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Post-Fermentation to Apply Product

Ji Yang Sohn and Sae Hun Kim*

Division of Food Bioscience and Technology, College of Life Sciences and Biotechnology,
Korea University, Seoul 136-701, Korea

Abstract

Emerging studies suggest that vegetables or fruit juices deemed to be potential alternative base medium for lactic acid

bacteria fermentation. Until now, limited studies have been carried out to evaluate such applications. Thus, the objective

of present study is that lactic acid bacteria were evaluated for their viability at low pH, growth during storage at low

temperature, and CO, formation. Furthermore, the effects of grapefruit extract with respect to cell viability, sensory ability,

and organic acid production were evaluated for these strains. The probiotic properties of the strains, including acid tolerance,

bile tolerance, and adhesion to human intestinal epithelial cells (HT-29 cells), prebiotic characteristics, and safety features

were examined. All strains survived in MRS medium broth adjusted to pH 3.8, at 10T for 6 days, and did not produce

CO, to check post fermentation. The medium of grapefruit extract fermentation by Lactobacillus plantarum CJIH 203

resulted in maximal viable counts, compared with other strains, and the extract subsequently tasted sour due to the presence

of lactic acid. Lactobacillus plantarum CIJIH203 was highly resistant to artificial gastric juice and intestinal juice, while

Lactococcus lactis SJ09 strongly adhered to HT-29 cells. Tagatose showed the greatest ability to enhance the growth of

L. plantarum SJ21, relative to the other strains. All strains were verified by safety tests such as hemolysis, gelatin hydration,

and urea degradation. Therefore, these strains could be promising candidates for use in reducing excessive post-fermentation

and functional products.
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(Fuller, 1989). -7 Z=Zulo] Q€= Lactobacillus plantarum,
Lactobacillus casei, Lactobacillus acidophilus, 123 Streptococcus
lactis®} 732 f-4kt©] A thSindhu and Khetarpaul, 2001).
ZEulo] QB AE B QIZFelA folgh ol diE W
A AF7F AT dE S 7 FHAHES A
A1, 7875 B, 1 sk Alad 3 i ke 9
A& E 4 Aot (Berner and O Donnell, 1998;
Rafter, 2003; Saarela et al., 2002; McNaught and MacFie,

2001). ARFAOR AR FAH OB FeAEFS WS
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18l starter culture® AFE-% 3 $lTth(Heenan et al., 2002).
AR o]l gt FAES FF EWSH ZEHE T3t
I oeE A7 Atk A AAES fAIF o] ofd
Z2ulo] X A F dis FoUF S e A, ¥ 5
Al olelol e A Fe|, 2 FE o] BEA AT H
A3 ) TH(Shah, 2001). ] AL L (Well-being)©] 7 E
A2 Y HA 2829 wants$} needs7t Lol &
A =7 wEelth T HAAMES §715S 2
gt Rawaganic Al FE0] A& 22 FA81AL Ut} o
Tl = B3 F41F base7} obd B3 AFE v
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Lactobacillus plantarum CJIH203, Pediococcus pentosaceus
CIT1072, Lactococcus lactic SJ09, Lactococcus raffinolactis
SI15, Lactobacillus plantarum SI215 AFE-3lth A4 =
Aol vl Y2 Lactobacilli MRS broth(Difco Co., USA)
of JEate] 37 CelA 18AI1ZF vl 3t ARg-3FSiTh.

B N
B
dl
X,
by

oA 9] pHAA A 54 Sl B3

& BE W #& MRS brotho| A €] Aol 7153 pH 3}
3 HAE sl pH 2742 pH 6.5, 4.2, 3.8, 3.6 7]
ol 57 2 N HCl= AHg-8te] pHE 2Askier, d4

T pH &2l A Z3E MRS brothell 1%(v/v) 55 HE 3+
37T, 18A1ZF &<t A% &1sk3ith MRS brothe] pH =7
b wff b Ao 9%k 0.D. £7H7F o 7 pH B E
HEE A &2 715 AEE TY8lY 03S =4S $o
0.D.& SA3FAth 600 nmol| A O.DFe] 1.0 ©1 Al strong
positive, 0.5 ©]7¢ 1.0 7| 9Fll X = positive, 0.3 ©]%F 0.5 7]
Thol| M= weak positive, 0.15 ©]%4F 0.3 v Tt A= weak weak
positive, 0.15 B]Pro| A= negativeZ T8}t

N,

3. M8 2

Jm
1]

AS 25 54 AYL pH 6.5 MRS broth iAol
= 1%(vv) HE3e] 10T, 15TollA wjdglon, 39, 6
o AAS BEGL &4 /IF2 pH AR 54 &

(A

4. CO, MM =ol MF

CO, A oJF &2l pH 6.52] control B Aol durham
tube’t A& WA T 1%(v/v) HE3td A7 Al gas A3
d AR5 37Tl A 48417 ol EI33itt pH 4.2, pH
3.691 A% durham tubeE F o] W pHolA A7 Al gas AY
A4 ARE FAAh

wEEo| Hg 7#F He J|FE
1 mLE 0.8 5% NaClZ F ¥ 13,000 rpmol|A] 1
7F A4 EEste ARgsATh JES A FEE 5x10°
CFU/ML 71522 33, vl o] #4& 2x10° CFU/mL
2 57 98] AHg FFE 100 mLoll 0.25 %(v/v) HE3HA
AT o+ 25 T FE g8k fsiA 2 15Tl B
Atk 7t #F9 Ay FE=ol
A R FuE gelety, A9 o FE ddsiidnh A
Ty AgEE Aeole Ads, #5554, #7140 24
Atk A= AR 1 mLE E+# ¢ peptone 5l 10
849 & 3he] agar plateell 10°, 10° 10" CFU/mL &
Ittt A5 7t TEE g 39o] g 22

LY

|

92 7IH(Keane, 1992)2.2 $85, Abn|, AbF, o]w], o]
& sk KA E4 S Mt TR A
3t =

[S]

E7171E(NICEM)ol M E& 923 2
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6. W &M 9 | &HEH

W A AL Lee ef al(2010)9] ¥ ol whe} pH 2.5
%73 MRS brotholl 7] #47} 10° CFU/mL 432
JESATE olE2 317 Bt WA § AH#S(CFU/
mL)E S48kl AEF7F 0.5 log ©l8t® F 47 ZHast
Z7] @l vlste] A A5 U4k v8S 7k
2 grtstdoh Wl 954 432> Bacto oxgall(Difico)
3%(w/v)7F 5 Hrbete] HE it 3
b o

719F 2 WS S48

7. 3 HEs 5F

Human intestinal epithelial cells, HT-29 cell®l] f+4tF9]
F258 S st tiLee et al., 2010).

HT-29 cell 10%(v/v) Fetal bovine serum3} penicillin
G(100 TU/mL)S 7Fg RPMI 1640(Gibco, USA)9ll 1.0x10°
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cel/mL F=2 HE3ka, 12 well platee] &3} 747+ Z 1}
vl 93t % phosphate buffer saline(PBS, pH 7.2)2.% 63
AlFstal A 7 H7HE A 2 RPMI 1640 ¥iAE 37 1. pH MZ EM sol Mg

AE AN 67 FE 1.0x10° CFU/MLS) X2 serum-free
g RPMIZ & Erste] HT-29 celldl HE3IAth ZE w3
£ 377C, 5% CO, M F71ol A 2417k F3F WS A AT A&
> MRS H# wjR | A A& S48t AA TS
2 Lactobacillus rhamnosus GGS AFH-3F3Ath

ctRol Tagatose 0|5

= MRS "R 1% 2 H=3l3L v L35} tHKoh et

B o
Qe

8. 7lsM
T+
al., 2013). 2 vjA|

magnesium sulfate 7H,O, manganase sulfate 4H,0, Tween

peptone, sodium acetate 3H,0,

80, diammonium citrate, dipotassium phosphate 2 121 Tl

A 1587 B 5 50% glucose, fructooligosaccharide, xylose,

tagatose 291 H7bale] Aol ALLEIoTE ARl AL
e BE FFE2 glucose, FOS, xylose, tagatose”} E g
;(—15_

= ol 1% AE3he] 37°C, 24417 vl kst dnh 2 A
B HETOR Sl wETHE vasdd
Prebiotics 532 24A]7F 8] ¢k & ELISA reader’] & ©|&
3 600 nmol A 4T =3 L FA AL o] &3 3 uujok
S & #F FE A5 Fristdnh

0} O o
oro AL

9. QtEM ZHA}

P Arks €8 A, A AsRkg, fal thAF A
S Fo3tdthLee ef al., 2004). &8 IS Y& MRS
A Bl Al 5% horse blood #7HeE A& AME-3FA T H
Sl A Aol A dEbueE 3ol wet 37HAE R,
HAuj x|l A [ FH Fgek Fal AH9E A A
= B3, A8y e A Fkort sA0u 4 5o
2wl E A9s Yepd A2 o ¥, 283 oA Wbt
ST S y PR Sk Agw A3} vk AAE WY
Agd g H Z(MRS gelatin nutrient culture medium) i
A& o] &3le] 37T, 48A17F HISF T WA B FEte] H)X <
AL RS 7_733 ste] Aetel g wh3S SA AT i
& 2HE Al 3912 urea agar base WX & o]-&3}53th o)

A} mAE-o] yreaseE A A SHH urea’l #8l E o] WX <] pH
7F Z=okAH pHoll olsf A A FS 2 AFE-E|= phenol red+
o] Aoz Walrh

10. SAI*=|

AH A= SPSS soft package(version 12.0.1; LEAD Tech-
nologies, Inc)= AFS-3te] FA1 A Eell oJe A% Ae]
o43 HES A=Eskairh

T+ pH

*194 7%47bs pH ?5}5P ‘%’-ﬂ%%— 1 aF A thFig. 1)
al

[=]
w$o L 5(107C, 15C)ol A A
Zak o] Hojd o7 w

skl #ASAHFig. 2). BE #7371 10C, 303 03
wlgbeln, 10T 63kl 0.5 vl shgkstel Hsivka @
wshich

3. CO; 4y stal 4

% 3yl o] ik E (Hetero-fermentation)
sl 41 pH 6.5(control ¥l A]), pH 4.2, pH 3.69|

2.00 -~
_ 1.50 -
£ E
- f =
2 o
.E g 1.00 - W65
3 a
v o
050 - I I m36
0.00 -
CJIH203 CJT1072 SJO9 SJ15 SJ21
Strains
Fig. 1. The characterization of cell viability in medium with

pH 6.5, pH 3.8, and pH 3.6.
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Fig. 2. Cell viability of lactic acid bacteria strains at 15C for
3 days.
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Fig. 3. Cell viability of lactic acid bacteria strains at 10°C for
6 days.

Table 1. The formation of CO, during the growth of lactic
acid bacteria strains
CJIH203 CJT1072  SJ09 S5 SI21
pH 6.5 - - - - -
pH 4.2 . - . - -
pH 3.6 - - - - -

* +: positive -: negative

durham tbed ¥ol gas 44 o7& S AUTHTable 1).
BE el COE A A Fstth

4 g

b
s

Zo| Hgt 25 M

7|1E

fol

16.00 6800
6700
6600

15.50 o

15.00 A
6500

6400

14.00 - e

6200
13.50 -

6100
13.00 - 6000
12.50 5900

Control CJIH203 CJT1072 109 si1s si21

14.50 -

Oxalicacid
mg/L
Citricacid
mg/L

Strains

120

100

80

60

Formic acid
mg/L

40

20

0
Control CJIH203 CIT1072 SJ09 S5 S121

Strains

Control CJIH203 CJT1072 SJ09 sJ15 si21

1) M+ &3

15T, 59}, 12 E‘iMl Ay FEEANA F59 AGA
S 533 thFig. 4). CITI072E A28 4 o5& 10’ ~10°
CFUmL 5% X 2111 5ol Hlal 12 xpe]l AY o]
718 A& FAFE F AJ T E3| Lactobacillus plantarum
CJIH2032 8.41£0.07, 8.47£0.12 CFU/mL %2 A4S ®ch

2) R4t g

15CAA 1297 FAHS A2 Ag FE25 &
At v JAA §7]14F oxalic acid, citric acid, lactic
acid 5°]H, 3124 £ 7]4F formic acid, acetic acid 52
22 Y 3 R71% §F WskE Fig sl dehih

10 4
= I
ry * * .
]
§ 4 A M 5days
= 7 12days
O .

CJIH203 CJT1072 SJO9 SJ15 SJ21
Strains

Fig. 4. Changes of the number of viable cells of lactic acid
bacteria strain in 5 days and 12 days.

6000
5000
4000

3000 A

Lacticacid
mg/L

2000

1000

Control CJIH203 CJT1072 SJ09 s1s si21

Strains Strains

350 1

300 4

Aceticacid
mg/L

Control CJIH203 CJT1072 SJ09 sI1s si21
Strains

Fig. 5. Production organic acid in grapefruit extract fermented by lactic acid bacteria strains.
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Cirtric acid®] $HFol 7P =%k, oxalic acid, lactic acid, 10.00
formic acid, acetic acid’} AZE At} £31, Lactobacillus
8.00 -

plantarum CJIH203<- lactic acid®] &&Fo] 53] =2 A
A 5 Ak ol w9} £4 Hrol TS vHThE

A% F53 2 5 ok
3) &4t

=

59, 12UAF 15CellA #4743 Al Zoll thek 3] 22dS
A-g&3te] Hrtel s thFig. 6). AdE +F BT 78 Jbs
skl L3 7|7 Fk o|m e} o] H = BT AEA] 4%
o} CIT10729] 735, 5Ll ko] Zretrhal 7hsisl e
U, 2YAE 78 s ACE AdsIdTt 53], Lactobacillus
plantarum CJIH203 %} Lactococcus lactic SJ097}F 124 =pol Al
gto] ol #HA F7tete Ae #FE + AUt

=H&4tol chst WA
At Y27t H7) Qg Bl F et
Q91 e A 24 B Astasvt B wEol &
= BANA Y AE Tl aFHEY T 5 759
FAbrel W A 2 Wl 9E5AS &918 A= Fig 7,89
7tk Pensing F7bste] pH 252 23 <3 99 8743}
oA AF FFE 3A1ZF v A7) A3, Lactobacillus plantarum
CIIH203 5= the 5ol Hlste] &2 AaAde vebsth 1
log cycle ©|3}F =R 777} A AT AR Pendiococcus

CJIH203

== Acceptability
2CIT1072

Sourness
=== Acidic odor
=== Bad test

==fe= Off-flavor

=== Acceptability
Sourness

=& Acidic odor

== Bad test

== Off-flavor

Fig. 6. Sensory evaluations of grapefruit extract fermented by
lactic acid bacteria strains on 5 days and 12 days.

Log(CFU/ml)

6.00 - ]

400 - = m0h
: 3h

200 - T

0.00 -

CJIH203  CJT1072 SJ09 SJ15 SJ21

strians

Fig. 7. Acid tolerance activity of lactic acid bacteria strains
(pH 2.5, pepsin 1,000 units, 3 h).

10.00 -

8.00 -

e
6.00 - I
400 mOh
24h
200
000 -

CJIH203  CJT1072 SJ09 SJ15 SJ21

Log(CFU/ml)

strains

Fig. 8. Bile acid tolerance of lactic acid bacteria strains (0.3
% Oxgall, 24 h).

pentosaceus CIT1072. SJ09. SI21< 3 log cycle ©]4¢]
7t ZHaE o] B pH Btell A Bl W AR E Bl
T} 0.3% oxgall7F Sh= HIA] Aol A 244170 F¢F A 5
E A A, JAF FFA gt WA Lactobacillus
plantarum CJIH203, Pendiococcus pentosaceus CIT1072-2
1 log cycle oI’ = #77F S7bste= Ao & WAk v
ol Lactococcus lactis SI09, Lacotococcus raffinolactis SJ15,
Lactobacillus plantarum SJ21-2 1 log cycle ©|3t2 743}
= AL g 4 AUk WA Lactobacillus plantarum
CITH203 5+ A Well Sol= ol 914kt 54t st

oA = Hlﬂzﬁl B2 #5(10° CFU/mL ©]7h)o] AE3ted
el =28 R0 s wekdnh

6. | ==
ELE DI
FF7h BA ] 2
ol H]3te] WA

=
S
2~
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CJIH203 CJT1072 SJO9 SJ15 SJ21

Log(CFU/ml)

strains

Fig. 9. Adhesion activity of lactic acid bacteria strains to human
intestinal epithelial cells (HT-29 cell line).The strains were added
at 1x10° CFU/mL to HT-29 cells and incubated for 2 h.

3F3th HT-29 A3zl ¥2r= #5427} Lactobacillus rhamnosus
GG(6.46+0.01, 79.17%)°F HIs=sF F2-ES B3l SJ09(6.07+
0.02, 74.94%)Z <15 A tKFig. 9).

7. 7l &Rl Tagatose O|8s

A8 Aol A prebiotics 712 9] ]85 Lactobacillus %
olu} #Fwith g2tk B Yt Ann et al., 2007). LA
ol Ao M MUE 5 9] tagatose ©]-E3 AT
22 Fgolstr] YA glucose, FOS, xylitololl = #2514
thFig. 10). 5 &5 &5 glucose= & ©]-83}A 1L, xylitolE
013‘3}1] &Skt Lactobacillus plantarum CJIH203, CIT1072
= OE 75 H5te FOS & T8s 1 + AN
t}. Lactobacillus plantarum SJ21-2 Tagatoseoll Al A% &
g2 & F AAh

8
AAGE 75 o189 o AA ] kA E HASA
THTable 2). AAY 7 2% #WEel £34S Jehx &gt

120
~ 100
g
-
s 5 ¥
[~}
S S 60 M Glucose
5 8 FOS
e ® 40
= E’ m Xylitol
R M Tagatose

(=)

CJIH203 CJT1072  SJO9 SJ15 SJ)21

Starins

Fig. 10. Utilization of prebiotics by lactic acid bacteria strains.

Table 2. Determination of haemolytic activity, production of
harmful metabolites urease activity of lactic acid bacteria strains

CJIH203CJT1072 SJ09 N SJ21
Hemolysis ba b4 Y Y 7

Gelatin hydration - - - - -

Urease - - - - -

*@, 7: negative, 7: positive, +: positive -: negative

T RE A RN LA et meb 5 #F
AQHow Ageer AT Aow vepte,

o &

pH, &%, CO, A4 o729 37kA] 2ol 124 o=
7S AWl pH 242 pH 3.8°1H, 2242 39
10°Col Al cell viabilityS YeERd O.D, #kel 0.15¢]7F 0.37]
vtE Tk vkl 243 &% 10T, 699149 cell viability”}

0.3°1%¢ 0.57|%F ML ET o8}, CO= AABHA = #5F
& sttt o] 21S BF UEA 45 T 5 77
= Lactobacillus plantarum CJIH203, Pendiococcus pentosaceus
CJT1072, Lactococcus lactis SI09, Lactococcus raffinolactis
SI15, Lactobacillus plantarm SJ21°1%ty. AdE H4FE
X}% FEEo wast A, dH7E F4 FEHS
Sttt I A3, Lactobacillus plantarum CITH2037} Tk

\_ E
2 739 S uf 15C, RYAANAN BEFE B2 4
uko] 7raly, f-7]AF ol A& lactic acid”} ol A &

AN
e AL 0T F AUth ol tiEe] AdE #7E
microencapsulation, stress adaptation, co-culture ol & T
A& "adol dvki AFE T Microencapsulations
o] g3t ZEulo] QY iE V)5 AFE, Alokolyt B 4t
ol 228 227} @ 4 tkDel Piano ef al, 2006).
microencapsulation®] & 1950 ] m]=FoA] WdE &2
M 719 71E2 JAT, AA], A e 7IA Y] EAE T
9 who] A 2 1] H 241:77}1] A s &7 A2 B A 9
mgth o] & AL NEEI Jlom, o Sl 9
g AE E4E “o*x]'&]' 1S3 vhgFstAl A-&= 3 ATHDel
Piano et al., 2006). ZZ2H}o] Q E 2 v g|o}e] 749 H
IEFOEAR F A FejE F Uk Akl 71
Bifidobaceterium=} Lactobacillus®| R.33}7] $Ja) A
oL} ok A& A3l microencapsulation ©]-83FCFT 4
3] dAto| M B3k ul7} 2t Chandramouli ef al., 2004; Lee
et al., 2004; O’Riordan, Andrews et al., 2001; Sultana et al.,
2000). I stress adaptation©] Tk o] A FFE AJE0] o
& 204 2E F AT AFE IRl A 249

S.Li ﬂ\’
[l r°1' }oll
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