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Physicochemical and sensory characteristics of enzymatically treated and
texture modified elderly foods

Kang-Won Boo', Bum-Geun Kim? and Seung-Joo Lee'*

'Department of Culinary and Food Service Management, Sejong University
*Korea Food Research Institute

Abstract In this study, the physicochemical and sensory characteristics of such as enzymatically treated and texture
modified elderly foods made with beef, squid, eel, and mackerel were investigated. The enzymatically treated squid sample
showed the proper texture hardness level corresponding to Universal Design Food (UDF) level 1 and all other elderly
foods showed hardness consistent with UDF Level 2. The moisture contents were higher than 70% in the enzymatically
treated boiled down squid and the two texture modified samples made with eel and mackerel, respectively. The
enzymatically treated beef and squid samples contained 25.26 and 21.73% of crude protein, respectively. One serving
portion of these enzymatically treated samples provided over 50% of daily needed protein intake of 65 years and older.
According to the sensory evaluation of the samples, elderly recognized the differences between all enzyme treatment
samples and controls in terms of hardness and chewiness, which are the main factors of the elderly food. In addition, the
easier swallowness of texture modified foods were perceived. The positive assessment of elderly on the enzymatically
treated samples using beef and squid were confirmed by preference tests.
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Telsr] S8l dlzte = dnk 2H2ER] A37|XH-(CBS), &
HoIZH(CSS)2] 2% &4 AH AT7|ZHUEBS), LYZ
HESS)S At Hlwat), & AelA AME AlEE &
715FANREWH Wst g Dosidicus gigas (CK. Glo-
bal Co., Ltd., Busan, Korea)s AFE3IATE £27]= 45531
=20°0A4 YERASAY, TAE AV7E —4°C YA TEH A
B ARE HA3F] et T §emx8emxlem A7|2 27 U
o] A& Az AMERITE WEAoe TYd WHoR slE
F 2emx2emx2.5cm A7)E 27 ol A8 Azl ARSI
T4 A AlEE GRS FA gy deld BEaE 1:10H]
S(W/V)E FYst] A tHEom 5, 2015). 84 A3 A
F9F zTEe ZH Table 1914 AAEE EAEE H7Fste] 20
7 2HE & YEZE AHste] WEAse] A3l A8-st
Atk AT dolxgd aFoxY AR A, Fole T4
FolE ARSIl 2501 Af =29kt &4 A5 olE AL
L33h AlEE KIS 28 g & B3R Baete] g
3 A (Table NS YL 90°CollA 30%7F Z-3ISILE o) F o
AslE Bl Ho|2ESM T ol& ZFSAA ARE-SIATHChun
5, 2017). 7+ Al=9] ARl Fig. 13 2t}

Table 1. Classifications of samples
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whe} &3] %X (Tecator Digester, FOSS, Hgans, Sweden)2} Auto-
matic Kjeldahl Systems (Kjeltec 1026, FOSS, Hgans, Sweden)<
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45%, Nippon-option works Co., Tokyo, Japan)E ©|-83}53, &
T+ 9% =% 7|(digital salt meter, Model ES-421, ATAGO Co.,
Tokyo, Japan)S AFE-3} o™, pHE pH meter (Model PB-10,
Sartorius, Gottingen, Germany)S AME-3te] 43It ZE A9
< 33] WhEele S7g%k Hapke YERATH

&4 Ay 2B EF A=E AxFA|(Model CR-200b,
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form color spaceE 71522 HIZ(L*; lightness), A= (a*; red-
ness), AT (b*; yellowness)S YEMISITE A7+ 28I F
E4E 2338t petri dishE ©]83le] S35t Bww
L, a, b 32 717} 0488, 0.11, 229 oW, ZE AEE 5
sHA 53] REEete] EHS ¥ 2 PHp o2 eI
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Texture &3

Texture 72 Texture analyzer (Model TAXT2, Stable micro
system, Surrey, England)®ll4] 10 mm ProbeE AF-3}] 10 mm/sec
9] £%= single hardness& 53] WHE 279 3IATE G4 2] A
Ex gz vt Jepilen, Al AlsEs SYA
ANEZA 12 A g AT BE Alse WA A
2 HAE 4°Co AHE, £237] ¥ 2cmx2cmx2cm, 270
Z3 A& 2emx3 emx1 ecmE ZEP 200, A7 A
= AIE 874 "AZ e a2 S

Samples" Classifications Ingredients
E}};: l?:z;l}tfrrfllatically modified food Eye of round beef 80 g, Radish 30 g, Soy sauce seasoning 25 g
CSS Control Dosidicus gigas 120 g, Soy sauce seasoning 35 g, Oyster mushroom 20 g, Carrot 10g,
ESS Enzymatically modified food Green onion 5 g
TES Texture modified food Eel 30%, Soy sauce seasoning 15%, Agar 1%, Xanthan gum 0.5%
TMR Texture modified food Mackerel 30%, Red pepper seasoning 15%, Agar 1%, Xanthan gum 0.5%

YCBS: Control beef boiled down in soy sauce

EBS: Enzymatically modified beef boiled down in soy sauce
CSS: Control squid boiled down in soy sauce

ESS: Enzymatically modified beef boiled down in soy sauce

TES: Texture modified Eel boiled down in soy sauce

TMR Texture modified Mackerel boiled down in red pepper sauce
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Code CBS

EBS

Sample
Classification Control beef boiled down in soy sauce Enzymatically modlﬁsesulzzefboﬂed down in soy
Code CSS ESS
Sample '
Classification Control squid boiled down in soy sauce Enzymatically modlﬁe;(;s;l;nd boiled down in soy
Code TES TMR
Sample

)

L.

Classification Texture modified eel boiled down in soy sauce Texture modified mackerel boiled down in red

pepper sauce

Fig. 1 Prototype of elderly foods
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g4 AP Y AEFF Iut 29 AFe] IR EA4w
= Table 29} 2l &4 A A8 O E
Hb 2 a7 YA 8] CBSY & &k
EBSE 67.68%% 4 AHod Al87 4 =2 & I3 JE
Wohp<0.01). Lyt 9 Ho1xY CSS A& A% 7027%, a3
23t ESSE 71.76%% sU3HA a4 A" ARoAM ¥ =&
T RS I F Adon, gty 84 A AR 7
21421 ZFolE YEFATHp<0.001).

FE2AETH A LHS FIIEFAEAAEF EH A8 A
Zol| AHgd A3719) FUE Foel Ak 237 T
TR S 713%, 2o R TS 783%E HIAEHUE
H(RDA, 2016) °o]& =& XA & & A Aol Fxoy =
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A3l =8l Al 8 #Favt

zoha dkek 24 Azl CBSE 3240%, EBSE 25.65%= T
I3 A= Y w2 2 g el 24 AE A
9ke] HejHel zpo]2 HATHp<0.05). WhHel eAo] e 7
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ZA| #ThRosenberg, 1997). Td-e Z7hAel A#ste] 71
FA IHEe YRR, 25 v S ST,
FthJang 5, 2020). A3 Azo] wEd, $uel LHAE]
AFske dE F 70%7F I3, 5 5 AEA 9des A
Fshs Aoz el omJang 5, 2020), $2vEke] =& A&
A FY 5o dwd HFAE 238y 238 E AFEH A
ol g-Eo] g ol T P A= As| Yehhe 23Aa
Z o] 9H S ol gbolthPark 5, 2018). Sahni 5(2015)
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Table 2. General compositions of enzymatically treated elderly foods

B aaxe] Alge ol uRAte AR A48 9 FEA O
FARPEE 288 702 Alsd. 53] ESS

2
z279l Fiehke Ae &
ZA% 2, CBSE 6.52%, EBSE 1
7b thzstol wiel &ds] w2 =AY dEE dEhie o
Ql ApolE HIATHp<0.05). CSSAE] A g2 1.12%, ESS
= 123%02 tzed 34 Ay AEe §oH9l zelrt vl
WA sttt 7t REAF AR R A 3 7180 = Su
AF 2017] TEANAE 538%, QA= 1.44%%, EBSS] A 9
Fol dAE FFH vaelE w2 FAE e S & 5 o
g=le] FF AF 71l mER oA AR g dXE
ZA0] 27t Aaske H7710e vt AlAl wEkE <l 9
dasial AAge] FHHER A% fAE fl8)

&Y Rl 7

AMAHFE A ACE FTHMinistry of Health & Welfare, 2015).
whd B AYS Sof fdE wEEAEe] o whad o
FrFT dzs gy A2 AR Bof uRRte] gl 3
et AFoR &8 shsetelEt AR

ZistAlZEol At ME
59 IR BN Ad= Table 33 2t} 1%
zl 29 TMRE & T2 75.99%, 3]
34%, A 7200, Z2AH 9.56%, EHEEHE 5.88%
th. TMRe] URbgi E4Z3=, 3 S7] A€ 2
Bk QR AT Yuo15)9] Ao Aol i g
B 66% FAFSE A ES UERA AT
AR AE B e 58 iskar o] A 22 59§
TOE % = AF7 Bt
R EAY gEo FE dFd= A%
Sk 2Fo] & Aow FotHEr) wbHel 654 o E AL 1Y
cha ol YA 45g oA 40g9] 7IEel ATA A
L RS o, ¥ A7 18 AFF100g) AFH Al kA
= Al
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o
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= B
BFEAF oF 15% Bre] Fo2 FF ML A olzie
3 F7F B -l tid vt dad Zlow ),

Composition Samples" Samples”
o t-value t-value
(7o) CBS EBS CsS ESS
Moisture content 54.6120.99 67.68+0.68 -18.064%+ 70.27+0.02 71.76%0.10 -26.338%**
Crude Ash 1.68+0.02 1.53+0.05 7.542% 2.66+0.07 1.82+0.05 19.740%*
Crude Protein 32.40+0.04 25.65+1.89 6.125% 21.70+0.72 21.73+0.91 -0.315™
Crude Fat 6.52+0.83 1.73+0.30 7.391%* 1.1240.02 1.23+0.09 -1.705™
Carbohydrate 4.80+0.57 3.41+2.54 1.200™ 4.25+0.78 3.47+0.80 6.056"

UCBS: Control beef boiled down in soy sauce

EBS: Enzymatically modified beef boiled down in soy sauce
ICSS: Control squid boiled down in soy sauce

ESS: Enzymatically modified beef boiled down in soy sauce
»Values are mean+SD.

Dxp<0.05, **¥p<0.01, ***p<0.001, NS: Not significant



IHRSAIES| olstEy S
B4 AEe XSS 29 AE A 29 2AE, AT
—/Eﬂx]g]_};] o] o]g:].ﬁ_‘]x—] —‘—E—,"é
54 22 7H8A
ol UNARE FolH Aol YRR ten, o=
&2 9 84 X AR Az s G HE A
o AE 7k oAl Alol7t YERA] 22 Zlo= wdd
AT 2ERSHE 29 2Fe] IR 4SS F AR BT
HAIEL] Aol o] AVEASTNE B3kl vl
A2 Yehidn. 3] TESY A% AA A8 5 71
A= 4 445 JEpigler, 1 74 Hrtel Aut §4 2
Mz 7P @2 g vYepin T AEs
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IHRSAIES| A 54

gaxe g AT a8 AFH dlZ2ate] 7 =(hardness)
£ 273 A3= Table 33 2tk /st RSP F] A&
Universal design foods standards (2001)°l 31G=+& A9 A%
71EE 7Fo] AAIBIATE EaHE] AR el Har|zd
(CBS)Y] ZAXE 54531344 N/m’S. 2 UDF 7|5+
(5.0x10° N/m? ©)A) A= sd=+e =
A E¢ EBSY ALt 48,68047 Nm’C. 2 UDF 294 71&
(5.0x10" N/m? ©]&h)ell sjd=lo] «ClEog o7 4= Q= 35’01]
ks AEE Jehlio] T A8 7 fFoAQl AolE B
CTHp<0.001). EBSS] 7% A& A% Al EXIPW A% 55 ur
BRI o™, 7%2 gl 12417F d3]e 549 BAJol 4.34x104
Nm*> & YeRd Lee2017)¢] ATAet= FAGE Ao 558
L]-E}”JE]—(Lee 2017).

oAz Y Yxwel €SS AEE 53x10° Nim? & 237

g2t A5t iR E gk 71%01] %‘—%‘o% AEE e
Wtk &48 289 ESSe A T 15x10° Nim* 2 4
Efl®] UDF 19191 434 4 I% *—1%’91 ZAze AL
+ ALEL 7+l f °lz*° 2o]E B THp<0.001). ©|# 3 A=
T 84 AY AR BT AR RN iz
=t %«W 2}01 b}EM% 2HRE B AolE AAEE A
© 2 YePGTHp<0.001). SI4HENA &4 Wshs AlZ Alolo] &
Aske A2 AlE] FERIG D9y s Bdo] 91om™, Ando(1997)
o] AFolM= 2ol Yol ZElY o] BSFE ZFo] H

Table 3. General compositions of texture modified elderly foods (Unit: %)
Samples" Moisture Crude ash Crude protein Crude fat Carbohydrate
TES 77.13£0.27% 1.144+0.03 7.80+0.17 1.16+0.24 12.77+0.56
TMR 75.99+0.46 1.34+0.06 7.22+0.30 9.56+0.53 5.88+0.33
DTES: Texture modified Eel boiled down in soy sauce
TMR Texture modified Mackerel boiled down in red pepper sauce
YValues are mean=SD.
Table 4. Physicochemical characteristics of Elderly foods
. Hunter’s color value®
" soluble solid ..
Samples contents (Brix%) Salinity L a b
CBS 0.77+0.06" 0.17+0.00 5.92+0.00 46.21+1.239 4.97+0.15 10.62+0.63
EBS 1.00+0.00 0.15+0.00 6.02+0.00 57.75£2.10 7.42+1.18 17.33+1.16
t-value -6.97%% -3.24M -11.71%*
CSS 1.40+0.00 0.27+0.00 6.49+0.00 57.68+0.48 9.49+0.87 20.95+3.43
ESS 1.20+0.00 0.17+0.00 6.56+0.00 70.94+0.76 6.75+0.28 26.78+0.62
t-value -23.85%* 6.03* -2.53%
TES 1.50+0.00 0.09+0.00 6.47+0.01 52.79+0.10 1.12+0.02 14.70+0.06
TMR 0.73+0.03 0.12+0.00 6.48+0.01 46.41+0.14 10.71+0.27 28.84+1.4

DCBS: Control beef boiled down in soy sauce

EBS: Enzymatically modified beef boiled down in soy sauce
CSS: Control squid boiled down in soy sauce

ESS: Enzymatically modified beef boiled down in soy sauce

TES: Texture modified Eel boiled down in soy sauce

TMR Texture modified Mackerel boiled down in red pepper sauce
JL: Lightness, a: Redness, b: Yellowness

Values are meantSD.

Dxp<0.05, **p<0.01, ***p<0.001, NS: Not significant
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Table 5. Single hardness of elderly foods

Samples" Single hardness (N/m?) UDF Grade Sample Grade t-value
CBS 545,313.44+73,774.257 >5.0x10° Conventional 15.358%##3)
EBS 48,689.47+2,685.84 >2.0x10% <5.0x10* UDF 2
CSS 530,413.55+80,654.61 >5.0x10° Conventional 8.589%**
ESS 154,127.30+17,599.12 >5.0x10%, <5.0x10° UDF 1
TES 20,878.24+790.87 >2.0x10% <5.0x10* UDF 2
TMR 42,311.67+1,867.05 >2.0x10%, <5.0x10* UDF 2
DCBS: Control beef boiled down in soy sauce
EBS: Enzymatically modified beef boiled down in soy sauce
CSS: Control squid boiled down in soy sauce
ESS: Enzymatically modified beef boiled down in soy sauce
TES: Texture modified Eel boiled down in soy sauce
TMR Texture modified Mackerel boiled down in red pepper sauce
YValues are mean+SD.
D*p<0.05, **p<0.01, ***p<0.001, NS: Not significant
Table 6. Preference test” of enzymatically treated elderly foods (N=109)
Sample? Sample®
Category t-value t-value
CBS EBS CSS ESS
Appearance 4.05+0.64" 3.77+0.82 3.303%*%3) 4.00+0.73% 3.81+0.94 2.295%
Aroma 3.99+0.69 3.86+0.67 1.739N 3.83+0.95 3.72+0.98 0.986N°
Flavor/Taste 4.10+0.74 3.77+0.90 3.320%** 4.00+0.92 3.94+0.93 0.584N8
Texture/Mouthfeel 3.44+1.06 3.71£1.10 -1.986* 4.06+0.92 4.14+0.80 -0.791N
Overall acceptability 3.86+0.82 3.70+0.98 1.542N8 4.01+£0.87 3.85+0.92 1.582N
Purchasing decision 3.69+1.17 3.63+1.27 0.399N¢ 3.88+1.09 3.74+1.21 1110

5-point hedonic scale

JCBS: Control beef boiled down in soy sauce

EBS: Enzymatically modified beef boiled down in soy sauce
3CSS: Control squid boiled down in soy sauce

ESS: Enzymatically modified beef boiled down in soy sauce
“Values are mean+SD.

Mp<0.05, **p<0.01, ***p<0.001, NS: Not significant

stElo] Z5o] des Mvke ATEIAE HasSith
Aol AHEE Collupulin G4 ol alFoA F5
o Tl Raf 4% ol HEE AT wallo] Fuizke
3, FeRl 2948 & o 28 A7E 53] 29 A
ol B $=3kA ukg-3TH(Calkin} Sullivan, 2007).
A7 A8 TESS ZA%E 2.1x10° N, TMRE 4.2x10*
Nm'E S EHACH, 7 A5 =5 UDF 2279l aidsts <l
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Table 7. Sensory attributes” of enzymatically treated elderly foods (N=109)
) Sample? t-value Sample” t-value
Attributes
CBS EBS CSS ESS
Appearance Intactness 6.68£1.80"  5.93+1.99 3.448%%* 6.58+1.847  6.11+2.01 2.428*Y
Aroma Rancidity/Fish odor 3.05+1.80 3.36+1.93 -1.949N8 3.77+2.19 3.61£1.99 0.721™
Sweetness 4.83+1.28 4.73£1.40 0.666™° 4.71£1.61 4.57+1.34 0.866™
Flavor/Taste . NS
Saltiness 4.99+1.24 4.62+1.32 2.454 5.51+1.24 4.47+1.29 7.707***
Hardness 5.90+1.70 3.74+1.82 10.458%** 3.99+1.53 2.84+1.42 6.981%**
Texture Chewiness 6.28+1.91 3.97+2.09 10.883%** 4.26+1.67 3.14+1.49 7.113%**
/Mouthfeel Swallowness 5.87+1.76 5.98+1.92 -0.487% 6.34+1.74 6.75+1.76 -2.065*
Residual loose particles ~ 4.34+2.10 4.7142.26 -1.693"8 3.72+1.90 3.78+2.04 -0.318™
Y9-point intensity scale
JCBS: Control beef boiled down in soy sauce
EBS: Enzymatically modified beef boiled down in soy sauce
3CSS: Control squid boiled down in soy sauce
ESS: Enzymatically modified beef boiled down in soy sauce
“Values are mean+SD.
Mp<0.05, **p<0.01, ***p<0.001, NS: Not significant
Table 8. Preference test and Sensory attributes of texture modified elderly food (N=109)
Cat Samples”
atego
gy TES TMR
Appearance 3.40+1.16Y 3.51£1.03
Aroma 3.39+1.07 3.13+1.17
Pref est? Flavor/Taste 3.30+1.22 3.12+1.19
reference fes Texture/Mouthfeel 3.12+£1.49 3.26+1.38
Overall acceptability 3.02+1.37 3.04+1.28
Purchasing decision 2.77+1.53 2.76+1.53
Appearance Intactness 5.5242.45% 5.64+2.18
Aroma Fish odor 4.2842.39 5.09+2.46
Flavor/Tast Sweetness 4.55+1.54 4.52+1.54
avor/Taste .
Sensory attributes? Saltiness 4.13+1.33 4.85+1.51
Hardness 1.27+0.56 1.31+0.63
Texture Chewiness 1.28+0.68 1.31+0.60
/Mouthfeel Swallowness 7.38+2.42 7.43+2.29
Residual loose particles 4.06+2.44 4.08+2.42
5-point hedonic scale
29_point intensity scale
ITES: Texture modified Eel boiled down in soy sauce
TMR: Texture modified Mackerel boiled down in red pepper sauce
“Values are mean+SD.
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