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Characteristics of non-waxy rice starch/gum mixture gels

Kwon Ji-Young, Song Ji-Young, Shin Malshick
Department of Food and Nutrition, Chonnam National University, Gwangju

Abstract

To improve the textural properties and stabilize the structure and gel matrix of non-waxy rice starch gels,
non-waxy rice starch/gum mixture gels were prepared from various food gums, gum arabic, guar, algin, deacyl
gellan, xanthan and gellan gums. The morphological and textural properties and freeze-thaw stability of their
gels were compared. Rice starch/gum mixture gels with various gums formed a more homogeneous gel matrix
with smaller particle size than rice starch gel without gum, but the trends differed depending on the gum types.
The textural properties of rice starch/gum mixture gels were changed with the gum types. The shape of the rice
starch/gum mixture gel matrix was desirable when mixed with gellan and algin. The textural properties of gels
hardened in the rice starch/gellan mixture gel and softened in the rice starchfalgin mixture gel. The rice starch

gels showed V-type crystallinity by x-ray diffractometer,

but the peak at 28 = 20° was decreased with

increasing gum addition. The freeze-thaw stability increased with increasing gum addition. Gellan and algin

were especially effective.
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(Chung GM3I} Lee WI 1997, Back MH$} Shin MS
1999). ABAL oj@zox A wEsY ALl
ol 2™ S S FAEH AEIAT A= &
gy Edz M9E3 riRing 1985, Alloncle M et
al. 1989, Ferrero C et al. 1994, Keetels CIAM et al.
1996). 2 S4& JETE, ofdZe2e opizHY
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(Christianson DD 1982, Annable P et al. 1994, Eidam et
al. 1995, Liehr M3} Kulicke WM 1996).

42de UPR A5y TRO|EE AT F
2 HES A7 AG A2 34ekd AFEA 2
22AY g2dE ANFAY SREAAG HBA)
Eog Atgstar QokShi Y BeMiller IN 2002,
Applegvist IAM3} Debet MRM 1997). AEZ S ojT] A
et sAd wet Jdolhv FAgo] thEn
HZ AFY TR wet FEHoZ HAS A
2 B4 T AFEY o] &S 1P H
I AT AERY Ate AEY FREAREH ds-
AAstckar Slth(Yoshimura M et al.
1998, Lee MH et al. 2002). & AEFSHY dg=
22RE 2od 48del UF Vo] FopAR
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dxFerE 9e & Ub 97, NgEERY oY
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A& Sigma Chemical. Co.(USA)olA T5t3 L
L2 Kelco Gel Co.(USA)dA F&tdith 2d4e
Nampoothii KM et al.9 ®H2003)S HIsly
Sphingomonas paucimobils ATCC 314612 5-¥] wg, &
g, A st AH&stATh

4=
date AR sstlds TET. fE Bl F

Hold s 28 L8 X 1.5 cm)S 20/ AT &8
BAAEHE EFHEY SN E
71E7F 717 REE 2 ts UE fedeE gol
ok Az 42 A7 do] #
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3. FAIMXIS0[AN 2t HEf 2HE

g AE BARTG £t Az A WFET
Z=  FAFEASE ) A (Scanning  electron  microscope,
JEOL JSM-5400, Japan)©.2 #2s}th. AZx® 23
/AR &3 Ag F2oA 143 5AT Age o
A AHE effendorf tubed]] @32 AAAAE F&H &
AN & 52 AXV)(Freeze dryer, FD 5505, w]A,
Korea)E o] &3to] Azt

dz8 A AR

L3
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A L=}
ZA & o FAEA dnd

# 27 E}(Sun Rheometer Compac-100, Sun
Sci. Co., Japan)E A}g3le ZF At AJ5@18 X
15 cm)E 4&ste TPAE Tt oeH 71719 =1L
o3} Zqich 23] wkE FRA]F(two bite compression
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186 g Ars A
test)2 load cell 2 kg, 2 7Ho] 2 cm?Q sylinder typeQ]
probeE AFE3 9 2 deformatione 50% = &gt
o] W FHHz27E table speed 60 mm/min, graph
interval 30 msec, sample height 15.0 mmo]it} o} 2+
g e "z B4R e FXx(hardness), F-3FH
(adhesiveness), -3 4 (cohesiveness), B4 (springiness) 72
% (gumminess), 7117 4 (brittleness)o] T}, Al == Az
7o) met 8-109 e gt ch
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5. X-M 3l &H

HAEAY X-Hd JAdxses AHE/AE &AL 9
@22 "©435to #2 7] (homogenizer, M133/1281-0,
Switzerland) & o] &3t 283 #AS SR AF o7
st dzstgrh Az A5 vhfiste] 100 mesh
sieve(<150 pm)E FHA|A A|EE ARSI X-A

A7) (X-ray diffractometer, D/Max 1200, Rigaku Co.,
Japan)& ©]-&ste IHZEQ20) 40-2°7kF] FHHAA
X-A JEEE d9on AL WE ¥z ¢
A8 FEZAN AFY =S vESAT ol ol &
23} 7o} Target, Cu-Ka, Filter, Ni;
40 kV; Current, 20 mA; Scanning

Voltage, speed,

8°/min.

9} Kulicke WMe
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vtZ A& AojFHA GHSHA
th0.1% wiv). 710 6% =<9 & A
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& 23sty Azsd o 5
b2 A FZe o 4T
stEch RS EAEH =9
2012 B AR oH
3 & A X2 7] (HMR-160IV, Hanil Co.,
Korea)ell 4 3,000 rppm (1960 X gy &LE& 1087 ¢
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Fig. 1. Scanning electron microphotographs of non-waxy rice starch/gum mixture gels stored room
temperature for 1 (A, C, E, G, I, K, M) and 5 days (B, D, F, H, J, L, N). Rice starch without gum (A,
B), rice starchfgum arabic (C, D), rice starchfgnar gum (E, F), rice starch/xanthan (G, H), rice
starch/deacyl gellan (I, J), rice starchfalgin (K, L) and rice starch/gellan (M, N) mixture gels. X 1000

o] JAo) mel z3A9 &FH ofBReAg MR A% Co Zo] H opFE g HUE A9 T2 o
dZFol & HHolA dAsHA o3 FEY dHF dHdAEE ¢ + Ak E=$ Chaisawang M}
Hol g A FHo] Gt & & F AU Suphantharika(2005)¢] Aol M= ole} Z2 AFAGC
HEEl BHARAL dgstal #98A &2 T£E ™ xanthan gum-J A5 gel matrixAtolell A 31 @4
Hyjom Fopgdd AFzve] gosizia F ofety & XA 2HY %X}E Axte dde #FY
7 AeAE vsd 272 A fEFHLE o) FAoY T AT 0}04 2 A8 Ade v dTFE B
AR dZE FEol B MjungA 2 9 =2
HE Uttt Hopd AdAd s 3¢ Fe AAH

oz FUA e A oo 2. WEE/H £8 US| HAX B
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A4, ©do] FhHunpublished data). FFolgolyt b oy} Fol7g FHUehdE FAdo] ZAsYoh Eg
eho] AEAS PP EXAT HEAY FEE A, BA, AModdol Erhsta 234 BdE 1
A F YA st thEidam D 1995). AZ717He] zbo] o) GAT Zdadte AL EAU AR HAE
of mE HAXH EAA F 128 849 AR, 54, Ag E3sle A& A2 o dER A FEY
2349 Wat: Fig 29 2k g8 oz ose A¥AY cluzAY Baje] A
AZ71Ze] dolxH AEs F7iet e dix 2 AeAgste] gside Ay FZ7HAA J4eid
EQA = g2egn AR HAE ¥ A% A A e AE ddgtiin oK (Christianson DD et al.
A T/ wet e 2FE Edd, AvFS A 1982, 1984). Alloncle M3} Doublier JL(1990)= ZE+H7,
olg}el & HIIEtAS u Fago] Frlstd e &7 TFotgolY BALERS SFFAR sotdd &35
Table 1. Texture profile analysis parameter of non-waxy rice starch/gum mixture gels stored room temperature for 1 and 5
days.
Storage . . . . .
Sample day) Adhesiveness(g)  Hardness(g/cn)  Cohesiveness(%)  Springiness(%) Gumminess(g) Brittleness(g)
Control 1 6.12+0.64%" 72.70+4.11° 170.85+68.35" 170.62:6026°  37.17£14.00™  70.69+46.52™
5 52 £1.03™ 81.92+13.81™ 92.71+£10.89° 95.26+1024°  27.91:8.82° 26.62+8.71°
Guar 1 4.62+1.06™ 65.14+8.61¢ 105.31+42.98° 106.80£39.14"  16.50+7.30'® 20.02+15.75°
5 49 +1.59™ 77.20+6.95 96.93+29.23 96.78+24.11°  17.58+5.39°¢ 17.6627.70°
Deacyl 1 6 +1.06" 63.3626.70° 158.01230.16" 160.82+25.67°  36.02+9.04™™ 59.30+19.83>4
gellan 5 5224066 76.73+12.10% 78.66+6.16" 85.92+12.14°  24.42+9.14* 20.82+8.04°
anth 1 6.62+1.18" 66.30+5.94° 137.38145.44° 155.02458.50°  44.28+18.91° 77.97+51.84"
anthan
5 6.33+1.03% 88.90:8.95" 92.32429.93" 110.19+43.83°  45.73:16.26° 55.90+43.14™
Alsi 1 -4.55£0.72° 73.2114.64° 82.43+32.96° 83.98£29.16°  11.39:6.61° 11.06£10.57°
n
g 5 4.1 £1.66° 71.1949.10*" 86.56+29.33" 9330+28.36°  21.50+8.50™" 22.08+15.55°
Arabic 1 6.3740.51% 70.2243.94%" 167.65+45.37" 172.70+46.85"  3546£11.51™  65.841+33.67™
5 -5.55+1.01%% 87.87+4.57" 96.63+7.69" 101.16+11.07°  32.05+3.93%¢ 32.66+6.48%
Gell 1 -6.75+0.88" 70.02+2.93%f 168.42+49.03" 177.174¢53.70°  46.60+13.51° 88.47+42.48
an
5 g =070 91.77+6.99° 79.92+4.96° 90.3824.10° 41.77+3.407 37.84+4 46
100 - 180 -
T / 160 -
90 - ‘\
\ ® 140 -
3 7 \ g
(o] [ P}
% g - = § 120 -
£ 2 S 100 -
5 -
70 -
< 80 -
60 4 60
0 2 4 6 0 2 4 6 2 6
day day day
Fo— control —o— algin —a— xanthan —s— deacy! geflan
—a— arabic ——guar —x—gellan

Fig. 2. Changes of hardness, adhesiveness, and cohesiveness of non-waxy rice starch/gum mixture gels during storage using

rheometer.
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W AAATG)Y7E FTtsta gdo] FATE gl EgA g H=2Q 20 = 2000049 HAax 853
Atk ®E3§ Liu H9 Lelievre J(1992)= %7 &7}19 old 2 o209 AAFY AszFLom Qi) AT A
of wzt AHEFG Aoy AF-ZAAE W14 &F o7 AP AFAL X-d FJHV = &4 A
A Go] F/HHE BT < o 3fold JHdY F2E 7HAH Hold AFL =

BAEAE ETFAE 59 AZSHEE w iz & 234E Boly Aafd A2 42 AFHE T
AHAEAY Ao AEs TV Y & H2H o ek Ad HE 5= 52 FAS 7HEe 9
EdA = Fastdth Fee Ago] dopxl &lely § gGA A Y5 AL PP AL olFUA
TolAdE H7bst AR REAL2 Aol FEHYAL &4 d FEE 7RG st ¢BE AS FHSe AL
o] ojAlz AL AXRSA 2B ALE AAHAG 2 ¢elA JrhHChandrasekaran R#} Radha A 1995). 4
Kim KO2} Youn KH(1984)= ® 7] sodium alginate & xo AEA L ALY AARAY F2E W)
E Frtetd 428 S7HAFE e A ofgdl S HEE st 2 A7 AFdAs AEY =3y HEA F
AaAFHGR @tk AF e FUtS gHEALS A Fx9 BHol A ol X-A JHEz AR
Bee st ZE7 IUhsta F& o]l FtstRe 9 =37 vehde AS g)1s7] ofEfth ole
H SR Yol Fadshe AES BHo A ED AULE, Kim JO(1997)dl] &Jaf M £ w3E X-H JHA==
IPEY FF 7Y 5 S wE A9 EMol v 24 d 2 ANEVF Uil st wslEr 9] o
g ¢ T AT SFHEAL A9 vEHAY wolgtl Azttt
Hdsta PgE Fx9 AS FHeted Fre FF
dol Za SFFol A2 FFES Holuz AFE A 4. 4ME/H =& 2o Y-z HEM
o FxE ¢Hgslstal dust As FAHsked A
Aol Egs & AR AAHJY = AF HAe
A7tk e W A £ A= SR oy gzl m
Hg] F7HEE7F gken g2 A Fol= HIgl
o] A g FAHE AFES Bt Kim C¢ Yoo

BARAEAE 27 A9 XA JEE+= Fg 33 2%
o

Wz BAEA dee VEY 233& 2=
5 a3d 49 FE37=E Bk A 599
ARAEAL AT 20 = 17° 249 9art 44
= A& & oy FIskA Gtk dyed 4
M= Fig. 1.3 o] F4d A9 FxHSIF et

Agk X-A gAdxe daz pEsy) oYk e

A7 et BAEART 20 = 20°9) FH =7} Yoy on
dadg 9 AARAL Hart A9 Gk ¢
stk X-Ad }

sS4z @2y AAHE ERE Ao
e AL gL BEe ARRoE qlF A
AaA] Ror owzexe} ARTe)
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Diffraction ange (26}

Diffraction angle (26)

Fig. 3. X-ray diffractograms of non-waxy rice starch/gum
mixture gels stored for 1 day (up) and 5 days (down).

rice starch without gum (A), rice starch/gum arabic (B), rice
starch/guar gum (C), rice starch/xanthan gum (D), rice
starch/algin (E), rice starch/deacyl gellan gum (F), and rice
starch/gellan gum (G) mixture gels.
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BAEHE £F A9 Ys-de 4B P35l 2t Ye-dlls FFAA |A olFage] dojdra
E Mo|Zg wEsHA v A= Fig 49 2 StATtHLo CT$ Rhamsden L 2000). o)F&Ato] 93
¥ |

o dE5-aE HFE FE AR B AR B2 AolE o] mMAH @2 AY AmEH 2] g3 AEA
o] ZNEFE o|Fgo] AXH R FUtete Ho] B 2e 72E JHAA At st tHFerrero C et al
HEHE €+ UMY STHREAE AGsd 9 1994). A w27} zdsal doats #4 2A
2A7E FAFASAIL olFFo] FrHET StAT BAS A E¥AN AR E7F2Y B olF
(Choi EJ¥} Oh MS 2001). 2 AE A2 e FH &o] Yol dE-adls ¢dPol & ¢ + AU &
upet ozt ztolE HolAT AEHY b s 7 B3 BAARAY AR e AR FAY, 834
B-3lE Hggoe] B FokRth SEM AFox Exol o] BF dolx A9 FxE HHSAT dastA &
TRAoE WEHAY ¢Hgsta A wjEYATF Fal I FEHe AL Y5 TRELE Q| Ys-al

st FE7F HEIE SR A AY FH & A8l fAHE AR AAHUY 2ALCR
(Fig. 1. L, N) o4& HE Br} o5& ¥ TS AL AxE B BARROE AR ARTE 3
Bk v ErEe T+xE Bl " ZH, ot E4& £9std 2 72U 924 B4 fAg F
A, dotd A9 ALFig. 1. H, F, 1) o|F&°] & Rem FHE A9 B2 ZEZY FFA wE A
of YE-slls <Hgdol H5E& & F UATh Lee o7t E& & F AATk Fol AY FxYEo] Fa A
MH(2002)2 IFepdARo] F7HE sodium alginate, T daty v AL ARHE TFske Aol upFEA S
olhdT Fet A Fo] Fobd, sodium alginate 403 Row & A9 FxRE Mg FEe As
YE s Edol 9&0“% sodium alginatet= ¥H& Fste AR BZHATG

43l WE-NE Aol o] FPHE Fohu Hich
A AL BE-AEAIZL S 1 Aol T N. 2 o

wgic T80 FaAF] WER HEHFS AR

WA BHARHAA FE% AFHo] ol A BAEA WEYs T2E PFsGn giaA
o] &ojoll we} ojREe X FAE0 FA FHH 549& A st PEAR OdFe HEZ S
re) g Az¥e wA ged He oledgel  EEsld AL Axsel I, 924 4, Y59
Yetdo. ¥E-3F AlelEs uEste ¢t 89 4 T Eg4de HastRT. HEEE FAvtetd FRol
Wolgt oA sEe AR A 729 HIAE o wet thEu AHEAS St FU5 HFE vl
st7) W7ol B2 g =5 Frlstd Axd A9 F EYx A & 5 A8en AdAS EFo] aHH
oAt BAR/AZ EF A9 "HAAH EH= HAd
o me ggon A¥AL dusm ¢ FEge A
2 B39tk X4 JAEe] o5 FARAL VE
2 o 243< YA HE AV g | 20 = 20°9)
97 Yobgeh ¥E-% GIYE dBde EY
3 d9e W SrtaRen Avds ¢A0g WA 4R
w40 vhad sttt
Freeze—thaw cycles %!‘AI‘Q' %
:Zzggyollgellan i:ggic —:Zigihan o] A+t= 2003\ d KISTEPS] upol U] AAH WAL
—x—gellan &l AYH ATF-ATe dFoly olof =g
Fig. 4. Changes of syneresis of non-waxy rice starch/gum
mixture gels according to number of freeze-thaw cycles. g—_l'—t'l:l_‘g
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