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Abstract

Flavor components extracted from eighty species of Korean ordinary soy sauce were analyzed by gas

chromatography.

The relationship between the sensory scores of soy sauce flavor and the gas

chromatographic data transformed with variables were analyzed by method of multiple regression analysis.
Simple correlation between values of each peak and sensory scores were totally low.. The tenth and 12th peak
had the highest correlation, 0.331. Determination coefficients of data obtained by transformation of each
variables were not significantly different from each other. Flavor of soy sauce was explained about 56% at
step 16 in case of stepwise multiple regression analysis of absolute values. The fact that the minimum stan-
dard errors of an estimate was found at the 16th step suggests the importance of selecting of independent
variables from the whole gas chromatogram together with the results of F ratio. In the contributing propor-
tion of each peak examined, peak 10 and 12 were contributing mainly to the good flavor of soy sauce.
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Table 1. Questionnaire of score test

wmEER 7

Like Extremeley ---(9) Dislike Slightly +(4)
Like Very Much --:(8) Dislike Moderately  --+(3)
Like Moderately --+(7) Dislike Very Much --+(2)
Like Slightly ---{6) Dislike Extremely -+(1)

Neither Like nor Dislike --+(5)

Table 2. Transformation of independent variables

Absolute value Relative value

1. Xi X

: X'i=—xX
X

2. In(Xi +1.0) In(X'i +1.0)

3. VX VX3
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Table 3. Correlation coefficients(r) between sen -
sory scores and peak quantities(%) from
absolute value( Xi)

Peak Peak Peak

Number Number Number
1 —0.013 16 0.198 31  0.181
2 —0.074 17 0.047 32 —0.131
3 —0.054 18  0.150 33 —0.096
4 —0.094 19 0.017 34 —0.102
5 —0.141 20  0.038 35 -—0.002
6 0.199 21  0.026 36 —0.066
7 —0.023 22  0.028 37  0.093
8§ 0075 23 0.1%0 38  0.033
9  0.091 24 —0.030 39 —0.004
10 0.331% 25  0.133 40 —0.142
11 0.05s1 26  0.082 41  0.010
12 0.331% 27 0.087 42 —0.202
13 —0.152 28  0.063 43  0.009
14 —0.153 29  0.063 44 —0.095
15 —0.002 30  0.088

* 1 P<0.01
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Fig.1. Gas chromatograms of soy sauce flavor
(Soy Souce No. 78)
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Fig. 2. Sensory scores vs quantities of peak 12
and 42 from relative value( X'i)
A; Peak 12.12,y=0.331, Y=125.00+1.65X
B; Peak 42, 42, y=-0.202, Y=147.38—4.78X
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Table 4.Multiple regression models computed from the absolute values which are transformed

with variables

Xi In(Xi+1.0) VXT

Peak Partial Partial Partial
Number Regression t-value Regression t-Value Regression t-Value

Coefficient Coefficient Coefficient
X1 0.45212290-03 0,368 13.50603 0,920 0.1058336 0.342
X2 -0.5088262D0-03 -0.118 -0.2831109 -1.172 0.5324964D-01 0,205
X3 0.24679620-03 0.133 ~0,2046927 ~-0.045 0.4732784D-01 0.193
X4 -0.4100562D0-01  -0.902 -1,739%464 -0.463 -0,6479260 -0,689
X5 -0.6138094D-03 -0.081 0.4014736 0.140 ~-0.8673147 -1.408
X6 0.4261197D-03 0.627 3.079677 1.855 0.1768772 1.420
X7 0.15660940-02. 0,561 3.674576 0.982 -0.11410230-01 -0.044
X8 -0,35151050-03 -0.105 0. 5449071 0.243 -0.31268939 -1.069
X9 -0,4607551D-02 -0.866 -4,917953 -2.273* -0.8396987 -2.263*
X10 0.14604100-02 2.489* 5.214195 1.291 1.558378 2,712%%
X11 -0,74922110-02 -0.410 1.985738 0.426 0.1358541 0.168
X12 0.4201182D-03 3,501 %% 17.59039 3.045%* 0.2334971 4.166™*
X13 0.2269426D-03 0.069 2.862800 0.693 0.9172642D0-01 0,319
X14 ~-0,1078803D-02 -0.152 -1.306380 -0.490 -0,2130667 -0,587
X15 0.7975613D-04 0.108 4,316289 0.572 0.1647725 0.938
X1é 0.3940708D-03 0.433 9.021867 1,297 0.4431084D-01 0.232
Xi7 0.2169604D-02 1.247 1.335010 0.814 0,2023123D-01 0.121
x18 0.5668106D-03 1.453 ~-1.651540 -0.610 0,1098152 0.850
X19 -0,9610758D-04 -0,801 -2,368514 -0.792 -0.3268565D-01  -0.668
X20 0,5907755D-02 1.906 3,281095 1.914 0.4444371 2.209*
x21 0,4108943D-03 0.721 -3.242406 -0.319 0.1170763 0.805
X22 0.2503865D0-03 0.199 -1.370835 -0,393 0.1715919 0.789
X23 0,7847714D-03 0.643 -0,237034) -0.610 0.7704639D-01 0.609
X24 .1222535D-02 1.003 1.396009 0.318 0.2058255 0.953
X25 0.46819730-03 0,317 -1.164790 -0.882 0.3835289D-01 0.297
X26 -0.1852587D-02 -0,679 -1,845975 -0,504 -0,2569997 -0.803
x27 -0.1121259D-02 -0.328 22.97219 0,459 -0.9781790 -1.209
X28 0,2280137D0-03 0.131 -18,79171 -0.327 1.024805 1.443
X29 0.1037134D-02 0,570 -0,.6365653 -0.242 0.3346657 1.436
X30 -0,2532212D-03  -0.155 5.410765 0.978 0.8684479D-01 0.317
Xx31 -0.17876590-03 -0.071 10.12178 0.351 -0.5306562 -0,880
X32 -0.1768326D-03  -0.216 -1.941148 -1.016 -0.4896558D0-01 -0.356
X33 -0,7359080D-03  -0,481 -3.923477 -2.054* ~-0,1104326 -0, 666
X34 -0,1213809D-02 -0.753 -1,230258 ~-0.898 -0.1460969 -1.046
X35 -0,59066040-04  -0,047 -5.177200 -1.114 0.1328137 0.572
X36 -0.1307512D-02  -0.350 -1.445919 -0.836 -0.39956190-01 -0.150
X37 0.3119072D-02 1.723 1.639870 1.058 0.2074977 1.136
X38 0.1151254D-02 0.584 1.663526 1.027 0.2163557 1.004
X39 0.5310085D-03 1.062 2.548968 1.434 0.1568832 1.518
X40 -0,2454724D-03  -0,982 0.3968398 0.278 -0.43874650-01  -0.525
X41 -0,7208149D-03  -0.700 ~2,641770 -1.962 -0,1991475 -1.475
X42 -0,1027922D-02 -1.130 -3.944267 -2.550* -0,2367048 -1.920
X43 ~-0,8240909D-03  -0.916 -3,216809 -2.603* -0,2338383 -2,219%
Xé4 -0.8178438D-03 -0.572 0,2189477 0.159 0.18207800-01 0.126
Constant  96,78410 -361,1735 19.51676

R=0. 818, R*=0. 670 R=0.821, R*=0. 674 R=0. 848, R*=0. 719

Standard Error=32. 32 Standard Error=32, 12 Standard Error=29. 82

165C 72| 444177 carrier gas+= N, (50m!/min)

g AHgsiale

RERAR

F=1.61

F=1.64

F=2.03

* P<0.05, t(79;0. 05) = 1. 994, ** P<0. 01, t(79;0. 01) = 2. 646
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Table 5. Multiple regression models computed from the relative values which are transformed with

variables
X'i In{X'i+1.0) vX'i
Peak Partial Partial Partial
Number Regression t-Value Regression t-Value Regression t-Value
Coefficient Coefficient Coefficient

X1 -36.83184 -1.445 -14,24609 ~-0.611 -10,04555 -0.501
X2 -30.7357¢ -1.111 -3.071539 ~0.109 1.087640 0.062
X3 -42.36667 -1.626 0,2021984 0.008 -18.87440 -1.053
X4 8.666921 0.049 -158.4406 ~1.492 -22.18395 -0.342
X5 -41,96231 -1.086 -49,09398 -0.756 -42,41951 -1,085
X6 -34,25192 -1.400 3,788782 0.374 6.164857 0.765
X7 -24,65773 -1.061 10.13518 0.479 13,18235 0.789
X8 -32.54525 -1.263 -6.614471 ~0.270 0.5488052 0.030
X9 -39.86681 -1.172 -15.61615 -0,409 -19.84545 -0.778
X10 15.00572 0.333 106.5961 1.880 71.35612 1.712
X11 -41.66729 -0.526 -10.82626 ~0.130 18.09850 0.321
X12 -33.58499 -1.357 13.52702 1.202 8.864636 0.321
X13 -41.47624 ~1.708 -9,795687 -0.440 -10,14889 -0.523
X14 0.7765908 0.022 24,00669 0.646 11.45738 0.487
X15 -37.04476 -1.490 -4,152613 -0.309 -0,2114204 -0.017
X16 -24,77785 -1.031 20.16153 1.070 14.15925 0.826
X17 -29.26776 -1.127 1.613746 0.105 2,898679 0.235
X18 -49,80238 -1.893 -19.77830 -1.145 -15,.35285 -1.048
X19 -34,27634 -1.415 -1.912801 -0.216 -0,2263602 -0.032
X20 -17.27308 ~0.614 42.96819 2.263* 37.05810 2.597*
X21 -36.52831 -1.453 -7.545452 -0.563 -1.827183 ~0.187
X22 -36.97920 -1.463 2.504254 0.127 6.213866 0.386
X23 -40,90185 -1.608 -2.769427 -0.249 -0,4984901 ~0.053
X24 -34,75232 -1.468 1.708131 0.080 8,536056 0.529
X25 -39.83059 ~1,59 -6.143564 -0.566 -3.227360 ~0,.358
X26 -33.48481 -1.141 7.609886 0.299 -2,704312 ~0.135
X27 -18.69936 -0.808 -37.97929 -0.333 -40.36003 ~0.462
X28 -40.41684 -1.493 2.648619 0.032 13,.51681 0.261
X29 -37.68208 -1.402 4,209433 0.194 7.908647 0.436
X30 -42.42777 -1.670 -13.61352 -0.558 -8.307246 -0.391
X31 -~30.8269%4 -1.227 -16.26701 -0.249 -7.881625 -0.203
X32 -40,37272 -1.632 -11.4006} -0.911 -13,00637 -1.381
X33 ~40,55310 -1.667 -12.48619 -0.899 -13.12721 -1.150
X34 ~39.96915 -1.653 -4,545880 -0.345 -6,374937 -0.659
X35 ~33.67536 -1.399 3.616495 0.180 3.171973 0.184
X36 ~-4]1,.75160 -1.601 -1.616654 -0.065 -1,023945 -0.063
X37 ~25.96818 -1.035 5.413915 0,329 4,069501 0.333
X38 ~30.86014 -1.266 10.75194 0.587 11.63711 0.836
X39 ~32.95250 -1.346 7.769903 0.766 7.471727 0.914
X490 ~35,40013 -1,460 -7.069498 -0.752 -6.022670 -0.840
X41 ~32.25254 -1.376 -5.124706 -0.379 ~6.,749983 -0.606
X42 ~33.12630 -1.363 -3.824373 -0.333 -4,650008 -0.505
X43 ~34,49402 -1.409 -4,854997 0.632 -4,223501 -0.672
X4 ~42,09663 -1.706 -12,91652 -1.112 -9.080636 -1.022
Constant  3625.464 248.2882 217.5840

R=0. 828, R*=0. 686 R=0. 815, R"=0. 664 R=0. 811, R*=0. 657

Standerd Error=31. 51 Standard Error=32.59 Standard Error=32, 93

F=1.74 F=1.57 F=1.53

* P<0.05,t(79; 0.05)=1.994
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Table 6. Stepwise multiple regression models computed at step 16 from the absolute values which
are transformed with variables

X1 1n(Xi+1.0) X1
Partial Partial Partial
rﬁ;l;er Regression t-Value f&::er Regression  t-Value bpkj;‘t()er Regression t-Value
g Coefficient Coefficient Coefficient
X12 0.44207320-03  5.526"°  X12 16.00369 3.978%%  X12 0.2283871 6.206™"
X10 0.1932085D-01  3.759**  X10 5.586771 3,007%*  X10 1.520071 5.730%*
XS -0.1874816D-02 -0.997 X5 -2,680117  -1.651 X5 -0.5332052 -2.729
X18 0.5341183D-03 2,225 X43 -2.651686  -3.252**  X18 0.1363286 2.259%
X42 -0.1119752D-02 -2.074* X42 -2.975393 -3,413%*  xu2 -0.1987324 S2. T
X37 0.1090480D-02 1.225 X20 3.003250 2.871%%  x20 0.4363012 3,595™%
X32 -0.7868811D-04 -0.281 X34 -1.480909  -1.769 X4 -1,155503 -2.992**
X11 -0.1616671D-01 -1.559 X16 9.420179 2.820%* X34 -0.1057261 -1.238
X20 0.3819734D-02  2.221* X40 1.276936 1.472 X7 0.1733115 1.588
X4 -0.3009393D-01 -2.368* X14 -2.492251  -1.566 X9 -0,6223958 -2.569%
X34 -0.1896769D-02 -2.180* X4l -2.065121  -2,429% X43 -0.1464839 -2.153%
X7 0.23667110-02  1.807 X33 ~1.649454  -2,054% X24 0.1678117 1.897
X40 -0.2573076D-03 -1.608 X9 ~3,790341 -2.433% X8 -0.1958687 -1.439
X38 0.1139844D-02  1.443 X39 2.258217 2.074% X6 0.1201584 1.475
X28 ~0.4192016D-03 -1.233 13 1.573432 1.586 X39 0.8970082D-01  1.487
X21 0.3337092D-03  1.011 X38 1.360484 1.499 X33 -0.8189266D-01  1.334
Cons- Cons- Cons~
tant 113.5302 tong  -112.8899 ot 56.10276

R=0. 770, R*~=0. 593
Adjusted R*=0. 490
Standard Error=26. 741
F=5741**

* P<0.05, F(16,63; 0.05)=1.815, **P<0.01, F (16, 63;0.01) =2. 310
* P<0.05, t(79; 0.05)=1.994, **P<0.01, t(79; 0.01)=2.646

R=0.774, R*’=0. 599
Adjusted R'=0. 497

Standard Error=26. 554

F=5,878**

R=0. 804, R*=0. 647
Adjusted R'=0.557

F=7.215%*

S tandard Error=24, 911
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Table 7. Stepwise multiple regression models computed at step 16 from the relative values which

are transformed with variables

X'1 In(X'i+1.0) JXT

Peak Partial Peak Partial Peak Partial
Number Regression  t-Value Number Regression  t-Value Number Regression  t-Value

Coefficient Coefficient Coefficient
X12 1.206276 3.042*  x12 21.64882 4,781**  x12 12.50197 4, 764%*
X10 66.33635 5.133%*  x10 115.3517 4,020%*  X10 76.62250 5. 409%*
X32 -3,728742 -3.366*  x38 17.08546 2.346" X5 -27.64707  -1.908
X5 -11.35085  -1.069 X5 -30.76937  -1.660 X38 12.28145 2.219%
Xa4 -7.709055 -3.146**  x20 33,9119 3.161™*  x20 25.46432 3.1%0**
X20 23.70773 3,666  xu4 -10.54207  -1.637 X4 -23.90800  -0.670
X25 -2,975147  -1.740 X4 -137.1082  -2.605% Xite -8.407835  -1.615
X3 -5,540020  -2.855**  x28 -30.03392  -2.246" X28 -9.425134  -1.152
X40 ~1.047844  -1,507 X40 -6.032131  -1.114% X40 -6,735339  -1.828
X34 -4,918476  -1.344 X7 21.08896 1.893 X34 -7.980817  -1.499
X7 5.072358 1.023 X34 -6.212493  -0.893 X7 16.08263 1.804
X39 1.891041 1.613 X42 -6.833884  -1.071 X3 -18.06031 -1.869
X37 6.175297 1.437 X39 8.692446 1.477 X32 -8.100607  -1.559
X33 -2.942857  -1,332 X16 11.34081 1.302 X42 -6.069084  -1.264
X30 ~4,441063  -1.333 X18 -8.592370  -0.966 X33 -6.177162  -1.136
X18 -2.936467  -1,091 X11 -46.43346  -0,916 X39 4,602222 1.047
Cons- Cons- Cons-
tant 171,9803 tant 132.3851 tant 153.8089

R=0. 778, R’=0. 605
Adjusted R*=0.505
Standard Error=26. 346

R=0. 788, R*=0. 621
Adjusted R'=0. 524

Standard Error=25. 826

R=0. 778, R*=0. 605
Adjusted R*=0. 505
Standard Error=26. 348

F—6.033** F=6. 439** F—6.031**
*P<0.05, F(16,63; 0.05)=1.815, **P<0.01, F(16,63; 0.01)=2.310
*P<0.05, t(79;0.05) =1.994, **P<0.01, t (79; 0.01) =2. 646
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