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

A : absorbance of sample
B : absorbance of blank
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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
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As : Absorbance of the sample

Ab : Absorbance without addition of the enzyme
Ac : Absorbance without addition of the sample
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Table 1. Phenloic acid and flavonoid contents of fermented Cudrania tricuspidata fruits.

(unit; 1g/g)

Compounds Control Koji BS 19" BL SCDB 1234”  483Y 482 474 473 444 478
Protocatechuic - 48753 50.15 30035 131.49 284.53 263.13 188.83 3.55
Chlorogenic 207.08 365.82 24846 .97 248.09 21225
Caffeic 171.10
Rutin 189.98 5796
Ferulic - - - 6.03 595
Taxifolin 3336
t-m-Coumaric 19.73 0.61 0.61
Myricetin 34.66 4057 5274 - - Q71
Salycilic 36.80
t-Cinnamic 2.84 13.60 - 7.85
Kaempferol 9.54 81.77 57.89 217,04 102.00 7120 62.93 91.19 109.36 64.80

UBS 19, Bucillus subtilis 19; *BL SCDB 1234, Bucillus licheniformis SCDB 1234; Y483, 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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Table 3. Changes of organic acid during aging of Doenjnag with Cudrania tricuspidata fruits by using B. licheniformis SCDB 1234.

(unit ; mgfkg)
Doenjang (10°)

0% 3% 5% 7% 10%

0 weeks 1163.05 954.72 92138 820.11 81746

Citric acid 2 weeks 526.25 504.64 629.23 629.27 729.82
4 weeks 439.69 305.73 518.05 602.51 639.31

0 weeks 601.13 611.87 602.70 629.21 58191
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 3095 90.92 130.98

Acetic acid 2 weeks 331.19 457.50 330.62 32625 31472
4 weeks 244.83 373.18 276.62 199.53 23522

0 weeks - - -

Succinic acid 2 weeks 37.15 39.87 24.06 20.85 16.84
4 weeks 40.29 31.81 3141 3178 30.87

0 weeks 10.98 9.81 771 779 575

Oxalic acid 2 weeks 7.06 799 7.01 6.14 5.38
4 weeks 197 8.80 5.81 543 5.12

Aged Doenjang (10°)

0% 3% 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 34630 399.07
4 weeks 354.67 31572 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 1334.33

0 weeks - 207.20 165.86 174.03 188.76

Acetic acid 2 weeks 126.99 115.35 97.57 131.06 162.24
4 weeks 64.75 68.02 63.52 54.78 69.55

0 weeks - 3648 3157 13.82 27.80

Succinic acid 2 weeks 2147 3198 3142 3254 3179
4 weeks 23.93 3334 28.96 34.09 3330

0 weeks 8.65 927 8.14 823 9.12

Oxalic acid 2 weeks 8.98 8.65 8.42 7.84 7.35
4 weeks 7.81 828 8.76 173 7.96

9] g2 AF-S 7HFEAA glycerol F fatty acid =
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monoglyceride$} fatty acid® 3]l =] o] ©HEAA T v A&
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triglyceride 2 A3 &0 =Y Lo *‘é“ﬂ 7ka 7+,
uokg\_zq o5 o2 B AHEE 3 P triglyceride™

Aol ZA . o e} A o] HEat HnhE
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< A3leE JERN o, W $o A
91#:“—1%‘%7 o4 Stk FAE HgE
68.68+1.81~86.49+0.33% 2] =<
1_1__0] H&3 lipase Xﬁ 3 &2 o] ?5]—]:]] =

e
R

]
=g

Al =<

= O

ofr 2

X
%Jiﬁﬂom

o

28}, F HA &1 A9
T ATH29).
SIA]

o

=2

30 —H [0 off o N

o X Hu b



Fermentation of mulberry using B /licheniformis SCDB1234 and application

873

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 642624 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

AT) Jo30)ol] WEW A WS =Z5)

o w2] ZAg 2=, socudramaxanthone B, cudracuspixanthone
A F°| % E0] 714 =2 pancreatic

J 4
== olE g3
g UrEMJOi 9 ”LE T E o]} FAMSH
Aol & o R AlmHZIn

Uﬂ—roiw A4E welste] 41717 Aol A% dul
SEES 0, 5, 10%= HArlste] otE S HAo
pancreatic lipase A3 &2 =733 A3+= Fig 4A9} 2Th
4 0ol = A BEES 10% H7Het ©7go] 7t
o1A] 92 Aol vlgl A =2 Adles YERA o,
&4 To= 5% HA7ver @ido]l thE AT vl o
=2 Al eS HoFU) w3 &4 0Fole AR
T 9F Z4°1 ARE Ueiligley 54 $ole 250
mg/mLoA 74 =& A8 %5(83.25+3.29 ~83.68+3.31%)

= HoAFUth Al tHf‘& T FEA(ANCOVA,
generally linear model) A3}, 4 0YxH3 F(@4F2h) Al
57t FoA Aol & YERNA] @ %a1(p=0.71), FA| ¥
TgEe] A7t 5% F3H0%, 5%, 10%) M = f-2]Z <l
Zpo] & Ho|A| &gk, o] AW Gul wa o] ¥}t
o Fof] AAglo] Bl <3k vt g5 Bl oz
Ats€)

&0l daE B 0, 5, 10%0] TR A8 )
L EES H7bsto] A3 435 ©739] pancreatic lipase
A8 e S Fig. 4Bot 2t} AW wrg 5o XU} HEo
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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 ; mg/kg)
Aspartic acid Glutamic acid Omitine
Oday 2week 4week Oday 2week 4week Oday 2week dweek
0% 1212 3049 444.6 263.0 5182 262.7 6.1 9.4 273
- 3% 112.1 2973 4152 2350 5225 2386 6.5 39.1 96.8
é. 5% 93.6 314.1 4263 2459 694.4 8270 71 17.6 364
= 7% 78.1 2258 3312 199.9 105.8 578.6 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
§ 5% 2121 2386 246.8 568.3 6213 209.1 54.1 582 589
E' 7% 202.0 2243 1735 538.8 582.5 674.5 513 542 62.3
10% 221 2525 164.5 590.8 6454 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 71.8 188.7 2286
- 3% 17124 1627.3 1637.5 1727 436.0 5212 673 181.6 2109
%. 5% 1545.1 1703.3 702.5 148.8 4452 508.7 540 193.6 2200
= 7% 1503.1 1455.1 7114 144.0 391.8 466.5 509 170.2 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% 800.7 471.8 1004.2 410.5 3825 445.7 2032 206.3 2338
§ 5% 13845 628.4 1362.5 3844 4179 4372 193.8 2209 2405
g' 7% 19262 1226.6 7543 3707 397.0 4559 187.8 2118 2534
10% 2116.8 2096.4 15972 408.1 4475 4454 2230 2433 2269
100 @Fahe] ABLlE FoH AolE ehiA ekt
E ” (p=0.30). o i )
5 AR 597 €] SAF 840 vla) o e
z Al sS UeRATh o] FAE dEET} H4o] &4
E M = UW S A TEEol EiE SHE] 28
E " o] s gPH ol Arpeta AlgH It
E
o a-glucosidase inhibitory(AGI) &4
E 4 a-Glucosidase+= a-amylase©l] 9]&] Falld TS T4
A HFFE AU o3 Bae] 44 Aelle 3
) FrEslet e AN eR A5 g w s Al
500 250 125 625 3125 Sty By

Concetration{mg/mlL)

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.
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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.
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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.
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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; M, 4 week aging. D-0, doenjangtFMFCT 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.
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