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              Studies on  Sensory Evaluation of  Soy Sauce

         (X) Relation between Odor Patterns and  Chemical Factors (1)

                         Teruo Tanaka  and  Nobuo  Saito

              (Central Research  Institute, Kikkoman  Shoyti Co., Ltd. Noda, Chiba)

                                   Abgtract

         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  acld  solution  agreed

     with  only  the quality pattern related  to alcohol  fermentation.

         The relation  between odor  patterns and  19 chemical  factors was  one  oi  rnost

     important informations ior making  up  more  desirable odor  patterns bv 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  (Fi) was  contributed  at 77.2% by 19 chemical  factors. Especial]y,thedirect

       relation  of  only  alcohol  to Fi was  recognized.

     2, The  odor  pattern related  to micrebial  contamination  (F2) was  not  significantly

       correlated  to 19 chemical  factors (contributing proportion:  43,8%).  This odor

       pattern was  infiuenced by aleohol,  but not  influenced very  much  by the other

       chemieal  factors.

     3. The odor  pattern related  to medieinal  dependent on  Asp. or:>,xae  strains  (F3)
       was  not  significantly  correlated  to 19 chemical  factors (eontributing proportion:

       39.6%).

     4. The  odor  pattern related  to degr:ee of  ripening  (F4) was  not  significantly  cor-

       related  to 19 chemieal  factors (contributing proportion: 32.7%).

     5. The  odor  pattern related  ro pasteurization (Fs) was  significantly  cerrelated  to 19

       chemical  factors (contributing proportion: 58.09t5). The  direct relarionship  of

       NH3-nitrogen, alcohol  and  dulcin to Fs was  recognized.

         The  soy  sallce that contains  more  alcoho]  by pure brewing or  good fermenta-

     tion  has more  perfume,  alcoho]ic  odor  and  acid  odor.  But the soy  sauce  containing

     less alcohol  or  rnore  amino  acid  solution  (i.e., amino  acid  soy  sauce  or  bad fermented

     soy  sauce)  has more  smell  of  amino  acid  solution,  putrid smell  and  lass perfume.
     and  burnt smell.

                                 Introduction

    It is momentous  problem  to find out  the  odor  componenrs  which  play an

irnportant role  or have essential  efEect  on  the  oder  oE  soy  saucei'3).  To  selve  this

probiem, a  sy.stematic  study  is necessary  on  the  relationship  between the  odor  com-
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The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  andBioengineering,  Japan

Vol. 47,1969) Studies ori  Sensory E)valuatim ef Secsr Sauce 781

ponents and  oder judgement by sensory  evaluation,･

    in a  previous paperrO), were

obtained  five odor patterns, 2Xlec7eterM
which  can  describe in fu11 the

variance  on  sensory  technical

terms  or  tihe acceptable  qualita-

tive  factors by the sense  of

odor. Moreover, the  relevancy

between odor patterns and  the

soy  sauce  brewing process were

discussed and  odor patterns were
independently oonstructed  from
each  brewing process.

    This paper  discusses about
                                             --

the  linear relation  between odor
                               Fig. 1. System of  soy  sattce  quality on  the judgement
patternsiO) and  chemical factors by the sensorium  end  chemical iactar･
or  quality patternse), concentrat-

ing on  the  relevancy  between odor patterns and  brewing prooess as  shown  in Fig. 1`'iO).

                   Experimental and  Analysis Design

1. Experimental Following experiments  about  59 samples  (brands) were  made:

  i. Chemical factors (q:k==1,2,-･･,19)-Analytical data were  determinecl by the

           Tlable 1. Sensory teghnical  terms  of oder, chemica1 factors and  symbo1.
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     staff of  the analytical  section.

 iL Sensory tednical  terms  (m  odorf"i) (W]:7'--1,2,･･･,17);Experimental data

     were  scorecl by sensory  evaluation  according  to  a  certain  scale  systern  ("Ex-
     tremely  strong"  (5)---, 

"No
 detectecl" ･(O)). The sensory  test panel consisted'

     of  20 members  at  the Centra1 Research Institute, Kikkoman Shoyu Co., Ltd.

2. Analysis design The abbreviatians  are  shown  in Table 1. The analyses,

of  experimental  data were  carried  out  by the cornputer  (IBM system  360 Model

40) using  the programs of  factor analysisi2-iti) and  multiple  regression  analysis`e'iS)'

developed by the computer  section  of Kiltkoman Shoyu  Co., Ltd.

                        Results and  Discussion

1. Linear relation  between odor  patterns  and  quality patterns

    In order  to discuss linear relation  between sensory  technica1 terrns on  odor'

(I)V}) and  chernical  factors (C,) on  the same  dimension, factor 1oading and  com--

munality  were  obtained  by a factor analysis  technique from correlation  rnatrix.

arnong  35 factors (Table 2). The meanings  of nine  patterns, which  are  referred.

Table 2. 0rthogonal rotated  factor loading matrix,  communality.

Factor I il m rv v vr W va zzbommu-nality

W, O.217O.635-O.428-O.439-O.os7-o.ossO.228O.O13-O.064O.891

W, -O.148-O.893O.O09-O.038-O.253-O.oo3-e.1es'O.IMO.105O.930

Ws O.216O.724-O.288-O.242-O.1ss-O.021O.125-O.034O.131O.771

W, O.229O.639-Q.158.-O.536-o.cao-O.054-O.029-O.028O.042O.780-
W5 -O.133-O.268O.610O.388-o.orz-O.120-O.46:-O.os5O.088O.850

W, O.!39O.024O.or3O.224-O.172-O.4ce-O.063-O.1osO.209O.733,

W, O.116'-O.163O.488-O.oo9-O.or8-O.367-O.4ooO.021-O.245O.695
nzB -o.oav-O.ou6o.rzoO.097O.039O.101-O.8ssO.oo3-O.os8O.827'

W, O.118O.165-O.121-e.s4o-O.107O.120O.OM-O.oa1O.O15O.791
ur1O -O.ISI=O.150O.516O.353-O.084O.O07-O.546-O.079-O.OIOO.758,

Wl1 -O.O17O.155-O.137-O,746-O.143-O.253O.177O.054-O.1osO.729･

Wl2 -O,113-O.202O.757-O.153O.258-O.082-O.311-O.oo2-O.O17O.819･

wrs -O.128-O.126O.867O.205-O.129O.128O.071O.26O.024O,880･

W14 -O.024O.065-O.O07-O.127O.142-O.835-O.1ooO.071O.090O.762

IVIs o.ouoO.032O.4on-O.os8O.ac5-O.595O.192-O.025-O.184O.636･

W16 O.020-e.157O.234-O.4os-O,291-O.182-O.1ce-O.169O.434O.599.･

TV:? -O.027O.O14O.O13O.043-O.270-e.so2O.077O.031-O.053O.729･

C, O.931O.052O.030-O.os9-O.056e.og4O.057-O.223-O.033O.809･

C2 O.087O.035O.050o.osoO.064O.312O.023-o.73gO.102O.939･
C3 O.913O.2os-O.020-O.ce2-O.111-O.os6O.142-O.oo2-O.142O.671

c, O.725O.077O.049-O.131-O.216-O.103O.228-O.145-O,4ssO.941

Cs O.520O,083O.065-O,os2-Oa537-O.020e.154-O.186-O.443O.891

CG e.2ooO.386O.048-O.O19-O.134-O.238O.O15-O.620-O.243O.816

C7 O.214-O.i85-O.080-o.2!e-O.7ve-e.161O.083-O,os5-O.151O.710･
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CaCg

11-O.4367411O.

'
-O.247O.395-O.oo7-O.189-O.107-O.031-O.669O.157-O.os1'Q,052-O.125-O,147

-O.077O.223e.251O.254O.827O.812

CieiO.773O.369-O.145O.057O.045O.114-O.1asO,217e.as7O.904

Cil O.352O.749-O.es9-O.193-O.152O.O16-O.059-O.oo9O.114O.902

c:t O.856O.152-O.ca1-O.052-O.078-O.032-O.os7-O.213-O.183O.820
Ct3 -O.439-O.302O.288O.055-O.ee3O.104O.145O.591-O.ce2O.848

c" O.140-O.O14-O.ca7-O.os7-O.179-O.os5-O.183O.O18-O.803O.809

CZ5 O.841O,444-O.OIO-O.ou1-O.081O.066O.082O.O13-O.O!5O.741
CIS -O.755O,165O.154O.138O.O19O,181O.C63O.442O.074e.9os

C17 O.157O.167O.147-O.051-O.614O.157-O.020O.121-O.1soO.878

C:s11-O.140-O.886-O.041-O.oo7-O,152･o.ooo-O.os9O.137O.133O.516

Value  xi

Sum  of  xi
Curnulative
ProportIon

]
     f

i

                        2. 4776. 618 l      4. 701            3. 445                  2.5M
6,618111.139 14.764 17.318 19.795

      32.3%  za.2%  49.5% 56.6%18,9%
I

2. 46422.25963.6%2. 020 1. 865
24.279 26.144

69.4%  74.7%

 1.85527.99280.0%O. 8oo

Table 3. Meanings ofnine  factors.

FactorEIl:N l                                                  Quality

'`Plenty
 of  contents" b

E1'`Blend
 ratio  of  brewed  soy  sance  to amino

"Alcohol
 fermentation"

acid  solution"

m]/"Mierobia1  contarnimation"

rv 1"Pasteurizatien"
vEE"ArninD  acid  decomposition"

vrvaw;"Degree of  ripening"

1 F,

l F,

l F,

'i
 F,

a'`Medicinal dependent on  Asp. ei:)tztte strain"

s"Organia acid  fermentation"
"ArtMcia1

 additioms"

sCumulativepLet!!g!!uEg!gg!!!gggtt ta

l z, I ls.g%

i Zs l 32.3

1 I ti,.,

1 l 49.5]

lkl
sFs

I
or I"Appearance"

56.6

I 63.6

ia･ al
1 l zs

69.474.7

I so･o

from "construction

 of  quality patterns

on  the chernical factors"e) and  
"con-

,struction  of odor  patterns on  the odor

ivdgement"iO) in the previous papers,
.are shown  in Table 3, The  nine

pattteins obtained  are  considered  to

lhave almost  the same  meanings  as

･quality patterns and  odor patterns.
The  relevancy  between nine  patterns
.and each  factors is shown  in Table 4.

These patterns explain  about  80%  of

'total
 variance.  Only one  out  of  nine

patterns connected  with  beth odor and

quality. Four patterns connected  with

Table4. Relevancy between
quality) and  chemical

terrns on  odor).

patterns (odor,
factors (sensory

Quality pattern

      k:

      &:

      Zs:

      Z4:

      Zs:

      Zs:
OdeT pattern
      F,:
      F2:

      Fs:

      F,:

      F,:

 Chemical factor

Cl, CS, C4, CO, CIO, C12, Cls, Clfi,

CS, C7, CS, Ci;.
Cts, C16, C6.
Ci, Ci,.

Cli, CtS.

c",Sensory
 term  on  odor

W,, wt, wt, IVI.
Wis iVi} W}t IVI2) W13,
Wit VVIo.

wr4r Wlsl WIT.

wr71171i,
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only  odor,

larity was

Z,. , Z,.) .

to blend ratio  of  brewed sov  sauce  to                         v

arnino  acld  solution  (aa) well  cor-

relatecl  to the  pattern related  to alcohol

fermentation (Zsa) on  the  second  factor

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

strongest  linear relation  was  observed

between act and  Zba,

    The  soy  sauce  that contains  rnore

alcohol  by･ pure  brewing or  good fer-

mentation  has more  perfume  as  soy

sauce,  more  alcoholic  odor,  and  acid

odor.  But the  so}'  sauce  containing

less alcohol  or more  amino  acid  $olu-

tion (i.e., amino  acid  soy  sauce  or  bad

ferTnented sov  sauce>  has more  smell  of

amino  acid  solution  and  ].ess perfume.

2. Linear  relation  between  odor

    In the above  section  the strongest

odor  pattern (Fli.) and  quality pattern
whether  five odor  patterns are  affected  b
these relationships  will  give one  of  the

more  desirable oder  patterns by brewing

    The  following multi-linear  
'

and  the regression  coefficient  (3b),
meters  were  calculated.

          ]I}-ia  =  RtCia ='- fi2C2a +  ' ' E +'

            (i=- 1, 2, -･,5;  k=1,  2, ･･.,

    The  cerrelation  coeraeients  and

patterns are  shown  in Table 5.
  i, Linear relatiori"6stWeeri'bdor

     sauce  to amino  acid  solution  (Fla)
    The  multi-iinear  regression  model

    La ==  -  1･020Cia+O,143C'2ct +O.512

         T'  6･165C6a "  O.261Cra ̀ -  2

         +2.277Ciia+O.02'  1Ci2a

         
'-2-077Ci6ame.O12Ci7a+O.685C

            (Multiple correlation

and  the other  four patterns connected  with  only  quality.
observed  patterns odor  between (aa--FBa) and  quality

However, the  pattern related
                                             Z:

CT IM}T'

o.5

"

ClxC4xcsx

 Namely,

  patterns

 g3vci2
 cie9iS

    
'xcg

C14MIW. 6  
CilT

  ,C2-W

l6 
'Wts

xCG

no  slml--

 (Zla-v.

wi--W4

Cllt.Wl

CISiW2

Fig.

-O.5

2. The
Factor I

  Wt2 w'etwW
Ws' 

':wllI

   WJO l

      I
c'i,Xc, ro.sl

      P
      

i
 C.is

relation  among

(Zi) and  Factor

D.5
Fi,Zv

{actor loading on･

II (Z,), (FD.

    patterns  and  ehemical  faetors

        linear relation  was  observed  between the

      (Ztu). In this section  the  authors  will  describe

      y any  of  19 chemical  factors or  not.  To study

       most  important informations for making  up･

        process on  preference (quality) of soy  sauce,

regression  model  was  assumed  for these relations,

   multiple  correlation  coethcients  and  other  para-

  SigCigct+Bo

       19; aE ==  1, L, 'd', 59)

      [llvalues of  chemical  factors to each  odor

    pattern related  to blend ratio  of  brewed soy

        and  chemieal  factors (Ck).
      obtained  was  as  follows:

     C3ar;T2.348C"tm5.509q.

 .946Ctsa+O.814Ga-O･676Cioct

Ll.878Cisa+O･057Ci4a-O･049Ctst

       ],,. -  200.671C,,. -}- 14,542

  coeficient:  O.879)
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　　　　The 　contributing 　proportion　of　this　model 　was 　abQut 　772 ％ and 　the　corre 玉at 三〇n

of　odor 　 patterns（Fia） to　 19　 chemical 　 factors　 was 　signi丘cant 　at 　 1 ％ Ieve1．　 Especレ

ally
，
　th．e　direct　relationship 　of 　only 　alcohol 　to　the　odor 　pattern　was 　signi 丘cantly
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recognized,  As  shown  in Figs. 3, 4

specific  vi$cosity  and  other  chemical

odor  pattern (La), However, more

F[

5

  

o--l'

1-.:
  .

-5

.

 and  Table 5, levulinic acid,  reducing  sugar,

factors but alcohol  superficialiy  related  to the

alcohol  brewed in sov  sauce  seems  to be the

     
F

!i,:
        i"

  Ho-

  -

  rj

  g",L---

Fig.

       '
O  t.O 2.0

          AicohoHmillooml)

3. Linear regression  estirmator  between
odor  pattern related  to blend ratio  of

brewed soy  sauee  to amino  acid  solution

(Fi) and  alcohol  (Cii).
 Fitt=3.448XCna-2.091  (r=O174)

         T -
 O O.5 l,O

       tevu[inic acld  Cgllcornl)

Fig. 4. Linear regression  estimatoi  between

   edor  pattern related  to blend ratio  of

   brewed soy  sauce  to amino  acid  solution

   (Fi) and  levulinic aeid  (C!s).
   F]a=-4.845xCiBa+2,449  (r==-e,678)

most  important faetor to make  up  higher odoT  pattern (Ila).

 ii. Linear relation  between odor  pattem  Telated  to microbial  contamination  (La)
     and  chernical  factors (Ch).
    The  multi-linear  regression  model  obtained  was  as  follows:

    F2a==2i638Ria-1.450EiaHO.300Fhctnv2.145I1`a+2.487Atsa+10.971F6a

       
-11.418jF}a+15.366Fha-O.496Fbare.573]Floa-2･296Lia

      +1.357L2a+2.628LtorO･056Fua+1.813Fibm'O･104Leq

       
rm

 O･021L7a  
nt

 2.606Fi ua  t  178.213Fi  ga  
-

 41.497

         (Multiplc, correlation  coeflicient:  O.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 F2a was  significantiy  recognized,  As  shown  in Figs, 5, 6 and

Table 5. reducing  sugar,  pH,  ancl  dulcin superficially  related  to the odor  pattern,

but the  diireet relatlons  of  these  factors to  F2cx were  not  recognized.  Namely, the

odor  pattern relatec'tj to microbial  contamination  (F!a)' was  infiuenced by a  alcohol.

but the  other  cheinica1  factors did not  influencc very  much  to .F"/,ct.

 iii. Linear reiation  between odor  pattern related  to medicinal  (F3a'/t and  chemical

     factors (ICk).
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    F4  
F2f

    4-iet'  
4-eee-e

      L"e's'' 
':'.

     .
 k-4

                     .

                   .

    -41 .
 

"4

 
-:fi-r-r-7,r-

                                                  4.5 5.0
      v r

---

      O ].O 2P  pH

                AIcehel tmVlooml)  Fig, 6. Linear regression  estimator

    Fig- 5r Linear regresslon  estimator  between between odor  pattern related  to

      odor  pattern related  to miccrobial  eontamina.  microbial  contamination  (F2) ancl

       tion (F2) and  alcohol  (Cii), pH  (Ci3)･
        Fzam-2' ･111 >< Ciia+1250 F2a =3･590  >< CiHes m17. 194

        (r=-O.479) (r=O.216)

    The  multi-linear  regression  model  obtained  was  as  follows:

    Fha 
=

 I.I82C:aLO.055C2a'O,529Csa+  16,089C" +' 2.456Cea L- 3.992Cea

       
-L3J827C7a+29.034Cku-Q857C6tt+1.063Cdoa+O･587Ciia

       +1.936Ci2ct+3.589Ci3a+O.082Cua-2.943Cuauzl.504Ciffct

       
tu

 O.079C"a rm O.556Cisa ÷  120,268Ciect un 51.663

         (Multiple correlation  coeffcient:  O.662)

    The  contributing  proportion of  this F3 {
model  was  about  39.6%  and  this oder  4i'

                                          I"''pattern (l7lea) was  not  significantly  u.  .  .

correlated
 to 19 chemical  faetors･ As Ii 

shown  in Fig. 7 and  Table 5, soy  i

                                        
Ol

sauce  containing  more  alcohol  had
                                          i

little inedicinal,  but the  direct rela-  ll 

tions of aii  chemieai  {actors to pha I･ 
.

were  sigriificantly recognized.  
'4i

 
''

 iv, Linearrelation between odor  pat- ot
rT.o

 
'
 2i.o

     tern  related  to degree of  ri}}ening  AHcohoHnnv1oomO

     (I71gor) and  chemical  factors (C,). Fi.f.r･7, Linearregression estimator  between odor

                                          patteTn relared  te  medicinal  dependent on

    The  multi-linear  regression  model
                     

'
 .lsl]. oi'.v:ae  s[rain  (Fp,) and'  alcohol  (Cu).

ebtained  was  as  follows: F3ct=-1,G65/<'Ciia+e.985 t'T7-'-O"{18.)

    Lct =  O- l60Cia  'm l ,O17C2"  -  ().490Cist, -  2.218C)4,x '- 3.755C's,. n' 12'.397 C"r:

       
h6.472C7a+1'I]".99.2Cso.+O,098Csa-1.214Cioa-O.054Cu[(
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       rO.274a2u+2･069Cien+O.028C"a+3.260Cm'-3.012Cien

       
-O,187C..-1.159C,.+30,406C,,,,-3.201

         (Multiple correlation  coeficient:  O,512)

    The  contributing  propertion of  this rnodel  was  about  32.7%  and  this odior

pattern was  not  significantly  correlated  to these chemical  factors. Moreover, the

direct and  essential  relation  of  each  chemical  factor to La was  not  recognized.  It
can  be considered  that  there is no  effect  ef  these chemical  factors on  La.

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

     chernical  factors (Ci;.
    The  rnulti-linear  regression  model  obtained  was  as  follows:

    Iha =::  
"-

 O.195Ciam 1,112C2a'O.269CBa +･ 2' .341C4aN4.998Cbcr+21.790Cect

         
T

 L736C7a-  4.061Cua +  O.82' ICsu- 1.148Cioa+ 1,639C"a

         
-1.659Ci2amO.598Cjga+O.075Ci4a+2-734Ciba+OJ805Ci6a

         
-O.138Ci

 Ta +  2' .064isa N  211.745Cigct +  14.873

           (Multiple correlation  coeficient:  O.762)

    The contributing  proportion of  this medel  was  about  58.0%  and  correlation  of

the  odor  pattern (Fha) to 19 chemical  factors was  significant  at  1%  level. Especi-

ally,  the  direct relation  of  NH3-nitrogen, alcohel  or  dulcin to Fktt was  recognized  as

shown  in Figs, 8, 9 or  Table 5. Fig, 11 illustrates the  above  ielation  concerning

the  production process of  soy  saucei9).  The odor  patterns of  Fict and  Fla 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 Fia and  I;ha and  lower F2a and  a., and  seems

     FE Fs

       i 4-I

    
"'

1  
'･

 ii .r'1･l

'l:!:'
     

O

]  
OL

 
.

 :.:;lc
.ii

'

is･･:
       ll" 

-e
 .4il 

-

    -4 1
                             r
                         T  O. l O.2
      O  LO  2.o NH3-N  [g/1coml}

               
Alcohol

 tml!)cornI) Fig. 9. Linear regression  estimatOr

   Fig. 8. Linear regression  estimator  between  between odor  pattern  related  to

      odor  pattern related  to pasteurization (Fs) pasteurization  (Fsl'/ and  NH3･nitro-

      and  alcohol  (Cii). gen (Cs),
       Fsa ="  L665XCiiaml･190  Fsa=17.8LlXCba ur L.923
       (r= OA97) Cr-O.311 /'
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PastrevrizatlonTotol-N,FbnnoFN-"ttle
osltion-bod

NHI-N-much
{ecom

1

Alcohol-less Ce]or--dork-further
Fermentatlon-bocl Brownin

ttt.ttttRurebrewedsoyseuce-mth)lcln-[itile Burnlna$mell-much

         Fig, 10. Direct relation  of  NH3-nitrogen, aleohQl  and  dulcin te burning smell,

te be the  most  irnportant condition  to  make  soy  sauce  of  highly preferable quality,.
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