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Abstract

Soy sauce was fermented with the addition of mountain edible herbs, Ligularia fischeri, Codonopsis lan-
ceolata and Symphytum officinale. In general, the total nitrogen content of soy sauce was increased with the
increment of the amount of added mountain herbs. The mineral contents of calcium and potassium in the soy
sauce after four months of aging at 20% substitution of Codonopsis lanceolata were increased by 1.3 and
1.5 times, respectively. With 10% substitution of mountain herb mixtures, the contents of tyrosine and argi-
nine were increased by about 2 times as compared to the control. In the Rec assay system, untimutagenic
effect of soy sauce with 10 and 20% substitution of Codonopsis lanceolata was higher than other samples.
The results of sensory evaluation revealed that overall acceptability of soy sauce with 7% substitution of
Codonopsis lanceolata and 5% of mountain herb mixture exceeded other groups of samples.
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Table 1. Compositions of raw materials of soysauce with Codonopsis lanceolata as a substituting ingredient to wheat

Raw material (kg) Sample

aw materi (ke Control D3 D-s D7 D-10 D-20
Defatted soybean 2.750 2.750 2.750 2.750 2.750 2.750
Wheat 2.250 2.1825 2.1375 20925 2.0250 1.8000
Codonopsis lanceolata 0 0.0675 0.1125 0.1575 0.2250 045
NaCl 2,041 2.041 2,041 2.041 2.041 2,041

Water 6.831 6.831 6.831 6.831 6.831 6.831
Total 13.872 13.872 13.872 13.872 13.872 13.872

TN ratio (%)" 0 3 5 7 10 20

"The ratio of nitrogen content of Codonopsis lanceolata to the nitrogen of wheat.
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Table 2. Compositions of raw materials of soysauce with mixtures of mountain herbs as a substituting ingredient to wheat

R retial (k) Sample
aw materi
g Control M3 M5 M7 M-10
Defatted soybean 2.750 2.750 2.750 2750 2.750
Wheat(Kg) 2.250 2.1825 2.1375 2.0925 2.0250
Mountain herb mixture? 0 0.0559 0.0931 0.1303 0.1862
NaCl 2.041 2.041 2.041 2.041 2.041
Water 6.831 6.831 6.831 6.831 6.831
Total 13.872 13.8 13.8526 13.8448 13.8332
TN ratio (%)" 0 3 5 7 10

"The ratio of nitrogen content of mixture of mountain herbs to the nitrogen of wheat.
YCodonopsis lanceolata : Ligularia fischeri : Symphytum officinale = 1: 1 : {w/w/w).
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Table 3. Changes of chemical composition of Codonopsis lanceolata substituted soy sauce during four months of aging

Aging period substituted Total NaCl Specific Total solid H Alcohol

(month) TN ratio(%)"  nitrogen(%) (%) gravity (%) p (%)
0 1.28 17.65 1.188 18.85 5.79 0.3

3 1.32 17.87 1.190 19.13 5.75 0.3

) 5 1.39 17.76 1.186 18.74 5.75 0.3
7 1.38 17.65 1.191 19.35 5.78 0.3

10 1.36 17.76 1.188 18.74 5.79 03

20 1.34 17.98 1.186 18.02 5.79 0.3

0 1.40 17.41 1.180 18.79 5.52 1.1

3 1.49 17.53 1.182 18.57 5.55 1.0

5 5 1.52 17.53 1.183 18.67 5.54 1.1
“ 7 1.52 17.41 1.183 18.69 5.53 1.1
10 1.51 17.65 1.183 18.65 5.50 1.0

20 1.50 17.89 1.182 18.11 5.49 1.0

0 1.51 17.19 1.173 18.81 5.46 2.1

3 1.60 17.41 1.175 18.59 545 2.1

3 5 1.65 17.41 1.175 18.69 5.50 2.1
- 7 1.63 1741 1.175 18.79 547 2.1
10 1.63 17.53 1.176 18.77 5.46 2.0

20 1.64 17.80 1.174 18.20 543 2.0

0 1.53 17.12 1.170 18.88 5.44 23

3 1.64 17.33 1.172 18.67 5.42 23

5 1.67 17.33 1172 18.65 5.46 2.3

4 7 1.66 17.33 1170 18.87 5.40 23
10 1.67 17.45 1.173 18.85 540 2.3

20 1.67 17.67 1.171 18.33 5.38 23

UThe ratio of nitrogen content of Codonopsis lanceolata to the nitrogen of wheat.

S Azt oo mel 7 ARE o] A5
w2 A s Ao v grtE Addslr] sl
A ] 54717k AR stE A B3k (Table
3, 4). o9 HAAREY F AL g A Wz
of A FA7} Al vls v ke, $4%
gAl9] 7gel® T3z ] v 0.1%0139] F
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Table 4. Changes of chemical composition of mixture of mountain herbs substituted soy sauce during four months of

aging
Aging period substituted TN Total NaC Specific Total solid H Alcohol

(month) ratio(%)" nitrogen(%) (%) gravity (%) p (%)
0 1.37 17.89 1.188 18.81 5.80 0.3

3 1.39 17.89 1.189 18.8t 5.80 03

! 5 1.40 17.95 1.189 18.75 5.81 03

7 1.39 17.95 1.189 18.85 5.80 0.3

10 1.40 17.89 1.190 18.81 5.80 0.3

0 1.61 17.65 1.182 19.05 5.20 1.1

3 1.69 17.53 1.183 19.17 552 1.1

2 5 1.68 17.76 1.185 18.94 5.55 1.1

7 1.70 17.76 1.184 19.14 552 0.9

10 1.71 17.53 1.185 19.17 5.50 1.0

0 1.64 17.41 1.180 19.39 5.09 20

3 1.77 17.41 1.181 19.49 5.41 20

3 5 1.77 17.65 1.180 19.15 545 1.9

7 1.78 17.65 1.181 19.35 5.43 1.7

10 1.81 17.41 1.181 19.49 5.41 1.6

0 1.67 17.33 1.178 19.67 5.05 2.3

3 1.81 17.33 1.178 19.67 533 23

4 5 1.81 17.56 1.177 19.44 5.40 23

7 1.81 17.56 1.178 19.64 5.33 23

10 1.85 17.33 1.178 19.87 5.30 23

"The ratio of nitrogen content of mixture of mountain herbs to the nitrogen of wheat.

Table 5. The mineral contents of soy sauce prepared with
the substitution of Codonopsis lanceolata after four
months of aging

Table 6. The mineral contents of soy sauce prepared with
the substitution of mixture of mountain herbs after four
months of aging

substituted Mineral content (mg/mL) substituted Mineral content (mg/mL.)

TN ratio(%)"  Ca Mn Mg K TN ratio(%)" Ca Mn Mg K
0 0.282 0.010 0.630 4.56 0 0.292 0.010 0.730 5.36
3 0.260 0.010 0.700 5.00 3 0.324 0.0H 0.740 5.40
5 0.320 0.010 0.780 5.84 5 0.334 0.015 0.760 5.52
7 0.322 0.011 0.820 6.16 7 0.344 0.015 0.800 6.16
10 0.328 0.012 0.840 6.32 10 0436 0.016 0.870 6.16
20 0.368 0.013 0.870 6.92

"The ratio of nitrogen content of Codonopsis lanceolata to
the total nitrogen of wheat.

E AEY A 8 F HZeld CafEel
1424 mg%2 oFE AR Fub oA FRo U53E] ¥
o} 7hA} &A] Fol| £EEY] WFoE AZHc)

A dAgkel] wE SA N Fof ofw|xAl
o W3 Table 7. 89 Zot oS B3] A4, oY
A 10%74A] A 2] el ule} oluliAl g
o] Z7}slgdem, 21 oM X aspartic acid®} threonine
o] gepe] A Folslelcl. HAY WR oAl §
o] 2718 AHBY %9 10%2] dAZe] M
FE2|A, aspartic acid, threonine®] Z$ FH7}+
611.8 mg/100 mL, 315.4 mg/100 mLel} Wzl 10% A
F2 784.7 mg/100 mL, 440 mg/100 mLo.2 zhzt 7}

"The ratio of nitrogen content of mixture of mountain herbs
to the total nitrogen of wheat.

3}ed2™, leucine, tyrosine, lysine, histidine, arginine&
7% WAl 7P Fohoh &H, 209% HAL FA
7hgol wlE] 23)8] olmxAl Fhefo| ZhAEE 7
< Jelsdch(Table 7). AB B3k Sel= o
Agge] Frlel apel FH7lE| Bl elw|x=Ab
o] HAH g Frislgloen, E3] 10% hAlFe] 7}
A gk S veldoh obixA 5 F 5
3] tyrosine’} arginine®] 7%, FH7E 543 mg
100mL ¥ 3306mg/100mLol ®l& 10% WA+
108.6 mg/100 ML} 666.4 mg/100 mLo2 of 2u]9] ¥
& Z718E el 2™, threonine. serine, glutamic
acid B lysine® A 2718l vH(Table 8).

ulebr], ZPgA 2ol gle] AR o8- F7lA
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Table 7. Amino acid compositions of soy sauce prepared with the substitution of Codonopsis lanceolata after four months

of aging
Amino acid Substituted TN ratio(%)“

(mg/100 mL) 0 3 5 7 10 20
Asp 611.8 605.2 645.3 651.7 784.7 532
Thr 3154 363.0 361.3 363.0 440.3 201.6
Ser 441.0 477.8 481.5 488.3 5355 409.5
Glu 1550.9 1557.6 1550.9 1558.2 1609.7 1411.2
Pro 402.5 368.0 350.8 362.3 471.5 3335
Gly 255.0 266.3 262.5 270.0 277.5 240
Ala 347.1 358.3 364.9 373.8 373.8 338.2
Val 4739 468.0 473.9 479.7 462.2 438.8
Met 141.6 141.8 149 163.9 126.7 134.1
fle 425.8 425.8 4454 465.1 4127 419.2
Leu 655.0 674.7 681.2 714.0 661.6 661.6
Tyr 117.7 117.7 117.7 172.0 129.6 110.0
Phe 404.3 410.8 412.5 453.8 396.0 420.8
Lys 416.1 4215 438.0 474.5 408.8 4234
His 124.0 131.8 139.5 186 131.8 178.3
Arg 548.1 572.9 574.2 591.6 522 548.1

UThe ratio of nitrogen content of Codonopsis lanceolata to the nitrogen of wheat.

Table 8. Amine acid compositions of soy sauce prepared with the substitution of mixture of mountain herbs after four

months of aging

Amino acid Substituted TN ratio(%)"

(mg/100 mL) 0 3 5 7 10
Asp 704.9 704.9 7249 731.5 744 .8
Thr 321.3 358.4 3927 386.8 4225
Ser 441.0 526.5 546.0 535.5 556.5
Glu 1506.8 17934 1727.3 1783.2 1764.0
Pro 4025 420.0 448.5 396.8 402.5
Gly 251.3 300.0 315.0 307.5 307.5
Ala 382.7 4228 4272 427.2 436.1
Val 514.8 532.4 555.8 549.9 573.3
Met 141.6 146.7 141.6 156.7 1714

e 4454 484.7 497.8 504.4 537.1
Leu 720.5 759.8 792.6 805.7 818.8
Tyr 54.3 108.6 135.8 135.8 108.6
Phe 420.8 462.0 503.3 503.3 478.5
Lys 3942 4519 525.6 567.2 518.3
His 108.5 187.5 209.3 162.8 209.3
Arg 330.6 643.8 661.2 661.2 666.4

"The ratio of nitrogen content of mixture of mountain herbs to the nitrogen of wheat.

% obaledl e FAA S glel dUHos
299 2198 71 Aoz P

HH0| i M| St
Rec assayel] &8 7H4e] Eddie] oA HIAE A
HE A= Table 99 Aok $A, 14 oo A
5, ABLE ArFEA] ek 2l vle) AR AR
2x7h o & gEdde] HAE Jehlor, A
A7 go] F&4E o1 g% Folsle AEE o
edot. &, sYziel M= Doy 10%374E), D-

200519 209%3H7E)el, AR B E M-7EF
A 1987 EE M-10ETA 10%38 7)) B
WHol oA A3y} o1& A&l vle] o ek
UAE 100 BM3ted AEPE Aol oMz 73
YA} nis=gt AeS viehie 5, Y atdae
D-20519 20%3 7)ol AH ELAME M7
EFAA 71387V M10E A 109387182
Edue] JA Edrt B AR vls o EUt

ol o] Az}, AL 7|Eabe] ulE) o] B2
FEdHo] st glow, AX Holelgo] ¥e4E
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Table 9. Antimutagenic effects of soy sauce prepared with the substitution of Codonopsis lanceolata or mountain herb

mixtures
X 1 dilution ) X 10 dilution )
Sample Inhibition halo zone(cm) (]Z;g?::g_c? ::CT) Inhibition halo zone {(cm) gﬁ?igﬁ rZ:cIf)
rec +° rec -¥ rec + rec -

D-oV 1 2.5 1.50 1.13 2.35 1.22
D-3 1 243 143 1.1 2.29 1.19
D-5 1 2.42 1.42 1.1 2.28 1.18
D-7 | 242 1.42 1.07 225 1.18
D-10 0.99 2.4 1.41 1.1 228 1.18
D-20 0.99 24 1.41 1.1 2.27 1.17
M-0? 1.1 2.6 1.50 1.15 2.4 1.25
M-3 1.05 2.53 1.48 1.1 235 1.25
M-5 0.97 245 1.48 1.09 232 1.23
M-7 0.98 243 1.45 1.1 2.32 1.22
M-10 1 2.45 1.45 1.1 232 1.22
MNNG 1.13 273 1.60 1.15 2.5 1.35

"See Table 1. ?See Table 2. YBacillus subtilis PB1652 rec+(repair proficient). *Bacillus subtilis PB1791 rec-(repair deficient).

Table 10. Sensory evaluation of soy sauce prepared with the substitution of Codonopsis lanceolata after four months of

aging
) substituted TN ratio(%)"
O [«
sensory parameter 0 3 5 7 10 20
color 2.57+0.36% 3.07+0.13% 4.071+0.34" 336+0.31" 2431033 2.21:£021°
flavor 2.50+0.17% 2.64 1029 3.00+£0.28° 3.894+0.21° 336+0.21% 3.29+0.31*
taste 3.14x0.12° 3.14£0.25¢ 3.45+0.23" 423+0.19° 2.93+0.31* 2.86+0.27"
overall acceptability 3.03+0.14* 3.18+0.21° 3.37+0.27" 4.18+0.28" 294 £0.2% 2501027

"The ratio of nitrogen content of Codonopsis lanceolata to the total nitrogen of wheat.
»Values with same letter within each row are not significantly different at p < 0.05.

Table 11. Sensory evaluation of soy sauce prepared with the substitution of mixture of mountain herbs after four months

of aging
) substituted TN ratio(%)"
sensory parameter o 3 3 5 o
color 32110267 3.14 £0.23* 4.14+0.28" 2.78 £0.35° 2.60x0.26
flavor 3.00+021° 3.07+£0.26° 3.22+0.18 3.86+£0.24° 3.6410.15°
taste 3.17+0.24* 2.74 £0.35* 4.08+0.24° 3.21 2030 3.231£0.25°
overall acceptability 3.1410.23° 321£0.29 3971017 3.35+0.25 2.93+0.32

"The ratio of nitrogen content of mixture of mountain herbs to the total nitrogen of wheat.
DValues with same letter within each row are not significantly different at p < 0.05.
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