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Abstract

The focus of the current study was to investigate the physicochemical properties of a corn starch-sponge matrix prepared
at a low concentration below gel forming by freeze-drying. The effect of variables(starch concentration, heating temperature,
and heating hold time) on the physicochemical properties of the samples was analyzed by response-surface methodology.
Regression models on the properties of samples such as hardness, springiness, and water solubility index(WSI) showed high
correlation coefficients(r>0.95) and significant F' values, but regression models for the other properties(swelling power,
apparent viscosity, reducing sugar content, and digestibility) showed them to have relatively low significance. Sample
hardness of sample showed the highest value at condition of 90C and 5%, whereas springiness was at a maximum at 130C
and 5%. Also, at 1% of starch concentration, mechanical properties were greatly decreased as the relative humidity increased,
compared with the 3% and 5%, especially in the hardness of samples. The WSI showed an increasing trend with heating
temperature regardless of starch concentration. Overall, the physicochemical properties of freeze-dried corn starch-sponge
matrix were influenced much more by starch concentration and heating temperature than by heating hold time. The results
of this study show that the basic properties of freeze-dried corn starch-sponge matrix can be used for the specific food
applications or as a functional material for its stability.
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Table 1. Experimental design for freeze-dried com starch sponge matrix

Run Coded variables Real variables
X X, X3 Starch(%) Temperature( C) Time(min)
1 —1 —1 0 1 90 40
2 +1 —1 0 5 90 40
3 —1 +1 0 1 130 40
4 +1 +1 0 5 130 40
5 —1 0 —1 1 110 20
6 +1 0 —1 5 110 20
7 —1 0 +1 1 110 60
8 +1 0 +1 5 110 60
9 0 —1 —1 3 90 20
10 0 +1 —1 3 130 20
11 0 —1 +1 3 90 60
12 0 +1 +1 3 130 60
13 0 3 110 40
14 0 3 110 40
15 0 3 110 40

AHX| HESIAL| J|AIN EM
2H A W EY A0 71A|1 A E4J(7 I (hardness)
2l 2} A(springiness))- texture analyzer(TA-XA2, Stable Micro
Systems, England)E o]-83}o] =351 th(Kortstee 5 1998).
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}\-LQ_ 5_2-] o]-odl;].
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flo

Weight of dissolved solid
in supernatant solution
Weight of dry solids

Water solubility
index(WSI, %) =

x 100

Weight of sediment
Weight of dry sample

Swelling power =

5. ZHJ| = (Apparent Viscosity)

A& 9] AR 7] HXx= Brookfield LVDV-I+ viscometer(Brook-
field Engineering Lab, Inc., USA)E o]-&3}o] 243}t A
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rek



I &
Ir e
H

N
o

M
2,
tlo >
(9]

Siis

of
2
=
olo
>
)
£
o
£

S

A
ot
>
©

lo

oj

o ]
w O
i
S
=
=
=2
>

d

=S 245tgn 2% U= 2
T EEZA] Agste] Aol

1]
i
ot
[o
o
p
_8. ]Ilo{v

5
ok
A 2
o 32
ﬁ o
> o
A o
Iy =
G o
5 o
)
24
_?L
32
o

HA] WEY A0 Fao] OfFt
A 840 2oz AddE SIS o A
Frk &, AxE AR 20 mg 15 ml YAJEe o
M acetate buffer(pH 5.4) 5 m{ 7}3t & 308 Z< &
S|
9

ot
s
oft
F
3

gl

t}. o]& glucoamylase &H(20 units) 7 M-S Z+Z}H9]
2ol Y3 40T 1A B SN Ehe] v

3,000 pmel A 158 Sk YAIEE Shgch A 05 S
A3 T BUT FFS FoHE B34 FUT B0 BY
G WP ok Are] Eaol] T BohES T 4
o ofs) ek

Digestibility =~ Glucose content(mg) in supernatant solution
= X
(%) Weight(mg) of dried sample

1. S5 FHE ABK| HEAQ| AN SY
3

2 % 52 Az V&S

(Table 2).

S A 2R HEY 2 e (hadness) = HE 5
T 9 7tE o) thste] 244 millinear effect) T 2242
Fkquadratic effect)S B ALY, 7H §2] Azkol] Tistel A
< o2’ ANE HolX| ¢tk &9 WS Abol o AEt
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o] oF 45~60%2] ZH48S RO, 1%9] HE BEoA
A 23 A7) HL-olli= 32%%} 52%2] RHOA] 75%<] RHO|
vjatel AR oz SR RS 2 W AGLE 20%
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27 AAHo2 40| 30% olat2 AR oz 2o gt
< myrh

B3} ARE TRH 02 48 Faeo] 7] fi Ye
BE2 23 S4p AR AUA fEYA g 220 W
312 Qo7 A4 S49) W2 et Ao AziE,
3t At ) ol et £ Azsje] Az 94
2 AE AWA) jEY 2 7)AE B4 Wl 2] HE
o ol AERPo 2 $% A AL o2 Ast
7) 918t A7} o WA olok T Aoz AZEAT, oFEA
2o Aasiels 242 ALT Aot Be o UE
Kso] el to] ¥ BEAV} B4 %& Aoz weky

o,

3. =0 CHEt AlR2] Ssl= X WEH

FHE 3= X]=(water solubility index, WSI)= & 7}X]
24 3 Lo B7, olzes 3 ojuzad Y, AL
of e 34 B Axe ) o) FFL W ol o

# A 9lthSingh & Smith 1997). 52 ARslo] A =23 L4
T HE 23] EYA9 WSIE %
7HE FA] AIZF B 523 QAR B4 E Q] tHTable 2). A]
FO WSI= BE 59 HeRE 55 7HE 2%, 718 /A4
AZHEC ti5te FAA a3kg, 181 A8 5= 9 7t
220 tigte] 2248 IS Hol= ACE UEyth A4S
Zhg aate A anel npRvA R BE 59 HeEE
st fodE Hol= AR RAEGLh HAHCRE &
o AR F=o BAG] 7HE &7 90ToA 130C=
=otlel w2t WSIZF S71sk= 73 @ (Mercier 5 1980)= U
el e, olgt A 1%L 5% & F=oA B
S8kl ch(Fig. 4). 90 CollA EA 25t A|zx3t A& 7
$ AR ol BAgle] Fa AT g Ushfi= A=
Hol 90TCo M= v F 2E(110TCe 130T) |zt 2
3t ofd R @ A9 §Fo] dojuA] g2 Ao g wehHT
gHH, A|79] W& A folls RS =AT2 2
FREah W0l A5t ot AR 4lo] FAHCE {94
2o A0 R BAEGoY, 5 HEEY Fo4 B R
Ao E ZAEQA HFEA Aol A AoE W
kel ti(Thompson 1980)(Table 2). AH| A o2 HE Hwof
Aglo] 7+d 227 STl et Al&9] B&8e F7tst

Table 2. Coefficient of regression models for dependent variables

Response variables

Coefficient o Swelling Apparent Reducing C
Hardness Springiness WSI . Digestibility
power viscosity sugar

Bo 187.590%* —6.066** 134.241* —109.455 —48.835* —1.643 48.456
Linear

B1 —246.728** 2.789%* 67.022* 52.506 15.583* 0.488 —56.811
B2 —3.273* 0.126%* —2.523* 2.059 0.931* 0.036* 0.219
B3 0.544 —0.018* —0.934* 0.078 —0.029 0.0003 1.313
Quadratic

Bu 21.520%* —0.070* —4.563* —1.574 —0.458 0.028 5.847
Bxn 0.014* —0.0006** 0.014* —0.008 —0.004* —0.0002%* 0.0004
B3 0.0001 0.0002* —0.002 0.003 0.0007 —0.000002 0.002
Interaction

B 3.926%* —0.047** —1.210% —0.850 —0.260* —0.010* 0.634
B3 0.049 0.0003* 0.242* —0.090 —0.017 —0.0001 0.125
B2 —0.005* 0.00003 0.008* —0.002 —0.00004 0.0000 —0.013*
R 0.9999 0.9979 0.9994 0.9594 0.9742 0.9709 0.9803
P 0.0006 0.013 0.004 0.220 0.145 0.162 0.112
Variation 3.23 2.01 451 7.84 14.15 4.36 2.95

*p<0.05; **p<0.01, respectively, model: Y=ot 3 1 Xi+ 82X+ 83X+ 8 uXiit B2Xort B33Xsst 8 12XiXo+ B 13X Xst 82:XoXs; Xy = com starch

concentration, X,=heating temperature, X;=heating hold time
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Hardness(N)

Fig. 1. Effect of com starch(CS) concentration and heating
temperature on hardness of the CS-sponge matrix prepared
at a constant holding time of 40 min.

Springiness

Fig. 2. Effect of com starch(CS) concentration and heating
temperature on springiness of the CS-sponge matrix pre-
pared at a constant holding time of 40 min.
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4. Aw7| HE
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Hardness

60 -
45 -
30 -

15 -

75 - Springiness

—®— 1%, 130°C, 40 min
O 3%, 110°C, 40 min
45 - —w¥— 5%, 130°C, 40 min|

60 -

Reduction ratio (%)

Relative humidity(%)

Fig. 3. Effect of relative humidity and heating condition
on the mechanical properties of com starch-sponge matrix
after 2 weeks storage.

Fig. 4. Effect of com starch(CS) concentration and heating
temperature on water solubility index(WSI) of the CS-sponge
matrix prepared at a constant holding time of 40 min.
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Swelling power

Fig. 5. Effect of com starch(CS) concentration and heating
temperature on swelling power of the CS-sponge matrix

prepared at a constant holding time of 40 min.

2.0

Apparent viscosity(mPa s)

Fig. 6. Effect of com starch(CS) concentration and heating

temperature on apparent viscosity of the CS-sponge matrix
prepared at a constant holding time of 40 min.

1998). S A 2] fEEs0] Auy] Ak 714
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X E]QJTHTable 2). Al29] AR AEL 3%9] %o} 110T
o 7 LEolA] AT Aol 7HE e e ol Hoz
R, ofelgt Al 2 SHe 40t ul oflzo s
A5e] §2o] Dot 02 BekeitkFig 6). 12T A
oz 1%} %] A FEel A AT A =7t 3%l A
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2 Aol Hlste] 1 Lme] BAGle] AThHOR He
2u7] HES Bolk o= vehytt

5. EtlE atek & 540 Cfst EsiE0] DIXl= 7122
o

=
oA 74 Az 2R AZT S5 AR 20A) vj=
2% AR BUY Y LA ATHE Table 2 B
Fig. 701 UeRRsich AR o] i BT g o
3 HAS HE, 7 2o sl A4 k004
o 247 BN AR FE Uk 2R H9 HEAG
EIHp0.04)E Hol AOE hehdrhTable 2). AL 55
o BAGol 74e L=} Fobdel ket AlRe] F4H B
G YFS F7IHE A0E egon, 5 5% A 5
wollA] olefd B 6% FHAATHFie 6). Az T
o BUY FFE ol 7 A% 2ACE HelEt 3o
AREATE) 7R BAstel 4YE Ao s
AT AFE £ LG Yol HUT A9 B TR
3 AoR geiA ik £ AP HE 0T 10CAA A
23 A2 G4E BUY FFL olnh ¥ 2w 130T
o4 Hefat Ao wlste] 7HgRAe o] B AOR b
Ehdth 5, Az 23] mE ARFR] WS LAY &
glom, oL A% 28 WEYL ojsttal SA
FL AL 4R HET 5 9SS FAHOE el
Aol & % 9k
AW, S5d AR 2UA fEZA B A% Ba
HES A% AT 7hd 2E W hd 1) Azl e A

Reducing sugar(%)

Fig. 7. Effect of com starch(CS) concentration and heating

temperature on reducing sugar content of the CS-sponge
matrix prepared at a constant holding time of 40 min.
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Digestibility(%)

Fig. 8. Effect of com starch(CS) concentration and heating
temperature on digestibility of the CS-sponge matrix pre-
pared at a constant holding time of 40 min.
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o2 ZAEATE =2 A8 2x(1300)0A Az A=
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