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Abstract

The aim of this work was to select suitable fermentation treatments for the efficient bioconversion of cactus (Opuntia
humifusa Raf.) bioactive components with an improved radical scavenging activity for use as a nutraceutical. To obtain
microorganisms for the microbial conversion of cactus, Leuconostoc mesenteroides ATCC8294, Lactobacillus plantarum
KCTC 3099, Lactobacillus plantarum KERI 236 and Monascus pilosus KCCM 60029 (ATCC 22080) were used for fer-
mentation. Fermentation by Lac. plantarum KCTC 3099 was the most effective at scavenging 1,1-diphenyl-2-picrylhydrazyl
hydrate (DPPH) and 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radicals and reducing iron (III). In particular,
uronic acid levels showed a remarkable increase in fermentation. The polyphenol and quercetin content of the fermented
cactus showed large increases from 108.65 ng/mL and 2.71 pg/mL to 227.83 png/mL and 9.73 pg/mL, respectively, showing
a maximum level at 36 h of fermentation with Lac. plantarum KCTC 3099. Thus, cactus fermentation with Lac. plantarum
is an useful process for the enhancement of antioxidant contents and activity of fresh cactus.
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M B QFFEA, 2T FS 7PA7E B, o] o 12 ) Ao}
= AFx=9 WA Z(Opuntia ficus-indica var. saboten)(Lee 5

HAFL ARG 7150] Aol Pold 4B i 20050)% Do) £2 /HAS 7HA 0], EFelA %30 em F=

A FoA= Wt R O 2 AREE|o] gho, Boldz|zte] B
Q9 o 77|TolA YR e g SR E T 9tk Meckes-Lozoya
& Ibanez-Camacho 1989).

Opuntia 4 AR F Seluetolly Qubao s el Ao
2L 2uleA AR Opuntia ficus-indica) Tk A 2402 Opuntia
humifusa)©] Qlek AR LEuzte] AlF=e Fajigt 54
oAl MYt Q= AT ER ‘WU o522 Y
dHA glon, T = e FHRAGA s, AL
o= &= thd A A elAo]tiYoon & Son 2009). AW %
(Lee 5 2005a)= FHAI oA FaT= BAET = A

2 At 4ol itk ddxE AEddle 8] FHe A
Hoj|A 7 MAstaL, FH7IQ ALele vldsh-e27t 9
= =AM = BESH, HFfole At EAS et
d=A ok

HAdzE Hsd B2 EgcolE, Aoldf, HEdl
C, Zsw, 7714 9 opn)ieil, B3 g/ 53 Al F2
T 4% JPHES T 90w(Cho F 2009), 1 ]
HE Aol east Z4S o2 ARl v8) o e=o]
1t Yoon S 2009; Choi JH 2010; Lee & Lee 2010).
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2 7K 2 gkl B 315 Q) © WH(Sekine 5 1985; Kim & Ham
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1. M=
£ U@o] ASS AUEE 20139 7heo] $2G Hdx
A ul(Cheonnyuncho fruit, CF)E 4|23 #uNeo Cremar Co.
Ltd., Sungnam, Korea)ol|A] A&t om, 7| ZAste] - 18C
oA Y HistHA ARSI T DPPH(1,1-diphenyl-2-picryl-
hydrazyl hydrate), ABTS][2,2-azino-bis-(3-ethylbenzothiazoline-6-
sulfonic acid)], Folin-Ciocalteu’s reagent+= Sigma-Aldrich Chemical
Co. (St. Louis, MO, USA)oj|A] 9] ARE3Ig o, 1 9o B
Mol AF ol4te] Aloke AMEAt.

2. Starter M= L HA 25

Leuconostoc mesenteroides ATCC8294, Lactobacillus plantarum
KCTC 3099, Lactobacillus plantarum KERI 236 X Monascus
pilosus KCCM 60029(ATCC 22080)= FA|FF=S Hofuto}
Al o) A 23819Tt. Lew. mesenteroides, Lac. plantarum-g Difco™
Lactobacilli MRS agar(Becton Dickinson and Company, Sparks,
MD, USA) HljX]of| =5} 30C 3R&u)|9F7](IS971R, Jeio Tech.,
Gimpo, Korea)ol| A 24A|7t vljeFgt 5, #59] ¢ FEUE
Fotod 23] Al v S A8 olm] MRS brothS AR
stod 30C F2u 7oA 24417t uiFTt starterS ARE-SHR
. M. pilosus+= PDB(potato dextrose broth, Difco Laboratories,
Detroit, MI, USA) Wi S ARE-3te] 30C F-2ufjd7] oA 3
7k vjekEt starters AHE-SFGITE

HAEZ(100 g)= 500 mLo| B2 7}8le] 7144 WA= o}
sshglom, TIES 100 mLA o] Ao AHgstec
Y EL 121 ColA 1587F 2438t & Leu. mesenteroides 2

WEE 2Uz 47
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Lac. plantarum starterZ 2% 3Z3to] 30C F-2u]%%7] oA
v oFsl o, M. pilosus starterS 2% HZE3}to] 25T &-2u)
F71A vjeFste] Adx HEES AXSATH

3. Jar fermenterE 0|28t MUEx YIS 39| CH2EXA|

Lac. plantarum KCTC 3099¢] o|gt Hdx UaE A
ZE Y3l 8 L fermenter(Fermentec, Cheongwon, Korea)®]| 4]
scale-up AA|BFATE 1 kg9 Mz 5L &8 7I5+o] np
3t & 121 CAlA 2087F A3t & Lactobacillus plantarum
KCTC 30995 2% &3] 30TCoA] 50 rpme = wRISHH
A1 48A1ZE H FSH AT

=
&2 9 HAYS pHOlA 9] A v ol w2
ZA A A 9] H3= phenol-sulfuric acid¥(Dubois 5 1956)
o] 490 nmof| A &34 =(UV-2450, Shimadzu, Kyoto,

Japan)5 75| HFston, BEEHEE glucoseE A}
231t AT T2 m-hydroxydiphenyl ) (Blumenkrantz
& Asboe-hansen 1973)2 ARE3}S] 490 nmoj| A SJ=E =74
slo] AR on, EFEZZ = galacturonic acidE AFE-3}
o

Z Zo9j& g2 Folin-Ciocalteau 2] H-E HFslo] £
A3} H(Singleton 5 1999). A& 1 mLof| 2% sodium carbonate
£ 1 mL&} 10% Folin-Ciocalteu’s reagent 1 mLE &35}
1A 7t ®FX] & microplate reader(Molecular Devices, Sunnyvale,
CA, USA)Z 750 nmoj|A] L =5 &5t o, gallic acid
£ olgsiol BAT RETMo 2N BEFE Tosrh

5. HPLCE 0|&$!} flavonoide| A2k

Flavonoid £4]& ¢]3 50 mLe] HdZx W& Eof 200 mL
9] methanol& 7}ste] 90T, 2417 BHRFE3tgl o, &9
£ 8000xg0.2 1087F YAIEeele] AHFARS BTt F
B a8 AFL5HAT HPLC 242 Chen 5(2001)9) 4
o] w2} flavonoids % quercetin, apigenin, myricetin, taxifolin,
isorhamnetin, kampferol- 2 £4]5} . HPLC £4-& Agilent
1200 series(Agilent Technologies, Santa Clara, CA, USA)E A}
23} 2™, Phenomenex Luna C18 column(4.6x250 mm, 5 plL;
Phenomenex Inc., Torrance, CA), diode array detectorS AR5}

4 1.0 mUmin, £59] 10 pL2 A3t o] 542
3.0% phosphoric acid(A)2} methanol(B)2 0 min, 70% A and
30% B; 40 min, 100% B; 50 min, 70% A and 30% B, gradient
ZALZ HEA3}Ht) Detection wavelengthi= 365, 325, 280
nmo)| A HZE3}H T} Quercetin, apigenin, myricetin, taxifolin,
isorhamnetin, kampferol EFE0 2 AlE35lo] AHFAAo7H
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Az Ta &Y st B4 dotEr] 9lste] ABTS,
DPPH A2tz 47 &4 W ferric reducing ability of plasma
(FRAP) 24& 2755t DPPH 2}t}Z 274%-2 Quang

2 Hsle] A& 0.2 mLoj ethanol2 AL&-3}
o] &3fAI1Zl 0.4 mM DPPH &9 0.8 mLE 7}5lo] et
5 105 St ¥F3-A17] & microplate reader(Molecular Devices)
£ AHg31e] 517 o4 FHES) 2hE 2SIk The A
o] 9Jste] DPPH free radical £75S YERITH

i;] %(%) = (Acontrol - Asamplc) / Acomrol x 100
A 34

ot

T3 S 50% A A 7= S=E half maximal inhi-
bitory concentration(ICsp) Zk2 2 e QT

ABTS &tz &7 % =42 Wang & Xiong(2005)2] =
o2 =AY 7 mM ABTS 283} 245 mM potassium
persulfate €4S W& Xchgh A2 16417 5t Ad-=20f 4]
HHEAIA ABTS ¢Fol23 FAAIX & 3= ko] 0.70+0.02
7t HEE ofehEE AMgSto] 2Fste] A= 10 uLej 78t
31, 62 52t ¥F-3-A| A microplate reader(Molecular Devices)S
AHgate] 750 nmoll 4 SHES] hE Sk kst o
AL AEE =< 802l dimethyl sulfoxide DMSO)E o =
o2 Apgatel ojzzol U iz 7% S RE e 1
B $ich

FRAP ¥4J-2 Benzie & Strain(1996) WH o2 =23}t
Z, FRAP reagent 0.9 mLo]| A& 0.05 mLE H7}3}e] 37Co
Al 1087E BEEAIZL & 593 nmofl A FFEE SA5H
FRAP reagent+= 25 mL acetate buffer(300 mM, pH 3.6)5 37T
oA 7}23t F. 40 mM HCIo] €313 10 mM TPTZ(2,4,6-
Tris(2-pyridyl)-1,3,5-triazine, Sigma-Aldrich) 2.5 mL2} 20 mM
ferric sulfate(FeSQO,) 2.5 mLE 7}sle] AR5}t P8
FeSO; - THOS EEG002 AMgslo] AFRAS 244 5
ghiksto] ALkstich

7. SAANE

glolg 2] SAAEE 2 ARE 33 WHEF o2 A5l
SPSS(Statistical Package for the Social Sciences) Statistics 20
(Version 20, SPSS Inc., Chicago, IL, USA)E ©]-8-3}] B3}k
FZHKmeantSD) S Fatgom, 7 Mtk 7+ HHA] 2}o]E
AS3H7] $15k] Tukey’s testE 2-8-st3eh. 2o gt 4
22 p<0.05 Szol4 AEsHAT

N

[e)
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HERES
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2ot ¥ nF
1. HEzE YHEo| M2 8

Wiz WEE Azo] AP FATFE 4] 99
Leuconostoc mesenteroides ATCC8294, Lactobacillus plantarum
KCTC 3099, Lactobacillus plantarum KERI 236 % Monascus
pilosus KCCM 60029(ATCC 22080)0] 2J3t TraEo] A&
38 2okt AR TR FUT U 3T FIL
A3t AIFig. 1A), FF(total sugar) L Leu. mesenteroides
ATCC8294 raEo] 7MY & S 2o, 28 A A
ZFZE(control) I} FASE RS E ) A P(uronic
acid) $F-2 Lac. plantarum KERI 236 ¥rEE0] 4.96 mg/mL
dFoE tE FaEd Blste 2 IS Btk 53]
M2 Az W8 E(Monascus pilosus KCCM 60029 1y
A85)2 AYAHChoi 5 2014) Cordyceps sinensis, Cordyceps
militaris, Phellinus linteus, Inonotus obliquus, Grifola frondosa
Az daEe vlste] w2 AT e Z3d daEol
o, ikt SEET v A B2 AT S 2
O3RE ks gedE2 A7 AEAY 2
A& 2 UAHeZRN O Hato] ZrxE o] o, T
Az o] gt doly x| Fo 28l = & li(sugar
chain)7} A|32 7] Q1413 H2AHS FajA AlZo] 231 FH
A, 449 9 4ol T oA a5 A= Aew ¢
Z QTHKim 5 2015). AT galacturonic acid, glucuronic
acid 2 mannuronic acid7} Z23E EA}=Fo] 15,000 Da ©]A4+9]
gA o, SATEA] vls) HAAA - v FEFol
Atk (Srivastava & Kulshreshtha 1989).
AEY EFHsA SREES 9t
acid, phenylprophanoid& 9 flavonoid& 50| thEE O Z A,
St FLEA), AL el S A AR B gy ol

=
h

e

FIREE3

el as

phenol<F, phenolic
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Fig. 1. (A) Total sugar and uronic acid and (B) poly-
phenol contents in fermented cactus. Different letters indicate
significant differences at P<0.05. Values are mean+S.D. (n=
3). Control: extract from non-fermented cactus, M2: Monascus
pilosus KCCM 60029, ATCC 8294: Leuconostoc mesenteroides
ATCCS8294, KCTC 3099: Lactobacillus plantarum KCTC
3099, KERI 236: Lactobacillus plantarum KERI 236.
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W 5ol At Sl Ao HAEI §lom(Azuma 5 1999),
Hi5A 4SS AautgolA ¢ etrzdoy ¢y
SA| Gl eAF Fofste] I SHdS AATLEN A
312 oAISRs 282 71 B2 PeiA 9lrkLabuza & Dugn
197]). A¥E BEE F| Bex §Y
KCTC 3099, Lac. plantarum KERI 236 WtaEo] t}E2 dta &
o vla] =& FFS BT, B M2 HEERET L2 FEk
£ HEYHFig. 1B).

2 Lac. plantarum

Az wage) 41 WE BT T P BHLS
xg-s}aac} el st 2y 33 lom 2E

5 ?117] ‘Iﬁ—c"ﬂ 2 Ao A= ABTS radical®t D
scavenging activity, FRAP assay 52 ©o]-&3}o] Z+ ‘?:_"ﬁ%ﬂ o
3t 3ASE 84S =451 chFig 2). DPPH, ABTS #Ho|Z-&
50% AB}A7]= 1Cso2 243t jt‘“T’—]-(Fig. 2A), Lac. plantarum
KCTC 3099 2raEo| $aEs 7M ¥ X5 Hyick v
H, FRAP &4 9] Ai}o|X&= Lac. plantarum KCTC 3099 2
Lac. plantarum KERI 236 Zra50] 713 =2 A4S Rk

C;, on DPPH or ABTS (mg/mi)
FRAP (mM)
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o
p
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Fig. 2. (A) Scavenging activity of DPPH and ABTS
radicals, and (B) Ferrulic reducing ability of plasma in
fermented cactus. Different letters indicate significant diffe-
rences at P<0.05. Values are meantS.D. (n=3). Control: extract
from non-fermented cactus, M2: Monascus pilosus KCCM
60029, ATCC 8294: Leuconostoc mesenteroides ATCC8294,
KCTC 3099: Lactobacillus plantarum KCTC 3099, KERI
236: Lactobacillus plantarum KERI 236.
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o|Are]l Axtol| ASHH Lac. plantarum®) 23+ WrEIAS
Bo) Az AT B FAL Bejvs ] S0
o3t Antz AZtE L gtk S A S ZF E2
=9 33H -z, g4 ZdEolE tiet &4 Fol #AqT
AE 7= QUth(Record & Lane 2001).

3. MUEx WS E9| quercetin, quercitrin B2k

Table 12 W= 27 E9] flavonol 2l quercetin, quercitrin®]
adF S dyjeot da A Hdx -ﬁ‘—%%(COHtrODg] quercitrin,
quercetin®] $HF2 Z}7+ 7.89, 3.01 pg/mL FFS HQl Wb,
W E-L quercitrin $HEF0] 2.01~5.33 pg/mL, quercetin®] $HFS
7.11~10.12 ug/mL 9] e Bt da 42 £3) quercitrin
(flavonoid glycoside)2] & ZHAs1, 1 BE3|AHE2 quer-
cetin(flavonoid) 2] L Z7}5t= A2 H Pl Moussa-
Ayoub 5(2011)& &vle AQ1Ao] & /\]-‘LP cellulase 2}
pectinase2 % 2]5}4] flavonol glycoside?] 7}-=E3& S35t
flavonoid 2] $FZ71E Ry, & 0‘1—"['-733,1-0111\1 = ol9}
Zro] W Hoshe thFet 849 285 Sl quercitrin
o] &35 o] quercetin® 2 A= UE A= ALRH I o
A Lac. plantarum®) glucosidase 4840 Q)3] quercitrin
o] quercetin® 2 HgE =)}

Adzoe ETtR 0| A ¥F 9] isorhamnetin, kaempferol,
quercetin, taxifolin S0] Z&3}(Kim & Park 2009), £3] A
Yz A EE]|3t taxifolin®]| a-tocopherol 2t} iS50 H
Q =31t B 1 E ith(Lee & Lee 2010). 213y ¥dE A F
ZEo|y ¥ta & EofA] Taxifolin®} isorhamnetinS &% &
A gkt

4. Jar fermenter2 0|28t MEx WS SO| CHEEZA|

AF7A] o] Fatst 4 s EYE, ddx dEE A
zZo| 7V A3t #+F2 AFRE = Lac. plantarum KCTC 3099
o 23t WA & APARS 9J3f 8 L jar fermenteroﬂ /\1 scale-upS
Z3Y3sIF L) 8 L jar fermenterof A HE 2 HEES A|251=
Zoto] B o] HIlE =43t Ail(Fig 3), %%*(total sugar) 2}
Ed9E FY TaAT) TE W3t A2 FARRE B

Table 1. Quercitrin and quercetin contents of fermented cactus

Fl 1

(UZSIILO) Control M2 ATCC 8294 KCTC 3099 KERI 236
Quercitrin 7.8940.12%V 3.0140.10° 5.3340.43° 2.0140.05¢ 2.31+0.33¢
Quercetin 3.01+0.09¢ 7.1140.21° 8.90:+0.42° 10.12+0.23° 9.06+0.22°

D Values with different letters in the same row indicate significant differences at P<0.05. Values are meantS.D. (n=3).
Control: extract from non-fermented cactus, M2: Monascus pilosus KCCM 60029, ATCC 8294: Leuconostoc mesenteroides ATCC8294, KCTC
3099: Lactobacillus plantarum KCTC 3099, KERI 236: Lactobacillus plantarum KERI 236.
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Fig. 3. (A) Changes of total sugar, polyphenols and cell numbers and (B) radical-scavenging activities and quercetin content
during fermentation periods of cactus fermented with Lactobacillus plantarum KCTC 3099. Different letters indicate

significant differences at P<0.05. Values are mean +S.D. (n=3).

= U=t Ea AR S7E 24X A= froE e
2 F7Fst7L 24417 o] Foll= o o F7HEA] L FE
o] fFAHEE 235 EtHFig 3A). TA| ST GA| 244]
27k 3243 274kt 1 ol el AHE| ZASRe A%
2 Btk Ea FEAZC] G2 2T AAST quercetin
W3k 243 AFig 3B), quercetin FFATH= 3641717}
A F7Ft7E 21 o] & o7 #4skel e n, DPPH, ABTS =
oz £75-& quercetin 3 W3} FARRE HFS HYch
ut2b A Lac. plantarum KCTC 3099¢] )3t Hdx Ha &
Azst7] Y= 36A170] 71 A7t Zeich Hd
FEL 7|29 Mzl g gAs E4o] FAEH
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2o AeE HaE Aol A
3}7] 918 Leu. mesenteroides ATCC8294, Lac. plantarum
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