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In vitro Digestibility and Sensory Properties of different Bap(Cooked Rice)
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Department of Home Economics Education, College of Education, Korea University

Abstract

Different types of bap{cooked rice) was cooked using barley or/and SoRiTae with rice as the base. Total(TS), rapidly
digestible(RDS), slowly digestible(SDS} and resistant(RS) starch fractions were determined. Other physicochemical properties such
as moisture, protein, amylose contents, protein digestion in vitro and color values as well as sensory propetties of different bap
were also investigated. Cooked rice with SoRiTae(RiSo) showed the highest moisture content of 63.9%, whereas other bap
showed simillar content ranging from 62.3-63.0%. Crude protein content of RiSo was the highest, while that of cooked rice(Ri)
was the lowest(p<0.05). Amylose content of RiBa was the highest, while that of RiSo was the lowest{p<0.05). In in vitro protein
digestibility[VPD), cooked rice with barley and SoRiTae(RiBaSo) was the highest, while Ri was the lowest, showing no significant
difference at p<0.05. In starch fractions, as barley or/and SoRiTae were added to rice, a decrease in RDS content and increases
in SDS and RS contents were observed. In addition, starch digestion index(SDI), which derived as an indicator of their in vitro
starch digestibility and rapidly available glucose(RAG) value, which determined as a predictor of potential glycemic response
decreased. A decrease in L value from RiSo and RiBaSo, which comprised of SoRiTae and increases in a and b values in RiSo
and RiBa were observed, respectively. All sensory parameters involving color, glossiness, sweet taste, wetness, roughness,
hardness and stickiness were shown to be a significant difference except sweet taste among different bap(p<0.05). L value of
instrumental characteristic was negatively correlated with color of sensory characteristic and a value was positively correlated.
Significant negative correlation was found between RS content and glossiness, however, positive correlation with roughness and
hardness, respectively. These results suggested that cooked rice mixed with barley and SoRiTae contain significant RS and SDS
contents and may improve diabetes and hyperlipidemia, due to the lowering RDS and RAG, respectively.
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FHE Egst A W& AEske Aolrt, HEA
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Fokalch. RSe &4olA] 2] g2 A&

ojxlr Aol et 2 715 W ¥y 44
(Themieier 5 2005). RS TAAFAL-
2H AEUAARS) 2 £A A%

s

dr
Jot obN o
rir jo du b
1RO U VS

[o
AL

L 1
% AEURHRS,) F2 FHAHT
o]

H otgaz F2(RSyel 71t Englyst 5 1992).

25t RSY FAS 29, B, 7lte 2o we R
Fo Agos WS o8] 7tEE B4 AT

* Corresponding Author : Gui-Chu Lee, Korea University, Anam-dong, Sungbuk-ku, Seoul 136-701, Korea
Tel: 82-2-3290-2323 Fax: 82-2-927-7934 E-mail: gcl6@korea.ackr



(Englyst & 1983). SDS+ &40l A 2bds] Rz »
d S22 2eEHe AEEoR YN (Englyst &
1992) BRI DAEZE PA)ste] YALE HAA)7

= YYAHCE vt AR EZ o)t} (Jenkins £ 1981).
??_}—5 Atzo g AAfeEs dud Bae-e 27 A
o 2 BuEHRosario & Jayashree 2000).

AS7HA 1] FFol wE A S gt Az
© F712A4E, gy By, By, volotalo] st A (Lim
S 2003)¢} o] EFHE U EFEToo 5t o
T(Kim & 2005) 5o} Bitgo} itk i} yre] 22
o @& A& G A in yitro Bl &0l st op=
Eﬂﬂ‘ﬂ UA o, Hele= g AEHe] 2o :rLé

79 Heg-2F7bo] g% FeadE ;ﬂo}l‘il—}%
E?‘l AEzH HAxE Z7MAA oeby Gi/ A8
EE AaAle Aoz gya ‘i'ftﬂ(\/asantha
2002), Aeel whel Huk A] Aol 743 wo] T3ty
*‘%XHEEH 591 Aufefrpe g7} 9lom Alte] £

2 A EoE dA IHKim 5 2003).

HJfEP\1 Aol s ol 2elok s AAsty
T3 o4 FFO) WS Axsla AR ofofHe) =
270 w50 W] FFof wekd TS, RDS, SDS, RS9}
22 AR & E in vitro AE 282 2A359
‘:P. ESt in vitro BE B3l AT U B5H EX
of BlaLstglon ofg wle) ojglats AT}l i
o AHPA & Gobr gt

o rir o]n I 8 ofl

J[m Jm
O..L. O_|..
B -°J:
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1. A8z
Aol AHeH A2 20059 3t YEOE £
g e wEE FgelA 74 8} A, 1 A

= 20059 % AHIA A ) o2 5 01]*1 A8kt
obdE 2 FHFE A3 potato starch®} in vitro WA
3l& Z4& A% porcine pancreatic trypsin (Type
X-S, 14,300 units/mg protein), bovine pancreatic
chymotrypsin (Type II, 60 units/mg protein),
porcine intestinal peptidase (102 units/g powder)
+ Sigma—Aldrich Inc. (St. Louis, MO, USA)Z5E
T, AEEE 542 QI3 pepsin, pancreatin
< Sigma—Aldrich Inc. (St. Louis, MO, USA)25¥
T8 2™ amyloglucosidase®t glucose assay kit
+ Megazyme (International Ireland Limited,

Ireland)ol| Al {183t

2. 2ol ZA 742t
WY A e oA Bl 4 A ol
g AN ZhedE 14, 169, 1.8 7kstel Ft

s

In vitro digestibility of Bap 821

& S4ste] dAsolct. 1 Az Ayte)
217} 59 9%, 63.0%, 66.3%2 Uehdil, B
Z+7F 60.9%, 62.4%, 65.4%, A&yt
)8 247y 57.9%, 63.9%, 65.8%, S3FHH(E-
Hal- HEIEH)% 7}7} 58.9%, 62.3%, 64.5%F VFEFGT),
Kum 5(1995)2 ket wlo] +REF2 60.5-64.0%
A= gre] F4go] 65% A5e) stglon,
Mm v(1994>% TsaArtolA AAY =HA Fe Wgnt
FEE HrhE vk RS 62.3%= Ky uh glo
bg oepA o] S5 Y Huke H3t 23 vt
FAA v A= LA 169 E sko] Fukstict

F7gsto] A
7 calt I’-roﬂ 0481 %‘94 g5 (Table
IS ThER AT A2 F 2509 SRS 250
7HEA A oA 139 3024 23] =AEkATt
F A =S Ao el =718 wiaL 5]# (100 mL)e] ¥
& ?‘— ¢ G AR A& FAY 16u9] FR4E 7HeliA] 25T
oA 3087 JASH. HIAE 999 (R
8.5 cm)2 HZ F vl FoF2 & 600 mL7F ol
714k (Toastmaster Rice Cooker, Toastmaster Inc. .
USA)oll HojA 304 F5t &, A ejolA] 1087 &5 E
Aok N AMEe AFAxT)o] 971 A L g 2]

%=
Aato] Aoa 30% WSt & AFAZR(60T, 60
cmHg)ol| A 2487 AzSte] 4 A(180-335 mm)ef 2
S B M7

WE(-207) BHsldc),

<Table 1> Formula for different bap (cooked rice) (%)
R 250000
RiBa 21849 416)
RiSo 21(84) 416)
RiBaSo 21(84) 2(® 28)

Ri-Rice, Ba-Barley, So-SoRiTae

T

21 ofE=x FE

T FHEEE ALOA.C H1990)9) ofste] AN,
o SHF(IN X 6.25)2 Kjeldahl Wo= ek ilay]
(2400 Kjeltec, Analyzer Unit, Foss Tecator, Sweden)
£ A5 @ﬁ\—%}a—‘ T T UEIGict, ot 2= gEF
o

0

5—‘;— Sigma—Aldrich Inc. (St. Louis, MO,
USA)9] potato amylose(type II)E AMHE3F T}

5. in vitro A 2ilE
Hsu 5(1977)¢] ¥yle g5ttt trypsin,
chymotrypsin, pepmdasei ?*ﬁ,%

_Il)lv

multienzyme
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Hke] TS(total starch) @ RDS (rapidly digestible starch,
RDS), SDS(slowly digestible starch, SDS), RS(resistant
starch, RS) 5 AE52 &4F2- Englyst $5(1992)2] Hoj
webA S5 AR 1 g2 50 mL YAEEH| Y
pepsin €450 mg/10 ml 0.05 M HCDE 713t & 3709 A
gezo| A 3082t wikslt & pancreatin (150 mg/ml)3
amyloglucosidase (13 AGU/mL)E E3teh= £ G489
5 mLZg B AgpofA 37CoA wjFstict, ol A&
U= B E golatA shal vjf T3] 2 & HED
317] 218l guar gum(50 mg)¥} glass ballS 7}3F%ct, wljok
% 2083} 1208 5 Wkl 0.5 mLE #3}o] 80% ethanol
BNl 7lskar, Z47F G202 G1200l2ka Pttt Total
glucose(TG)= 7] B4 HHHE He= BEollA] 3087 #2
T Q@Zkstal 7 M KOHE 93 0C AgfollA 3087 HijoF
St 3 Alddto) A7) HRgh 1 mILE ¥ 0.5 M acetic acid
¢} 34 amyloglucosidase £ 715} 70C Ag4=Z o)A
30% uijFBtATt, Free glucose(FG= A BE T2 Yalka]
ol guar gum, 0.05 M HCl, Na-acetate €9 713+ &
100T &= EolA 30 &t 7Fgste] SAsH%tt. G20,
G120, TG % FG Al® Y F3¥ glucose 32 glucose
oxidase/peroxidase A|¢F& AHEBE 37TAA 2087F v
3t 3 spectrophotometer(UV/VIS Spectrophotometer,
Shimazu Model, UV-2401 (PCS), Tokyo, Japan)E AH&-3}
o} 510 nmoA FHEE SA8N.2H Englyst 5(1992)2
W ol me} ok} Zo] TS, RDS, SDS 2 RS9 S A4t
st o o2 X E SDI(starch digestion index)9}
RAG(rapidly available glucose)E AA¥s}ict,

TS = (TG-FG)x0.9
SDS = (Gi20~G20) X 0.9
SDI = RDS/TS x100

RDS = (G2—-FG) % 0.9
RS = TS-(RDS+ SDS)
RAG = FG+Gy

7. ME =3

ol A 242 A RS vd Pog A YEY &
7lo] ©al, MZA(Chroma Meter CR-400, Minolta,
Tokyo, Japan)E ©]-835to] L(YE), a({Mx) 9 b(FA
D) S5 9. AEs Ay ofg whe] MA} el
Aol = 8}t

Descriptive Analysis, QDA)S AAIst5T Al59) ¥
7te A HEE EE A ¥ (completely randomized
block design)Z A-&3te] HgHARAC] g ol F2H9
Z iR E 4 7HA] AR E B BIItES shjlen], 7} A
+ F7HE7] AR A7 R 20E(72,56+2.5C)4 B
2EHA Tt ZekAE ol 1919 20 g WS Hor
e HAAHEAA A= B A AREE A= 2
Ab B tigte] 97 HA=E AMgSIon 142 W%
oksle} | 942 ‘i Asicy 2 Hessidit. dsEA
150l AA Algof tfste] 23] vHE A3stir,

9. X2 Az ¥ =M

Ay Ane FAH £42 SPSS §A4 =Y
(Ver.12,0)0& ©|§-38to] Byt FZHAE -Folal, ANOVA
9} Duncan' s multiple range test(p<0.05)& &3 A&
kel §ol xfol& HEstleh E3E o) ojsishy 4wt
s EA 7He] AEAI= Pearson’ s correlation
coefficientE #8tof Yo gt

u
°
i)

T O ra-“l =2 X
ot 2ot SRS A
ZBHES 62 3%2 7HF Yoot 89149 RN
olg] Hro] Zuhwla e Aejefiol AXE
2 7P Eohon Aol 6.8%E 7HE 2
Wl (p<0.05), Aeje= R Al Al
o] T3sh= AL E(Kim & Lee 2006), £3)
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231 golal AlAH EYET 5& wo] i3t 9lo]
(Fd 9= k3 2003) BS FHOE st 27 4%
of TS W AlFo|rt SHE opUR X T2
23.2-27.7%2 W2, He|jo] 27.7%= 7P &2 bt

W A efEie] 23.2%% 7HE WA UERdH(p0.05).

<Table 2> Moisture, crude protein and amylose contents? of
different bap (cooked rice)

2.99+0.02 7710.05 2635+0.1

RiBa 62.44+137 7.36+0.04 27.71+1.00°
RiSo 63.85+2.22° 11.9540.074 23.16£0.542
RiBaSo 62264034 9.28+0.11¢ 25324161

U values are mean+SD of 2 replicates.
Means with different letters within the same column are significantly
different at p<0.05.
Ri-Rice, Ba-Barley, So-SoRiTae




<Table 3> In vitro protein digestibility") of different bap (cooked rice)

% (as dry matter)
Ri 8249+ 128"
RiBa 82.50£0.90*
RiSo 83.58+0.13%
RiBaSo 83.67£1.15%

 Values are mean +SD of 2 replicates.
Means with the same letter are not significantly different.
Ri-Rice, Ba-Barley, So-SoRiTae

2. in vitro S A Z2alig
E‘JQ F7 WE in vitro 93 E3&(IVPD)S =
A= (Table 3> Zt}, IVPDE A ‘QOI 7HAF o
3 Aeleps BEE 5 Aeue = S
EHE O 929l Kol Oﬁki
ol O gELE F2 wu e
Z3ch wNY Balge] Aol AFUMA] A
Aol wlermy Rl 2, Y 24 9 7t
o 71QIZHFAO/WHO 1990). dutdoz 719 %]
3 IVPDE: 7b8He 2102 Uehgrid) ol WAe 5
oF chilzlo) L2 W2 Qe whwiFo] B} 7p4is
7] H—r“ﬂ(Rosarlo & Jayashree 2000), £3 P thu
514 AAE
2001) ‘ﬂél«l ‘T‘OHEE olF7 st 'IH%O
7¥8z2)7} IVPDoll tiste) A3
e 333 IVPD= AHEH 7}0%
0|7} qick, wWhe HubA] A Ao

n:ro"
T
LB

=

o
2

o md Hi rlo ot
o

J:u F{E

i=] =
& xgs=dl IVPDY djgt %.Xl adte] st d4E
29 thaFst moth bean AuiZ22 12 ]7J ok A3 A
£ IVPD7} 1-2% 91t Z7stgi o AAet & ¢ty =]
3 ASol= IVPD7) 14-16% 27154 tt(Negi 5
2001). moth bean®] A2} Z2HAE AAL of chiz
Bal&9 S7He golEAl EEjuls Atxd, Ay EY
Al AsiAet 22 FAdgae T 7ao ™ol

(Gahlawat & Sehgal 1998).

<Table 4> Starch content and in vitro starch digestibility" of different bap (cooked rice)

In vitro digestibility of Bap 823

in vitro digestibility

ARl EYstel ofe) $R UL A2t
% ko] TS(total starch) % RDS(rapidly
digestible starch), SDS(slowly digestible starch)$}
RS(resistant starch)®t 22 222 T=FS Yot 4

= (Table 4>9F 2t}

RCS
u}
i
r}q )l'E

TS g2 wro) 7ol wets AxE9 43.7-47.8%
o] HoE Yehlchp0.05). o8 ¥ HEES EA4
of QojA theFEe Y=, Ael RDS g2 £
AToA EdEAE AHESHY 208 WY & 2=
glucose EH(G20)S FAsto AAlst¢l o ‘11 Aol
18.3%= 7MY Eoron Hatat Ajgjefir-E 2+2F 17.9%
o 17.2%. EFY-E 15.6%E L}E}LHO*EHp@ 05). SDS

9} RS £3& Ao A= FAREE §E Ueho] 247t
12.7%} 12.8%% YEFHAH. 28y SDS 8 =3

Faof o3 1208 7HeEslehs <t w2E glucose ¥
ZF(G120)H 208 wiFE F21¥ glucose TH(G20)9
Zolg a7gste] AALE Sl Berta Aelehe bzt
12.8%%F 13.2%, Z3-2- 13.7%% UEFHTHp0.05).
RDS$}F SDS #8& &3t gt 2 2 A4kt Whe) & 43}

S

A A E(digestible starch)2 o] £7of wat FASIA
o1 29.3-30.9%5 YEFWILE dHH RS 232 120F
7k ol o3t VppEE F W 5\_ 160 4 x}oqgg

O
A mE oA SDS HeFET) 29
o 747t 15 6%%t 13.9%2 A K
et APEl s Z3e St 1;
(p<€0.05), 45 HEI} vjue of ¢ ‘Mzi U
& AgEFe] RS %2 xdste AoZ HIEdt
(Velasco & 1997), & dA7tojAe Rty 288 123
3k E3boll A RS ko] =9t ols ReEle AlEY
FAGG R F8 HE-SF02 uf§ AlZEof 75%,
S HZ MEHo= 26‘7% 2} A8t (Vasanthan 5
2002), o1& %4 oA o] RS ol
Rg HALo o]—Ulgz ot

% (as dry matter)

12.66+0.07

Ri 43.68+0.09 18.25+0.17 12.78+0.16 41774030 20.27+0.19
RiBa 46.32+0.09° 17.88+0.07¢ 12.84+0.00% 15.60+0.02° 38.61+0.08° 19.87+0.08°
RiSo 44.2240.00P 17.1740.02b 13.19+0.03P 13.86+£0.01° 38.8240.04P 19.07 +£0.02P

RiBaSo 47.83+0.004 15.56+0.152 13.72£0.14 18.60+0.064 32.4340.164 17.23+0.09?

D values are mean=+SD of 8 replicates,

Means with different letters within the same column are significantly different at p<0.05.
TS: total starch, RDS: rapidly digestible starch, SDS: slowly digestible starch,
RS: resistant starch, SDI: starch digestion index, RAG: rapidly available glucose

Ri-Rice, Ba-Barley, So-SoRiTae
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6_:- %7}6P/\i RS—J Aﬂ -%E Z7}o}orlr;]._,_ E__L_O]‘o:]

O 2 B oA oY je) otz = e whE
RS gFe G0zl Q] zlolE vhepA] kTt

SDS= 4ol A AsHAl Tt A48 Refiel= % Er

& st ASdES A8 Bl 4

A= B 4 e EOP B} A3 2144491 glucose

OM E3t
,\Ri Eﬂﬂ‘zit}(Hﬂl 1995). SDS
st AR (CGDE A7l AR IR
olon ofHy W GIE Z+ AE2 gy ¢ axEH
Jo] g ¥of 23t 2 -] 0|2 0B g oJokRe] Zq

7 =th(Jenking £ 1981).

3t Jenkins 519812 AEA AZEL B73517] 93
dikgol 7]kt GIE Absta oy, Fo) Englyst 5
(1992)- ZAlo] et g2 ASAE A RAG(rapidly
available glucose) & ACHIATE RAG He AAF &
S5 Sl AGsHA o8-8 4+ e glucose THFOE
RAG®} RDS+ A e} mf$- o] 9le Aoz oy
22 1} (Englyst 5 1996).

mepA A Al AdEESGwe] oigt g 2 x el SDI
(starch digestion index)et FHH§-2 g =42l RAG
kel 71¥kste] of¥] FF9 whg vt A= (Table
4y9 Zck SDIE TSo| didt RDS 2] %24 vehi
o Aol 41.8%°190 0w Hawtyl Agfeere zhz}
38.6%1} 38.8%, T2 32.4%% el W RAG
& Aol 20.3%, EEjdkat Alevte zhzk 19.9%9)
19.1% 283 e 17.2%E YerIth(p<0.05). ©]
oF Zo] o] Ry 22 AEgE EFslo] A3 g
SDI®} RAG #t9 AstE zstelor lﬂiﬂ AEge B
2lot Aefef g A EFet EdvtolA o dAstA
Aarathi 5(2003)& 235 s 2% Qdx9 AE
ol rotiollA] FIFAOE ZQ3 HERY FHFE

ﬂﬂf = 52 A A SREgER U '
SDS, ®2 RAGS SDI & vhrajst 44 #44
JH?SPE}J_ sfhom o] ZEE NREAE ARG

Wk DA SN Bol A= ARSI F3A7]=T
olFthe A& AAEEAT

A=

<Table 5> L, a and b values" of different bap (cooked rice)

Ri 78.43+0.03
RiBa 76.95+0.37°
RiSo 57.18+0.18

RiBaSo  60.86+1.27°

-2.00+0.01
-1.66+0.08"
4.4240.034
2.79+0.22¢

03840028  0.00
2784068 166
0.75+0.04?P 21.34
1.92+1.23> 1820

D values are mean=SD of 3 replicates.
Means with different letters within the same column are
significantly different at p<0.05.
Ri-Rice, Ba-Barley, So-SoRiTae

Aelegto] 57182 7Y W& 2 BYor, a 4H(AM
E)2 AeEjeidte] 4,428 7P & Wi Aol 7P W@
Aoz YeldtHp<0.05), b #EAT) Hajdlo] 7}
A vdetgod, 11 thgo| RelE 2ash TelA
%ﬂ(p(O 05), ol Hojo] Zao] Mg 07| of
g} AZrdEdt ol Adt= A wiFH| &0l =
F5 L e A, a g SUstoH, b a2 &
gto] AAHor T Aaute] Mo] Molxthi= Lim
(2003)2] A+-Z e} 017\]3}“‘4 Aele7l o7t W
o] M Wizt Z o]f= AEjEle] F M3l SFEAloR
A wj&Eol kil A(EZ}—E]‘C_‘EH, Bae & Moon(1997)& A&l
o] ghatsta el ztol= Al=je] HAo 8 MaQl St

Alopd kAt o A o] Qltha &kt

o}
AN

o]

ot b o Ad m}r o>“ rlo

ot 5ol %ﬂa% A2 W] A B wd
TN 27 LEREE(p€0.05), ol ejet Al
B7h 2= 2R o] whitolet AZETh ThgRe

Aeletol 7 94T ERel /g Rekort f9He)

<Table 6> Sensory properties?) of different bap (cooked rice)

Color 1532075 3152059 7754064 57340.68°
Glossiness  7.60+1.90  580+151* 575+£1.74% 4.93+1.20°
Sweet taste  S.60+154* 533+152% 5731139* 5.20+1.50%

Wetness ~ 598+156® 50711572 630+£149° 5.27+084
Roughness  330+097° 483+171° 445164 518+1.13
Hardness  353+153 6.00+1.68" 393+165* 570+126P
Stickiness ~ 550+225% 445+13% 650+124> 5.05+1.66*

D values are mean+SD of 2 replicates.
Means with different letters within the same row are significantly
different at p<0.05.
Ri-Rice, Ba-Barley, So-SoRiTae



<Table 7> Pearson’s correlation coefficients between sensory
and physicochemical properties’ of different bap
(cooked rice)

Color 258 -.963* 974*  -059 .308
Glossiness 271 603 -.567 -529 -.746*
Wetness 412 -.290 350 -.832* -647
Roughness  -444  -475 432 694 813*
Hardness -440 .003 -.069 949 816*
Stickiness 525 -.578 636 -795* -484

D * p<0.05, * p<0.01

Aole YAk FEHAH HAGL AYeielA ZE =
< @& ER=(p0.05) o5 54452 Aleeo] Bad
2 e Agedd Bilo] gt Aeg EuEckLee
S 2001). W] A= sREO] wA vehd Akt A
e A WA et =l (p<0.05), o1Hd Aite 8
o] Sl mhet Aert foAor Fastite o

o

el A Uetgeu(p<0.05), o+ 2t
7 oA A== o] o] AvtH ¢ A

2

el

%

TAR} 22 BFE U th(Kim 5 1995). AF
o

2

7] @Bl Aoz Azbgct

3 e Ro) W2 ojalehd SAT weH 54
o 4BBAE Lol AThe (Table It 2th, 44
Fo| ¥L4F FHUY WA B 402 UEhto
FHA Holt Yotk MEAR ZAT L e B
E49 M3t 29 ABTAE 1) 2

0O
s

mE s o
o
Ao R e - A > Y O« .

c

o
0}
rg

N
2 o

2 o oQ rlo

ERe)

BAE Jeb 3ieH(p<0.01). RS §
WS B9, AR Free)
o] RS §Fol =845 W] &717F ¥l AASA
=7t 2 AR YETHpC0.05). TH (Table

A HEe] RS jFgo] H&4E SDIVF @tenz wio
E7t 2245 SDIe W& 202 AZ4Ert Ezeogu 5
(2005)& AEEf ol gt == wjo} 227k ko of
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