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Abstract

Enterococcus species have been reported to produce unique flavoring ingredients in
fermented dairy products. Generally, they were found in cheese and fermented dairy
products. ZEnterococcus spp. produce extracellular polysaccharides and reduce blood
cholesterol levels in humans. This study used heat-killed £ faecalis and E faecium in
yogurt production to increase safety during consumption. The addition of heat-killed £
faecalis and E. faecium to milk did not affect the fermentation time of yogurt production,
the growth of starter cultures, and the viscosity of yogurt. These results concluded that
heat-killed Enterococcus, rather than live Enterococcus, is sufficiently possible and even
safer to be added to milk products. Fnterococcus species could be used as a safe and
functional food additive to fermented milk products and supplements in health foods.
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Z2Hto] Q€ A(probiotics)oll O-&EE WS

Lactobacillus 4 %to] 7 BAH1],

AR 23709 &(genus)C.& A2} H
olQloll% Bifidobacterium %, Clostridium <,
Bacillus %, Saccharomyses <, Z18|1L Enterococcus 4 TRJEE0] A4 02 AREE AL Qlct
(2]. Enterococcus 4 TA3ES FARESS 083t Lancefield E70ll 9I5| D& Streptococcus

EFE AT DNA-RNA 2733t 5785 A7t HAEHA Enrerococcus &2 2 EH5H =
A3, °olE HAHES 6.5% NaCl 571 LHOS/‘J% 7}11—1— Ao, 60T 3082 A=
RZo] 7P531a LT 10C45CE LA 1. Enterococcus < TA3EL FATIA|
oF 60%(species) ool E1EoH(6], £ faeaumﬂr E faecalisS E3F5F @@ Zqto] T}
o|REYAR ARGHTE

Enterococcus faeciumE DE AR E79] Fr|JEE APAkot AL oS Agikst
5 95 FALHE A B0l 9l A0 HHgon, AUAZ o e UE $HEI €9
AZEEE nEo|t). Euete] AL 1990W] SHREE] HR-QAE £ faeciun’}t HEE =
5

4 FR7FR Flololy], FHOFLEE(E @hy)o HAUIE, HAH2GY AER, 120
HERYY BlelA 1e-2EE So| YEd RSOl
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olF AEE2 U 9| 7154 HRAAIECE AR T £ faeciunP| BF SHLEE
< W50 Ag8aA A9 ool =23 okl FAsieinh 18y £ faecium®] A A7
WSt wet Al EA] & Frt Q7 BE AFHE A

2021, AlEQ|RERFAA oA = ZEHlo| QEIA AEO] REAATETL 7Ie|EE A=
EHO|QEA ARof| [ £ faecium®t E. faecalis?] 7% YA W E =R &
AEE B9l FAATE ERIGHES 275} 5lTHE]. 1 o]f+= Y+ Straine 8= A(urinary
tract infection), AW (bacterial endocarditis), @ $2H(meningitis) 5= Loz
om, gksiatoldl(vancomycin) WA FAARE 7L = A% 9171 wfizold. A WA
FAAE 7T Qo™ Al T AAl A B3 e A] 82 4= §lom, Aol 8A
W fAAe] Aol7h AT 4= QloE R AEo| ARESH mjEolet S| npdEe] 71X
A WY §4L fetshe AL w9 5851t TRRAES A3 7Rl sidol
= g 7|58 I HaaAENe] A7 sAE HEol 2 AL oA Al 1
71521 ofyet A1EdL 7IEAIROE S8 olro]7] Tl AFLeREREAA Tlo|EE w2
+ Zo] st
Tkt Foll 7149] EAA] A EEAKcitric acidye Atk AEE4RS thilsh=
g2 fAto] E2Acks STAT|Eet Fo] it A[EE2ARE 11k ARl 7]Eo)7] wiizo]
Sff ZgollA] 73t ARl NADHE A/9A1714] 5k, o] 2 Qlsf 24t 0]2)9] A 2E A4
Eo] A=} tlotdE(diacetyl), CPIEL S| =(acetaldehyde), oFAIE(acetoin)} 2
T AR e 1 o) S48 7HAIAL glom TR AR We S0 ARt 9 mIXIth
T2 HoET 22 RS2 AR, Has, 3¥ 2 WEY 3n] E4E 2SR = I
oR1 AtollA F-83t BlS7t SRIER 7rEe] Il WRAAIE = Aolls AR AFE
(Starter) 2 o] WRAZ|=H FARFE AFEAIZ] 9ol oligh FAde AFAkS 71dE 4= §lo]
AREA] 7] AlEoll FFE mIAA] o= HeHollA 77 Bl st

Enterococcus % FANRE FAREET ofd2} fejuet A8 Ua Ao EAck= v]gEo]
A9, 715780] FE #F9 A-eoll= TRAlEo| ool 7Fsd Zolt}. w2 A=
Enterococcus % §ANFS] Q72 E o] A8 4= Sl ARE AASHAL 13} 02 Ao
opd AFZ o]-83t Waf Axof| A8t

b =

ro

r ol

b

= 3 EH

1. @5 ¥ ALZHHX]

FAE[10]014 EHag ol ErolA] Eejgt oot Mt Ao E3t 7138 A|oA
Baslo] SAo| AR £ faecalis 1253} E. faecium 25& A9 dAIOR sI9ict AdH £
faecalis?} E. faeciume MRS HiA|OA 37T, 18A17F iRt & 23] oA} Athoto] AR&oITE.
2. Ljitd o EEL LY ot

A E. faecalis?t E. faecium®] Widat @EAMIAS] B7k= Sim 111004 ARSSH WS
Agsto] H7kstgltt. WAkdS pHE 302 273t MRS #iA9]l pepsing 1,000 unit/mLe] H&
£ Z7folo] ik B7HE QSIS ARS o S iollA 241K Bt the AE 57
sto] 2t Batas o] 2 Log olst ASE BE +++, 2-3 Log °lst AAtt A5 ++, 34
Log 4%t ASE +& 717 HAIS3th

ISAIAS MRS agaro] oJBAl#E Oxgall 8HL 0.5% H7Iste] dix71} H|w5}o]
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colony 2] 90% °VdRl B+E ++=, 50%-90% o3l HXE + 50% oI5l B¢E = 7474
HAISFAH.

3. Enterococcus 52| &Y Yt

WSS £ faecalis?} E. faeciume WFo]|2 St Z2Y F9f 5% Defibrinated sheep blood
(Kisanbio, Korea)E 71t MRS ¥iZ|ollA 37T 24417t vifslo] FeksH oz Erst gko] A4
o7z 8L Tort.

4. AdA|2] HZ=

E. faecalis?} E. faeciunr MRS(BD Difco, USA) HiR|OA 18A7F st & 4] Bl &
TFAE 35519 5%10° CFU/mL7} =2 E salineC 2 4319t} 1 the 85T oA 1087t
GAYE sto] NZE APFEAX] AR AR s AR A"o] gl A SRIRE
Ala =2 ARSI

5. @7 2EE M=

2 Ao AR QT2 E AEFE|(Starter)® AFANA YF HEF 3579 ANFS o))
33}, Bifidobacterium longume 0.02%9] yeast extractE A715to] el 11% LA
37ColA 18A17F vikst & 2o M 1ot oH, Lactobacillus aciodphilus®} Streptococcus
thermophilus= 11% TLEAFol AEIF & 40TofIA 18417 vl & Q72 E AEMERE AF
B5ISATH1 1.

QFEEE A 2-R{Seoul Dairy)oll BAERE H7Ioto] FARIFES 11%=2 243 tha
FX(92TC-95C, 208) 3+ & vtz YZAHL} of7]of| vl2] A2t AREA| 0.1%(v/v: ARt AlXE
71% °F 1x107 CFU/mL)9} 87-2E AEHE 0.05%(v/w)E 212 271ste] 40Co1A it
Ui pH7E 4.5°] T2t HikE SE5ICH olE W¥aste] 3=2ES A X519t

Kl

6. Md+ =53

TARF ABHE Q] A= Oh 511219 HPol wet thaat 2ol £351it). L. acidophiluse=
dextroseS maltoseZ HAISF MRS HIA(BD, USA)S AR5t 37ColA 48A17F HijeF & Ak
(colony)S A3IAL:. S thermophilus= M17 ¥iA|(BD, USA)E ARE5to] 43ColA 24X|7F
v} & BdE B7IeI e, B longum®] AYwt4== BL HiAIo] YA M-S H7fsto] gt viA|
oA &7]4] ¥i%7](Anaerobic incubator FA-GR, Hirayama Manufacturing Corp. Japan)oilA]
247F okt & ke Agolith

7. Mz 54
At SA[EABrookefield LVT, Brookfield Ametek, USA)E ©]&3t] 30 rpmOlAl
spindle No. 45 AR&3to] 3029} 602 F9] ZHZES cpsE HAISIHTH2].

2 i

1. Lithy, 5Ly, ¥ 884

Aol AME £ faecalis©F E. faecium w52 B|iA ol fpotion, wio] wet
A FEA YA tha AolE E3itHTable 1). £31, 6, 10, 1349 w52 3% Wibdat g4t
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/go] ofF 3t A0 2 SRl o] T LZH[O|QEARNY o]@/40] w2 oFE WHHE|GITL

|34 B7l= A7t Eo] sEI=ER0] YRE fEEE AS BUIshs A oE nEo
oJgt 88AL p-hemolysis(EH &8), f-hemolysis(F 28), y-hemolysis(88 g2z &
FopH, 882 Po7|A] 2 -8B AHok AlFol AR & Utk Aol AR 147+
Z0lA E faecalis 107N 45} E. faecium 17) #5014 -34S JehQlE=d), HIE Qof
I XA ESEEte ARl ARgo] of#lE Ao WSl & ALolA £ faecalis
ot £ faeciumz T3} AX1 ARFLE ARES SHARE 8343 BRI 1081 139 48 8+
2E9]| A&5k= ZoE F ALstitiTable 1).

2. QIEE H{Y¥

[{TEE v} 5 pH W3l= Fig. 19 Uehd Bl 2 2-79] pHe 6.690141 Bl 2417t
pH 5.9 Hxo] o|23 o wjoF 4AI7t0] pH 4.7 F7HA] A5k Ao2 Yepdon At £
faecalis @ AHA| E. faecium®] F710d5o] A glo] TR} RARE pH HAE HoH 842
E Z£37 pHoll(pH 4.5) == AI7R2 F3471 oF ti24= SAIZY 108, £ faecalis 71 54
7V 88 E faecium A7V-E 5A7F 15802 247 YeRdtidata were not shown). Ha-9-9]
B FAITEE 20k AR 9] HEo] wet Aol7t A=t 5Y ABE 7R vk 37CHT
42T-45TH vjFA|Zko] ThA Ao}, o= Wa-fo] S8 Wawo] S thermophilusC)7] T
QUell, Zactobacillus®] Y5 E3F G/ AJatoll 583517] wiZol| oF 12ste] 29| vjk
£ A4t @A 87EE ARA| 4AHGH 0= o] §E]= v T 40T-42T 0], 7|7t vkt
£ OFEE AF2 34T-37CE AMgRlth

3. Mz ¥ dHx

QF2E #jofo] ARE AEFE Q] 27| AESTE S thermophilus®) S 9F 107 CFU/mL(7
Log) $&0|3om sjEgAlo] 2T, AREAl E. faecalis A7V, AtA| E. faecium 47179
A= 229,11, 9.37, 2 9.09 Log CFU/mLE YERY BE A4 10° CFU/mL oA
2 E=5uFE9 A 7]129l 108 CFU/mL Bt &4 ZA=9tkFig. 2).

L. acidophilus e £ AN HE5E0] 10° CFU/mLG Log) $EO2 Wot ujf F2A] A
TE AR 107 CFU/mL 25to 2 veht o] wo] o]Z0jz|7] eigkom Aejist fo4 2o
= QAHFig. 3). B longume HE5F0] 749 °F 107 CFU/mI(7 Log) H=CIAL, B S=Al

Table 1. Result of probiotic characteristics

Strain Bile tolerance  Acid tolerance Identification Hemolysis Ref.
1 ++ ++ Enterococcus faecalis B-Hemolysis [12]
2 + ++ Enterococcus faecalis B-Hemolysis [12]
3 ++ + Enterococcus faecalis a-Hemolysis [12]
4 - ++ Enterococcus faecalis a-Hemolysis [12]
5 + ++ Enterococcus faecalis a-Hemolysis [12]
6 ++ +H+ Enterococcus faecalis a-Hemolysis [12]
7 + +++ Enterococcus faecalis a-Hemolysis [12]
8 ++ + Enterococcus faecalis a-Hemolysis [12]
9 - +++ Enterococcus faecalis a-Hemolysis [12]
10 +++ +Ht Enterococcus faecalis a-Hemolysis [12]
1 ++ ++ Enterococcus faecium y-Hemolysis  Lab isolate
12 ++ + Enterococcus faecalis y-Hemolysis  Lab isolate
13 ++ +H+ Enterococcus faecalis y-Hemolysis  Lab isolate
14 + ++ Enterococcus faecium B-Hemolysis  Lab isolate
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Fig. 1. pH decline curve during yogurt fermentation.
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Fig. 2. Viable cells of Streptococcus thermophilus during yogurt fermentation.
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Fig. 3. Viable cells of Lactobacillus acidophilus during yogurt fermentation.
HolMe 2T, £ faecalis *RE3E7VFE, B faecium MFE7ES) A<t 8.12, 8.47 € 8.32

Log CFU/mLZ UERsith waba 5A7E Aol o] wio| A= 2 Log oW 4443t S thermo-
philus®] 7V BlE 43S BR0W, [ acidophilus®} B longum= 1 Log A= F71ok= 2102
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SRI=E. & dAFoli= 359 SHAEER A3 Hafol ARHAlS] 7 a3 B7IsE Ao
2 ARZT0|A UEhRol ARFAIE A7IRE HSoll= S thermophilus, L. acidophilus, 2 B.
longum®| 8FEE AEFE o= JFFS A Yot Hafe] 7ol 7kt 20 E wE It
(Fig. 4). L. caseik L. bulgaricusg 2EHE|Z AMGol0] A|&olk= WRF2] A9olA % ARtAQ]
71l ol & Ao® FHEHAR olF o-8et F7HQl AgaAE B7rE 87t Sl

QTE2EQ] AL AR fo] 4 EAo| v Fa3 947 B AT HAE BFrlell=t
Fig. 5914 Hi= Hie} Zo] A Hhe Zfol7t UeA] oigith
i

Enterococcus -2 AV, =9 Aol EA5H fAIE Z2HPo] QE| A AR TRE
£ £ faecalis®; E. faecium®olt). olg 4F &2 IA9 Streptococcus 52072 ERHE AT}
19843 @A Enterococcus &2 2 ABEFEJLE. Enterococcus & JAMFS 6.5% NaCl &
of|A} A5l 7Fs5hH, pH 9.6, 0.04% tellurite®llA] A50] 7hs3t Alo] EAolw, TH F2 {4
gu} 22 A8S doyj= Ao A Qty. AB Enrerococcus faecium 7383 FAYAE

10
O Control

9 | B Heat-killed E. faecalis
:c_. @ Heat-killed E. faecium
S st
("9
122
8
37T
o
2
g6l
>

5 -

4

Initial Final

Fig. 4. Viable cells of Bifidobacterium longum during yogurt fermentation.

10
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Fig. 5. Apparent viscosity of yogurt containing heat-killed Etreptococcus faecalis and Enterococcus
faecium.
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A grFalo|Alo] WS 71A]a =t o]E Biato]Al WA i) wH(Vancomycin resistant
Enterocccus faecium)®|2t -2 ARgo] F9JE 7]&0ofof st}

2 AT AREAIE o85St B Aol thet B Aol A flsi/doll gt =7to] 7]
wjEolct, upeAE olgst AFONA £ faecium YF5E 1.0x10" CFU/mL %02 1Y 23,
8U7t A AR W) ukeATE AFSIAtHE 7k 9o, £ faecium TM39E 1.0x10%,
5.0x10", 2.0x10" CFU/kg bwe] 802 557 o] 28U7F Fof T tizrgta} vlwA] Al
A3, 25 AEE 2 A7FAC] gk 27t figlar A1 HF &FolAE ofut 4ol yEt
UA] o= ZoE HriEQitks B QltH13, 141

E. faecalis?} E. faecium® TF¥st 32704 8o 7153t A o2 d#A l=d| A< A
Q1= gt W71 7 171 whiEol E5] wAbH S cross-protection) HHEOE
H15190H. Fernadez 511519 A4 2, §740 2 H-ZAX] A9 £ faecium ATCC
496249] 4 F71AE S5l met tha Bso] tEA Yeig A W8S S7HIAE ofaii=
BAHascorbic acid) 22 Hg& AlZE wf AFEAIREO] oF 1.38) =4 dehgter, Z4klactic
acid), AlZFKmalic acid), @ ¥AKhydrochloric acid) 22 ZH} Z-GA17] Qo= oF 2-34],
O EAKacetic acid)2t 84K itric acid) 22 H-ZAFE t= oF 5o F fEgo] =4
ol2|gt A= Abo]| oJgt A-ZojE7t AE ARFAHONA £ faecium®] APEC] BIFH O = o]Fo%]|
A &S 5 S AlAFelE Aol

Kang Sl161 £ faecalis EF-2001 AHHAIE HER A7F619E o Yetue 395 &34
ZASHE=T Nitric oxide(NO)S] A3 A9 739 AERIA NO B Aol H3k et
Utk E3E AR A7IoHA] gk tiRFE T AR F7IRE HERolA NO /482 B Asfohe
ZA3E UESITE Prostaglandin E29] A& S84 15 ng/mLe] 5&olA PGE2 EH|FF
< AAAFE FRIskyl e, Uit HafHt ARfo] H7FE HafoA t& JAES SRlstoi:
ole} T2 Avk= URROL 22 A8 71540l UFH ARFE J7H] 98 82 T 5 2
AAFsk= Ao,

aao 54 40 ARER H7HE AR RS gato =z FgARl JFE =t
Enterococcus % FANFE ARESIAA H7RRE 4% ol2fdt AE & 4= Qith T2 Table 1941
B vio} Zo] -84 Ad ok A E WA E2et g 4571 Sl 5 Stk
A3} w2 HoAgo] ofsto] E ThE stressoll A BY Sk JUths A 5O o=
A7He & © ASE 7IsioF & o= Azt

AR o7 NS E faecalis?t E faecium® A7F= QT2 E 8o kA 7to] S
A Zolylon, ARE fARFY BEolME GRS $4] Foldlth olHet ZaE £ o 7]5/e
YSH Enterococcus= ARFLE o&o] FHE3S| 7heRt ACE UEITh & AoAet Zo
Enterococcus B2 = o8k AT ARFOE AF0] 7tslo] ARgSh= Zlo] Hrf oFdAg
< SHHol= Zolw, Waf ArE YYo= I HIXA o] dizel Hafet 22 7154
A% 7R &80l 7hett AR AZEIH.
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