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Effects of Cooking Method and Pasteurization Treatment on Instant
Thin Rice Porridge Added with Fruits and Vegetables

Hwa-Jin Leel, Soojung Kimz, Eun Bangl, Haehun Shing, and Hyung-Yong Cho'

]Department of Food Science and Biotechnology, CHA University
“Cha Bio FNC Co.
“Division of Foodservice Industry, Baekseok Culture University

ABSTRACT This study researched the effects of cooking methods on phytochemical-enriched thin rice porridge (RP)
of three colors (red, yellow, and green). Each of the RPs was prepared by three cooking methods and retorted through
two-steps (step 1, at 80°C for 15 min; step 2, at 82°C for 25 min) for pasteurization. Cooking method (CM) 1 involved
heating a mixture of all ingredients while CM 2 involved addition of apple/beet (AB, red), sweet-pumpkin/cabbage
(PC, yellow) or vitamin/pear (green) while heating rice flour and glutinous rice flour. CM 3 involved mixing pre-cooked
fruits and vegetables with cooked thin RP. The viscosity of RP prepared by CM 1 was lower than those of other
RPs (P<0.05). The result of colorimetric a value show that red and green color of AB and VP prepared by CM
2 and CM 3 were most vivid. Contents of phytochemicals and antioxidants were higher when RP was prepared by
CM 2 and CM 3 compared to CM 1. AE values of PC showed no significant difference before and after pasteurization,
whereas AB and VP were significantly different (P<0.05). Antioxidant activity after retorting was not significantly
different from those of un-retorted RPs. The results of color, phytochemical content, and antioxidant activity show
that CM 2 or CM 3 were considerably better than CM 1, whereas cooking method had no effect after two-step retorting.
Therefore, uncomplicated cooking method such as CM 1 or CM 2 are suited for commercial production of RPs.
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Aol ARgE A 7F(ORGANICAADY Inc., Chung-
ju, Korea)9} #27F+(ORGANICAADY Inc.), H E(F
Wih, AFHEUAY), S B (EWAh), FlE(=gl4h), BlE

AAGE WD, MEWDE 371 E A A dE &

FULEAA FY3t] AREEISith YHIEE B
3] FAlst] AEE AAT $ Adsto 4417] °4-°r
dt] DY-2012, 5YPCS, Incheon, Korea)oll A 45
st Fnlekich Ao} vl A4S A%
A 30x%F mhAEkgl o, HIEIAE 2%
gk & 30x%F st EHEkdt. D‘ritl}
EolA 3023t 58 3 Ao Wzlon, & IOO C
#Zie BollA 1083 538 & 4714014 205_9] U}Jﬂ%ué
< AA FvEith duAdel o) gz AFRH EN S
(AB), @o ekl 3m] 3 (PC), HIEFIA v 7] 3 (VP) <] wi gt
"= Table 13 2t}

rlo ﬂl-[[] FOI"

Alef

Delphinidin chloride, B—carotene, acetone, potassium
persulfate, ABTS[2,2'-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid)] diammonium salt, phosphate
buffered saline, DPPH(2,2-diphenyl-1-picrylhydrazyl)
+ Sigma-Aldrich Co.(St. Louis, MO, USA)2] chemical
standard grade A]¢F& AF83}1% 2™, hydrochloric acid,
methanol, ethanol= DUKSAN(Seoul, Korea)olAl ACS

Table 1. Formula for preparation for phytochemical enriched

thin rice porridges (%)
AB" PC VP
Red beet Sweet-pumpkin  Vitamin
(2.3) (2.3) (2.3)

Fruit & tabl
ut vegetable Apple Cabbage Pear

(1.15) (1.15) (1.15)

Glutinous rice flour (1.15)
Rice flour (3.40)
Water (92.00)

Total (100.00)

Ingredient

YAB: apple/beet porridge, PC: sweet-pumpkin/cabbage porridge,
VP: vitamin/pear porridge.

gradeE A}-&3}3it)

Ol7A! HM=

2 ATl AEe 2Yxde Fd/A i BUMFE
g Tt A
7FE(CM2), 7HE & =
(Fig. 1).

CM 12 ¢Fv) HH|o| Table 19l AAE s gH]ol] wh
g A Fet A7 ASES S Y 1383
o2 ZFste] 1377 7HEe ¥ 100°Col A 5&3F 571 7}
dstsitt. 7t o] ¢ A5 & highlight langeol| A #2] g+
T 28 UFFA R AolE v Aol Ay FHlsisith

CM 2% &Fvlg Wdol 275 a7, AATE
9 5 133 ‘Jr“?—zrziﬁi <= 3tstod 13—‘?7]' 7}°jﬂ %

(CMD), =3 &% F
TiEske] skl

527k 37} hedste] Al g Alxsigl o,
HAFE 2 ALY E sto] alrtd A F2 F0e)
gtk ool Mgt 2eE AAFE ol Wi 287

o]
HrErden B39 F A Ae Fusgin

HEEE X2

Azg olf2le FF7shs A%dstr] st poly-
propylene A1&e] &7 200 g¥ Hol WEd ¥ HEEE
#X|(STERI-ACE, Kyunghan Co., Ltd., Gyeongsan, Ko-
rea)E o]-&3lo] 29AI(1eHA: 80°C, 15%/ 2¢Al: 82°C,
2510 AA HEZE AHYE oy, dEZE A A
(AB, PC, VP)#} A& & AJE(AB_R, PC_R, VP_R)& &4
|02 ARSI

UdbY 2
A E-2 Korea Food Code(17)9] W o) ule} =&
105°C AdA =z, 38 550°C 33, =z e
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Rice / glutinous Fruits & Rice / glutinous Rice / glutinous Fruits &
rice flour vegetables rice flour rice flour vegetables
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; Fruits & ’
[ 1st heating ] [ vegetables ] [ Heating
Mixing Q Q 17

Pre-cooked fruits & J

[ Thin rice porridges ] [ vegetables

Heating
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U

Thin rice porridge ]

|
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Fig. 1. Manufacturing process of phytochemical enriched thin rice porridge. (A) Cooking method 1: heating of mixture of all
ingredients. (B) Cooking method 2: adding with fruits and vegetables during heating of rice flour and glutinous rice flour. (C)
Cooking method 3: mixed with pre-cooked fruits & vegetables, and cooked thin rice porridge.

micro-Kjeldahl®, ZAW& Soxhlet F&Y, ZAF+= B-Carotene ¥3: B-Carotene %2 Choi 5(20)9]
Henneberg-Stohmann 7H#H S o] &3}% o, 3% WS WMt =45tk A2 2 goll acetone 7.5 mL
o] AS- AR 100 g FAlA g, 2, 229 9 33 & #H7rslo] Aol A 303t 538 F 0.45 um syringe
o] &g ste] Y& &S MEERE it EAIESITH filter® o3& & 95 450 nmelA FFEE SAATH
geF BA18 B-caroteneS T8N O E 3o A3 AT

e % chlorophyll §%: Kwon 5(12)9] WS 83l

HAEE Kim¥ Sung(18)2] WHS WEsle] A=A (DV- A& 2 gol acetone 7.5 mLE #H7}ate] AFLo A 247k
2T Cone/Plate Viscometer, Brookfield Engineering Lab- 308 st &3 & 0.45 um syringe filter® Oii’/}ﬂ ol
oratories, Inc., Middleboro MA, USA)E ©]-8-3}4 spin- < 645 nm, 663 nmolA FFEE S43IATE F chloro-
dle CP 518 #Azrst & 75 rpm, 25°ColA] 3&3F 25 A1 A phyll %2 thg Aol wat ALtskaich
33 dt&E SH433 Total chlorophyll (ng/mL)=8.02A¢63— 20.21A645
M gotst

A== A=A (Colory meter, CM-3500d, Minolta Co., FEY A x: Fiks B4 4L Kim (1D HH S
Ltd., Osaka, Japan)E ©]-&3}o] =43 L(H X%, lightness), AEste] A& 3 goll 94 %/] ethanol 6 mLZ 7}8}e] 25°C
a(A A% redness), b(FA %, yellowness)E 33| ¥H3} ol A 2413t F& F YA EE7I(MICRO 17TR, Hanil Sci-
o FA3rt. 2T AT Aol E YEE AEZS ence Industrial Co., Ltd., Incheon, Korea)oll Al 2,000
ol o] 23} o] ALkl om, oju FF WAL L, a, rpm, 15°C, 15%3F —%l’\‘:”j gk oS A HS 0.45 um
b #<S 2z 62.05, 0.96, -5.87°]t}. syringe filter® o] 3}3}o] FEHN o2 ALE-3} T}

DPPH free #t]Z 47%: DPPHZ 94% ethanolel =

AE=V(AL)?+(Aa)2+(ADb)?
E= V(ALY +(Aa)*+(Ab) o] 0.1 mM DPPH €< #1238 & 0.1 mM DPPH &

ol
Anthocyanin 3%: Anthocyanin 3% Palamidis<} 0.8 mL¢ =9 0.2 mLE %g}o}oq A Lo A 1A]7F F-oF

Markakis(19)¢] W& W33t ZH3qth Als 2 gol Aol Al HESAIH T HHgo] Ed & 517 nmollA FH =

0.1 N HCI-80% methanol 2 mLE 7}3le] 4°C2] Aol A = =A3lo] ofgf 2] & o]&3le] AatEF o, ol con-

2477 FF3 &, 10,000 rpm, 15°ColA] 1021 A4 trol F= Al 94% ol¥-& 0.2 mLE 0.1 mM DPPH

slo] A& A5 NS 0.45 um syringe filter(ADVANTEC, 2o 0.8 mLo} ¥FS A AT

Tokyo, Japan)& ¢J3}3+ t}& UV-Vis spectrophotome- DPPH froe radical _—

ter(G10S UV-Vis, Thermo Scientific, Waltham, MA, scavenging activity (%)=( - ﬁ)xmo

USA)E o]&-3}e] 530 nmollA SFF=E 43}, k&
B2 delphinidin chloride® EF8H o2 slo] Aks} ABTS free #t]Z £7]%: 2.6 mM potassium persul-
A}, fateol]l =<1 7.4 mMe] ABTSE A 2.9 4oM 2447 &
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S x| ete] gozdS A T, AF Al 732 nmel B 4.35%, 3% 0.01%, =94 0.66%, =A% 0.04%,
A ABTS €99 &34 =7} 0.7+£0.027} ¥|%== phosphate 249 0.16%9] P& = YEbstoh v ERRLA ] 5 (VP) £
buffered saline > 4 13k ABTS &9 950 pLoll & A9 4= 95.06%, B35 4.12%, 3 0.04%, 904
50 uLE HA7Vete] AL obaol A 1087F ¥ 7] The 732 0.74%, ZA 0.04%, 2+ 0.07%% Vel 35729
nm 535 54 o}SiiE}. ABTS free &tz &7 %b o} o]l o] TR FollA o] °F 95%= 7V =A e
g o] AL o= Astlom, olw control % o on, Ot o2 vprlEe] dEfo] of 492 =4 U
Al ABTS &9 950 uL9} 94% ol&he 50 uL2 WHS-A| 3t} Bttt o]= o] 2] Az Al wigulol A oF 92%F AHA| &}

ABTS free radical =( _ Abxperiment = %J’]r A7HE(3.40%), 3E7HH(115%) 9] oFhl ek A

scavenging activity (%) gk Hl&-& YERYSIT

> ﬂHN' 01
O rlo

AConlrol )>< 100

o219 it ] A9 uiglel A &9 H7t Hl&
SA Mal of mEt GEtX A Yehdt) EvlE F3 S ERE F A
EA A& SPSS £ 7432 2 138 (Statistics Package for Z A BS JUste Az e 49 o8 g0l 747 93
the Social Science, version 21.0, SPSS Inc., Chicago, ~93.4%, 92.55~93.20%%1 wrH, WL ERE F A X A
IL, USA)S ©]&3}o] paired t-test®} one-way ANOVA & h4l rice mashZ AFE3F F o= =8 g% 75.15~
(analysis of variation)® #21& 3} 2™, Tukey's mul- 81. 27%E Ve TH14). 1S9 A B9 U} vl &l =
tiple comparison test®Z Z} Al& 7Fe] folAdS X0.05 o} 3FFY oA BF FE o] 949 ol o 2 e}
ol A ASsF e }V\E]'-
Zqn 2 pEt ol Hx=
o2l gt AP Fo| FrEd B IEY 944
Z} O|RAle| At E A7), P83 g, YA Fo 25 o o JI%S
Table 1] weh A7k o] 4o Ak 4 A= W= Ao A AT June S(15) WEW = 59
Table 29} 2t} 3579 o]f2le] Ak A= Al 3 T8 A SR & 9 5o HIEE FAEY 6
7VElE AR 2 FARe] AR g W}E‘r X}O]ﬂ A7 glel oJate] s e slow dHA
th A EN| 2(AB)= offrA o it HEEE

%, A 0.60%, =7 0.11%, &*,jv 0.0Q%E e %= 54 A5 Table 39 YebU ALt ol f
ek ©oukekul 5] °(Pc)4 - FE 94.94%, B3 of we} Mo Apo] 7} vepton, 335 A

Table 2. Proximate compositions of phytochemical enriched thin rice porridges depending on formula (Formula, %)
Samplel) Moisture Carbohydrate Crude ash Crude protein Crude fat Crude fiber
AB 95.05+0.01% 4.2440.01 0.00£0.00 0.60+0.01 0.11£0.00 0.09+0.00
PC 94.94+0.00 4.35+0.01 0.01£0.00 0.66+0.01 0.04+0.00 0.16+0.00
VP 95.06+0.13 4.12+0.00 0.04+0.00 0.74+0.03 0.04+0.00 0.07+0.00

VAB: apple/beet porridge, PC: sweet-pumpkin/cabbage porridge, VP: vitamin/pear porridge.
?Values are means+SEM.

Table 3. Viscosity of phytochemical enriched thin rice porridges

Viscosity (mPa-s)

Sample"

Cooking method 1 Cooking method 2 Cooking method 3
Red AB 148.79+0.34°27 157.79+1.00° 153.93+0.72"
¢ AB R 154.23+0.42°" 163.42+0.56" 158.41+0.38"
YVellow PC 143.76+1.23¢ 154.08+0.58" 184.41+0.63"
PC R 144.56+0.42° 156.77+0.65° 186.91+1.57°
Green VP 125.98+0.33¢ 142.42+0.49° 148.01+0.43"
VP R 129.20+0.60° 145.63+0.73" 150.46+1.79°

YAB: apple/beet porridge, AB_R: retorting treated apple/beet porridge, PC: sweet-pumpkin/cabbage porridge, PC_R: retorting treated
sweet-pumpkln/cabbage porrldge VP: vitamin/pear porridge, VP_R: retorting treated vitamin/pear porridge.

?Values are means+SEM.

*Means with different letters in a row are significantly different at P<0.05 the level by Tukey's multiple comparison test of cooking
methods.

*Signiﬁcantly different at P<0.05 with respect to treatment of retorting.
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12 283895 u A7t CM 29} CM 328 xg s A& AAA T bzke] A$ CM 10] 37.352 CM 2(39.45), CM
of Hl&le] FeolH oz A SHFJTHIXK0.05). HEZE 3(38.55)°0 Hl&l & 7S B3t PCol EA 5= B—car—
A A F A7 g vus iy 359 o4 A& otene > CM 2014 3.46 ng/go = 71 =4 ety

EF CM 28 zE33s v dEZE A7 $9 Hert d, o= B—carotene«] dgo] FAEE e E b%kﬂ}
A AET Frretd e, ol AVtE F A=) dx= FFALE 43S B o™, B-carotene?] $HEFo] byt A#
z7] A=ol vla] @ol FAgth= ®Ha(21)e}F thEA YE A& 7HIYa B 4 9l

Sk 2 AFA CM 22 o]f2] Az Al 7FEAE] 5 A VP Lt CM 39¢] 64.192 714 =4 YEwen, agt

F7F A7kl wet Alg 27) vtobd AR, TR} 2 CM 30| -4.28% 714 @7/ SAHH AL CM 1(-3.94),
s 23E A Feiv dEEE A2 S8 A7rE CM 2(-2.85) £o.& ekttt aglo] rlolva(-)2 54
=

of W} TstEo] HE7l Sk Ao w AekE T HATHE A& A57F 5AS drke onE CM 39] 7+
HAS wWoka sjA e 4= ok bR (ENE)Y] 49 CM 19]

0|QAle| M= 2l phytochemical &2t 19.28% CM 3(16.38), CM 2(15.07) H]&) =& #&
JEZE Ag A g wE o)f2e Axe Ebylitt. VPel EA13k= % chlorophyll 38 =743 A3}
phytochemical®] &8 Z}7} Table 49} Fig. 29 e CM 39] 2.28 ug/go.2 714 9tA el o= A=

Att. AB] L#e CM 12 %39S o 41,522 & azk¥ ks &= Aot

el vt EA YES oY, agte] 27.172 CM AEZE A7 & o] {2 A% 9 phytochemical®] ?;;P
2(30.94), CM 3(31.74)°ll ®late] wtA] vEbRTE. 2] &S 7217} Table 49} Fig. 201 YeRATH AB_R2] 7

o we} ABO| £A4)3}+= anthocyanin® =S S 3 23} CM 19] agt 17.31% 7} A A= AL, CM 29] agko]
CM 1(4.86 pg/g), CM 2(5.80 pg/g), CM 3(5.69 ng/g)o.=2 20452 7F = JElWY Bl EZE A2 & AB_R9

CM 12 z&8t3lS o 7Hd WAl vebskow, o) aghat anthocyanin®] %% 43 23 CM 27} 3.04 ng/go=
AR A &F& e o] anthocyanin®] #&4E& 1 7P =7 et e, aght AR &S HERARIT E
il A0 AMES Yehls agkel 93-S A= U EEE AP da} o] AjRe] A 7}& Hlﬂﬁﬂi‘ﬁ
Ao et BE 2ol dEEE AY & H24S UEhl=
el wE PCO| Lk CM 1°] 64.62, CM 27} w2 AE] AR s mede UrE‘rLH” bk <
64.61, CM 30] 64.79=2 ol w2 fo] 2l Afol= 7teS & 5 ATk T YEZE A $F anthocyanin

Table 4. Change in Hunter's color value of color enriched thin rice porridges depending on cooking methods and retorting

Color values

b

Sample L a b AR
CM 1 41.52+0.03%" 27.17+0.04° 17.79+0.11° 40.84+0.07°
AB CM 2 40.24+0.07° 30.94+0.01° 15.24+0.05° 42.67+0.02°
Red CM 3 40.88+0.09" 31.7440.02° 14.39+0.05° 42.50+0.03°
e * * * *
CM 1 46.61£0.11° 17.31£0.11° 24.63+0.03° 37.90+0.04°
AB R CM 2 45.26+0.08° 20.45+0.07" 22.60+0.02° 38.38+0.07"
CM 3 45.94+0.09° 20.06+0.07° 29.59+0.07° 37.2540.05°
CM 1 64.62+0.18" 0.40+0.04° 37.35+0.13° 43.30+0.14°
PC CM 2 64.61+0.02° 0.64+0.01° 39.45+0.09° 45.39+0.09*
el CM 3 64.79+0.02° 0.52+0.03% 38.55+0.19° 44.51£0.19°

cliow

CM 1 64.33+0.13" 0.41£0.02° 37.13+0.36° 43.06+0.37°
PC R CM 2 64.20+0.06" 0.59+0.02° 39.19+0.08" 45.12+0.08"
CM 3 64.43+0.02"" 0.59+0.08" 38.37+0.30" 44.31+0.30°
CM 1 61.99+0.05° -3.9420.06" 19.28+0.78" 25.63+0.75
VP CM 2 63.04+0.05° -2.85+0.01° 15.07+0.03" 21.31+0.03°
G CM 3 64.19£0.07° -4.28+0.01° 16.38+0.05" 22.95+0.06°
reen % * *
CM 1 61.76£0.06° -3.78+0.05° 18.47+0.59° 24.80+0.57"
VP R CM 2 62.60+0.04 -2.54+0.03" 14.55+0.10° 20.73+0.10°
CM 3 63.87+0.09" -3.00£0.06" 15.42+0.05" 21.73+0.05"

l)Samples are the same as Table 3.

?Values are means+SEM.

’Means with different letters in a column are significantly different at P<0.05 the level by Tukey's multiple comparison test of
, cooking methods.

Slgmﬁcantly different at P<0.05 with respect to treatment of retorting.
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Fig. 2. The contents of phytochemical in manufactured thin rice
porridges before retorting. (A) apple/beet infant food, (B)
sweet-pumpkin/cabbage infant food, (C) vitamin/pear infant
food. M: untreated retorting, M: treated retorting. Values are
means=SEM. Slgmﬁcantly dlfferences at P<0.05 with respect
to treatment of retorting. Means with different letters (a-c) above
the bars are significantly different at P<0.05 the level by Tukey's
multiple comparison test of cooking methods.

S-S CM 19] 2.58 ug/g, CM 27} 3.04 ng/g, CM 39|
76 ng/go® HEZE A7 ART} 46% ©]F 7HAs
ol HL M x93+ anthocyanin A 47 G
’3}ﬁ(19) 7kl 98l anthocyanino] 3l ¥ o] 473
3‘4 Lol 9] Mo B A Aoz MItheE ATt
FH(22)% H.o} anthocyaning &3 H|EV} €& 7}35)
A4EE HEZE A8 &9 anthocyanine] 335
il z‘& Aoz Bl
HEZE A & A% 54 A3 Latd) agks =
Wiel uhet 2pol= glAAIRE bate] A$- CM 1¢] 37.132
2 7 9 545U B-Carotene % 54 23} @<

HuS|HH HEZE X2 o Aas zWHel g g8
—carotene L FoH o7 2oV} Y Ao T LJE

o HEZE Mg A3} $9 M W B-carotene
M P E2E A2 F b value 32> A A3} {9
A1 ZFol7h YA e kARt B-carotene®] S CM
3& AlQsta A AEoh ooz v Yepstt o=
HEZE A7 & AE {§27} H} B-carotene TS B

o} Row wurE,

dF=

VPe HEZE A & A% 54 243 CM 12 g3t
A2 Lak(61.76)3 agh(-3.78) vt & zgWH =0 H)
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Fig. 3. Value of DPPH and ABTS free radical scavenging activ-
ities from phytochemical enriched thin rice porridges. (A) ap-
ple/beet infant food, (B) sweet-pumpkin/cabbage infant food,
(C) vitamin/pear infant food. M: untreated retorting, M: treated
retorting. Values are means+SEM. Slgnlﬁcantly differences at
P<0.05 with respect to treatment of retorting. Means with differ-
ent letters (a,b and A,B) above the bars are significantly differ-
ent at P<0.05 the level by Tukey's multiple comparison test
of cooking methods.
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