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from Mustard Leaf Kimchi and Quality Characteristics of
Yogurt Supplemented with Mustard Extracts
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Abstract

In this study, the potential probiotic properties of a lactic acid bacterium isolated from
mustard leaf kimchi (Brassica juncea) were investigated, and the effects of mustard extracts
on yogurt quality were evaluated. The isolate was identified as Leuconostoc mesenteroides
by using API 50 CHL analysis and 16S rRNA gene sequencing. The strain exhibited y
-hemolytic activity, antimicrobial activity against Escherichia coli, and high acid tolerance
at pH 2, indicating its probiotic potential. Its fermentation performance was comparable
to that of commercial starter cultures in terms of pH, titratable acidity, and viable cell
counts, while producing yogurt with higher viscosity. The addition of mustard hot water
extract (HWE) and ethanol extract (EE) further improved yogurt quality. HWE accelerated
fermentation by lowering pH, increasing titratable acidity, enhancing viable cell counts, and
showing the highest DPPH and ABTS radical scavenging activities, whereas EE produced the
highest viscosity. Based on previous studies, these improvements may be associated with
the bioactive compounds in mustard extracts, including polyphenols and glucosinolate
derivatives; however, their contents and compositions were not directly analyzed in this
study. These findings suggest that Leu. mesenteroides isolated from mustard leaf kimchi has
potential as a candidate starter culture with probiotic properties and that mustard extracts
can be used to develop functional fermented dairy products with enhanced fermentation
performance and antioxidant activity.
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BEQIeH2,3]. RS o83 IaAEe AU vE 43 /A9 HY Vs S 5 A% B4
aIE Qlef A&H o= AL Wl Slrt. B3] AX= :
Hha IPgollA] Tt fakto] SAlote] 53t FulE FAT Eint ofet ALl EE3t 75730l
T Fa3% IS vAnh H2olls AATE 945t 71548 Ad Al ZeHo|eE g gES
F = 8% AgoR HUIEHA, X ff fANEe] ARedt A 28 7hsAdel Higt
A7h Edts] FYE k. A= ] dBAQl HE LEAE F PR, FERY &
(Brassica juncea) AABRLA] &5l= Aao|n ofrlotel §5 A oA de] Aui=]ar lcH4].
kA o2 ZA|= 2k SRR ofo] §, o, u5TE, vhs, A%, AE 2 A9 52 H7lotod
Azsh, YR oA fAto] st ERC g FARITHE] ERF 22 HIERl A%t
C, F714, Aol 4 bt tlsd SRS 5o Tfola 9lom, oj2igh g J82
Al 9 3o @A} Wt Felo] Qe Acg HuEQTHE, 7. 5] APk o4 ZALo|
A AYitels EAZES SF3AEH| 0] E(glucosinolates), E2]¥l=(polyphenols), 2t o|E
(flavonoids) 59] 7154 A& thg aokal 91.2m(8,9], HEARI SFIAREHCIES AU
A(sinigrin)@ 1 B3AREQ AITC(allyl-isothiocyanate)= 3 E Y Aol 7]ofsl= FQ
E4= g8A H10,11]. 2 1771548 digh AH)R; Falo] St wet 7154 fAE
AP TS A&H 0 R SiE1 Qlrt. E3] ZEHlo|QE WHEFE A A% Vi, HY 7 S
9 Rt &4 5 oAt A oIS Algele ARl 715 FARLE QAL Qi
[12,13]. ololl wiezt AA A1E |2 A4S L-8olo] Hafo] F43} 7573 FA717] 993t a+
7F &e] £ Jlo, AE FEEL IS S AT & ohet R4kt S-S X5t
£ ZEjHpo|oE ARA B E4S AT 5 Qe AR BuE QItH14,15]. AE 55
o] Ao ARl W3 AT JA| A& o7 HuE T Qi) AlE §3) oA Beld GAkt
2 953t 2uo| 9 F B3t 3 A 4, It B4 2 SHAHE Aot &ikE UehiE
AoZ dEjA 9oH(16,17], A& FEES Y S4E SXIoto] HaFAIES] 24 P
7195tz Z0E BUEQIH18,19]. B3t f4E Has AE ff YA E49] HAol8E S
S 23e UERH, A% 2804 = e SIS 3-phenyllactic acid?] o]-8-&0]
PR, S FEEANE IS Lol SAH AoE BuEIrH20,21]. Iy AF7HA]9]
A= 2] 7154 ARold AE A AR ARgdel F2 23 W glon, ZA|9
A B3t AN TEHlo]| QE XA 7t FEE0] fARFY] A W HRR AR EA0] v
© Y THH R WIS Al v Aot wetA & AtollA= ZHAERE R4S
welote] 8852 Bl S Brlok, YA nBE digt I S AR ESE
FEE0| AR S BT EaR Ta B4 vl IS E4oto] 7sAde] FdE
ZAEHP|QE URR /Y 7hs e AESKIAL oot & S diks A G AR A
A 28 7MsAS AAsHE BAlo U AE sANER] 7] IRUPRA] 883 7154 fAE
NS 5t 712ARE AT Ao 7|didrt.
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1. Ao 22 ¥ S8

AR 2 E ol Al A 7oA Axe AAE AlRE ARSI AleE 37T
A 27 997 2U0R 457 HaT F Ao ol&sigith TaH AlE 100 gofl Bat SFT
900 mLE #H7Isle] #27|(homogenizen)Z &E3] #Aslstatt #&29N9 100 LS 0.01%
sodium azide(Sigma-Aldrich, USA)7} 71l MRS agar(MB Cell, Korea)oll =23t & 37C ]
A 271 9 F7] £20F colony’t B4E W7HA vt Wi & FEl, 27] E Aol A=
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e colonyE Aldstylod, I8 AAgE & An|%(Nikon, Japan)E ol-&sto] Fefe2]
ES BEst) AdE 759 T o842 API 50 CHL kit(bioMérieux, Marcy-1'Etoile,
France)g °ol&sto] 245190 th HEH o HHE 39 BAYETH 5782 AR 24718
(Solgent, Korea)oll 2J=J5te] 35151 0H, 5740 Aud 5= T& APS 9 80T &
oSl

2. 23 ¥ Y

E AFME Streptococcus thermophilus KCCM 404303+ Lactobacillus delbrueckii
subsp. bulgaricus KCCM 35463& =v|A3EREZANE(Korean Culture Center of Micro-
organisms, KCCM)ZHE Eofdto} ARSIt AU starter culture?l YC-380
(Streptococcus thermophilus R Lactobacillus delbrueckii subsp. bulgaricusre Chr.
Hansen(Denmark)°IA +4st9itt. WA d5F2+= Escherichia coli KCCM 11569, KCCM
11587, KCCM 11596 ¥ KCCM 11600 KCCMoJA Hefgtol ARgaoict. 4kt MRS
broth(MB Cell, Korea)oll4l, ¥4 w5+ LB(Luria-Bertani) broth(Difco, USA)OIA Z¥2} 3
7CollA 24 h BRF vigRE & AYo] ARESHITh

3. CFS(cell-free supernatant)?| H=

2R o4 Bt §ARES] CFS(cell-free supernatant)s A|ZsF7| 95t 5= MRS
brotholl 1%(v/v) %35t & 37CA 24 h B9 siFsiict. vidle A4E2]7](Hanil, Korea)
£ o875t 4T, 1,690 xgollA 20 min &t FAEeoto] #A9t AA5HS Eelotart. sl4=st
AFSHO] pHE 245 3 0.45 um@} 0.22 pm syringe filterS A2 08 A7 A2 FAIE
A|ASIL CFSE AlZst3itt Al2H CFSE= Aol AREsl] A7HA] 20T lA Easiict.

4. 28 EM(hemolytic activity)

- 578 A9 A el flste] 88 B4 ARSI = MRS brotholl
Al o8] kst & 5%(w/v) defibrinated whole sheep blood(Kisan Biotech, Korea)7} 271
blood agar base(Kisan Biotech, Korea)oll F&3a}to] 37TolA 48 h B9 vidstict. B &
colony 99| &8 P2 TEsto] 88 244E st Colony FH| £33t 8% 3
e A= -89, 58S de & 882 -89, 90| TR g2 He= 88 &
StHoH, y-88L2 H-8E4(non-hemolytic) 22 TSI
5. Paper disc SfHH0f| ofst 2t &4

ZAANA - 54T AR v s o] YA RS ARl HX|= A paper
disc Aoz W7ol Al¥us2E Escherichia coli KCCM 11569, KCCM 11587,
KCCM 11596 % KCCM 116002 AH&s3itt. ZF B 5 1%(v/v)7F H%=% 20 mLo] LB
agar©] FEsto] #iAE A x50 f4At Bl A2 AT oA Bt SFRSE 42 50%,
25% % 12.5% == 314519t} o]% ZF A& 40 uLE Bt paper disc(Advantec, Japan)©ll
STAIA HYY 457 S LB agar O S22 & 37CoA sttt vl = 34
EA e clear zone)2] AL F7goto] Pt B3 H7okYth

09k

o)

Qk

6. Li:kd Eot
Ao 2257t fakte] WS B71sIAH w5 = MRS brothollAl 12 h &<t vk
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3%, 1 N HCIZ o}g3}o] viFeo] pHE 2.002 25ttt 2% wigde pH 2.0 ZA0A
120 min &<t ¥RSAIX] & BHE S5 AMd S04 Y] &5 B

A9 XFEE HX

Aol ARERE ZEE QMIA] A SPUZHIEC A A% AlMRE AlRE ARESISITE ZHE S5
23t 3 60COolA 24 h 5 AxsIH o, AR ARS F4lote] 3200 ARSI &2
A4 2 oS 29 F 7K W E 6ol F4 FEE(hot water extract, HWER
A% AgS} SFFE 110(w/v)2] HER2 238§ 100Co0A 1 h &< FE39tt. oge =&
Ef{ethanol extract, EE}2 7% A&} 70% olghS-E 1:10(w/v)e] v &2 E3lslo] 204 48
h 59t &390t &9 Whatman No. 1 9¥X](Cytiva, China)Z o8t & 7Fs<7]
(rotary evaporator, Eyela, Japan)E ©l-83d}o] 5509t 559 FEE2 0.45 pm syringe
filter(Advantec, Japan)Z o33t & 4TofA RistH A3o] A&t

~N
1o

>
o

=
o

>
N

_l
.l

2588 ANe] BE B4 Ukl Yot Swreprococcus thermophilus KCCM
404303} Lactobacillus delbrueckii subsp. bulgaricus KCCM 35463 B|1 w52 ARESIA
o g 4 E8R= Al SR 400 mLE EvE AEEAT Bttt § 449 45
2%(v/v) Aot 37CoIA 24 h Bt HasIGch #Ha 3g B2 pH, A4 (total titratable
acidity, TA) 2 A4S 94 Azt 7HE 02 2345190t} pHE pH meter(Mettler-Toledo, USA)
£ o] g3lo] 4519t TA= AOAC(Association of Official Agricultural Chemists) ¥l
w2t ESoelet. FaR 17.6 mLet SRSE 1:1(v/v) HI&E &7 ¥ 0.1 N NaOHZ pH 8.39
TGS fi7hx] HAgoplom, AHjE NaOHO %4& 7|E0= TAE ALkt

A= 12 h 7H o= Z45190nh 4a/E +¥dsH] St & A8 1 mLE 9 mLe] B+
0.1%(w/v) peptone water®] ‘go] @A 345ttt ZF S4H 1 mLE Eef petri dishol] £t
%, 55T 9] water bathol4] B-23F MRS agarg Fo] &3h-SIAF L} 8ix]E 37C oA colony
7t B4E H7EA] wjsid e, FA4E colonyE ASdl AR 1 mL% colony-forming
units(CFU/mD)E YeHIt}. BE A 33 ghE 3619 o Baghs ASoIaTh 7 55
o] ¥8Ro| ¥R 4o v|X= JFZ B7k6H] sl Al 9 400 mLoll HWE®} EES 212t
5%v/v)7t HEg 7ot s FEES A7 32 AlER AAsIoinh BE APt
+ Y& starter culture?l YC-380- 2%(v/v) &7 - 37ClA 24 h 5% LRSS, WA
g F pH, TA & BrE 598 o E S75IgiHh

9. Hx =H

Are AR gaE ARE o2 SHoth AR 40 mLE Foto] NDJ-8S Digital
Rotational Viscometer(W&] Instrument, China)®] Spindle No. 45 A3t &394t &
7 Aof| AZE FE3] FYSAIZ] 3 30 rpmOllA 1 min ZHALRE 33] BHE 4513 oH, Hatgt
< 3% Hx= Agsit

10. DPPH(2,2-diphenyl-1-picrylhydrazyl) 2ICIZ AHS &4
DPPH(2,2-diphenyl-1-picrylhydrazyl) 22 &A% TEHe} &S 1:1(v/v) HEZ

S 7 4,000 rpmellAl 20 min B ARSI A2 A5HE AEE ARSI AlE A

N3} 0.2 mM DPPH ethanol &%4& 1:1(v/v) HI&E &3t & A4 30 min 59 ¥HEAIH
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nmoA SFEE Z7519T). Blanks AR 587 methanolS Y3t Hl&=2 Z313l

AFg3IGIEY, DPPH el 2752 the: Alo] wet Akkeloich

t}. ¥k3o] 7% & Epoch Microplate Spectrophotometer(BioTek, USA)S ©|-&3}o] 517
Qo
[e)

fijo

=

Scavenging activity (%) = [1 - [(Absorbance of sample) / Absorbance of blank]] x 100

11. ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) ZICIZ A7s =4

ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) Tz 275 Re et
al.[22]9] B Y5 wEsto] Z5g6tt. ABTS Sz 8942 7 mM ABTS diammonium salt
| 5 mLo} 140 mM potassium persulfate &4 88 xS S35t & A4 A2og 12-16
h &<t 9ESAIA Azt A AL 95% oe-EE 3451 734 nmolA 9] &F=7} 0.70
+ 0.027} F== ABTS working solutionS ZASIAE. A 24 h & A A& 1 g9 95%
oehe 9 mLE H7Isle] 918t 3 4ColA] 4,000 rpmOE 20 min B9t YAEEEl0] AN
3J4=oltt. 96-well platedl] A& A5 50 uLet ABTS working solution 150 pLE 23t
T A2 dAHM 10 min &%t ¥EFAIFLH, 734 nmolA FBEE S 0.2 mM
ascorbic acidE FAUZRFOE ARESILY

ABTS #HHZ &A6-2 ths A& o]&sto] Al

Radical scavenging activity (%) = (4, —A4,)/ 4, < 100

o
i

o714 Aye AEE A7 2 diEate] F3=0lH, 4,2 ARE 7R A2 F85%

ojulgie,

f

1. Ao 22-3Y Y Y MSM(cell-free supernatant)Q]| =

U8 E A ZRE fAES BEolr] fote] AEE et St S3toto] 83kt & MRS
agaro] =Isto] vigsioint. Bl & FHieH R A HE colonyE AEsto] THEMS AA|
g Ay}, Beld2 BE O Y A A+ FEE UEch AdE 459 F o848
API 50 CHL kitE olgsto] B3t A3}, Leuconostoc mesenteroides?t 99.9%2] As/3< U
ERJAcKTable 1). E3F 16S rRNA Q71X <E B4 ZIo\NE Leuconostoc mesenteroides
ATCC 82933} 99%2] A=XS Ho] AZA 07 B H4FE [eu mesenteroidess Z73I3ct.
Tt ZA B7HE Y7t CFS(cell-free supernatante= Leu. mesenteroidess B4+ MRS broth
10 mLolA 24 h B9t 12} vjkst &, o] 50 mLe] B MRS brothel] 1%(v/v) &3t 37
Al 24 h &}t 2%} viokoto] AxoiYet. vigAS MR E Bl HAE AAT F, 0.22 pm
syringe filter& oF}slo] ZE #AIE 5] AASIGTE A2 CFSY 2% pHE 4.1592 374

At} A= ookt fAktol FEske tRAR] Al HaAEe s, dart AgH ] wet
Leuconostoc, Lactiplantibacillus, Levilactobacillus 52 sAhto] $8d0 2 Sdsk= Ao0Z
LA Qlt}. E3| Leu. mesenteroidess A WA 27] SHAOZA {4 A A TR
J trEES A/dste] B 83 APGE AT a3 FE Balsd QIH23,24]. &
AolME AAX2RE EaE #5271 AP 47 16S rRNA G714 E 2404 BF w2 A5
’d& Uelol Leu. mesenteroidesz= ¥ Y= H, ole ZA7F ZEHlo| o A4S

Z4
=

=}
=

=
ng
]
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Table. 1. Carbohydrate utilization characteristics of Leuconostoc mesenteroides isolated from Korean
mustard kimchi (APl 50 CHL analysis)

Carbohydrates Leu. mesenteroides Carbohydrates Leu. mesenteroides
Control - Esculin +
Glycerol - Salicin +
Erythritol - Cellobiose +

D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose +
D-Xylose - Sucrose +
L-Xylose - Trehalose +
Adonitol - Inulin +
B-Methyl-D-xyloside - Melezitose +
Galactose + Raffinose +
Glucose + Starch -
Fructose + Glycogen -
Mannose + Xylitol -
Sorbose - Gentiobiose -
Rhamnose - D-Turanose +
Dulcitol - D-Lyxose -
Inositol - D-Tagatose -
Mannitol + D-Fucose -
Sorbitol + L-Fucose -
a-Methyl-D-mannoside + D-Arabitol -
a-Methyl-D-glucoside - L-Arabitol -
N-Acetylglucosamine + Gluconate -
Amygdalin + 2-Ketogluconate -
Arbutin + 5-Ketogluconate -

+, positive; —, negative.

I
R
=

A 299 AR §2 G4 FHE ST 5 9)
CFS®] pHZ} 41502 Lhehdl 2k vl o] f71ito] S83] 4]
et o T4 Wl B

B fabgol A4S

iy X
oH

° Uy vyl
i,
A

38 o) mvjol 0y
24} 9 wejE] @Al 22 OAAIES B Ade) 4SS

o] B 7¥54 ARt B A
%S lstu, o)

3t B3] 2 Aoz

OlAiske 2 2910 Ui Slo), & Aol A2E CES 9] oleiet 75y e 2

S ke H5Hel ek

2. 20| Rikde| 8¢ #4d

8 g2 nulo]QE #59 kS Bt
TFEe BE8S Ul Jisdel genz AR
(non-hemolytic) /0] Q¥Ich. @] §&o]
of A7kt FFS uld 4 e

Leu. mesenteroides®] 2t

8(e-8F)o] WU gIgron, S8 Uiy

Aog dA UTH25].
A& go

7 Bofeke 824

HHe HEEA

2jo] AJstlo] A v

b 2 Atox= ZHX| =5 E et
J= SRls] flst] &8 442 Brleloinh &8 &4 B At
Leu. mesenteroides= blood agar®lA| colony FHo] £ 8EHp-EF)olt =49 F1&

o= -85 QFARS HYrKFig. 1A). 0|3t

BT Vo=

A= QbHAo] BRIE tRdFQl Lactobacillus delbrueckii subsp. bulgaricus KCCM
354639 Z3KFig. 1B)} 53U 2 HEUSIH. -8 HIFE &afotA] Y= H8E4
£ 9uloh], ZEuto] Q] HF50] QPAS Wtk 8% 7|50 R SEHr: A 2 o

https://www.ejmsb.org
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Fig. 1. Hemolytic activities of Leuconostoc mesenteroides. (A) Leu. mesenteroides isolated from
mustard leaf kimchi (Brassica juncea). (B) Lactobacillus delbrueckii subsp. bulgaricus KCCM 35463,
a y-hemolytic (non-hemolytic) reference strain.

FoI4 B2l Leu mesenteroidest H1§ @S ekl §84 S92 QY 22 35349
v, 754 W A% 1 A4 meulo|o Az B8 JRsHS etk Jeht #e] A
29l S BEH] AL FAA B4, B4 L 9 B 94 S b 1 Wbt
Bas

3. Paper disc S 083t et &4

ZHaAo| A B8t Leu. mesenteroides] Tat B3 B A5l CFSE 0|83t paper disc
o s Brisiglon, 11 AE Fig. 20 WeSIY. Alft2% Escherichia coli KCCM
11569(Fig. 24), KCCM 11587(Fig. 2B), KCCM 11596(Fig. 2C) ¥ KCCM 11600(Fig. 2D)&
ARGSIGTE BE A EAdFNA Leu. mesenteroides®] CFSE E. coli®] S-S AAlsk= B4
Uehiglon, CFS9| s=7t 37188 B&Aaee] 2717} $7koke 43S EAKFig. 2). 53]
HR(Fig. 2407} 50% BJAM(Fig. 2B)oNA F33t gt S/do] WEE oM, AL A2Foll=
AFos W2 gt B YERQIT ol AIk= Leu. mesenteroides?t A3/3%F thAMFEO]
E coli®] &% BHACE JAIT 5 U2 AKRIE 2 dF Ade FA §H Lew

(A) (B) € D)

Fig. 2. Antibacterial activity of the cell-free supernatant of Leuconostoc mesenteroides isolated from mustard leaf kimchi (Brassica juncea)
against Escherichia spp. (A) Escherichia coli KCCM 11569, (B) Escherichia coli KCCM 11587, (C) Escherichia coli KCCM 11596, and (D)
Escherichia coli KCCM 11600. (a) 100% cell-free supernatant; (b) 50% cell-free supernatant; (c) 25% cell-free supernatant; (d) 12.5% cell-free
supernatant.
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mesenteroides LK93 w52 i 50| £. colP] tis $-r3t Pt /S Uetdlttal 2t
Park et al.[26]9] A2} YA[6IGIH. o5 ot B v A5Hol| EAfol: thRt thakibe
of oJ5f| fed Ao Bt ES Leu. mesenteroidese FAt, A 59 7714k} HheE| L.
Al(bacteriocin)& HIES B 42 Aohe 202 d#A glom, olgt EAES WA
Alt9] Alzet g 7712 A2 W pH e AstAY AlEahE SgAIA BSS A
Sk Ao= HuEa QIoH27]. webA 2 AtollA A | Leu. mesenteroides’t 2373t
FSe W9 E coli®l B5E B 02 A5l ot B4 UeigleH, ol & #5775
A daAE9] starter cultureB¥t ofUzk AA It AR B EAEH| 2 E|(postbiotic) AR E
284 5 U= 73S AR

@)

4. Ljtkd "It

ZHA2RE BE|- 543t [eu. mesenteroides®] WAH3S B8t ATE Fig. 30 YeEHSIT
#5E MRS brotholA] 12 h 59t vt &, vijfeio] pHE 1 N HCIS o]-83}o] 2.002 233}
31 120 min B9 =&A17] T AA<E 24019 ¥l 12 h § Leu. mesenteroidesd] A4
+10.5 log CFU/mLA2™, pH 2.0914 120 min &<t A3t T 5.0 log CFU/mL] B4
7F FAE K Fig. 3). HIE 4F A2 & A7 A5 o, 5.0 log CFU/mL o13e] A+tol
Azsto] B d= 7MY SHME v 22 RS fAIoks AoE ERIEg

nZubo] Q¥ H#59] YWAMIS 9 W] A3t AMY 3 Bafote] el 2 = I=AE
Hrlske 83 AEZ FEjA YrH28,29]. ek pH 2.0 R2AME & £29] A7t 34
" B AT A= Jeu mesenteroides’t YAt B4E ATT AR AES £ = AAJE Q]
20| 9 E B4 HAokal 9SS AARHE 2 A4 o] oA S22 RE B
2t L. argentoratensis’t 5YE AV 2ANA =2 BEES UEo] St WAMI S E okl
U= Hargh v QIoH3). o]fgt 23k oA 2 Aol 223t Leu. mesenteroidess 734t
d 20 A2 AAIsH 7154 HRAE 9 Z2Hpo|oE A &8E S EAith
T8y ZE8lo|QE SH FEEA 9 A Bt FE5] Bl HeliMe Beat W, A A
TANE Faks 9 7421 754 Aol Z8sitt

A

Viable cell counts (Log CFU/mL)

A B

Fig. 3. Acid tolerance of Leuconostoc mesenteroides. (A) Viable cell counts after cultivation in MRS
broth. (B) Viable cell counts after exposure to pH 2.0 for 1 h.
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AN 2RE BSt Leu. mesenteroides®] Wa-G starter culture242] &g 7154 H7}
5t7] st Rl o FEe & IE FoA pH, TA 2 A5 HIlE RARIG O,
1 AFE Fig. 49 Yeriet vW d52+= Streptococcus thermophilus KCCM 40430(ST)
I} Lactobacillus delbrueckii subsp. bulgaricus KCCM 35463(LB)S Argstgon, ZF 4=
MRS brothoflA] 24 h <t o8] iRzt = Rl 2%(v/v& HEst] 37ColA 24 h 52t Last
k. Tart 2ol wet BE AeellA pHYF FA; Fasste] ARl Ak Tt o] Rl
S OIS £ QA vl 24 h & pHE S thermophilus’y 4.54, . bulgaricus’} 4.42, Leu.
mesenteroides’} 4.622 UEOM(Fig. 4A), Leu mesenteroides= A}AX 0 g o]RE=
starter @S2 GARE A A 582 Btk TA 94| EarE XgHe] et S7sielom, #iek
24 h & Z¥Z S thermophilus 0.49%, L. bulgaricus 0.58%, LM 0.50%% &73=o|(Fig. 4B)
Leu. mesenteroides’} WaG Az A3t A A EAAS 2= Ao SRl dE 14
% A9 Wsk= Fig. 4Co) eI, 8 12 h & Ads= S thermophilus7t 9.21 log
CFU/mL, L bulgaricus’} 9.00 log CFU/mL, Leu. mesenteroides’} 9.12 log CFU/mLE YE}
Hlet. o1% 24 holles 742+ 9.22, 9.28 9 9.33 log CFU/mLE S7I5HAU A0 & fA = o]
RE FFo|A T2 AATE FAIHE E9] Leu mesenteroides= T8 F7 A 7V =2 A3
#E UEo] 7 ST 52t T4 58S 2 2R WAt Lee et al.[301Z
S Algt 2kgG-9] pH7F 3.7-4.7, TA7} 0.36%0.91%9] HHE Uehdcty Hstct. 2 A
oA AzSt Leu. mesenteroides WA pHEF TAE o3t HY o] Zg T o] Ajzoz
el HERe FARE HRE EAS UEITE E3F S thermophilus$t L. delbrueckii
subsp. bulgaricus= W& IAJoA AZ9] Ao Qs qrHKIES wdloto] A A 58 Z7}
A7l Ao= LA UTH31L. of=et HE fold, & Aolx Eelgt Leu. mesenteroides
HA] ThE starter #5242 9} vl A AT HHARQ] S I8 X1 83E vERd 7Rs4d0l
U AoE WotEth Ha 77 5% Bt B2 R fA1E v UaER Az dolA
FAkto] HFA71E AX BATIC] 22 oo U £F ol A2 FAGI S
Om|gte}. Bae et al.[32] HEA 7|0z IF FA7F AFESHE R R4 A2 X&E £ Qe
0= pH 9 TA9| HaPr} HIEA] =] Bigjel AA|51A] oh=rttal Hlsiyley. 2 AtoAx
At & HSHE HolA| U8koy pH 48 TA $71H= AKA 0= Yehy Aol FARE
%S Bodrk 3, TARY 71 L 4 ol EERY] fANE 5 6 log CFU/mL oldo&
TSk 1o, Lee et al. 3012 A% 374 FAFO] Aut7t 3714 FAREE 7.2-11.30 log
CFU/mL, @71/ 4kt 8.0-11.50 log CFU/mL] WIS Uehdrtal Barsiglet. 2 dtoflA

(B) ©

OST mLB ELM

Titratable Acidity(%)

Viable cell count (log CFU/mL)

306 9 12 15 18 21 24
Time(hr.) Time(hr.)

Fig. 4. Changes in pH (A), titratable acidity (B), and viable cell counts (C) during yogurt fermentation using Leuconostoc mesenteroides
as a starter culture. ST, Streptococcus thermophilus; LB, Lactobacillus delbrueckii subsp. bulgaricus; LM, Leuconostoc mesenteroides.
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IME &= o] Az Haf= Ua S8 Tk 9 log CFU/mL oVdY] BueE fAI5H]
U £ 71&E FE0] TSS90, Al HERet Blusio fARE 222 B R
th. Wb Leu. mesenteroides= XA starter culture® &8 7Mset w52 WHEL: #HE
4= F Y #5E ol&sto] AR Hafe JeE 43 23E Fig. 59 YEIt ST,
LB € LM9] Hx= 242} 1,300, 1,280 € 1,420 cPZ Z4E9loH, LM A7} 7HY 2 He
£ YUEiGH EERe] Ars 459 X, A A 58 2 ©id Bl 54 5ol ol I
W= Zog d3A IHH33,34]. Bouzar et al.[351 S thermophilus®t L. bulgaricusE °1-83t
HE-RoA T AZte] 713l wet M=rE 716k 24 hollA] 2z Uehdtta B rsigi.
T3t Jeong et al.[14]2 of2] FANFS Egoto] ARS Hafrt 9 45 Hafit 2 dx
£ YehiY, 3] Bifidobacterium longum, Lactobacillus acidophilus 2 S. thermophiluss
S Aol MY 4%t Ax EAS HEoth BEusilth B AFdE Zew
mesenteroidess °1&%t HAR7 HRAFET =2 JTE Ueilof, £ #4527 S8 22%
BA 58 7= starter culture® TEE 7FsAS S0I5IYL:

6. 4 F== 7N ME LSR2| UE EY

7 F2E PHEERY ¥R B0 vAs 92 B7eP] ote] a3 F pHet TAY
WSS 245t AFE Fig. 6A°] UERRILE #aE 27](3 h)olls 2E AgTtolA pHZt &F 6.72
FARHA debstou, Wart xgde] ot Fr-oR Fastgitt. wieF 24 h § pHi= HWE,
FE ¥ 471 di27oA 42 3.57, 3.70 ¥ 4.2002 SA= ]} E3] HWE A= 7 %2
pHE YEtHlo] a7t 7P SdstA XaE 2 20& IRI=QIrh TAE= pH Hale}l vie] -2
Uehie 2art AgE4E 24808 Z71619chFig. 6A). w9k 24 h T TA: HWE X277t
1.50%, EE A277F 1.13%, 217} 0.68%= S4%]0], 2k HWEZ| f4kte] 4t A4 58 71
aRH o7 EXok= A 0E YET ol2fdt ik AE FEE eE 84 wrskEat 1
iz SRHEC| AR RS EAdslsto] 24k 84S SRk 71E A YAI5kITH306,371.
E3L Plaskova & Micek[38]2 41& 8l HWE &+ EE7F 2&F 9 A= A oA LR

1800
1600

1400

]

1200

Viscosity(cP)

1000

800
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Fig. 5. Viscosity of yogurt fermented with individual starter strains after 24 h of fermentation. ST,
Streptococcus  thermophilus; LB, Lactobacillus delbrueckii subsp. bulgaricus; LM, Leuconostoc
mesenteroides.
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Fig. 6. Changes in pH (A), titratable acidity (A), and viable cell counts (B) during fermentation of
yogurt supplemented with mustard leaf (Brassica juncea) extracts. The starter culture used was
YC-380. TA, titratable acidity; HWE, hot water extract; EE, ethanol extract; Control, yogurt without
mustard leaf extract.

sl AF RS Z7MAIZICH Hustg o, B Ao ME 7k 2EEA AR Aol
SIS}, 55 HWE A2|77t EE H2jtEet 9451 a EA4S Uehdl A2 Agd+E 133
o g 2EIAOIM 822 & e $84 AJHo] YC-380 starter culture®] A3} tiato] 7]of
e 7Fs7do] et Egh AAstat A2l T FRIAREH0IES}L 1 ESEEL RAkl 98]
thatElo] HEE X1 & 9o, o] oA AgEl= et tiAKEEC] -S4 ARt 4t
Aol A e vAlE Aoz HuEQIH39) wa 3 F Aol HelE Fig. 6Bl
UERASIT. B 12 h & HWE, EE 9 ti22] 4= 242 8.95, 8.47 ¥ 7.98 log CFU/mL
2 24E]9on, HWE A2l ti27E} 9F 0.97 log CFU/mL %2 Ad<rE YeERAIL) 8
24 h Zol= 712+ 8.73, 8.45 U 7.75 log CFU/mLE RE Aol 57} tha 7A4asielo
U, HWES} EE AHEhs ti2E 2 BdeE AEH0E GA6I. 3 355 H7HolA]
TR A Sk AYATl 2AT off 25259 484 A8 Edjvls skE 5ol A
Aol 71043 7Fs7do] itk YutHoR mejulo]9E £ {9 wES A4 A3 7R

ol-g=m, olm ZHEET| N fructooligosaccharides)}= HEZQ! fikd F4 £X 24&
A=A UH40,41]. B AFoIME F5 35 oM SEFULS 7o) Y= 84 ARE0

YC-3809] F4Jt AJ£9] 710153 4 Slont, o} Hals] Slshilt FEEY JEEA A
A2 4% 50 2749 77t Bastch vk 24 h o) A% A A
4 T} 71 S0 0 Ay AEEA] 71908 A0 SE Tt 2 55 R
el g Sol a0 A ehton, ol AgATeNH HIE 4% o) Fu
0] 483} BATILE 7FsHo] 9oH20,30), £ AT ABAEHA Bl ABE A4
251 ot 37149) gol Washh S, 2 $28, 55 HWES s A% o)A
pH 24, TA 371 2 7% FHS SA0) REslo] 27 542 Aoz Rsiet. £
BE FE FOIE 8 log CFU/mL ol4] 242 fAlstel manjolos wagel ¥4 7|24
10° CFU/ml o192 $83] 35350cHd2]. olefdt Bt 2 G43580] /154 MaS AZS
9 A BE Ao} Telujol 9 AR BEY 4 %S AR

Ir
)
=

i
o
N
1o
of)
2

7. 2 258 | U2 YERO| HE £y

% #5% WP uage Al v 9% WA 20 R 7o) ehiigle W 24 b
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Fig. 7. Viscosity of yogurt supplemented with mustard leaf (Brassica juncea) extracts after 24 h
of fermentation. The starter culture used was YC-380. HWE, hot water extract; EE, ethanol extract;
Control, yogurt without mustard leaf extract.

oL

£ Uello], 2t £2E9 7P Haf A el 3HAR0 JFS vRls AoE ERIEh
UaR] Ak $7k= APATE 12 o 2t FE= A SR 7RI rlAdle] Ao Akgo] TEEL
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o] thf AR Ao GRS wIA Ta oAl AAE AEAL gEto=rt ZHAIQ] v R
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9] Tl A gial Hspr} TS 7Rs4do] Qlet Kristo et al.[48]2 AU set yogurt?] HE7F
A P HRAoIA A 227 715k 83 G AT Barslglet & AtofA
EE AZTE AAE FER9 FARIAY 1 o] g Uehdjo] 9458 23R /st
wEbA 2t EEE HER0 Het 2370 AT 71548 AR &8 7RsAdo] Eom, e
A FER AXE A3 AA WHAEAY &8 7B e AR wkEh

P

8. 7t FEE AN WE WEIQ| ks By

2 2% WL EEe0 F4 0] VX Q%S B71sl] $istel DPPH @ ABTS 2]
A7%S 24stgom, 1 ANE Fig 89 Uehfeich. DPPH ez A4S HWE Aol
A 43.44%2 7V &) eretom, BE Aehroh Rk thETE 242 26.15% 9 13.36% et
UleickFig. 84). E8] HWE A2y ti72ch of 3u) & DPPH ehjg 2758 Hol 943

Z

J Dairy Sci Biotechnol Vol. 44, No. 3 | 171



(A4 =})
o 5/
% s ) )
e Kim and Kim
(A) (B)
100 100

80 1 : S 80

S S

£ 60 : £ 60 A

-4 2 15

g : o

& 5 on

&0 g

@ 40 : B 40

B i g

5 : z

2 : g

S 20 A I - @20 A '

) |

0 : 0 =
HWE EE YC-380 Milk Ascrobic HWE EE YC-380 Milk Ascrobic

172 | J Dairy Sci Biotechnol Vol. 44, No. 3

acid acid

Fig. 8. Effect of mustard leaf (Brassica juncea) extracts on the antioxidant activity of yogurt after
24 h of fermentation. The starter culture used was YC-380. (A) DPPH radical scavenging activity.
(B) ABTS radical scavenging activity. HWE, hot water extract; EE, ethanol extract; Control, yogurt
without mustard leaf extract; DPPH, 2,2-diphenyl-1-picrylhydrazyl.

T 244 UeSlth ABTS 2tz &A% 9A] DPPHYF fARE 43k ESitHFig. 8B).
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