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Abstract

This study investigated the effect of the addition of pomegranate concentrate to yogurt on
the growth of pathogenic and lactic acid bacteria. The concentration of the MRS broth was
adjusted to one-half and used for an experiment. Pomegranate concentrate was added at
concentrations of 4%, 2%, 1%, and 0.5%, which significantly promoted the growth of Zacro-
coccus cremoris, Weissella cibaria, Weissella paramesenteroides, Lactobacillus plantarum,
Lactobacillus acidophilus, Streptococcus thermophillus, Lactobacillus bulgaricus, and
Lactobacillus lactis. The growth of lactic acid bacteria increased with higher concentrations
of pomegranate. However, the addition of pomegranate concentrate inhibited the growth
of Hscherichia coli KCCM11587, E. coli KCCM11591, E. coli KCCM11596, and E. coli
KCCM11600. Yogurt with added pomegranate concentrate demonstrated optimal conditions
compared to that of the control without the addition. Particularly, the viable cell count of
lactic acid bacteria was significantly higher in the yogurt with pomegranate concentrate.
Furthermore, the viability of the lactic acid bacteria in the yogurt with pomegranate
concentrate was higher than that of the control without the addition of concentrate during
storage.
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A2(Pomegranate. Punica granatum L.)= AT TS BajETlo] &5k= 1UZ o]t ofx
7h g, sldetopt YAA|oln, @A vl S, QIkoA thgFe® A QitH1]. ARy
F= 0] 10 m7HA] Agsh, £71= vlEoizl Bfoltt. A= 517 YR AE2 68 cm
oy, A4 /= 0.150.3 cmo|tH2]. AF= F&o] oF 40% r=lof 9lom, 1 & HEH C,

—_ =

W]k By, Hlekel B, MBI E, <), ofel, 28 o] BahA Flo] Uck3). el M5t
Aol 371, 9, ALL Az BEY Az, A, o)A, FHY, A5, A, $EY, 259 A,
#2ls) 5ol O 0§53 U4l PO TIRS] PelBHZ Lo Zeh ol =(flavo-

noid)®} Z2 HsAlSIE(phytosterol), THo]EAHE(phytosterol), 2Jo]Xd-Hdietary fibers),
Y Eo|E(alkaloids) ol U] A7l 3o so|EAR|ZE (phytochemical) His/d 21E
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S 33t EkE o =(flavonoid)@} QFEAloFd(anthocyanin)o|tt. £3] SefH0]|E9} 42 &
2#=(polyphenols) A-gattizo] olsii op7|=i= DNA, @3, e=3kE, 2|14 59 43}l
Ol &/d=o] T == BRIl F=stolH, HETAS AR Gt 9 ERgEeh} 22
A 5ol aAo® Agsto] IHES REolettal StATH5]. T3 AF+= B2 phytoestrogen
AES ghfolal Qlon, AR O ZE estrone, estradiol, estriol, 8-sitosterol, ellagic acid 5°]
Ao ot Adro] Z4ar] Aol Y Bk 59 FUH ARAR ARgEo] H6,71.
AR T2 o]8oto] FARS AAJSR= O 2 Lactobacillus, Lactococcus, Enterococcus,
Bitidobacterium -5°] oM, FAE, AX|e T2 U AF Alxol| hEA4Q AEHE(starter) 2
Ol-§EL JITHB 9. ANt Wi+ PHIT, e, A} HYA S tigt ot 5 thefRt
71578 E4E& S Ie ACE dEA Q0] B<o] ZEHMo] E Aprobiotics) A=
AEET Qe Mt 2E Enterococcus 4, Lactobacillus <, Streptococcus <, Bifidobac-
terium %°] REAOE YA Utk thiE AFIAH O R o]&E 1 Q= TEHO|QEAE Q7]
Aoy fAIE SOl E2dt 5= fel fAkfelloy, A, AR S B2 AlE, AR
FARE 5Ye 7150] Aok BEA L H11]L fAREY] EE 33 A A4, e
ol

=

A7o] gloms AFo] T3] A8 A FAOIH12). E3 WA TS 5 WA= e
P4 ke ASAL 4 QoR, VR0 JTAE0R Q8] RIS ol 4Ey Bk
o] Z7kgl 4 QIEH13). oleia B4 thEe] A2 A% NG 2uyFoR A AAZ 2H 7
AEA o] mEnjo] Qe AfEo] B QIeH14]. Hol Lblo] 98 Aua} oh e mejut
o] 28| (prebiotics)ol T AT AL 267 Z7H5H ek, Tefelo] B AL AL FAlef
Eg0] Hi BUL WAHI5]. 4FE YeBHOE Hot R4 Zeulo] 08l Az A sl4ol
FESHt AR EOS B AT R e, AE, Wrh, W), TRYA, T A,
ubge] Sof @gsol ek B3l toR ARBRS /AL ARE A Aol 82 v
B3} Holth, webd 2 AT AR mefuloloElao) Jhs A fA1e] 48 Slsle] A%
15329 $4KF gl XL Gt a7EE Azo] A8 /K4S RSt

= A &E

1. #F

Lactococcus lactis subsp. cremoris KCCM 40699, Lactobacillus plantarum KCCM
11322, Lactobacillus acidophilus KCCM 32820, Streptococcus thermophillus KCCM
40430, Lactobacillus delbrueckii subsp. bulgaricus KCCM 34717, Lactobacillus lactis
subsp. /actis KCCM 43471, Weissella cibaria KCCM 41287, Weissella paramesenteroides
KCCM 40114, Escherichia coli KCCM 11587, E. coli KCCM 11591, E. coli KCCM 11596,
T3l E coli KCCM 11600% =R EREANE oA 76ttt E3E B3t #5= YC-380=
Chr. Hansen(Denmark)oll4] F-QJoto] Ago] o8-t

2. HHX| 3! HHOE

At I B9l YC-3809] Bi%F HiA]= De Man, Rogosa and Sharpe(MRS) broth
(Difco, USA)YE ARE3IT). £ coli Bl Luria-Bertani(LB) broth(Difco)S ARSI A+
0] 242 71719 wjA|o] 1.5%9] agarE A7Islo] ARRSIIT:. L. cremoris KCCM 40699+
26C9) wiF7|oA BiFSIRAL, W, cibaria KCCM 412872y W. paramesenteroides KCCM
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401142 30CoA wiFeta e, WHA| L. plantarum KCCM 11322, L. acidophilus KCCM
32820, S thermophillus KCCM 40430, L. delbrueckii subsp. bulgaricus KCCM 34717,
Lactobacillus lactis subsp. /lactis KCCM 43471, E. coli KCCM 11587, E. KCCM 11591, E.
coli KCCM 11596, 18|31 £ coli KCCM 11600+ 37T 71014 Bigsoict. RF2E 9] A%
% pH, ABAE 9 Adrs 100 Yo EdstdA E73gskt

3. MR 5=

i 5592 (HAUSFE(Korea)ollA FAstoitth A7 552 Bt SFFE W7ot
10% sE& 261900 YAHER7]E ol8slo] HAS Eelsieirt. ehlaal= 4€, 3,000 rpm,
20 min®] 2AC=E Yot LojA AANL Syringe filter(0.45 ¢me} 0.22 pm, Advantec,
Japan)E ol&3ato] AFJHS HHsIAT 10T Yo EishHA Ao o853t

o
E

4. 96 Well plateiiS 023t #o| 4 &3

A5 50| Ao ol&H Akttt gt s oFE RIst] fiste] 96 well
plate reader(BIO-Rad, Japan)E °©]-&5t] 4519t} $HH, MRS broth®t LB Brothd] &+
AR 559 A BIE YotH7| ffste] 1/22 24sIqith AF 55H2 4%, 2%, 1%, 0.5%2]
SEE ol&sieitt. 2] 2 oflH| BiFE ¥ 0.5%F 7 welloll HEsIAth 9] 4
30CS 37T vig7]olA] wiFataAl 3AI7E 7HE 02 BEg¥ T A|(Bio-Rad)E ©l-85to] 655 nm<]
Ao g2 &3 (optical density)E 751k

J

ON

5. Q72E XX ¥ XN

e AZEeATo] Alg S95 717} 200 mLA EH[EIE QF2E ARE % AR 5=
Hol 7= 1%} 0.5%= SITh AR&3E @5 YC-380(Chr. Hansen) & 1% HE3}o] 37C
H|F71o14 FaAFE. TE F 34 A 0% pHO APAES S46i3on, fAkt = 12
hri} 24 hroll 279819 diefo] FmE 7479 8 7EES 10T BslEA 109 B3 pH,
xqqu\]-E ul -IT’?_]‘E_L E _;H 0}93\1:}.

(o]
e
Il

Y N S pH, HYMT U QM = =

A0l S AR 1 mLE AFot] 0.1% peptone B4 AR8st] 103 34
A3t &, MRS agarE ©J& pour plate method= E5to] 37°C vig71004] 27 vljgRr
, e colonyE A6ttt pH 44 pH meter(Mettler-Toledo, USA)E 42014 Z745151
o, e A 2T A4S £ 10 mLE Fdl $RFE 59 R 1%
phenolphtaleing 2-3%& HoI=d %, pH %ol 8.3°] & W7k 0.IN NaOH= #7g3t9ict.
AHE 0.IN NaOHYS tha3 729] lactic acidZ ST

3%_%
321'02
ol

rsﬁ

lo 4o

a X fx0.009
T 10X AA RS E

=100

a: 0.1N NaOH9] AB]ZHmL).
f: 0.1N NaOH9] ¥7}.
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= ol-&H AF s5Ho| AN B FY Aol mA= I Figs. 1 and 29}
2t Fig. 12 1/2 552 MRS brotho] 47 55%& 4%, 2%, 1% 1811 0.5% == J7IRE
T, 7 frakato] digh e 4% Aol fAREQl W cibaria KCCM 41287 (Fig. 1A), W.
paramesenteroides KCCM 40114(Fig. 1B), L. plantarum KCCM 11322(Fig. 1C), Lacto-
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Fig. 1. Effect of pomegranate concentration on growth of lactic acid bacteria in 1/2 MRS medium
according to concentration. (A) Weissella cibaria KCCM 41287; (B) Weissella paramesenteroides
KCCM 40114; (C) Lactobacillus plantarum KCCM 11322; (D) Lactobacillus lactis KCCM 43471; (E)
Lactobacillus acidophilus KCCM 32820; (F) Lactococcus cremoris KCCM 40699; (G) Lactobacillus
bulgaricus KCCM 34717; (H) Streptococcus thermophilus KCCM 40430.
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baciflus lactis KCCM 43471(Fig. 1D), L. acidophilus KCCM 32820(Fig. 1E), L. cremoris
KCCM 40699(Fig. 1F), L bulgaricus KCCM 34717(Fig. 1G), S thermophilus KCCM
40430(Fig. 1H)Z A5 550 QsjA] o] ZX=SI AF 5599 57t S7Hk ozt
QAR A% a3E UEIH.

Fig. 2= Y8wol tigt A7 5549 A7t 80E UeUth AR 5599 A7t k=
FARES] 7 STt o] 4%, 2%, 1% L1213l 0.5% =2 H7IE &, 2474e] Wkatol] ot 4%
< S5l BTl £ coli KCCM 11587, E. coli KCCM 11591, E. coli KCCM 11596,
AL B coli KCCM 11600+ A% s5d0] 9JsiA o] AAHAT. A% 5549 527t
715l whet /g2 @AISHA A QI Heddtol et AF 5559 A= Akl tigt
AF 5529 41 aek= v 9] AitE Hojqltth mabi AR 5582 A QlojA &
2Hlo| QAR A o]g 7hs/do] SRl

bl

2. 48 & pH, HBUE U {2 = 5

AR 5589 kel tid A4 B3Pt Selsel aF2E AR A o4RE IS
TRl A7 55U WA o2 FA7HE AR 554 0.5%2F 1% 71t H7= Wero]
A% AT fikt YC-380F Z249] A3l 3Fslo] Ba 5 pH, A= 3 fikd
9] M3k Figs. 3 and 4°] YEHSITE. A5 559 74719} 1%} 0.5% 719t A=
AR BIS3E pH HStE UERIAIR, 5599 7101 0.5%2 ™ 24 Bk pH Af5HE HErl
THFig. 3). 27AH=0] Hdke A5 550] 2710l vl A7 s58& H7IRE 1%+ 0.5%
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Fig. 2. Effect of pomegranate concentration on growth of Escherichia coli in LB medium according
to concentration. (A) E. coli KCCM 11587; (B) E. coli KCCM 11591; (C) E. coli KCCM 11596;
(D) E. coli KCCM 11600. LB, Luria-Bertani.
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Fig. 3. Change in pH and titratable acidity of yoghurt containing pomegranate extract fermented
by YC-380 with fermentation time. C (control, no pomegranate extract), 1% pomegranate extract
and 0.5% pomegranate extract.

oA =2 HelE UEItHFig. 3). 53] AF 5N 1% 7kt 0.5%F 371 W, o ==
2gAe g HoFQthFig. 3). ole AR 550 /M st FadREC] 8FEE W
FARES] ST o] JIFE HIHACE Alsdt. HH 9 2E Wa T YC-3809] fANE
9] ¥iglo|| Qlo] AR sEHE HloHA] F2 TN, AR 55HS 42 1% 0.5%4 H7Kst

AFFY 12 hrdt 24 hr A= Fig. 491 YEFRIEE 12 hr & F YC-3809] 4 o=
4771 9.135 CFU/mL, A% 559 1% 771 9.185 CFU/mL, 1211 A% 554 0.5%
7171 9.342 CFU/mLE UERth A% 559S 0.5% 71k A7-2EofA fAbkgo] 245
RS gelslgit}. T3 I 24 hrojA Yc—3804 SANE = 4771 9.096 CFU/mL, A5
2 1% H7}271 10.06 CFU/mL, 121 A% %290 0.5% A7L7} 10.127 CFU/mLE Uet
HATKFig. 4).

3. 11’“ S pH, HYME I RUMF + S
ROl A7 552 A7 o2 A7 AR 559 0.5%9F 1% W7IRE 7] 4t
T YC-380% %j—ao}oq S7E2E AZ ¥, 10C Wouoﬂ A4 S pH, A 3 fAkt 9]

9.5 1

Control 1% 0.5%
12 hr

‘E T g 104 +

1% 0.5%
24 hr

Fig. 4. Changes in the number of lactic acid bacteria (YC-380) in yogurt cultured for 12 and 24
hours after adding pomegranate extract with different concentrations. C (control, no pomegranate
extract), 1% pomegranate extract and 0.5% pomegranate extract.
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SFS &3 A3k Figs. 5 and 60 YERARITE Fig. 5+ A% 5 pHeF AAAIE0] WSS et
ol YC-3802 AFsto] way Q72 EoA pHE 1%2}F 0.5% 7= A% 109 B2t
pHY] HsE UeRiA] otthFig. 5). W F37MRe A% 497FA] pH7F Rofal= Zlo] ER1=|9
ol% pHO| Wsh= UeRf] Aottt A% F JRAE: E AIET oA A% 7|7t0] A5E

S7Fohe A HofltkFig. 5). A § 274 Ahw9] §igh= F3d7Mt] Hlwste] M7t

I7F Ugkom, 0.5% F7PF 1%E0} B w2 23S Hoi5lth $HH A3E 812E 39
5N TR 1%2F 0.5%F A7FsE AR Bt 49 A3k Fig. 60 YER

} 717t0] A4S BAVL, AR 529 1%, A% 52 0.5% F7E ZFoIA SAE

Aohs Zlo] ERIFEIIT. Tev AR 554 78S 739, F70 BloiA] =2 At

FE YRS, 9] BEEo] o w2 Zo] FRIFE I 53] A% 55 0.5%14 f4kF

#7} 7 =okoH, BAlOl e a3t 7ML EA vetch AR F 7 24 10.376

CFU/mL, 8.1 CFU/mL, 7.715 CFU/mLY] 84Kt $5 Yt A% 5594 1% J7lte
A% % 7}z 8.75 CFU/mL, 8.56 CFU/mL, 8.501 CFU/mLY] Skt 5 YeRQILh 181
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Fig. 5. Changes in pH and titratable acidity according to storage days of yogurt prepared by adding
YC-380 and pomegranate extract. C (control, no pomegranate extract), 1% pomegranate extract
and 0.5% pomegranate extract.
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Fig. 6. Changes in the number of lactic acid bacteria (YC-380) measured during storage of yogurt
prepared with the addition of pomegranate extract. C (control, no pomegranate extract), 1%
pomegranate extract and 0.5% pomegranate extract.
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N7 55010 QAT Tfst MRENETS QPREC K] =3

AR 52N 0.5% F7= A% % 10.981 CFU/mL, 9.16 CFU/mL, 8.935 CFU/mLE Uehy]
et

2 A7 23, A7 5542 Yol diste] @A Pt S HoFET ol Koh et
al.[16]0] ©HESt AT & 2ZE0] Micrococcus luteum®t Salmonella enteritidis©l ool T+
AIE 7o Hugt A7 Auel 248 AE HojFgit) Kang et al.[171& Ea A7 @ A
F 2T H7Fol wet pH7F A YERow, ol Ha AlRto] At i fANFY] At
Aol Sl e 714kl sl pHYF A ZojEtal HAs9IT) ofs 2 AoA] AR
sEdo] x3H 9P EV GH W2 £EE AA pHo| ZEoks A3 fARE 239t U 5
LS| $3k= Sung & Choi] ATH18] ATl FAFSHATE Sung & Choi AH18]9 *H&
7K 87 EEE BV QP2 ERT ¢ W2 ARS ARl Bl 519t o) & ol
A5 559 H7Iol wet Stk APAIEE et 2t fAlsHGI. ol FRbohs o+
2 ¥hg A7} vk B Fiek) vlEste] @2 E0] A Aert UK, AAAbEo] st
£ pH ®sielE #eio] 9l Aolgkal EiE=d|[19], ¥ A7t fARE F3S YeR|Itt Cho
et al.2] AF201= 1A 1Y 9 AT E F7IsE 8F2E AFo|A 9] ko] TS
A7t 7V, o] ES & At iRVIAR AR 559 ko] St wEkA Alwrt
Z7tek= Ao} fAkelY: wa & fAkt 9] Hsk= Sung & Choi] A7H18] Ae} fAkst
et

AR 55NS 7Y EE, AR 372E9] AAsk= oA 8%l pH, 484 2 A
$9] Wiste} Aal= Az M7 Q72 E Aot fARE AR VERASIHE o] dtoll= 4k
25 A7t 8FEEL A 7|7to] A} E4E pH/L A O R HolRl= e HAR AIY
ZH] 914 Alol= HolA] okoral, bz H7h QFEER Alf Q72 ESL & XjolE HolA|
=tk BarstgleH21]. ofdgt G AE2 BV AlE 710 FEHA|E AjolE HolA|
Fe B Aol AR 3RS YERHQIT fAREe] = AR 7Izto] Aafees B7E
A7H1%, 0.5%)°14 =2 Z3HE YL, BE AIFToIA Akt = AlTto] Aol whet
A4l ApEste] Fhadhs AIg BRI ol A% 7|to] STREEE A U A AFER
el Haf Haoks TR AlmH

§2 H B

[e]

5
)

NI

2 o

2 A fAN e Al lAle 93 8FEE A x| A8 73S AESIA
th. ARl W, cibaria KCCM 41287, W, paramesenteroides KCCM 40114, L. plantarum
KCCM 11322, Lactobacillus lactis KCCM 43471, L. acidophilus KCCM 32820, L. cremoris
KCCM 40699, L. bulgaricus KCCM 34717, S thermophilus KCCM 404302 457 550
OJg|A o] A= AR 55H w7t 71l mEr FAS 4 EHE YER I
U HUAAR £ coli KCCM 11587, E coli KCCM 11591, . coli KCCM 11596, 18]aL
E. coli KCCM 11600= A5 55l 2fsiAl o] A= A7 55949 527t 714
w2t g2 @A AT M dutol gt AR 5529 JAI= fAktol tigt AF 55
=9 £7 gyek= vite] Z2E HojEqltt wEhA AR 55H2 f4kto] JlojA ZejHio]oE
AEA o] 7S RISk M, AR 55U H7RE 32 E= BV Hg) X9
ZAL B B3] A% 53292 A1t Q2 EoA SRR At 71 RoJ51A| E=9dth E3t
A & QFEEANE FA7EY AR 5582 A7Isto] AlReE QA2 Eo|A f4kte] A&
£0| B &SIt wEA AR 5502 Zejulo] e gAR A9 ks FAIES] e 7Rsdol el
=t
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