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Abstract: The fruit and stem of Opuntia ficus-indica var. aboten (OFS), a native plant of Jeju Island, are
considered a safe food source. Moreover, stem extracts have been previously reported to possess a variety of
biological effects (e.g. anti-inflammatory and anti-oxidant, including the ability to partially ameliorate cognitive
impairment), suggesting that this plant may have utility as a functional food. The present study investigated
whether fermentation by lactic acid bacteria enhances the biological effects of OFS extracts. The
acetylcholinesterase (AChE) inhibitory activity of fermented or non-fermented OFS extracts was evaluated, and
the content of marker components dihydrokaempferol (DHK) and quercetin-3-methyl ether (3-MeQ) was
analyzed using high-performance liquid chromatography. Fermented (relative to non-fermented) OFS extracts
exhibited improved AChE inhibitory activity (ICso=28.35 mg/mL), with AChE inhibitory activity resulting from
fermentation by L. plantarum (1Csy=12.56 mg/mL) exceeding that resulting from fermentation by L. fermentum
(ICs =17.71 mg/mL). Furthermore, fermented (relative to non-fermented) OFS extracts exhibited a 16.7 %
increase in DHK content, and 3-MeQ content of OFS extracts fermented by L. plantarum and L. fermentum
increased by 28.6 % and 21.4 %, respectively. Therefore, OFS stem extract AChE inhibitory activity, as well
as DHK and 3-MeQ content, was enhanced by fermentation with Lactobacillus spp. This suggests that fermented
OFS extracts may contribute to prevention or improvement of cognitive impairment. These data are anticipated
to be useful in the development of enhanced-efficacy OFS products.
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2 g 2}o]= MWL acetylcholinesterase (AChE)S] A&l BAEE Hristed fakF L& 7} QX Aof
Aol v 35 ATt AREZZE Eugidy 7] T o] =2 dihydrokaempferol
(DHK)Z+ &3} G550 43ttt 4317 quercetin-3-methyl ether (3-MeQ)S A 3IH oM, ghake
HPLC-PDA (280 nm, 360 nm)= Z783I5ich. 4% A3, daFEE2 DHK FH2 HLaFEE] ¥
&l 16.7% =718k, 3-MeQ S L. plantarum@ L. fermentum LA FZEA 22t 28.6 %, 21.4%
Z7vsldt). gk e FEE9 AChE A3 €40 HLaFEE (IC5=28.35 mgmL)ET} H¢kom,
BFEE ZANME L plantarum T EFZE (ICs) =12.56 mg/mL)°] L. fermentum ‘T EFZEE (ICsy=17.71
mg/mL)E T} 32 AChE A3 848 o) wghy Sl 715552 ikt BEad o) X
EAE ol S7HEINe™, AChE A3 E4do] ZolxaL o|& <lal Axgel /M a7t vepd A
o2 AlgE. o|y3 A= E%o] FE IFIPIR] Sutd A AF NEe] f-83 AEE &
42 & & Folth
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1. M B EFEEA HLEFEE ] AEEFD T W E
SHQlskal, AChE Al @4 = H7He Sl $asE
SRS AF R A stE Thd 22 A E9] Al A digt a5 Elsl] B} st
A 713A, A, A, A, B 59 4 Aot g AHeg #3E AN AL #
of 50l 3= AoZ &R Uk FHZ EupehA 2 AVSE I U= Lactobacillus plantarum}; Lactobacillus
Ao gk AF7E Sd] PHAEA ¢ HAY BHE fomenumlZ, Sl EFEES FIAT
9 FAT A8 AGAA AN a5 AR AA? Th, HPLCE ©]&3te] AFATe] S 463
ol tigk kst 50 =t 58] AR ol o AFGEOE2E S E1FE=00A &
N} At Eulglge] dujet &7 FEE #o] &2 dihydrokaempferol (DHK)Z} &4tsl § 5 0]
o] gitsl aFol 214 BT g3y 9o, kg $-3ltbl B3 E quercetin-3-methyl ether (3-MeQ)
£ o] 8% TEAZNAN EntGAF 7] FEECI < AASAT Az EH TS HPLC-PDA
471 719 Az (280 nm, 360 nm)Z method validation'*dt A1 &% o
AALE = Q1 LH 3 FAR 18] AAAHZ 2 A5t A+ 2345 A vl AR
A 27 F FEakal om, AR el sfMe] EFt A EE AS Sugdd FEE W AFAAE
AT AEFS AR g AF o] AlFE Aol SeF wstel ARG A & 7k AHAAE &
wEhA] ARG A B3t A= AFE LAl o 1skdch
g Falo] ARHWUA, AREL FFE Ho|L &5
< 77171 18 AEo] X E gtk 7]1E0 2.4 #H
URE A7 Aol 29 JAAE AF LA 47
shobA] T2 wEd o AFAFE FFEFol FIFEHL 21, M8z
Aglgdo] ZAstE At T fAbd, &5, T30 S 27152 E B 259 faktel o
T O 475 FR A &5l MR TR AE g 3552 SKHFo] QM E (Ansan, Korea)oll A A&
S AU AR &l 2 AEEAe] U f = worom, 2 Fo] fakte| ogh dEFEEL 37°Ce
Eipri= Al 2477, HE B e gE AT
olof & AFoM = EudT E71FE=9] A
25 FHFH B5E TRV A dew 22. NefF & 707]
Akt FEE 30331 th High Performance Liquid HPLC &Ml AHE-3F E55 4 <] dihydrokaemp-

Chromatography (HPLC)E ]85} &njebaly at ferol (DHK)3} quercetin-3-methyl ether (3-MeQ)< Sigma-
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Aldrich Co. (St. Louis, MO, USA)el A Fujj 3}$3th.
AChE A&l &4 H7te] Ag¥ 3tHE< Sodium
phosphate$} ATCI (acetylcholine iodide), AChE (Ace-
tylcholinesterase), DTNB (5,5'-dithiobis-(2-nitrobenzoic
acid))2 Sigma-Aldrich Co. (St. Louis, MO, USA)°ll 4]
T sh3i k.

HPLC #4]7]7]& Waters ACQUITY Arc System
(Waters Corporation, Milford, MA, USA)2] 2998

photodiode array detector (PDA), Sample Manager FTN-
R (auto sampler), Quaternary Solvent Manager-R (qua-
ternary pump), column heaterS A}8-3+%12 ™ HPLC
column AgilentAF2] ZORBAX Eclipse plus Cjs column

(250 x 4.6 mm, 5 pm, Agilent, USA)S A-&-3}4 T

23. HPLC &HzHEA
A& 98l X M*—E#J DHKaJr 3-MeQ2)

A

L. plantaruma»]— L. fermentumE O]%ﬁﬂ e &
S0 ENFEEEEFED)S TS TY
512 92 &npeA 271"Z%(H1” EFEE)S
717} 0.5 g& F3te] 50% WlehE 10 mL=E 20 &7+ =
w3 FE5H] 59 v 20 mLi FEA3HZ 020 um
syringe filter (Satorius Stedim Biotech, Goéttingen,
Germany)2 o} Z-ate] v a1, 7t AL 3744
2AIsto] 4ol AHgSsint.

HPLC H49e 7120 g2zl Eulgaelg 27

Ay AT AR 242 9l

Cys column (250 x 4.6 mm, 5 pm)<
T 30 °CE Ao, olsdew

==
A

= 1

e

oy
flo 12 Ao

ol

Table 1. Content analytic condition of 3, 5-DCQA

Injection volume 20 pL
Column temperature ~ 30°C
Flow rate 1.0 mL/min
Mobile phase Gradient system
Column ZORBAX Eclipse plus C18
(250 x 4.6 mm, 5 um, Agilent)
Wavelength 280 nm, 360 nm
Time % A % B
(min) (1% phosphoric acid) (acetonitrile)
0 90 10
40 60 40
60 0 100
70 90 10
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1 %] phosphoric acid (°]&7 A)9} acetonitrile (©]&
A ByS AHE3He] 1.0 mUmin §49 2 AR 20 pLE
F9)5}0] gradient 2702 EABIITH(Table 1). B2 4]
7 o) FA; 27 Table 19} 72t} DHK S} 3-MeQ
42 Al FHEE e = 280 nm&} 360 nmol| A
Zbzb AZnfEO WS FE5te] HAS Pl TR
BFHe] AgFHoay 1 b EEHEY] s AL
ST 7F Hagaral
)

F33) W RS vE

ol 7]
=5, L plantarum F25E, L fermentum ‘TR
E NS A8l TS A=A

2.4. Acetylchoinesterase Xoff &AM I}

AChE A&l &4 H7F= AChE®] ]38l acetylcholine
iodide7} thiocholine® 2 ¥3l ¥ =d], o] S DTINB%}
HES-A1A AYAJE S-thio-nitrobenzoated] &3 = WH3IE
<15 Ellmany "' HEP st AME-sIATh A8 A
3 48 4371 918k 0.1 M sodium phosphate
buffer (pH 8.0)& ©]-&3to] 7} FEH R 3|45t A
S FY]sh 96-well microplate®] 0.1 M sodium
phosphate buffer (pH 8.0) 10 L} AlE 120 uL, AChE
(02 U/mL) 20 uLE ATHE Yold the A20l4 10
7 vES A Z T vHg-Eo 3 mM DTNB 10 pL$} 7.5
mM ATCI 40 pLE 718l oF8 37 °CollA] 30 &7 wt
$-A]7] 3L spectrophotometerS ©]-&3}¢] 405 nmoll A &
BEE ST FE25 A o3 FARAS fst
o] blank ZFlE ATCI W4l buffers 2|8t
AChE A3l &4 Mg oo 2l ua} AlLkst
Atk

3.1, RABUE0 olgt REME EY wal
A 379 %<) DHK} 3-MeQ9] H3A B & 247k
AEPEIYOE 9 GO AP T

DHK-2 y=44796x — 7072.7, “&#A14 (RH)=0.9999=
el om, 3-MeQS y=29739x + 52, AT (RY)=
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Table 2. Content of Dihydrokaempferol at 280 nm

Fermentation Retention time Content
(min) (mg/g)
Non-fermentation 23.402 0.12 £ 0.001
L. plantarum 23.394 0.14 = 0.001
L. fermentum 23.377 0.14 + 0.002

Table 3. Content of Quercetin-3-methyl ether at 360 nm

Fermentation Retention time Content
(min) (mg/g)
Non-fermentation 23.402 0.14 + 0.002
L. plantarum 23.394 0.18 = 0.001
L. fermentum 23.377 0.17 £ 0.002
A B

OH

Fig. 1. Structure of Dihydrokaempferol (A) and Quercetin-
3-methyl ether (B).
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Fig. 2. Calibration curves of DHK (A) and 3-MeQ (B).
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Fig. 3. Chromatograms of DHK of non-fermented (A),
fermented with L. plantarum (B), and fermented with
L. fermentum (C) at 280 nm.

retention time} ARSIt

AR £71FE 59 DHKO| §3-2 Hda s
Z 894 0.12+0.001 mg/g, L. plantarum>} L. fermentum
WMEZZEO|A ZH7F 0.14£0.001 mglg, 0.14£0.002
mg/gC & WEFEES] DHKE gl ndiFEE
ol H]3] 16.7 % =713+ th(Table 2). 3+ 3-MeQ2]
ghaFo]l Aol HjegFEEo] 0.14+0.002 mg/gSl
9l W3l L plantarum T EFZE-2 0.18+£0.001 mg/g,
L. fermentum ‘T2 FZE-2 0.17+0.002 mg/g= 77}
28.6 %, 21.4 % 718t tH(Table 3). wWebA <upebaA
A E715F2E N EAES DHKSF 3-MeQ2
o] fakt wEdl o3 F7HeE A o2 AR E

3.2. Acetyicholinesterase Xsff EME T}

Acetylcholinesterase (AChE)= 217 71532 #d =
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Fig. 4. Chromatograms of 3-MeQ of non-fermented (A),
fermented with L. plantarum (B), and fermented with
L. fermentum (C) at 360 nm.

8% a4 U= AAHdGE4 Aacetylcholines
7V\v‘f‘ H’B‘}L serine protease®]T}. AChES] &4jo] =

om AAAH W acetylcholine =5=0] H|HFH o7
71—/\0}71] o] Al Zag AANTALL vl
3§13, AChE &4 7]%& JAIA7]H acetylcholine
o] | E ol AZdAH W acetylcholine =&
F7HA QIA] 7159 e FES + k. ol
71702 <lsl AChES] et JAA 7} Avf 2] 5A| =
th wEba 2 AN s Eupeta

sy 7H1:ﬂ—5]

Z7|FEEY ikt Lo o A FY A =
#5 st AChE A& SHEE H 7t
Fig. 59| 1 f-%d '}F %l“ HM ol aFEFES

HE g FEE v =3tom,

plantarum.—‘::— o]&3g wgF
EEo ] L. fermentum ¥rEFZ8H T} AChE A& &
AE=7b =k B8 L plantarum B2 FEE (1Cs=
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Fig. 5. Acetylcholinesterase inhibitory activity of OFS stem
extract: non-fermented (A), fermented with L. plantarum
(B), and fermented with L. fermentum (C).

Table 4. AChE inhibitory activity of OFS stem extracts

Fermentation ICsy (mg/mL)
Non-fermentation 28.35
L. plantarum 12.56
L. fermentum 17.71

1256 mg/mL)Z L. fermentum HEFEE (1IC5=17.71
mg/mL)2] ICs 7S HLHEFZE (1C5=28.35 mg/
mL)2] ICs, kel wlal 2268, 1.6088 Z7}3kich
(Table 4). ©19} 22 A= EgAJd 71555
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of 7RAel B} a3A Y A2 Alsd.
TS HPLCE ©]&3te HdEaFEES fikt
FE2E 7he] ABAE FFS v A
EutgAdd 7] 2 EujFEE o
7129} HPLC-PDAE <SnlebA el 27
J -2 profiling}3Z method validationdF 171
o7 &EnfgAdd £7] 5 ol ¥ DHK9}
3l @] $FIua &#zl 3-MeQE A3
th 2 Ao M e 2z Ho $3=<] 280 nme}
360 nmol| Al A EAE o2 A E DHKS 3-MeQS
HPLCZ &g EA3At. &ufadld 559
DHK &% H#aFE5E Y L plantarum} L.
fermentum T EFEE BT FUIA 16.7% S7FSH
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