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Abstract

The changes of resistant starch (RS) contents of cooked rice with soybean and coconut oils under different storage conditions were
investigated and RS contents were compared between the rice and cooker types. The japonica (Hopyeong) and the indica (Thailand) type
rice were cooked (washed rice: water = 100: 130) using an electric cooker and a saucepan. The coconut oil and soybean oil (3%, based on
rice, w/w) were added into cooking water before heating. The RS contents of freeze-dried cooked rice powders (newly-cooked rice, stored
for 12 h in the refrigerator, microwave heating after storage for 12 h in the refrigerator) were measured by the AOAC method. The RS
contents of cooked rice using a saucepan were higher than those using an electric cooker. The indica type cooked rice had a higher RS
content than the japonica type cooked rice, regardless of storage conditions. However, addition of oil before cooking rice resulted in
increased RS content on storage in the refrigerator. The highest RS content of the cooked indica type rice with soybean oil (5.89+0.22%)
that was stored for 12 h in the refrigerator was analyzed. The results suggested that the cooked rice formed retrograded (RS3) and
amylose-lipid complex (RS5) type RS; furthermore, the RS content is affected by storage conditions, rice, cooker and oil types.

Key wonds: retrograded starch (RS3), amylose-lipid complex (RS5), oil, storage condition, rice type
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Q0] AAL 150°C F-ZollA &FHIL 100°C ©]stol
Ae &8HA ol AW AEASEATE A83tA] &
EHKim JE F 2015). &3h&e) weh A2 ey &
3t5] = ZHE(RDS, rapidly digestive starch), d7d3] 43}
H= ZE(SDS, slowly digestive starch)?} A38}= A &
= Z (RS, resistant starch) .2 TE3CHEnglyst HN &
Cummings JH 1992). Q1A WjellA] A3ta 4ol o) 43}
A &= AEY dEFEAE ARl 3HH(Asp
NG 1992), AFHAES EAo| we} RSI-RSSE FE3}L
A THEnglyst HN & Cummings JH 1992, Eerlignen RC &
1993, Dupuis JH & 2014). RS1-& &49] HZo| ojH &
A&, RS2+ AdECE By AAF LS 7k 14, =
Appuutel aopdz e~ SeEpde] &3k RS3E
33tE Aol A Fol 3H AE e Lslopd=
Q2 RS4= 38HAQ1 WA o & 480 ojEe
Fwoln, HZ RS5E ¢zl ofdE e ~-Ad EHdAlE
718 Fof] AR ofdg e~ A FE o] Ao
2717 2FEY FAE EFAE a4%8o] oy

nom oz AAlshE oFo] AlFF7Ee Auld e BA
7F dokar g AR s Ao AAskeE B Tl
A ARl JdRI AgHEo R wHsithd A" e
A23E JAIG FY qUAE WA ESlER diagkA)
U thololEE ke AFEECAl w$- o] Qe W)
olth, RS39] AL ofd &2 Q0] Ao} Fheko] uf
T oEHoln 53| Alsdo|rt A4E o R A4
HAcka ¢E A AtkEerlingen RC 5 1993). ¥ A 3kA
ghge ojg A Bystkel| wel g2y AR Tl
RS37} FAAEHA RS7F 37H2 4 2™ (Shin MS
1999), 71E°lvt F3HAE H7bste] A& 2 RS5E &
dsted RSE 712 & Utk RS39 A2 A& &
, OFdE e~ I o), R, THEeE, THE-
Zy 3, A7VEA, AR s, AF 713 o3 dgS
F=THEerlingen RC 5 1993, Mun SH 5 1997, Zhang
5 2007, Hasjim J 5 2010). 2]&ol 3¢ == 714
Aoy FEAlE 7FEHE T ofdEL 2 Wl &
gl &4 FEol inclusion complexE FA3H=T
o] B3kl = MEEE 0 2HE-S e & Qi) =

UE 2o =3 ERl o|leAd F2E FAHHA &3l
ofd &2 Q29| 3lE AASAN FAHE EHAE 100°C
ojslo| A A ¢7] WEo 23E A b= AYHE
9l RS5%2 TFE3FIL AthKim JE 5 2015). RS5= A+
2k mEREQl BslA AREO] single OFURE Q9]
A 72 YR &84 FRoZ o7 A" B
A& 23t RS59] A 5L ofdE 29| A& o]
of gheFt ofgl Ao Feje} FAAA YA 24, o]
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g2 PHE HEFA= RS FF
Dupuis JH 5 2014).
d T&Fl 60% olFe= He w2
£ 212 W% RS3 o] A3E FAdo] ofg7] wiiel
ol A& T3t whole grain®] 43F| 1} functional dietary
! S T S Hrlste] AFS JHdste
AFsE A%t ok 28u H2 Exd AR 9
3HA indicadQl 31 o}WE Q2 FEFe] Aol FIW FA|
£ 2 A9 3% 7kt WS S W WY RSEF
A FAEH T AqUAE W= T Uve ARE
#3FATHAnoja M 2015). =7k Aol we} ARE-st
2ol FR7F 21 FHbste WHE thEARE H|RE
ojuf AlFHtt o] BstE A Fol odtta A=
2HIAFES o] AFel e ZEal glo] B AR
o9~ ofm] 9= WAlS YRl ok fEuete] A=
japonica®g 2] ofUZ e~ ghefo] e &S M Eslal 97
ol e AR ARSgE A EX|9E HuE Fof A&
Zo] FAIZ Hriste] §lo® de= oUAE Y F I
A FAE A7 vk A Ay e R A AHE F
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5 H7It §EE 3le o o] o]2A] A2 wel tigh
FA4E RS gl gk A= 7= AUTh

TgA B AFelA= U4t japonicad LHHHI 5
A3} indica® Q1 YA El=TAE A8 o]83te] 2zt B 53
Y 2Y¥ FIES 9 AEY ks BE o] 8%
WHlE ARgste] WS AT AgHEe] 7 Bel 3
AE F de AR 240 BAAAES WAIEeC)od A
12412 AAEHATE A9E vlwsly] $ske] 2k A2 wt
I @3 A B, AR & AAEHRJAR ArrEE
WS AR FEYUE ANZT o) 52 Axsle] By &
100 mesh AE TS v ELUE A" AOAC W
(2000) S o]g3te] AR TFS vlwstY T

1. M=

B Ao AR A2 winl= =% 4k japonica
¥ &% (Gangjin Nonghyun, Jeonnam, Korea)¥} indica® 2]
T BE=2Y R obdR e s FeFe ZH; 19.44+
0.17%2} 28.16£0.71%°1Ath F A= ZIZY 2 Y(EfaGold,
pure extra virgin, Nature’s Way Product Inc., Green bay,
WI, USA)¥ F7]E(Qone Samyang, Seoul, Korea)S A&
stglom Aol E4ol= total dietary fiber assay
kit(TDF-100A, Sigma Chemical Co., St. Louis, MO, USA)
E AFE3}9 2™ heat stable a-amylase(Cat. No. A-3306,
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Sigma Chemical Co., St. Louis, MO, USA), protease(Cat.
No. P-3910, Sigma Chemical Co., St. Louis, MO, USA)%}
glucosidase(Cat. No. A-9913, Sigma Chemical Co., St.
Louis, MO, USA), Celite(Cat. No. C-8656, Sigma Chemical
Co., St. Louis, MO, USA)E 743l AMEstTh =3
Aol 40l AH&E Al°FQl NaOH, HCI, 99% <3&
2 tgsl=(Dacjung Chem. & Metals, Co., Gyeonggi,
Korea)oll A T-4 ko] ARE-SFATH.

2.

EIE

Wi EU 5(2013)2] WHE FAsI HAASAT AS
Q1 WiH] 100 g& £ 3W Ao AR EVE AAT o,
tizate] W fA H7F glo] e & FA9] 134
7hetal HAvketon, FAH7F A5 A 42 74 3
g3%, & FA 718 B dExTd 2L VrEeE
2587 B kAl 158X B8 SRtk W AR
E(MW-06RC, Mama Electricity, Seoul, Korea)ol|] &2 v]
g Y AL A VR, T RS A "gal 4F
HE SYZ 9 o Wl Wi Hasignh ez
e AS e A 16 cm Ylol| A E == A E
FAE Qi F3 Al719 712 EollA 78 ekstAl 3k

7rastinh

i

3. AlEe| M=

A7rES HulE AR 71, FEol717F B 2t
AL ¥ AEE FEAx7]8 8710 Hof ZHE g%
Y532 (JP/CLN-40U, Nihon Freezer, Tokyo, Japan)(-80°C)
o Yo W& thaell $211%7](FD8512, lishinBioBase
Co., Gyeonggi, Korea)= 1Z3I3th ¥ A5 870 &
o} WAI(DY-1142RF, Daeyong E&B CO., Ltd, Gyeonggi,
Korea)oll 12A17F A4 o5l 54 5235t s241%
E AFTE 12A1F BAE e HAAEIA(M-M270AR,
LG Electronics, Seoul, Korea)E ©]-&3}l] 40x7t 7}E3}
of EAL HHE 5985 A7 & 219 AR
AR FAAESAT dxE AgRE 24 F 100
mesh A& SHAA TS SHST ths AFAE 4
& ARE ARSI FAVE H7HE e 248 AR
£ 10 g¢¥ FH3A olHl E(Daejung Chem. & Metals, Co.
Ltd., Gyeonggi, Korea)= 16A17F EA|3F thFol| F11ste
4 F 248 ARE ARSI

e
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oo
AT FEFS T AoldFaE E48= AOAC W
H(2000)°] w2t dietary fiber assay kit(Sigma Chemical
Co., St. Louis, MO, USA)E ©]-&3la] AAlsie) 5 &
AR 1.0 g(AE71¥)F 50 mL phosphate buffer -84
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217170k 94 F57H kel AR ser wste] m g 11

(pH 6.0)= 600 mL H]F ol Y11 heat stable a-amylaseS
0.1 mL o] 1583t ¥+ F2FZ(KMC-12055W1, Vison
Scientific, Dagjeon, Korea)ollA HES-AIZ] T3 Al-2olA 1Y
ZYA T EARES Aol 0.275 M NaOH(Samchun Develop-
ment Co., Ltd., Gyeonggi, Korea) £ 10 mLE 7|3}
pH 7.5+02% ©r3 TS phosphate buffer(pH 6.0)°l &3]
3k protease(Cat. No. P-3910, Sigma Chemical Co., St.
Louis, MO, USA) 0.1 mLE Y3l 60°C &-2Z(Vison
Scientific)oll Al 100 rpm £E2 &5 FHA 30 23+
WHS-AI A, 0.325 M HCl(Daejung Chem. & Metals, Co.
Ltd., Gyeonggi, Korea) 10 mLE A8} pH 4.0-4.6°0.%
T A5 Kol 0.1 mL amyloglucosidaseS 23l 60°C
of A 30%3F 100 rpme] £E2 EEO|FHEA WA o
woll BANH-S 7] 98] AR v Fulof 4u) F
TS ¥ Aol AU CeliteE °F 1 g WL
Azsle &&Fo]l H fF2] crucible(JPG32940FNL, Iwaki
Co. Ltd., Tokyo, Japan)< ©]-83tcd 7h3teda} stttk 2t
=2 78%%} 95% ek, 18]l ofAlEe] AR 7R
o] Al F& B84 FAE 105°C QE(OF-11, Jeio Tech
Co., Ltd., Daejeon, Korea)o| X Ax & FAE =43}
AR T %)= T 2ol ALtstant wroll 3
H oAy} | Behge F2] crucible(Iwaki Co. Ltd.)S
Abg5le] Shu= 550°C 3] 3}2(DF-2, Jeio Tech Co., Ltd.,
Daejeon, Korea)= 3|3IA1A 3]EEHFS 4513 UH
A sty v Aoz duld RS =43t o
=+ 2 A& o] g3t AFAE FHFE ALSIATH
Total dietary fiber (%)

= Resistant starch (%)
= [(RsampLE — PsamprE — Asampre — B)/SW] x 100

B = Rprank — Parank — Aprank
R = Average residue weight (mg)
P = Average protein weight (mg)
A = Average ash weight (mg)

SW = Average sample weight (mg)

5. SAIXME|

SPSS 12.0K(IBM, Armonk, NY, USA)Z o]&3&}o] H
I EFUAE oo 2 W] tigk fo4d A
2 ANOVA(Analysis of variance)E ©]-83}l Duncan’s
multiple-range test= p<0.05 oA AFEHSS HAS}

ot

. 2to| X3} H
SeUetE TP FoMIolIAE japonicadel T,
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3 A0 K Park SJ 5 2011) FdolAo}S HIE3 O
19| ofxjo} Zylo| s ofHE QA gl 25% o]l
indicad e] AHFS FFH3t Atk =7tel wet Hr 3
Hol] g2y B AFoHes A7 iEy Wng I Ze]
S A7V O 11 Eo] A AES SIAA el |
TS0l ZolEA s WHOE FHukeiAnh &
F79 Aol tis] 22 ulg, Al gl Aav|Eo
3] BS bste] B AQTHWI EU % 2013). A3
H(RS) Foll 797 Wztel] o3l FA4H= =3 AR
Pd2ox g5l wel gt opdz o o] =
HAE2 22 oA RS &30 =4 49T B
= %ATHLee SK 5 1999). 53] dotEE2 2~ e A
71et Bloll 71E =5 Fo] 7tg-WZetd RS ¥
Eopgo] By EATKChoi SY & Shin MS 2009). F
o & AR, A9 TR, Az ue e
S S B33 A= Table 13 29t} £3] ofd=®
gleFol 19.44%%1 japonica® o] THZI} 28.16%<2 El
T A YR AR A2 ] AFHE FFS 1.17%<}
1.83%% ofd2 o o] &2 gl=8=E A2 vte| RS
ghgol o EJTE SHAE A2 W e RS F§HS
Uehfo] 2t Ao Bide o] A9 diEe] 537t A9
HABHA Lol & F AT BAILA 12 ARE A
ZHR12)3HH RS ke THAo] 1.84%, ofUEQ A
steFo] =& j=anto] 2.15%% BT ksl £}
H &2 Z7F 117%9F 122%°19 0. W8 A3e s 2
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AR A2 Hke B RS o] Aol giith 22 =
2 o2 WE XS W japonicad o] THEE 2|2
W A 2o BAQle]l BT BT A2 XL wHo
RS o] yoit) ol oz o~ gfo] & HES
SIS A2 22 79 53} H ghe] opUE o AREo| 4
A AAskEr] wjZolzta ABZtE Ak Eerlingen RC 5
1993). 2 AL Aol £ Fo 7tgste] HES w3}
AA TE7] o] AEo] ¢4d] 53} Hr]o TR
52 el wre] FREIFLE 63-65%°ItHKum IS 5
1995). 217} AF3h= japonicad o] THAZ ZF A&
ke AEA R gheko] 1.17%E 7PE We S Btk
12A1ZF WA A7l wre] A 52 1.84% = 37
s A% T AZMEEE s 2.00%2 FoH 2
o7} AATHp<0.05). indicaB ] El=rEE A& W& Y
A7 1277 &S v el RS e 2 AL W

Lol AW P WAl BF Ee e vEhy of
Mo Yol ¥ HES FHT €T B2 A 4

o] WE ojUT o P = wurk WK o
& RS ¥F /W HHYLe stk

ofr

2. F4h w0l U2 MSHE Bt

A7} s Bol 9% Wl el
ARAR B @b Fig 13} 2ol oFa Al7)e] 7psR
2 gule] e AL W F FRY ME AL W BT
0} o 20| ATH(p<0.05). 58] 2t A&
o Wl Qe WNC)e] AR e
S BB HAT A GEOE AL e

Table 1, RS contents of japonica and indica type cooked rice with different cookers (Unit: %)
Method Electric cooker Saucepan
Type Hopyeong Thailand Hopyeong Thailand
NC? 1.17£0.19° 1.83£0.19 3.12+0.01* 3.66+0.23
w" RI12 1.84+0.09" 2.15£0.06 3.28+0.21% 5.29+0.022°
R12H 2.00£0.01% 2362021% - -
NC 1.40+£0.10% 2.25+0.01%* 3.530.11* 3.830.17%
C RI12 1.86£0.21° 2.50+0.12% 3.65+0.00% 5.18+0.25%°
RI12H 1.76+0.22¢ 2.60+0.03° - -
NC 2.1240.11¢ 3.2240.235% 4.40+0.17% 3.66+0.08"
S RI12 3.17£0.00™° 3.62+0.08™ 4.82+0.01% 5.89+0.22"
RI12H 4.52+0.06" 4.62+0.08 - -

Data present average+SD.

D The washed rice was cooked with water and different oils (water W, coconut oil C and soybean oil S).
? The cooked rice samples were used as newly-cooked rice (NC), stored for 12 h in the refrigerator (R12), and microwave heating

after stored for 12 h in the refrigerator (R12H).
3

) e Superscripts in the same column with different letters are significantly different by Duncan's multiple range test at p<0.05.

AD Superscripts in the same row with different letters are significantly different by Duncan's multiple range test at p<0.05.
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Fig. 1. RS contents of cooked rice with different cookers,

Water newly-cooked rice (WNC); water newly-cooked rice and
stored for 12 h in the refrigerator (WR12); water + coconut
ail newly-cooked rice (CNC); water + coconut oil newly-cooked
rice and stored for 12 h in the refrigerator (CR12); water +
soybean oil newly-cooked rice (SNC); water + soybean oil
newly-cooked rice and stored for 12 h in the refrigerator (SR12),

12412 g AT AR o RS FHE ekl
oAtk 7k2ol AZ1E THE kA Shef wg Aow 2
e A ud 352 s TRl AR
Tz AAHSIL B Z ol olH A F ofuzes
7holZ Uiy P2 g 348 5 A9 MEes 4
25 iek. AR 71T 0 JrTks skl 71gs
W E8l7} 3 o] FolA| 1L o] 2 <ls) RS FAol F7hslo]
RS @0l EobAt 23t 2 AP AAEAG.
A9l A7k FR BAG] W W & Ao mE
27004 o 22 RS FFS UehiEE we 3 1 g
N e SR ) SAE 38} oA ol &

)

o] =]
Hgo A TR e I 4 2 rdATe ofs) &
e dio] FEd s34 BE 9

e %
X
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2)7) 70} 54 FR7L ko) AR P s mA= 9 13

A E9A 2t Ade W wEte] i 437§ & He
& g AR ofell whe| WR = e sk gl 7h
a2, 29 A7), 7HLARE Sl ofs) & 23 A
=5 AT F dFo] dFHo| v &8ss 957
Aetd= HUE ARty ZtExde 2Elshs WHe
2 AL FEe 52 7 S AoE AGEdn
3. 7l =Xl E70 WE MATFE & Hlw

A7F fA F57ol w2 RS 2 Fig. 29 2odth #H
HE ol Bo) TR} BAGle] 2t A2 vk A9 &
AE A7t w el RS @ LY<F
ZIEH7Y €02 §A HUKSE o] 2 RS TS HY
t}. japonica® o] THEZ A2 e FA H7HeE TR
WE RS & 7T FH IOy indicad o] =52
2 A& e WAl wE RS g3Fe] T 794
o2 & TR wet g AFS Bt ZIYYe
TRAAEAE 84%7F ESpARA oW 6%7F TLERZS)
A4 1%7F o7 BESA ol H(Hong KH 2009),
4%7} ESA A 23%7F S BE A AL
49%7} T BEsRto 7 FAE o] AkakxA A
o7} S FAES o E AAHUY ZIHLYSY =
SPA e FEA EsPA ke A4 Atk 2] F
g Aoz FAEY tt opUE o~ ghEFolu opy
2o AgHold wel Adste AWMLY SRV g2
A A3 opdE e~ XF E3A Y 8FHE 257 o
g Zo2 AAFUY. B AT A IZIYLYHT=

Cdha—

2 e 124 WAARS St WHIE AT "
AZ 2L wko] RS e 247t 4.82%9} 5.89%= 7HE
EuTh oA EeEE AR Afole T =o] 9
© XA 7ML RS W &9 ofdE v} U
A2 AA WA EFAE 4T 5 AAT B AL
ol HEAAT} Mlazol e QAL A|ZH 3 A3zute] 9
& fFA19 AF7F AR & Fdol Hia FAY T
A Aol wet B3A 84 sEo] A7) Wil
RS59 2Jgk RS o] 7l @e ZAo=E qSHAUnh

N
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Fig. 2, Effects of ail type on the RS contents of cooked rice
with different rice types.

Water newly-cooked rice (WNC); water + coconut olil

newly-cooked rice (CNC); water + soybean oil newly-cooked
rice (SNC).
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1.00 A

> DN\

0.00

ol HAHJAR S W =F RS F7Fo] F7lste
FrolZel ApolE BATHp<0.05). 7F2~EE HH| = §He 3
ZA5olle A 37 glo] 2t A2 o] A9l RS ol
3.12%9} 3.66%, IR 2L H7F Al 3.53%9) 3.83%, &
718 F7FEHE 4.40%9F 3.66%%2 2t A& wie] RS g+
o] Z7HkERT ol byl IdFS doS LU
IS W Ao ofa el=m&e] RS FFY S A
S 3.66°14 5.29%, 3.83°014 5.18%, 3.66°14] 5.89%=
A7FaA o wel 2po]E Ko} mF RSV} Z7lHo] of
L2~ Fefo] H2 AE-S Fid 2o RS Ao &
dojds & F aloit} 12417 378 A7g ke RS 3
3] < Holu ik 7| Ao FF, A
T/ l w}ﬁ‘r dge 1SS 3%010}9314
5. ANOVAE 0|88t = s1} 2 nsS=EE HH
ol T, AR, AR 71T 2 HUF fRASRE 2
2 gk o] RS FHigel ZH7}t ojH AHE FA Exs 24
Ml 8Rlo] 435 ofBA #83H=A ANOVAE ©]&3}
o] Blw 7AA3 A= Table 29 23Ut} 47 2<lo] 2zt

o o
ol
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Table 2. The main and interaction effects of resistant starch
contents of cooked rice using multivay ANOVA

Source” df  SSQ MS F p
Modified model 23 75071 3264  72.988  0.000
intercept 1 499.037 499.037 11159.447 0.000

Rice type (R) 1 6.358 6.358  142.185 0.000
Storage condition (S) 1 6.863 6.863  153.470 0.000
Cooking method (C) 1 44911 44911 1004.307 0.000

Oil type (O) 2 10110  5.055 113.038 0.000
R xS 1 0.910 0910  20.355 0.000
R x O 2 0.409 0.204 4568  0.021
S xC 1 0.637 0.637 14247  0.001
S x 0O 2 0.482 0.241 5394  0.012
CxO 2 0.461 0.231 5.155  0.014
R xS xC 1 2.722 2722 60.864 0.000
RxCxO 2 0.999 0.499 11.168  0.000
Error 24 1.073 0.045

Sum 48 575.180

Sum of modified 47 76.144

df; degree of freedom, SSQ; the sum of squares, MS; the mean

squares, F; dividing the MS for the effect by the MS for error

(MSE), P; probability

D R2 = 0.986 (modified model R2 = 0.972)

? Rice type (R), japonica and indica type; storage condition (S),
newly-cooked rice and stored for 12 h in the refrigerator;
cookers (C), electric cooker and saucepan; oil type (O), water,
water +coconut oil, and water +soybean oil.
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