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Abstract

This study was to investigate the combined effect of enzyme and trehalose addition on the retrogradation rate and
quality changes in a Korean traditional rice cake, Backsulgi. As for the enzyme, a commercial maltogenic amylase,
Novamyl, was used. From texture profile analysis and sensory tests, the optimum enzyme content for the preparation
of Backsulgi was determined to be 0.1%. Backsulgi was prepared with the fixed content of Novamyl (0.1%) and
different ratios (5, 10, 15%) of trehalose, and physicochemical and sensory properties were examined for 3 days of
storage at 25°C. As trehalose content increased, the water activity of Backsulgi decreased. In Hunter's color value,
L- and a-values of trehalose-added samples were significantly lower than those of control. In texture profile analysis,
hardness of Backsulgi decreased with trehalose content. During storage, a increase in hardness and a decrease in
cohesiveness were typically observed for all samples. However, those changes were significantly reduced with tre-
halose content. The retardation of retrogradation with the enzyme and trehalose addition was confirmed using cal-
culated Avrami rate and time constants. These results revealed that combined treatments of 0.1% Novamyl and 10%
trehalose could produce Backsulgi of better sensory quality with retarded retrogradation compared to separated treat-

ment.
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| Washing rice (x3) ‘
4

| Soaking rice for 12 hr |
4

| Draining for 30 min |
{} < addition of salt

| Milling rice |

{1l < addition of Novamyl, water

| Milling rice |
4

| Mixing(rice flour, sugar, trehalose) |
4

| Sieving |
4

| Steam cooking for 10 min |

@<—cooling for 10 min
| Packaging(2.5x2.5x2.5 cm) |

Fig. 1. Preparation procedure for Backsulgi.
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Table 1. Texture profile parameters of Backsulgi treated with
Novamyl

Texture Storage period (day)
Sample”
parameters 0 1 2 3

Hardness C 22046  A3203° A3681%°  44239°
(© 0.05%  P1777°  B2476° 2760% 2953
0.1% B1769°  B€2259° B2558°  Bps54Q°

0.5% €1378*  €1910° €1981°  ©2011°
Cohesiveness C 20.395*  %0.250° *0.167° *0.102¢
0.05%  “€0.382° “40.242° *0.168 P0.130°
0.1% B€0.356° “0.232° “0.158° P0.125¢
0.5% 50.342°  *0.244° P0.196° €0.170°

Springiness C 20.39*  40.70°  40.73°  %0.63°
0.05% 20.37* B0.42*  B0.38*  B0.36°

0.1% 40.34°  BC0.35%  Bp.40*  ©0.25°

0.5% 20.40° €0.320  B0.20°  €0.20°

Chewiness C A321°  AS12% A423%  A302
(© 0.05% 238" B251°  BI79°  B1340

0.1% 5208° 5168*  BC107° €79
0.5% B188? €1520 €70 €66

Y C : No treatment (control)

0.05%: Backsugi with 0.05% Novamyl

0.1%: Backsugi with 0.1% Novamyl

0.5%: Backsugi with 0.5% Novamyl

? Means within the same row (a, b) and column (A, B) with different
superscript letters are significantly different (p<0.05).
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Table 2. Sensory evaluation of Backsulgi treated with Novamyl

Sensory Sample! Storage period (day)
characteristics ~o T PC 0 1 2
Overall quality C 45.80% 24.10° A2.89°

0.05% 46.23 56.07* 55.20°

0.1% 46.13° 56.13° €06.22°

0.5% B433® 8533 BP5.932

Appearance C 46.47 A5.20° 24,74
0.05% 46.50° AC5.73% B5.59b

0.1% 26.67° BC6.10™ 55.96"

0.5% 46.03* 45.90° B6.11°

Taste/flavor C 45.63° 43.97° £2.89¢
0.05% 46.13° B5.60™ B5.33

0.1% %6.07° 5932 6.19*

0.5% 54,63 B537° B5.85°

Texture C A5.80° 2347 A2.41%
0.05% 45.90° 56.20° 5485

0.1% 46.23 56.30° 56.04*

0.5% B4.47° €5.13* 55.82°

! C : No treatment (control)

0.05%: Backsugi with 0.05% Novamyl

0.1%: Backsugi with 0.1% Novamyl

0.5%: Backsugi with 0.5% Novamyl

2 Means within the same row (a, b) and column (A, B) with different
superscript letters are significantly different (p<0.05).
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Table 3. Texture profile parameters of Backsulgi prepared with
different ratios of trehalose

Texture Sample Storage period (day)
parameters 0 1 2 3
Hardness C 2204670 A3203°  A3681°  “42399
(2) 5% A1972°  B2981°  B3287°  B395]°
10% A1923"  B2867°  B3186°  B3758¢
15% A1919°  B2707°  B3167°  ©3650¢
Cohesiveness  C 20.395*  %0.250"  “0.167°  *0.102
5% 20.414*  BC0.289" B0.194°  P0.146*
10%  “0.306* B0.284™ €0.170° €0.126°
15%  *0.390° €0.306" P0.230°  "0.190¢
Springiness C 20.39°  *0.70°  *0.73°*  “0.63°
5% 20.42°  P0.56°  *P0.61™  40.60°
10% 20.56*  BC0.52°  BCQ.517  A€0.58°
15% 20.36  €0.42°  €0.48™  BCQ.53°
Chewiness C A321° A512° A423¢ A302¢
(2) 5% A3428  AB47Qbe A3g81™ A349*
10% A325%  BD3g4r  A376° A324°
15% A328*  BD3pgr  A3550 A323?

) Means within the same row (a, b) and column (A, B) with different
superscript letters are significantly different (p<0.05).
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Table 4. Water activity of Backsulgi prepared with 0.1%
Novamyl and different ratios of trehalose during storage

Water activity
Sample"
0 day 1 day 2 day 3 day
NC 0.968 0.966 0.975 0.970
5% 0.962 0.963 0.962 0.960
10% 0.952 0.943 0.959 0.948
15% 0.932 0.941 0.945 0.945

D'NC: 0.1% Novamyl (control)

5%: 0.1% Novamyl +5% trehalose
10%: 0.1% Novamyl +10% trehalose
15%: 0.1% Novamyl +15% trehalose
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Table 5. Hunter's color value of Backsulgi prepared with 0.1%
Novamyl and different ratios of trehalose during storage

Table 6. Texture profile parameters of Backsulgi prepared with
0.1% Novamyl and different ratios of trehalose during storage

Hunter . Storage period (day) texture . Storage period (day)
Sample" Sample"
value 0 1 2 parameters 0 1 2 3
L NC A87.43 286.81™ Ag87.02% Hardness NC  *1769% 42259°  A2558>  4254(°
5% 586.80° A86.17" AC86.56™ (2) 5% ACLT714%  AC2205° 423370 A2418°
10% €85.55° Bg5.18° BCg6.10% 10%  A°1645° BC2126 A€2323° AC2370°
15% €g5.88° 585.26° €85.89* 15%  BC1590° B2070° B2117*  B2170°
a NC A.0.92° A.0.97° A.0.97 Cohesiveness NC 20.356*  *0.232° 40.158°  “0.125°
5% AB_0.96 £.0.98° £.0.96* 5% 20.364*  *0.205" B0.142°  “0.117°
10% A€.0.98° A.1.00° B1.01° 10% 20.346"  *0.226" €0.174°  “B0.145¢
15% BC_1.02° £.0.97 2097 15% 40.354*  20.230°  €0.175¢  “B0.145¢
b NC *6.18" 26.16° 46.01° Springiness ~ NC 40.34°  A0.35*  40.40° 40.25°
5% %6.21° 26.12° 26.02° 5% 5€0.46°  B0.30°  B0.28° 40.30°
10% 26.13" AC6.11° A5.95° 10% AC0.37*  B0.30*  Bp.28™  ABp.24°
15% 46.25° BC5.88° A5.77° 15% AC0.36°  B0.30*  B0.30™  AB0.20™
"NC: 0.1% Novamyl (control) Chewiness NC A234? A168° Al07° A69°
5%: 0.1% Novamyl +5% trehalose (2 5% Bygla B137b Ag3b Bsh

10%: 0.1% Novamyl +10% trehalose

15%: 0.1% Novamyl +15% trehalose

? Means within the same row (a, b) and column (A, B) with different
superscript letters are significantly different (p<0.05).
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D'NC: 0.1% Novamyl (control)

5%: 0.1% Novamyl +5% trehalose

10%: 0.1% Novamyl +10% trehalose

15%: 0.1% Novamyl +15% trehalose

? Means within the same row (a, b) and column (A, B) with different
superscript letters are significantly different (p<0.05).
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Table 7. Comparison of the Avrami exponents, time constants
and rate constants of Backsulgi prepared with 0.1% Novamyl
and different ratios of trehalose

Characteristics

Sample" Avrami Rate c_pnstant Time constant
exponent (1) (day™) (k) (day") (1/k)
NC 0.3543 0.054 18.62
5% 0.3403 0.053 19.01
10% 0.3634 0.052 19.07
15% 0.1730 0.050 19.89

Y'NC: 0.1% Novamyl (control)

5%: 0.1% Novamyl +5% trehalose
10%: 0.1% Novamyl +10% trehalose
15%: 0.1% Novamyl +15% trehalose

717k A s 7FAE T Kim & Noh(2008), Lee &
A}l o}, B A (springiness)

A7 717ke] F7keel] whEl 2E 7R A 0.46-0.3690 A1
39 A F 02003002 7HAEE A4S HYoL) E
g2 2so] Hrbol| od Wshes 8 AA 4tk HIA
(chewiness)> A 77]17ke] F71gol wiet ZE A FA
FoHoz st A4S BAL, E3] Novamylit 3
7 2T Al A Y] 39 A F 71%S 24
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A TH 2 EF gz 20 HrtE <l
= 56-69%% R EFTZ 2} NovamylS

lesteo = EfE@ 2271 Novamyle] H7I= <13
s HH o2 ZANA YA S 7HA
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4 e
N
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Table 8. Sensory evaluation of Backsulgi prepared with the
0.1% Novamyl and different ratios of trehalose

Sensory S b Storage period (day)
characteristics ample 0 1 2
Overall quality ~ NC A5.40™ 45.32° 24,04

5% 45.96° A5.72° 2456

10% A5.36° A%6.16° B6.12°

15% B6.84° BC6.68" 87.16°

Appearance NC 26.56" 26.32° A5.60°
5% 26.36a" 26.16* 26.16"

10% A5.96* 26.28* 26.68*

15% 26.32° 26.56* 26.48*

Taste/flavor NC A5.00° A5.48° A3.88°
5% A5.76° 26.00* A4.52°

10% A5.40° 4C6.28% B6.00™

15% B6.52° BC6.96° €7.08°

Texture NC A5 447 A5.08° A3.48°
5% A5 508 BS 847 A4 40°

10% A5.32° B6.28™ BE5.88*

15% B6.52° 56.40° €7.36°

YNC: 0.1% Novamyl (control)

5%: 0.1% Novamyl +5% trehalose

10%: 0.1% Novamyl +10% trehalose

15%: 0.1% Novamyl +15% trehalose

? Means within the same row (a, b) and column (A, B) with different
superscript letters are significantly different (p<0.05).
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Table 9. Characteristic intensity rating of Backsulgi prepared
with the 0.1% Novamyl and different ratios of trehalose

Characteristic ¢ 1) Storage period (day)
intensity ampie 0 1 2
Hardness NC A5.00* A5.20% 46.00%

5% A5.508 A5.36° A5.48°
10% A4.92° A5.12° A5247
15% A528° A5.76° A5.16°
Chewiness NC A5.28° 24,76 23,24
5% A€6.00° AC5 280 43,68
10% BC5 687 BC6.04° BCS 440
15% B6.52° B7.04° €6.48°

Y NC: 0.1% Novamyl (control)

5%: 0.1% Novamyl +5% trehalose

10%: 0.1% Novamyl +10% trehalose

15%: 0.1% Novamyl +15% trehalose

? Means within the same row (a, b) and column (A, B) with different
superscript letters are significantly different (p<0.05).
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