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Abstract

Removal of monochloropropanediol (MCPD) and improvement of quality of the soy-sauce made from acid-
hydrolyzate of defatted soy protein (SAHSP) were examined by fermenting the soy-sauce with sov-sauce koji
or koji plus Pediococcus soya or/fand Saccharomyces rouxii. The overall fermentation process performed in
this work consisted sequentially of autodigestion of soy-sauce koji (at 45°C for 12 days), lactic acid fer-
mentation (at 30°C for 14 days in S3 and S4), ethanol fermentation (at 30°C for 14 days in S2 and S4),and ag-
ing (at 25°C for 20 days). At the end of the autodigestion period, the highest MCPD removal (from the initial
38.6 ppm to 1.3 ppm) was observed in the S-2. Reducing sugar contents of the S-2 and S-4 sharply de-
creased from the 30th day of incubation, from the initial concentration of about 5.0% to less than 0.5% at the
end of the process. Total soluble nitrogen content of all the soy-sauce products slightly increased during the
overall fermentating period. The level of free glutamic acid, a major amino acid that is known to determinc
the taste of soy-sauce was determined to be an average value of 1270~1323 mg/100 mL of soy-sauce. The
results of sensory evaluation of the fermented SAHSPs show that qualities of the S-2 and S-4 samples are
nearly on the same level with that of the commercially fermented soy-sauce (p<0.05). This result suggests
that the fermentation process in this work, especially the process performed with S. rouxii has a good effect
for removing MCPD from SAHSP and also for improving quality of the SAHSP product.
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Tale 1. Mixing ratio of raw material for the fermenta-
tion

SAHSP  Koji S. rouxii” P. Soya”
(L)”  (kg)” suspension (mL) suspension (mL)

S-1 20 788 - -

Samples

S-2 20 7.88 300 -
S-3 20 7.88 - 30
S-4 200 7.88 300 30

Control 20  7.88”

"SAHSP: Soy sauce obtained from acid-hydrolyzate of soy
rotein.

~)Stezamed defatted soy bean, roasted wheat and Asp. oryzae.
VS. rouxii suspension : 2.3x 10%mL.

“P. soya suspension : 3.1 10°/mL.

ISterilized (121°C, 30 min.) koji.
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Table 2. Operating condition of HPLC for Free amino
acid

Table 4. Changes of total nitrogen content during the
SAHSP fermentation

System: Hwelet packard HPLC (Model: 1050)
Column: HP aminoquant column
Detecter: Fluorescence Detector

Mobile phase: 50 mM Na,HPO,/50 mM CH;COONa: THF=
93.5:65 (pH 7.2 adjusted with CH;COOH)
Temp.: 40°C

Table 3. GC/MS conditions for determination of MCPD

GC System : waters GC (Model : 58901I)
Column: HP-5MS (30 m X 0.25 mm X 0.33 pum)
Carrir Gas: Helium
Flow rate: 0.8 mL/min
Temp. Injection Port ~ 250°C
Detection port  280°C
Oven 100°C 190°C
10°C/min.
MSD System: waters 5972
Mode: SIM
Solvent delay: 6 min
EM voltage: 1800
fon in SIM: 147 (Target ion), 91,196 (Qualify ion)
Threshold: 5

Fermentation Total Nitrogen Coatent (%)

time (dayS) S-1" S-2% S-3¥ S-49
0 0.71 0.70 0.72 0.71
10 1.74 1.74 1.76 1.70
20 1.75 1.76 1.75 1.76
30 1.78 1.77 1.78 1.77
40 1.79 1.79 1.79 1.78
50 1.81 1.80 1.83 1.80
60 1.80 1.81 1.81 1.83

Z A 8E 5000 pmellA 1087 FAE=|7E Foll
Ar=ol 10 mL-g Column (Extrulet 20. MERK Co.15
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Table 5. Changes of amino-type nitrogen content dur-
ing the SAHSP fermentation

Fermentation Amino-type Nitrogen Content (%)
time (days) K S0P S.3% S-4%
0 0.48 0.48 0.48 0.48
10 0.90 0.98 0.97 0.92
20 0.88 0.90 092 0.87
30 0.90 0.95 0.91 0.92
40 0.92 0.92 1.03 1.00
50 0.99 1.01 1.01 1.03
60 1.02 1.00 1.02 1.05

1), 2), 3). 4); See table 1
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Table 6. Free amino acid contents during the SAHSP fermentation

(amino acid: mg/100 mL)

sample s1" S-2” $-3” S-49 TEST®
Amino Fermentation time (days)
acid 10 60 10 60 10 60 10 60
Asp 1246 1103 1267 1066 1298 1103 1308 1074 947
Glu 1557 1323 1549 1277 1614 1312 1617 1270 1522
Ser 680 563 679 543 689 567 700 525 558
His 1247 1069 1229 1041 1291 1060 1275 1049 690
Gly N.D N.D N.D N.D N.D N.D N.D N.D N.D
Thr 532 34 524 32 38 32 38 31 19
Als 527 346 456 364 467 354 466 358 145
Arg N.D 49 74 N.D 78 57 78 ND 24
Tyr 314 238 341 209 440 212 457 217 74
Cys 60 2024 63 1962 61 1985 61 1964 2041
Val 150 122 153 119 160 17 160 115 162
Met N.D N.D N.D N.D N.D N.D N.D N.D N.D
iLe 937 791 945 369 974 198 963 353 797
Phe 15 19 16 762 17 771 17 761 415
Leu 1060 973 1060 843 1092 852 1079 834 890
Lys 947 766 895 732 986 746 982 715 691
Pro 725 680 744 681 792 632 797 730 756
Total 9997 9995 9997 9998 10100 10000 9998 9996 10060
1), 2). 3), 4) ; See table 1.
5) Comerically fermented Soy Sauce.
ND: not detected.
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Fig. 1. Reducing sugar concentration during the SAHSP
fermentation.
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Fig. 2. Production of ethyl alcohol concentration dur-
ing the SAHSP fermentation.
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Table 7. Changes in the level of MCPD during the
SAHSP fermentation

w

Table 8. Sensery evaluation of the SAHSP fermented
for 60 days

Sample ¢ v v g3 547 Test
Item
Taste 350" 465 340" 460°  4.63
Flavor 325" 445 295" 440" 450°
Color 454 385 457 438 432

Fermentation Level of MCPD (ppm)

time (days) s.4" 822  S3  S4"  Control®

0 38.6 38.6 386 386 38.6
10 3.1 3.0 2.4 1.9 38.6
20 35 3.0 29 27 38.6
30 2.6 2.6 33 33 38.6
40 33 1.3 31 3.1 38.6
60 2.2 1.3 2.0 2.0 38.6

1), 2), 3), 4) ; See table 1.
5) Control: fermented with sterilized koji.

1), 2), 3), 4) ; See table 1.

5) Test: Comerically fermented soy sauce.

*values with the same superscript in same column are not
significantly different each other.

** Significance level: 0.05.
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