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B A5 FEAE SARE 048] YRR F LAY PABHL WRIIcH LENE Lactobacillus
acidophilus KCCM 32820, L. casei KCCM 12452, Lactococcus lactis subsp. lactis KCCM 40104, Strepto-
coccus thermophilus KCCM 40430% &5 T &8l Mg on HEFE U457 @719 wjdds
2%(vivyt =5 FA7RING SRR S L casei] TEFO] 7P S EF starter® AMSIA
& A9de L casei$t L lactisE 1:12 E39E o 7P 978 2i5S Uepigien ezl 3o
Al L. acidophilus$} S. thermophilus® ©433& W F93 713%71 7F¢ #3¢¢). 2ie LTS 1%W
v) 7181 pHE 4.0, TE2EE 35~37°CE AL m 72-96A 7M1 7P & o1t} dEHY= glucose
9} fructose’t F8 2322 SASAUL lactic acid FHE 6982 mg/100 g0 2 LRAHT ] o} Frlst
Ak A P ST A 9% ARATHEAE JERIZLH ol2Ad £A71%2 pH 1.2004]
383%, SOD fAMEA# xanthine oxidase AS|EA-E 22t 603% 41.8%9] & UehiT. 2agLS
Escherichia coli O-15T:H79 WX E 17.3%9 A{AsHE&S Jehl AEE 23T $o4 7HF8 22 349
2 BQ.01 Salmonella typhimurium3 Bacillus cereusd) BN 4 89%, 9.7%9 ASAHNEAE enl]
3L Staphylococcus aureus®] NN E 7.2%2) ASAHEAE eI
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acetone FEENAME 7FESIA tannin®! sanguiin H-49} H-
6, gallic acid §°] &2, TAHHUL? &A= FHS
tannin®- %2 A epicatechin, catechin®} procyanidin H-47} &%
uh glom¥ Qle] phenold BFHEC] A7t Aelres 459 7t
R tannin® 452 flavonoidsE F-2) A% B kY 1
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nigaichigoside F13} F2 $°] HalEo] i} H@ake] ok
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AR, 2 A7 ARE BEA 55ALe (Fppkex 7
k] AMgEIG o whgo) AMEE SANES Lactobacillus
acidophilus KCCM 32820, L casei KCCM 12452,
Lactococcus lactis subsp. lactis KCCM 40104, Streptococcus
thermophilus KCCM 4043002 35493 34 =504 E
HEAE A £F o} A3t

BRA p2de g, APIEE A% starterS HE3V)
Aol B2} w5d SAldhs LA FS AAG) Al B
A =20 5% FFTE sk 4% o zew
A7y AaF¥ (high temperature short time, HTST)o 23}
75°CollA] 3027 71EAES AAEII

Starter?] W=} FF. HEA T5AY fAPEE] starter
2 AE 42 MRS HIA] (Difco Co., MI, USA)AA 23]
ol A ¥ A 13 o] AluigEte] 550 nmollA 2]
FE=7E AE3) 100 2 W7kR] SR O BEA 5
Hol| TEujFe Aeolle FEFOl 20%vh)7t HES, EF
g ZApole 2 Mgl s dgulgol HEE slo] A 4
ZFo| 20%(vi)7} HEE 31t}

vAEF &4, 9= Plate count agar(PCA) WX (Difco
Co., MI, USA), &5+ Yeast extract malt extract agar(YM
agar) A (Difco Co., MI, USA), &=%°]% Potato dextrose
agar(PDA) ¥iA] (Difco Co., MI, USA)E AM&&te™ 10%~
10712 8143k A28 PCA WIA9H YM agar ¥iA|olE 1m/
E el BEEGREPoE AASIH, PDA HiR|ol=
0.1 mA 53 & Haewdsigitt. PCA HiRE 37°ColN &}
X, YM agar WiX|= 25°ColA] 1~2Y, PDA BiR|& 25°Ce]l
Al 3~4d WiFE T AlFEAT. AR 0.133%9) 24k
7t8le] #HE pHE 552 %73 Rogosa SL agar(Difco Co.,
ML USA) HiRAE A}8-310] 37°Coll M 24~72A17F w3t & A
F315dtt.

pH 3. HEx 559 A59 pHE pH meter(740p,
Istek Inc., Korea)s AME-3te 431t

A= Y. dEE EREA 59 AR 10mll FFF 20
m/Z 718t 0.1 N NaOHZ pH 8.3°] E wj7lx] FAAsla o)
) AH)E 0.1 N NaOHS| %2R 9 lactic acidE FER)
At

0.1 N NaOH Z£H]#X NaOH %7}
AFe] 3

1714 acid factor: 0.0090 (lactic acid)

Xacid factor

A (%) =

1V §F &4, 2EA AR SAske R
AOCACH || eJ3te] A3}

2T &F 4. BEA AR EAlske fUd €
=4317] 98l A|RE MWCO7} 10,000¢] filters <=3t
Bio-LC-DX-300(Dionex, Sunnyvale, CA, USA)E E43i).
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Table 1. Operating condition of Bio-LC for the analysis of free
sugars in raspberry puree

Instrument; Bio-LC-DX-300 (Dionex, Sunnyvale, CA, USA)
Column; CarboPac MA1 cartridge (4.5%250 mm)

Mobile phase: 0.48 M NaOH

Flow rate: 0.3 m//min

Detector: PED2 with integrated amperometry

Sample load: 10 pl/injection

0= AANALO o] W HH7EL ol A3lthelE Frhy:
974, BEoZ 7BED): 74, A HERE iixx &
th: 5%, BEo = oFaltiahmin). 37, o}F sithle U
mrly. 190l H5HAF AF= Excel software(Microsoft
Corp., Redmond, USA)YS AM&-3H FAHI SASE Duncan
o] AL HAlBl felAE BT

AAFAZE. EEA9] AAF A2 (electron donating
abilityy Blois®] W 12E WHsle SAACE BEAF AR
0.5mie 4X10* M DPPH(«, ol-diphenyl-B-picrylhydrazyl) £
4(99.9% ethanolZ ZA]) 0.8miE 7}3F & vortex mixerZ
1027 g o 108 ol £33=AE ARSsl 525 nm
A FRF=E Zslon, AAFATE Al Arbret
7HA] L tiRTe] FHEE ol thd Ao o8 8}
Act.

Alge F3=

AAFAT (%) = , X 100
FEets®) 1 - Wz F3%)

ol AARE, ol AAZEL Gray 59 WY
& ARg3l] 24319Y. 1mM NaNoO, €9 2midl] &% &
o] BE3} AJEE 1m/ A7F8H «37]9) 0.1N HCl(pH 1.2
ZAo)| AHE) 883 02M citric acid(pH 3.0, 4.2, 6.0 %
Aol ARHE A3l WRE-ge] pHE 27} 12, 30, 42 &
6002 2% thy, V-89 FHE 10miE 33t ol&
37°CA 1A BF WhEAIA P BhEAS 747t | mi
Hsla o710l 2% acetic acid 5miE F718 tHS Griess Al
°F(30% acetic acidZ Z}z} ZAE 1% sulfanilic acid$} 1%
o-naphthylamine S 1: 18]2 E335F 208 ARS- A Z2A)|)
04 miE 71ete] F AR the, A2e0A 1587 IR
&, BRACAESE AR 520nmold FFEE E24d
E3le oAERE T oAl £A8L T 42 9]
g3o] g2 JeERIA.
A-C

o} AAL%) = (1 ‘T) X100

o714

A: 1mM NaNO, §43} 1A7F W3-8 AR §34=
B: 1 mM NaNO, §97} A7} 5h&3 /5] F3=
C: NE ARe) §3=

Superoxide dismutase(SOD) A4, EEA A&
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SOD FAIRAL Marklunds) ¥ We] mah 24890 &, 1
38 cuvetted] EEA AJRE 09 miE 3L 97]9] 10 mM
HCIE &2 sl A|z3 20mM pyrogallol &4 0.1 m/
7¥sted 1ml pipette 0.2 33 EFE T AL {X5HHEA
420nmel M 287 T4 HEE F45HT SOD AR
2 ZRTE AMREY 5Ud WHeR X% 3 wsE
272 319 pyrogallold] A5k} A AES ofele] 2o
w2} Agksted REEZ VRS

SOD $AKEA (%) = (1 _1%) X 100

7)4

A: UIZ79] pyrogallold] A5t &%

B: AlE79] pyrogallol®] AFs4Hs) &%

Xanthine oxidase X322, Xanthine oxidase A3l|2}-&-&
ZA457] Ystd 23F=] AR 1mld] 40mU2 xanthine
oxidase 0.lm/ % 1/15 M phosphate buffer (pH 7.5) 2.9 ml
g 71st 3, 25°ColA 15%2E dRukgAIZ T 7)o 71F =
M 015mM xanthine 2miE 7}t TRA] 25°Colx1 3087k
AR ¥, IN HC 1 miE 71st] RE8-& AR ol
FS- 8-S 200 nmolM FFEE 2438k uric acid®] A
IS WE-EF A4l xanthine oxidase *31&-2S VERSH

o
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Xanthine oxidase A3]& (%) =
a- A FTF9 uric acid A3
Nzl uric acid A3

) X100

gAY, B4 AR FFEHS S5 SEA
Escherichia coli O-157TH7, Bacillus cereus, Salmonella
typhimurium, S. aureus® AR 4F2 AMLEITH A A4
& At 1 W18 5 mi] HAERA] HES 1297 )
Fe F AMS vl smiE RS AlREel BREA Alset
2471 73735e] Wi 0.1 miE 787 Bal 37°ColA 24A7) )
I 5 ErBREe) ool BT SHelqch B2
A RS AR e AAFe) NFAL tEAOE )

ok} 2o elsle} FREAE BTG

log Agole] At

FH (%) = (1 - log DhZe] A

) X100

AR ASA,. e PR E 3] AFe] R
WAL bacteriocin® 72 WA ER S BY|sle] HFEA
AASL AFe] A pHE WEeo] Ful FojAlre] F2)
AAetks 5 A 7154E Foste nAEeth & A

g 1 $ist o) faker

E oA Sl it GERl 48R0 fAkE, & 7

FO2AM L acidophilus®t L. caseis, TL2A L. lactis, S.

thermophiluss 37338} 7+9] #F5 MRS HiA o] HE3l

-
2
>,
fr
J
e
2
¥
N.
©
flo
Y
r
iz,
2
N
N

0.025
0.020
® 0.015
Far)
he)
5 0.010 o
0.005 /
0.000 : :
0 50 100 150
12
10 1
8
L s
4 .,_,—.——l\_.\._—_.
 — & —— ¢ —— o @
2 -
O A 1
Q 50 100 180

Fermentation time (hr)

Fig. 1. Effect of pH on lactic acid fermentation by L. casei in
raspberry puree at 37°C. @: pH 3, ll: pH 4, & : pH 5, € pH 6,
X:pH 7, X: pH 8, O: pH 9, [I: pH 10.

HioFelaA el RS AAAHeR HEIHNUTH 2 A, A
83 SAFE Fo|AM L acidophilus, L. casei®t S.
thermophiluse 8% & 3 AZMHE, L lactise 3% F 5 4
7WRE] EZA717F AlEE o) 10~1247F Fof FRHATHA
2 olAAD. WEZA71E SEHE A-AAY 550 nmol| A1 <]
FAnE o 10019 o] we] AT 4 IF BEF 1.5X10°
CFU/MIE 23 =AU, ¥ 24747 FollE L casei?’t 7FF =
o F3=E Yepdov tE gFEH vlastd & Aels
JeAE 9okttt o] ARERE BEA 58S dEAT)
7] 93l H7VeRe starters WFE2A717F FEEE AR S,
A7t 1.09] wigFRe ARgete] BEEAF FEd 2%(vivy7h
T2 A7 RN BRA FE99) 3x 107 CFUMS] 3}
oF7t e JEEE AR
fAEe) vX)e pHY 9. EEA 529 pHIL 35
ke e Holy] wiel fakte] S43 LEIL 2 o] Fo
1A eroget dhgsEe] BEAl 549 pHel wE AR
S AT BREA w59 pHE €% ¥ L caseis
olgslo] AR SS 24T Ad Fig 19149 ol AR
120A17F 3 pH 4904 7P £& AAES YERIRICH pH 3
oA WEANHS A UE 200WAE HEvt AdH
Qo 2 olF o ol WEV} A ke pH 6~99
AE pH 4948t fAKsE 2ase s Uehigloy 27 A=
7F 7] Wil pH 49} Hlwsle] 2 AwE veRAIT)
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4.4 ¢ Fig. 3. Effect of inoculation ratio of S. thermophilus and L.
acidophilus on lactic acid fermentation in raspberry puree at 37°C.
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Fig. 2. Effect of temperature on lactic acid fermentation by L. casei
in raspberry puree. @: 25°C, l: 30°C, A: 35°C, 4 37°C, X: 40°C,
X: 45°C.
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AIZRA] &Y AH o R ool Th 96417t o] Feol e
Ee AHHoR g ont EFH7T Y EaL AFo] LA
st 5 WeoE Fdo| Aslge] wAse] fakdEE 72
AZ¥lA 96A1ZE AlelellA] FRshe Zlo) uleksitla At
=k

Ehedel Q% fAbtE. dubgom {83l
R AES AT Afde S dEoR ARgs]

& sl ZElHE ARES & 2RSS ARG 2 4
3 L casei®t L lactise 33t ~EVE7) 7P 908k ©as
& Jepe™ L casei$t S. thermophiluss T3+ 2EfE 7}
I o 5 Baes YepldohE RAA). g3
EFAEEE YA BRA S5 A 7], 9@, A
gk, S5 713%e] A% AFHAANE AAISE A3 Table 290
webd vlet o) Mgt DUk L acidophilus®t L. lactise
ol gt} wad o] 74 EReH e L lactis9t S.
thermophiluse ©]-8-3t WE st AFe] Ar7b =t 4Aute
7A2-ol= L acidophilusSt S. thermophiluss ©|-&3sto] 2a 3
AE Aavt 7P m%om TR e Albe] 7 =
A L. acidophilusSt S. thermophilusE ©1-8-sle] WEd A|E
o] 7H§ ol ¥ FAhdEAlEe Alule] FjHA 7z &
FFe X As & 5 sk

IeHAr At SHE 71557t 7V w4 Lo acidophilus
9} S, thermophilusE® TN EL] starter? A3l F79 &
gl WE HESS AR 2 43 Fg 3o ekl
vkel 7ol L. acidophilusS} S. thermophilus®] 4E0)&S 1:1
2 39S of o Al MY mskem 3 7o HEHlE
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Table 2. Sensory evaluation of raspberry puree fermented with mixed cultures of lactic acid bacteria

Non-fermented AT LT CT AL AC CL
Color 6.3+ 1.65%* 7.04+1.52° 7.3£1.40° 6.7+1.27* 7.5+1.22 6.9+ 1.56® 6.941.44%®
Flavor 6.7+ 1.65° 7.0£1.81° 7.3+1.62° 6.7+t 1.31° 7.1£1.65" 6.8+131°% 7.0£1.08°
Sweetness 7.1+ 1.68* 7.611.56 7.6£1.44% 6.9+ 1.00° 7.9+1.24° 72+1.59° 7.0£1.04°
Sour 6.2+ 1.83° 8.1+£1.51* 7.5£1.62* 74+138® 7.5+ 1.44® 7.0+ 1.49° 7.2£1.14*
Overall 6.6+1.82° 7.7+ 1.61° 7.5+1.38* 73+1.26® 74+1.35% 7.1+£141® 7.1+£0.97®

*Mean scores in a low with the same superscript are not significantly different at 5% level using Duncan's multiplee range test.
AT: L. acidophilus and S. thermophilus, LT: L. lactis and S. thermophilus, CT: L. casei and S. thermophilus, AL: L. acidophilus and L. lactis, AC: L.

acidophilus and L. casei, CL.: L. casei and L. lactis.
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Fig. 4. Effect of the addition of oligosaccharide on lactic acid
fermentation by S. thermophilus and L. acidophilus. @: pH, W :

A7) FARES 7Fee BE 20E R 45 F
= 7 ﬂ—zr 5 S8l LEEE /\]*9- Agelle "J’
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de a5 3515} o] dawe] JiS UV] A s ?zf
T AAFAR vAA).

SEYILF M A fAEE. EWA 5599 by

Al A7t e e 29 AFE S84 RS U
7171 st Eia} w5 &2|ude dAH FUE v
olel WE WESES FAIANT. L A3 Fig 49 Jebd vt
o} Zo] EE|ge] Hrlgol 1%(w/v)?-_] rd% AFE7Y 0.022%E.
7P wol aso] 7P EUAL, HA7FEES 1%(wh) oo s
EolH Awrt A HAEn pr %ﬂ_ﬂ%bl A7V ko]
1%wivE M 3742 71 @gkom 1 o]9)e) Lay A7)
FME olHrt =& pH IS VeI

ol el AAEHE HEz} AL %fhﬂhﬁﬁl 79 wEs
o] 7H =l AR 713wt e A1EL AZE] ¢
T HEEAS 2 o] I o}ME}. =, %—fx} il
SIS 1%wh) 713 & pHE 4008 233 obe-
75°CellM 3027 7HEAES BB S AAE] ek
oRR o3t} ofstele] 550 nmolAle] EEErt 1.00] H
E=8 et L acidophilus$t S. thermophilus®) ¥joFl-S 7)1z}
1%y} HEE %‘j%s T {73 A7RFe) 3.0X 107 CFU/
mlZ7t FEE 3k & 35.37°CollA] 72~96A17H5et wkE e}

Table 3. Free mono- and disaccharides concentration in the non-
fermented and fermented raspberry puree

Concentration (M)
Saccharide Non-fermented Fermented
raspberry puree raspberry puree
Glucose 0.42 0.64
Fructose 0.35 0.76
Sucrose 0.13 0.11
Maltose ND#* ND
Lactose ND ND
Sorbitol ND ND

*ND: Not detected.

KT UF. A 52U o1F FALANT] BR)
Felg 293% B 29T Ao Table 33 Uk, BwA

S2ale] 39 $EGOTE 042 ME EAGRE
M=Z A= fructoseZ UERHC™ sucrose=
= Aow INEHUTE FARSH °ﬂ‘j‘ ZollA maltose, lactose
9} sorbitole HEFHRA] Fdrh FAPEEA|F= glucoseot
fructose®] o] WaAF vlwsl] F7IEIAEE fructose]
Aol 076 M2 LEAETE 20 ol SRS ¢
ATt ol BRAF FFN EAshs thRI AP E A
oA Hajo] BAEY] HER] AR AAEHIT

715 . U8 3 BEA w50 EAlske 1A &
B fAE S {14 e Hag Z3E Table 40
YERMIQY, 2g A BEA FE5qlE citric acid®] o] 7t
A obA 100g% 105022 mge] EAste] A Fr1ate
92.6%% AAFATE. 1 U092 lactic acid’} 74.83 mge]
ks AU %0 m acetic acid, fumaric acid, malic acid
© &% AT 'ﬂ“)\H—lL'a’ olgsl HEA F5NS WE

NZBE W lactic acid?] FHS 698.20mge 2 LT HHT}E o)
Fd N K e A=

glucose?} 0.35
0.13M A3}

P
To]

[e3

3ol F7rationdt, ‘_r“’q*w* L3]H - A

AAZAFE-. A Ylolx] 53] AL Akl A
A== free radlcal L M) w3lE ZAAF I A A EL
Wo71g AsA7le AS BlRete AxEds Asfsins
15 free radical?] A4S 2EFHoZ gz ou] A4
¥ free radicalE®l SIS B3l AAMNEE 3T Favt
e AT olejgt AEZY free radicaldl FAE
[6)

]

(SRR

sisle] ME ARe] A8k GAEP) Hok. BRah o)

Table 4. Organic acids content in the non-fermented and fermented raspberry puree

Non-fermented raspberry puree

Fermented raspberry puree

Organic acid
Amount (mg/100 g) Percentage (%) Amount (mg/100 g) Percentage (%)
Acetic acid 1.51 0.1 18.62 1.1
Citric acid 1050.22 92.6 1039.71 59.2
Fumaric acid 0.20 trace ND -
Lactic acid 74.83 6.6 698.20 39.7
Mualic acid 7.85 0.7 ND -
Tartaric acid ND* - ND -
Total 1,134.61 100 1,756.53 100

*ND: Not detected.
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Table 5. Biological activities of the non-fermented and fermented raspberry puree

Biological activity Non-fermented raspberry puree Fermented raspbetry puree
Electron donating ability (%) 71.10+£1.17* 69.00£2.10
Nitrite scavenging ability (%)
pH12 37.61£1.54 38.3012.31
pH3.0 10.22+2.09 13.10£1.76
pH 4.2 421+147 4.5611.35
pH 6.0 1.09£0.41 1.34£0.78
SOD-like activity (%) 80.01+0.71 60.30+2.14
Inhibitory activity on xanthine oxidase (%) 43.26+£2.45 41.76x£3.07
*Mean values= standard deviations (3 replicates)
Table 6. Antimicrobial activities of the non-fermented and fermented raspberry puree
. Number of viable cells (CFU/mi)
Microorganism
distilled water Non-fermented raspberry puree Fermented raspberry puree
E. coli O-157:H7 6.20X10? 7.50X10° (21.8%%*) 1.85%107 (17.3%)
B. cereus 1.00X10° 4.60x108 (3.7%) 1.35%108 (9.7%)
S. aureus 9.90x10? 1.55%10% (9.0%) 2.25X10% (7.2%)
S. typhimurium 7.10x108 1.10X108 (9.1%) 1.17X108 (8.8%)
S. cerevisiae 1.10x10 1.00X107 (0.6%) 4.70x107 (-9.0%)

*Antimicrobial activity was expressed as percentage in parenthesis
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Lactic Acid Fermentation and Biological Activities of Rubus coreanus
Young Seo Park* and Hak-Gil Chang (Division of Biotechnology, Kyungwon University, Seongnam 461-701, Korea)

Abstract: The puree of Rubus coreanus was fermented using lactic acid bacteria and its biological activities were
examined. Lactobacillus acidophilus KCCM 32820, L. casei KCCM 12452, Lactococcus lactis subsp. lactis KCCM
40104, and Streptococcus thermophilus KCCM 40430 were used as a singlé or mixed starter for the lactic acid
fermentation, and their cultures at the late logarithmic growth phase were inoculated to final concentration of 2% (v/
v). L. casei fermented the puree of Rubus coreanus best when used as a single starter, and the culture of L. casei
and L. lactis with the inoculation ratio of one to one showed the highest fermentation activity when used as a mixed
starter. However, the fermented broth of the puree of Rubus coreanus vsing L. acidophilus and S. thermophilus
showed the best results in the sensory evaluation. The optimal lactic acid fermentation conditions were as follows;
the concentration of oligosaccharide added was 1% (w/v), pH of puree and fermentation temperature were 4.0 and
37°C, respectively, and fermentation time was 72~96 hours. Glucose and fructose were major free sugars, and the
content of lactic acid was 698.2mg/100 g in the fermented broth. The fermented broth of the puree of Rubus
coreanus showed the electron donating ability and nitrite scavenging ability with the value of 69% and 38.3% at pH
1.2, respectively. SOD-like activity and inhibitory activity on xanthine oxidase were also found in the fermented broth
with the value of 60.3% and 41.8%, respectively. When the antimicrobial activities of the fermented broth were
examined, it showed the highest growth inhibitory activity against Escherichia coli O-157:H7, and also contained
antimicrobial activities against Salmonella typhimurium, Bacillus cereus, and Staphylococcus aureus.

Key words: Rubus coreanus, lactic acid fermentation, biological activities
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