Food Eng. Prog.

Vol. 26, No. 4. pp. 257~267 (2022.11)

DOI https://doi.org/10.13050/foodengprog.2022.26.4.257
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

TR

Food Engineering Progress

- o = ==
NS BWEC| BE SY

o]Q141*

‘ Giley

Quality Characteristics of Convenient Rice Porridge Prepared
with Freeze-Dried Cooked Rice

Jae-Eun Jeon and In-Seon Lee*

Department of Food and Nutrition, Kunsan National University

Abstract

In this study, the authors investigated the quality characteristics of convenient rice porridge made from powder
(PR) and half-rice (HR) sized freeze-dried cooked rice using Samgwang and Jinsumi rice. The hydration proper-
ties of the freeze-dried cooked rice and the color, viscosity, spreadability, and sensory evaluation of porridge were
measured. PR showed significantly higher water-binding capacity, solubility, and swelling power than HR for both
varieties (p<0.05). As a result of the quality characteristic of the porridge, PR showed significantly higher light-
ness, redness, yellowness, viscosity, and spreadability than HR (p<0.05). Acceptance testing showed that HR had
significantly better results for all acceptance attributes than PR (p<0.05). Jinsumi HR showed better consumer
acceptance for taste, texture, and overall acceptability than Samgwang HR (p<0.05). Intensity evaluations of sen-
sory properties revealed that the Samgwang PR was more spreadable but was less chewy than Samgwang HR.
Furthermore, Jinsumi HR had higher transparency, greater spreadability, and a better cooked-rice odor and savory
taste than Samgwang HR (p<0.05). These results confirm that convenient porridges can be produced using freeze-

dried cooked rice.
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S F3 the thA] 25 mesh Ao A A QIFEE] G
i F719] vhHR)Z Azl 7R A7]9] vHPR)SE
TSR HHA S %= AxE A sAAx e
Ahg wrgwt AbE 7R, e wbEh Zlaee] R
ot 4F oIt ZHhe] FAAZE WS 100 g Y Tated
Fol e 8700 @2 ¥ BE =(92.5£2.5°C)% 700 g

o5l e 4L g

= 3

SEUx gof 3t 54

S SRS Azl ARSI AR W IS
e Gotry] flete] FEATY, S 2 BEYS
=4 5 th(Shin et al, 2016). T+EAFTE =4S 93l
7} AR 1gS 40mLe] S/HT7F B2 dAld] ¥of ™
B 7](CMS-350, JEIO Tech Co., Ltd., Daejeon, Korea)
2 2LoA 150 rppmoZ 6047 WS ko] &
w4 % 3,000rpme 2 2087 YA EE](MF-80, Hanil

g2 JAE] FAE o Al st
(Eq. (Y& Artstsitt. Aol w2 w5 <14
of 42 HH=9 F(gelL, W,e ksl A A&

77(g)& olv g,

FAAZ wo] falxe HEY =4S J§ 4 AR
< T 30mL7F B2 Y4l Wo] BEakA &
90£1°C2] 204 30

He
&
&3
oo
>
2
kd
W
2
S
=
3
=
[o
fru



N

I—J%/K]_g_ 5

Ry
AR

¢

A, g

rlo

=] = =]
we) 54 AYRAT,

ek g v Aol st &8l =(Eq. (2)9F B&E
(Eq. 3)& AXFEATE Eq. (2)9F Eq. 301 W& wHs-
A AR FA(g), Wy A5 Ax & 32 1FE 74
(golth. g W= d4ie] & JAES] FA(), %Ce=
S =5 9|}

W,
B3 (%) = VMX 100 )

SO

W,
- $2 x 100 3)
Wy, % (100 — %C,)

M 3l oft
7HAA g sA=o] A== Kim et al. (2010)9] WHS

st st $dE 52 108 vRlste] £
gk 8-7]o Ho} MAA(Ci6X, X-Rite Inc., Grand Rapids,
MI, USA)E AH&-3ke] WI=(L: lightness), %2 %=(a: redness),
A E(b: yellowness)s St 5 Moz = Wyt
(L=94.45, a=0.03, b=2.16)S AF&&}]Th AMRIZHAE)S
ofgfj o] F2(Eq. (o2 F&E3stHom, ol AL, Aa ¥
Ab e AT L, a2 b @ ZFEMAe] L,a 2 b
Zre] #po] gro.z Aksl th(Jang, 2017).

AE = J(AL)* + (Aa)’ + (Ab)’ )

=] oA HILE fl8l A E H2 21871960 * 15 mm)

o && ¥ FHoZ 30cm Hold YAl FFsnk
(iPhone 7 A1778, Apple Inc., Cupertino, CA, USA).

Mz ol HEN
(=] = =N}

HAAE SA=e] FEe Park et al. (2015)9] WHS
Farste] ZA4soiTh 2t Al 8E HlolA ¢l 350 g% T+

2
HA=A(DV2TLV, AMETEK Brookfield Inc., Middleboro,
MA, USA)E o|&st SA sttt 4 A3 spindle
2 LV-4(64)°192H, spindle 3]& %=+ 50 pm, 54 &%
= 60t1°Co| 3ttt &= HAAA S Kim et al. (2014a)
o] WS A3t S4BT 60+1°Ce] S ZHIQIE
2 Q595 x 2.5 emyell 715 AL, 2EHE 13] Fol
W& 45e FHoE 59 &9 158 T AP HH
bl

ZH|XF ZAL
A BEe) 20)A PAke 5% AR Bk
(RATA, rate-all-that-apply) B 7t AA3}HR o1, A&

o

=90 #4

g

d 259

J

A& 93]e] 598 e F [RB Axjo| ulet 13
HATHE1H 5 1040117-201908-HR-013-01). 713 % 7
ARE Kim et al. (2014b)2] WS Fa13te] 200 o]Xd<]
2391 10072 tiidez AAEHATh 7HaA 8 58 Alxe
T 988 Bl 52 "ol 60°C F>4F(SH-GWBII,
DAIHAN Scientific Co., Ltd., Wonju, Korea)ol] ¥o] <]
2EE FAEA AAF g EolAE Al A A A
gl 5ol = A g1 7t AEES °F 208 Hof
3 Wl 3k A AlFEAT A B I =7k A,
Jors A= HE I AL, § e Als H
7F U Y4ehe 83 Ad ¥ U AIEE HUkske

%= A= (hedonic scale)E ©]-83F5 oM,
o] ol & F7] flt H=e| 7t A
SATHI =ue3] #S, 5=

LB BHe o

Ll

i

at
2
E .
rok
& od
i)
il

7NEx, WA 7155, 19t 7]
w22l 71 S =St

2}l % 7}= 7FEH(CATA, check-all-that-apply) 3 7Foll 7t
T HAEE WS JHE Hriske W olth(Kim & Lee,
2019). ¥ AFolM = 54 AE S Al AT F A 7]
S gk AAS oishr] sl 713 AAL o] %ol 20ty
o]%Fe] Al 10385 o= AAEHITE. s A AA
9 W7} 8o] BAEE Kim & Kim (2007)¢F Kwak et al.
(2013)9] A& FHarste] st o, du| A S Fated
W7t 8o Zl2EE 4 9 Bt 7 2 g dsith
HZF H7F 5L & 7](glossiness), ¥ = (transparency),
3 3/ (spreadability), <3t W All(savory odor), B Al
(cooked rice odor), A2 WAl(rice odor), 753+ Sl(savory
taste), THok(sweet taste), V] (aftertaste), % &/ (chewiness),
3317 (cohesiveness), =3+ 4 &= (moistness)ATH A= A
Al WS 715 % W sk ov BrEE A= 7]
T AL sYe Al Y-S WelA ke, AlETt '
1 A Al A A% 7135 HAF A5 thE2A &)
o AAEIATE. 2ter B7He] A WAl SAR, F7EREN Al
H ABoA AR He BE 2 54 ZAEES
3, FAEA e B 002 stk A"

o

gl

5

.
JErt SflA L, 9HOE A4S Bust B

o fo
it
i
4 2
Jju
S
q

SHEAM

2B A AARS A9)E RE A3e BF 33 o]4)f Wkl
stk 23 Az SPSS Statistics (ver. 24, IBM Corp.,
Armonk, NY, USA)E ©]-&-sto] W3 ZFAAE e
Ak Ao FFo WE TAAZX e 54 Aol A5 2
TAZAZE el A7]e e Ao] AFS sl 7 SYE
B AR AAEHATE 228 a5 olss 5



260 AL - ol

=1 | — o
ZFHA S SRS Aol AMESH BAAR W 3 5
A golry] gt R4, 8ol 2 AEES =
Aol om, A= Table 13 ok, FEATHS AE #
off FFAY HE WHE S5 729 & e
e Holz 7o

A =
e, Aol g 2717 e &
2 4eA SlTthKim, 2005; Lee et al, 2017). & 1-¢]
1= 4

HaE 3719] HR Aol vls Frddge] o4
2 22 A3%E YR ATHp<0.05). Kim & Shin (2014)
& A7VRe] A7t FoldrE FRAFH | ST
s om, & AT E o]e} Hszg AFE Holw A3
AT AHE FAGAT F5 e FEEATEY A
ARATLENA = Agel e vls)] felHom =

-
=

AdE Bl Qo= AYztEm,
#yd Fado] v A=A,

gl = A, Aga Agenoa % PR AP EE0] 7}
16.75%2 11.92%= 72 FF° HR A@=° v+l
olH oz &2 AE YERNATHp<0.05). AE2] A =
717} Aol H 84 il £5E F e W] T

Table 1. Water hydration properties of freeze-dried cooked rice

7tete] a7t Eobdtkal 3k THLee et al., 2004).
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TS0 Hld] HAE7E =& AHE HATHp<0.05).
Yang et al. (2007)9] AFolME A7FE A& 25 g
Zo] A7V Zo)| ) HAET) 2o ARE BTty &

B, ¥ A7l v A%E dehilch FYEE 29

Cultivar
Size" t-value
Samgwang Jinsumi
o HR 457.54+24.75 437.75+20.76 1.06
Water-binding PR 689.98+11.91 471.3043.87 30.24"™
capacity (%) —
t-value -14.66 -2.75
- HR 9.36+0.15 8.00:0.89 261
Sol(l,(l)})l)llty PR 16.75+£2.66 11.92+0.85 3.00"
0
t-value —4.81" —-5.50™
. HR 11.25+0.58 10.99+0.07 494"
Swelll(f(}/g)Power PR 12.16+0.52 11.50+0.19 2.08
0
t-value -3.04" —4.47"

Data are presented as mean+SD.
! HR: size of half a rice; PR: size of powder a rice.

ok

“p<0.05, *p<0.01, ***p<0.001.
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Table 2. Colorimetric characteristics of porridge made from freeze-dried cooked rice

Cultivar
Size? t-value
Samgwang Jinsumi
HR 63.24+0.17 64.58+0.80 -12.33™
LY PR 64.28+0.25 65.68+0.71 -3.23"
t-value -5.99" -2.66
HR -2.30+0.11 -2.03£0.04 —4.00"
a PR —1.74+0.30 —1.70+£0.10 -0.67
t-value -8.35™ —5.44"
HR -2.54+0.35 —1.94+0.09 -2.84"
b PR —-0.85+0.06 —-0.80+0.14 -0.58
t-value —-8.19™ -12.25™
HR 31.65+0.20 30.22+0.08 11.63™
AE PR 30.37+0.24 28.97+0.71 3.28°
t-value 7.10™ 3.02°

Data are presented as mean+SD.

D L: lightness (100 = pure white, 0 = black); a: redness (+100 = red, —80 = green); b: yellowness (+70 = yellow, =70 = blue); AE: J(AL)z + (Aa) + (Ab)’.
2 HR: size of half a rice; PR: size of powder a rice.

*p<0.05, “*p<0.01, ***p<0.001.

Cultivar
Size?

Samgwang Jinsumi

HR

PR

Fig. 1. Appearance of porridge made from freeze-dried cooked rice. ¥ HR: size of half a rice; PR: size of powder a rice.
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E YERAT L stk & A
0.800.2 MaA¢} vzl om,
Z ¥ke] A7) we} Zpol 7t 92% A =2
2he] a3 A7)el e Be] e} A1e] WSt ﬂ%‘& A
7} o] 7oA Ha/do] Jtkar AZE ATt ARpghe A Q)
A7kA zpolE 22 VERA o] M (KOSFOST, 2022),
A FFEA7 RS 7|E0 2 AR Fgke] 12 odo|H Tt
2 A% Mow AAITHKim et al., 2014b). 2 A9

AR 3 28.97-31.659] WS HERASlon M7t

A3 54 AF= Table 3
3 7 %éﬁi ‘?JQ] 37101] me zo Hri Ay

- olel
2522 55-60°CE =2 wiAA I AFHEE Ed A
ojlem, & AFAME o]F EHE 60+1°C7HA] =7

SopA = Al HEE Skt 2y 1 e
g3

A% mAe B ¥ gAA A7 Fol v AT 5
gomz FF ALE Fol HYE AP LENH 4
A7t AYH L= AR B4 0js A7t A9 E

710l & o] HYAES g W

o] Z} 480 cm%} 4.62cmE 7S =
Hlgl folH oz w2 AE UrE}LH
ATHp<0.05). 2e] FFol wE HFAP A3, HR AP+
EolXe 7t Aol vla] felF oz HRAge] &
A#E e oL PR AP S0 = feldoz A
o] vre AE B ATHp<0.05). dutF o g Hirol WA

Agn B PR A FE0] 7F 727600 P9t 10,15333 A dwtE A#E Jehfo] Hmrt sk A4S
P2 7+& ZFF9] HR A5l vla] fo8oz & 722384 DkKim et al., 2004; Ryu et al., 2007). &
AHE JERY A th(p<0.05). 9] F=e Ade] Ak 271 TolMe Fxrt dddez =39 PR A3+E°] HR
o] 93-S WETHKIm et al, 2010). FF RES 2} A2 vE) HAAo] = AFE Hold o9 = A
AL A= vl ARYAR 715 A de AEEC] FE YeR 7HEY 32719 PR APTEY] FE, &
EAaL 9L, ol 7t *ﬂﬁ—e— Hoshe AxHe A58 7] 92S de AR do2EE FAste] A3 E%
2 FuAERex e Fo7 pAF At Ed & 3 JO(Fig 1) £715 AASHE A AHEA
AEY 7h7bolel] gl o] EAfate] Al Q] AR-S 7+ @Ze FRo] EEE B4 A Sth oyd of=
AL Q7] el AEEs gEe] Es dEYA] PR AFFLES HErt BgSon Bslal WP 2
B&3 3315 A tH(Kim et al., 2014). 22 F4 5k AN}E RPLS Aow Az} 5 But gglo] 713
PAke] Z717F mAlEi A Aol YolA 3t £t 28 S Ax A o]E Had At o] Fojd "ol
walz] 7 AEs 5718 " ok(Lee et al, 2002). Yang et Ae Ao = AeET,

al. (2007)8] AT E Aol Yz} =77} A= 3
Az Awrt Z748F Tt Barsk v 9o, B ¢t
AME ol frAkgk AAE YERT B3 59 HEe

2roE 93FS w=th Sul & Han (2018) =9 &% & 779 w}% kA 74/\} A}, o 71

7F 90°C o]/ =olAH A& 4] B3 9 AE A& = WA 7SR, g 7S s, 5_;%‘7.% 7155, 2E)al Ags

a7 dofubax HErF ghAskd o sk L - A ?l 7153 A RgmeA] B HR AdwEe] 22

2o AAAXRHA AF Fo R 227F 55-60°CE HWol  FE2 PR AFFE0] Hls) 74;@0; NEE7} = A
O

WA ABALEe AATFo = ol Axr) Ay ua
B3k vl Aok Sul & Han (2018)°] #A|A3F Z9o Wi

2 7L AtHp<0.05). #oI A %3 43171 (Kim et
1, 2010)% ¥#&Z=(Kim et al,, 2010)9] AFNME vk

Table 3. Viscosity of porridge made from freeze-dried cooked rice

Cultivar
Size" t-value
Samgwang Jinsumi
o HR 5,964.00+20.78 5,398.00+45.03 19.77"
Vlicgilfy PR 7,276.00+56.71 10,153.33+197.32 2428
c
t-value -37.62"" —40.70""
- HR 3.77£0.12 4.03+0.09 —6.34"
Spre(adal))”lty PR 4.8040.10 4.6240.23 243°
cm
t-value -23.90™ -8.31™

Data are presented as mean+SD.
D HR: size of half a rice; PR: size of powder a rice.

*p<0.05, ***p<0.001.
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Table 4. Acceptance test of porridge made from freeze-dried cooked rice
Cultivar
Size" t-value
Samgwang Jinsumi
HR 25.07+1.54 5.47+1.54 -1.84
Appearance PR 3.79+1.69 3.66+1.72 0.54
t-value 5.60"" 7.84""
HR 5.22+1.27 5.15£1.30 0.39
Odor PR 4.28+1.57 4.34+1.55 -0.27
t-value 4.66™ 4.00™
HR 4.96+1.33 5.57+1.56 -3.00"
Taste PR 3.85+1.68 3.97+1.67 —-0.51
t-value 518" 7.01"
HR 5.18+1.51 5.79+£1.62 -2.75"
Texture PR 3.56+1.62 3.49+1.74 0.30
t-value 7.32" 9.67
HR 4.88+1.49 5.77+1.45 428"
Overall PR 3.6241.60 3.67+1.63 -0.22
acceptability — —
t-value 5.76 9.62

Data are presented as mean+SD.
" HR: size of half a rice; PR: size of powder a rice.
2 1 = “dislike extremely”- 9 = “like extremely”.

*p<0.01, ***p<0.001.

sa-T

sw-T

afT

_'
—I
—
—_—
Oy,
—
—I
e

-0 w
&I
B ———
/o rnrsesarsasarsesarsasarsasarsarartarassarastarastarassarassaressareraro)
—
—
e —————————
S IIIIIIILIL LIS LSS IS LIS IS LSS S LI IIII SIS LSS S SIS SIS IS LSS LI II SIS LSS LSS SIS SIS LSS LSS SIS SIS LSS SIS I SA
—
_'

i

0 10 20 30 40 50 60 70 80 90 100 110(N)

DSamgwang-HR2) OSamgwang-PR  ®Jinsumi-HR O Jinsumi-PR

Fig. 2. Frequency of sensory characteristics of porridge made
from freeze-dried cooked rice by RATA. " glo: glossiness; tra:
transparency; spra: spreadability; sav-O: savory odor; cr-O:
cooked rice odor; ri-O: rice odor; sa-T: savory taste; sw-T:
sweet taste; af-T: aftertaste; che: chewiness; coh: cohesiveness;
moi: moistness. 2 HR: size of half a rice; PR: size of powder a
rice.
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Table 5. Sensory intensities of porridge made from freeze-dried cooked rice

Cultivar
Size" t-value
Samgwang Jinsumi
HR 95.17+1.87 5.13£1.90 0.19
Glossiness PR 5.414£2.18 4.82+2.30 1.99
t-value —-0.82 1.06
HR 2.51+1.93 3.15+2.26 -2.15"
Transparency PR 2.65+2.17 2.81+£2.22 -0.51
t-value —-0.47 1.09
HR 3.31+1.93 4.23+2.36 -3.07"
Spreadability PR 4.45+2.33 4.42+2.53 0.86
t-value -3.82" —-0.54
HR 1.814£2.18 2.024+2.40 —0.67
Savory odor PR 1.61+2.03 2.2542.68 -1.94
t-value 0.66 —-0.66
) HR 2.9442.62 3.77£2.73 -2.21"
COOkgd rice PR 2.7242.49 2.81+2.66 -0.24
odor
t-value 0.63 2.56"
HR 3.374+2.83 3.11+£2.95 0.65
Rice odor PR 3.454+2.78 3.06+2.71 1.02
t-value -0.20 0.12
HR 22274227 2.934+2.53 -1.97
Savory taste PR 2.10+2.38 2.64+2.48 -1.60
t-value 0.54 0.83
HR 2.25+2.04 2.7142.48 —-1.44
t-value -0.13 1.07
HR 4.38+2.03 4.50+2.34 -0.38
Aftertaste PR 4.04+2.34 4.06+2.33 —0.60
t-value 1.11 1.34
HR 5.37+£2.01 5.69+£2.43 -1.03
Chewiness PR 1.98+1.49 2.3842.17 -1.54
t-value 13.71° 10.32"
HR 4.98+2.31 4.96+2.16 0.62
Cohesiveness PR 4.54+2.64 4.70+£2.71 —-0.42
t-value 1.27 0.77
HR 4.87+2.24 4.7542.30 0.34
Moistness PR 4.78+2.52 4.77+£2.40 0.01
t-value 0.29 —-0.06
Data are presented as mean+SD.
D HR: size of half a rice; PR: size of powder a rice.
2 0 = “not applicable”, 1 = “extremely weak”- 9 = “extremely strong”.
*p<0.05, “p<0.01, *"p<0.001.
RO HIHY O (p<0.05), BLH HIAE ol & Aol vs) KO FF AOE BFHIATHp<0.05).
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Table 6. Pearson’s correlation coefficients between physicochemical characteristics and sensory attributes
Sensory intensity Acceptance
glo" tra spra  sav-O c¢cr-O  1i-O  sa-T  sw-T  afT che coh moi app odor taste tex ova

WB? 0702 -0.381 0.434 -0.719 -0.566 0.696 -0.729 -0.441 -0.677 -0.715 -0.848 -0.126 -0.607 —0.681 —0.685 —0.631 -0.648
SO 0449 -0.436 0.516 -0.505 -0.739 0.544 -0.709 -0.559 -0.875 -0.894 -0.957° -0.150 -0.827 -0.861 -0.879 -0.845 —0.853
SW 0.480 —0.499 0.448 -0.550 -0.767 0.600 —0.762 —-0.610 —0.862 —-0.871 -0.933 -0.074 -0.809 -0.829 -0.873 -0.830 —0.849
L -0.654 0.523 0.808 0.730 -0.008 —0.747 0.512 0303 -0.465 -0.527 -0431 -0.780 -0.540 -0.617 -0.386 -0.498 -0.374
a -0.161  0.195 0929 0.207 -0.367 -0.225 -0.008 -0.031 -0.810 —-0.881 -0.870 -0.716 -0.834 -0.934 -0.750 -0.813 -0.720
b -0.123  0.077 0.885 0.142 -0473 -0.136 -0.119 -0.148 -0.873 -0.931 -0914 -0.631 -0.890 —-0.970° -0.822 -0.874 -0.795
VI -0.612 -0.145 0.501 0.518 -0.618 —-0.363 —0.045 -0.374 -0.810 -0.782 -0.611 -0.256 -0.863 —-0.790 -0.785 -0.843 —0.800
SP 0.055 -0.030 0.845 -0.045 -0.539 0.048 -0.275 -0.236 -0.900 -0.956" -0.971° -0.557 -0.898 -0.981" -0.860 —0.890 —0.829

" glo: glossiness; tra: transparency; spra: spreadability; sav-O: savory odor; cr-O:

*p<0.05.

cooked rice odor; ri-O: rice odor; sa-T: savory taste; sw-T: sweet taste;
af-T: aftertaste; che: chewiness; coh: cohesiveness; moi: moistness; app: appearance; tex: texture; ova: overall acceptability.
2 WB: water-binding capacity; SO: Solubility; SW: Swelling power; L: lightness; a: redness; b: yellowness; VI: viscosity; SP: spreadability.

Table 7. Pearson’s correlation coefficients between sensory intensity and acceptance

Sensory intensity"

Acceptance

glo tra spra sav-O  cr-O ri-O sa-T  sw-T af-T che coh moi
Appearance 0.128 0363 -0.575 -0.030 0.816 -0.095 0.445 0.571 0.995" 0.983" 0.909 0212
Odor 0.039 0.167 -0.753 —0.003 0.669 -0.054 0343 0381 0.964" 0.992" 0965 0.427
Taste 0.000 0.501 -0.469 0.121 0.890 -0.260 0.593 0.684 0.995" 0971" 0911  0.078
Texture 0.091 0.403 -0.547 0.013 0.839 -0.143 0.489 0.605 0.998" 0.983° 0912 0.175
Overall acceptability  0.035 0.534 —0.424 0.099 0910 -0253 0599 0.715 0.990° 0.956° 0.883  0.031

D glo: glossiness; tra: transparency; spra: spreadability; sav-O: savory odor; cr-O: cooked rice odor; ri-O: rice odor; sa-T: savory taste; sw-T: sweet taste;
af-T: aftertaste; che: chewiness; coh: cohesiveness; moi: moistness.
*p<0.05, “p<0.01.
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