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Abstract

This study analyzed the changes in physicochemical components of Astragalus membranaceus (AM) fermented
with Phellinus linteus. Moisture content, pH, total acidity, total reducing sugar content, extraction yield, free sugar
content, free amino acid and isoflavonoid (calycosin, formononetin) were investigated. The moisture content was
increased during fermentation with Phellinus linteus. The pH level increased while the total acidity significantly
decreased during fermentation. The reducing sugar content were in the range of 0.32~0.61%. The extraction yield
using water was higher than that using 80% ethanol. The major free sugars were identified as glucose, fructose,
sucrose and the content of free sugars decreased through fermentation. However, the glucose and sucrose contents
of the water extracts were increased. In addition, the free amino acid increased significantly during fermentation.
Finally, calycosin and formononetins contents in water extracts of after 30 days of AM fermentaion with Phellinus
linteus were (3.91 mg/100 g) and (1.38 mg/100 g), respectively. These results suggest that fermentation with Phellinus
linteus could be used to increase the bioactivity of AM. The mycelium-fermented AM could be a valuable source
of functional material and edible resource for industry.
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Table 1. The moisture content, pH, total acid and reducing sugar
contents of Astragalus memvranaceus fermented with Phellinus
linteus

) Components
Fermentation - -
time (day) col\li[g;tmz%) pH Total acid (%) R((;(/hll(c)glgg,s%;n
0 5295:042"  568:001°  046:001° 032001
10 5473£049°  5842001°  032:000°  036:001°
20 5577015 584:001°  035:001°  042:0.00°
30 5663£056'  5.82:002°  031:001"  0.61+001°

"Values are mean+SD (n=3).
PMeans with different superscript in the same column are significantly different at
p<0.05 by Duncan’s multiple range tests.
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A 485E FATIE Ao delA dem(19)0] HEo
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3t 3548 23 Table. 20 VERAQITE 94
52 40.18~41.99%<] HISe &S B, T W
AFE 7] & N2 9% E =S &2 e
I o EhS FEE2 2870~33.18 % E AFFEE

Kim 5Q1)% o] WAZAAE o] 89 A% WEe] 45
S A1 A3E AE A

Table 2. Extraction yield of Astragalus memvranaceus fermented
with Phellinus linteus

Fermentation Yield (%)

time (day) 80% EtOH ext. Water ext.
0 28.70+0.89" 41.99£1.02
10 29.712+0.16 41.00+0.54
20 30.96+1.79 40.18+1.66
30 33.1841.39 41.58+0.29

"Values are mean+SD (n=3).
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Table 3. The free sugar content of Astragalus memvranaceus
fermented with Phellinus linteus

Content (g/100 g, %)

F?I::&;is;) n 80% EtOH ext. Water ext.
Fructose Sucrose Fructose Sucrose
0 058:007"7  1140:049"  051:005°  9.67:0.12°
10 0.5310.03° 9.76+0.70" 0.41£0.03" 8.630.88"
20 047+001° 9.73+0.37" 0.41£0.01° 9.27+0.23"
30 0.4410.04' 9.87+0.46" 0.4010.01° 9.630.11°

?Valum are meantSD (n=3).
PMeans with different superscript in the same column are significantly different at
p<0.05 by Duncan’s multiple range tests.

FEHAT HE 719 80% ek FEEC] vzt

2 7]
ol A protease B 0.2 371¢] alAo] 7}
slgomA it 44 Z71e] Z1Qske] o] Z7hel

|

(25), A7ko] Aol ute} nAE 2ol szl o=
opn|imrte] A HT 4] F7kR Qe ofwieit ool

a0 R AEThQ6) 1L T Wl 2028217 12147
mg% O vhE WjFA MTk vk 37Kt L ek
3, HiF 0L A1 105.68 mg%el| Hlah °F 124 =2 =
et =, vl 202212 77 arginine©] 38.05 mg% =
TRRE T 78 =okor, Atk 2 & alanine©] 19.91
mg%, aspartic acid 10.23 mg%, valine 8.94 mg%, leucine
6.04 mg%, serine 5.77 mg%, glycine 4.51 mg%, isoleucine
427 mg% T2 YEINTE 1 9o = glutamic acid, cystine,
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methionine, tyrosine, phenylalanine, lysine, histidine 5-°] 7
=53t} BhH 0¥ A}2] 7% arginine©] 35.02 mg%, alanine
©] 18.90 mg%, aspartic acid 9.77 mg%, valine 7.19 mg%,
leucine 5.21 mg%, serine 4.35 mg%, threonine 4.05 mg%,
phenylalanine 3.36 mg% <=C. & UElston 31wk 10
ko] A% arginine©] 37.23 mg%, alanine©] 19.88 mg%,
aspartic acid 9.80 mg%, valine 8.34 mg%, leucine 6.05 mg%,

Table 4. Amino acid content of Astr agalus memvranaceus
fermented with Phellinus linteus

(unit: mg/100 g)
) ) Fermentaion time (day)
Amino acid
0 10 20 30
Aspartic acid 9.765 9.795 10.234 8.621
Threonine 4.051 5.243 5.958 5.895
Serine 4.346 5414 5771 5.160
Glutamic acid 3.053 3.659 3792 3738
Glycine 2.670 4.105 4.505 3.950
Alanine 18.897 19.883 19.908 16.283
Valine 7.188 8.339 8.935 8.160
Cystine 1.759 1.848 2.019 1.908
Methionine 0.528 0.521 0.535 0.538
Isoleucine 3.360 4.196 4274 3754
Leucine 5.205 6.050 6.036 5631
Tyrosine 2.556 3.095 2.749 2812
Phenylalanine 3.362 3723 3.790 3401
Tryptophan ND" ND ND ND
Lysine 2.174 2.833 3.034 3113
Histidine 1.756 1.883 1.874 1.880
Arginine 35.016 37233 38.054 37811

Total amino acid 105.683 117.819 121.470 112.655
'ND, No detection.

OoH
s O (@] o o o
| oH ™ °
HO 'OH O CIH
H
@] o o

Compound 1. (calycosin-7-O-B-glucoside)

HO

Compound 3. (Calycosin)

A23d A55 (2016)

serine 5.41 mg%, threonine 5.24 mg%, isoleucine 4.20 mg%
TOo 2 YEIET wleF 30 YA} A = arginine©] 37.81
mg% alanine®| 16.28 mg%, aspartic acid 8.62 mg%, valine
8.16 mg%, threonine 5.90 mg%, leucine 5.63 mg%, serine
5.16 mg%, glycine 3.95 mg% o= YR oH, vzt
St oAt Foll A tryptophane A E HA| &Skth

ol’de] At A FAT HE &719 F2 opn|=At
< arginine, alanine, aspartic acid 2 valine 2 arginine,
valine2 k3l 224b-S- alanine 2 aspartic acide 7 W<
JeilE e QA ok ool & AT A%E n)F
o 2 ] ojuliite] 243 Fe *AE AF o 98
39 WEs17 Se] 246 J1QekEen TARE B8
W T 54S 7R ofnlite] 71 wHes) o
% 553 gvie AT + 9 Aow ARdrh

F£E9 isoflavonoids &2 s}

AT FAHF BV & AT i e F=
Sulloll mE A& dF SH6kr] el Dol EAce
Aelgyd E2 2 isoflavonoids A F<! calycosin-7-o-3-d-
glucoside, ononin, calycosin % formononetin 4%-2] S
gRlstd o 2= Fig. 19} 231, HPLC chromatogram-=
Fig. 2¢] #2424 3}+= Table 59| YA vl 3, 043t
o] 80% ol EH-2 FZE-2 calycosin-7-o0-3-d-glucoside 21.58
mg/100 g, ononin 28.93 mg/100 g, calycosin®| 16.98 mg/100
g, formononetin®| 11.54 mg/100 g &S YeEb L, 4
252 calycosin-7-o-3-d-glucoside 16.60 mg/100 g, ononin
14.47 mg/100 g, calycosin®] 0.45 mg/100 g, formononetin®]
0.18 mg/100 g°] FFe YR =T o= FE80<]
S %ol wet AR &3 Afol7t dBmR Fhefo] ol dt
Aoz At #F HF 2719 80% ATe FE=<=
o A} wljF7]7bo] Aol whet vk 4] &

>
oot

3

24
o] el win @ Ao| 2 Lehdl Wl A 228

Compound 2. (Ononin)

Q
CH,

Compound 4. (Formononetin

Fig. 1. Chemical structure of four compounds from Astragalus membranaceus fermented with Phellinus linteus.
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Fig. 2. HPLC chromatograms of isoflavonoid compounds.

A, standard of four isoflavonoid compounds; B, water extract of Control; C, water extract of 30day the Asragalus membranaceus fermented with P, Jinteus, 1, calycosin-7-O-3-d-glucoside;
2, ononin; 3, calycosin; 4, formononetin.

o] wieF 304} A  calycosin-7-0-B-d-glucoside> 3.30 o 7.7 Sk o2 O E wdd Bt fojdo=
mg/100 g, ononine 2.85 mg/100 g & & thzTrol ula) 2tz =2 THFE UeElth wEbA] 2 A3 A9E EgiE
5ull, 5.1u) 734281 2, calycosin % formononetin -2 HokZ wf 7)o o= EA) St calycosin, formononetin
391 mg/100 g, 1.38 mg/100 g© & thZ7o] H]3) 21z} 8.7 o] wiFAFeNQ) calycosin-7-0-B-d-glucoside 2! ononin
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Table 5. The content of major isoflavonoids of Astragalus memvranaceus fermented with Phellinus linteus

Content (mg/100 g, dry weight)

Fermentation 80% EtOH extract Water extract
time (@) "1 cosin7-0-Bd Calycosin-7-0--d
alycosit /b Ononin Calycosin Formononetin yoostn- 77k Ononin Calycosin Formononetin
-glucoside -glucoside

0 21.58+1.68"? 28.93+2.47° 16.98+0.76° 11.54+035 16.60+0.98" 14474173 045%0.07" 0.18+0.03"
10 1943+1.19° 2641071 15.99+0.19" 12.38+1.34° 12.70+0.33 10.44+0.15° 0.88+0.22" 0.19%0.10°
20 18.49+1.01° 24.56+0.75° 15.790.53" 9.70+0.27" 9.87+0.31° 7.83+0.49" 3.58+1.70° 12320,14°
30 15231092 19.97+1.55" 15274121 9.66:0.84" 3304028 2.8520,08" 3.9140.11° 13820.65°

"Values are meantSD (n=3).

IMeans with different superscript in the same column are significantly different at p<0.05 by Duncan’s multiple range tests.
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