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Abstract

The aim of this study was to predict the taste of long-term aged soy sauce and to identify the ingredients that
affect sensory characteristics. Based on the correlation analyses of sensory test scores and contents of taste components
in soy sauce after long-term aging, highly significance correlations were detected between sensory test scores and,
in decreasign order, NaCl, arginine, glutamic acid, leucine, acetic acid, isoleucine, alanine, aspartic acid and tyrosine
contents. Despite significant relationships between the sensory evaluation score and contents of taste components,
it was not possible to predict taste and quality based on a single component. A multiple regression model based
on 22 taste components explained 94% of the variance in the taste of long-term aged soy sauce. In a stepwise
multiple regression analysis performed by sequentially inputting four highly significant variables (NaCl, glutamic
acid, methionine and oxalic acid), 69.4% of the variance in taste could be explained.

Keywords : long-term aged soy sauce, multiple regression model, taste
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Table 1. Mean, standard deviation, maximum and minimum values
of taste compounds (free amino acids, free sugars, organic acids
and NaCl) of long-term aged Korean soy sauce

Taste compounds Mean SD Max. Min.
Thr 107.9 37.1 177.9 45.2
Ser 1354 54.8 2373 50.8
Gly 128.1 37.9 207.1 42.4
Ala 334.1 140.0 653.6 151.2
Lys 252.7 61.0 463.4 167.1
Asp 285.1 124.8 616.5 0.0
Glu 721.8 1904  1,2259 5002

Amino Met 65.6 85.8 505.0 0.0

acid

(mg%) Ile 197.5 48.5 307.4 131.0
Leu 3193 80.2 534.6 147.4
Pro 100.8 65.2 246.3 0.0
Val 40.9 232 95.0 0.0
Tyr 171.9 45.5 265.4 95.0
Phe 123.9 413 248.1 55.7
His 69.3 21.9 137.4 30.6
Arg 227.7 61.9 387.3 150.3
Oxalic 7.3 7.7 34.5 3.1

Organic Citric 80.1 112.5 567.3 0.0

acid

(mg%)  Tartaric 0.7 1.3 3.8 0.0
Acetic 298.1 201.8 637.5 0.0
Glucose 14.1 19.8 55.8 0.0

Sugar Fructose ND - - -

(mg?%) Maltose ND - - -

Sucrose ND - - -

NaCl (%) 24.7 34 29.8 159

SEV 173.2 19.1 202.0 132.0

Thr, threonine; Ser, serine; Gly, glycine; Ala, alanine; Lys, lysine; Asp,
apartic acid; Glu, glutamic acid; Met, methionine; Ile, isoleucine; Leu,
leucine; Pro, proline; Val, valine; Tyr, tyrosine; Phe, phenylalanine;
His, histidine; Arg, arginine; Oxalic, oxalic acid; Citric, citric acid;
Tartaric, tartaric acid; Acetic, acetic acid; SEV, sensory evaluation value.

A7) /8% 1 3059 A AT 24.7£3.4%E UE
o, gt Hag2 ZHF 29.8%2F 15.9%E 2RI Y
t}. A=A 7EF 3020 ‘:HOH 3479 Iy oz A

ARk ﬂrb?w A7}, Ag 173.2+419.12 JeRtor, Xy
T Haghke 77t 2029} 1328 ERI=|}]rt.

G154 29 BT @Tsa} SpgE e Aole] 4

4125 AIMe Table 20] YERSIT. o] Aol A
W2 g 71ge] ol A G ulHcks 2 o]
S 209 @ A S AT 2 sk
NaCl, arginine, glutamlc acid, leucine, acetic acid, isoleucine,
alanine, aspartic acid & tyrosine2] —.—HEHE 7+ ARy} 7=

7} 85 Aole] BBALT SO0l 2 Ao Uehg
th. NaCl @25 11 ol 4351 982l 9 X

Table 2. Correlation coefficients (r) between sensory scores and
contents of taste compounds

Compounds r Order

Thr -0.342 11

Ser -0.312 14

Gly 0.298 15

Ala 0.492" 7

Lys 0.322 13

Amiro Asp 0.478" 8
Glu 0.546™ 3

Met 0.336 12

Ile 0.529™ 6

Leu 0.532" 4

Pro 0.118 17

Val -0.016 21

Tyr 0.422" 9

Amiro Phe 0.065 19
His 0.053 20

Arg 0.547" 2

Oxalic -0.101 18

Organic Citric -0.263 16
acid Tartaric -0.006 2
Acetic 0.529™ 5

Sugar Glucose -0.400 10
NaCl 0.587" 1

Thr, threonine; Ser, serine; Gly, glycine; Ala, alanine; Lys, lysine; Asp,
apartic acid; Glu, glutamic acid; Met, methionine; Ile, isoleucine; Leu,
leucine; Pro, proline; Val, valine; Tyr, tyrosine; Phe, phenylalanine;
His, histidine; Arg, arginine; Oxalic, oxalic acid; Citric, citric acid;
Tartarlc tartaric acid; Acetic, acetic acid.

"p<0.05, “p<0.01.



904 F=AFATRENEA A28d A72 (2021)

Ao YePFom, glucose= 712] ghof F42Q1 k3
)X Ao 2 FoIE|Qtt §7|AH9] AL acetic acid=

71&A 7F39] o] 244 7]odE SFA|9E citric, oxalic
tartaric acidi= 7|97t 6] W2 A= SRl
SlofuliAte] 39, G0 R FA sokg S ofolk
AR O, glutamic acid?} arginine 5 77}A] AdEo| 7
ooz 44 Aele she Aoz Helsio

7<1-7] /\—1 7]—7@,,] El—oﬂ %X—UQ 01]‘5‘]:9- U];‘(]‘— /\—1‘:’0]
glutamic acid(r=0.546"")2} ¥4 kS n]2L= threonine
(r—0342)9] Tt P54 Aoote] WAS Fig 10] Ut
ERAC TAL 12t 7 0] P Aolol Roju]
S A7 3ol Etotal, @A shue] ETRRE 71
o7 A& 1Y Bt F8Z digske A2 E7bsst
ol= 7Fg9] 9kZ &5 9

40 »ﬂ oN Er

ohe e 1% 4 A9k
S ThoRet Ro| 23S B8] AgEolo} Tk AL
ojw]_itt.
251 24
717t0] AlRolA 27449] SRS B ok, @
SHA HPE SEUSE oto] S 24S AT 2X
£ Fig. 20 YEtiH:. 2+ HIlA Al R A
o BBk WA A P AL BYRS, 5 AR
T Sl A EABH] "ot F A4
A)
250
r=-0.342
2
S 200 ¢ DD ¥
c G
2 "
s I v V oo
% 150 O..
100 : : :
0 50 100 150 200

The content of
threonine (mg%)

N
°-|~

A, F-value®t 94| SAA frolide AR A,
W7E Aot sdE e /\}Oloﬂ Sde] EARE
CHE} T, ZF "3l ATE ttest2 AR 23} o
‘%1 TE EodshL %l—oﬂE S0, Bl X—i ok
& FARE Aol EABIAT. o] k= F7157
o] St 9T AT s Ee °La‘:i‘f’E1 749
o] 7Fsditte A2 QAvlRitt. o] BHERE iEd T
SlFAE AR 7T Haeet BT A Afole] A
+ Fig. 30 YeRHoltt. Fig. 304 Hofxo] S92
AR F4e I A Haot AAl W dAr H Aol
*Urﬂrﬁlﬂ EAste] SRSl St 9171 244

l «l oAt Heg F80k= Aol Fefvlsitt

o[[‘

o 2 &
ni %
>

N
o
19

l

fe & 1o 4y ne i

ol
>§i

CAY Sl 24

IS 2AR F

I 42 Aolel e ATAZF Zjolo] PR gt
S9] 2440 o 2 A|R9) BEETF A4S 25
o] 7FsstR o Mt 2271 = H|wA EWetow, olg &
3% BE&40] = ACE W] Fo4o] ‘E‘—l‘t Fa
o 88 ol L BETA Ao 3, A
S2HEA ool IARF S UEide W, TsaA 2
e A5 st =H5W¥<4E NaCl, glutamic acid,

=5t AR Hol AA T

oOxv O N

_40
1S Y, ofx

3

e

(B)

250
r = 0.546%*
e
S 200V gf ;
> b v O
§ Ve °.§DVA
=
S 1507 %°
0
100
400 900 1400

The content of
glutamic acid (mg %)

Fig. 1. Simple correlation between sensory scores and content of principal components. (A) threonine, (B) glutamic acid.

@®-0@. | year or less; O-O, 1 year or more but less than 2 years; W-V¥, 2 years or more but less than 3 years; A-A, 3 years or more but less
than S years; ll-M, 5 years or more but less than 7 years; [J-[J, 7 years or more.

p<0.01.
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Y = 50.783 + 0.692(Thr) - 0.036(Ser) - 0.609(Gly) + 0.241(Ala)
(0.547:) (1.295:-) (0292  (-1.663:)  (1.010:)

- 0.438(Lys) + 0.185(Asp) - 0.049(Glu) + 0.089(Met) + 0.780(1le)
(25437 (0.907:-)  (-0.589:-)  (2.8417)  (2.149:-)

+ 0.056(leu) - 0.035(Pro) - 0.449(Val) - 1.003(Tyr) + 0.473(Phe)
(0470-)  (0.140:)  (-0.965-)  (2.146:)  (1.371:)

- 0.009(His) - 0.050(Arg) - 2.339(Oxalic) - 0.095(Citric)
(-0.028:)  (-0.190:-) (-1.117) (-2.628:)

- 7.969(Tartaric) + 0.024(Acetic) + 0.526(Glucose)
(-1.653:-) 0.317:-) (1.124:-)

+ 5.200(NaCl)
(1.535:)

R=0.970, R>=0.940, F=5.019", SE=9.476

Fig. 2. Multiple regression models computed from the taste
compounds and sensory evaluation score.

Thr, threonine; Ser, serine; Gly, glycine; Ala, alanine; Lys, lysine; Asp,
apartic acid; Glu, glutamic acid; Met, methionine; Ile, isoleucine; Leu,
leucine; Pro, proline; Val, valine; Tyr, tyrosine; Phe, phenylalanine;
His, histidine; Arg, arginine; Oxalic, oxalic acid; Citric, citric acid;
Tartaric, tartaric acid; Acetic, acetic acid.

p<0.05.

250
g 200 | L
3
bt °
5 s
§ 150 |
=

100 ' '

100 150 200 250

Estimated score

Fig. 3. Simple correlation between measured sensory scores and
estimated sensory scores derived from multiple regression models
with 22 taste compounds.

methionine, oxalic acid 5 U] 7}X|9] H4E X2 2
ZIANA FH 24S AABHATE NaClgh 23= 9 o
9] AAARRY)E 03452, TsAAL gk 345%S A

ek omeitt. of7]of| glutamic acid7}t 712 w2
A= 0.534, methionine®] F7HE| S wjo] A A4
L 0.645, oxalic acid7} Z71E]9S wjo] AAA G 0.694F
ZRI=U. o] ¥ 7HA| ZHH47E B 23HE IAREFY
FZ2 14.179(p<0.001)E YERY, o] 3]fH o] FAX R
FHREE & 5= AU of=et HFE AX Lofxl T4
Aol thet 3] 4] Fig. 40 Uehd Bie} 2t} AeiE 57)
9] WM< = NaCl, glutamic acid ¥ methionineS 5% -3-2]4
oA Feldo] e A= Uedth feldo] =2 Yl 7t
29 Mg A2 FYsto] 42 F3A4S AT =
0.8330]%101, ZHASE 0.694% HRIE|QIt) o] NaCl,
glutamic acid, methionine, oxalic acid 5 Y] 7}X]9] H4qt
02 A7I&A 18 9t 69.4%5 AT & Utk 2 9
vt

vl 714 2 HE dojzl F3HRAAE AR 5%
et AARE Lofdl IHAL FAaete] BAE Fig. 500 Y
ERYSIEE. & 22719] WSl @A) 47]9] B4ES: o]-8-5lo]
&gt meflole Eshl, S3HAS TAR % T
AAL A5t A BsAAL S Aleloll =& AT &
At ol= SR gt S ARA A0l o5t 7 Al
59| BSHA AFE FH5k= Aol 7Issithe A= grltt
t}. ol % A7 1] Ted 3 ERlskarAt
Sk AolA TSHAE AAISHA] ol oAl 71419 AdEE
A A5 HFO R A&0] 7Rssithe SR04 Hl-8t ARt
< 45 £ & ks SHolA Quj7t Qlrkar TETh

FYARAEZ olgsto] FRAIFES - &3 A=
Choi 5(2004)> Eel5A=Z A|xgt 1M} o] £11 WES
93%2] Aewg 4T 4= Jrkal Bk v 1o, Choi
5(1999)2 Alg7e] gttt 7P Aol =2 A2 inositol
I} fructose 3 01, HISHAZRS 55t0] 167]9] RO Ale
oY) 90%E A¥E 4= Qlokal Hargh v Qlrk 2 At
A7, 22719] /g AT TedA ATE e R s
d 7P 5t 94.0%E AT 4= qlgleH, @A F3H
HAOA 4719 BEOE 64.5%2] AF0| 7hsStATh

Y = 73.707 + 2.250(NaCl) + 0.060(Glu) + 0.070(Met) - 0.591(Oxalic)
(4.519:7)  (3.414) (4.935:7) (2.674:7) (-2.003:-)

R=0.833, R>=0.694, F=14.179", SE=11.359

Fig. 4. Stepwise multiple regression models computed from the 4
taste compounds (NaCl, glutamic acid, methionine, oxalic acid)
and sensory evaluation score.

Glu, glutamic acid; Met, methionine; Oxalic, oxalic acid.
p<0.05, p<0.01.
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Fig. 5. Simple correlation between sensory scores and estimated
sensory scores derived from stepwise multiple regression models with
4 taste compounds (NaCl, glutamic acid, methionine, oxalic acid).
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