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Abstract

The aim of this study was to develop a new functional traditional fermented soybean food using Cudrania tricuspidata
fruits and fermentation microbes isolated from traditional fermented food. Aspergillus oryzae koji, Lactobacillus
sp., and Bacillus sp. were used for the selection of a suitable microbe for the fermentation of Cudrania tricuspidata
fruits, and as a result, Bacillus licheniformis SCDB 1234 was selected. SCDB 1234 enhanced the concentration
of kaempferol in the Cudrania tricuspidata fruits from 9.54 to 217.04 pg/g (about 22 times). The DPPH radical
scavenging activity of the fermented materials was similar to that of BHA and BHT (92~99 ppm). The tyrosinase
inhibitory activity was high with arbutin (95 ppm) and kojic acid (90 ppm). Doenjang-added fermentation materials
of the Cudrania tricuspidata fruits were developed, and the organic acid, reducing sugar, and free amino acid
of the developed Doenjang were analyzed. The pancreatic lipase inhibitory (PLI) activity and a-glucosidase inhibitory
(AGI) activity of the fermentation materials of the Cudrania tricuspidata fruits and the developed Doenjang were
investigated, and it was found that after fermentation, the PLI and AGI activities of the fermentation materials
of the Cudrania tricuspidata fruits were higher than those before fermentation, and that the AGI activity of the
developed Doenjang after aging (91.25+0.04%) was higher than that before aging (84.89+0.08%).

Key words : Bacillus licheniformis, agricultural resources, Cudrania tricuspidata, fermentation, fermented soybean
food
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Ae T2 As5d3d=20 A2 48R Jom@),
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flavonoid®] AF FFESL Fak3), AER T, g 2
Y ZEEA T Aot 22 ods Aegds 7
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M e AFLFAZANN FA3 Bacilluss
TFE o] &3 A ®Au) o] vt 5 S} c) A EE
g 5o 3 et gato) i3k 7)15AS B8}
AFAE NS Flo] gl Ve EA

TXE o LSFF Mg
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BE FAE dulE viaste] el FA Q] 20 o]
ol e $ 10Tl A 1AIZE 2tet § o374
SAPRl Aspergillus oryzag(Chungmubalhyo, Ulsan, Korea)
2 AxF koji, AFHILEVBEANAITAOZRE

B [actobacillus 6% (Pediococcus  pentosaceus
SCRM100444, Weissela kimchi SRCMI100473, Leu.

paramesenteroids SRCM100474, Leuconostoc citreum
SRCM100478, Enterococcus faecium SRCM100482,
Lactobacillus paraplantarum SRCM100483)} Bacillus 2%
(B subtilis 19, B licheniformis SCDB 1234) 12 &3}
37°ColA 12217t vl ¥ 54 XAt sA0x T
ANEE EU2 B3 0 20T 2astar 248 A
22 AT

Age AA

Phenolic acid @ flavonoid®41-S 93 A8 1)

rr
M

g #3} 100% methanol 30 mLE 7}3}e] 0.5A]17F 52t
sto] A5 AES Hskah A9
3W RHESI o™ FEdES B Fste] 45TelA
|2 2% =9 A]7 100% methanol 4
o). ©] A& 0.45 ym NYLON syringe filterZ
g A EE AL

Hu)Z 2AHEA 2 tyrosinase A3 £
S 93t BA & N8 B licheniformis SCDB 1234710 2
Haste] AN AFSSIATE Z2F A8 1 gAS F3

AR AT 219 HFS 3 HhESke] s dnks
o} 45T F=3 & 2 mL methanol®l] =< 0.45
NYLON syringe filter= o2} 3 208 3]433}] A8-8FATh

Phenolic acid 2! flavonoid £4

Phenolic acid®} flavonoid Z4-> HPLCE AHE-8le] £
3}tk HPLC 7]7]= Sycam(Germany)AF] S2100 pump,
$5200 autosampler$} $3210 photo-diode array(PDA) 7% 7]
E AFEEIYTE Columne WatersAte]  sunfire ODS
Ci5(4.6x250 mm, i.d. 5 ym)<} Cis guard column(4.6x20 mm,
id 5 im)yS AHESFATE AdE £E)= gradient modeZ 3%
o, o]F4 A= 0.1% formic acid in 10% acetonitrile, ©]5
¢ B 0.1% formic acid in 90% acetonitrileS AF8-3}
71&7] &8 A EAEAT w42 AFol A AA
39 #32 1.0 mL/min, injection volume< 20 L,
AZ7] 9742 280 nmZ 3t 433 7127] &
Z712 100% A/0% B at 0 min, 100% A/0% B at 2 min,
90% A/10% B at 4 min, 37% A/63% B at 25 min, 50%
AJ50% B at 10 min, 100% A/0% B at 4 min .2 3}k

DPPH Atwai|zr A&y

DPPH! ]38+ AHrett)z 274848 Bloise] (90
oF7F W st} 4319 A8 20 uLe} 0.1 M Tris-HCI
289 (pH 7.4) 80 uL % 500 ;M DPPH in methanol &4
100 ULE 96-well plateo] Wil AL 3087+ x|
T} ELISA microplate leader(VersaMax, Molecular
Devices, CA, USA)E AM&-31] 517 nmollA] 352 =3
3t om, =T 241+ BHA(Sigma-Aldrich Co., St. Louis,
MO, USA)$} BHT(Sigma-Aldrich Co)E AM3lTh
DPPH A 2tz AAGAL ot o] Akt on,
7} AlgE 3WHE S5t P go g FAE AT

DPPH radical scavenging activity (%)=[1-(A/B)]*100

A : absorbance of sample
B : absorbance of blank
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Tyrosinase X{3H &4

Tyrosinase #3184 Jung 5(10)2] WHHS °F7F W
sto] STk =, 35T XM 255 vg] 24T
0.175 M phosphate buffer(pH 6.8) 60 pL, 5 mM L-DOPA
24 60 UL E A]lF 40 ULE 96-well plate®]] 23 mushroom
tyrosinase(110 U/mL) 60 uLE H7}ske] 35ColA 287
Hk-S-A]71 oS ELISA microplate leader(VersaMax,
Molecular Devices, CA, USA)E AH8-514] 475 nmoll A §5
T2 EA39 e, R TEA = arbutin(Sigma-Aldrich
Co., USA)¥} kojic acid(Sigma-Aldrich Co.)E A&} th
tyrosinase #3273 tha- 22 2o o A4t iR e
o, 7t AgE 35k S48k FEges Ak

Tyrosinase inhibition rate(%)
= [1-(Asmple @75 mm) / Acontrol (475 nm))]*100

PXE Hof =& M=ol EREY

23 Az

R A ¥FE E(fermentation materials of fruits of
Cudarnia tricuspidata, FMFCT)S 3 7}sle] |32 A %3}
At B2 vFE AXS H e G5EA & AEeE
v (&93 B, Doenjang) ot <74 14 3] (S
H7, Aged Doenjang)s A&t 0H, FHE-S# 2%
Al Algrol ARgetth A Gl daES] HUtES
FH7HCI8E 0%), 3%, 5%, 1% 2 10%4 &97 37
S4% ol 2+ Hrbeklal, H7HE 453 <738t
FAEE AETste] B4 o] &3tk
SEHEY
713} e £4e A8 5 goll SR 45 mLE
7Fste] 1217g¢t 723} A171 3 0.45 ym membrane filter
9} Sep-pak Cjs cartridge(MeOH 2 mL, Water 2 mLZ 2413}
o S#AIZ] & HPLCE #43tAth f714ke] column
Aminex column HPX-87H(300x7.8 mm)< AM&-3lom,
column <%+ 60T, mobile phase= 0.01 N H,SO,, flow
rate= 0.6 mL/min, injection volume 20 pL, H&7]=
Agilent Detector DAD 210 nmZ £}tk #2139
column- Ashipak NH2P-504E(4.6 mm*250 mm)<- A}-8-5}
51, column 2% 35T, mobile phase= acetonitrile/
water 75:25(v:v), flow rate= 1.0 mL/min, injection volume-2
20 pL, #=7]+ Rl-detector(Shiseido SI 2)= E415}th

frejopr|=ibe AR 2 g5 FHst 3% S/ 30 mL

M

[
Jo 02

mLol| 5% TCA 2 mLE 22 5 ¢41%2](10,000 rpm, 103)
3 & ASdS Hale] 0.02 N-HCLZ 343 £ 0.2 um
syringe filter®l] SZA171 ¥ o}n]:=4HEA] 7] (Amino acid

analysis(Hitachi 1.-8900, Hitachi High Technologies America,
Inc., USA)E EA15}9t) o] w columnS hitachi 4.6x60
mm(speration), hitachi 4.6x40 mm(ammonia filtering)= A}
43}l 2H, column =%+ 50T, mobile phase= buffer
set(PH-SET KANTO), flow rate(mL/min)< buffer 0.4,
ninhydrin 0.35, injection volume= 20 pL$ith

7lsd "ot

A5 9 FH

AW Al W8 E(fermentation materials of fruits of
cudarnia tricuspidata, FMFCT) 2 7o) 228 Gul g
ES sHE A7 & SAAA AEE ARSI BE
15 52 Ax3l9 -80CoA B3t
T AP B2 AxE AlFo) 100F<] 80% WEHe
< 7hsle] 24A17H 5} Aol J” FE3 AT FEE
2 A4E2]7](US/Legend Micro 17, SORVALL, Germany)
2 3,500 rpmol|l Al 1587 G413 & SRt HIH
th Al olef s WH O R 18] WHE FE3le o]
ArEF7|2 §5T ¥ TAAx72 Axse] 80TAA
B3t AP 889 A3 AFE AlEE 32
SHFTFE ©]-83F4 500 mg/mL F X2 stock solution= TF
£-17, membrane filter(0.2 um, satorius) £ & ¥}3F & 3u|vk
Aol ALE-3FATh

P AgL FAAZS EEAF 2 gofl 70% ok
18 mLE 7}k 20°Coll A 10417 B¢t 2 & 4T
ol A 13,000 rppm o2 30%7F YAEE st & TS
TN EE AHEEA T

>

Pancreatic lipase #] 3 A

Lipase #31&4]S Jung S(11)2] WHS WMsle] =4
3}t Porcine pancreatic lipase 0.3 mgell 10 mM MOPS <}
1 mM EDTA(pH 6.8)2 ¥ 3}3}+= buffers 30 uLE Yl
tris buffer(100m M tris-HCl, 5 mM CaCl,, pH 7.0)Z 850
uL 3713k enzyme bufferS =015} Enzyme bufferol]
AlE 20 ILE H7Yaete] 37°CAlA 1587 REAIZ T -8
< 10 mM p-nitrophenyl butyrate(Sigma-Aldrich Co., USA)
20 uLE F7Fste thA] 37°ColA 1583 WA o
-nitrophenyl butyrate”} p-nitrophenolZ 71232 H &
Flisa reader (Infinite 200 TECAN, Bio tex, Austria)S AF&-3}
o F3= 400 nmoll A ZA 3} Lipase A 3&43(%)2

=3 o] ALbstTh

Pancreatic lipase inhibitory activity(%)=[1-(B-C)/A]*100
A : Absorbance without addition of the sample

B : Absorbance of the sample
C : Absorbance without addition of the enzyme
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a-glucosidase inhibitory (AGI) &4

AGI 84S Watanabe 5(12)¢] HHH< k7} w83}
A3t A& 50 pLoll 0.5 U/mL a-glucosidase &4~}
50 uL (in 0.IM PBS, pH 6.8)2 &§3}e] 37CoA 1082
&<l pre-incubationd} . 3 mM p-NPG(p-nitro-phenyl-a
-glucopyranoside, in 0.1 M PBS, pH 6.8) 100 uLE 7}3F
3 37Tl A 1023 ¥-3-A1Z1 3 0.1M NaxCOs 100 ILE
7hete] Whg-5 AAAZT olu A4 E pnitrophenol®] ¥
S B335 7| (Infinite M200, Bio-tex)Z Al&3le] T34 %
405 nmol X 2459tk 7t Al2.9) AGL BHL The Ao
ofsf) Al BRETe} AT Alolo] FEE Aol WEE

(%)= HER AT
AGI activity(%) = [ 1- (As - Ab) / Ac ] x 100

As : Absorbance of the sample
Ab : Absorbance without addition of the enzyme
Ac : Absorbance without addition of the sample

TAAE

APAR F ¥y &4 Aol thdte] Minitab 16
statistical program(Minitab Inc.)S ARE3le] EAHEA
(ANOVA) 8}1L, o]F FA WA Eo] Fulvtk AL AL
AR (Tukey)= DAt o, FAE-S o835 949 &
H|9k 88 FH 22 (ANCOVA, generally linear model)
= o83t FYdS HAsIA

2% & HF3kA 37CAN 12417 TEAR] A, i
o Za mAEEd st FAE G da=d
polyphenol & % flavonoid g&o] ZA 718l AEFS

Btk 53] A oryze kojioll 23 W&ol A= protocatechuic
acid(487.53 ug/g)7}, Lactobacilluss 59| <)M =
chlorogenic acid(207.08~365.82 1g/g)7} L@l <Jsir =LA
Zisl= ASE YEPdti(Table 1). 7154 flavonoid A&
S 2= kaempferol©] thi9] @50l ot & F2o
71 A= FE PR 9.54 pg/gell BIE) A 1A
2] 73 57.89-217.04 nglg®] WA= A9 108 F=
o] 7 = AEFS Hol Gl F9 kaempferol Bl Z A
FeHZ EAE7E 2 nAESS] a4 3ty
aglycone$! kaempferol o] A F7lel= AL E Ho
A}, 1 FNME B licheniformis SCDB 123405 = 98
9] kaempferol $#<] 9.54 ng/g thH] 217.04 pg/gC &
oF 2201 9] H=2 AAES B 3% FAE Aol 71543
i A e o= HUEE AT Seo F(13)% FAE
Arj o] Akt WEol ofste] A dufel] e Ev
9] ol oF 47% S7HET RS uf Qo

- @52 ALE B licheniformis SCDB 1234752
FAE G S F2olA] 797 BEAT|HEA BAIFHORE
AEAstE ZESH 23K(Table 2, Fig. 1), phenolic acid /&
S 1.t} taxifolin, quercetin, kaempferol 53} -2 flavonoid
BEE] ol A S7Fk= A2 YEHT. Taxifolin
< 1.84H, quercetin 2.4}, kaempferol(188.31 pg/g)> <F
gulj ] k=¥ SV1E Xy B licheniformis SCDB 123415%
A% Qulje] 7154 flavonoid g Sofoll 43 T+
o] 1AL} o]E5 7154 flavonoide] L& 7|7t wtE
Hel= vl 64 A 718 =4 YERS T kaempferol->
g9 74, aAEF A o At itk A% A9
o] B x|o] lrk14,15). Egt, dHits), 9%, dt 28

Table 1. Phenloic acid and flavonoid contents of fermented Cudrania tricuspidata fruits.

(unit; 1g/g)

Compounds Control Koji BS 19’ BL SCDB 1234” 483" 48 474 473 444 478
Protocatechuic - 48753 50.15 300.35 131.49 28453 263.13 188.83 3255
Chlorogenic 207.08 365.82 248.46 21297 248.09 21225
Caffeic 171.10
Rutin 189.98 57.96
Ferulic - - - 603 5.95
Taxifolin 33.36
t-m-Coumaric 19.73 0.61 061
Myricetin 34.66 4057 52.74 - - 271
Salycilic 36.80
t-Cinnamic 2.84 13.60 - 7.85
Kaempferol 9.54 81.77 57.89 217.04 102.00 7120 6293 91.19 109.36 64.80

"BS 19, Bucillus subtilis 19; BL SCDB 1234, Bucillus ficheniformis SCDB 1234; V483, 482, 474, 473, 444 & 478, kinds of lactic acid bacteria
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Fig. 1. Changes of kaempferol contents during fermentation.
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Fig. 2A. Changes of anti-oxidation activity of fermented Cudrania
tricuspidata fruits by B. Icheniformis SCDB 1234 during
fermentation periods.

Table 2. Contents of phenloic acid and flavonoids during fermentation of Cudrania tricuspidata fruits by using B, licheniformis SCDB 1234.

(unit, 1glg)
Compounds 0 day 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Protocatechuic 4522 4740 5122 88.27 96.44 76.23 67.77 37.16
Chlorogenic 162.10 93.96 76.04 126.49 135.68 158.10 170.99 133.16
Isovanillic 61.78
Ferulic 4822 2443 41.20 4432 59.88 47.66 4281 3520
Taxifolin 84.02 97.17 100.20 11121 113.90 13330 150.30 12594
Quercetin 88.47 93.89 120.25 165.25 180.33 198.84 208.61 153.20
Kaempferol 2320 40.25 66.32 127.06 167.49 17839 18831 165.51
Total 489.81 357.85 39091 538.54 590.23 619.13 646.48 491.66
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Fig. 2B. Changes of tyrosinase inhibition rate of fermented
Cudrania tricuspidata fruits by B, Licheniformis SCDB 1234 during
fermentation periods.
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LRANE 272 o= FAM TUHIES & & AT
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Freke A ol ST AT dAIH
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uke} s3717bel whet 24to] sk AEE Hole Ao
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S
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4Gt S HolAe UTHTable 4). ¥ AFZA 7}
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AT2H26)9F AT
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Table 3. Changes of organic acid during aging of Doenjnag with Cudrania tricuspidata fruits by using B. licheniformis SCDB 1234.

(unit ; mg/kg)
Doenjang (10°)
0% 5% 7% 10%
0 weeks 1163.05 954.72 921.38 829.11 817.46
Citric acid 2 weeks 52625 504.64 629.23 629.27 729.82
4 weeks 439.69 305.73 518.05 602.51 639.31
0 weeks 601.13 611.87 602.70 629.21 581.91
Lactic acid 2 weeks 814.96 1223.50 799.79 888.12 1055.65
4 weeks 897.13 1590.57 917.95 1000.79 1025.35
0 weeks 6.20 151.18 30.95 90.92 130.98
Acetic acid 2 weeks 331.19 457.50 330.62 326.25 31472
4 weeks 244.83 373.18 276.62 199.53 23522
0 weeks - -
Succinic acid 2 weeks 37.15 24.06 20.85 16.84
4 weeks 40.29 3141 3178 30.87
0 weeks 10.98 771 1.79 5.75
Oxalic acid 2 weeks 7.06 7.01 6.14 538
4 weeks 791 5.81 543 5.12
Aged Doenjang (10%)
0% 5% 7% 10%
0 weeks 587.90 562.42 468.13 438.05 381.95
Citric acid 2 weeks 439.40 367.50 391.47 346.30 399.07
4 weeks 354.67 375.72 361.94 349.55 359.77
0 weeks 630.81 1563.18 1350.55 1231.22 1364.75
Lactic acid 2 weeks 1302.68 1279.68 1224.74 1394.71 1513.83
4 weeks 1025.84 1352.89 1151.19 1412.34 133433
0 weeks - 207.20 165.86 174.03 188.76
Acetic acid 2 weeks 126.99 11535 97.57 131.06 162.24
4 weeks 64.75 63.52 54.78 69.55
0 weeks - 31.57 13.82 27.80
Succinic acid 2 weeks 2747 3142 32.54 31.79
4 weeks 2393 28.96 34.09 33.30
0 weeks 8.65 8.14 8.23 9.12
Oxalic acid 2 weeks 8.98 8.42 7.84 7.35
4 weeks 7.81 8.76 173 7.96
o] d2~El2 A3 7HE3lAIA glycerol I} fatty acidZ SAABNE Fall Aol Aol 423} F5 HA &aL A9
gt AH3 A lipase?] #H&o o8 F= = A=A ‘2 2 Ao XS S F ATh29).
monoglyceride 9} fatty acidZ2 3| 5o SF2FAH} vjAdS 28 Gl 2§ E-9] pancreatic lipase A &3S A4
HAANA F5ETh F5E AU A ] A Eol| A g A7+ Hg. 39} o) dE e g d Hoh kg 3
triglycerideZ A= o] TN ol Soj7ta 114, O =2 AdleS e en, ia $9o] AHileS T
1%&%_} T8 5O HUA AREE I Y-S triglyceride™ GEHYS & # AR} FAE LdEEL Aoz
7} zA o] ZHHL) olw) Ape] A o] PP HITHS  68.6811.81-86.49+0.33% 2] ¥ A Ve o] X
iﬂﬁ% Atk AW 59 T3 98-S 3= lipase?] "ol B3 lipase A3 E20] e F =8 5 A
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Table 4. Changes of reducing sugars during aging of Doenfnag with Cudrania tricuspidata fruits by using B, licheniformis SCDB 1234.

(unit ; mglke)
Doenjang
0% 3% 5% 7% 10%

0 weeks 2441341 20694.5 13389.6 15905.93 17800.32
Fructose 2 weeks 87141

4 weeks

0 weeks 71493.03 3180.7 5521.045 6426.24 6704.76
Glucose 2 weeks 4962.79 4373.65 5752.85 6147.05 5607.36

4 weeks 3199.89 3310.74 3921.69 31310 3022.76

0 weeks 2491.19
Sucrose 2 weeks

4 weeks

0 weeks 684.80 24525 128.78 240.23 240.72
Maltose 2 weeks 541.56 702.665 753.45 672.80 772.84

4 weeks 723.17 859.65 911.94 647.32 582.03

Aged Doenjang
0% 3% 5% 7% 10%

0 weeks 9906.41 7548.12 7470.66 12195.27 16209.35
Fructose 2 weeks 717.34

4 weeks 74.08

0 weeks 1328175
Glucose 2 weeks 69194.03

4 weeks 280.43

0 weeks 1921.77 1608.39 1470.05 92.34
Sucrose 2 weeks

4 weeks

0 weeks 54849 825.0 444.07 526.16 468.33
Maltose 2 weeks 264.05 555.40 582.16 552.34 564.25

4 weeks 448.65 380.63 35735 740.32

olgla =23 4= 9IQIk JoR0)ol WEW FA|RS =z3) S HAFEALh Aol tigt ZF 2 (ANCOVA,

A

o £ Sl A3}, isocudraniaxanthone B, cudracuspixanthone
A 5o] SAEASH olF 3gHEo] 7P =& pancreatic
lipase A3ll5-S UeRO] 9] BaE FAXZ o9} FAFSH
s}

=

FoA G st 3417171 Hol| #A% Gj
WEES 0, 5 10%2 7l wrE SAd @49
pancreatic lipase A3 &S =73 AA= Fig 4A9} 2o)
4 0ol A= AR BEES 10% ks 7] 7t
SHA| &2 g vlgl A% =2 A3leS YRS L,
S Folle 5% s "ol o2 Aol His) o
2 AslleS RAFUTE E3 4 0Folle A=
TE YEZQ ARE Yoy 4 o= 250
mg/mLoA 7HE =& A3 5(83.25+3.29~83.68+3.31%)

generally linear model) A3}, <4370

S7e F94 atolE YERA
B 59 JA7t 55 17H0%, 5%, 10%) 1% #2221
ztolg KolA| gkok=t, o= X% Gul a A X7}
ool FAglo] B ofgh nigt aE HSl Fo=
AR ETh

oEd ARe JehiA

3t FaFA A
(p-0.7D), A%

S0l ghaE " 0, 5, 10%9] FE=E X% D)

= [e)
waES

HArrele] Az2gE 5445 A2 pancreatic lipase
A4S Fig 4B} 2t} A Wt HUt =

AU sHARE A F e s

57.79%2.98~91.09+6.82% 2] A3llsS YERH Ao H, &4
0¥ 3} 250 mg/mLe] F=oA =2 A3eS UeERNATH
Al sl et FHFEA Ao e SARO0LHT F
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Table 5. Changes of free amino acids during aging of Doenjnag with Cudrania tricuspidata fruits by using B. licheniformis SCDB 1234.

(unit ; mgfkg)
Aspartic acid Glutamic acid Omitine
Oday 2week 4week Oday 2week 4week Oday 2week dweek
0% 1212 304.9 444.6 263.0 5182 262.7 6.1 94 213
- 3% 112.1 2973 4152 2350 5225 2386 6.5 39.1 96.8
é. 5% 93.6 314.1 4263 2459 694.4 827.0 7.1 176 364
= 7% 8.1 2258 3312 1999 105.8 578.6 6.1 9.6 439
10% 716 2234 334.8 167.6 62.3 565.6 59 121 19.6
0% 2759 285.5 246.1 754.5 7573 207.1 71.6 703 584
"g 3% 2306 216.1 257.1 622.7 568.7 2163 59.6 529 613
g 5% 212.1 2386 246.8 568.3 6213 209.1 54.1 582 589
§' 7% 202.0 2243 1735 538.8 582.5 674.5 513 542 623
10% m.1 255 164.5 590.8 645.4 654.7 56.7 61.0 60.6
Valine Leucine Tyrosine
Oday 2week 4week Oday 2week dweek Oday 2week dweek
0% 1884.2 1711.0 1807.5 197.1 4634 5874 718 188.7 2286
- 3% 17124 1627.3 1637.5 17127 436.0 5212 673 181.6 2109
é. 5% 1545.1 1703.3 702.5 1438 4452 508.7 54.0 193.6 2200
= 7% 1503.1 1455.1 7114 1440 391.8 466.5 509 1702 2170
10% 1400.3 758.1 1856.5 132.1 294.6 5226 470 2338 239.8
0% 21019 643.8 944.0 506.6 507.1 4276 2824 2817 2374
’g 3% 800.7 4718 1004.2 4105 3825 4457 2032 206.3 2338
g 5% 1384.5 6284 1362.5 384.4 4179 4372 1938 2209 2405
§' 7% 19262 1226.6 754.3 3707 397.0 4559 187.8 211.8 2534
10% 2116.8 2096.4 15972 408.1 4475 4454 2230 2433 2269
2 @R NEDAE foH e vehhA gttt
g : (p=0.‘30). ] ]
s Ao S4H o] SAF B e o e
: A5 U ol $A% SE2T Do) 44
s ¥ ol MAEEY AR BaE SoldE e A4
3 . o] W3] AWl Aeia Aprsoixich
-
t a-glucosidase inhibitory(AGI) B4
g 20 o-Glucosidase’= a-amylasedl] ]3] Eol® DAL H=2A
QA GFFE AT of2j3t a4e] B4 A= T2
= = Vi 5]]9]. TS AAxFo R A% o o2 A3
500 250 125 625 31.25 =

Concetration{mg/mL)

Fig. 3. Pancreatic lipase inhibitory activity in fermentation
materials of Cudrania tricuspidata fruits by using B. licheniformis
SCDB 1234.

[, Before fermentation; [, After fermentation. Data represent the meanSD of at

least three independent experiments. Different alphabetical letters mean significantly
different at p<0.05.

3ot HuE) 3 ok31). B3 a-Glucosidase ] 3) A
A2y Gl 2o A BE AEE A3 A F5A sl
freattta Akl ATH32).

TR Gol] HF NS Azt AGIE/ZS Ml A%
A= Fig 5AS}F 2T} A% Gulje] HEHd AGIEAE2
89.27+0.59~89.78+0.35% ©|N2 ™, W& o= 93.60+1.14
~95.95+0.32% 2 HaART} HaF7} =4 SAH=HJTH
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Fig. 4A. Pancreatic lipase inhibitory activity in Doenjang added fermentation materials of Cudrania tricuspidata fruits by using B

licheniformis SCDB 1234 in process before aging.

[, 0%; M, 5% W, 10%. Data represent the mean+SD of at least three independent experiments.

0 day

120
£ 100
-
=
E
T 80
"
E .
;= 6 B
=
T 40|
=
E 2 |
—

500 250 125 £2.5 31.35

Concetration{mg/mL)

4 weeks

120
£ 100
-
=
=
T 80
L]
E .
:= 60 B
=
E 40 |
>
& ¢
—

500 250 125 ; 3125

Concetration{mg/mL)

Fig. 4B. Fig. 5. Pancreatic lipase inhibitory activity in Doenjang added fermentation materials of Cudrania tricuspidata fruits by using

B. licheniformis SCDB 1234 in process after 1 year aging.

[, 0%; M, 5% M, 10%. Data represent the meantSD of at least three independent experiments.

of| wkg ol Ft 47 @47 <45 =
7ol st AGI €4 A3 A= Fig 5B 2th
SAA Do) A9 1 0Y2K63.26+0.02~65.260.08%)
ED} %zz‘w %4 47F2K70.25+0.69 ~84.89+0.08%) 2]
=A Ueisen, 4% 3= 18 0Y
(63.32i0.08 67.44i0.08%)i13]- W 845 2H(74.55£0.04 ~
91.25+0.04%)2] AGIZAJ0] A Yelytth 228 duj
TaAS 10%31713 4474 DA AGIZAL 84.89+
008%, 4% BAL 91.254004% 5 YER o] <43 =
Zol = ettt Lee 5(33)0] 2459 AW eHEF=
Eo th3l AGI A4S =43 A3 097~18.53% 2] Asi&
A4S 1Y, o= EH T Al 2138373514 acabose
(99.54%3.13%)°ll HI3l €3] B2 FFoldlon), E AT
ol A et x| Quj FFgAS 10% H7IEE A
ol A= acabose®} TAMSH A3EAS HoAFU) 2

Jm by

m{o

u
I

[IE]
(]

&)
(=)

AG1 activity (%)

[ET)
(=]

[E)

[E1]

o 5
s -

Fig. 5A. a-glucosidase inhibitory activity in fermentation materials
of Cudrania tricuspidata fruits.
[, Before fermentation; WM, After fermentation. S-C & S-B, FMFCT fermented after

NaCl addition; SB-C & SB-B, FMECT fermented without NaCl addition. Data are expressed
as meanstSD of three experiments.
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Fig. 5B. a-glucosidase inhibitory activity in doenjang added
fermentation materials of Cudrania tricuspidata fruits.

[, 0 day; W, 4 week aging. D-0, doenjang*FMFCT 0%; D-5, DoenjangtFMFCT
5%; D-10, DoenjangtFMECT 10%; DS-0, Aged DocnjangtFMFCT 0%; DS-5, Aged
DoenjangtFMFCT 5%; DS-10, Aged DoenjangtFMFCT 10%. Data are expressed as
meanstSD of three experiments.

SHoE FA% Gr) WANS WK AL 9 4T
97450l Qe Aoz Ardt

AeEadFoely L3 Taso] ¢33 nAdE
71%573°] %L 57 54 FEAS &85 Q=R 7%
d AFE NSt stk AR IE A oryze
koji, lactobacz]]us 6% % Bacillus 2% ti3te] TaA
A3}, B licheniformis SCDB 1234 +<F7} kaempferol -2
954 ng/goll Al 217. 04 pg/gS oF 20 FHAA HE Had
F2 ATHJS FAE Qe S ASdFE 8k T
F9 a8 200 4j9e) DPPH ksl B4 tlET)
BHA, BHT®] 92~99 ppm 5=} fAH &4& BT,
tyrosinase A3}l &4 arbutin®]} kojic acid2] 95 ppm3}
90 ppm¥} 2 F2 A3 S-S Bk JFX]E‘E vl Ha
5 A7 948 st /713 e B A ot
RS BAE) AubA o R AW o RS
7VelA] e Aok oA AfolHlE Holxl skl
A8 gl dEE /) A3 D79 pancreatic lipase A3l

48 SF3ATE HaES] Heoe HaEdEY HES
o o £ 80% ©d =& Adles BAFAULE /NEst
AL 47 @40 A% B3 Hlgl O =2 Adls
S RS d9s G942 AGIES #4493 49,
A% A FEa ARG Bade FAo] B4 =AY
0, A o)) gl 10%S 718 SAA D3] AGT
242 84.89+0.08%, %A% BAAL 91.25+0.04% = LIE}
Yiolth 28202 A4 dujo] g Eo Ag|gdyd d
ksl g IEE ot Aeds BAFRlaL, A=

F87k5 0] we BAH &)

ZEALS

"

i 5 IR TEA] A1ET
M AAJ(FHAHE 313026-3) 2} 20143 A FF2Z=A4
SFY2H SAAAE - FEAY &8 2E3A HAs
LH71E el o3 FFEHAFY

20139 FHEAAE

N

Lo bl

References

1. Lee HJ, Do JR, Kwon JH, Kim HK (2011) Physiological
activities of extracts from different parts of Cudrania
tricuspidata. J Korean Soc Food Sci Nutr, 40, 942-948

2. Lee HJ, Do JR, Kwon JH, Kim HK (2011) Inhibition
of adipogenesis in 3T3-L1 adipocytes with water and
ethanol extracts of Cudrania tricuspidata leaves. Korean
J Food Preserv, 18, 244-249

3. Lee CM, Lee TJ, Kim BH (2011) Improving effect of
Cudrania tricuspidata ethanol extract on lipid profile and
blood glucose in HFD-induced obese mice. J Inves
Cosmetol, 7, 309-318

4. Cha JY, Cho YS (2001) Effect of stem bark extract from
Morus alba and Cudrania tricuspidata on the
concentrations of lipids and tissue lipid peroxidation in
the cholesterol-fed rats. Korean J Food Sci Technol, 33,
128-134

5. Cho JY, Ji SH, Moon JH, Lee KH, Jung KH, Park KH
(2008) A novel benzoyl glucoside and phenolic
compounds from the leaves of Camellia japonica. Food
Sci Biotechnol, 17, 1060-1065

6. Glafer G, Graefe EU, Struck F, Veit M, Gebhardt R
(2002) Comparison of antioxidative capacities and
inhibitory effects on cholesterol biosynthesis of quercetin
and potential metabolites. Phytomedicine, 9, 33-40

7. Lee JY, Moon SO, Kwon YJ, Rhee SJ, Park HR, Choi
SW (2004) Identification and quantification of
anthocyanins and flavonoids in Cudrania tricuspidata
cultivars. Food Sci Biotechnol, 13, 176-184

8. Yamaguchi F, Ariga T, Y. Yoshimura Y, Nakazawa H
(2000), Antioxidative and anti-glycation activity of
garcinol from Garcinia indica fruit rind. J Agric Food
Chem, 48, 180-185

9. Blois MS (1958) Antioxidant determinations by the use



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fermentation of mulberry using B /licheniformis SCDB1234 and application

of a stable free radical. Nature, 181, 1990-1200
Jung SW, Lee NK, Kim SJ, Han DS (1995) Screening
of tyrosinase inhibitor from plants. Korean J Food Sci
Technol, 27, 891-896

Jung SA, Kim KBWR, Kim DH, Cho JY, Kim TW,
Ahn DH (2012) Lipase inhibitory mode of dieckol
isolated from Eisenia bucyclis ethanol extract. Korean
J Microbiol Biotechnol, 41, 112-118

Watanabe J, Kawabata J, Kurihara H, Niki R (1997)
Isolation and identification of a-glucosidase inhibitors
from tochucha (Eucommia ulmoides). Biosci Biotech
Biochem, 61, 177-178

Seo MJ, Kang BW, Park JU, Kim MJ, Lee HH, Kim
NH, Kim KH, Rhu EJ, Jeong YK (2013) Effect of
fermented Cudrania tricuspidata fruit extracts on the
generation of the cytokines in mouse spleen cells. J Life
Sci, 23, 682-688

Miura T, Kato A (1995) The difference in hypoglycemic
action between polygonati rhizoma and Polygonati
officinalis thizoma. Biol Pharm Bull, 18, 1605-1606
Roh SW, Kim JB (2008) Effects of polygonati rhizoma
on the diet-induced hyperlipidemia in rats. Korean J
Oriental Physiol Pathol, 22, 1147-1151

Parveen Z, Deng Y, Saced MK, Dai, R, Ahamad W,
Yu YH (2007) Antiinflammatory and analgesic activities
of thesium chinense turcz extracts and its major
flavonoids, kaempferol and kaempferol-3-O-glucoside.
Yakugaku Zasshi, 127, 1275-1279

Singh R, Singh B, Singh S, Kumar N, Kumar S, Arora
S (2008) Anti-free radical activities of kaempferol
isolated from Acacia nilotica (L.) Willd Ex Del. Toxicol
In Vitro, 22, 1965-1970

Gabrielska J, Soczynska-Kordala M, Przestalski S (2005)
Antioxidative effect of kaempferol and its equimolar
mixture with phenyltin compounds on UV-irradiated
liposome membranes. J Agric Food Chem, 53, 76-83
Kang DH, Kim JW, Youn KS (2011) Antioxidant
activities of extracts from fermented mulberry (Cudrania
tricuspidata) fruit. and inhibitory actions on elastase and
tyrosinase. Korean J Food Preserv, 18, 236-243
Back LM (2009) Effect of soybean germination on the
quality characteristics of Cheongkookjang inoculated
with Bacillus licheniformis B-59 isolated from rice straw.
MS Thesis, Catholic University of Daegu, Gyeongsan,
Korea, p 34

Lee SG, Kim HJ, Lee SP, Lee IS (2009) Antioxidant
and anticancer activities of defatted soybean grits
fermented by Bacillus subtilis NUCI. J Korean Soc Food

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

877

Sci Nutr, 38, 657-662

Kwon HY, Kim YS, Kwon GS, Kwon CS, Sohn HY
(2004) Isolation of immuno-stimulating strain Bacillus
pumilus jb-1 from Chungkook-jang and fermentation
characteristics of jbl. Korean J Microbial Biotechnol,
32, 291-296

Villa D, Fern"andez-Pach” MS, Moy a ML, Troncoso
AM, Garc 1a-Parrilla MC (2007) Radical scavenging
ability of polyphenolic compounds towards DPPH free
radical. Talanta, 71, 230 - 35

Oh GS, Kang KJ, Hong YP, An YS, Lee HM (2003)
Distribution of organic acids in traditional and modified
fermented foods. J Korean Soc Food Sci Nutr, 32,
1177-1185

Jeon JH, Kim JS, Lee SD, Choi SH, Oh MJ (1998) Studies
on the contents of free amino acids, organic acids
isoflavones in commercial soybean paste. J Korean Soc
Food Sci Nutr, 27, 10-15

Kim SH, Kim SJ, Kim BH, Kang SG, Jung ST (2000)
Fermentation of doenjang with salt. Korean J Food Sci
Technol, 32, 1365-1370

Yang SH, Choi MR, Kim JK, Chung YG (1992)
Characteristics of the taste in traditional Korean soybean
paste. J Korean Soc Food Sci Nutr, 21, 443-448
Jung BM, Roh SB (2004) Physicochemical quality
comparsion of commercial Doenjang and traditional
green tea Doenjang. J Korean Soc Food Sci Nutr, 33,
132-139

Kwon OJ, Lee HY, Kim TH, Kim SG (2014) Antioxidant
and pancreatic lipase inhibitory activities of Anemarrhena
asphodeloides. Korean J Food Preserv, 21, 421-426
Jo YH (2014) Chemical constitutes of the roots of
Cudrania ftricuspidata and their pancreatic lipase
inhibitory activity. MS Thesis, Chungbuk National
University, Cheongju, Korea, p 21-65

Shinde J, Taldone T, Barletta M, Kunaparaju N, Hu B,
Kumar S, Placido J, William ZS (2008) a-Glucosidase
inhibitory activity of Syaygium cumini (Linn.) Skeels
seed kernel in vitro and in Goto-Kakizaki (GK) rats.
Carbohyd Res 343, 1278-1281

Baron AD (1998) Postprandial hyperglycemia and a
-glucosidase inhibitors. Diabetes Res Clin Pr, 40, 51-55
Lee SY, Kim IS, Park SL, Lim SI, Choil HS (2012)
Antidiabetic activity and enzymatic activity of commercial
Doenjang certified for traditional foods. KSBB J, 27,
361-366

(Received October 20. 2014; Revised December 2. 2014; Accepted December 5. 2014)





