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Abstract

The authors discussed about linear relation between odor patterns and chemical
factors, and linear relation between odor patterns and quality patterns. The odor
pattern related to blend ratio of brewed soy sauce to amino acid solution agreed
with only the quality pattern related to alcohol fermentation.

The relation between odor patterns and 19 chemical factors was one of most
important informations for making up more desirable odor patterns by brewing pro-
cess on preference (quality) of soy sauce.

The results obtained were as follows:

1. The odor pattern related to blend ratio of brewed soy sauce to amino acid solu-
tion (Fy) was contributed at 77.2% by 19 chemical factors. Especially, the direct
relation of only alcohol to F; was recognized.

2. The odor pattern related to microbial contamination (F3) was not significantly
correlated to 19 chemical factors (contributing proportion: 43.8%). This odor
pattern was influenced by alcohol, but not influenced very much by the other
chemical factors.

3. The odor pattern related to medicinal dependent on Asp. oryzae strains (Fy)
was not significantly correlated to 19 chemical factors (contributing proportion:
39.6%).

4. The odor pattern related to degree of ripening (F) was not significantly cor-
related to 19 chemical factors (contributing proportion: 32.7%).

5. The odor pattern related to pasteurization (Fs) was significantly correlated to 19
chemical factors (contributing proportion: 58.0%5). The direct relationship of
NHs-nitrogen, alcohol and dulcin to F; was recognized.

The soy sauce that contains more alcohol by pure brewing or good fermenta-
tion has more perfume, alcoholic odor and acid odor. But the soy sauce containing
less alcohol or more amino acid solution (i.e., amino acid soy sauce or bad fermented
soy sauce) has more smell of amino acid solution, putrid smell and less perfume,
and burnt smell.

Introduction

It is momentous problem to find out the odor components which playv an
important role or have essential effect on the odor of soy sauce’™®. To solve this
problem, a systematic study is necessary on the relationship between the odor com-
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ponents and odor judgement by sensory evaluation. -

In a previous paper'®, were
. Sensory 1
obtained five odor patterns, on E?L om
. . . Xi
which can describe in full the Nols | s No. 16 w_—
variance on sensory technical ) M
ita- 1
terms or the acceptable qualita ersory form 0dr pottern
tive factors by the sense of W I No.2
odor. Moreover, the relevancy -— No.9 é No.9 _ /5 Frefersncs os odorf—|
tween odor patterns and the
betwee P Chemical factor| V- Qually No.l0 No.2
SOy sauce brewing process were =] ks
discussed and odor patterns were ' S NodS s sawhodf—]
independently constructed from Zsl  No.i-

each brewing process.

This paper discusses about
the linear relation be.tween odor Fig. 1. System of soy sauce quality on the judgement
patterns'® and chemical factors by the sensorium and chemical factor.
or quality patterns®, concentrat-
ing on the relevancy between odor patterns and brewing process as shown in Fig. 1419,

[EetProrerrce os cdorf—

Experimental and Analysis Design

1. Experimental Following experiments about 59 samples (brands) were made:
i. Chemical factors (C: 2=1,2, -+, 19)-Analytical data were determined by the

Table 1. Sensory technical terms of odor, chemical factors and symbol.

Wi Perfume Wi Butyric acid smell

W: Smell of amino-acid solution Wi Roasting wheat smell
Ws Alcohol odor Wi Acid smell

W. Acid odor Wi Decomposed smell

Ws Abnormal smell Wi Koji smell

We Natto smell Wis Warmed brewing smell
W: Moldy Wis Oily smell

Ws Medicinal Wi» Steamed soybean smell
Ws Burnt smell :

C: Baume Cu  Alcohol

C: NaCl Cy; Titratable acid

Cs Extract Cws pH

C. Total-nitrogen Cu CD (muddiness)

Cs Formol-nitrogen Cis  Specific viscosity

Cs NHa-nitrogen Cis Buffer action

C: Glutamic acid Ci2 Preservative activity
Cs Glu./T-N. Cis  Levulinic acid

Cs Reducing sugar Cis Dulcin

Cio Inverted sugar
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staff of the analytical section.

ii. Sensory technical terms on odor® (W;: j=1,2, .-, 17)-Experimental data.
were scored by sensory evaluation according to a certain scale system (“Ex-
tremely strong” (5)~, “No detected” (0)). The sensory test panel consisted

- of 20 members at the Central Research Institute, Kikkoman Shoyu Co., Ltd.
2. Analysis design The abbreviations are shown in Table 1. The analyses:
of experimental data were carried out by the computer (IBM system 360 Model
40) using the programs of factor analysis'*~*® and multiple regression analysis'®~*®
developed by the computer section of Kikkoman Shoyu Co., Ltd.

Results and Discussion

1. Linear relation between odor patterns and quality patterns

In order to discuss linear relation between sensory technical terms on odor
(W;) and chemical factors (C,) on the same dimension, factor loading and com-
munality were obtained by a factor analysis technique from correlation matrix
among 35 factors (Table 2). The meanings of nine patterns, which are referred

Table 2. Orthogonal rotated factor loading matrix, communality.

Factor I il il v v 1 Vi ’ VI L. KX Cganlllr?;
W 0.217 | 0.635 |—0.428 |—0.439 —0.087 {—0.038 | 0.228 | 0.013 |—0.064 0. 891
W —0.148 |—0.893 | 0.009 |—0.038 |{—0.253 |—0.003 {—0.163 | O. 154 { 0.105 0.930
Ws 0.216 | 0.724 {—0.288 [—0.242 |—0.153 {—0.021 | 0.125 |-0.034 | 0.131 0.771
W, 0.229 | 0.639 |—0.158-|—0.536 |—0.040 |—0.054 {—0.029 |—0.028 | 0.042 0. 780
Ws —0.133 |—0.268 | 0.610 | 0.388 |—0.012 [—0.120 {—0.461 |—0.055 | 0.088 0. 850
Ws 0.139 | 0.024 | 0.643 | 0.224 |{—0.172 |—0.402 |—0.063 |—0.106 | 0.209 0.733
W; 0.116 |—0.163 | 0.488 |—0.059 |—0.078 |—0.367 |—0.460 | 0.021 |—0.245 0.695
Wi —0.027 |—0.046 | 0.120 | 0.097 | 0.039 | 0.101 (—0.885 | 0.003 |—0.068 0.827
Ws 0.118 | 0.165 |—0.121 |—0.840 |—0.107 | 0.120 | 0.054 {~0.021 | 0.015 0.791
Wi —0.181 |—0.150 | 0.516 | 0.353 [—0.084 | 0.007 |—0.546 |—0.079 {—0. 010 0. 758
W —0.017 | 0.155 |—0.137 |—0.746 |—0.143 |—0.253 | 0.177 | 0.054 |—0.108 0.729
Wi —0.113 |-0.202 | 0.757 {—0.153 | 0.258 |—0.082 {—0.311 |—0.002 {—0.017 0. 819
Wis —-0.128 |—-0.126 | 0.867 | 0.205 |—0.129 | 0.128 | 0.071 | 0.126 | 0.024 0. 880
Wi —0.024 | 0.065 |—0.007 {—0.127 | 0.142 |—0.835 |—0.100 | 0.071 | 0.090 0.762:
Wis 0.040 | 0.032 | 0.404 }—0.058 | 0.205 (—0.595 | 0.192 |—0,025 |—0.184 0. 636
Wi 0.020 |—0.157 | 0.234 |—0.406 [—0,291 {—0.182 |—0.142 |—0.169 | 0.434 0. 599
Wiz —0.027 | 0.014 | 0.013 | 0.043 |—0.270 |—0.802 | 0.077 | 0.031 |—0. 053 0. 729
C 0.931| 0.052 | 0.030 |—0.039 |—0.056 | 0.094 | 0.057 {—0.223 |—0. 033 0. 809
C: 0.087 | 0.035| 0.050| 0.050| 0.064 | 0.312| 0.023 |—0.738 | 0.102 0. 939
Cs 0.913 | 0.206 |{—0.020 |—0.092 |—0.111 |—0.066 | 0.142 {—0.002 |—0. 142 0.671
C,s 0.725 | 0.077 | 0.049 |—0.131 {—0.216 |—0.103 | 0.228 [—0. 145 |—0. 458 0.941
Cs 0.520 | 0.083 | 0.065 |—0.062 |—0.537 {—0.020 | 0.154 {—0.186 |—0. 443 0. 891
Ce 0.200 | 0.386 | 0.048 |—0.019 |—0.134 {—0.238 | 0.015 |—0.620 |—0.243 0.816
C, 0.214 |—0.185 {—0.080 |—0.210 |—0.799 |—0.161 | 0,083 |—0.055 |—0. 151 0. 710
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C. ~0. 436 |—0.247 |—0.097 |—0.107 |—0.669 |—0.081 |—0.125 | O. 077 | 0.251 0.827
Cs 0.741 1 0.395 |—0.189 |—0.031 ] 0.157 | 0.052 |—0.147 | 0.223 | '0.254 0. 812
Cun 0.773 ) 0.369 |—0.145| 0.057 | 0.045}| 0.114 |—0.128 | 0.217 | 0.257 0.904
Cu 0.352 | 0.749 |—0.239 |—0,193 |—0.152 | 0.016 |—0.059 {—~0.009 | 0.114 0.902
Ciz 0.856 | 0.152 |—0,041 {—0,052 {—0,078 |—0.032 |—0.037 |—0.213 |—0.183 0. 820
Cis ~0.439 1-0.302 | 0.288 | 0.055 (—0.223 | 0.104 | 0.145] 0.591 |{—0.092 0. 848
Cu 0.140 |—0.014 {—0. 047 |—0,057 |—0.179 {—0,065 |—0.183 | 0,018 |—0. 803 0.809
Cis 0.841 | 0.444 |—0.010 {—0.041 |—0.081 | 0.066 | 0.082 | 0.013 |-0.015 0.741
Cie I—-0.755 | 0.165| 0.154 | 0.138 0.019| 0.181 | 0.063 | 0.442 0.074 0.923
Cir 0.157 | 0.167 | 0.147 |—0.051 {—0.614 | 0.157 |—0.020 | 0.121 |—0.150 0. 878
Cis —0.140 |—Q. 886 {—0.041 |—0,007 {—0,152 | -0.060 |—0.059 | 0.137 | 0.133 0.516
Value A; 6.618 | 4.701 | 3.445 | 2.554 | 2.477 | 2.464 | 2.020 | 1.865 | 1.855 0.800
gumucii Ai 6.618 | 11.139 | 14.764 | 17.318 | 19.795 | 22.259 | 24.279 | 26.144 | 27.992
umulative
proportion 18.9% | 32.3% | 42.2% | 49.5% | 56.6% | 63.6% | 69.4% | 74.7% | 80.0%
Table 3. Meanings of nine factors.
: Odor | Quality (Cumulative
Factor Meaning pattern | pattern | percentage
I “Plenty of contents” VA 18.9%
“Blend ratio of brewed soy sauce to amino acid solution”
I “Alcohol fermentation” B Zs 82.3
il “Microbial contamination” F, 42,2
v “Pasteurization” Fs 49.5
v “Amino acid decomposition” YA 56.6
VI “Degree of ripening” F. 63.6
VI “Medicinal dependent on Asp. oryzae strain” Fs 69. 4
“Organic acid fermentation”
I “Artificial additions” Zs Zo | AT
X “Appearance” Zs 80.0
from “construction of quality patterns Table 4. Relevancy between patterns (odor,

on the chemical factors
struction of odor patterns on the odor

”® and “con-

quality) and chemical factors (sensory
terms on odor).

judgement™® in the previous papers,
are shown in Table 3. The nine Z:
. . Zs:
pattteins obtained are considered to Za:
have almost the same meanings as Ze:
quality patterns and odor patterns. Zs:
The relevancy between nine patterns Zs:
and each factors is shown in Table 4. Odor patt;f’f
These patterns explain about 80% of F:
total variance. Only one out of nine Fs:
patterns connected with both odor and Fu:
Fs:

quality.

Four patterns connected with

Quality pattern Chemical factor

Cx, Ca, Cc, Co, Cm, sz, Cls, Cis.
Cs, C?, Cs, Cx?.
Cis, Cis, Co.

C,, Cur.
Cu, Cis.
Cu.

Sensory term on odor
W, W, Wi, Wi
Ws, We, W7, Wiz, Wia.

Ws, Whe.

Wu, Wxs, Whr.

W, Wi
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only odor, and the other four patterns connected with only quality. Namely, no simi-
larity was observed patterns odor between (Fix~Fs) and quality patterns (Zie~

Ziw, Ze). However, the pattern related ,
!

to blend ratio of brewed soy sauce to ¢ G

amino acid solution ([Fi«) well cor- 94’0'2 CJ;)S;S

related to the pattern related to alcohol

fermentation (Zs) on the second factor osd &

(Fig. 2, Table 3). In other words, the Cu

strongest linear relation was observed 'y cue T xCs \;{L-W:

between Fi. and Zg. W7:w»s .:svzls.w ,
The soy sauce that contains more Cis -05 .V!IZ.W.B " 05 nee

alcohol by pure brewing or good fer- We " \A’/;ZVB

mentation has more perfume as soy

sauce, more alcoholic odor, and acid CiCa -05-

odor. But the sov sauce containing Cue

less alcohol or more amino acid solu- ’

tion (i.e., amino acid soy sauce or bad Fig. 2. The relation among factor loading on

fermented soy sauce) has more smell of Factor I (Z:) and Factor IT (Zs), (F.).

amino acid solution and less perfume.

2. Linear relation between odor patterns and chemical factors

In the above section the strongest linear relation was observed between the
odor pattern (Fi«) and quality pattern (Zs). In this section the authors will describe
whether five odor patterns are affected by any of 19 chemical factors or not. To study
these relationships will give one of the most important informations for making up
more desirable odor patterns by brewing process on preference (quality) of soy sauce.

The following multi-linear regression model was assumed for these relations,
and the regression coefficient (8.), multiple correlation coefficients and other para-
meters were calculated.

Fia= BlCm"L’ 32C2a+ e BIQCIQOC + Bo
(7=1,2,--,5; k=1,2,---,19; a=1,2, -+, 59)

The correlation coefficients and T-values of chemical factors to each odor
patterns are shown in Table 5.
1. Linear relation™ between odor pattern related to blend ratio of brewed soy

sauce to amino acid solution (Fis) and chemical factors (C,).
The multi-linear regression model obtained was as follows:
Fia= —1.020Cc+0.143Cy0 + 0.512Cs + 2.348C 1. — 3.509Cs.

+6.165Ce0 — 0.261Cr + 2.946 Cyo -+ 0.814Cq0 — 0.6 76 Crga

+2.277C1a+0.021C 50 — 1.878C 150+ 0.057C 140 — 0.049C 151

+2.077C 166 —0.012C 76 — 0.685C 186 — 200.6 71C g0 + 14.542

(Multiple correlation coefficient: 0.879)
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The contributing proportion of this model was about 77.2% and the correlation

1-

of odor patterns (Fi.) to 19 chemical factors was significant at 1% level. Espec

o

gnificantly

fa)

ally, the direct relationship of only alcohol to the odor pattern was si
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recognized. As shown in Figs. 3, 4 and Table 5, levulinic acid, reducing sugar,
specific viscosity and other chemical factors but alcohol superficially related to the
odor pattern (Fix). However, more alcohol brewed in soy sauce seems to be the

-5 T T T T -5 T T
0 1.0 2.0 0 0.5 1.0
Alcohol {mi/100mli) Levulinic acid (g/100ml)

Fig. 3. Linear regression estimator between Fig. 4. Linear regression estimator between
odor pattern related to blend ratio of odor pattern related to blend ratio of
brewed soy sauce to amino acid solution brewed soy sauce to amino acid solution
(F:) and alcohol (Ci1). (F1) and levulinic acid (Cis).

Fi1a=3.448 X C114—2.091 (r=0.774) Fia=—4.845 X Cis0+2.449 (r=—0.678)

most important factor to make up higher odor pattern (Fi«).
ii. Linear relation between odor pattern related to microbial contamination (Fi«)
and chemical factors (C,).

The multi-linear regression model obtained was as follows:

Fo=2.638F1a—1.450F 20— 0.300Fs — 2.145F 4o - 2.487 F 50+ 10.97 1 F e
—~11.418F~+ 15.366F 5 — 0.496 F e — 0.573F 106 — 2.296 F13a
+1.357F 50+ 2.628 F130— 0.056 F 140+ 1.813F 150 — 0.104F 46
~0.021F 70 — 2.606F 150+ 178.213F 00 — 41.497

(Multiple correlation coefficient: 0.662)

The contributing proportion of this model was about 43.8% and this odor
pattern was not significantly related to 19 chemical factors. The direct relation of
only alcohol to F,. was significantly recognized. As shown in Figs. 5, 6 and
Table 5, reducing sugar, pH. and dulcin superficially related to the odor pattern,
but the direct relations of these factors to Fi« were not recognized. Namely, the
odor pattern related to microbial contamination (F.) was influenced by a alcohol,
but the other chemical factors did not influence very much to Fa.

iii. Linear relation between odor pattern related to medicinal (/%) and chemical
factors (C,).
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Fa- Fz
4~ ¢
®
® @
] hy
'03 : .
0oo,.°
0O+ (X e
o O " .. [ ]
?
N . 00:
'
.
®
-4~ o
T T T T T T T
4.5 5.0
I i T T
0 1.0 20 pH
Alcohol (ml1/100ml) Fig. 6. Linear regression estimator

between odor pattern related to

Fig. 5. Linear regression estimator between
microbial contamination (F:) and

odor pattern related to miccrobial contamina-

tion (Fz) and alcohol (Ci:). pH (Cis).
Fag=—2.111 X C11q+1.250 F2a=3.590 X C130—17.194
(r=—0.479) (r=0.276)

The multi-linear regression model obtained was as follows:
Foa=1.182C1a—0.055C 0 — 0.529C + 16.089C 1 + 2.456 Cye -+ 3.992Cq
—23.827C 0+ 29.034Csx— 0.857Coa + 1.063C 100+ 0.587Ci1a
+1.936C12a+ 3.589C 150 + 0.082C 140 — 2.943C 50 — 1.504C 14e
—0.079C 70— 0.556Ciga + 120.268C 90— 51.663
(Multiple correlation coefficient: 0.662

The contributing proportion of this Fs |
model was about 39.6% and this odor 4-
pattern (Fiw) was not significantly ° :' * .
[ J

correlated to 19 chemical factors. As
shown in Fig. 7 and Table 5, soy
sauce containing more alcohol had
little medicinal, but the direct rela-
tions of all chemical factors to Fi«

were significantly recognized.
iv. Linear relation between odor pat- o Lo ' 20
tern related to degree of ripening Alcohol (mi/100mi)

(Fw) and chemical factors (). Fig. 7. Linear regression estimator between odor
T] Teil; . ) d/ 1 pattern related to medicinal dependent on
he multi-linear regression mode Asp. orvzae strain (F:) and alcohol (Cii).

obtained was as follows: Fao= —1.665<Ciia+0.985 (r=—0418)

—6.472C0+12.992C + 0.098Cs — 1.214C, 00— 0.054C 11«
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+0.274C120+ 2.069C 50 + 0.028C140 + 3.260C 150 — 3.012C 160
—0.187C 70— 1.159C 50 + 30.406 Cyox — 3.201
(Multiple correlation coefficient: 0.512)

The contributing proportion of this model was about 32.7 % and this odor
pattern was not significantly correlated to these chemical factors. Moreover, the
direct and essential relation of each chemical factor to Fi.« was not recognized. It
can be considered that there is no effect of these chemical factors on Fi.

v. Linear relation between odor pattern related to pasteurization (Fs) and

chemical factors (C,).

The multi-linear regression model obtained was as follows:

Fa= —0.195Ca— 1.112C50 + 0.269C s + 2.341Ca — 4.998Cyoe + 21.790Ce
—1.736C:+ 4.061Cs + 0.821Ce — 1.148C 100 + 1.639C 1 1a
—1.659C 20 — 0.598C 30 + 0.075C 140 + 2.734C1pa + 0.805C 160
—0.138C 7+ 2.064y56 — 211.745C g0 + 14.873

(Multiple correlation coefficient: 0.762)

The contributing proportion of this model was about 58.0 % and correlation of
the odor pattern (Fu) to 19 chemical factors was significant at 1% level. Especi-
ally, the direct relation of NHsnitrogen, alcohol or dulcin to Fy was recognized as
shown in Figs. 8, 9 or Table 5. Fig. 11 illustrates the above relation concerning
the production process of soy sauce'®. The odor patterns of Fy. and Fy were
significantly (1% level) correlated to 19 chemical factors. The strongest correla-
tion was observed between odor patterns and alcohol. To produce more alcohol by
brewing in soy sauce gave higher Fi« and Fy and lower Fy and Fu, and seems

Fs Fs
4»
°
.3
_ ¢ .
'.. O‘. ®
.oo... .
O o L ° oo o
04‘ !'o
*eet®fos
[ ] N °
-4
) T T T
T ‘ [ 0.1 0.2
0 1.0 2.0 NHz-N (g/100 m1)

Alcoho! {ml/100mi) Fig. 9. Linear regression estimator

Fig. 8. Linear regression estimator between between odor pattern related to
odor pattern related to pasteurization (Fs) pasteurization (Fs) and NH;-nitro-
and alcohol (Ci1). gen (Cs).

Fs¢=1.665> Ci1a—1.190 Fiq=17.821 X Coq—2.923
(r=0.497) (r=0.311)
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Total-N, FormoN-liffle NH3-Normuchle——— @@
{Decomposition-bad
-dark
Fermentation-bad Alcohol-less _’lBrgSL%g?gnher .

i
i
l

Y

[Pure brewed soy scuce—muM Duicin-littie f**“ IBurning smell-mucﬂ

Fig. 10. Direct relation of NHas-nitrogen, alcohol and duicin to burning smell.

to be the most important condition to make soy sauce of highly preferable quality.
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