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Effect of Starch Degradation Enzymes on the Retrogradation
of a Korean Rice Cakes
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College of Human Ecology, University of Ulsan, Ulsan 680-749, Korea
*Dason Foodpharm Corp., Ulsan 681-200, Korea

Abstract

In this study, enzymes were investigated as an antistaling agent for a Korean rice cake. Thermograms by
a DSC demonstrated that the gelatinization-onset temperature of the Korean rice cake was at its lowest
temperature of 71.1°C with the GP (glucoamylase+puliulanase) treatment, followed by B-amylase and a -
amylase. The gelatinization peak temperature of the Korean rice cake with enzyme treatment was relatively
lower compared to the control. Furthermore, the Korean rice cake with GP treatment showed the lowest peak
temperature. Melting enthalpy of the Korean rice cake increased with the enzyme treatment, with a —amylase,
followed by B-amylase and GP. Melting enthalpy of the Korean rice cake with GP treatment was significantly
lower compared to the p— and @ -amylase treatment. Recrystallinity in the case of GP treatment was also
significantly lower than control. The range of Avrami exponent (n) was 0.90~1.20 and the time constant of
retrogradation (1/k) of the Korean rice cake crystalline decreased in the following order: GP, B—, @ —amylase
and control. Textural characteristics of the Korean rice cake with enzyme treatment differed greatly from that
of control. The L* values of all the Korean rice cakes made without B-amylase decreased and the a* values
were significantly different at p<0.05. The GP treatment altered the b* value toward blue color, whereas B-
and @ -amylase changed to the direction to yellow color. In sensory evaluation, the Korean rice cake with
enzyme treatment showed higher evaluation compared to control.
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lase(activity 120 KNU/g, Termamy! 120LtypeLS, Novo Nor-
disk, Denmark), ¢] 94 B-amylase(activity 1,500 DP"/mL
Spezyme BBA1500, Genenco International Co., USA), &
WedAd Ea
U/g as a glucoamylase, Ultradex " 990CR, Enzyme Bio-
system Co., USA) 5& AM8-3hsdch E4F/5 A3 21L&
A F 2y AEA T W Zaod Rt stel S
A Aew YEg e Aol AAEE o2 3%
A & kel didte] ¢ -amylase™ 0.0004%, B-amylase=
0.31%, GP= 0.62% 2 Al-&3tdc} o o]-f= -, B-amy-
lases GP2} 22 oF 4713198 7% B-amylase % 7} 5 2
A Hol vy B OKEKIL) 24 A o] Er1asle] 3
7VeE 128 £9.29, a-amylased] -5 H ] 24]o] 9t

¢l glucoamylase + pullulanase(GP, activity 180
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A stod ch(e] 3} H ol 3} A 3. ¥ 4 500g(53H4d 27+
o] $=#-3ek 13.9%, ©H Al 6.8%, & amylose 17.8%)5 A&
2] Bl 1247 AAE F A W oh§ ©] & roll grinders
o]-&3te] -4, 47} F 2 WETH WHEL LT T
25%°ll | Z st 70°C 245 AH&Etd.em o] o) AAFE
A7slel FdsA WSt AAE SE3) HHEIEE A
A&t ol A& $F7]2 3082 FAlslel 23 &
A7 7L 9FE A ¥ 7] (Multifunctional extruder, Eo}At
o, F)E o] 835t | AERF 15 emXZ 0] 10 cm)S
RFE3 oF 3087 A3 AL(20°0)0] =S o F]E
@l 2 (polyethylene wrap) & E3F 44 7F A Aslw A Al &
2 Abg-3tgdch

e &8

E3® FAHL AEAE oLt el AT 2]
(DSC, differential scanning calorimeter, 2910 module, TA
Insturments, Inc., USA)E o]-&-3}dt}. A|2pFALd #7] & o]
43 Ho] dEA]LS WS 10 mgo 2 Al dFuFAR
Holl @31 24| 7H5ek ukA]3le] Al 5E FAHA g ¥ 10°C/
min?} 7FRAE& T2 20°Coll A 180°C7FA] 7Fg 3t 33171 A
2%, 53 x 9 SFenthalpyE AA s H21). AHZ
A Y (recrystallinity, %)+ E 2] Z7]-4-% enthalpyell tH3}sd
AZAAZ Ho] SFenthalpyE 18 sle] o} o] A 3]
43 c}(22,23).

A A A = (Recrystallinity %) = ( 4H for retrograded one/
AH for initial one) X 100.
A Ho} 843 234 = 8 23] Y5t A=
ZA% A8 F Avrami o &-8-84¢4(24,25) AF F2
ArEstgded 2 AL oed 2.
0 =exp(-kt" ) (1
0: tAI7FF Foldle v AARE kiday ™)
ki =4
n: AvramiX]<*(exponent)
t A 371 ZHday),
6 = (EL-Et) / (EL-Lo) = exp(-kt") (2)
(&, Lot 27 23 %, Et tAIZ 3] 23l% B o =3
E(A2AA 1597 AHAE & 7))
A7) A AF 2l A2
s ohg3 2o
In(EL-Et)/(EL-Lo) = -kt", log(-In (EL-Et)/(EL-Lo))
=log k+n log t 3

2% A2 At 43
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Micro Systems Co. Ltd., TA-XT2, England)&- ¢]-&3}¢it}.
RE =2 post-test speed: 10.0 mm/s, pre test speed:
10.0 mm/s, test speed: 5.0 mm/s, force units: grams, strain:
50%, distance format: strain, time: 0.01s, trigger force: 5
g 271l A 33}e] 2o 23] WkEqFA A & Hsle] L P
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cme! YE5¥ plunger®
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2 FA gl g A s FAFTH A YA
(Color Reader, CR-10, Minolta Co. Ltd., Japan)& o]-&3}¢]
A8 M= E L[]5(0)-9H2-(100)], a4 A4(60)-54(-60)],
b (344 (60) - A (-60)]3t -2 Vet ol oL 35 o] AF b S &
Asted 1 FAg o2 Jeb gk Az WEE 4r] 44
ol s 3t7] $iste] WAw g8 AR5 E o172 4U 7
o st S Mg o2 v AL WEEE el
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sl BarRA o g Ag7E foAdS EAsdr
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2 3 o3
DSColl 2fgt 2| eatx
Ho| k3% ZA o= A 2FALE % 71(DSC, differential
scanning calorimeter)& ©]-8-3t3it}. ol 3 DSC 4=
el w12 Hael 9% A Esy] 95kel DSCY F
A4 o] Yelvs 338704 2% (To: onset temperature),

ah

o) 3325 (Tp: peak temperature), 18] 3L §-glgds &
AEstgdch DSC 45 AE 22 S84 &8l
AAA Y Wz Eed Ao Wste} BAleEe kg
oA A7E D R & Foiduk-g-o) enthalpyE A %
Aoz ZAsle] 8o a3te} et Y E Aot
o2 3|Ag Aok upely A5 L P HAEF2E F5
o2 e rlekil ZgHEH e dol it At n e A EE
FZ&3le o) 43t o] WskE F 8 AR LA
4 2ol Gub-gol i AR E & 4 gt Fig. 12

2245 A2 g 2499 3IRAREE vhebd Zlo]
o}, 2 A3 330 A& %+ GP(glucoamylase + pullulanase)
o] A97)} 71.1°C2 7V JFi1 1 th&o] B-amylase, @ —-am-
ylase ollch. 28 A% GPE A9 3tae 3fAl e
2A 2] & rolAl sokrh AA S L= HETE
of Aztelslr) dojuhs A= " EYA AA 2 7
=, oA, 2RAd g e e 27] S upel 2k =d
GPA 2] & Zo] Z3NA =7t 71 & g ol v AEE
A7 EEG b 2 of g AsE o] A8 HAL] dof o
g A3 o) 7] w2 A eh2627). ol o - A &
2 99| 533 2Eo A% vhebwteh(Fig. 2). 2ol ¥
A R stH Rt I "ld 2 F GPAE
Aol 7pA e Ao g velydeh o] & GPA = & Zlo] o]
- (SN AEE 7R 7] Wil 23E F AEE

Agel P27 349 45hE Ao 4 Hr) ® watd
oz AYA 4L EE WS LR} 52
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AEYAL Fx] sl dFoz A2 }(28,29).
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Fig. 1. Effects of various enzymes on the DSC melting char-
acteristics of a Korean rice cake after 4 days.
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Fig. 2. Effects of various enzymes on the DSC melting
characteristics of a Korean rice cake after 4 days.
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Fig. 3. Effects of various enzymes on the DSC melting char-
acteristics of a Korean rice cake after 4 days.
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Fig. 4. Effects of various enzymes on the DSC melting char-

acteristics of a Korean rice cake after 4 days.
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Avrami®lg 0|33 || 55T

ARA] 23154 & o]al st Avramit & w@ol o] &
s A oh25). 41 g B AAH HEE v
82 Z2A3ld o] E AR w3EA-E AA s HFig. 5,
Fig. 6, Table 1). A Avrami ] 22 %€ Avramix]$=(n)&
Falg el Avramixl £ 0.90~1.208 $ o sl o zhe
Wb Z7 ez efghe) ol 9} & Anb= RH1-5)0]vt
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Fig. 5. Plot In(EL-Et) vs time for the Korean rice cake
formulated with various enzymes for 4 days.
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Fig. 6. Plot log(-In{(EL-Et)/(EL-Eo)} vs log time for the
Korean rice cake formulated with various enzymes for 4
days.

Table 1. Avrami exponent, rate constant and time constant
of the Korean rice cake formulated with various enzymes
for 4 days

Avrami Rate constant Time constant

exponent(n) (k, day’™ (1/k, day")
o -Amylase 0.93 0.23 4.35
B-Amylase 0.90 0.19 5.26
GP 1.27 0.12 833
Control 1.20 0.33 3.03

1)Glucoamylase + pullulanase.
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A RA,1314)N = &3] Vel dAeloh BE Av-
ramiZ| 7} 12 viebvbgd A3 A A sk o A AA de] A
A" F gt e R AAe] AAgoty 3t=H(30) &
Aol = ALY 237t AA o Eoll dod-& A2E 5=
ok v He] x3lE 5 5 AR 3] A3l logl{-In(EL-Et)/
(EL~E0)} vs log t2] BA) & o] 83} 3t At k3t =
st o] A7k kghE ZA st Avrami o] 2o o}
29 HEEREL] AAPAFL o EHA AR A A o)
YA A ARt 2 A9 AL w3 ARl 2
2 deojdddw stk k352 A 1k A=
z+7} 4.35( @ -amylase), 5.26(B-amylase), 8.33(GP), 3.03(con~
troD 2.2 YelytEd GPAl2l g 99 314 % &= controlX.
o2l £ SRR AP S o 7 Ut 23S EE
XA T HEE Al A X3l AL ol A7 ARk o8 v
st eyl delAd kA v Friete 43S vhebich
olo} e w3 &E o XL F A4 2ol o) AHE A E

-

2} dextrins® degree of polymerization®] 3~5%1 A%%
(oligosaccharides) ¥°| =3} endotherm enthalpy S 3} 4)

7l Ao zx v]Fo zAakdt £ glrh(28).

Eame g =37 wHsl

EAF H S Ao dg dFe AH F Ehe HE
Aol gt Fallo 57 k3ol 43g A Aoz A7tE
9ot webA @ -amylase(0.0004%) B-amylase(0.31%), GP
(062%)5 #A7isld 22715 SAT AR AxE T2 A
Z279 v 2L o GPE H/M A7 7 e &
A& tH 2 2 &L B-, o -amylased] =4 At (Fig. 7).
SAAN L dz79) v 23 & of B-amylase?} GP= ZA W
314 kgt ot @ -amylase® H7IE A $-olle 2 A Wt
2o} & Aol & et cH(Fig. 8). A2 H o] 3t
A3 (stickness) & Weblle 22zt e 2 Ho) 21521537 3%
o] l=dl B-amylases} GPE AT H-& A53 =
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Fig. 7. Effect of various enzymes on the texture property
of a Korean rice cake for 4 days.
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Fig. 8. Effect of various enzymes on the texture property
of a Korean rice cake for 4 days.
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Fig. 9. Effect of various enzymes on the texture property of

a Korean rice cake for 4 days.
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Fig. 10. Effect of various enzymes on the texture property
of a Korean rice cake for 4 days.
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EEE5T] AAH2RE FA delA A= ekokr} HEA
9] 3 %o GP, B-, @ -amylase®] A2} %202 thefytig)
2ol vls) B AAH o7 IA 2718 Ao Z Vel
oHFig. 11). 5 A P42 59 202738 Yl = =4
Aldl B A B NS A
7] Aste AxAe|rt 9o 247 Wil & o 32 vlx|
© A22 #1451 (18) Sohn#} Lee(11)E B-amylase s
Abgstal o} wahs Al A A Bk obe) a3t se
FA 3t H FAE A S odvkn Raslgdv)
I glucoamylase’s oPHZ2 e A} ol 2wl E ol 4-14-
2%, a-16-A¢E oAU 229 G2 eRasin
pullulanase© ¢ -1,6-Z2 & 7FE a5t dextring 34 3}
=4 ¢] dextrine] W& matrixe} A E2] A3 AFL A
Fo 2N w315 A QA7 vtz shdeh3]). = o E A7 AT
of 9}3l9 ¢ -amylase® amyloset} amylopectindl] =+-&3}
o dextrinfF& FA st o] dextrin®rl A& ZA9 =He-
< WolA A A o2 FaH g o Aiwc) w31z
Aade FadAwt 4 PegqA HEx YT §epol
F7tE ] 4o 2R EAEE G52 ALY x5 AdE
7} glokw B e} vh(20,32). = Shibuya®t Iwasaki(33)
= RAE o]g3le] B vl A E S FEH g v
Ho| Aert Zhasta A o] Frlste] w3 E WAE 4
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Fig. 11. Effect of various enzymes on the texture property
of a Korean rice cake for 4 days.
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o] th=Fo nlalA Ao]lE veluglen £EW Fa
GP, B-, a-amylase®] +22 vlelydc}

EaFet Y gHe| Mz sy

e HANA g gy 223 4z a1 BAe] W}
Al "ok o] AL Tylo] Fr]s}e] A& R AR 6 ul S
7% 2 3hA] W i Folot 53] He| 3 A7 wste}
ZA7 Wil o Axs) A dxes 54 o 2
3

(s

HedE BT + e A5 Hoh L °45L°il el 4
(Table 2)5 X9 L*3t2 B-amylaseS Al3tnes 25 3
aalE A2 Uehgt) B8] GP A2ld AL A7) i
o] A vtebtcl Koh(32)8] A-FZA el &3 o -amy-
laseE 0.005~0.02%4 7} 74 H7}ekol we} L*ghe] &
ofAlE A2 Byt o)7L a-amylase?] 282
= YA4E Belcko] Do) 2l elo] 5l7] uFolzkw shy
oha"ghe GPZ A% A& ol Mgl ot =TS A
% e WEEL 2A WA wsteh kel A5 o
3yel AESo] Welodenl GPE ZURFOZ b, o-
amylase= ¥hljql Aulsfo 2 wslgdct AEH o 4
FHel wE A2 ste foAl Aol g el gl o] 9t
A AFE v Fo] AT B2 A7) Wt gol 1l
Ao vehger] o)A Hael o3 Hde —7F
TEZAESL] 2x, Fr)eh d 2z A A S Fo
gl Aoz B3 9ok 1315’*73‘ %%‘7] P‘”Z]?S}‘ﬂ case
hardening .2 A2 E 4
£t}

£l

EAFE A2Y Ho 44T FA) BAE Fig 12
o Ath Be DE AFE LT FL BAL Jeg e

A zke) A8 2o A 7 W3lgd ot -4 control
S AR 4Y F A7 ok AxA, 2], ARA, AA JlEE0)
BT Al ot 488 A control® v} thA 2
g el 22A2F He| A5 S FAFE AR
AzZbEgith 1 % GPE A AL AAAH R & W3l E
vhebgR] ok -2 B-amylased] w01t @ -amy-
lase®] 74t Z71% $A @1 HBEA T F2 Holz} A A

Table 2. The Hunter’s color values of a Korean rice cake with addition of various enzymes after 4 days storage

1
Color values

Storage time (day)

L a b
Enzymes 0 change of 4 change of 0 4 change of
color value color value color value
o« -Amylase 7757 7747 0137 427 444 3.98° . 535 885 65.4°
B-Amylase 7682  77.98 15.9° 567 346 -3¢° 451 937 107.7°
GP (glucoamylase +pullulanase) 79.66 71.70 -10°¢ 3.66 7.23 975° 993 573 -42.3°
Control 7703 7556 -1.91° 1.83 4.16 127.3¢ 983 9.36 —4788

)
YValues are means from three data.

?Values with different superscripts within a column are significantly different at p<0.05.
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Fig. 12. QDA scores of sensory characteristics of a Korean rice cake with addition of various enzymes after 4 days storage.
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