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Abstract

Soybean sauce, fermented with soybean and wheat, has been a major condiment of Korean diets from centuries
ago. Melanoidin, a brown pigment generally found in various food systems, is a final product produced in
amino-carbonyl reaction during soybean sauce processing. Antioxidative activities of soybean sauce and
melanoidin were investigated in vitro system using linoleic acid emulsion. Soybean sauce and glucose-lysine
model melanoidin showed the stronger antioxidative effect than control by ferric thiocyanate and conjugated
diene assays. In addition, DPPH radical scavenging effect of soybean sauce was higher than melanoidin, which
was ascribed to soluble peptide and low molecular protein existing in soybean sauce. To ascertain antioxidative
effect of dietary soybean sauce and melanoidin in vive, the male Wister rats were fed 10% soybean sauce or
10% glucose-lysine model melanoidin with corn oil or fish oil for 5 weeks. Fatty acid compositions in liver and
plasma were influenced by oil source. Therefore, EPA and DHA contents of fish oil group were higher than
those of corn oil group. When the inhibitory effect of soybean sauce and melanoidin on lipid peroxidation using
TBARS methods was measured, fish oil group (FC) showed higher malondialdehyde (MDA) content than corn
oil group (CC). However, supplementation of soybean sauce and melanoidin to fish oil group attenuated MDA
formation. In the levels of phosphatidyl choline hydroperoxide (PCOOH) in liver and plasma by CL (chemi-
luminescence)-HPLC method, PCOOH in FC group was significantly higher than that of CC group both in
liver and plasma. Supplementation of soybean sauce to fish oil groups significantly inhibited the formation of
PCOOH in plasma and liver, while melanoidin suppressed hepatic PCOOH formation. Based on these results,
it can be suggested that soybean sauce possesses stronger antioxidative potential than melanoidin.
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Glucose-lysine 2% #z}-o|e1.2 1 M glucose(D-glu-
cose anhydrous, Sigma Chem. Co, USA)$} 0.5 M lysine(L-
lysine monohydrochloride, Nippon Rikagakuyakuhin Co.,
Japan)oll NaHCO3 0.1 M2 7}all 124] 2} 7 3} A 23}
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&3] 38 ¥ 500 nmelM FH=E A48kt CDAZ=
2 A0CS((17)9] "W el mel incubationAl # linoleic acid

“r
ofy
o2
r_a:
M
)
N
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Table 1. Composition of experimental diets (%)
D
~_Grou” oc g oM FC FS? FM
Ingredients
Casein 240 234 240 240 234 240
Corn starch 603 525 503 603 525 503
Corn oil 100 100 100 - - -
Fish oil ] - - - 100 100 100
Mineral mixture” 30 30 30 30 30 30
Vitamin mixture” 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride 0.1 0.1 0.1 0.1 0.1 0.1
Soybean sauce - 10.0 - - 10.0 -
Melanoidin - - 100 - - 10.0
NaCl” 16 - 16 16 - 16
Total 1000 1000 1000 1000 1000 1000

YGroups are divided as follow, CC: corn oil control, CS: Corn
oil+soybean sauce, CM: corn oil+melanoidin, FC: fish oil

9)control, FS: fish oil + soybean sauce, FM: fish oil + melanoidin.

“The protein content and BV of soy sauce were 7.3% and 80%,
therefore soy sauce diet group was subtracted 0.6 g casein
content.

¥Mineral and vitamin mixture were purchased from Kurea Co.
(Japan).

1 6% of NaCl was added to each diet groups except soybean
sauce added groups because the NaCl content of soybean
sauce was 16%.
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Table 2. Conditions for CL-HPLC

Items Conditions

HPLC Gilson 306 model

Column Sil-NH. (250X 4.6 mm, 5 pm, JASCO)
Detector Tohoku Electric Co. CLD-110
Integrator Shimadzu CR6A, Japan

Mobile phase A Hexane : iso-prophanol : methanol : water
(5:7:2:1, v/v/v/V)
Flow rate: 1 mL/min

Mobile phase B Boric acid (50 mM), KC1 (50 mM),
Sodium carbonate (70 mM),
Luminol (2 mg/L), Cytochrome C (10 mg/L)
Flow rate: 1 mL/min
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Fig. 1. Antioxidative activities of soybean sauce or glucose-lysine model melanoidin by (A) ferric thiocyanate method and

(B) measurement of conjugated diene.
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Fig. 2. Free radical scavenging activities of soybean sauce
and glucose-lysine model melanoidin by DPPH method.

Table 3. Fatty acid composition of liver in rats fed experimental diets for 5 weeks

A BFAF 242 18127} 5b4.95% = 7F =9k, 181 1¢] 28.63
%, 16: 00) 11.95% 2 Lee $(22)2) @A 18: 27} 57.4%,
18:19] 28.7%, 16:0°] 11%<3] A} A3t} o -f F4
22 459w Heje i 16:00] 22.44%, 18 1¢] 1851
%, 16:1°] 14.37%, 20 : 57} 9.77%, 22 : 6°] 5.47% % Lee %
(22)#} Chung 5-(23)2] Ao} F-AL8lg 2] o] £-9] 5414
gl xjutAkel EPA(eicosapentaenoic acid)$} DHA(docosa-
hexaenoic acid)”} A% &H= && & F ANk

Al & EU,] 7 ;(]HLA} ZAE z]ul %oﬂ Lq.g} E=A x]-o]
2 e d = S5 8 AT A 18:27F 278%
3.71~286+6.09%= 71&F 9k, 16:0,20:4,18:1,18:0
5o gafol ket wbd of-f A2 16: 09 FegFel 7t
A =9kar, 18: 09 ko] 17.810.54~20.3£3.17% 2 =7
viebydc} Chung 5-(23)8] d7ol| A 18: 27} 58 &5
1T AHAZAE 9 # 2FellA 16:0,18:0,20: 4 A k4t
o] ¥4 vehton], weke] 18: 22 i3l e ol A F
T Tt M=E o] & AHbake] ¥ =g v &2 EABASE

Corn oil group

Fish oil group

Fatty acids cC cs CM FC FS FM

14:0 09x0.75 0.3£0.07 0.4+0.08 0.7%0.19 0.9%0.18 0.8+0.29
16:0 206+2.43 19.2+159 19.9£1.60 27.0£4.82 239+1.46 2631381
16:1 05%065 0.1£0.04 0.1£0.07 0.2+0.09 0.1+0.06 02£004
18:0 100264 14.0£2.47 141288 20.3+3.17 1834207 1781054
18:1 (n-9) 155+2.19 10.6x0.51 13.2£2.50 11.3%£1.75 13.2+0.89 13.3%£307
18:1 (n-7) 41057 38%0.60 3.1+0.45 3.3+0.45 28+094 32011
18:2 28.616.09 2783+3.71 28.1%+452 2.9%0.23 4.0x0.34 54%+148
18:3 trace trace trace frace trace trace

20:1 trace trace trace trace 0.2%£0.26 0.1£0.09
20:2 04%0.42 0.210.05 021008 0.2+0.06 0.3%:0.13 0.1*x0.06
20:3 trace trace 0.1£0.07 trace 02+0.13 0.1£0.03
20:4 1591188 193181 171314 114£1.79 1331167 137166
20:5 - - - 7.7£0.88 79+£1.27 6.4%+1.38
2201 0.310.12 0.3%£0.20 04£0.20 041+0.16 04+0.13 trace

22:2 0.3%0.12 0.3£0.07 0.2+0.08 0.3£0.02 trace trace

22:3 trace trace trace 0.2+0.03 0.1£0.05 trace

22:4 trace - 0.3£0.15 0.2+0.01 0.3£0.16 0.2%0.16
225 124064 19£062 1.0+0.17 trace 0.3+0.10 0.1£0.08
22:6 1.5+0.34 2.3%+0.86 1.8£0.65 13.9%=1.80 13.6+5.12 11.8£2.30
SFA 3151291 335%2.07 34.4+228 4741409 431+1.86 449%2.32
MUFA 20.4£1.77 14.8%£0.68 16.8+1.61 152%1.23 16.7£1.14 16.8%£1.56
PUFA 479+4.75 515%3.56 4881443 36.8+241 40.01t4.49 37.8%3.38

Groups are divided as follow, CC: corn oil control, CS: Corn oil+soybean sauce, CM: corn oil+melanoidin, FC: fish oil control,

FS: fish oil+=soybean sauce, FM: fish oil+melanoidin.
Values are mean*SEM (n=8).
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Table 4. Fatty acid composition of plasma in rats fed experimental diets for 5 weeks (%)

Corn oil group

Fish oil group

Fatty acids

CC CS CM FC FS M
12:0 1.0+0.20 0.8%0.25 0.5%0.10 0.8£0.05 trace 1.3£1.01
14:0 44072 46%143 31%058 481149 6.4%1.88 7.413.90
16:0 32.31£9.80 300+4.24 27.0£575 28.7x8.01 238%+534 2751323
16:1 trace trace trace 02x0.14 0.1%0.01 0.7£0.20
18:0 186%1.69 19.6*+3.96 189+1.27 22.2£2.08 24.1+4.86 2231192
18:1 (n-9) 0.9%€0.95 2.4+0.21 1.3%£0.21 1.7£0.54 1.7£0.05 1.4%1.06
18:1 (n-7) 83%1.78 9.0x1.10 10.1£0.21 11.1£1.30 9.0£1.28 81%163
18:2 (n-6) 16.214.21 129+3.71 19.2+£828 130135 14.8+0.81 11.8+157
18:3 - - - trace trace
20:1 0.3£0.01 trace - - trace
20:4 15.0£6.67 15.3£2.54 159+4.33 691394 8.6%2.05 8.7x0.76
20:5 trace 0.120.08 0.3%0.16 5.8+1.44 521196 58%2.16
22:1 - 16£0.87 0.2*0.09 0.8+0.05 - 0.1x0.05
22:2 - - trace 0.3£0.20 - 0.1£0.01
22:4 - - 031041 0.1+0.05 14%+1.13 -
22:5 - 04=0.45 - - - -
22:6 3.0£3.30 32=*1.19 3.1+096 36*1.26 45%267 47+1.63
SFA 56.316.21 55.0+£4.94 495+ 3.85 56.51+5.82 54.3+6.04 58.5%5.03
MUFA 95%1.37 13.0£1.09 11.6£0.26 13.8%€1.02 10.8£0.67 10.3+1.47
PUFA 342%7.09 31.9+£3.99 388707 297412 3451431 31.1+3.07

Group: see the legend of Table 3.
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""}4 gheko] obzt v & o ® vehdow n-3A WAt
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Fig. 3. Contents of malondialdehyde of liver in rats fed
experimental diets for 5 weeks.

Groups are divided as follow, CC: corn oil control, CS: corn
oil+soybean sauce, CM: corn oil-+melanoidin, FC: fish oil
control, FS: fish oil+ soybean sauce, FM: fish oil+melanoidin.
Values are mean®* SEM (n=8).

? “Values with different alphabets on the bar are significantly
different by one-way ANOVA followed the Fisher's least
significant difference test at the level of 0.05.
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Fig. 4. Contents of phosphatidy! choline hydroperoxide (PCOOH) of liver and plasma in rats fed experimental diets for 5 weeks.

Group: see the legend of Fig. 3.
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