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Abstract

This study investigated the effects of a Hwanghi (Astragalus membranaceus) extract on the quality of Chunghkukjang
fermented by Bacillus subtilis KCCM 12148, at 30, 40, and 50C, for 4 days. Changes in moisture contents, protein
levels, pH values, ammonia-type nitrogen levels, color, angiotensin-converting-enzyme (ACE) inhibition rates, and
fibrinolytic activities, were all determined. For both control and test, the moisture contents decreased gradually with
time and the protein levels increased slightly. The pH values fell at the beginning of fermentation and then rose. The
content of ammonia-type nitrogen was higher in Hwangki with Clumghulgangthan in control, until 24 hr after fermentation
commenced. After that time, the content of ammonia-type nitrogen control was higher in the control than in the Hwanghki
with Chungluljang sample. Color features, such as lightness, redness, and yellowness, all decreased during fermentation,
in both control and test. The highest ACE inhibition rates during fermentation at 40°C were 90.9% in the control
(48 hr after fermentation commenced) and 95.3% in Hwanghki with Chunghukjang(24 hr). Fibrinolytic activities of
Clunghukjang and Hwangki Chungkukjang were 100.7 and 74.4% respectively. The content of 2,6-dimethyl pyrazine
in the control was higher than that in Hwangki with Clungkukjang. Sensory evaluationtests showed that the addition
of Hwangki significantly improved the overall palatability of Chungkukjang.
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Table 1. Changes of moisture content of Hwangki Chungkukjang

with fermentation time (unit : %)
Temp. Control Hwangki
() 30 40 50 30 40 50

0 5939°  5939%  5939°  5751°  5751° 5751
12 5849 5037 5987 57850 5837 5611
%4 571 6013% 5801 58660 5830° 5858
36 53758 6032 5862 S41° 5801 5615
48 5752% 6134 5175 5475 550t 5523
60 5883 5888 5443 5113 58750 5229
n s6220 6122 e84 5130t SIeE 50
84 5811 5857 5647 sLoot selet 5027
9% 5715 5901 5420°  SL1TT 5368 4915

*UMeans with different letters within a column are significantly different (p<0.001).
Control: Chunkukjang, Hwangki: Hwangki Chungkukjang.

Table 2. Changes of protein content of Hwangki Chungkukjang

with fermentation time (unit : %)
Temp Control Hwangki
© 3 40 50 30 40 50

0 174 17430 1743 1798 1798 17.98°
12 18115 1669" 16860 1738 177F 186"
24 179 1862% 1775 1900° 1865 1791
% B3¢ 1842 1897 1934 1933 1925
48 1285 18215 10.1%  197F 1981 2157
0 1907 1943 2095 2199 1973 2142
7 e 188 1950F 3 198 216
g 1835% 1975 2015° 3133 2035 2184
9% 1992  1990° 2017 2308 2104 2287

“IMeans with different letters within a column are significantly different (p<0.001).
Control: Chunkukjang, Hwangki: Hwangki Chungkukjang.
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Table 3. Changes of pH of Hwangki Chungkukjang fermentation
with fermentation time

Temp Control Hwangki

() 30 40 50 30 40 50
0 621° 6218 621" 607 607 607
12 493 600" 613 527 580 617
24 s8¢ 600 64 580 59 sof
3% s9f 648t 69 58 610 655
48 s8i' 708 696 57 660°F 674
60 606 749" 745 5810 678 698
7 6200 776" 75F  580° 74T IS
84 667 765 11 se 14 754
9% 696 179 18" 64F 156 141

"Means with different letters within a column are significantly different (p<0.001).
Control: Chunkukjang, Hwangki: Hwangki Chungkukjang.

Table 4. Changes of color(L, a, b) of Chungkukjang fermentation with fermentation time

Fermentation temp.(C)

T&‘;’)e 0 0 50
L a b ab L a b afb L a b ab
0 5002 108F 2668 041 500 108 2664 04l 50027 108F 266 o4l
12 760" 1109 263° 04 481" 108° 25900 042 4648" 1098 2614 042
24 90 1098 2678 04l 4729 09 254 04 4589° 1126 2736 04t
36 4685 96" 1898  05I° 5226 841t 1972 04F 4657 92T 1958 04T
48 4883 930" 193" o4¢ 5247 840/ 2096 040 468 936 2063 045
60 5075 954 1979 048 48.99° 9260 20958 044 paf g8 1733F 03I
o) 5078 885 1999 044’ 91F  9s5% 2168 04d 218 88 1786  0.50°
84 5023 990" 22310 044 4695 911 2053 04d 4002 893 1687 053
9% 4767 966 2138 044 4505 1030 2L1F 049 168 874 1560 056
“"Means with different letters within a column are significantly different (p<0.00L).
Table 5. Changes of Color(L, a, b) of Chungkukjang with fermentation time
] Fermentation temp.(C)
T&]‘Se 30 40 50
L a b afb L a b ab L a b alb
0 4584 1206 2674 045 45.84' 12.06° 26.74° 0.45° 45848 12068 267 045
12 730 118 2703 044 45.118 1223 27.74° 044" 45.09° 1260 2803 0.45°
2 4596 12260 2803 044 435" 12,04 2593 0.46° 447 1265 BSF 0.44"
36 4631° 10188 1914 053 47.58° 10.15d 1924° 053 4633 9.68' 19.50° 0.50"
48 4666 1036 1939°  05F 4893° 9.75' 2096 047 455 1026 2009 0.51°
60 46100 1047 1978 053 49.28° 770 1792 043° 4112 9.81° 17.44f 056°
7 456% 10160 193¢ 052" 4721° 9.28¢ 20.11° 046° 40408 8.82¢ 16.36° 0.54°
84 445" 1045° 1858 056" 4727 920 19.118 048° 38.00" 825 14.36" 057"
9% 4144 914 1617 05T 07 10.00° 19.01" 053" 35.74 863" 1330 0.65°

“IMeans with different letters within a colunm are significantly different (p<0.001

).
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Fig, 1. Changes in ammonia type nitrogen content of Hwangki
Chungkukjang with fermentation time.

Con 30°C: Chunkukjang at 30°C, HC 30°C: Hwangki Chungukjang 30°C
Con 40°C: Chunkukjang at 40°C, HC 40°C: Hwangki Chungkukjang 40°C
Con 50°C: Chunkukjang at S0°C, HC 50°C: Hwangki Chungkukjang 50°C.
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Fig, 2. Changes in ACE inhibition rate of Hwangki Chungkukjang

with fermentation time.

Con : Chunkukjang, HC : Hwangki Chungkukjang.
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Fig. 3. Fibrinolytic activities of Hwangki Chungkukjang and extract
of Hwangki.

Con : Chunkukjang, HC : Hwangki Chungkukjang, Ext of Hwangki : Water extract
of Hwangki.

HNdE

£ alcohol 5, heterocylic 3}8HE, 71El 3IHEE EFT
4= 2l KetoneF-= acetone, 2,3-butanedione, alcohol f=
ehtanol, Hetorocylic 3}3}%2 & 2,6-dimethyl pyrazine, 7]E}3}

R acetic acid® Y Z27 2 7] FrF7) ST

Table 6. Volatile compounds of Hwangki Chungkukjang with
fermentation time

(unit: ppm)
Fermentation time (hr)
Compounds
2 24 %6 48 60 7N
acetone - - - 05 RI1 M
ethanol 2044 4090 2177 810 763 404

2,3-butanedione 255 89 16 22 04 15

I

¢ 4methyl-2-pentandl’ 200 20 20 20 20 20
2,6-dimethyl pyrazine - - 47 190 297 81

acetic acid 1504 1009 510 22 14 09
acetone 4.1 - 09 117 357 123
ethanol 3440 6883 3000 1726 1442 753

e 2,3-butanedione * 340 114 - 04 08 34
4-methyl-2-pentanol 20 20 20 20 20 20
2,6-dimethy! pyrazine - - 21 33 190 20

acetic acid 481 1473 182 17 - -

UC: Chunglakjang, “AC: Hwangki Chunghukiang., - Not detected. * : Tnternal standard.

E3] e YAldEeR LelRl 2,6-dimethyl pyrazine
(6, 152 HF 3643t o] Fofl HEHIULH tETE 147
2.1 ppm ©]3a1, FE7} APl et

8 F FEEA 361

Z7behe A4S Bk 484131 o] F tl 27 19 ppme]
A} 297 ppmo.2 7] #7177 33 ppmoi| A} 19.0 ppmO. g
223 Z7/18ldem, & 5 2,6-dimethyl pyrazine 2
o Hlg) 7] A7 9A JETE In 5(15)2)
AFE 47t FE2ES Hulsl 4 Al dizTl
H|a) 2,6-dimethyl pyrazine®fo] 2k Frtete AEFE BA
t}h 571 58 A7 T sk opvme) A
gtiko] =2 Ao UEhgon ol HrdRe 540

40°Coll A} 48417t Bk LR AIZ AH=te] deAs A
= Table 73} 2t} 7o U V|G| A, 3
g, 247, 2 BAHIE 24 sislen 7] 35
o] RE gHEM folHo =& FhE eI dix7
Bty Feddg 232 e gto g HrbEA In 5(15)9]
AFo e 71 F2E 05 mg/g AV Al & AIEE
05 10 mgg o1 A7k A R7Re] BANT 24
o] Asmel G vizicke 2ot )tk 271 474
©}3)] 2,6-dimethyl pyrazine A4 ¢Fo] ol 7] 3ol F2
4gs = Az AyZdHEo

Table 7. Sensory evaluation of Hwangki Chungkukjang

Sample Color Flavor Taste Texture Overalt
Control 500" 500° 5.00° 5.00° 5.00°
Hwangki 533" 567 738 533" 767

za—b: Means with different letters within a column are significamly different.
Significantly different at the p<0.01.

o OF
I =

37 )(Astragalus membranaceus)E 4713y H=7ke] 4
EAS zAETE FESHE wart Mg wet 2
233 2l oz Srletgith pHE WA Z7] o o
7

il
Zkshe AEgE Bolon, ofmHdiE

A2
AN = 7] A7 mRov o|FelE Tt
o}

ot AR, AAE, BAD)E JAsidth $aL
A7V 24012E 953%2 7PE £ ke vehigler] BE
A)7ko] Ao wet AR ATk 40ToNA 48417t
g A G Bl DET 1007%, 7] A7KF T44%
2 UERT). 40Co1A) 484170 M A AT AR
ol 2,6-dimethyl pyrazine %2 T3 19.0 ppm, 37] A7
= 33 ppm olglow, BAAE BIIHATY AW
715 %7} 7.67(p<0.001) ©2 thZ ol Hs] &gl
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