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Physicochemical Analysis and Sensory Evaluation of Fermented Soy Sauce from
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Abstract

Soy sauce was prepared with the addition of Gorosoe and Kojesu saps instead of tap water to make ordinary soy
sauce, respectively. The changes of free sugar, organic acid, mineral, amino acid and nucleotides and other compounds
during the fermentation of soy sauce were assessed. The free sugar were found to be fructose, glucose, galactose and
sucrose in soy sauce of saps but sucrose was not detected in ordinary soy sauce. Galactose contents were dominant free
sugar in all samples. The contents of butyric acid were dominant among 7 kinds of organic acid while fumaric acid was
trace amount during the fermentation of soy sauce. The contents of potassium and phosphorus among 13 kinds of minerals
were dominant during the fermentation of soy sauce.

In the amino acid composition of soy sauce, dominant amino acid was glutamic acid(185.6+1.0 mg/100 mé above),
but proline and arginine were not detected. AMP detected above 7.5+0.2 £mo/100 mf was dominant while inosine was
not detected during the fermentation of soy sauce. The results of sensory evaluation in the fermented soy sauce of Gorosoe
was "liked more" than that of soy sauce of Kojesu and control.
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Table 1. HPLC condition for the analysis of free
sugar in soy sauces from Gorosoe and Kojesu saps

Ttems Conditions

Pharmacia LKB LCC 2252
LKB VWM Detector
LKB 2221 Intergrator

Instrument

Column Carbohydrate analysis column

(3.9x300 mm)
Mobile phase 80% Acetonitrile
Flow rate 2.0 mé/min

Chart speed 0.5 cn/min




320 AX - A

3) FIIE

Bl ¢ Zatazo) AR 3 met A3 k) A3k
ZAAF 10 mE e 2 7Fsled hot platec]| 4] F-A o2 ¥
g Y7ix] Bl ¥, SHRFEN 100 mE TEO] o
HE e BAE ARE SITE o] AZ Inductively
Coupled Plasma(Atom Scan 25, Thermo Jorell Ash Co.,
France)= F-A13}9itt. E4%718 RF Powers 1,150
W, pump rate== 100 rpm, nebulizer pressure= 30 psi,
observation height= 15 mz &}tk £33+ 3142 Na
(589 mm), P(177 nm), Mn(257 nm), Fe(259 mm), Ca(393
nm), K(766 nm), Mg(279 nm), Cu(324 nm), Zn(213 nm),
Pb(220 nm), AL(167 mm), Ni(231 nm), Cd(228 mm)
Cr(267 myellA S8k

4) ojo|:=pt

Alg 1 wel) 6 N HCL 3 E Hristo da0tAs
78 AE 2HA]A 11021°C 2] heating blockol| A 244
ZF FRE 7R A1) F o Z(Whatman No. 6)3te] 3]
A AF FEN2E AL FFIAGATE oA=& FA
$F8APH 2222 F 79 & 10 iE W F mem-
brane filter(0.2 m) & Cis Sep-pak cartridgesel] 2}#|=
E32)7] & oln) At AHE B2 7] (Amino acid analyzer
835, Hitachi, Japan)2 E-A15}¢ith. Z#-& high resolu-
tion Z¥ & AR AR 2= 47C, 3HF2 570
mel|l A £78 83 e

5) sist el 23

AlE 5 médl) 10% 3 perchloric acid 30 m{E 7}3}td
10827+ homogenizer2 T2 3} T A4 B3N L.
m, ZAbe B Ho R 23] wHESIth 4o
£ B Bo} 5 NKOHZ pH 6.5~6.8%2 243 & ¢
] 2-2)(8,000 rpm, 15 min)dte] 100 méE -8 v}
A= 5] membrane filter(0.22 ym) 2 Cys Sep-pak
cartridgesZ 2|2 E3}A)7] 3 HPLC(Waters Model
201, Sweden)E FA33}5t}h. HPLC 41 =712 Table

291 3 B 24T FA Y B wFE AR

il

fatad

15

ME B3fel Hel - FHFOM, BY 2N EF
242 sEMR 2] 92 43 FMoary
Btk

4. 25 =W
25~304 9Y 159L e 4 71k % 42,

0], ©@ut Al &8k et gt gl At Foll thste]
]

s
Ooz{é
X
o

R R DU R

Table 2 . HPLC condition for the analysis of
nucleotides and their related compounds in soy
sauces from Gorosoe and Kojesu saps

Items Conditions
Instrument Waters Model 201
Detector UV 254 nm
Column uBondapak Ci5(3.9 mmx 300 nm)

Mobile phase 0.04 M KH,PO4/0.06 M K;HPO4(pH 7.5)

Flow rate 0.8 m{/min
Chart speed 0.5 cn/min
g 22 Are 1des gt

5. &4 A2

A Ane 33 W0HE S43 F Yo RE AR
Hehiler SPSS 1208 ©]&3te] Z2t A¥T 719
80138 A=3 F p<0.05 )X Duncan's multiple

testel] mhe} BT

1. FElee| &e
o 213e] <4 F e8] Wl Table 33 2
2 fructose, glucose,
t}. Sucroserx= < 7F
At AZEHAEY, ol L2489} AAFT FH
A e Ao dAddch 9 1A fEde
galactose®] 33| 7P =7 YElg=H], o= Chung
5% Aol 2 X8k Kim 5L % F
FHFE dutS Fofste galactose®] FHEFol ¥
arabinose, xylose, glucose®] =0 2 F/ AE&HH, 7+
#o] ukdl] o e-S n|x|= FH B2 fructose, glucose
2 maltose?] 102 Hmgk v} gl n2A ¢
2 A% 713 F F felgel o] Sk o
27 2 ARG o 272 54 304 BlE] 1209
AUk ole I G F nAEe] HAsk f#
23 Bafslslr] EAN AeE 8 B 5 e
o), 2 AN 1 g5 8719 277t F5h
ufj o] vy Eol] o5t fEige] Eall/t AA dot
Aoz Yztgct £ 178 &4 F e e
amylase 242 S0 2 d3EH F7)4F EHol 7
O

ke Ra's v 2 W 2 Agelde gE 2

B,
g
=}
@
[¢]
#e
|72}
g
o
172}
o
N
_—
oY,
i
i
38,



Vol 19, No. 32006) T 3 AAFUT S 4] ojshard 2 L Uy 321

R

7] vAEe F2o] Ak Aoz FFE AT 0.6 ng/ £ AE Aol 54 80dell= 23|13 Thaslo]
9.8+0.3 mg/ £ ST} Wk
2. T7|4t stak 3 3047} 80 <l Z%*
T 3] &4 F f714t kel ¥ ghe Table 4 ¢ 2 &4 80dddle o iLoﬂ 10}@1 oF 10‘3H 785:_ 1.5
o Atk HEH 7859 R T dx2Ty o £ gtgkol itk o= AAG Y AANME FARS
Sl A butyric acide} o] 71 =9kal, thE o2 78S Hoj /4 300l 40.330.6 mg £ R 579
propionic acid, succinic acid & oxalic acid®] =] 0ol = 1 &eko] FA 3] Z7}sto] 103.940.8 ng/ ¢
™, fumaric acids BE A|Bd|A EF o w HEr] gt zFolA <=4 717 5= 2.4402~8.5+0.4 mg/ ¢
At Oxalic acidE |93t LE f7)4ko] =) 7HA}o]| o] W92 HEHAUY malonic acid= 58 717 Fof| A
A w2 FFos AEHAEY g At g & £ B1E~42402 ng ¢ 2 V| FZ= v} Succinic
butyric acid®] 73~ thZTo A= <] 30U )] 22.8+ acide] 749 A= 4.1402~5.940.2 mg/ ¢ ©]

xR

i

&)

Table 3. Changes of free sugar content in soy sauces from Gorosoe and Kojesu saps during their fer-

mentation (mg/ 2)
Control Soy sauce of Gorosoe sap Soy sauce of Kojesu sap
Fermentation days Fermentation days Fermentation days
30 80 120 30 80 120 30 80 120

Fructose 8.6£03" 11702 31102 9.540.1 47+0.1 4.0+0.1  11.0£0.1 9.7+0.1 8.8+0.2
Glucose 182+0.5 198404  15.0:04 15004 174202  16.0£02  17.8502 202404  18.0x0.1
Galactose 1,697.2+1.4 1,518.0+1.2 1,631.1£1.2 1,637.941.2 1,664.9+1.2 1,681.3x1.4 1,7033£12 1475.5£1.0 1,569.5+1.4
Sucrose ND? ND ND 7.2+0.2 7.0+0.3 6.8+0.2 4.0£0.1 4.0£0.2 3.8+0.2
Maltose ND ND ND ND ND ND ND ND ND

Total 1,724.0 1,549.5 1,649.2 1,649.2 1,669.6 1,708.1 1,736.1 1,509.4 1,600.1

" Each value represents meantSD of triplicate, ” ND : not detected.

Table 4. Changes of organic acid content in soy sauces from Gorosoe and Kojesu saps during their

fermentation (mg/ £)
Control Soy sauce of Gorosoe sap Soy sauce of Kojesu sap
Fermentation days Fermentation days Fermentation days
30 80 120 30 80 120 30 80 120
Ogxalic acid 42404 2502 22402 33102 26804  0.5+0.1 3.940.1 1.3+0.1 23401
Malonic acid 2402 85804 4302 tr? 42¢02  ND” tr tr 1.240.2

Succinic acid 59402  58+0.2 41102 0.540.1  21.1204  9.140.2  11.9402 18602  4.9+0.1
Fumaric acid tr tr tr tr tr tr tr r tr

Citric acid 0440.1  0.740.1 0.5+0.1 1.0+0.2 12402 0.3%0.1 1.140.2 1.0+03  0.6+0.2
Propionic acid 52403  7.0+0.2 6.340.1 189+04  27.8+04 17.0:03 11.720.1 39906  2.2+0.1

Butyric acid 22.880.6  9.8403 92404  963x1.1 100.1+1.4 704+0.8 40.3+0.6 103.940.8 4.6+0.1

Total 40.9 34.0 26.6 120.0 157.0 973 68.9 164.7 15.8

" Each value represents mean+SD of triplicate, ” tr : trace, <0.2 mg/ #, > ND : not detected.
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Table 5. Changes of mineral content in soy sauces from Gorosoe and Kojesu saps during their fer-

mentation (mg/100 mf)
Control Soy sauce of Gorosoe sap Soy sauce of Kojesu sap
Fermentation days Fermentation days Fermentation days
30 80 120 30 80 120 30 80 120
K 87.2+14"  89.0+1.6 85913 99.3+1.6  98.8+14  98.5+l.6  100.6+22 100.2+2.0  100.3+2.4
P 86.1£1.7  612+14  762+12 83.8+£14  41.6+10 712412 R48+14 77812  T4.6+12
Mg  20.1+0.8 6.8+0.5 3.1204  31.5+0.6 8.8+0.4 4.0+£0.2 31.9+1.2 6.240.8 6.0+0.6
Ca 24402 2.0402 5.0+04 10.4+0.6 10.3£0.1 11.1+0.4 10.6+0.4 10.2+0.4 10.9+0.4
Fe 0.8+0.2 0.740.1 0.8+0.1 1.2+03 0.7+0.1 0.7+0.1 1.120.3 0.8+0.1 0.7+0.1
Al 0.8+0.2 0.5+0.1 0.4+0.1 0.540.2 0.4+0.1 0.4+0.1 0.540.1 0.40.1 0.5+0.1
Mn 0.310.1 0.140.1 0.240.1 0.3+0.1 0.240.1 0.240.1 0.310.1 0.140.1 0.240.1
In 0.2+0.1 0.3+0.1 0.3+0.1 0.210.1 0.320.1 0.310.1 0.310.1 0.4+0.2 0.5+0.2
Ni 0.2+0.1 0.240.1 0.240.1 0.1+0.1 0.1£0.1 0.140.1 0.110.1 0.140.1 0.1£0.1
Cu 0.110.1 0.140.1 0.140.1 0.120.1 0.140.1 0.140.1 0.240.1 0.1+0.1 0.140.1
Pb <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cr 0.140.1 <0.1 <0.1 <0.1 0.140.1 <0.1 <0.1 <0.1 <0.1
Total 1983 160.9 172.2 2274 161.4 186.6 2304 196.3 193.8

D Each value represents meantSD of triplicate.
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124 9 ARG FAS AFEF o 24 Ca, Mg 2 Fe Attt Jang BV FuMAS Ar1e 7119 &
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2 UeigEd, ol Fe@d ) opnlAt 9 HA 55
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7 &2 F oln|iske] g Wk Table 60 Lt u|i=Ate] ZHASER 7] wEelkal 3hyTth
ERd Hpe} o] gzt 2 o 1A F 1559 B Ao Mm F olu|iAte] ek &4 7]1To]
ofa]ito] AEHUTE 53] glutamic acide] 3ol 71l wet s A, zrdA daFe] 7t

7V Ekom, ETolA 194.441.2~363.042.7 mg A Pon w2 T AAS: S el AL LA
/100 ml, 24 Sl 7HF-L 185.6£1.0~221.142.2 mg 30l thaztel] vlajA] & ojulate] ko] gk

Table 6. Changes of amino acid content in soy sauces from Gorosoe and Kojesu saps during their fermentation
(mg/100 mP)

Control Soy sauce of Gorosoe sap Soy sauce of Kojesu sap
Fermentation days Fermentation days Fermentation days
30 80 120 30 80 120 30 80 120

Aspartic acid 23224227 1745510 180.1x1.6 179.9+12 160414 165410 171.0£1.6 1723xl.6 215.5%14
Threonine 123.4+1.8 55140.6  51.1+0.8 848+0.6 557108  66.6+0.8  802+12  48.0:04  753x0.6

Serine 160.9£1.4 718208 46.8:04 1147+1.8 647408 507404 111.8:1.0 60.9+08  24.6+0.2
Glutamic acid 363.0+2.7 212.1£1.8 1944412 2211422 208.5£2.0 185.6£1.0 224.0+12 224.6+1.8 3155426
Proline ND? ND ND ND ND ND ND ND ND

Glycine 995412 51.0£0.8 329308 66308 452406 564304 640408 523x06  60.2+0.6
Alanine 1394422 456404 259404 101.5+12 540208 509:04  93.9x10 459404  80.6£1.0
Cystine 482+0.6 147102 86103 270408 17204 192402 27.6+02 178802  255%0.6
Valine 1542410 516108 440407 109.2+80.1 52.9+0.8 78508 1024x12 57.140.6 943+1.0

Methionine 37.310.6 142404 119404 225407 13.740.3 222404 19802 153102  27.1204
Isoleucine 158.4+1.0 382404  23.0402 114.6+12 391406 68806 1049£12 43.0£0.6 59.7+0.6

Leucine 218.0+1.2 58.940.7 44.2+04 157.2+14 617206 94710 141.9+14 66.7+0.8  99.5+0.8
Tyrosine 52.5+0.8 245403 514404 393408  18.7+02 374404  29.8+04 41.2+06 41.2=04
Phenylalanine  155.542.0 50.9+0.8 541404 972+1.0 50606 61.8+0.8 98.6X0.6 709408  87.7+0.8
Histidine 50.1£0.6 11.3£1.1 39+0.2  319+06  13.6:0.2 7901 27602 109402  13.7x0.2
Lysine 182.0£1.0  210.542.5 203.9+1.2 135.6+1.4 165.8+14 154.1£1.0 123.1+14 152.8+0.8 182.5+1.2
Arginine ND ND ND ND ND ND ND ND ND
Total 2,206.6 1,164.9 1,096.2 1,532.8 1,101.8 1,240.2 1,450.6 1,159.7 1,522.9

" Each value represents meantSD of triplicate 2 ND : not detected.
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Table 7. Changes
saps during their fermentation

:rur Z=oll 717} z}oﬂ o)A ztolE HolA] ghet &
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ZHgo] 27l st B & A4E Atk AA

% ol 20330 A 24 5] 4o
7.

0 Sl 8599 S el A 24
el 443 Bgo) Aol A=
A%eA 4% F4E ¢ Fom A}gsau}.

of

715440 Hetd nEHe] S AxE] Astd
71Ee] 74 EEE &5 didld 24 B AAsY
T g o] ot 1HEE B2 T 12047 £/
A 2] Bt 71 e T BEe] e e RS
A 1 &4 F felRS £4% 23 dx
TolM & 32 -8 B(fructose, glucose F galactose),
FA gAME 371 Frel@ A sucrose”t HEH
ATt Y] £ F e EEd g s

of nucleotides and their related compounds in soy sauces from Gorosoe and Kojesu

(£ mol/100 md)

Control

Soy sauce of Gorosoe sap

Soy sauce of Kojesu sap

Fermentation days

Fermentation days

Fermentation days

30 80 120 30 80 120 30 80 120
UMP 12:03% 14205  1.8:08  1.1+06  19+06  19+05  1.1x0.1 16£01  03+0.1
IMP 08402 1006  13+06 07402 0702  07:02 1301 07402 tr
ADP 05401  09+02  1.6+08  02:01  0.7+0.1 14401 0502 12403  1.6+03
ATP t? tr tr tr tr tr tr tr tr
AMP 92403  9.8+0.8 126404  75:02  12.1+08 12106  7.7+02 169304  10.4+0.4
Hx 07+02 07402  08+01  07+0.1  0.620.1 tr 07401  07+0.1  0.7+0.1
Inosine ND? ND ND ND \D ND ND ND ND
Total 124 13.8 18.1 102 16.0 16.1 113 211 130

Y Each value represents meantSD of triplicate, Dt trace, <0.1 £mo/100 m, % ND : not detected.
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Table 8. Sensory
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evaluation of soy sauces from Gorosoe and Kojesu saps during their fermentation

Fermentation Samples
days Control Soy sauce of Gorosoe sap  Soy sauce of Kojesu sap
30 240057 3.12+0.11°" 3.86+0.07°
Color 80 4.1240.10" 4.58+0.16" 4.92+0.11°¢
120 5.87+0.10 4.11£0.10" 461072
30 1.09+0.07* 2.26+0.06 3.19+0.08°
Flavor 80 4.13£0.11% 4.5140.05™ 4.81+0.15™
120 3.18+0.03™ 5.12+0.10% 5.74+0.10°
30 1.16+0.46** 2.1740.04 2.79+0.11°
Sweet taste 80 3.24+0.85" 4.37+0.06" 4.86+0.07
120 4312057 5.18+0.06™ 5.76:0.07°
30 3.15£0.59* 3.59:0.07" 3.8520.05%
Salty taste 80 4.15+0.05" 4312027 4.75£0.14%°
120 5.10£0.09* 5.40:0.26" 5.76:0.07°¢
30 1.16£0.05* 1.5320.07*® 1.92+0.03*
Bitter taste 80 3.18+0.38" 3.57+0.04™ 3.85£0.06°
120 4214008 479+0.13% 5.29+0.05°
30 1.16+0.05* 2.180.02° 2.49+0.06°
Savory taste 80 4.23+0,93% 4.57+0.05% 4.89+0.03C
120 3.36+0.96™ 4264045 4.86+0.07
30 4.22+0.10% 2.25+0.06™ 2.66+0.06™
Sour taste 80 4.16+0.68™ 3282004 3262011
120 2.18+0.07* 3.26:0.11" 3.780.10%

A~C Each value with different superscripts within a column indicate significant difference at p<0.05.
"¢ Each value with different superscripts within a raw indicate significant difference at p<0.05.
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