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Abstract

The aim of this study is to investigate the relationship between the sensory characteristics and protein concentration
of enzymatically hydrolyzed isolated soy protein. As a result of QDA, 34 attribute descriptors were developed.
According to the results of the flavor profile, the strengths of most color and tastes except sourness were evaluated
before activated carbon treatment sample. Principal component analysis (PCA) was performed to summarize the rela-
tionship between attributes and samples. The result of PCA was 56.35% (F1) and 35.05% (F2), having explained
94.13% in total variablility. In case of the untreated sample of active carbon, it was located in the first quadrant
and correlated with color, flavor, a slightly salty taste, and a slightly bitter taste. It also showed high correlation with
meju taste. The activated carbon treatment samples were located in the second quadrant and correlated with delicate
taste, slight saltiness, sourness, and umami, having high correlation with burned rice.

Key words: sensory characteristic, enzymatically hydrolyzed isolated soy protein (eHISP), quantitative descriptive

analysis (QDA), principle components analysis (PCA)
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ZUE 74, HRE Sk 91k 5o] Awe] HRlo = A&
37 @) tH(Weinsiner, 1976; McNeely et al., 2008; Brown
et al, 2009). WHOO|A A13st= 3% 42F AAZFS
2,000 mg/day©] 8Fo] M (WHO, 2012), Aol LF3H= A
23t 2F9 U= 180-230 mg/dayo]th. 2L} T F-E-¢]
Ut A= WHOS| AR S |7 255 A3 o
o, S-Zugte 20179 FUATIFZAE 3,669 mg/
dayZ2 1034 w8 30% F= 742 HKCDC,
2017) o37d3] A=F] 15817 W &g Ak itk
=Ue] &F AFA7E 22 olfe ALF HFA =2

T - A BROE Aste] Tl 23S AHESHE A
7, 47, 2R, FoMAR 59 207} 7] wolth, 1

2laL Hzolle A2 Ws), 715l o4 Al AE

SO 92 9 7pgAEe] AH|7E S AR A F
shuol 71 = &lth(Brown et al., 2009; Lee, 2015; Yoon,

2015; Kim, 2016).

oele 2Fe) AL Fol7l AN Mz 249
7Nt o)A (salt-replacer), 7]5-Z1#]|(flavor enhancer), 7
=214 (salt enhancer) 52| T 77} 3= 2
(Lee et al., 1981; Shin & Lee, 2010; Schindler et al.,
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2011; Kim & Shin, 2017).

T AAIARE 71 Bol AMEE AE T shEA
Tl o] 35%F = FHTE O] e 8% AEd T
ojth. F @ AS AL = oAt F 25% = FF
22 H(glutamic acid)©] ™, ©] 9] % o}~ 32 E AHaspartic
acid), 224l (glycine), &} (alanine) 52 Fr|Ad ofv|=
2ol =] 2th(Jeong et al., 2006). ©]&g o]-F& F
Wgo] el Eo] ofmi=gtol} fEto]=o] Fejrt =W
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THKim, 2005; Kim, 2013).
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Ago] A& A4 (Kwang Dong Pharm. Co., Jeju,
Korea)= Al A VHEA T8t ARE-8F31 o™, NaCl
(Samchun Pure Chemical Co., Pyeongtack, Korea), mono-
sodium L-glutamate monohydrate (Sigma-Aldrich Co., St.
Louis, MO, USA), maltodextrin (MD-1520, Eden Town
F&B Co., Incheon, Korea), Yeast Extract (ICFOOD Co.,
Daejeon, Korea)= 2 F 37128 T8t AHE-3t3 ).
o 5o § 471 E(eHISP)S EojtiFua 2
(Suihua Jinlong Vegetable il Co. Ltd., Heilongjiang, China)
= AHgetlen, ol SRTl ¥ AEF A 7IHG-
15A, Daihan Scientific Co., Wonju, Korea)E ©]-& 3}
10% .‘J:r: H}\})\]y] kel :5;]1:1/\1 o]_o]ﬁ];'[: zo};‘(]oﬂ 1:6%_
2 MPa, 230°C Z 7oA 7FE3| /\]7113]-(Hwang et al.,
2015). Az 7trEslES IgEF7]d Yo 121°C
A 3087 AaAElE AW T Bacillus subtilis TP-69}
Aspergillus oryzae <+ Flavorzyme (Novozyme, Bagsyaerd,
Denmark)S AMg-3te] §4 7M5E8E Fasto). o] =
Bacillus subtilis TP-6 &2+ 10% 2 54 dgdo
yeast extract®} BFAY O R F = (glucose)Z AL Z QX
(xylose)E ZH7F 1% F7F T 24A17F vl FeFAaL o] & A
4 ZFE ujR|o] wjFste] aaYdo R ARG ‘ﬂ‘§
F42 100 MPa, 50°Ce] 2] =74 = 7
Tl = Eé’:é %‘—01 2477 S IR E JFsie Uﬂ
gyt Ed & 952 Q4452 7](Tubular centrifuge A-
V10675G, Tomoe Englneerlng Co. Ltd., Tokyo, Japan)E
o]-g3ke] 12,000 rpmol| A 20:7F A4l st AE5dS

slatolnh 3d dsde & T®No. 2524, Shinki
Chemical Co. Ltd., Yangsan, Korea)g AR&-3fo] €418 A7
% 0.45um PTFE "o]z}r ]( artourius, Gottingen, Germany)
2 oA A3 £ AR A 597 A=
T Bstg o, EdsteE AJel2 @ubo] l(Bucheon,
Korea)ol| A | g-qro} ARE-3F3A T

BAEA mjdel Myt
AFdietn 2z szt Akl dyisd 5 &4
¥ Hgde e ® sle] NaCl (Samchun Pure Chemical
Co., Pyeongtaek, Korea)S 25 mmol/LolA 80 mmol/L7}4]
5mmole % M40 2 A xate] 12719 A FE +97HA
H(ranking test) &2 H7lsl= £HE o/llg sk 1P
g0l 80% o3l d 158S Adwste] eHISPS]
AEE Rl
Aeg A Aelee] des F3s }04 A FsiAoH, A&
o A F Atolell S AF F ALF 7h23 Aol A
= Xﬂ%o} ‘ﬂr B7HE AAEH] A3 A RE S

4@

o

]:]
A& AT stlom, sl AlRE Blal FIkeE # 5
= e ?r*—.‘ A7 ol B F3 dds Haskete
= S3ith BEAREA ) dmz2d g Al =91 AA
THE W2 dE T And G, &t k] i
HAAAIA 578419 BhE B =71 S e s V)
B ool tigk =91 Hrh FES JAYPsilan, dejz A
A Fe 144 el AolE AT ¢ e HE 128
A ow sl

Mt ZAREA(QDA, Quantitative Descriptive Analysis)

B BAREA doPids 913 AR Aol eHISP
E 7}7F 1.0%, 2.0% (Wv) 2.2 A 231 70 mL Fo|H (2T
Aol 15 mLA A= ol A o, gk, @b, Aln, 29
718F gtell tigk ddof 7l 9 A ] wE sie 71E
%X]E_‘;] E_g_ %é:o‘}_'—/ J,HL% C)] /\/\E O]Z] O}'EE
stk HrE &5 S Aol 49 DIC Color Guide (3.2
version, DIC Co., Japan)& &85} AHE MG 7|F0

2 sl Aes Hrielddh RE AlEE 138 B &%
o] =(Sterile Disposable Transfer Pipette 1.5 mL, Office Ahn,
Gwangju, Korea)g AH&3ste] 1mL 3FE 9 F IS
sigon, 2ol AgsE AW 2L olgald 9L AT
£ agith Ea @ 711 A=) Hrbh i Soli 30

% ol FAS AN HAT, B7Re 1590 1R 30
24 282 A g0w, 103 o4 WHEste] AT,

80| ==2g(Flavor Profile)
eHISPS] SAEr X A, T A5 #5373 EA o)
Ha7] f15te] BAREAY Wy

%o g ELE)
gagon], Az @, Bl Y F5H SYL 2eE
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7|EAE(R)= eHISPF M523t 24 7]l model broth
& AFE3lA Y. ol9] AlZ+= monosodium L-glutamate
monohydrate 1.9 g/L,, maltodextrin 6.38 g/L, yeast extract
2.1 gLZ FA43t92™, NaCl &HL 50 mmol/L ==
Aol eHISPE 1.0%, 2.0% (W) &
T2 Azste] 70 mL Fol3 (&3l 15 mLy AlF-she
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7% (Duncan‘s multiple range test)2 4~
o] fro] 5L p<0.05921, SPSS version 21.0 package
program (SPSS Inc., Chicage, IL, USA)S AM8-3F31t).

SAEA LS QAR A] 7 Qoj9} AlF 7He] ZJo]
LobE7] Sl EAREH(ANOVA) 5 <
FastRon, §94-5 1A 9131 Duncan H5H ¢

SRR

RL

Pakick. $A £

St = skt g1 9 03
FMEEM(PCA, principal components analysis) Mz GAREA(QDA)E S5t AofHet
7WabEl eHISPO] #52 54009t e A d,5¢] AR S YO 2 eHISPS A4 e &%

eHISP Al 50l tist daaAE Lolrr] $3)
S AA S THXLSTAT, ver 2015, Addinsoft, Paris, France).
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Table 1. Definitions and reference standards of sensory attributes used in the descriptive analysis to related eHISP

boiled bracken
roasted pollack

bitter taste related with doiled bracken
bitter taste related with roasted pollack

Delicate taste

dried bonito
burned rice
parched beans

delicate taste related with dried bonito
delicate taste related with boiled burned rice
delicate taste related with boiled parched beans

Umami

miso
traditional doenjang
soybean paste soup

umami taste related with miso
umami taste related with traditional doenjang
umami taste related with soybean paste soup

Ju—

Sensory attributes Definition References Intensity 0-11(12)
Appearance yellow color DIC Color Guide (3.2 Version DIC Co., Japan) DIC-239 - DIC-306
traditional doenjang flavor related with traditional doenjang 6
Korean soy sauce flavor related with 10% korean soy sauce solution 7
Flavor/Odor corn silks tea flavor related with corn silks tea 4
parched beans flavor related with parched beans 5
meju flavor related with meju 8
Korean soy sauce salty taste related with 10% korean soy sauce solution 9
traditional doenjang salty taste related with traditional doenjang 6
Salty soybean paste soup salty taste related with soybean paste soup 7
stone plate cooked egg salty taste related with stone plate cooked egg 6
dried squid salth taste related with dried squid 4
stone plate cooked egg sweet taste related with stone plate cooked egg 6
water sweet taste related with water 4
soybean paste soup sweet taste related with soybean paste soup 7
Sweet miso sweet taste related with miso ddoenjang 6
seasoned squid sweet taste related with seasoned squid 4
dried bonito sweet taste related with dried bonito 5
jinmichae sweet taste related with jinmichae 5
boiled bean sour taste related boiled bean 5
Sour Korean style soy sauce sour taste related 10% korean style soy sauce 10% solution 7
soybean paste soup sour taste related soybean paste soup 8
miso paste soup sour taste related with miso paste soup 6
parched beans bitter taste related with parched beans 8
burdock root tea bitter taste related with root tea 9
Bitter fry anchovy bitter taste related with rry anchovy 10
8
6
6
8
8
7
9
0
8

dried bonito

umami taste related with dried bonito

L/
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Table 2. The mean intensity values of 24 attributes for the eHISP solution samples”

A7 A Sel A3

Sensory attributes B-ACT?2% B-ACT 1% A-ACT? 2% A-ACT 1%

Appearance yellow color 8.50° 6.30° 3.10° 1.30¢
traditional doenjang 7.10° 6.60° 4.10° 2.70°

korean soy sauce 7.70° 6.60° 3.90° 2.40°

Flavor/Odor corn silks tea 7.30° 6.00° 3.70° 1.90°
parched beans 5.20° 4.90* 4.00* 2.00°

meju 9.60* 6.70° 2.80° 1.50¢

korean soy sauce 5.70° 4.60° 3.50% 2.60°

traditional doenjang 6.90° 5.60% 4.10" 2.80°

Salty soybean paste soup 6.20° 5.10* 4.80* 2.70°
stone plate cooked egg 6.10° 4.60° 3.70° 2.70°

dried squid 5.90* 4.50° 2.90° 1.80¢

stone plate cooked egg 5.10° 4.20* 3.30° 2.80°

water 4.60° 4.10° 3.40% 2.50°

soybean paste soup 5.40° 4.70* 3.60"™ 2.50°

Sweet miso 5.40° 4.80° 3.60° 2.50°
seasoned squid 4.80* 4.50° 3.80% 2.40°

dried bonito 4.70° 3.80° 2.90° 2.80°

jinmichae 4.90° 4.20° 2.80% 2.10°

boiled bean 4.90° 3.20° 4.50° 3.20*

Sour korean style soy sauce 5.60* 4.20° 5.20° 4.10*
soybean paste soup 5.40° 3.40° 4.30% 3.00°

miso paste soup 5.80° 4.30* 5.10° 3.90°

parched beans 6.60° 4.80* 3.70% 2.20°

burdock root tea 6.90° 5.10° 3.90 2.70¢

Bitter fry anchovy 6.10* 4.50° 3.10% 2.30°
boiled bracken 6.10° 4.60™ 3.80" 2.30¢

roasted pollack 5.90° 4.10° 3.00¢ 2.60¢

dried bonito 5.40° 4.90® 4.60% 2.90°

Delicate taste burned rice 6.50° 5.70% 4.80" 3.70°
parched beans 5.80° 4.30® 4.00* 3.30°

miso 6.60" 5.10® 3.30% 2.80°

. traditional doenjang 7.10° 5.70% 3.80" 2.90°
Umami . . b .
soybean paste soup 6.60 5.40 4.60 3.20

dried bonito 5.50* 4.60° 3.30% 2.50°

YSubjects used 12-point category scale (0-11) for the evaluation.
PB-ACT : before activated carbon treatment
YA-ACT : after activated carbon treatment

YThere are no significant differences (p<0.05) using Duncan’s multiple comparison test between the samples having the same letter within an attribute.
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Yellowness intensity
1 4

Umami overall intensity Flavor/order overall intensity

Delicate overall intensity Salty overall intensity

Bitter overall intensity Sweet overall intensity

Sour overall intensity
—#-B-ACT 2% —&-B-ACT 1% A-ACT 2% —#—A-ACT 1%

Fig. 1. The mean attribute intensity values with flavor profile of
different eHISP concentration. A-ACT: after activated carbon
treatment, B-ACT: before activated carbon treatment.

overall appearance preference
11
9

/ 777" \
L ——— 1 \
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Overall taste preference Overall flavor preference

—8-B-ACT 2% —5-B-ACT 1% A-ACT 2% —4—A-ACT 1%

Fig. 2. The mean preference values with flavor profile of different
eHISP concentration. A-ACT: after activated carbon treatment, B-
ACT: before activated carbon treatment.
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S A H oz 7}EHA o];q 3 Ao 2 IAuhE th(Kim,
2008; Lee & Park, 2013; Cha, 2015). eHISP A]&2] Hwt
ARl 715 %o tair s A% Ao A7 =4 U
Ehton, A7tae] webr = eHISP F27t A= 7)
St WolA e S etk o] eHISP AR A
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| o]F ok &uts We AEA HEol=7F S7HHan &
Hwang, 1992)3}7] wji&oll eHISPS] 3 7}Fo] F7HE+=
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Biplot (axes F1 and F2: 91.40 %)

5
A-ACT1%
B-ACT2%
3 AACT2% 1 _» B-ACT1%
burned rice savory o
korean style soy sauce sobs._ % © P
2 miso paste sup SOUEoybeatypaste soup uhami T tmditigmig;ldﬁenjaug odor
\ . . _~~~Korean zovy sauce
~ soybean pastesayp salty \ traditional doefjang salty ¥
s 1 dried benito savory ™ + .b. tmdiﬁortmtl dcﬁttljang umami - dor
-1 E wn&— <)
= parched beans savory o 00 e:: toth silks tea odor g
g, . L ylowedr
2 , , , . . — | ‘ | K j
e~ . . * * * miso umami
ol boiled bean sour stone plate cooked egg salty |, ,° '
soybean paste soup souEMI;ﬂ mﬁ&ﬁg&%’?ﬂ ) "; i ggd%%?n ﬁttgrmm
-1 soybean pastezpu _sx'ieep pag
FEasoned s Ei)?m 5 fry anchovy bitter
stone plate cook reef, . .
2 , ,\‘=ate§%%3§ee?§’°ﬂ§ e 1 dried squid salty
dried bonito sweet jinmichae swest
3 1
4
-£ -5 -4 -3 -2 -1 0 2 3 4 5 13 7

F1 (56.35 %)

Fig. 3. Principal component loadings and scores of the sensory attributes and the eHISP solution samples in the principal component
analysis (PCA) plot, respectively. A-ACT: after activated carbon treatment, B-ACT: before activated carbon treatment.

5ol AAE F2ol = A, FH2 TS AL dolH Table 3. Eigenvectors of principal component factors of the
A, AR DA - DA Auk 53wk A, A2} sensory taste descriptors of sensory attributes (continued)
e AR gl AR Fol ol ol TAsALE. & Sensory Definition R
Ae A A - Foll daix= 1AREH f1A]ske] A g,
o) Ho] A} . 2utyl ARAAZS 71H = Ao s Lo Appearance yell(.)\.v color . 3.680  0.012
o] ME A B4 = A 27RO & wZ=o traditional doenjang 1.334 1.659
H, = WO TTe e T, Aaeaste Tl e T korean soy sauce 2.020 1.470
5 P N - = -~ -
&, ST FEA A 289 F - g - Ey Flavor/Odor ~ corn silks tea 2.008  0.431
$-A2F L9 =2 ABBAE A= Aoz YET parched beans 0.006  -0.589
B AP F AR AS MR s 25 meju 4476 0490
oh QlHo| ul . Ak . 7 ukal 3 L9 7k LR korean soy sauce -0.179  -0.630
790w BeA B4 o fATe] Mok . b traditional doenjang 0.524 1.120
Lo ;\ T Salty soybean paste soup -0.449 1.220
Kl S R e B i e e e B ) stone plate cooked egg -0.181  -0.200
el =2 FAAAE 7= ALE UERTh o] A3 dried squid 0919 -1.793
=35t A 7] A - To] wE eHISP A 82 #54 stone plate cooked egg -0.795 -1.133
4 e Aol S & 5 YN, 1 FAME BT A waer 0898 -1.494
a" :'3; /\‘I E-q] 73% 411 6(‘3]:3’,]— %9/] )b]_s,d_:,d_ﬁ] g ]%H_LHO_] soybean paste soup -0.236 -0.663
Sweet miso -0.174  -0.609
2 Zo] o] E0JO 0 o} 2~ 0] =8 B
O]U]Q‘ 0]‘!4 OO] an 2T = 2 T /\)\Ed]q'- ‘l‘—oT': o seasoned squid -0.688 -0.871
A Ao Mgt Hed 547 AYE Hads W dried bonito -1.016  -1.906
/o) F ol thet Azt Aol tigk ARt 77t Aoz Jinmichae 0.017 -2.223
UER} eHISP A 89} o] =2 AAAAE 7= AL boiled bean -2.559  -0.238
2 Utk )0 7h3e] S H7belS w gk Sour korean style soy sauce -2.792 1.926
g3 BET71E A A7ATI] olah 71 dko] 7} so?/bean paste soup -1.889  -0.286
St AT b _ ' o 1s e miso paste soup -2.392 1.811
TS 7&'}\‘_\_ s 01'71] ——77]—7—, I{.EHE- )\o] 73 X]% “(l'x__ Bitter parched beans 0.643 -0.262
H FS avARtEo] o AetAl QIA g AL 3F A Th(Lee, burdock root tea 0418  0.578




Table 3. Eigenvectors of principal component factors of the
sensory taste descriptors of sensory attributes

Sensory

attributes Definition F1 F2
fry anchovy 0.458 -1.151
Bitter boiled bracken 0.120  -0.388
roasted pollack -0.102  -1.326
dried bonito -1.042  0.747
Delicate taste burned rice -0.821 2.380
parched beans -1.227  0.262
miso 0.520 -0.074
Umami traditional doenjang 0.769 1.019
soybean paste soup -0.395 1.694
dried bonito -0.076  -0.982
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