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Quality Characteristics of Puffed Snacks Made from High—amylose Rice Varieties
Containing Resistance Starch

Kyung Ha Lee', Jiyoung Park"’, Seuk Ki Lee', Yu-Young Lee', Byung-Won Lee', Hye Young Park', Hye Sun Choi,
Donghwa Cho', Sang-lk Han', and Sea—Kwan Oh'

ABSTRACT We investigated physicochemical properties of puffed snacks with intermediate and high amylose rice varieties.
The intermediate amylose rice varieties ‘Sindongjin’ and high amylose rice varieties newly developed for food processing,
‘Dodamssal’ and ‘Goami4’ were tested for this study. The crude fat and crude protein contents of the rice cultivars ranged
1.47-3.08% and 6.30-7.63%, respectively. The resistant starch and amylose contents of Dodamssal and Goami4 were higher than
those of Sindongjin. The hardness of rice was the highest in Sindongjin and Dodamssal. Also, Hardness of puffed snacks decreased
by 72.07% for Sindongjin, 88.21% for Dodamssal and 66.67% for Goami4 compared to raw rice samples. The sensory evaluation
showed that the highest scores in taste, texture and overall acceptability of puffed snacks were obtained in Dodamssal. The results
of this study indicate that Dodamssal was suitable varieties for puffed snacks. Also, the physicochemical properties of Dodamssal
were improved by the extrusion process. Therefore Dodamssal can be used for the industrial production of puffed snacks.
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Z|2 FUeE wEsta Buke vRS Aoyl < 7 2:3HE)= A& (Rapidly Digestible Starch, RDS),
1ol EolA WA tholoE amrt Sl 7154 A 5 8] A3E= HE(Slowly DigeStible Starch, SDS), #&
{7} 57};]-"7 glom, olo wat LEvels B2 2 715 (Resistant Starch, RS)2.2 HESE=t, Zhang et al
G 9 S8 5 AA AR 1710l et B8 (Zhang ef al, 2006)9] 0] TR BE o] ARE
i EAES Yol 23 otk S0l ollea g s Akl AREDYO] 1 EE Ao Exu

o] =2 A2 Aoldfel Ao th Fi-E o] thol 3 STh O 5 AFHAEL A Yol A A3L F47t A
olEo] "X aifHolet= Ao] dHAHA HH & THE dEle AEoR Ay 54, 7le8 E2EA 284
Aol Talol FFEar qick drbyom Az 9] 90% Aol = 75l UTHKim er al, 2000). &, A3
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2 o] AFRE QR E 2016W0) H2ATH YAl
A 715, )olAl Aul, ke gl en 415X1(Oryza
sativa cv. Shindongin)i} =% (Dodamssal)¥} 1ofu|4E
(Goamid)E AM&3}4th A Zx = A|EA7](Model SY88-TH,
Ssangyong Ltd., Incheon, Korea)E o|-&3to] 4AE B
g A AlEARER ARESHGTE B3 = AR 7E ©l
&3 BRI 2= AR 7 AEAAY HeeS
FETHAF oA AHA| TR SeAA e AA Az

gow o|g Laste] Bl o] gsigich

ARo| SRFFS 4 M4 A 7| (AND MX-50
moisture analyer, Tokyo, Japan)® =43} o, 3E
600C A4 st o B3 & 2gekech AL ojH=
£ 8|2 Soxhlet Z7](Soxtec System HT 1043 extraction
unit, Foss Tecator, Hoganas, Sweden)2 243111, Ztt
H121-2- semimicro-Kjeldahl'H © & x5 THa & FA17](Kjeltec
2400 AUT, Foss Tecator, Mulgrave, Australia)= &3}
oh BSEHEE AR 100 go] 58, 2R, Erhad, 23]
= W= Aste] AFEskaith dEEse S 1,00070E A
wstel RAS 24ete] nlwsigon, drelt ARAE
AEEY oA A (RshE 4.20, Tl 432, %
A" 9.21) & AFEste] AARIFATHKIm ef al., 2000).
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OfLUEA, XMtz ot

obalm s ke Juliano (1985)°) ul Aol wet A
F 100 mgo] 95% ethanol 1 mLE- 23, 1 N sodium hydroxide
G 9 mLE FolA b AL 100C oA Z3AFT &
WzkA i) 38llo] 1 N acetic acidE Ho] F3}A]7]aL
L-KI-8-28(0.2% iodineX} 2% potassium iodide) 2 mL-E 7}
Sho] AMEES-S A|7] & Bt A(UV Spectrophotometer
1601, Shimadzu Co., Kyoto, Japan)E ©]-8-3F 620 nm<] I}t
oA SFH=E S5ty FFEEE = Potato amylose
£ Ahgstel A Ay ¥ ollEa PRE AEdnh

o] AehdE ohg 2492 AOAC el &Jgt Megazyme
kitE o]-g3lo] &A3HTtHMcCleary et al., 2002). =, A&
100 mgo]| pancreatin a-amylase = 37C o] 4] 16A]7F BH-3-A]
71 3 2750 2M KOH §942 H7lelo] 24t 9 8eIX7
t}. 1.2 M sodium acetate buffer (pH 3.8)2} amyloglucosidase
& 71511 S0CHA 308 ¥HSAIZ] T 714k B glucose
ool wet AR FerS ALahch

Rl 2

A HRAE B2 0.6 g2 EEA|Rof Heptane 1.7 mL @1l
4% 4| Al F(methanol : toluene : 2,2-dimethoxypropane :
sulfuric acid = 39 : 20 : 5 : 2) 3.3 mL 7}8}a2, 607 of| A
Uk Hhgo]l 2 & Aol ¥4 & fatty acid
methyl esters (FAMES)E $H3-3l1L ¢l AMsdS F 5}
A& % 452 Magnesium sulfate 2 A #3}o] capillary GC
o F<9l3}%thRafael & Mancha, 1993).
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A AL B Ao ARE-E GC system= HP 6890 system FID
(Agilent 6890A, USA)0|1 11, HP-Innowax capillary (0.25 wm
i.d. x 30 m)E A3}y A XL initial temperature
150°C, final temperature 280C 24 4C/min¥ F7}E =2
3} al, carrier gasZ A NoE 1.3 mL/minS 2 S#FERit)
HAo] Asr]= 2ot inlet} detectore] &= 7+ 250C
W 30007 GRS Shck GC #49) EEEAE FAME
mix RM-6 (sigma aldrich, USA)E FY3sto] &40 o] &
sheit.
d0ld=Ed
Z2d Ju|9 A (Hardness)E E493}7] 93l Texture
analyzer (testXpert II, Zwick Roell, Ulm, Germany)E ©|
ga19o0] Felrk AT S shb Fstel 2geiolck
AE && XL pre-test speed 2 mm/sec, post-test speed

I

Wk
ret

2 mm/sec, strain 40%, probe diameter 4 mm9] X HOZE
Aws 23k,

, pre-test speed 2 mm/sec, post-test speed 2 mm/sec,
strain 40%, probe diameter 4 mm&] A S & 7 Z(hardness),
EH4(springness), -&7]4d(cohesiveness), 734J(gumminess), 4

3] A(chewiness) =434t}

ME =

U= P75 olEsto] A3t Walapato) Mg £4
3}7] €3} Color Differencemeter (Model CM-3500d, Minolta,
Osaka, Japan)E ©]-§3}%ith 2402 899 EEMIH(LGE
0.44, a7} 1.38, b3t -0.62), 60°2] & MIHLZE 2.82, aZt

0

A

4.06, bz} 0.63) I 80°2] Tz MIHLZ 0.63, agk 2.37, b3t
0.47) 7|E3ZFe. 2 A%J5}o] Hunter’s value 1 4% (Lightness),
Z A (Redness), A = (Yellowness)E =454 th

Alo|2sEot

A= AF7IE oldsto AT HefAte 75w FAb
£ fdl Hegkel vt AR alsE B2 16%s HEd=
AAste] 715 HARE AAIsHY. BB 7tdES o,
A, oh 223 9 AAA 7Rk S 67 e AN
SHRal et Aee 7H AT 7P F 1M
HBHoR J+E A Alme Al A At d
#2715 A glo] ATt

7y & o] =47k SPSS 18.0 (Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) program=-
oj-gsto] ZF SA 9] H+t EEHAE AEston,
A8 749) §:943€ Duncan®} 5 9148 ¥(Duncan’s
multiple range test) © & p<0.05 $==ofA FJAS AZ3}

ATt

W ool A9 6.30~7.63%= 1E o TpolE o
F 74.76~78.19% = SRIEUeh Ao FAE UEi=
HYZLO 17.63~27.10g0.2 YepFor Z2 e 356.30~
362.81 keal= UEbgiTh & A-dy; 24w ol o
Fe Lotul4s > B > AFH o' yepgon g

Table 1. Proximate composition of different brown rice cultivars.

Cultivars Moisture Fat Protein Ash Carbohydrate Thous.emd grains Calorie
(%) (%) (%) (%) (%) weight (g) (keal)
Sindongjin  12.80+0.76"a  1.47+0.02¢c  6.30+0.08c  1.24+0.10b  78.19+0.88a 27.10+0.26a 356.30+3.32b
Dodamssal ~ 12.24+0.01a 2.54+0.01b  7.18+0.00b  1.19+0.01b  76.85+0.03b 20.77+0.15b 362.81+0.06a
Goami4 12.95+0.09a 3.08+0.13a  7.63+0.02a  1.58+0.02a  74.76+0.25¢ 17.63+0.12¢ 360.27+0.06a

YValues indicate the means of three replications.

a-c Different letters within the same column indicate significant differences (p<0.05).
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SRR AYFS AFA > SPH > Topl4s Lo
et MRbA o g drotn| 43 oA R gHFo] 12.95%,
24 FFol 3.08%, T Fepo] 7.63%, Z3E THF
o] 1.58%= 7H w2 ‘%E}LHS’&E} b R
20l AEROIA ZAT TENA Pk o sl
= dd AHEES =7 et ‘iiﬁk 01 23t A=
HEE Apolof ot Aoz AYZETHOh ef al., 2010; Lee
et al., 2017).
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Hir

AlZZlo] 15.51, =94
ol A 32 19, 1oluj4Z o)A 34.31%2 e} T1olu]45 9
A §elH(p<0.05)02 7P w8 PP UehfTFig
1). Shim ef al. (2015)0] W™ o] oful @ A KA
B 387%E B s B Al ol e g
2 YEfeich ESE Chun ef al (2014)9] X ilof w2
Jotuj45 9] ol A ko] 358%= X115}l Yoon
et al. (2013)9] R 1lo]| w2 ojn|45 o] opdZ A ek
o] 37.1%= Rl 3} §lo] & AN g W AuE
LR St o gt A1 Auf Al7|u A, B 5
O] AujzA Sof 9t Ajo]2 BZEHETHKim ef al., 2010).

2] FRE Al 7hoke B8 S9ohHA AEYAE W&
H3 7HE S Fol obd 2 AT EEE 0 Aol SUlet
of T37} APt &5 opdE Ao o 33} A4
o] FAEEE ofURA FFo] HSpE AETX7 FF
A A HEAL Frrt AAA = o] dedt =7o] 5aL

Amylose content (%)
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Sindongjin Dodamssal Goami4

Fig. 1. Amylose contents of different brown rice cultivars.
Results are expressed as meantstandard deviation (n
= 3). abc means with different lower case superscript

letters are significantly different (p<0.05).

o] WA HK(We et al., 2013). wzhA o=~
o) W EEHRI} Tojul4zel A% Aol HolHe
o] QltkLee et al., 2004). 18} =&y} 0luj4E
FE2 Aol T Aol Wol AF Al A
o] Aol FLEA Y & droz jEHEotal EilE o]
43 A AFLE T3} 9 DA A 24, P
BeEatel BREMOlE slojgtol Mg v YrHLee &
Shin, 2002). E3F Asp & Bjorck (1992) 59| ®Hilo] w2
W ATHRS ek WHES 2Tk S 2,
AAES 92} FolA 23157 R e Fols)
bifidobacteria -2 A SelAZe] FHE BAal0] B
Z|HFAKshort chain fatty acid)©] 2§4J A]7ITHChang, 2004).
o= Wi el pHE A2Al7|aL Zs, 4, nkidlsd 2
< F71AY 55 FAE|E oh AlELO DNAEAS
SEAA hr WS AA|gthar Sci(Morais et al., 1996).

S A AAE FF Alslo] 037, =gaolA
8.06, ilotn|4T oA 10.42% = Ve =@3&3) olaj4
SoA SOHp<005)0F 1 B FHS by olet
(Fig. 2). WebA olela 7S4S Be EHET Tobl4
50 g8 Asiel 43T 4 A Pae) 28T Ao

Hood oot >
N % ol my

7} Z20] Hu|o| o3t A|HAF A4S B35 A} palmitic
Aol HlH-2(95% ©14)
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Resistant starch (%)
£ (=

S8}
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Fig. 2. Resistant starch of different brown rice cultivars. Results
are expressed as meantstandard deviation (n = 3). abc
means with different lower case superscript letters are
significantly different (p<0.05).
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Table 2. Fatty acid composition (%) of different brown rice cultivars.
. Palmitic Stearic Oleic linoleic linolenic
Cultivars (C16:0) (C18:0) (C18:1) (C18:2) (C18:3) SEA USFA
Sindongjin 22.21+0.99b 2.07+0.07¢ 36.25+1.37a 37.97+2.11a 1.49+0.08b 24.2840.97b  75.72+0.97a
Dodamssal 22.38+0.53b 2.88+0.06b 39.03£1.25a  34.46+0.75b 1.25+0.03¢ 25.26+0.48b  74.74+0.48a
Goami4 31.07+0.90a 3.11£0.03a 27.5241.57b  36.57+0.67ab 1.73£0.04a 34.1840.87a  65.82+0.87b

YValues indicate the means of three replications.

a-c Different letters within the same column indicate significant differences (p<0.05).
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Fig. 3. Hardness of different brown rice cultivars. Results are
expressed as meanzstandard deviation (n = 3). ab
means with different lower case superscript letters are
significantly different (p<0.05).

Est R o7 A= QltkLee ef al., 2011). HHH Al
S0 A= v Fdo] ofdmugor H HAHY F
3t M Eo| Wil(Park & Shin, 2016) Fn|o] FTHZo0] =
A9 Gutl 245 Uede Aoz AZEH

4 aixiel 23 Ed

ZEY B

U= P71 ol8sto] Azt Walapare] 227 4 ¥
3= =25t A3} 7 = (hardness), -7 4l(cohesiveness), 7

A (gumminess)& A 2] wke} §2]2(p<0.05) 2ol S Liek
13l BH(springiness), 43 Ad(chewiness)2 3-2]4](p<0.05)
Aelrh A g Tabe 9) 5 4 A 4
@ vehiglon we obuza 3
FI1T Q= ST Toful4zi o
W2 A= g YEISiTE ol &
& AlEIgE AA A FerE AR e ALEAE 72.07%,
LR 88.21%, JLoMU]45 = 66.67% FrAak| o] ko
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Totu4s > T > AER LA Jolulddof A 7}
=0 715 el 9t Table 4). Jang et al. (2006)2 &
== 4 %{J—V\}oﬂ/\i 7};% w2 e UEh Al =) o 3ty I Az Al B2 oF WBkA|7Ee] St et

== 7 Tl gasty HAnel A Zrleitta sk ®
Fan ef al. (1999)2 =& Ws}ewo} WalA|7he] Zrhe

.
£ e e Alo2 g A e f 29 3 A 9 U8 AU
WAAe TA ABS A 4 Qe AH e e stk B AT An 2L Wat Lok WAt 5
B HOE moHlN g Be SAE e A AdE AREE YE, A, UL Fol7} i AL
2 7 gol2Ql Aol UehbA giokth whebd B AT BEe] ot Aolol Ao AZEm AR ol
Av, Bk Al ARHET Molues GO A B4 BAAEY Mz JFS vXE Aoz Az e
S5k AlZHS UEhiTh B QE(Choi ef al, 2010) & A AR g EBHO| A FAEY NEEE o]
Sa Tolnl45o] ASE BASH A o AR/1Z o] AL EHER AU Ax2A o] Wag Aoz
8% WAL AR AME YO o mebaI Tohy] Azt
45 == oﬂ X‘hﬂ—ﬁ]— 7]..1_1:11-1:‘5 og AH7PE]\';}
Hsgot
Me 42 HP/IZ olgdtel Axd B FEY skl
M 24 Ak WEo] A9 A > SEA > Tob  Bed B4 WA, o A geldE fo04 Ao|S
M4E AR ABAA 7P Egrom AMEe I UehiA dgrout g 2870 AR MBEd AL =

Table 3. Texture profile analysis of puffed snacks made from different brown rice cultivars.

Cultivars Hardnesss (g) Springiness Cohesiveness Gumminess (g) Chewiness (g)
Sindongjin 3097.67+25.00a 0.01£0.01a 0.33£0.12b 0.05+0.02b 167.04+77.59a
Dodamssal 1267.33+£36.78¢ 0.01£0.01a 0.56+0.07a 0.11£0.04a 138.29+42.85a
Goami4 1700.33+38.81b 0.00+0.00a 0.43£0.18ab 0.10£0.01a 174.35+23.17a

YValues indicate the means of three replications.
a-c Different letters within the same column indicate significant differences (p<0.05).

Table 4. Hunter color values of puffed snacks made from different brown rice cultivars.

Cultivars Lightness Redness Yellowness
Sindongjin 84.38+0.06a 1.26+0.03¢ 16.46+0.31¢
Dodamssal 82.76+0.04b 3.3840.03b 17.16+0.18b
Goami4 74.61+0.04¢ 6.37£0.03a 22.40+0.01a

YValues indicate the means of three replications.
a-c Different letters within the same column indicate significant differences (p<0.05).

Table 5. Sensory characteristics of puffed snacks made from different brown rice cultivars.

Cultivars Appearance Color Flavor Taste Texture acc?:;gliﬁi ty
Sindongjin 4.87+1.41ns 5.20+1.32ns 4.67+1.59ns 4.33+1.63b 4.40+1.64b 4.73+0.88¢
Dodamssal 5.40+1.24 5.60+1.18 5.60+1.24 6.13+£0.92a 6.07+0.96a 6.53+£0.74a
Goami4ho 5.27+1.44 4.73+1.79 5.47+£1.06 5.60+1.18a 4.87+1.41b 5.47+1.13b

YValues indicate the means of three replications.
a-c Different letters within the same column indicate significant differences (p<0.05).
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