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Enhancement of Piperidine Alkaloid Contents by Lactic Acid Fermentation
of Mulberry Leaves (Morus alba L.)

Il Hwan Ryu and Tae Oh Kwon'
College of Life Science and Natural Resources, Wonkwang University, lksan 570-749, Korea.

ABSTRACT : This study was carried out to investigate solid-state fermentation method using cellulolytic lactic acid bacte-
ria Lactobacillus plantarum TO-2100 in order to increase piperidine alkaloid contents in mulberry leaves. Piperidine alka-
loid, one type of which include 1-deoxynojirimycin (1-DNJ), is known to inhibit a-glycosidase activities. Using this strain, the
optimal solid-state fermentation conditions on mulberry leaves powder were found as the following: initial moisture content,
temperature and relative humidity were 20%, 30 ~35C and 60 ~ 70%, respectively, and the fermentation time was 72 hrs.
The piperidine alkaloid contents in the fermented mulberry leaves were 2.86% on dry powder, which is 7-fold increase from
that of non-fermented mulberry leaves. The 1-deoxynojirimycin contents after applying preparative thin layer chromatog-
raphy were 2.02% on dry powder, which is 8 times higher than that of non-fermented mulberry leaves. o-Glycosidase activ-
ities was inhibited by 65.7 ~ 84.7% with 3 ~ 5% treatments of hot-water extracts of the fermented mulberry leaves,
compared to 16.2 ~ 40.2% with 3 ~ 5% treatments of hot-water extracts of non-fermented mulberry leaves. Therefore, the
results suggest that solid-state fermentation method does indeed increase of piperidine alkaloid contents on mulberry leaves.
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Moo A2 ofgAE FEYRY $E2E FAAI AT ¥
FEol A B3 ek 2 Fol HEAEY Hi2

[o o

Els =
#9l (Mulberry leavesy> AleE27 (A GS), 227) 23 7 2 FHole} dIEe] S HXA
N HE), JEo] 027 (i), ZAThFy 7] WefaEs: =2 =3
i % Folugel sk M, W e 9% 5 oK 2 oled wanel et (Doh et al, 2010,
ER g/\u a3}t 7125 . %‘19_101]-‘5 =2HcE 2o n Flint and Bayer, 2008; Katiyar, 2008; Kim er al., 2007,
o] gh=o] IL (Lee ef al, 2002), 71573 JE<S! rutin,  2009b; Ryu et al, 2010; Yang et al, 2011). 12t} o] =
quercetin, quercitrin, isoquercitrin} 7 flavonoid®} steroid, % 3 719 WHEF 7lo] FEARS EAS IHIA
amino acid, vitamin 5°] o] ATH (Kim er al, 2009a). £33 TFHS 7L o], kg AR W sk FEY
%‘1%’37374]94 AR AFAGEAR AP (Omori et e] o] thFEal k. B9 1-deoxynojirimycin

L 1987), 218 2 Wz 24 (Tews, 1981) 5 203 o (1-DN)S E3shs isleldl Qob2o0]= (piperidine alkaloid)
ﬂ% 3= y-aminobutyric acid (GABA)7} Hlw2 F5she, 7t 38 SRR AF7H] T2 SujFE] o8 EelE]
E3] a-glycosidase?] EAS #A3lsle] Fo] 55 7-} AA o] gt} (Kim et al., 2003). FHZd LILZ0]= (piperidine
92 A3}A]7]+= anti-hyperglycemic %LH o] 53 1- alkaloidy= Th2 ¥7lZol=9} 7ro] Eo| -840l f7]&
deoxynojirimycin (1-DNJ)3} N-containing sugar’} T2 o] gallv= 54 2 Stk ol#st B2 A ¢ & F
el Bl A7 9 ol 7P FEEE HAE & ZE9 FHRE F&AES ol&ste A 7|ZRdAME &
Aolth (Miyahara et al., 2004; Naowaboot et al., 2009). 52 7Ida717F of"t. Avula 5 (2009) ® Lei 5 (2012)
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Ab FEAS ARgSte] 2R WTIROI=E FEIIUOH,
Lou 5 (2011) ¥ Kim % (2003) 0.05mol®] HCl &9
o2 F% Al DNI¢] gego] 7P =il Barslitt, o=

g HES 2] YItReo|=T) A FEolA 4
S FAot TSR ABEHE 5 ol&s Aot

= T T o=
A8 =] AF

o

(Grinkevich, 1982). °lo] m}, H-F4d Astes 7H
4kt Lactobacillus plantarum TO-21002 ©]-83l 4712
o|=¢] S SV AIE T e At *@’“J’F 2E "ﬂg—tﬂ
o] gadlE WEd AR AAE F210
o]_ q, 1:1:—5]_ Z{ ]. ul—_‘—g/\]}a _/J:#% ‘Q’
® B scale upe| 91, AYES] IFE
7S REA] & zSHEARI o= *ZFEH]’
WS (solid-state fermentation)® (Adams et al, 2002; El-
Bendary, 2006y &8sl 214 F8A4% et
ugbs] B A= a-glycosidase A oz FE

0] - o] ©
%)]\L_ %“rla

LA
frabt o2 wAEg e, SRS 1-
deoxynojirimycin (I-DNJ)yS E3lsl= Fu2|d d7l2o|=
(piperidine alkaloid)iﬂ /M S75te], Bele o] &3 tket
7154 AEFS Axst] A 7I2ARE o]&starAt sidith
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Z3 FAUZE EEE 7Yk 2 WS (-70C)l B
Hated AF AEE ARSI, By fikte B A7
oM ®2] 543t Lactobacillus plantarum TO-2100 (FEHA
% KFCC 11537Py& AM&-38KT). L. plantarum TO-2100S
Lactobacillus MRS (Difco™) 43| HHZ] 100me o] 1 wiFo]

I

S AFL 30TAAM 4470 g 5 B FRE AT
starter® AFE3FS
2. U5 [ihro| Ak MMEE SN 9 MFE Foll 4 &
1) fAF BAFe &4
2] 459 pH ¥ A AdHS S8 #8 #+E5

ko3

25C, 150 rpmo2 4877+ 28 wjek 3,
(sp-701, Suntex Inc. Korea)Z Z743}%2
Food analysis (Nielsen, 2003)°1 2|5} HLE"“ 20m E pH
7} 839 =2 wj7kA] 0.IN NaOH 4oz A3t &
0.1N NaOH &8-S Tt Aol 23} lactic acid (%) A3
Fo= ket

pH= pH meter
[} /\} A A Eke

0.1 N NaOH &:H]% x NaOH 97} x acid factor
RERES: (0.0090)

Lactic
acid (%) =

Q|5
=

-
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2) Carboxymethyl Cellulose (CMCase) 843

Cx == B-1,4 glucanase activityS =93}7] 91314 Mandel
Z} Weber (1969), Mandel (1975)2] el wz} 1%
carboxymethyl cellulose (CMC) 100 mf, 0.5mol citrate buffer
(pH 4.8) 10m, 1% merthiolateE 575 1 L2 A5t §H&
7147 AT}, L plantarum TO-21002 ¥l 3 41382
sto] FAE AT A5 05mE 0.5mee] 71 golo] 3
7F & 50C, 30%7F wkeAlZ ) 93 5 3ml DNS reagent
Miller, 1959y Z7l8te] HH-S AT e Bl 5%

7F AR 3 450 nmof|A] B] A7 2 } ARAol| 2 E FETA
S 2RE AT (D-glucose)®] 4 %‘r AEATE 1 unite 15
<t 1 umol D-glucoseZ A4S ]-— g o] oko = 39t

3) Filter Paper (FPase) 3

Filter paper hydrate activity:= Ghose (1987)2] Wol| =
3Fo] 0.05 mol citrate buffer (pH 4.8) 1mé o] 1x6cm strips
(50 mg)e 2 Heret Whatman No. 1 filter papers 375l
7148 02 AMESISITE 7188l dilEElste] #AE Al
At L. plantarum TO-2100 ¥i<F 245 0.5ml & Hrlsla
50CollA A7} 5oF Wk33F & 3ml DNS reagents 3715}
o] HES AT B Bl 58 AA F AL F
Fo| &2 450 mm oA WA RS, REA RN e
F (D-glucose)?] %S AT 1 units 138 52t 1 umol
D-glucoseE A= &0 Yo R it

Uts

US gkol olst ojH2|H
TE 71 9%

e PMPJ el AT 1000l Bt S5FTE 24710,

20, 30, 40% (viwy’t EIAl F7F8kaL, 70TCollA] 24417 A2 Ak
SISt Zzbe] W SRTE Hks W Bl L plantarum

TO-2100 75 ¥iF 3ml (10%civml)yS FE3 -, 30T

skt

oo

II=20|1=

AR Ejgste] i kel W A4skiE 3 v o
Fhzol=e] Fake uluE ol Fush vlm Zgskict

2% 9F

«1 P Y5 B wel Az 100 gl 2
20% (viw) Z718EL, 70CollA] 2417k A2 4t

Zyol #iQ) Buboll [ plantarum TO-2100 <= v

3me (10%cfiy S FE3 & 2y e 25 30, 35, 40C

oAlA 2N 7F HSksle] wE Lwo) wWE AASRHE 9 wF)

g WtRo|=e] s SAsIGIT

ug &
%

l

3) A =9 9%

) o] YT W Hake el Az 100 o 2
o SHRTE 20% (viw) J718laL, 70CAlA 24417 A A
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3l zpzhe] Wl Ruvoll L plantarum TO-2100 &5 Wi

3ml (10%cfuml)s HES &, 2 I571E o]&3std
TollM AHEES 50, 60, 70, 80%= 2tz xdsla, 72
7r wjFslel gl we dAasetE 2 gy 49t

ol=o] G 2

> 8 12

4. Z49lRkE, Piperidine Alkaloid o
(1-DN)) &8

2™ IILZ|= (piperidine alkaloid)2] &2 Ahmad
S (2002)9] WHE WEste] FESIRTE GEE Tl 2000
0.5mol HCl 945 H7IslaL 80T, 5417 5 F, o8
HF Agste] RS AASHATE oJHo] 4 mol®] NH,OH
oS F7ksle] pH 122 Zdskar 2417 Aol WA
ol APE HAES S5t H18e] Aasids
Jog siflen, o] WdES SRTE A &3 F CHCL=E
3ty CHCL #3852 79f w53aL 70CoA] 12417
X T 2 TS SAHs)e] guEd WiRels g R St
ATh AZREE 1gml o] AlE 89 104E TLC plate (silica
gel 60 F254, Merck Co.)°ll spotingd}2x2 CHCI;: NH,OH
:MeOH (30:1:1)2] &1 systemollA A7N3FATE Spot
development= iodine vaporE spraydl®] 1-deoxynojirimycin
o] FFEAF vwsrt. Y &7 systemollA] preparative
thin layer (p-TLC,
USA)E 33+ 5 -deoxynojirimycin spotS A3 27| &
3}a, MeOHol| 83 & ozate] Hz|7bAg A A AT o

AAsE T 44%3k] 1-deoxynojirimycin TS

1-Deoxynojirimycin

ML oft fL oo gl 1o

o

chromatography sigma-aldrich  Co.,

5. a-Glycosidase A{oli2hsd

a-Glycosidase A3&4dS Hsich 5 (2010)9] HhHol| =3}
of g5t W 9 HdE B9l Fugd YvtRo]
1 ~5%= ATl &all § 7248 oAdst] == AAsaL
I A5 50mlE 0.15U/Mme a-glycosidase T4 50 mé,
200 mmol potassium phosphate buffer (pH 6.8) 50ml <} &
gtate] 37ColA 1027 preincubation 3+ %= 0.1 mol phosphate
buffer (pH 7.0)91 =<1 3 mmol p-NPG (p-nitrophenyl-a-
glucopyranoside) 100 méE 7}sted 37Col|A] 1087+ WHSAIF
t}. 0.1 mol BRHIESE (NayCO;) 750 b2 §H-S HX|A]7]

o =2
3L 405 nm oA FHEE =731 a-glycosidase AFEAFS

=

24sisnt.
1-A8 #H7 9] 53
E2ANEH (%) = ( ]_ - Hq_ HEE) 100
TR T e
ol wole] o] 84S FUIAF)7] st wa el (7]
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s O 1=}
) g oHjig WelS I FESlY] dofRl FEES ol%
3lo] U3 a-glycosidase A AL A3
29 o oz
1. FTARFO| o MMg 9l MRs Foll &4 &M
A F] fAF AR E AR B8l 24 84S S8
St A3} pHe 3.2, 4 A S 0.68%0]1UTE CMCase2t

FPase?] 42 7Z}z} 40.1 unite} 0.35 unitAth (Table 1). ©]

= Fu®} Mathews (1999YF L. plantarumel| 213t 52 7]
Az Y aro] 095~ 13% (wwplQths m1s} A}
3l Th ES Somend Anita (2012a)= rice straw©ll A
Bacillus licheniformis MVS13}+ Bacillus sp. MVS3S H %A
CMCase ¥ FPase ¥4 717} 0.106, 0.082 U 3 0471,
0.444 TUSTHSL X 313199 dneurinibacillus thermoaerophilus
WBS2E CMC, wheat straw®} rice strawol|A] Al CMCase
= 77} 0.065, 0.044, 0.053 1USI3L, FPase®] &/9-> 7hzt
0.456, 0206, 0310 IU°]Ath= =3I (Somen and Anita,
2012b)¢t M-S F, FAE HARSTE Bacillus FRCh
ek A Eelaa Aikes Bl ole ARE ek
A HaE AAE 7H Aol f-&3A 283

1o =2
(<3}
S

Table 1. The pH, lactic acid production and cellulase activity after
48hr cultivation of Lactobacillus plantarum TO-2100.

pH 3.20+0.33*
Lactic acid production (%) 0.68+0.18
CMCase (unit)** 40.10%2.65
FPase (unit) 0.35+0.06

*Each value represents the mean = SD (n = 3).
**One unit of CMCase and FPase activities were defined as the
amount of enzyme that released 1 mmol of reducing sugars as D-
glucose equivalents min™.

Table 2. Effect of initial water addition amount for fermentation on
contents of nitrogen-containing compound and piperidine
alkaloid in mulberry leaves fermented by Lactobacillus
plantarum TO-2100.

Water addition ~ Nitrogen-containing Piperidine
amount (%) compound (%) alkaloid (%)
Non-fermented 3.12+0.35¢ 0.40+0.06%%**
10 10.14+0.61° 1.72+0.10°
20 13.21+0.50* 2.29+0.14°
30 8.69+0.57°¢ 0.85+0.19¢
40 4.58+0.33¢ 0.47+0.09¢

*Each value represents the mean = SD (n = 3).
**Mean separation within each columns by Duncan's multiple range
test at 5% level.
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30, 40% (viwy’} E)7l F7ESEE 70C, 2447+ A& %&6&
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71l we AAsgE 9wy dvtzel=e] e
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LT mAES] Al AHA FFE HH

AR SR Hae vAEe A5S Asith Wang
1975y JALFAAN FHEF 7P T2 9409, F
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20% (viw) F7FskaL 707CeilA]
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13.04 ~13.21%, YH2d &7lZol|= gafo] 222 ~229%F
HjHoR B P RO oF Lot felde
QUYEA] Ugkow], 40T ol el Gl Hashe

TS A

Table 3. Effect of temperature for fermentation on contents of
nitrogen-containing compound and piperidine alkaloid
in mulberry leaves fermented by Lactobacillus plantarum

ZAoZ eI (Table 3). o2 frkte] 22 A5
= 20T 45C B$IZ Buchta (1983 L. delbrueckii,

9]— L. bulgaricus®] #& FaeTx 45CEa BHIson,
Krischke 5 (1991) L. casei®] HALEe= 37CE B39
t}. WHH Nabi®l Baniardalan (2004)2 L. caseis ©]-8-3F 2
FollA H7H exwx 28T HYaISith Ray S (20090
L. plantarum MTCC1407 2 L. amylophilus & ©]&3F 74
2 #7718 zAEgA HHexes zHz 32T ¢ 37C=
3L HASIQIT & A7) ARe o] WFel EEUTE 1Y
U oz gels o) wgdde) oat exo] FAe Al 1

=
T

Wzl elgt Lol FAT s WAL Yehiel, wE 71
B AT LEE fASh Weke] AR avHTh

3) A Fx=9 I9F

1y Y F AdEES] ¢ ZARE] flEte] W B
HE Bl AXETD 100 g0 e SHTE 20% (viw) H7F
S 70CAA] 24X 7F A& Adl Zhzhe] ®wele] Kl .
plantarum TO-2100 w5 vl 3ml (10°cfml)s FHE3]
3L FH7)E o]gsle] 30TaM A FE2 50 ~80%
A7 i 5 Al 9 ouEd &
=431}, Table 49 YERA nBle} 7ro]
60 ~70%°] A FEolx disieHE 2 Fgd gtRo]
o] ShEe 1641~1654% 2 2.82~286%F 3.12% =

0.40%¢]1 B]kg ®elo) Hla] 5.26~5308) = 7.05~7.154)

o

R

S7ket 7157 R4l Skl Al wEe] WRio]l Bt
s & F UAgh A F=7F STl o] ke
AL o3 Tl oal 4g3 717 dojubA] o R
A =] S-S Ao, BigErt e A TR S
R Ik el o] Azt AlstEo] mAES] ASE A
dlele AeZ hdE). o= Lonsane 5 (1985)2] Hire}

o] wEFA

WAt Tunga

BiisEe] fAe 7P $83% 8Q1ddo] &
5 (1998Y2 Rhizopus oryzae®] 2 3t

o

Table 4. Effect of relative humidity for fermentation on contents of
nitrogen-containing compound and piperidine alkaloid in
mulberry leaves fermented by Lactobacillus plantarum

TO-2100. TO-2100.
. Nitrogen-containin Piperidine Relative humidi Nitrogen-containin Piperidine
Temperature (C) cor%1pound (%) ’ alkzloid (%) (%) v corgnpound (%) 5 alkFe)\Ioid (%)
Non-fermented 3.12+0.359 0.40=0.06*%** Non-fermented 3.12+0.359 0.40=0.06*%**
25 12.28+0.36" 1.97+0.10° 50 13.65+0.56° 2.08+0.19°
30 13.21+0.50° 2.29+0.14% 60 16.54+0.54° 2.86+0.12°
35 13.04+0.47° 2.22+0.14° 70 16.41%0.512 2.82+0.182
40 10.46+0.45° 1.49+0.18° 80 15.46+0.46" 2.49+0.11°

*Each value represents the mean = SD (n = 3).
**Mean separation within each columns by Duncan's multiple range
test at 5% level.
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*Each value represents the mean = SD (n = 3).
**Mean separation within each columns by Duncan's multiple range
test at 5% level.



DNJ

Fig. 1. DNJ contents by TLC analysis of piperidine alkaloid
extracted from mulberry leaves non- and fermented by
Lactobacillus plantarum TO-2100. A; Piperidine alkaloid
extracted from non-fermented mulberry leaves, B; Piperidine
alkaloid extracted from fermented mulberry leaves, Solvent
system; CHCl; : NH,OH : MeOH (30 : 1 : 7).

Table 5. Effect of non- and lactic acid fermentation on contents of
piperidine alkaloid and 1-deoxynojirimycin in mulberry
leaves.

Fermentation Piperidine alkaloid (%) 1-Deoxynojirimyci (%) B/A

(A) (B) (%)
p Non- 0.40+0.06" 0.25+0.05%%*% 2.5
ermentation
fLaC“CaC.'d 2.86+0.12° 2.02+0.14 70.6
ermentation

*Each value represents the mean = SD (n = 3).
**Mean separation within each columns by Duncan's multiple range
test at 5% level.

75 ~90%C |0}, o] EHTE W2 A &
wole 84 34 e ghEko] ot
(Wang and Jiang, 2008) ¥]a4 22 8 ol 53 &

go] ZsAl Ve ele] 540 7IRlg Aow dAdET)
3. 1-Deoxynojirimycin (1-DN))2| &gt

Z7] FEATEE 20%, T2 FH7IE olgste] 30CAA
e 60%= skl 1227 Wig & FE3 Ju2
o UItZol=9] thin layer chromatography (TLC) ZN&El-S
Fig. 1] YepliSdtt. Fig. 19 Rt vpe} o] mseid &
FIZol== tFE DNJ 4 & 4 Utk 3 preparative
TLCE 33 3 ZH 1-deoxynojirimycing #-33l] S24A%
= =743 A3} (Table 5), & %o H$

2.02%% 0.25%C1 Hgkg Wole] wia] 8.08H) Z7ste] Wl

el

Ealmit=4
H 1=

R

FAS0]| 2|8t Piperidine Alkaloid
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Inhibition activity (%)
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1 3 5 1 3
Piperidine alkaloids concentration (%)

Fig. 2. a-Glycosidase inhibition activity according to the con-
centration of piperidine alkaloid extracted from mulberry
leaves non- and fermented by Lactobacillus plantarum
TO-2100. (a); Piperidine alkaloid extracted from non-
fermented mulberry leaves, (b); Piperidine alkaloid extracted
from fermented mulberry leaves, Vertical bars represent

standard errors.

100

(a) (b)

& L) -3
(=} o o
L L

Inhibition activity (%)

N
o
L

1 3

5
Hot-water extract concentration (%)

1 3

Fig. 3. a-Glycosidase inhibition activity according to the con-
centration of hot-water extracts of mulberry leaves non-
and fermented by Lactobacillus plantarum TO- 2100.
(@); Hot-water extracts of non-fermented mulberry leaves,
(b); Hot-water extracts of fermented mulberry leaves,
Vertical bars represent standard errors.

S 2RE DNIE vz T THHR o=
HdaEgon, ol ¥ Fol 7HE ed g7tz o]
7} DNJ2R= Lou 5 (2011) % Song & (2009)2] H.7e}

e T Us

v o
s

=

o

o] =4 FuEd WtRel= F Folle oF 70% A%
9] l-deoxynojirimycin $&Fo] EAES & 4 A
4. o-Glycosidase X{ollgHd

a-Glycosidaseol] T3t el 52 EF3lE Ao] & Faks
< AT F U] F B Y 9 F £4 aholth



HEkg el e 8l (27 FRAVEE 20% ElcRcs

30C, AEE 60%A 72417 HR )N F5%F Fdzd
dyl2ol= ol W a-glycosidase A OH@*’\*% vwsk 2
y,].T‘:_ Fig. 2g1r 71:_1-1—4_ a]ul—;o_—._ BEOIJ,]. u]-}_s’_ Lo]oﬂ 1 i‘g_] 5‘4

Hy YItZolE 1% H7F Al 70.6%, 73.2%2] As|SAS
wlow, 3% H7F Al 90.2%, 93.0%, 5% FH7F Al 95.0%,
97.0%°] ALdS B o vidg Bl wkg B 7ho
= ool gl ole BSlel dE IuEd YvkRo]
To] Aol wa e} vgE 7k & x|t Qle AoE
ok, ey v 8ely) | Wele] I FEE digh
a-glycosidase A& (Fig. 3y H|da B d43xE2E
1% A7F Al 7.7%, 3% H7F Al 162%, 5% H7F Al 40.2%
A S-S Kol whA | whg Wl P4 F2E 19 U} A
32.5%, 3% A7} Al 65.7%, 5% F7F A 84.7%2] As|EA
< Hof Hjdg Wy wg WS 7ke] 2~4uje] & AolE
eIt G 559 45 &4 Al &4o] & 2ols
HQl A& wgel vda Wl k] FuEd tRel=
o] zjolo 7l° s 7ﬂ9£a' s, 48 E Fete] B9l
3 ¥ ST F UxE AR
ol el AzpoA L plantarum TO-2100 (KFCC
11537P)& -4t 234 O 23
o] FAES 0]43] IAME A Y 2o wm
o] 7] 8 H7FF 20%, 30~35C, At &
60 ~ 70%°]ATt. e 7] J7HE 20%, HE‘EL¢
30CoM At F= 60%= ZH3ske] 72417 &g A vibg
wolwut} vogd gyl2ol= shgko] Y, 1-deoxynojirimycin
e g AE Fkeliom, vidkg By by Bl 71
G FEE9 I3 a-glycosidase AN EA-L 2 ~4u)2] 2 =}
°]& YEMISI ol& FH HAE XHEE—‘%H %&%1‘91 ks
Fﬂ: m /\g)\]—E]: 57]._ HOH _Q.uH

5H i _‘d—/\-]O]
miol

ZZ ===
Pz }_‘_—‘

, SAFE,

microwave = 5 TFFSE 59 l 7H“‘E11 A= f\W"ﬂH
HAES o] &3 WaE =3 Wi o] shu]o] S =St
ZAKR =
B AFes 2T EsE AWNEdA @HANE:
PJ007773032012)2] Aol <J3l] o]Fozl ZAZE oo ZFA}
=gyt
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