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Quality Characteristics of Red Ginseng Yogurt Produced
with Probiotic Lactic Acid Bacteria Isolated from Kimchi

Soo-Yeon Park, Un-Sik Hwang, Cheong-Bin You, Eun-Su Lee,
and Hoon Park’

Department of Food Science, Sun Moon University, Asan 31460, Korea

Abstract

This study aimed to determine the probiotic properties of lactic acid bacteria (LAB)
isolated from kimchi and to develop a probiotic starter culture for yogurt
supplemented with red ginseng extract powder (RGE). Two LAB strains were selected
by analysis of acid resistance, bile resistance and antioxidant activity, and identified
as Lactiplantibacillus plantarum SY46 and Levilactobacillus brevis SY65 by 16S rRNA
sequencing. Both strains showed similar or higher auto-aggregation, co-aggregation,
antimicrobial activity, and antioxidant activity compared to [lacticaseibacillus
rhamnosus GG, a commercial probiotic strain. The yogurt samples, which were
supplemented with 5% or 10% RGE and fermented with the mixed culture of SY46
and SY65, exhibited pH values of 4.28-4.46 and titratable acidity of 1.25-1.53%, and
their viable cell counts were over 9.0 Log CFU/mL. The antioxidant effects using
DPPH radical scavenging and p-carotene bleaching assay were significantly
increased with increasing RGE concentrations (p<0.05). Overall, yogurts fermented
with 5% or 10% RGE were acceptable in terms of pH, titratable acidity, cell viability
and antioxidant effect. These results might provide useful information for the
development of ginseng dairy products with probiotic properties.
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X S F8 SANFC R [actobacillus 4, Leuconostoc 4,
Pediococcus 4, Weissella % 5°] &3ttt E3] 1A 72 f4F
2 Q& 7|7 B9t A9 e o]gFo] k7] wiRo] AL 7}
45t n]AE(GRAS, generally recognized as safe)Z 7t
Bt olz}, ZEHlo] @Bl A(probiotics)Z2A E87}
X1 It Hwang et al, 2020). TZH[O]|QEIA
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) HHEEO] B3 FH, 1 Qo® w59 EA0|
A 2g, AR B, SEAHE Aol ke, FHT
ot ARlEAdS vehdth= Aol ¥elA 1l JItkKim er al,
2018; Quinto et al, 2014).

QT2 E(yogurthe 97 E= 2AR0l f4htS AEHER
[l Ao02 ZAk HEo|E, HE Fo] A E2
ot ok Ent ofuet AR, REEWS A, HH] 7R
5 A7l fgt 837t glom, of2gt BB AR 7]
S0 71Q15k= Ao d#HA T JrHSung and Choi, 2014).
Ft 71673 Al tigt ABjAke] Tilo] =olAHA] SHA|9} AR
AdlH= 71&9 8EE EEA}, 714}, B4, vhs, 9=,
Qmzt, §AF 5 T2 A4 71548 YRS riste] Agdol
7ok 872E ARES fdstee A7t 6] oo Qi
(Cho et al, 2007; Kim and Lee, 1997; Kim et al, 2008;
Lee et al, 2008).

OV Panax ginseng C. A. Mayer)< 27F#HAraliaceae)?] QL4
&(Panax)°l| &ote T 22AEE S} S=2 HIES &
FolA] Qs FEE &0 & o]&stal itk Qo= AL
24, He4ds, EgorEdl, IE ol AMITHEA, HEl 5
Tt Ay AgREo] R0l b, 1 FolA HAlAlel=
(ginsenoside)g}al B2]= QAAtRY AdEo] Feld 852 P
St= S8R0 7 71 F2S Wl QIcKTark er al, 2009).

AR ] AES HIA] AL S35 § 7AFslo] 7ReRt ot
o7 A oA Fitolut Wale] EASHA] o= XIA|kAte]
L Rg3 5ol AAAE L, il nlgo s EAfjsks ARA 2N AL
o|t9] o] F71=]7| wiEo] FUbEE, Aot 2, HAA
Al B52RE, AL, 4SS 5 42y a50] 4l
wiAtof Hf] <451t HlE Al RItBao ef al, 2005; Jung
et al., 1998, Keum et al, 2000; Kim er al, 1999; Yue et
al, 2006). @AM Akt 4] Aol digt A+e &
5] o]Fo|A o}, TEHo|QEA [ANFI} ThE S8Rt 7
54 8F=2ES] Jde] thigt de wiS vlEEt Aot

71&0 HaE A4 0.5-1.0%9 Ak S FEE2 HRE
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ol-gsto] $YE|QN7] el T4 B LSt |ol of
2L AHo|tHJang et al, 2018; Kim er al, 2008).

2 AoA= AXERE WiKY, WEsd 2 AR 840 &
3t fARFS EEolglon, HE AdE 2359 w5l okl A
gt} Hlwste] ZaHlo|egA FEA N 7s8E HE
SIoit}. ESE ZRHlo| QEA BAJo] 9423t 279 o FE AFH
2 o]gsle] skl $A FEES VIR 3FEEE ARl

T E EA et R4S WRIORA JlsAe] 4stE a7
=

AR ER AME S42 SEE SARKIEAPolA] st
= SRS st ARRSIIE EaRe 7dE gRAER
(Namyang Dairy Product Co., Ltd, Seoul, Korea)?} -
(Maeil milk, Asan, Korea)Z Al% FutES|A JLUste] AR
SiltE AR 7371 IS X192 7HgollA ' MR Al
g2 o|gsto] Eesilon, A& fANIRI Lacticaseibacillus
rhamnosus GG(KCTC 5033)= AF=ALAIE oA £ Hio} A
4519}, FAkst EAo o€ Folin & Ciocalteu's phenol,
Na;COs, gallic acid, DPPH, ethanol &= Sigma-Aldrich
Co.(St. Louis, MO, USA)ollA 45t}

g g+ F=
S5 200 mLol B AR 10%(w/v)E 71t 80T 32

C
5 G FEE Aot 2447 &2 T IRAAEET]
(SB-1200, EYELA, Tokyo, Japan)E ©|-&3} 30 brix7H] &
EA7127|(FDU-1200, EYELA, Tokyo, Japan)ellql 24

ARt FAAZS T FEELS ARSI

sl 22

A A=(Q25 g)oll Bt Al 225 mLE 7Kkl Stomacher
(BagMixer 400W, Interscience, Saint Nom, France)& °ol-&
sto] 3E B3t viiekict. e &S Azl Qo) 34t
3 DeMan Rogosa Sharpe(MRS, Difco™, MD, USA) ZA4H=]o]
s, 37Co0A 24A17E vigsiSiTt. vk & =) 2717t &
g4 Z22UE Adsio] BCP ZAWIA(Eiken chemical Co.,
Ltd., Japan)oll =ste] viget &, 24k /o] oJsff wzhis
el 2YE 2F Al A8 A2 MRS 94|
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v R]of| HE5to] viokst & 25%(v/v) glycerol stock®& ~70TC
9] deep freezer(NF-140SF, Nihon Freezer Co., LTD.,
Tokyo, Japan)oll X5t} AL&stgich.

|itel 22 ¥ 34

AEE AR FEied E4S @VH(AE3] Trinocular,
Microscope World, Carlsbad, USA) o]-&s}o] I&a}%.0H,
Gram @4 9 catalase < Rlolgltt. AdE A9
SAE 9519 16S rRNA gene sequencing AFsF3ch 54
A+ 3EZ2 yniversal rRNA gene primer(27F and 1492R)E At
Boto] E|Qlon H71YECE PCR AFE9] 3F o g 2kl
st ZF AL BIOFACTAKDaejeon, Korea)s 550 23y
Sttt £495 16S rRNA sequencing A= National Center
for biotechnology Institute(NCBI)9] BLAST online program
(http://www.ncbi.nlm.nih.gov/blast)}& ©]&3}9] Genbank
database®} v]wslo] BS54

= o

o] WAMT} WEEAIL Lertcanawanichakul 5(2015)9]
B 2gslo] APttt MRS AAERR] A viK37TC,
overnight)?t fARF BIFHS ODey = 1.028 X273+ FEtAS
Aslo] ARSI WAMIE 0.3% pepsin(Sigma-Aldrich, MO,
Wyoming, USA)o] 71l MRS HAEHZ](pH 3.0)0ll 94ktE A
okl 3AIE HEGAIZ] ThE MRS JAHE[A]o] Tdsto] HiqRRt &
g F4oto] 49 AEES RIS WES4A2 0.3%
oxgall(Difco™, MD, Kansas, USA)°] T3 MRS HA4Hj o]
FANES HESte] 24417 BESAIXL thg MRS IAEjA] o] =ds}
I HiRRE & B E S5k 49 BEEE gRlselth

SHA
==0

At AL Paper disc diffusion assay(Kim et al,
1999)F ol-&sto] Ssiltt. WY ANHELE Escherichia
coli KCTC 1039, Staphylococcus aureus KCCM 11335,
Salmonella Typhimurium KCTC 2515, Listeria monocyto-
genes KCTC 40307 Ar&at3itt. MRS A4 HiRK37T,
overnight)t -S4kt BiFY 1.5 mLE 2AIEE)(12,000 x g, 4T,
5 min, CT15RE, Hitachi Chemical Co., Ltd., Tokyo, Japan)
St & ARl 313l 0.45 um Syringe filtersS ARE-SIo] oA
£ AASIATE. AAFFE Tryptic soy broth(Difco™, MD,
Kansas, USA)ol| ZZ+ H&sl1 37T A overnight BIU5H
ol BiFH S TYUT TR S|4 & TAPIA] || HFS
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I Bt HEo® EISIGIth AAHETE B BEHEiA] S0l
8 mm 2%9| paper discE ==E1 A7t AAE FAE s
HS 100 pL¥ FAsHA B3 T 37CoA 24417 Bigstgith
QAMF9] HFEAL paper disc FHol| FAE AAge] 7]
£ Z7goto] FRlsteirt

Auto-aggregation ¥ co—aggregation

FAHES] auto-aggregation¥t co-aggregation 522 Tareb
5(2013)9] B A7 ste] Jgsiict. MRS HA ] A]
7 ¥ieK37T, overnight)3t F-ANETF TSB A EiR| o4 A wfoF
(37C, overnighydt B/ A2 #iFA(G~10 mL)= 27 A
AEE(6,000 x g, 4T, 10 min)ote] #AIE 3l5Fct. 35
FAIE phosphate-buffered saline(PBS, pH 7.0) &40 2
AIAgE thE PBS &8 37Fsto] ODgy = 0.30% 2785 & 4
ol AR8SIAT -34S auto-aggregation 582 FANE @
EH(ODggo = 0.3) 4 mLE vortexdto] g3t T 37T 0] HH]5}
HA 24417t 600 nmollA SFEE S7gokal thae] Ak
w2} A4bsiolck

)

Auto-aggregation(%) = (1-ODiime/ODinitia) X 100

ittt A Al co-aggregation 58 fritt HE
(ODgoo = 0.3) 2 mLe}F HYHF AEH(ODeoo = 0.3) 2 mLE 3}
Sl vortext &, 37CollA ®WA|oFAA 244171 600 nmOfA]
FBEE Solal th39] AlkkAlol wet Akl

Co-aggregation(%) =
(1-ODime/ ODrimme/(ODp.a+OD pathogenes/2)) X 100

APl ZYMS 0|8%t f4F29| 4 &4

API ZYM kit(BioMerieux Co., Marcyl'Etoile, France)S A&
oto] fakte] A4S SASHITE MRS AAEIA| oA 24417F
S iRt fANES AAE2](12,000 x g 4T, 10 min)3t &
58S AASHL PBS GO F H A|Hslo] #AIE 314513
o}, 3|58k #AIE APL KITO 65 pLA £5skal 37T 4417F
iRt & ZYM A%t ZYM B Aok 74 kitoll ?F &4 A47Fsto]
5E7F Ao WREAIZAT 0% Zt kitol|A A WIS yHEkelo]
714 840 tfgt 24 R wEsIGi
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Z15gsict. MRS HAERAO1A overnight BIQRE FANES 24
£2(12,000 x g, 4T, 10 min)3t T ASALS A|A5}2L PBS &
HoZ T ¥ AT & 33t FATS ARE ARSIt 8
ZE A59 AL 8FE2E 2 g2 80% methanol2 3|45}l
37ToA 30& &< sonication(JeioTech Co., Itd, Daejeon,
Korea) 2] & @4E](10,000 X g, 4T, 10 min)sto] A5
oS FHekw 0.2 pm Syringe filter(Whatman™, Dassel,
Germany)& ojzet H3 ARESHIT

DPPH 2iC|# AHs &4

DPPH(1, 1-diphenyl1-2-picrylhydrazyl) &z 27452 Wang
5(2016)9] HE 45 st APttt A= 2 mLE 0.4
mM DPPH off¢Z &9 2 mLe} E9I51al 30+ 529 422
of| A ’WkA|gt & AAE=2](12,000 x g, 4C , 10 min)alo] A5
< 35515ttt S 4GSl thste] 517 nmolld F8=E &
Zgolal th29] AktAe] wet DPPH 2z £7465(%)= AKX

o HETE SRS A8t

DPPH radical scavenging activity(%) =
(l_ODsample/ODcontrol) x 100

B-Carotene bleaching assay

B-Carotene bleaching assay= Son $(2017)9] ¥ 4#
$Asto] AgYstct. A2t~ linoleic acid(Sigma-
Aldrich, Wyoming, USA) 66 uL, 8-carotene(Sigma-Aldrich,
Wyoming, USA) 3 mg, Tween 80(Sigma-Aldrich, Wyoming,
USA) 300 gL, chloroform(Daejung Chemical Co., LTD,
Gunpo, Korea) 10 mLE F7Fk &8st o 4572
40Col|A chloroforme THAIX] & 5575 75 mLE F7F619
B-carotene-linoleic acid A2k &5 A= 200 uLE B
-carotene-linoleic acid A19F 4 mL.e} E3total F2+2(50T,
2A17DolA BESAIZ] & 470 nmollA AR S8 E St
29 AAkAo] Wt B-carotene bleaching inhibitory
activity(0)5 ARSI 2 EE PBS S92 ARSI,

0

[¢]

B-Carotene bleaching inhibitory activity(%) =
(ODsample 2 h_ODcontrol 2 h/ODcontrol 0 h_ODcontrol 2 h)xloo

EM ginsenoside gi2F 24
4 25T gensenoside 2 Park 5(2021)2] ##of| w
2 HPLCE ol&ste] 4313itt. A8t HPLC “4Al= HPLC
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1260(Agilent, Santa Clara, CA, USA)°H, columne Zorbax
SB-C18(4.6 x 150 mm, 5 pm, Agilent, USA)S AR5t
T4 FEAAXR B 355 100 mLoll 5%E H7Folo] |aiAlz]
T GAEE(13,000 x g, 4T, 10 min)E 3to] A5HE 0.45
pm Syringe filterg o}-§5to] Rt F EAof AREslelHt. ofs
AR water(A)2} Acetonitril(B)S AREsto] BE 7122 30%(0
B), 60%(20%), 90%(30%), 30%31H)oZ sk HslE F3o
], column?] X+= 30T, 9452 1.0 mL/min® 2 A%t
(Zhou er al, 2008). AZutE1#L Diode array detector
(Agilent, USAYE ©l-&3t0] 203 nmollA HEsIAT A3 #
TEAS F 850, 47 #EATFAAE tdYsto] TS Alstst

SA QJ2EO| HZE

RT=E AZE Aol Al Maeil milk, Asan, Korea)
200 mL, BAER 2%Namyang Dairy Product Co., Ltd,
Seoul, Korea), ZAZET 1.5%(ES food, Gunpo, Korea)7}
7V R HiRel B4 FERTE 471, 2, 5, 10%4 d7tskal
90TolA 1087t AtA =S st S4F QF2E AR Hjx=
ARESIITE TEHlo| QEA FMo] =2 W5 2E(L. plantarum
SY46 E= L. brevis SY65)& STEE WaE F+#02 Aot
of AFZ XI3Pst3ict. MRS HAMERROIA overnight BRI R4
o BiFS PAEE|(12,000 X g 4T, 10 min)3t F AFSHS
AAsK, SF4E F ¥ AlHsle 24t A ARSIt 8
TE2E AZXE starter= BY #F E= B 455 ARESIAH
it 2R A7k 5 WAl L. plantarum SY46 Ei=
L. brevis SY65 @55 Z¥2Z} 0.1%(v/v) AFHAY, F 455
LTHER 0.05%(v/v)4 &3t & 37ColA 24417 vioksto] &
4 QFEEE ARoIYth

&

SN QFEEQ| pH, Mk, {itd M 4

pH meter(pH / Ion S220, Mettler-Toledo AG 8603, Ohio,
USA)E AREstod pHE 57561300, J4 & A= 5 g2 100
mLE mess upstrl AAEHATO] 25 mLE 25 & 1%
phenolphthalein 8945 1% ¥, 0.1 N NaOH 890 &
3t AAsto] SiHA7E 0.009%0 24 =K% 0= YERASIT
AN Batee EaY AEE EHet Al daol 1034 = 3
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A

e A N s PN, k= ANOVAR BA5I3S
o 3914 A4S I8 Duncan's multiple range test2 535}
et BA 249 fo] 222 p < 0.059 p < 0.0197, S-Link
Version 2.0 system(S-Link, Seoul, Korea)S ARSI}
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3|43t 12| A& BCP 1A HiA]o] HFsto] 37T
vkt & 24k Aol oJ8f kede YEhl=
werolgltt. EelE AN 25 SolA

A7|17F Aoz & 50709 224
d 5Eo] St FFE= ot AdEstqict. AEst
FoE YA, UESA, A 9 sS4
Y463} SY65 259 @5 2T ALt AdEd 2
g9} EAS Z0Ist AT}, Gram YIHCZE catalase <
R 2-57/d0] glom 2At P4 oHA] g 1L
ot A F3=9] 16S rRNA 44+ 47148S NCBI
databaseollq| ¥ 53t Hlwsl AedS HE A
Lactiplantibacillus plantarum SY46%} Levilactobacillus
brevis SY65& TFEHIAIL ZH7F 99.10% o139 =2 F58S
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LiAke 2 LHEEY

Frakto] AWellA AFeld 7S W3] feide 78R
pH 3.0 oJote] S Bzt § A7 olo] gEsfjof gt
(Lim er al, 2019). AZAHNA L. plantarum SY46- 83.20%,
L. brevis SY65= 84.94%2] &S YRRl oH, Adw2l
L. rhamnosus GG(LGG)Q] 79.80%2} H|w3lo] &2 Y=g
HHTable 1). Gou 5{(2010)2 AtollA jHe] pHE F 3.0

Ay,
o

/ \
[ %

Soam

Oy

/&““
)

KSLAB®

o2 {AE, pH 3.09] 2404 3AIt o} BdtrE A5k
AurE o g Atof thgt /o] e AR 7H519eH, Lim &
(2019)2 m=2Hlo| QA &40] Q= L. plantarum B19 457}
AZHHeA 86.0%] AFEE-S YRtk H st B590
thgt W2 mRHlo] QEA 57 A%gollA] Aopber] s A|uof
T EHOE, IHARE tBES] Alzat] FFS Fof A 94
Sl= Aog AHHHChu and Kook, 2019). AEH #59] &
ol tiet WS Eolst A3, L. plantarum SY46-S 86.80%,
L. brevis SY65% 86.19%% Ut LGG(80.08%) 2Tt =
AEES YEM UK Table 1). weba] 2 AtollA 223t 259
AT E2 A8t vlaste] Sttt i 2 5442
Uefio] BHAEA 7HX7F S5 ACE weE|glr)

i)\

B AN YA m8Eo] tiet e Ak= Table 2
isc WS ol83lo] £ coli, S aureus, L.
monocytogenes, S. Typhimurium 5 4%59] Aol disto] 3

o ¢
3
£
—J
job)
o}
D
—
.

Table 2. Antimicrobial activity of LAB strains

Inhibitory zone (mm)

Strains S L

S. aureus  E. coli

Typhimurium monocytogenes

L. plantarum

sy TTOS058 970115 800%100° 5704155
L'Sf(%e;”'s 5304153  7.30+153°  7.30+058° 7.00+1.00°
L. rhamnosus o 10,11 00°  9.30£058°  8.30+1.15° 4.30£0.58°

GG

Data are expressed as meanzstandard deviation.
#¢ Values with different superscript letters in the same column are
significantly different (p<0.05).

Table 1. Acid and bile salt tolerance of lactic acid bacteria (LAB) strains

Artificial acid tolerance

Bile salt tolerance

Intial (Log CFU/mL) 3 h (Log CFU/mL) Survival rate (%) Intial (Log CFU/mL) 3 h (Log CFU/mL) Survival rate (%)

Strains
L. plantarum SY46 8.53+0.18° 7.10£0.30°
L. brevis SY65 8.44+0.20° 7.16+0.35%
L. rhamnosus GG 9.06+0.00° 7.23+0.82°

83.20£1.01° 8.530.18° 740+0.17° 86.80:+0.80°
84.94+0.90° 8.44+0.20° 7274032 86.19:+0.82°
79.80+1.29° 9.06+0.00° 7.26+0.54° 80.08+1.28°

Data are expressed as meanzstandard deviation.

*¢ Values with different superscript letters in the same column are significantly different (p<0.05).
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dEAE v\t Ay} [ plantarum SY46%} L. brevis SY65 w5
£ 5.3-9.7 mm2] Al FAdste] M e A5 A
Si= 0% UG Yuk o2 A qRIER AJAJE ZAE
T} ofIEAE 5] 5714t Qlof| bacteriocin, hydrogen peroxide,
diacetyl 59 gt B4 A/dot] HYA Al g Al
LS JAsictal g4 AtHOuwehand, 1998). wehA 2 &
TolA AEE #5E U8R AFEE o83 A, fofAle
SAE AAsto] U #E5S Jidske BE 7IHE & E A
o= Alggdh

Auto—aggregation ¥ co—aggregation s=

ZZHlo| QYA 57} A oA F-&1F 282 WFls] el
A Ao B2 4= Qle o] atEH, f4FY] auto-
aggregation AFE FANFS] A H2Fs2 THH 0= g9l
o 4 9l WHog ol&E v tkDel Re er al, 2000). L.
plantarum SY469] auto-aggregation 522 59.73%% A
520 LGG(57.37%)2 RARIAO MY, L. brevis SY65& 49.12%
2 04 W2 72 E3KTable 3). Tuo $(2013)2 Lacto-
bacillus 4 22%°] 24.48-43.39%2] auto-aggregation 5 5=
ZE3 Qlojar Barsto, 2 Ato|A AEH L. plantarum SY463F
L. brevis SY65 w#5-9] % §2F50] 9431 A 0= SRIF ]t
FAkte] A Aol gt co-aggregation 52> AUloA
B At AAIBE] ek F8% 8Rlo = ATA ok & A+
oA AAIFCR E col®} S aureus #55 o]-&5fo] Adw
A9l co-aggregation 58E& SO, L plantarum
SY463} L. brevis SY65 w5 E. colPll tdte] 52~56%2] &
HE2, 8 aureusell Hsixl= 50-55%2] SHE= E3ith Son
5(2017) n2Hlo] Q€A Zo] =2 /. hrevis KU15006
F7V AFEd9 £ coli, S Typhimurium, L. monocytogeges
w0l thsted 50-65%2] S3E&S Uer Itk B gk v k.

Table 3. Auto-aggregation and co-aggregation ability of LAB strains

Auto-aggregation Co-aggregation at 24 h(%)

Staine at 24 h(%) E. coli S. aureus
L. plantarum SY46  59.73+4.49°  56.56+0.95° 5551+0.31°
L. brevis SY65 49.1240.64°  55.03+£0.61° 55.1540.59°
L. rhamnosus GG 57.37+131°  52.24+144° 50.41+1.25°

Data are expressed as meanzstandard deviation.
¢ Values with different superscript letters in the same column are
significantly different (p<0.05).
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&Y 459U LGGE FH F&5ol 4ot g=A lol(Son
et al, 2017), ¥ AolN EE L plantarum SY463}+ L.
brevis SY65 w5 T S35 HYatol et S3go] 9=
g ZoF FEch

S

APl ZYMS 0|83t |itdo| S48

API ZYM kit 08319 [. plantarum SY46T} L. brevis SY65
w50 A4S Z5IAtHTable 4). YHtaog ITgHlo|Q
EIAR 0|85 §AELS benzopyrene 53 -2 HoRA AL
E3o] 7oA F531E o] oA AAEEE A= B
-glucuronidase BAE AY/dstA] grotof dtkBorriello et al,
2003). Al 229 #F BT W9 E 49l B-glucuronidase©]

Table 4. Enzyme activities of LAB strains measured with API
ZYM kit

Strains L. plantarum L. brevis
SY46 SY65
1 Control - -
2 Alkaline phosphatase - -
3 Esterase (C 4) + +
4 Esterase lipase (C 8) - -
5 Lipase (C 14) - -
6 Leucine arylamidase ++t +++
7 Valine arylamidase +Ht +++
8 Cystine arylamidase - +
9 Trypsin - .
10 a@-Chymotrypsin - -
11 Acid phosphatase + ++
12 Naphthol-AS-phosphohydrolase + +
13 @-Galactosidase + +
14 B-Galactosidase ++ 4
15 B-Glucuronidase - R
16 a@-Clucosidase ++ ++
17 p-Glucosidase +H+ +H+
18 N-Acetyl-3-glucosaminidase + +
19 a-Mannosidase - +

20 a-Fucosidase - -

- to +++, -zero, +,1-2, ++3-4, +++5,
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fAK2| DPPH 2iC|Z A7S3t B—carotene bleaching
AHHls

Aol EejE F4te] DPPH &2 47453t p-carotene
bleaching A6 &% Z34= Table 52 2ot AR gofA
234 free radical> A WollA BE3HQ1 £4F 52519
AE &5 do7]= F8 8%1°= U=A Itk DPPH oz
L gJslkz o o1gst free radical® DPPH 22 4274%°] &
HH free radicalZ FLAZIAY 2AA = AR 240] =rk=
2& oJujgttiLee er al, 1997). DPPH 2ttjZ A4S &7923t
L. plantarum SY463} L. brevis SY65 w5+ Z¥ZF 49.84%%+
48.64%2] < YEHRoH, JUeta(45.17%)2 Hluste] &
OJH o= =2 DPPH 2Z £76& UeHTKp < 0.05). 8
-carotene bleaching assayt= 9] A-carotene®] lipid
peroxyl radical(LOO - )| 2Jste] 2A}E]= 2 SHok=
o g(Choi er al, 2009), JUF(71.83%)<F ¥lasto] L.
plantarum SY463} . brevis SY65 TF= Z1ZF 80.23%%}
76.16%2] =2 B-carotene bleaching 94| 58 Yehli= A
02 ZRIFIITHp < 0.05). WbA & AtolA A8 2359 +
= AARIELE dAIok= 80| f<eoittar W

o]
T #2RL)

Table 5. Antioxidant activity of LAB strains as measured by DPPH
radical scavenging activity and [S-carotene bleaching inhibitory
activity

Strains DPPH radical B-Carotene bleaching
scavenging activity (%) inhibitory activity (%)
L. plantarum SY46 49.84+0.41° 80.23+1.25°
L. brevis SY85 48.64+0.34° 76.16+0.64°
L. rhamnosus GG 45.17+0.35°% 71.83+0.53°

Data are expressed as meanzstandard deviation.
&¢ Values with different superscript letters in the same column are
significantly different (p<0.05).

|

ginsenoside & 4% 23 Rbl 23.70 mg/g, Re 15.39
meg/g, Rh1 8.99 mg/g, Rd 6.69 mg/g, F2 2.35 mg/g, Rg3
2.88 mg/gS Ffoks A0& UehdtiTable 6). S4 28T
o Z¥zk 1%, 2%, 5%, 10%% H7Fd SR8l L. plantarum
SY463 L. brevis SY65 T w5 Fi= B #(SY46+SY65)
£ 0.1%(v/v) HE3L 40TOllA 24417 viFst &, pH, &7gAt
T 9 BdrE A% A3H= Table 73 2t} fANE starterS
AA7rste] 24417 vkt A}, $4F 82 E9] pHe= 4.28-5.82,
AR 0.36-1.53% WS HEleH, S4 2229
A71ego| TS B4 82 EQ] At F7kskal pHIF A
Sk A3 UESIE AR A 5% olde] 34l &
45 RE ARA 9 Log CFU/mL °JAC&E YERtor B4t
ST fo] IS U8 § =2 BdrE Ui,
IEEY T4 FEE0] AN S A5 ol AL
2 SRIELY. L. plantarum SY463} L. brevis SY652] £} ot
T2 I8 4¢ Y #50 viste] =2 AdE YRS
o, 5%t 10%9] ek 4 FEEDo] A7t AlEolA 22z
9.26 Log CFU/mL2} 9.90 log CFU/mLO] & A4S Vb
et

UukH o g FANt Waof 95t it 5 74 o) wE AH
4kl pH 2 8F2EQ] %A de ol&=1 qlth
Chamber(1979)2} Davis(1970)= 872 E9] Hlgh&lst pH ¥
£ 3.80~4.52, AT E 0.70~1.20% M2 AASFACE Ko
S(2013)2 AlEE 5% TaF-AHE BY 8F2E 7952
A5 A3t pHE 3.85~4.56, &% HEF-EF3 By 842
E 71%9 pHE: 3.84~4.5108 H5I9Ith £ dLoA Ak
FEEL S%E 7Iote] ERFE 24417 RS 4 842
B9 pHE 712} 4.46, A= 1.25%, 4hE A 9.26 Log
CFU/mLE, AA| Al FolA 7F8 vi2gt 81=E0] F4 19
ol Ql= o2 Almdrt

=2

8044

54 7EES gNals 53

L. plantarum SY463} 1. brevis SY65 B2 ¥ast S4F

Table 6. Ginsenoside contents of freeze-dried red ginseng extract

Ginsenoside (mg/g)

Rb1 Re Rh1 Rd F2 Rg3

23.70£0.28 15.39+0.03 8.99+0.02 6.69+0.43 2.35+0.19 2.88+0.05

Data are expressed as meanzstandard deviation.
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Table 7. The pH, titratable acidity and viable cell count in red ginseng yogurt

Strains 0% RGE® 1% RGE 2% RGE 5% RGE 10% RGE

pH 6.31+0.01° 5.82+0.03° 5.22+0.01 4.61£0,01% 4.3820.01%

L. plantarum SY46 TA (%) 0.14+0.00 0.36+0.00% 0.58+0.00%° 1.3740.01%° 1.51+0.00°
Viable cell count® 8.10£0.25* 8.47+0.39% 8.78+0.32" 9.01£0.15%® 9.3240.26"C

pH 6.3120.01°° 5.29+0.01°° 5.01£0.01" 4.3620.31% 4.330.02*

L. brevis SY65 TA(%) 0.22+0.00* 0.46+0.08" 0.57+0.07%® 1.37+0.00% 1.51%0.00%
Viable cell count 8.20+0.16* 8.20+0.57% 8.83+0.18% 9.01+0.21% 9.00+0.04%®

pH 6.28+0.02% 5.12+0.01% 4.94+0.02°¢ 4.46+0.01% 4.28+0.02%

L+' ‘L”a';trae"’/’ig" 5%456 TA(%) 0.190.04%  0.77£0.08% 1.13£0.04 1.25+0.04% 1.53+0,04%
Viable cell count 8.20+0.16* 8.75+0.60% 9.17+0.10%® 9.26+0.45% 9.90+0.43°C

Data are expressed as meanzstandard deviation.

Values in the same column with different superscript®@ and in the same row with different superscript"® are significantly different (p < 0.05).

' TA, fitratable acidity (%).
2 Viable cell count, Log CFU/mL.
® RGE, red ginseng extract.

SFEEQ] DPPH &)zt AA%H} B-carotene bleaching A
5= 373 A= Fig. 10 eI Edta WAt S4F
87F2E°| DPPHE 2743 23 2 (F7RDS 27.47%=
TP 2 3 Bl 1% A FEEY VRS 42.95%, 2%
A7 43.84%, 5% 7R 53.0%, 10% H7HE2 86.14%2)
= U0l 349 A7iol| $7HdeE ketEAdol $7t
k= Ao 2 YERGT) B-carotene bleaching 2Als TS 34+
9] H7lgo| T/ E =2 32 Uro], tiRH5.98%)2

(=]
o
]

100+

«©
o
1
-
o
1

activity (%)
[
=]
1

£
o
1
B-carotene bleaching
inhibitory activity (%)
z

[
o
1

DPPH radical scavenging

o o o o oo o
© N LA A
& & & & N &
QS’ q.(’ QS’ QS’ QS}I QS‘J Q.O

Fig. 1. DPPH radical scavenging activity (A) and B-carotene
bleaching inhibitory activity (B) of red ginseng yogurt fermented
with the mixed culture of SY46 and SY65 strains. RGE : Red
ginseng extract. Each bar shows the mean+SD of the three
independent experiments repeated in triplicate (p<0.01).
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woto] 5%} 10%2] 4 F2Ego] 7k 8FE2EQ A, 4
7+ 15.14%2% 18.04%2] =2 A &7pite} A4S Uehfiich
o= B4} 2&E0| 355 13| phenol¥} flavonoid AEE
gk ofz}, didEs|as Aot A dEel s 7R
phenol#t peptide AJ&o] F7FH Zof 710l AlgHch
(Kim et al; Landete et al, 2014; Park et al, 2013). kA
E A3AT, [ plantarum SY463} L. brevis SY65 EAFE
o] W3] S4t TEH|QEA 750l A3k 71543
[FEEQ A2V} 7hsTd AoE whETh

2 o

AAZHEE Wikg, WE54 2 FARiE/o] 452t fAES &
gisiylon, TRHo]|QEA o] §4:5 259 FE AFH
& AAsle] 15kl 34 580 BE 8FEES A£ok,
11 FAEEE BUKlSTh 7H0lA AlzxE s 25 E Y
St 1. plantarum SY463} I. brevis SY65 w5+ Qa et &
S0l gt A7, Heetel vt I 9 ikskEAdo] A
dg mZHP|QEIA F39] [, rhamnosus GG(LGG)Q} B35}
o] 95190, auto-aggregation?}t co-aggregation 53
AR S5 Yelth 34 22T 5% 10%7F 22 27t
= 9ol SY463} SY659] B3t w5 ATk 2447 Hagt
23t T4 QTE2ES] pHi 247 4.467F 4.28, A= 1.25%2F



7| Q24 Probiotic AR 0183t BY Q72EY HE Y BY £4

1.53%, -FARF Be= 9.262F 9.90 Log CFU/mLE YFERASIC
2410 A71eko| Z718eE DPPH tjd £4%3} f-carotene
bleaching 9AI50] S7F=]0], FANFAIS] FAtsksat & &
4o T2 E Q] AEE =ol=t 7|ofst= AR YEkiTh
webA B AL} L plantarum SY463} L. brevis SY65 w5
£ AFHE ZE5lo] Z2Hlo]QEA 9 B0 75/ Aot
[FEES] A|Z7} 7R AR 7|iEH.
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