, Cornu cervi)2 3ol &3l w3}
(Cervus nippon termminoRe] o] §la =3}eo] A &
st ZH(f4, old antler) S YA ETH14). 5242 55317
&, 284E, S 5o FelEgo] 9a1s), vyl
S 1 allell ek 93k(16-18), L8] 2 BTHEFE(19)°l
et A7F X ek =gk 24 dE 9 FEo g s
Sl 71E @Al GEE ST AR BHuEa
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SalA g edol A3t 716 2AE s e
o, A EE o] &3 A E5Y3 A5U43} B 7HE
T TFA.
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B Ao AVR-3E “ZKCervi cornu) S 20143 B3k
AHDaegu, Korea)ollX] FH3dte] A&, HolHAl
(Auricularia auricula-judae)<- 20153 A} 1] Z(Daegu,
Korea)ol| Al T+43to] AF&-3FH T
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n7to 2 5E wejate] T3] 71 GABA A4t
591 Lactobacillus plantarum EI2014(KCCM 11545P)=
o] gato] AL g E Y3} L plantarum EJ20145
Difco™ Lactobacilli MRS broth agar(Becton, Dickinson and
Company, Sparks, MD, USA)Hjx|ol] =23k 3, 30°C gh-=j

k7] 18-971R(Jeio Tech. Kimpo, Korea)ol| 4] 2447} vl &
sHth 1t @ FEYE F ot 23] Aldjul et &,
121 ColA 1583 E3k MRS brothol|l L plantarum
EJ20145 & Wlgo] Fate], 30Tl A 24413 ulj st
2EIE 2 AFS-SHA
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ZH& A &, 572t 5%(wiw)E SRl H7kete
FZ2715 ol g3l FEL Pt FEYL B3
glo] Al 8= AHEE oM, GABA A4k2 913 4
A 2% 100 mLof] FolHA 025 g == 7)o
131, v Ee] A9l glucoseE 1.5 g, @49 YE 0.5
g A7Fkth GABARAY HF+E4 MSG 35 ¢ H7F 5,
121Cell A 1583 B8t o™ L plantarum EJ2014
starter 1%(v/v)E &5t 30T 2 F7lellA] 747t &
'3k o, 6 mgmL FEO| HEES o] 43lo] 4
AH&-HA
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pH+E pH meter(model 420+, Thermo Orion, USA)Z =73
Stk 4% AEE AR 1 Lol Z5 9 mLE A7kl
0.1 N NaOHZ ©| &3 pH 8.37H4] A3+ v 214t
(%, viv)SE2 TS

Adre EEE 1 mLel B 9 mLS 7lste] 100
AW o] sl 10% 10°, 10° W= 34" AS MRS
agar plate©l] 20 pL =83 &, 30T g-2u] 7] ollA] 481
Hj et & AFZE colony forming unit(CFU)/mLCO-Z L}E}
W ATH23).

Thin layer chromatography(TLC) &4

MSG % GABAS| 4 F41S $13) silica gel TLC plate=
10x20 cme] 27|12 #aba AF8 3, TLC A= Az
chamber(30%25%10 cm)°l A 433191 TH24). MSG #H=
7 GABA 3 Bl E 913 standard® MSG 0.5-2% <}
GABA 05-1%%5 AH&at3lth. A7l &mi= acetic acid
glacial:n-butylalcohol:distilled waterE 1:3:1(v/v)e] H] &=
Edato] AoA 3A3E o]} ZeA T BRES S/
2 28 A3t & 27 AR 9} standard -89-S TLC plate
] ofefoll 4] 15 mm = X0l 2 e A6, e
10-15 mmE FA8HA T A4 F TLC plate®] samples
Az o AZskAa, A707F ¢ TLC plate= 50T
e zr)oll A AxA]71) 74328 TLC plateol] T4 Al <F
2l 0.2% ninhydrin €45 ¥ 31, 100 71271 A
5-10% B A A7l & I EO| glutamic acid$} GABA
spot= glak3iTt.

High performance liquid chromatography(HPLC) &4
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30% B f=Ag st ARAZL T A Eul(140 mM
NaHAc, 0.1% triethanolamine, 6% CH;CN, pH 6.1)}
=3ste] dalEe] FATh25). 45 H 2 0.45 um syringe
filer= o 73to] A2 AFE-5F 2™ HPLC 4]
AHeE 213 e 242 A ol 100% = elution$ 25%
%<k B(60% CH;CN) 100%7} =22 &3tslix] B3 1
mLZ E&H Tt opn| At 542 254 nmol|A] UV &3
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% Z)vE e AOACH O ol8te] =431 th26).
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60 ILE 7}3te] REGAIA whE-He] FF=E 700 nmol| Al
=30tk EETAE gallic acidZ 0, 20, 40, 60, 80, 100
pgmL §9o] H w2 2AS 3, o2 A% Hdte] 99}

1=
2 o2 700 nmolH FHES 24 dte] Auteigich

& SatEo|E i £H
Az F9] F ZgtH ol e Nieva Morenos(27)
of W& o]gste] SHeAh A& 05 mLel 10%

aluminium nitrate®} 1 M potassium acetate S 2+2} 0.1 mL,
80% ethanol 4.3 mLS 7}alo] Ao 405 W3+ 9 415
mmol A FFEE SH3HTE EFEZ quercetinS 0, 20,
40, 60, 80, 100 pg/mL &-d°] H=5 ZA|staL o] & AHF
Fslod 9o} 22 o7 415 moll A EHEE S35
Al Lrst At

_11}1‘

a-a-Diphenyl-B-picrylhydrazyl (DPPH) free radical
A7 BMEN

=7y &5 A HF 59 free radical &7 B2
DPPHe| tigh $hle & 343 3272 = A5 160 uL}

of|gkZo] =<1 0.15 mM DPPH &9 40 LS 7}3le] A8
A1 308 WAE & 517 nmoll A FFE=E S8k 2
Al 29| free radical oA S AR5 E H7IsHA] &2 dx
T FHEE 122 SdA7|=d 283 A5 FEQ
ICso #to- = YERNQITE o] uf o] &2d9] vlwE 9135t

WZTC 2 troloxS AR5

2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulph
onic acid) radical(ABTS+:) &~/ &M =X

ABTS radical 22724 3% 2432 Re 5(28)¢] W=
st 43Tl HF T 7 mM 2,2-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid)$} 2.45 mM potassium
persulfate S Eg5t0] 2291 Aol A 24417 FoF WS-}
of ABTS+= A1 F 732 nmellA FF= #hel
0.70£0.02°] = A| phosphate £+ 2] <~(phosphate buffer

A243A A235 (2017)

saline; PBS, pH 7.4)= 3] 43531 th 3|4 %E &< 180 pLel
51*—1% AlE‘E 20 LS 7}6}04 @ﬁlﬁ] 1—Er ERidLiecy

:?‘_
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RAW 264.7 cH4] M= dlgt

k-2 el A A 220 RAW 264.7 Al = Al 2
FZYKCLB)NA EFe gkon HPHHO% A8l 10%
fetal bovine serum(FBS)<} 1% antibiotics (penicillin)E % 7}
% DMEM HiA| & ©]&3to] 5% CO7} EAtE 37C
incubatorol| A 1Yol 2, 33] Althu = 2A]8H53 T}

M=z MEE 5
Aol et 54 AF-E Lol 7] 913 Green 5(29)°]
whHol| w2} 3-(3 4-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium
bromide (MTT) assay "WH = o] &3t =43}t MTT
assayw M| EFZEE|oke] Bpd BAANE| odte] gkl
o] £84 712 MTT7} E849 B} formazanl &2
adE e delE o] 87 ¥ eR, B4YH formazan®] 53
T Aol AY tiAE e Al 2e] FEE REY gt
(30). MiFE tha] AIEZFE 1310’ celly/welle] FEZ 96
well plate]] #3101 5% CO, incubatorol] 4 2417+ &<t
ket & ]‘3-3 SEHE Aelsto] 2443 wljeFet A2
oﬂ PBSl| %<1 MTT(5 mg/mL) €< 10 uLE 7} well®l
S 1ncubator°ﬂ/\1 4AI17F Bt REgAIZI) Bl TR &
Fe NS Al Ak, 2t wellell 100 pLe] dimethyl sulfoxide
(DMSO)E #7}3ted A3/ % formazan crystalS 83| A1 A
550 nm I}l 4] microplate reader(Epoch, BioTek, USA)E
FHEE ST AZAEES AEE AsA &
AR ajekgt A2 100% AEES 7T = ’E}EH
2 o] A EAPZE(cell viability, %)< 7Al2FetATh.
s Ay %
o 3%

)><100

O:—' n’.]o\f

Cell viability(%)=(

Nitric oxide(NO) M4z £3
NO9| Fx+= g o nitrite 55 Griess Reagent
System(31)2] M-S o] &alo] 2455tk RAW 2647 A
FZ 1x10° cellywell®] EEE 96 well plateol] 5 % 37C,
5% COz incubatorS ©]-8-3Fo] 24A]7F F<t vkttt Hl
ABE TR AT &, 2477t B3 vl st
HH °c1: Y 100 pLE A= 96 well plateol] F3taL o 7]ol
E2¥0] Griess A12K1% sulfanilamide, 0.1% naphihylethylendiarine
in 2.5% phosphoric acid)S H7}ste] 10837 HHE &
microplate reader(Epoch, BioTek, USA)Z- ©]-&3}o] 540 nm
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9 FFEE =43l Nitrite®] F=@M)+E sodium
nitrite(NaNO») & AH8-5to] B2 T 27 vlwsle] A&

SF.

EAXE

AAANE 732 EEHA A HmeantSD)E VERHS]
o, BAIX2]= SPSS(statistical package for social science,
21.05, SPSS Inc., Chicago, IL, USA)E ©]|-83}°] one-way
ANOVA £4Z 2 A|g & Duncan’s multiple range test=
frold & p<0.05 FTollA A3

gy

M

ZO|HA Eotol| mE HAMLSEO| o5ty 24

5245 k27 E ol &dt & ¥ 35% MSG, 1.5%
glucose, 0.5% YE #7}et & 2124 E 3-8 u GABA A4
o] 7 ek A o= UERSITE GABA A4 HA x|
A EolWAlE 0-25% A7t AR E 1Y E i,
pH 2 =& 54 Avh= Fg 1o eI HolHA
0%, 2.5% 7114 & 04 712} pH 6.15, pH 59101912
WE 19 pH 430, pH 42002 RAMIE 7} A8 Hd| uja}
HolF ek ZoluAl Fx 0% ZolA HE 3 pH 42004
2E 7Y pH 4352 FAIE A, FolMAl B 25% =7
oA dtg 3 pH 4.59904 g 74 pH 50622 7=
o} At=e] A3 IE 0 24 0.13%, 005% 53 0, HolH
A 0% ZAA HE 1Y 1.08% %2 23] ZF7ste] aE
79 031%= 7AstTh ZolMAl 2.5% XA T E
3Y4 095% % §43] S/t HE 7Y 077%= 74t
£ Ao Z YEt) Lim, Kim(32,33)0] W2 o]& |4y
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Fig. 1. Effect of Auricularia auricula-judae (AAT) on pH and acidity
of the lactic acid fermented old antler extract (OAE).

Data represent the mean+SD (n=3). Different letters indicate significant
differences at p<0.05 by Duncan’s multiple range test.

-a

o gk GABA7} 4/d2 W glutamate decarboxylase
(GAD)9l| 2]3} glutamate”} GABAZ A2 uf proton©]
AR o 24 GABAS AT tEo] pHE FT7H7]+
Ao Hasigitt wheba A4kt Wil o) GABA7H
A= HA pHZE FAIHAY s A2 Kol MSG
7} GABAR A3 e = AR Algdt) ikt PdrS
=243 A3 Fig. 2004 Hisute}l o] %7t 2259
LZoluAl 7t W g E sl S o, E 1Y
7+7} 8.0%10° CFU/mL, 4.5x10° CFU/mLE #57} 323
dsaldal, BolmAl 25% A Tt 7P B
vephdth 2E 39 1.5%10° CFU/mL, 1.9%10° CFU/mLe| 4]
g 794 242} 1.9x10° CFUmL, 1.3x10° CFUmLE &
Alzto] Al wpe} ezt FhAdle Ao R UERGou w2
AdFE A8

LBHIT

——AAT0% -E=AAJ23%
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Fig. 2. Effect of Auricularia auricula-judae (AAJ) on viable cell
counts of the lactic acid fermented old antler extract (OAE).

Data represent the meantSD (n=3). Different letters indicate significant
differences at p<0.05 by Duncan’s multiple range test.

GABAEX

Fig. 39 Uehd ZAA 3 TLCE o] &alo] A BEAS
S w HolWAl Fx 0% FAoM TE 3UA GABA
spoto] AAEom Mg 5U % MSG7} 2k 7HEEkGl AL,
1% 795 MSG7} R5F GABAR A3k = 2o 2 veht
o} HolHAl F & 25% A EE 194 GABA spot©]
Uebt s wE 398 MSG spoto] Zropm A g 52U 5
MSG7} GABAZ 25 A2t} BolwAl 5k 0% &7
o4 MSG7} GABAR 794 gk H) o HolHAl s
25%N4 594 25 HgE|o} oF 1% ©1% GABAZ} A4
Ak wheba] oAl Hrpt AR R E B B3t
ol GABA Aol 93-S = o2 ALEE I HPLCS
o]-g-3lo] glutamic acid®} GABAS 7 & ¥-A13}i T}, &o]
WAl 0% 27104 glutamic acid ke 2E 7 19,499
pg/mLol A 2t E B 4835 pg/mLE 7HAEg] om,
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GABA 3taFe zahlg % 14,328 pgmLz A HE AL
golslsith FolWAl 2.5% 271004 glutamic acid
WE 7 19916 pgmLol A A E 31586 pg/mLE 7
3t om, GABA ShFe Z okt E F 14,446 pg/mLE
ARE = AL Estth 7] MM 3.5% MSGE=
o] 23}=o] 1.9% glutamic acidZ ¥4 11, %ﬂ"wlﬁa
SalA ZAEEA 045% glutamic acid7} ZHESHHA
GABA 7$H&0] 76%E LERATE nlAEC 23 GABA
o] ABArO 2 B subtilis M313} L sakei 3835 =3 Wa 3t
Ao A 0.47£0.0027 mg/g S & UEFE O™ (34), RS
o] &g 12 Frhte] E3PLE A 0.18 ug/mL A3
S ATK35). wehr] BAES o] 43 Tl HE s Faf W)
7ol 1% o172l GABAS QAo 2H 15 % GABA%

=1 O = = = O~
ek 54 FEE TEES AME F U

i © O

0.5 1 2 05 1 0 1

A243A A235 (2017)

2E A, Fof Fehhlme] S A SoH Al 25% 23
A 7 1825 mg/mLollA TE F 1369 mgmLE A
SF3 T Kang(36)] 1l L.*‘IZHA THol e F &
gtE ol = e 523} 21 mg/mL, £ 18 mg/mL,
TA % 10 mg/mL, 3T 7 mg/mL, ¥4 5 mg/ml, =3
& 3 mgmlLE YEPtom, T ghefale] g Atet At
SHAl YERSITHTable 2).

a-a-Diphenyl-B-picrylhydrazyl (DPPH) free radical
LrHES £H

EHolMAl 25% 7oA & A 0.12 mgmLoA] L&
% 0.16 mgmLZ TFof| W2 radical &AL 2ol 7}

Aes AU F UATh Lee T3NS FARE=A 58
BiE €9 %%’8}04 DPPH ett]Z 27 842 34T

MSG GABA

AAJ 0%

AAJ 2.5%

Fig. 3. TLC profile of GABA in lactic acid fermented old antler extract (OAE) with Auricularia auricula-judae (AAJ).

PFermentation period (day).

z ZolH= &=

ity H7to] 7|FEA 2 gallic acidS AFHE-3loH,
TR A, Fo Fejvls FEFS FolwAl 25% A
g A 1940 mgmL, TE F 2255 mgmLE M5
Atk by =7to] FEA R querceting AR S

Table 1. Changes in content of glutamic acid and GABA during
fermentation

(ng/mL)
AAT Ig‘;flnoflm?;"y‘; Glutamic acid GABA
0 0 19,499+51.75” 0
’ 7 483544127 1432845521
. 0 199166122 0
o 7 1,586:445.85 14446542

AAJ Auricularia auricula-judae.
"Data represent the meantSD (n=3).

Table 2. Total polyphenol content of old antler extract (OAE)
fermented with Auricularia auricula-judae (AAJ)

Fermentation period (day)

0 7
Polyphenol content (mg/mL) 19.40£1.07" 22.5541.05
Flavonoid content (mgfmL) 18.25+0.02 13.6940.28

"Data represent the meantSD (n=3).

A7} 100 mgmL F=NA 67.1%2] 27 248 et
1 gtk E=3 =8 ko] ek 70 mg/mL 7 Ar qat=
S8 B ekl ksl E4o] 0.9% A The Lee's(38)9] H
aLof Blw e wf ghefekA| o] Aok HEE0] Fad ISt
9 ot & o 2T wahd B Ao g4
FENS A} oA B Aegd B FEEUS
= & 7 UATKTable 3).
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Table 3. Scavenging effect of trolox and old antler extract (OAE)
fermented with Auricularia auricula-judae (AAJ) against a- a
-Diphenyl-B-picryhydrazyl (DPPH-)

Fermentation period (day) ICs)” (mgfmL)
0 0.12:0.01”
AAJ 2.5%
7 0.1610.03
Trolox 3.25 pgimL

"Concentration required for 50% reduction of DPPH- at 30 min after starting the
reaction.

Data represent the meantSD (n=3).

2,2-Azino-bis(3-ethylbenzothiazoline-6-sulph
onic acid) radical(ABTS+:) &HEMH £F

EolMAl 2.5% 271olA L& A 2.62 mg/mLoA L&
= 271 mg/mLZ W&o 2 radical A Afe]7}
Fas AT F AUATHTable 4).

Table 4. Scavenging effect of trolox and old antler extract (OAE)
fermented with Auricularia auricula-judae (AAJ) against

22-azino-bis  (3-ethylbenzthiazoline-6-sulfonic acid) radical
(ABTS+)
Fermentation period (day) ICs,” (mg/mL)
262:003"
AAJ 2.5%
2.71+0.07
Trolox 5.28 pg/mlL

"Concentration required for 50% reduction of ABTS+: at 3 min after starting the
reaction.

Data represent the meantSD (n=3).

TolHAl HF Z 6 mg/mLelA] *ﬂﬁi_%* o] UEbRtal,
g S 80% olde] ME AEERE UENTHFg 4).
Kim(39)2] AFolA gz #adid & F5859] 0.1-1
mg/mL FE A Aﬂﬁ*ﬁf%-% S50 = o, g2 1
mg/mLoA A ES/do] Y on, BRSS BE 5k
TFRrAA A 25 o] YERA] °‘°kﬁ‘r A 2 gLkl
BE FelA HEE] MESo] sty AR Arty
ATt

=
R

NOLAHEAN

|4 M 3= lipopolysaccharide(LPS)ol] 23l A=< o
iNOS7} ' =o] NOS AA3H HEd o|2A e
NO= A5WHe= ilehe A dE o7 Hrh40). mhebA
Zo|HAl 2.5% ZAA] thEE, LPSY| 93+ FAA N ZT
77+ 1.1 1M, 34.1 uMel 3 R A 4 mg/mL FEClA
2401 (M2 728901, 6 mgmL Xl 2T
T4l NO A o] Adls e 2o Yepso Alx=
de® QI3 NO Aol A= B o s Atsdrt T8
T 4 mg/mL F=A 17.75 iIMZ 743191 21, 6 mg/mL

120

=

S
o
&
a

abe bed
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Cell viability (%) in RAW 264.7
5 3

=
S

CON | LPS AAJ-Tday (mg/mb)

AAJ*Oday (mg/mL) ‘ :
LPS - + + + + + + + + +
(100 ng/mL)

Fig. 4. Effect of old antler extract(OAE) fermented with Auricularia
auricula-judae(AAT) on RAW 264.7 cell viability.

Data represent the meantSD (n=3). Different letters indicate significant differences at
p<0.05 by Duncan’s multiple range test.
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