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Changes Observed in Doenjang (Soybean Paste) Containing
Fermented-Rhus verniciflua Extract During Aging

Han-Seok Choi*, Ji-Eun Kang, Seok-Tae Jeong, Chan-Woo Kim, and Myung-Kon Kim'

Fermented Food Science Division, National Institute of Agricultural Science, RDA
'Department of Food Science and Technology, Chonbuk National University

Abstract Fermented-Rhus verniciflua (FRV) extract is increasingly used in fermented soy products, fermented vinegars,
and certain alcoholic beverages. In this study, we investigated the effects of FRV extract on the physicochemical properties
of doenjang (soybean paste). Addition of FRV extract to doenjang resulted in a 28.2-45.4% increase in the amino acid
content and a 1.3- to 1.5-fold increase in the concentrations of glutamic acid, which imparts a savory flavor to doenjang.
The concentration of biogenic amine (BA) of the sample containing the extract was 5.3-52.6% lower than that of the
control. The major components of BA included tyramine (55.1-74.6%), followed by putrescine, spermidine, tryptamine, and
cadaverine, in decreasing concentrations. The organic acid concentration of the sample containing the extract was 1.2-1.3-
fold higher than that of the control. The total free sugar concentration was 163.4 mg/100 g in the control and 206.6-276.8
mg/100 g in the supplemented sample, showing a 1.3- to 1.9-fold increase as the addition of the extract.

Keywords: fermented-Rhus venicifula, lacquer tree, doenjang, soybean paste, aging
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Fig. 1. Principal component analysis of changes in the general
constituents of doenjang (soybean paste) containing fermented-
Rhus verniciflua (FRV) extract added before and after aging.
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Table 1. Physicochemical properties of the doenjang (soybean paste) containing fermented-Rhus verniciflua (FRV) extract after 12

months of aging

FRVE Conc. Moisture Salt i AN Crude
(%) (%) (%) P (Mg/1002)  protein (%) fat (%) ash (%)
0.0 56.85£1.35"  13.53£021°  4.70+0.03°  12.754027° 609.37+15.60°  0.13£0.01*°  828+0.37°  12.730.16°
0.7 56.49£039°  13.704035°  4.90+0.17*  13.49+0.45® 781.11£52.59°  0.13£0.02°  7.40+0.19®  12.86+0.67°
2.0 58.96£0.48  14.97+032°  524+0.18°  12.93+0.13* 795.76+5.45®  0.13£0.00°  7.2140.29®  13.85+0.42°
5.0 57.03£022"  14.00£0.26"  5.15+0.03®  13.62+0.10° 866.71+56.36®  0.14+0.00°  5.98+0.06°  13.00+0.88°
10.0 57.70£0.67°  14.57+0.12°  521+0.02°  13.78+0.21° 885.87+4.05°  0.13£0.00°  8.40+0.63°  14.01+1.12°

FRVE means fermented-Rhus verniciflua extract
TA: titratable acidity (0.1 N NaOH); AN: amino type nitrogen

Values represent meanststandard deviations and values with different superscripts in the same column are significantly different at p<0.05.
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Table 2. Free amino acids content of the 12 months aged doenjang containing FRV extract

Free amino acid content (mg/100 g)

No. Compounds
0.0% 0.7% 2.0% 5.0% 10.0%
1 Alanine 116.2 (1.0) 151.3(1.3) 165.7 (1.4) 266.2 (2.3) 210.8 (1.8)
2 Anserine nd" () nd (-) 6.1(-) nd (-) nd (-)
3 Arginine 9.2 (1.0) 5.8 (0.6) 7.8(0.8) 10.5 (1.1) 5.4(0.6)
4 Aspartic acid 25.9(1.0) 28.8 (1.1) 173.4 (6.7) 75.7(2.9) 195.0 (7.5)
5 o-Aminoadioic acid 23.7(1.0) 28.5(1.2) 9.3(04) 16.2 (0.7) 11.3 (0.5)
6 o-Aminobutyric acid 14.0 (1.0) 14.9 (1.1) 9.8(0.7) 9.8(0.7) 12.6 (0.9)
7 B-Alanine 10.5 (1.0) 11.8(1.1) 9.6 (0.9) 10.3 (1.0) 3.5(0.3)
8 B-Aminoisobutyric acid 18.8 (1.0) 19.8 (1.1) 11.1 (0.6) 16.1 (0.9) 6.7 (0.4)
9 y-Aminobutyric acid 5.6 (1.0) 6.9(1.2) 9.1(1.6) 6.6(12) 7.7 (1.4)
10 Carnosine nd (-) nd (-) nd (-) nd (-) nd (-)
11 Citrulline 78.7 (1.0) 87.1(1.1) 157.3 (2.0) 92.5(12) 1324 (1.7)
12 Cystathionine 16.8 (1.0) 20.5(12) 8.6 (0.5) 0.9(0.1) nd (-)
13 Cysteine 10.2 (1.0) 9.9(1.0) 21.8 (2.1) 7.7(0.8) 202 (2.0)
14 Ethanolamine 4.0 (1.0) 4.1(1.0) 3.4(0.8) 3.0(0.7) 2.9(0.7)
15 Glutamic acid 321.4 (1.0) 4042 (13) 458.6 (14) 4703 (1.5) 452.1 (14)
16 Glycine 37.1(1.0) 49.1(13) 98.1 (2.6) 88.0 (2.4) 98.6 (2.7)
17 Histidine 22.8(1.0) 33.8(1.5) 52.9(23) 46.5 (2.0) 36.0 (1.6)
18 Hydroxylysine nd (-) nd (-) nd (-) nd (-) nd (-)
19 Hydroxyproline nd (-) nd (-) nd (-) nd (-) nd (-)
20 Isoleucine 97.6(1.0) 126.5 (1.3) 165.6 (1.7) 155.3 (1.6) 161.6 (1.7)
21 Leucine 181.9 (1.0) 224.7(12) 237.4(13) 233.0(13) 232.0(13)
2 Lysine 150.0 (1.0) 176.7(12) 196.1 (1.3) 188.6 (1.3) 1853 (1.2)
23 Methionine 36.3(1.0) 45.0(1.2) 45.1(1.2) 37.7(1.0) 473 (1.3)
24 1-Methylhistidine nd (-) nd (-) nd (-) nd (-) nd (-)
25 3-Methylhistidine nd (-) nd (-) nd (-) nd (-) nd (-)
26 Ornithine 80.8 (1.0) 86.4 (1.1) 31.0 (0.4) 76.0 (0.9) 45.0 (0.6)
27 Phenylalanine 130.2 (1.0) 160.2 (1.2) 156.3 (1.2) 155.5(1.2) 147.8 (1.1)
28 Phosphoethanolamine nd (-) nd (-) nd (-) nd (-) nd (-)
29 Phosphoserine nd (-) nd (-) 39() 4.0(-) nd (-)
30 Proline 74.6 (1.0) 95.2(1.3) 125.7(1.7) 117.6 (1.6) 114.2 (1.5)
31 Sarcosine nd (-) nd (-) nd (-) nd (-) nd (-)
32 Serine 86.8 (1.0) 109.6 (1.3) 164.2 (1.9) 156.3 (1.8) 159.7 (1.8)
33 Taurine nd (-) nd (-) nd (-) nd (-) nd (-)
34 Threonine 64.0 (1.0) 81.8(1.3) 126.7 (2.0) 118.5(1.9) 122.5(1.9)
35 Tyrosine 27.8 (1.0) 19.0 (0.7) 89.1 (3.2) 23.3(0.8) 83.6 (3.0)
36 Tryptophan nd (-) nd (-) nd (-) nd (-) nd (-)
37 Valine 104.5 (1.0) 134.8 (1.3) 167.0 (1.6) 153.5(1.5) 163.4 (1.6)
Total 1749.5 (1.0) 2136.7 (1.2) 2710.8 (1.5) 2539.6 (1.5) 2657.6 (1.5)

Numbers in the parentheses are the amounts of each compound as a proportion of the control, calculated by dividing the amount of each compound
by the amount of in the control group.

Ynd: not detected.
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Fig. 2. Principal component analysis of changes in free amino
acids before and after aging of doenjang containing FRV extract.
The figure shows amino acids as numbers, and these numbers
are shown with the corresponding amino acids in Table 2.

o A= ornithine, o-aminoadioic acid, cystathionine, B-alanine<]
FFE7PE FEEAA JAA A 2R F2)R] HlE olET
4 EE2 B4 oo e frElobr] ik (Table 2)
glutamic acid, leucine, lysine, phenylalanine, alanine, valine, iso-
leucine, serine®2 7} &2 FrEjofuliqt T2 5.0-18.9%F
AAIsEAL AJTt Ae A ste] JaL vkt AsEAel 7P
@o] gH28)de] Y& glutamic acide TIRT 3214, F7HF
404.2, 458.6, 4703, 452.1 mg/100 g2 <4 A eH=k23) 117.2-
3144 mg/100 goll Hlsle] 1527 S7lslen <4 Sox 3
7HE7Y BRIV vlEte 247 13, 14, 15, 148 =2 TS
B vMel &ukS- 7R3 = leucine, isoleucine, valine (29)
S A7 Bt 47 1427, 1.6-2.8, 1.72.98) Z71ske] 54
dake] shEke 181.9-2374, 97.6-165.6, 104.5-167.0 mg/100 go| ]
o FEE 7 BVl Blete] 77 12413, 13-17,
1.3-1.68 =2 TFS B oFst TS 7R3 e lysine,
phenylalanine, serine2 &/dol <&l Zbz} 1.3-2.8, 1.3-2.5, 1.6-2.9
v 71l <99 5 R 150.0-191.1, 130.2-160.2, 86.8-
1642 mg/100 g0 2 77t ZZF 1.2-1.3, 1.1-1.2, 1.3-1.98] =&
Ao VebT e @8ks 7 U= alanine (29)¢] 3
o ZAo) gaiA 17284 Z71sl e 2T 1162, A7
151.3, 165.7, 266.2, 210.8 mg/100 g2 5.0%%} 10.0% H7H+-7}
T i) Zhzt 23819} 188 =2 Aoz BIF)
A E 9oJA = arginine, glycine, proline, hydroproline,
threonine T8k 7FX| 3L Ql3L anserine, methionine, histidine,
tyrosine, tryptophan <Fgk ¢8-S 7EX3 9loj(29) ©<] #4
of F3S vXIt}. Arginine®] -2 thxT 9.2, A7 54-105
mg/100 g2 2 <4 A 5 oj¥] iz 1.9 F7ksE v H
7HE 1.3-8.180714] ZHAERAT). Glycine®] 2 37.1-98.6 mg/
100 g2 FElolmiet F3e] 2.1-3.7% XL AR F&
B 77 B3l viste] 13278 ol EghEo] itk
Proline 74.6-125.7 mg/100 g & A g3F2] 4.3-4.6%5 A5}
3 AAA SAl whet diRTs 8.9, H7HE 2t 47, 2.0,
2.0, 2.1 F7FERA 2] FTHEe] wig- =2 AeF el
=2t gFH hydroprolinee EE A7 HEEHA] &3tor

o] %30l

W3} 603

r

threonine 64.0-126.7 mg/100 g& & 2T %] 3.7-4.7%9
dshe dom EEaa AU FE Znks KA U=
anserine> 2.0% F7FFolAwE 6.1mg/100g SHrEo] AR
methionine 36.3-47.3 mg/100 g W2 T2} X272 3ol
7 ¥l FYo™ histidine 22.8-52.9mg/100 g & H7FE9]
shafo] gjzToll Hlal] 1.5-2.38] =4t} Tryptophans EE Al
oM AEHA] &gkom tyrosineS T 27.8, A7 19.0, 89.1,
233, 83.6 mg/100 g2 0.7%, 5.0% J7MH-E ZFHY 9o
U 2.0%, 10.0% A7olls thzFRTE 3.08 o4 B2 Aoz
YeRdt), M8, aspartic acide 0.03-1 mg/mL 7|9t FEolME oF
g A8k e 1 mg/mL ©)d sxddAs 72auke Yl
EH(30) 72 e 259me/100 8] wha, Hrlte Zhzt
28.8, 1734, 75.7, 1950 mg/100 g& =2 2.0, 10.0% A7}roa E
3] E=A FHEo] At

F2E Fro 2 AR E¥XE AvuEd 20, 10.0% 7}
T7} aspartic acid ©]9]9ll cysteine, glycine®] o] SolFoz
=7 UJeh}t FAE 24 (Fig 2014 LEZ sido)] X8 =
AT 2 99 AVE(.0, 07, 5.0%)3 TEEE EHECR
2R3t Aok E=3, 27t 0.7% H7HE a-aminoadioic
acid, o-aminobutyric acid, B-alanine, B-aminoisobutyric acid, y-
aminobutyric acid (GABA), cystathionine, ethanolamine, ornithine
o] Fako] =A UEhEA QEZE At 9x)etA AT
GABAE 83 % A8 23 750 d& Aew 2 Id#A
RE AROZGD) RT, 0.7% A7l $4 B 1L =
718tAth. GABASE F-27F fARHH S AN ARG E
A2 Zgsl= Balanine (32)= S/9717F B 1.841¢}F 2,14 F

Thehe Aoz ekt

Biogenic amine

A A e 93] biogenic amine (BA)Q] -2 (Table 3)
2T 542, A7VE7F 242 464, 379, 29.8, 332 mg/100 g &
ANV 47 144, 301, 450, 38.7% SUTh A Fo| e
2T 1723, A7FF 81.7-1632 mg/100 g0 & <4 A fAlst
Al A7Hre] ko]l iRTRT 53-52.6% 9 UERT $4
wae JAY FQ BAYNES tyramineC & F | 55.1-74.6%
£ A8 AL putrescine, histamine, spermidine, tryptamine,
agmatine, cadaverine 5°| F& °]%2™ dopamineS HEEA] &
Itk 43717 S Y B 7S B RS putrescine
2 2F7F 189014 329mg100 g = 1838 S718k L H7h
TFE 14-19 mg/100 g4 3.5-32.0 mg/100 g& & 1.8-21.34] =7}
HA. o2 spermidine® ® &= 0.7914 3.2 mg/100 g&
2 468, H7H= 03-0.69014 1.1-2.8 mg/100 g© = 2.8-7.080 &
7FEATh. TyramineS tHZF7F 46.7914 111.1 mg/100 g2 2.4
v, H7hroll A 23.3-354004 51.3-121.8 mg/100 g& & 1.7-3.44
71Tt 44 ol AEHER %Y cadaverineS 54 F O
Z7 0.7, A7 02-04mg/100 g F=2 AAEIICE Tryptamine
Ar] S Aole BE ARAA HAEEA Fpov 4 F o
I 24mg/100g BAEAL F7FrdME AEEA 2%
o} A, agmatine®] S 5.0% H7HE7T 54717 B 4.600
Al 124 mg/100 g2 2.18) F7ket Aol W8] o M+ 4.3-
8.9mg/100 goll A 0.8-3.1 mg/100 g& & 1.5-7.48] 7+23+93ch.

BAE SIA|9] B42<Q] tAFEAE putrescine, spermidine, sper-
mine, cadaverine> M| XA ©lA A a7 F2d L ™
I2g Soll P43 AJRolIL histamine¥} dopamine 4173 7|
oF Heofxd Sofl st QAAA PR THE3). 22y ot
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Table 3. Comparative analysis of biogenic amine concentrations (mg/100 g) before and after aging of the doenjang containing FRV

extract
Non-aging Aging
Compounds
0% 0.7% 2.0% 5.0% 10.0% 0% 0.7% 2.0% 5.0% 10.0%

Agmatine 5.0° 8.9° 6.0° 4.6 43¢ 1.1¢ 1.2¢ 12.4* 3.1° 0.8°
Cadaverine nd" nd nd nd nd 0.74 0.4° 0.3¢ 0.2° 0.2°
Dopamine nd nd nd nd nd nd nd nd nd nd
Histamine nd nd nd nd nd 20.9° 5.8° 13.1¢ 30.1* 8.1°
Putrescine 1.8 1.5° 1.9 1.6™ 1.4¢ 32.9% 32.0 3.5° 8.8¢ 22.7°
Spermidine 0.7* 0.6" 0.4° 0.3 0.4° 324 2.0¢ 1.1° 1.4° 2.8°
Tryptamine nd nd nd nd nd 24 nd nd nd nd
Tyramine 46.7° 35.4° 29.6" 23.3° 27.1° 1. 121.8* 51.3¢ 53.4¢ 74.28

Total 54.2° 46.4° 37.9¢ 29.8¢ 33.2 172.3* 163.2* 81.7° 97.0%¢ 108.8°

Values represent means and values with different superscripts in the same row are significantly different at p<0.05.

Und: not detected.

AHAE A L@E7](histamine), el S (histamine, tyramine),
TS (tyramine) 52 FEAZ & dom IgEdE dHA
nitrosoamine (agmathine, spermine, spermidine)>.2 W& F 7]
o &l F29]7} Hasltk33). Ha2FNX Bacillus, Citrobacter,
Clostridium, Klebsiella, Escherichia, Pseudomonas. Salmonella,
Shigella, Photobacterium 52 Ma5+<} Lactobacillus, Pediococ-
cus, Streptococcus 52 ZAHA| gl 28] A histidine, tyrosine,
tryptophan, lysine, ornithine, arginine®] decarboxylase®] 2402
e ghal EHA] ZHZb histamine, tyramine, tryptamine, cadaverine,
putrecine, spermidine®Z #T33). dag g T BAZ
T=2 g2 A EH(Table 2) histidine, tyrosine, lysine2 7}
T7F A7) vlste] o 3.08] 3 ornithine¥} arginines
FAZFFED Ao 258 29kO™ tryptophan EE A Eol|A
Z5A] LT} Histidine, tyrosine, lysine®] $HaFo] F-H7HH
2ol Eslal ol9f #HEE BASY &EFo] WAl YERt
. o9} -2 P2 Table 29| frElohr)=At 3 Misto|A =
ZLEI T} B-Alanine aspartic acid”} aspartate decarboxylase2]
te-o 2 AGETH32). ER FE= H7F 949 aspartic acid
2o H7rt AW 758 E=2ol= EE B-alanine FES
o) 334 A JEeRdth webr] 2E2 FEE0] amino acid
decarboxylase@/d¢ll G&S A BAS| o] ol Aoz
FA ).

o Ol oY

N

718t

A Bae J@3e] f714F F3(Table 4y IZET- 661.6 my/
100 g, A7F-7F ZH2} 846.7, 891.7, 868.3, 785.7 mg/100 g2
7} o] thRTFRTE 12-1348 &Stk &4 A 14 &
Z(23)°0] 2T 782.6, A7 854.1, 877.9, 874.3, 734.7 mg/100
gole g xte 124] Z4d v H A EE AY Wbt
RE Aoz et 54 2ae 949 F2 frike it
(lactic), ZAHacetic), pyroglutamic acid® F7]14F F3F2] 96.8-
100.0%E ZASaL USeh o] 5 ZA4ke] e tixT 5483,
A7 619.0, 5125, 664.6, 5529mg/100go &2 EFe] 575-
82.9%% AHAeAA 7P @eol FHrEo AT &4 A A
o] FeFo] thET 6119, H7H- 6683, 681.3, 698.8, 512.9 mg/
100 goleB=2(23) $4717F B =279 2.0% H7HRF 7}
7k 116, 32.9% 7A3IAaL o]2]o] AFeA= A3kt A9 §l
= AoZ Yehyth 24k e &7 79.1mg/100g, M7t
T 104.2-182.9 mg/100 g0 & N7} A7) e zol7} 13-

238 JEhEA BlwAd & ztolg Bk 4 A el ol
ZT 757, A7V 44.6-86.7 mg/100 g2 A& SARIIOU23) &
3717 B dE2Te FVA 2 v HURE 15408 5
7¥sPaA zpo)7F ZFEE. Pyroglutamic acidsE 2.0% H7H-3t &
’d A 130.0 mg/100 gollA (23) 44 ¥ 1963 mg/100 g2 Z713h
RAL T ol HTe 4 7 95.0-106.3 mg/100 goll A 573
% 342-892mg/100 g2 1.1-2.89) ZAHATH

Anpro g F WFgAFo frlake ks x4k Ui AR
o2 dA5e] F3, Aslshy A, vAES] 28 Tl o3|
Al A= vt AS5EGE oh2k(34,35) 2] miso ¥
natto, 5=9] sufu, TR thua nao SA%E(36,37) A Ao
2 gEA Q) Fake] AL FAtAlEe] homoTE A S A
XA glucoseZHE ZARS AAAT= HZ(38)), B. subtilis
7t ket HZE E31Y lactateS B4 (39,40)3H= WAV &
#HAA Aok vt dE AR 24 F92 0-51.73mg/100 g
WLle13L(41) A oryzae, B. subtilis == B. nattos 2ZF HEA
A AzE NF D] e 288405 mg/100g (35) FXE ©)7]
w20l BANFERTE Bacillusl] 23l AT = Ak o] &
< ZoF AztEg WEetA] gty & Al@olX= 4 onzaest
B. licheniformisS Z~E}YE| 2 ARE-3197] W&o AZegnn} 3
Ake] ko] TokA Fo = olsEt) E3 WEg2 FEE AUt
of oJaA] ko]l FItek AL FEEC 9g B licheniformis®
S E13422) 48] T7HER3) 95 3 ZAate] St
HA7] WEo g FHHATh 24 Fol Y SAs glont
gAY F homod ZAM|FOIY Bacillusie] 21402 IA)s}
© ZeR dHx 2U42) AT BH613 mg100 g =ElE 7}
AEE ME 273(50.1-76,5 mg/100 g2 FHEAo|7} =A] &47] o
0N (35) Bacillusell 93+ A3 A k& Aoz AzbEct w
A BEe Y Ao w2 24k Tk 2209 2
Zhkre] 28 ogk rksAde] oy FHHRl ol Fast
t}. Pyroglutamic acide= glutamic acid®] €F7} vjg@4-xo 2 ¥
g AoF FolAQl ke §lovkds) g 719 ZE A
TI7E A= Ao E UERRTH44).

A, malic acide 44 A@R3) FE2E H7FEolA 4.1-28.8
mg/100g FEZ DAY 4 F1boll AAEe BE A
Tl WAER] k). Succinic acide <Al Aol 0.7%9F 2.0%
A Foll e A2H4,1-55mg100g) HAEEJD ZAo] 50%2
10.0% H7FEolA 21.8274mg/100g F=2 A2o] A FAT
T3 oxalic, citric, tartaric, fumaric, formic acide &4 A%
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Table 4. Analysis of organic acids content in 12 months aged doenjang containing FRV extract

Organic acid concentration (mg/100 g)

Compounds
0% 0.7% 2.0% 5.0% 10.0%
Acetic 79.1+4.6¢ 138.5+8.5° 182.9+11.7% 104.2+6.6° 137.1£9.6°
Citric nd" nd nd nd nd
Formic nd nd nd nd nd
Fumaric nd nd nd nd nd
Lactic 548.3+34.5% 619.0+46.8° 512.5£39.4° 664.6+49.8° 552.9+45.6®
Malic nd nd nd nd nd
Oxalic nd nd nd nd nd
Pyroglutamic 34.2+1.8¢ 89.244.9° 196.3+10.5° 72.243.9° 73.944.3%
Succinic nd nd nd 27.4+1.6° 21.8+1.2°
Tartaric nd nd nd nd nd
Total 661.6+40.9° 846.7+60.2 891.7+61.6* 868.3+61.9° 785.7+60.8

Values represent meanststandard deviations and values with different superscripts in the same row are significantly different at p<0.05.

Und: not detected.

Table 5. Analysis of free sugars content in 12 months aged doenjang containing FRV extract

Free sugar concentration (mg/100 g)

Compounds
0% 0.7% 2.0% 5.0% 10.0%
Cellobiose nd" nd nd nd nd
Fructose nd nd nd nd nd
Glucose 98.4+6.2° 131.7+10.0° 131.0£10.1° 192.8+14.5° 194.7+16.1*
Isomaltose nd nd nd nd nd
Maltose nd nd nd nd nd
Mannose 65.0+3.4° 86.1+4.9 75.5+3.8% 84.0+4.8" 79.8+4.4*
Sucrose nd nd nd nd nd
Total 163.4+9.6° 217.8£14.9° 206.6+13.9% 276.8+£19.3* 274.5+£20.5%

Values represent meanststandard deviations and values with different superscripts in the same row are significantly different at p<0.05.

Und: not detected.

RE AN HAESEA &t DL B XM (Leuconostoc
mesenterioide, Tetragennococcus halophillus, Enterococcus faecium),
MH(B. subtillis, B. lichenifomis), =3 °|(Mucor plumbeus,
Aspergillus oryzae, Debaryomyces hansenii) (45) 2 25 (Candida
rugosa, C. zeylanoides, Pichia farinosa, Saccharomyces cerevi-
siae, Zygosaccharomyces rouxii) (46) &2 SHVAEAZ =43}
ol dolu= dEHsts dSsl=d A3e oEsol k.

s

/4 dag A% ¥ f2l9d-2(Table 5) mannose?} glu-
cose?t AZE I sucrose, cellobiose, maltose, fructose, isomaltose
= AEHEA AUt Y FHE U277 163.4 mg/100 gol S
A W Hrbre ZH2F 2178, 206.6, 276.8, 274.5 mg/100 g2 2
izl vlE] 13-1.98 =A o] AATh © F mannose
SHFS 12T 65.0, 7 75.5-86.1 mg/100 g0] 3L glucose®] $F
Fo BT 984, A7FF 131.0-194.7 mg/100 ¢S] Ao2 HAH|
Ak Vet B4 fEld 24 9 g e Adds] §We
AoZ I Ut AA Has AF5EA o] 7047k W
a3t FAd= fructose 640-860, glucose 670-960, galactose 0-
230, sucrose 90-250, maltose 120-220 mg/100g (47), 1-99 &<t
%233 Bl & glucose, sucrose, maltoses HEE A &3 fruc-
tose?F 1600-2200 mg/100 g 8 1 Z(48) ZAME L o}, whd X
HE A /MEFEde] A 4 onzae, B. subtilis, B. nattoS

AEsle] 907 gzl AL thamnose 150-220, fructose 50-
310, glucose 460-2660, sucrose 90-310, maltose 90-330 mg/100 g
(35), 4. oryzaes FE3t 180€7F &A% HAL sucrose 28,
glucose 76, xylose 41, galactose 14, arabinose 18 mg/100g (49)
o] FiEel Y Ao nIs Qo] Az Fol oJal 2
Al ztolE EA

Fol werstE FEe 23.7% AEolv9) olF HRe A%
FgollM diFE A7) szl (50) Pd Sk Felle 1.6%
G neRE BEEO A gFFel cellulose, arabinogalactan,
pectin, galactomannan (29)°] F& FAARE R IActHET) Ex
52 9dF+= rhamnose 1.6%, arabinose 15.0%, xylose 7.1%,
mannose 3.9%, galactose 26.1%, glucose 36.3%, galacturonic
acid 10.0%2 A= Ae o2 LA UTH29). WA 2
B 94 FET Tl olE A AES A + A
£ cellulase, glycanase, pectinase, mannanase 52 43 #&o]
g Aow HolW, g FANA ot AEE mannose=
non-cellulosic polysaccharide®]”] W&ol (52) cellulose’.TH= pectin
o w7t e Al FFE AHS Ao dAddn =
8l FEE0] 220 Z manmnose Z glucose o] F7lEE
AOFE mfo] FEEo| R Tl a8 IS A
Zo Az FAF R W7 fEiie £ A7 2
sty
o]

o] AFERRY BES FERS S A 2L o

fo o
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1271 =4 2739 felohv =it s
F 3 biogenic amine®| =S TAAT|H,

=
A FomAM B Fo T S v o=

I
= =

biogenic amine (BA), 714}, f219 ol HX= 3ol s
Am R oith oln=dA IS EHIT 609.37 mg/100 g0l U
W W7 E 781.11-885.87 mg/100 g & FH /R T 28.2-
454% =4tk FEE Ak A ZEEE 7 A=
glutamic acide 13-1.59, @3S 7IA 3 Q& alanine, lysine,
phenylalanine, serine ZtZ} 1.3-2.3, 1.2-13, 1.1-12, 1.3-1.94],
o3l ¢5uks 7FX| I E leucine, isoleucine, valine2 1.2-1.3,
1.3-1.7, 1.3-1.68) S7F6Ith. BAS] 38 tZ=+ 1723, J7H
81.7-1632 mg/100 g& & ThEZFHT} 53-52.6% SUTh F2 BA
AELS tyramineS 2 FH9] 55.1-74.6%F AA|SHAL %
putrescine, spermidine, tryptamine, cadaverine =©]%)-2.™
A7t gsiA Z4zF 1.7-34, 1.0-94, 1.1-2.9, 0.9-2.2, 1.8-3.54}
o 714t S T 661.6, F7HF- 785.7-891.7 mg/100
go 2 H7MIF ETET 12-1.39 3t FE2E Hul 9
)M Zake 2 W) Id W 2ARS dilET 79.1, FAUHE
104.2-182.9 mg/100 g2 1.3-2.38] Z715kich 219 32 o
ZT- 1634, A7 206.6-276.8 mg/100 g& = 1.3-1.94] 7=}
oH, F2 #2192 mannose?} glucose®]A L sucrose, cellobiose,
maltose, fructose, isomaltose= HAZEA] ATt

dy 32

4o ¥
S R

&AL 2

E dAT7e FH5EHTY FEHgIE ATNEARA EA
3 PJ009859)2] Aol 25| o]Foi AJY

o 1%

A
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