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Physicochemical Characteristics of Cheonnyuncho Fruit (Opuntia humifusa)
Fermented by Leuconostoc mesenteroides SM

Min-Ju Park! and Sam-Pin Lee'?*

'Department of Food Science and Technology, Keimyung University
2The Center for Traditional Microorganism Resource (TMR), Keimyung University

Abstract Functional properties of Cheonnyuncho fruit paste (CFP) were enhanced by fermentation, using Leuconostoc
mesenteroides SM. The stability of CFP pigment was maintained and microorganisms in crude CFP were sterilized by
heating at 80°C for 30 min. The production of dextran in CFP was increased by increasing the fermentation time and sugar
content, resulting in an increase of consistency. The CFP fermented with 20% sucrose contained 4.8% mucilage after
fermentation for 2 days. In particular, the production of mucilage was greatly enhanced by fortification with 3% sodium
citrate in CFP, resulting in mucilage production of 7%. In addition, the viscous modulus of fermented CFP showed a
greater increase than that of the elastic modulus. Thus, it was concluded that CFP fermented by L. mesenteroides SM can
be fortified with functional ingredients, such as mucilage and probiotics, with enhanced rheological properties. Therefore
fermented CFP can be utilized as the functional ingredients for functional foods.
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Leuconostoc mesenteroides SM2- ©]-8-3F W %

2RY AF H7HEEAC] ARl §71E v ATk(18). ol &
Ahto] A HrellA] Aikske t R FollA 74 3R glucose
7t F2 o-(156)2%l o8l A4=o] U= HHFHEA sucrose
AEe] ARGUA], FA2FY B 24 T AF THoIAM &
3] o] &% JATH19,20). Dextrans AJAsk= tHEZHQ Leuconos-
toc mesenteroides= ©|’3Z WaAF=ZA g Il sucrose
£ 71A=E 31 dextrans sk ko EA AAWE AF
of g EAgQ2l). Akt TES e ik AR A&
ARl E82 A Adaaprvt olygt F cholesterol®] A3},
HAZX], FFHe] X8 Sl o] JFaIrt we ol weba
A7t Es] JPE L Ark22).
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775 o83t dextran S T3 F/NF 2 probiotice]
skl Hg o tigk EEseE 548 detaat skt
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B Ao A3 Adxe 2011d 7R 83 Adx 4
vl (Cheonnyuncho fruit, CF)E 3]o]Zen] 3'd%(Cheonan, Korea)
oAl e T s XA —18°CollA WE EAsIHA ALE
stAth. Jdx Evll paste (Cheonmyuncho fruit paste, CFP)E %
2 #E Al dextran IS HE] H7ReE F YEF sucrose U
SHA| H(KS H-2003, Incheon, Korea), sodium citrate tribasic
dehydrate= Duksan Co. (Ansan, Korea)® ZHE T3l Al8-3)
Atk Adzxe Mot AHe AAs = 948 FAE g4
31 (W-100T, Hanil Electric Co., Seoul, Korea)ollA] ¢j3le] A}
&3t
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CFell 2Z3t5]o] = A& AAS & 35 FEE Fst 2%
FTH(23)2] Wl ulgl ubdE B8 Stk 7R 24
S ARG AZRY, 3B APy, AL Kjeldahl ¥
AH, ZANL Soxhlet FEHS ARSI, ©r3tE e
ol AES 100014 W o= AlketTh

MUz dx2| 2y

CFE A& 3}e] homogenization g+ & A% S21&E E47]& 3
w7 AREEt] Ko AAS Zeldk § CFpe] HAY ApE st

s
7] 98 80°C F-&5xolA 0, 15, 30, 45, 6027+ & AT
g § A8k

Starter M= % i LS

S22 HE B2|¥ Lew mesenteroides SM (KCCM 43010)
< Difco™ Lactobacilli MRS agar (Becton Dickinson and Com-
pany, Sparks, MD, USA) HjX]ol|] m=@ale] 30°C aH2ujd7](IS-
971R, Jeio Tech., Gimpo, Korea)ollX] 24117k w3t ¥, #5729
@ FRUE FHst 23] Al wigS Al wiRl= 121°C
oAl 1587 AHFst MRS broths ARS8 24A17F wlj et
starterS CFPoll 1%(v/w) &I 30°C SF2u]7]oA 724]7F
7HA] AAF B g E Yl o] W, Leu. mesenteroides SMS] A

(Opuntia humifusa) Bv LaES] 2] - 3}5H4
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& H dextran A4S F7] 9180 sucrose (20%)2} sodium citrate
B%E s=EE Frlste] TRtk

pH, HE A= o Y=
pH= pH meter (420A+, Thermo Orion, Beverly, MA, USA)
£ o3l FHson, HEE 200 THFF 18mLe EFSH
T ZAsA AA Ams AR 1ol TFF ImLe Hriekd
pH meter2 pH7} 830 =2 wj7}2] 0.1 N NaOHZ HA 3 4
H 2L lactic acid T (%, wiv)SE FAEIATH Fes AxE
A GTA(ATAGO, Tokyo, Japan)E ©]-&3FTh.
g 53
AdsE CFPEEE 1 go Bd ImLe J7iste] A 3
2J3led MRS agar ¥lX|o] 20 pL =23 F, 30°C )]0
A 24X weFet %o AFE CFU (colony forming unit)/g®
= Yehh ek

Hag g3 53
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CFP 3 g% screw cap test tube?] cap (PYREX, diameter 13
mm)° Fo} colorimeter (Color Reader, CR-10, MINOLTA,
Osaka, Japan)E ©]&3}o] L (lightness), a (redness), b (yellow-
ness) < 43I th T¥== CFP 10g0 5745 20mL 3
7¥ete] turbiditys E¢171 913 AlRE 15,000 rpmellA] 1587 €
ARl ddRE FAAY F5HE 05mL FHd SHF
45mL3} &3t & spectrophotometer (UVICON 922, Kontron
instruments, Milan, Italy)E AF&-3ste] 528 nmol|A | He] S
100%= st dxg] & Ao HaE dhd FEE(%)= e

= o HEN BN

HZE = Rheometer System (RheoStress 1, HAAKE, Karlsruhe,
Germany)®ll cone plate device (Plate PP35Ti, 3.5cm diameter)S
el 2489 AR 1g2 plaed] 23 77 @ 102 5
kel ko]l S E o] e S shear rate (1/5)9} shear stress
(Pa)2 UElYo] AzxEE =AU, SH 258 200094 A
GET(MNE 1-1005'9] HOZ F5EAHS olusty, Hx%
A== Power law modelZ =743} t}.

Power law model: 6= K - '™

6+ AHSZ(shear stress, Pa), K& X% A|<=(consistency
index, Pa-s"), '+ AW =(shear rate, s'), nS 84 AF
(flow behavior index, n)°]c}.

e 542 25°CE 449 983 F=A(HAAKE RheoStress
1)l spindle (Platte PP35Ti, 3.5cm diameter, 20)2 “325lo] mea-
suring plate P61S AH&-3te] A3t HEE] AGEHE
(storage modulus, G)Z} =HEJE(loss modulus, G"- 0-1 Hz H
9] WellA frequency sweepell ©Jdte] S35t



436 =2 Z38k8] %] A| 45 WA 4 & (2013)

94 e Park 542 Wl olste] 243k, Crp W
2 felet 240 F& A7) 3em, ¥ol 6emdl F3RI
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o] WX B HAgo R St

Sucrose F7Fgol w2 waie] g s =4S HPLC (K-501
system, Knauer Co., Berlin, Germany)S ©]-&3t] 234 3IT}. Al
E 5g0 FR/F 45mLe TIste] AF2elA 3087 wNF FE3F
3 AAEE(15,000 rppm, 15min)dt ¥ 045 mm syringe filterZ
A3 g g B AEE AT 3 24 column Asa-
hipak NH,P50 (Shodex, Tokyo, Japan)E ©]-8-8}132, 75% aceto-
nitrileS 1.0 mL/min 508 Z#F00H, & 55 RI detector
(Knaver K-2310)2 o|-8&3le] ZAAsAct 7E o2 A9, #49,
I o]gste] APE ZZ:FAM e F=E 2R3N

SH%2)

tolele] EAMEE 4 A8E WEHoz =733le] SPSS
(Statistical Package for the Social Sciences) Statistics 20 (Version
20, SPSS Inc., Chicago, IL, USAYE °|§3le] Has} BFA}
(mean+SE)YE Tallem, 7+ Jut 7 HA] 2polE AFs] 9
3] Turkey’s tests 283ttt Aol tsk HF2 p<0.05
Foli AZIAT

Hxo| AUMME 2N

CFo] 7P3= oF 65%3A oM, Uud E4A% 78 71.72%,
ZB|E 1.42%, T 1.10%, A 04%, B3HE 2536%%
UeRdth CFPe] pHe 4.79, HAE T 1.84%, T== 15.9°Bx
Ak whEe] Mg dmjo] FIE2 145%0] 1P TFHE Y
A2 Jom, 021%2] WA Nx6.25), 0.12%2] A4, 0.02%2)
T, 044%9] 3, 0.19%2] HEl o]&]o) mjke] HIERR! A9t
C 283 o8 F7/9 AS ey vy BaE AF
25yt vlw e wf 7F die] ke 2 A Ao} olrt v
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2338 A3 27] BHEF 124x10° CFU/gERE 152 DA
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ofs AR FxA wWsll| wE FlE Fue] 7ol 711s A
o2 AtsEnh webx] @A) i A5 F=vF dad A
AEL 7RSS Eolv 89E AlFstn, sl CFPe] M4
M Are] APEE g F e GAE 2SR 80°C
ox 30 EAelshe Aol Agetri A=A

AR S

b

il

o tm o HE I

o)

Sucrose F7IE0| ME MWx WSSO M+ X OI5EH

=
=y

A2 $Add #oske AS= LR Leuconostoc spoll <35}
A Eo] Aiele dextran 2]E2] B4 T3 982
to] H2hg 2 E549 54E 7Y, B pHIME &2 A
A B AT E PAEE 2E=th27-29). WEHA CFPE]
A 2 7SS FRIANIIZA sucroseE ZH2E 0, 5, 10, 15, 20%
HE Frisle] wha So] pH, I 2 e HdE o
o} R 9} THTable 2). SucroseE H718HA] R g A7l HAdze
pHS} 2A e 747} 430, 0.63%01032, 39 2E T 419,
S o

{ g b1oob rr
)

[e}

1.69%% pHE #ZA3 Y A=E 1% 571k AS 895
ST}, SucroseE 20% F7Fsle] 19 wa sk wg&Eo] pHel AA
MEE 448, 096%% sucroseE F7ISHA] e W EHT w2

R =
S BHyom, 3d wE Al pHE 4.17, 84 A=e 1
g A7bo] ZAoJAFE pHE 7HAdty HA 2l Frlee
AEe 1A Ads S84, 24t starter (2.10x10° CFU/
mL)YE 1% FEsle] BaeR] e A9 ZE ZHdoA 1.25¢107

Table 1. Changes in consistency index, spreadability, pigment stability, viable cell counts and viscoelastic modulus in heat treated CFP

at80°C
Heating time Consistency index Spreadability Absorbance Viable cell counts  Elastic modulus ~ Viscous modulus
(min) (Pa-s") (cm) (528 nm) (CFU/g) (G', Pa) (G", Pa)

0 4.57+0.04 3.35+0.18 1.24x10* 13.19+0.4 17.24+0.1

15 4.1940.06 3.66+0.05 83.84+1.60 32 11.18+0.5 16.80+0.2

30 3.78+0.16 3.60+0.00 76.72+0.15 NDV 10.57+0.1 15.21£0.7
45 3.40+0.10 3.61+0.09 67.37+0.39 ND 9.88+0.6 15.00£1.0
60 3.08+0.09 3.65+0.04 60.72+0.34 ND 9.11+0.9 14.88+0.0

YND: Not detected
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Table 2. pH, total acidity and viable cell counts of CFP
fermented by Leu. mesenteroides SM with various concentration
of sucrose

Sucrose Fermentation time (days)
concentration
(%) 1 2 3
0 430 4.15 4.19
5 4.32 4.11 4.15
pH 10 4.36 4.16 4.15
15 4.40 4.16 4.15
20 4.48 420 4.17
0 0.63 1.23 1.69
B 5 0.92 1.35 1.74
T"tal;“d‘ty 10 0.89 1.34 1.76
C4) 15 0.93 129 1.82
20 0.96 1.37 1.67
0 1.70x10°  7.08x10® 4.21x10®
Viable cell 5 1.43%x10°  9.18x10*  6.72x10®
counts 10 1.88x10°  1.03x10°  7.52x10°
(CFU/g) 15 2.63x10°  9.80x10°  3.04x10°
20 2.95x10°  9.88x10°  5.96x10®

-3.60x10" CFU/ge 2 Bl Qlth wha 1UA] sucroseE H718HA|
S WEEI 20% Ui wae] AFse 77 1.70x10
2.95x10° CFU/gBE e s %S wEh o STt 3

Qd BHE F 421x10°% 5.96x10° CFU/g 202 AT Aol
2 4017} RATE. 2B} sucrose FEO BAglo] 2d wE

Folle Ao Mgt o7 Aahshe 74"*% LERLS
, ol A Aol Ia 1o FHu &S RolHA] 2dd
FE= AA7] gl =dale] At i P— o2 AlsFHT

e ko] A &4 32 A HUt s=svbl wEk S
stlom, 53] 20% AE FA7HA el EW e %‘—ﬂﬂt— e
UeRITE 8k wEA7ke] AojA5E HAT) ede
e 7S HOomW, 20% sucrose 747}7\] o &4 k2 193 3
Do A Zkz+ 1146, 1601 Pal 2 718l e, ®A ghe 27
1749, 30.57 Pal 2 Z7}8l= 7S BT o]& sucrose A7}
o] S7IEPE, g Al7be] ZoA4E dextran Aol 71U
AAE o] SrisEe 719letial AlRE

H
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Sucrose H71eFel wel 1-3U7KK] &g 3 HEE U o g

A
< &4 Ad= Fig 13 2ok JEE 92 sucrose H7HF
0, 20%°A4 19 2wE Azt 7247} 2, 27%2 UEbt, 2HE 2d
A 3.6, 43%= F7FsTE g 3Y WEF WFEoA 37,
48%% ERY} sucroseE 20% 71 HaEC] FHE FEol
1< S7lske 43S Bt mebA sucrose H7FEO] F7HE
5, WA 7‘011‘# CFP W& Ee] HAE T 571y
= Aoz oYtk ol Sawat S(30)°] BRI Lew
mesenteroides CMG713 7} 30°Coll A dextrans 71g o] Al
A31R o™, sucrose H7HEF 20%o0A 7P 2L 9] dextran
Asts Bt fARE 2435 JeRITE Bk dE S s
Faks}h 32 FArslER e S-ge] Fn] g =S U
I Jang S(31)°] B vie} o], B A= sucrose 20%
£ gadom ARRS Aol dojxl waEo] x7] CFPY| %
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Fig. 1. Mucilage content and Conversion yield of CFP fermented
by Leu. mesenteroides SM with various concentration of sucrose.
Each value is the mean+SD (#=3). Mean with the different letters in

each row are significantly different (p<0.05) by Turkey’s test

Sucrose F7HF] WE F F FAS A% 7R FREES A
1 Fulle] F9 FHEA sucrose, fructose, glucose?t 22t 68.7,
18.0, 12.8%E AAetty BuE A3 A3l wek32), sucrose,
fructose, glucose Al 7FA1E o] &3 Th L& 1UA sucroseE 3
718IA] ke e Ee] I FEEL 31.13%, sucrose 5% A7 Al
Fol =] 20%= FHEC] oF 90%E Ttk AFS B
Atk 28 8 T sucroseE H7FF BE WEE0] 90% ©]d<]
LS Kol A 1SN e o= sucrose”} dextran 3L
AR A%ss 4l mE Zes AZdHEn £3 HF CFP
daEe yegy s 747 713, 2.7% ?:}‘?ro}b Zo=Z
ERt). Wb sucroseE 20% H718k] 39 WaAl7IE Zlo] AL
AzZEE Yee T8 g A 71 @%Lo}drl Atg T}

Sucrose 7120 2 MAx WEEo| MxT Y HEM w3

Sucrose F7FF] wet 3Y7EA] FEste] EA% FxE 9 =
A4 Ad= Fig 20014 YeEl= ZAE sucroses 0-20% G
o= H7kste] 19 WEseE A F H7F 2 sucrose 20% H7F
7359 XL%E e ZHzE 057, 1.16 Pa - s"]A3, 2UA 346,
10.74 Pa - 718kt 39 @& A] 7.05, 1655 Pa - "2
= sucrose 20% 718k 49 @E A7bo] AojAFE HEE 3t
o] Z7tske Ade JeERNIT

HHAL sucrose 0, 20% 7ol wel zHzh g 194 3.1,
32cm, 294 3.06, 3.04cm, 3LA 3.04, 244 cmZE HE A7)
AARGE hasle A4S B I8 394 sucrose 0, 5, 10,
15, 20% 7ol 2 waEo] P 722t 3.04, 2.79, 2.36,
244, 244cmZE TE 3YA sucrose 10% ol A -117‘]"401
A3 sk A RIS, 10% A7t o] Foll= & W3}
7} gl ALZ YEth CFP Ha &9 JV] A2 sucrose 7}
o] Z/VETE, Im A7) dojde4E fadks AEe UE
Wt o= Leu mesenteroides SM w71 MELZE Hu|sl=
dextransucraseS ©]-831 sucroseE E3AIZIHAA FAl fructose
= AU Y EaeE Algsl g,lucose*‘g 7142 &} dextran
S AT A AN HAEE E=A b= Hwang 5(33)9
Aot FARSE AES Uehlle S S8R1E & AdTh

re
=

Sodium citrate 7120 =
sisty 53

Az we=o| ¥+ H 0

Leuconostoc  citrovorum 57} sodium citrateE T A3}
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Fig. 2. Consistency index and spreadability of CFP fermented by
Leu. mesenteroides SM with various concentration of sucrose.
Each value is the meantSD (n=3). Mean with the different letters in
each row are significantly different (p<0.05) by Tukey’s test

Table 3. Physicochemical properties of CFP fermented by Leu.
mesenteroides SM with various concentration of sodium citrate

Fermentation  Sodium pH Total acidity Vl?g:;tcse”
1 1 0, 0,

time (days) citrate (%) (%) (CFU/g)

0 436 0.94 1.31x10°

0.5 453 0.92 2.13x10°

1 1.0 4.69 0.86 2.90x10°

3.0 5.04 0.97 1.46x10°

5.0 5.38 1.30 2.23x10°

0 427 1.48 6.83x108

0.5 437 1.39 2.83x10°

2 1.0 4.51 1.39 7.53x108

3.0 497 1.04 5.22x10°

5.0 5.11 1.37 8.35x108

0 422 1.30 3.20x108

0.5 4.36 1.53 1.07x108

3 1.0 4.50 1.55 5.49x108

3.0 4.72 1.42 2.60x10%

5.0 494 1.38 6.41x108
diacetyll'} acetateS A3 F|HES +2] o =
2 Foe Bl wEk34) sodium citrateS 7~, zay 0 0.5, 1, 3,
5% A7Fske] 39 B9t Leu. mesenteroides SM dFZ ©]-&3}o]

H"}ZO]'M_.U:] CFP L E9] pH, AT 2 )\g-&/‘g B8}
I tH(Table 3).

by I?J_KH sodium citrateE H7}5HA] & W@ E9| pH
oF AA A= 436, 0.94%A, 5% UM LEES 538,
1.30%= Q—E}k}ﬂ-. 9 3UA= sodium citrateE H7FSHA] &S
2w 422, 1.30%93L, 5% H7F Al 4.94, 1.38%% sodium cit-
rates F7FESE pHEF AL EE =39 ©]= sodium citrate
e H7isol wel Ak wEEo| pH 4.0440 =38l A7
o] AA3] ZojA pH 420 =E3sh= Alzke] oo w3l <F
) A= AA=E AHE BHAFE ATFE5e FARE daet A
ZtEm, dkg A7bo] dojdsE pHe WolAAL AR Aees F
7tElo] Al5te] B FTkEe AEFES BHATh

Ad9= sodium citrate 710 wE WH3lE YEREA] 249
A%t sodium citrateE 5% H7Fste] starter {E T LE S| &

8
Olday @2day @ 3day

zmdﬂﬂd

Sodlum citrate content (%)

Mucilage content (%)
.

Fig. 3. Mucilage content of CFP fermented by Leuw.
mesenteroides SM with various concentration of sodium citrate.
Each value is the mean+SD (#=3). Mean with the different letters in
each row are significantly different (»<0.05) by Tukey’s test

HAdzxe] *&}?7} 341x107 CFUmMLE E1=EQ7, 19 2&
g Eo] Zakt 47} 223x10° CFU/g, & 3UA] 641x10°
CFU/ge = UrE‘rUr g 2N F Aage SURIAN e
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Fig. 4. Consistency index and spreadability of CFP fermented by

Leu. mesenteroides SM with various concentration of sodium
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Fig. 5. Elastic and viscous modulus of CFP fermented by Leu.
mesenteroides SM with various concentration of sodium citrate
and 20% sucrose. Each value is the mean+SD (»=3). Mean with
the different letters in each row are significantly different (p<0.05)
by Tukey’s test
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