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Abstract

This study was conducted to develop functional black soy sauce with (S2) and without (S3) an outer skin and then
compare these products to a control soy sauce (S1). In addition, the effects of different fermentation periods on the pH,
buffering power, titratable acidity, total acidity, salt content, and browning and Lab value were evaluated. Furthermore,
the antioxidative activities of the black soy sauce were compared to those of the control soy sauce based on the total
phenolic compounds and free radical scavenging activity, including the 1,1-diphenyl-2-picryl-hydrazil (DPPH) scavenging
activity and the thiobarbituric acid value (TBA value). The pH and buffering power of S2 were lower than of S1 and
S3, while the titratable acidity and total acidity were higher. The salt content of all samples decreased after 60 days of
fermentation, after which it increased slightly for up to 180 days. Additionally, the browning intensity of all samples
increased as the fermentation periods increased, with the browning intensity at 420 nm of S1 being the highest followed
by S3 and S2. After 150 days of fermentation, the L value of S1 was higher than that of S2 and S3, but the while a
value of S2 was higher than those of S1 and S3 and was increased as the fermentation periods. Moreover, the b value
of S1 was the highest at the end of the fermentation period, followed by the b values of S3 and S2. The amount of total
phenolics in S1 was greatest, followed by S2 and S1. Conversely, the DPPH radical scavenging activity of S2 was the
highest, followed by S3 and S1. Finally, the TBA value increased rapidly from day 30 to day 180 of the fermentation
period, and the TBA value of S2 was lower than those of S1 and S3.

Key words : Black soy sauce, ripening period, outer skin.
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Table 1. The changes in pH and buffering power of soy sauce and black soy sauce during different fermentation periods

Samples” 0 30 60 90 120 150 180
Sl 6.67+0.05° 5.62+0.02° 4.58+0.02° 5.5240.02° 5.39+0,03° 53840.02%  5.34+0.03°
pH S2 6.500.09 5.91+0.02° 4.54+0.03°  4.56+0.03°  4.56+0.01° 4.51£0.05° 4.42+0.04°
S3 6.6510.07  5.88£0.02°  5.53+0.01° 5.78+0.03° 5702002  5.75£0.02°  5.53+0.02°
Si 3.49+0.02° 1.89+0.01° 1.5140.04° 1.49+0.02° 1.11£0.02° 0.97+0.01° 0.830.028
Buffering a b ¢ d e f £
sower S2 3.630.08 1.85+0.02 1.5940.06 1.2840.04 0.93+0.03 0.65=0.04 0.63+0.03
S3 3.4940.06° 1.97+0.05° 1.690.06° 1.68+0.06° 1.3610.02° 0.98+0.021 0.88+0.012

Values are Mean+SD.

"% Means in a row by different superscripts are significantly different at the p<0.05 by Duncan's multiple ranged test.
Y S1 : Traditional SOy sauce.

? §2 : Black soy bean sauce with outer skin.

¥ $3 : Black soy bean sauce without outer skin.
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Table 2. The changes in titrable acidity and total free acid of soy sauce and black soy sauce during different fer-

mentation periods

Samples” 0 30 60 90 120 150 180
S1 0.07+0.06 497+ 000"  556£0.00°  636£0.00"  651£0.00°  6.82+0.00°  6.8120.02°
T;tcrfg; S2 0.08+0.01" 4.83+ 0.12° 5.16+0.00° 7:80:0.00° 7.89+0.00" 7.95+0.00°  7.98+0.00°
S3 0.07+0.01° 447+ 0.06"  5.02+0.01° 6.0240.00°  6.03:0.00°  6.10:0.00°  6.35%0.02°
Total fice S1 104320358 74111+ 8.68° 1137.25¢0.03'  955.95:0.00" 979.27+0.00° 1010.26+0.00° 1024.78+2.30°
acids S2 12.03:130° 1027.91£1737°  776.57+0.00° 1173.99+0.00° 1186.16+0.00° 1195.93+0.09" 1200.39:£0.00°
(mg’%) S3  10.53:0.75% 6724 + 9.15°  905.73+1.50°  830.6620.01° 907.07+0.00° 918.16+0.00°  954.74+2.30°

Values are MeantSD.

"% Means in a row by different superscripts are significantly different at the p<0.05 by Duncan's multiple ranged test.

R Legends are referred in Table 1.
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Fig. 1. The changes in salt contents of soy sauce and black
soy sauce during different fermentation periods.
Legends are referred in Table 1.
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Table 3. Optical characteristics of soy sauce and black
soy sauce during different fermentation periods
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Table 4. Color values of soy sauce and black soy sauce
during different fermentation periods

Days  Samples” 420 nm 400/500 nm Days Samples” L a b
S1 0.02:£0.00° 431£0.14° S1 3.79£0.62°  -4.80+1.90°  1.42+2.23°
0 S2 0.02+0.008 3.5240.11° 0 S2 7.8240.97°  —3.93+0.83°  1.0422.77°
S3 0.01£0.00° 4.91+0.00° S3  1254+0.74°  -239+0.44% -0.02+2.27°
S1 0.81:0.00" 3.74+0.00° Sl 6.54+1.13°  —3.5120.69  6.50+3.34%
30 S2 0.75£0.01° 2.1240.04° 30 S2 7.35+0.15%  —2.58+030°  9.59+1.52®
S3 0.4320.00" 3.7740.00° S3 8.01£0.67° -3.56:0.94°  3.66+1.16%
S1 1.11£0.02° 3.38+0.05° S 7.76£038°  —2.2420.55°  11.10£1.25%
60 ) 0.56:0.00" 3.0420.00° 60 S2 6.91£0.13°  -2.66+0.93°  1.64+2.05°
S3 0.600.01° 3.30+0.02° S3 9.92+1.14°  —3.29+0.39%  7.51+4.87
S1 1.37+0.01° 2.69+0.01° S1 9.74+0.67°  0.15£045"  9.3442.66"
90 S2 1.09+0.01° 2.36:0.01° 90 S2 1027+043°  —2.05+0.65°  7.27+337°
S3 1.040.00° 2.58+0.00" S3 11144042 -1.98+0.34°  7.48+2.87%
S1 1.31£0.03 2.85+0.01° S1 10.400.9° 0.12£0.11°  8.57+4.12%
120 ) 0.930.01° 2.60+0.00° 120 S2 9.08+0.68°  0.02£1.08°  7.74+2.56°
S3 1.34+0.01° 2.7540.02° S3  10.11£1.11°  —027+0.50"  8.45:+6.48
S1 3.310.03° 1.14+0.01® S1 1944+028°  1.66+0.19" 24.01+3.81°
150 S2 2.03+0.00° 1.310.07° 150  S2 15.87£0.61°  0.63£0.17° 13.01£1.66°
S3 2.150.01° 1.80:0.01° S3  14.1320.61°  2.02:0.10° 11213317
S1 3.9440.00° 2.23+0.01° S1 9.6740.51°  -2.46+0.63° 12.57+1.77°
180 S2 2.100.00° 2.56+0.00° 180  S2 7.74£0.48°  2.74+048"  13.0743.75°
S3 2.82+0.00° 3.3940.02° S3 7.88+0.69"  —2.4+0.75  15.31+0.65%

Values are MeantSD.

*"® Means in a row by different superscripts are significantly
different at the p<0.05 by Duncan's multiple ranged test.

b Legends are referred in Table 1.
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“7¢ Means in a row by different superscripts are significantly
different at the p<0.05 by Duncan's multiple ranged test.

D Legends are referred in Table 1.
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Table 5. The changes in electron donating ability and total phenolic compound of soy sauce and black soy sauce during

different fermentation periods

Samples” 0 30 60 90 120 150 180
Electr a
d‘fm‘t’;g S1 29.9340.03° 4578+11.46° 61.90+ 1.04° 67.87+ 022% 7039+0.11°  79.17+1.43°  81.74+0.38
ability S2 31.144022% 6530+ 049"  69.68+ 0.71° 73.52+ 0.05 78.84£0.99°  85.584049°  87.66+0.82°
PP . .
g;) H) S3  30.0440.55° 37.50 022  49.62+ 9.81°  69.96+ 0.22°  70.89+0.49°  83.0620.16 84.10+1.54
0
Total S1 4460247  105.79+18.680 107.71£17.33° 127.65£22.16° 155.074£5.77° 201.67+0.00° 258.2442.79°
henoli .
phenoe: gy 3.1040.18°  114.82+ 245% 11514+ 337% 12889+ 1.66° 130.24+0.09™ 133.08:2.19°  208.24+0.23
compound
(ugml)  S3 2.30£0.28° 11671+ 048 12271+ 1.70° 122.10424.16™ 136.57+5.49°  180.4249.16°  316.5246.51°

Values are Mean+SD.

*"® Means in a row by different superscripts are significantly different at the p<0.05 by Duncan's multiple ranged test.

D Legends are referred in Table 1.
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Fig. 2. The changes in TBA value of soy sauce and black
soy sauce during different fermentation periods.
Legends are referred in Table 1.
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