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Improvement of Microwave Heating Properties of
Frozen Starch by Spray of Surface Materials

Eun-Mi Kimf, Hye-Kyung Han and In-Ho Kim

Korea Food Research Institute, Gyeonggi 463-746, Korea

Abstract

This study was conducted to investigate the surface spraying effect of materials on the rheological properties
of frozen starch with microwave heating. Microwave helps reduce cooking time by high temperature, but
swiftly snatches moisture from foods such as frozen starches (buns and noodles etc) and makes surface of
foods harder. Four types of maltodextrin materials have been prepared for different concentration solutions
and sprayed on surface doughs of sheet type. Sprayed dough samples were quickly frozen at —-70°C and wrapped
with polypropylene film. All the treated samples were kept at 0, =20 and -50°C, and then taken out periodically
for measurement of the quality during storage. The quality attributes evaluated after heating with microwave
energy include sensory quality retrogradation, texture, surface color and microstructure. The quality of frozen
starches deteriorated with long term storage even at low temperatures of =20 and -50°C, and the spray materials
were found to improve the textural and physical properties of frozen starches in the microwave heating.
Particularly, maltodextrin with D.E value of 9~12 had the most desirable effects of quality improvement.
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Table 1. Composition of materials for base and mixing
dough

Base dough (%) 5% Tapioca dough (%)

248.15 g (49.63) 235.65 g (47.13)
24815 g (49.63) 23565 g (47.13)

Composition

Strong flour
Medium flour

Tapioca 25.00 g ( 5.00)
Salt 370 g ( 0.74) 370 g ( 0.74)
Total 500.00 g (100.0) 500.00 g (100.0)
Water 225.00 g (45.00) 22500 g (45.00)

speed 2)% 3 F 4°C WAH(GC-114 FDMP, LGA =})of| A
1A 7F A A AT} 542 7HE vEZSE-2 sheetd ) (50 X50
X1 mm)Z2 %A 43 (A-RYUK Industry Co.)3t3 32 &
ot ® 7] (HT-207 Hisen HAH TECH)Z o]-&3} Z£44]7)
¥ -70°CE 3% 523 o, PPEAsY] 428 0, -20,
-50°Cell A 90 7+ A Asledch,

71z AAl

A7t HEE Felste] Az, A¥ste] PP £AX 3
A S A=A QA (M-M270TC, LGH AN R A7t =z g
£ 10919 HAdE S3t 9 HAYP R & aH (tex-
ture), ®] #(appearance), % (color) ol o ale] 57 A}
S AAAY AT HEs 93 YHHLE £ F4
g2z, o3, H7fe] FL& Zo2 FrlstHo(dl; 9
HAy -94: vl% Frh, 53 1 Bolc) 14 v A, B
o] AR stdze] AR 30 <At =
stgon, AR 4RAHS 1150 W, AF nFa&HL
750 W, 3k 2,450 MHz2 24 81t

u S off

Eomx of

EAIXE|

A Aste] EA A2 E windowg SAS 8.1 program$
Ab8-31gd o] FEAFEA (ANOVA: analysis of variance)3}¢
Duncan®] t}54% $172% (DMRT; Duncan’s multiple range
test) 22 §-44-& HAA 3]

MEZAo| w2 TR M

ATl wE A8 THAEE ABE AxHAA =
A7t F2 5, WA (CR-300 series, Sun Scientific Co.
Ltd., Japan)& AF&-3}o}, Hunter Scaleel] ™2} L(lightness),
a(redness), b(yellowness) #t-& 33 ¥F& 233 F H# 3k
<+ EAFTH
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HESH 2o =X|Ztus}

Z3217} 3 7](Sun Rheometer Compac 100, Sun Sci-
entific Co., Ltd, Japan)& AF-&3}o] Az} Q] 71d x2] g
Al &E 2% 3434 ¥ (mastication test) 22 A 3¢t} o)
W] SAHF7A 2R test speedt 120 mm/min, load cell-&
2 kg, adaptor type-= No.l round, diameter+ 20 mm, depth
= 05 mm=Z kgt

AXt=AIL 2 A (differential scanning calorimetry) &
0|88t =315y

Az I 2 7tdZ2]3 AJ8F O-ringg Z3 Y&
stainless steel pan©l] °F 14 mg ¥ 223 % Shin(11)3}
Donovan 5(12)9] ¥h of] wha} & A 2} 31 B4 7] (Perkin-
Elmer DSC-4, USA)Z °]-&3}o] 40°CH-¥ 150°C7+A] 10°C/
min®| $EEE 2 7t ste] FAlsig) o] dejAl F9
FAZRE] 27] L= (To)e} £7 25 (Te) ¥ 33 %
A(AH)E Tl YFAEY 2354 A8k
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Table 2. Sensory quality” of microwave-heated frozen starches coated with maltodextrin solutions of each concentration
Concentration (%)

Sensory quality Coating agentSZ)

0 3 5 7 10

Control 3.20+0.457 - - - -
M1 3.20%0.45 3.00+0.71* 5.10+1.91° 3.80+1.05" 4.90%1.45°
Appearance M2 3.20%0.45 4.40+055 4.70%1.06° 420045 5.20%1.48°
- M3 3.20+0.45 420+ 1.64° 4.80+1.32° 520+ 148" 530067
M4 3.20£0.45 400+0.71° 5.10+1.79° 5.8010.84° 5.20*1.40°

Control 440*0.55 - - - -
Ml 4.40*055 4.40+0.89° 4.80+0.79° 450+1.64° 4.40+0.97°
Texture M2 440055 420+1.48° 440+158° 480164 5.00+0.82°
M3 4.40+0.55 460t152° 490%1.10° 6.40+1.52° 5.00+0.82°
M4 440055 420+ 1.10° 450+ 1.17° 4.40+0.89° 475+ 1.64°

;)Ratmg scale: 1 (very bad) to 9 (very good).

‘Control: non-coating, M1: maltodextrin D.E value 5, M2: maltodextrin D.E value 10, M3: maltodextnn D.E value 9~12, M4:
maltodextrin D.E value 18.

)Data were presented as meantSD.

“Means in a row with different letters are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. Hunter color values of frozen starches during storage

Storage Temp. Hunter color

d | X . b
got 3 aF (day) °C) Sample L value a value b value
Control 80392  -271°  1550°
TR ot ZRIHMED} 0 Room TN 81.07° -256°  11.45°
s el o W=l o TW 79.04° -257* 1228
HEA W22 T A& Fol| Wlsle 2 22 4 ™ 78.92° -261° 1417
A ZAFAZE w7 98 A RSE FTo] 459 XA E Control 77.573 2097 1259°
TN 79.75 -266 13.62°
Al X =2 % & — c a
Zalod AXNE 7| 3.5 WEHE 2AEhg w2 A7 Table 0 TW  8040°  -272° 1319
2%} 72t} Maltodextrin® EX A= & Zoll A M1-S A 93} ™ 81.65° -234"  1245°
a a b
T RE % 5,7,10%2] X o 4], €~ 2 = M3l A Control ~ 81.22 -2.31 12.36
- Al I+, = =A I 0 20 TN 8040  -316° 1467
fFelA oz 7|3 ert B2 A2 et 10% M4= 9 TW  79.08 -313" 1347
B4 FE st B o] Zatel YA E7I] S A2 (ad- IM 781 2m®  LL&T
hesive property)e] 2L 3 o] 2Fdle] & Holx] = Z o2 Cczlr«lgd %gga :ggéa iggga
FAHY. 3,5% M2=- e 5o o2 s xauc) ¥4 50 T™W 7753 -289°  13.02°
i ™ 78.38° 282" 1226
st ot w2 A A3 2w, ol AAqA = FA
?E}“ ' E ] HE_J% ™, : ! lé A& 54 Control ~ 7831°  -208®  17.29°
< otk =z A8 A48 maltodextrin®- & D.E(dextrose 0 TN 80.68" -255°  1747°
equivalent; D.E.)Zte] 9~ 1291 7% M3 Table 2¢} Fig. 19l TW 7664 222 1610
L ’ : ™ 75.24* -1.85°  19.95
A B5o] Azt 9l A] 7rd xe]df 28 FrisAbg A A uk Control  80.49° ~1.95° 15.93°
o} A7t @ A7 S0 FAFA| o A}AHo|glon YELE 9 —20 TN 81.69° -202° 1607
ohE R ANET wE e A 2315] o] 2o]2 TW 8108 216" 1651°
oo ARE s E-ARo, ] o1F14 T™M 8157  -259° 1530
< g3 4 ok dubd o ® DEZLe] AerE AE, Control ~ 80.12° 273 13.00°
& 2 2] 2o a 2] O o) Lo _ TN 81917 -2.39° 11.67
X AR A Aol Fom(14), M32] H Sl 1 80 TW  8056° 309" 1675
ERQ o) AL PAste] A F454 Hxol ¢S ™™  8091° 267" 1524
Zo] 2 AA ¢ EFE Bty AEEc EXEAS & YControl: wheat dough, TN: wheat dough containing 5% ta-
L 3 pioca, TW: wheat dough containing 5% tapioca and sprayed
Ede= A A X]""ﬂ QA 7td el B4 o] NAFE z, 23} surface with water, TM: wheat dough containing 5% tapioca

o E o A zla el A] = } 2w AREE and sprayed surface with 7% maltodextrin M3.
§ 2% 7% M3~ Fl B AL 3= F Means in a row with different letters are significantly different
A ZAaE T A7 Azle] Add ez A= at p<0.05 by Duncan’s multiple range test.
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Table 4. Textural properties of frozen starches during storage

Storage Temp. n Hardness Adhesiveness Springiness Cohesiveness Gumminess Brittleness
(day) CC) Sample (g/cm’) (@ (%) (%) (g) (@)
Control 17651.37°? -5° 57.47° 55.70° 26.40° 19.87°
0 Room TN 17083.89" -5° 56.28° 56.71%° 26.21° 18.82°
W 17490.15% -5° 58.36° 59.08° 3707 20.91°
™ 17675.24° -4 66.73" 51.87° 37.90° 17.79°
Control 26851.85° -8 - 67.82° 3155 36.54°
0 TN 21925.40% -9° 44.45° 40.90% 26.82° 21.41°
W 21847.19® -8 33.44° 48.14° 24,65 21.76°
T™M 20341.44° -7 33.33° 33.07° 16.20° 20.54°
Control 20138.89" -5° 46.33° 45.83° 18.83° 24.82°
50 20 TN 21525.56° -7 57.45° 43.35° 21.49° 24,38
TW 20845.04° -7° 46.98° 44.98° 24.59° 28.36°
T™ 19907.41° -7 45.14° 54.99° 19.26° 17.69°
Control 20789.73° -6° 56.44° 45.81° 20.12° 24.39°
b b

50 TN 16203.70 -7 - - 26.17° 24.52°

W 21130.95 -8 - 40.11° 19.64° 21.17%°
T™M 18113.43" -9 58.18° 42.33" 17.27 18.86°
Control 24574.07° -g° 83.79° 41.56° 2751 26.91°
0 TN 23837.13° -10%™® 35.40° 3755° 30.22° 2323
TW 21474.82° -11% 3297° 40.27° 23.80° 22.84°
T™M 20793.40° -12° 36.83° 38.02° 2367 19.93°
Control 22630.72° -8 55.04° 41.81° 25.60° 26.27°
_ TN 23750.00° - 49.24° 40.37° 22.62° 26.40°

90 20 b b

TW 2129167 -9° 4791 - 24,96 31.09°
T™M 20731.67 -g? 41.80° 39.73° 27.92° 20.91%
Control 19373.62° -11° 47.15° 41.49° 18.30° 23.25°
50 TN 19495.22° -12% 46.15° 40.69> 2163 22.91°
TW 19833.34% -14° 46.33° 40.54° 19.55° 22.43°
T™ 18469.10° -13® 4527 43.21° 19.50° 21.30°

;Samples are the same as in Table 3.
Means in a row with different letters are significantly different at p<0.05 by Duncan's multiple range test.

e A2 ety a AL} JS5E ol m (e} Table 5. DSC thermal properties of frozen starches during
A1), HG71 7] AAASE Lgto] wopxle o mop  Storage :
ARt ALLE QAR FHE TE ASE bt S TED ample ——Frdenemme
N 0 o) C
E}'. a%l(z—q: /ElIJE—)% X‘} Zol-.‘S’__E Eél ;q 701-7 Zl'oﬂ % og Bé}:% %Zl ?%L Control 77.49 83.86 90.62 0.67
Sto} b X)L A A7) 7 o] DARARE 22 3he e} 0  Room .IN 7435 8363 9101 051
o £l o o a0 o Halc = TW 7700 8416 90.86 0.40
weow, 53] 0°CollA] th & AALE R} £ e 2 e} T™ 7861 8430 91.86 051
Wtk L, a ¥ bgt-2 PPEA o] o} 2 A e W3] 25 7} 2] 4] 3 Control 7362 8346 91.04 101
AYE A0 2 wol PPEA] ohE £345 1T 5 ek 0 fw B BE oS 0%
™ 7362 8351 9294 095
= |zl
HENEe| =x|Ztuis} Control 7332 8349 9103 1.09
AAZA o2 BEHRL JAA EAWH3l= Table 50 20 TN 7428 8367 9140 051
N o Bl o TW 7462 8475 9154 044
40} 2o}k TA EFAH7HH(TN, TW, TM)+= F37}- 7312 TM 7432 8362 9154 035
Arel 9] control®.t} hardness, springiness, gumminess, Control  73.63 8%28 gég% 828
brittleness, cohesiveness 5ol 4] tAA 0.2 §-2A Q) o) -50 %\I;\]V ;%(1) 23:69 9154 044
€ BolA] AYrHp<0.05). TA H7}F FollA = FEHE ™ 7501 8168 9012 057
Control 7083 8366 9156 098
1O )]
-Slil-tdoﬂ 55_2.7]' ﬂxl ?»6 10_ }‘]E(TN)Q‘}’ /“1%"/"[\‘7}' EEE—% A]—g— 0 TN 7091 8342 90.74 103
(TWRDE 7% M37} 223 A 2(TM)2) hardness?} 7+ %}/Iv 32’21 gg% gg.gg 8.23
. - = 55 . . .
A 23k adhesivenesst ¥ 222 Yebtth ol =¥ Control 7411 8304 9099 0.8
B M3 g9AAA AN} o) 5 BAY £ ¥ 2 Q3 & %0 20 TN 7450 8362 8933 051
M e)e) WAdm Belo] ol 702 2T sich AR 7ho] TW 7420 8370 9103 040
HwA e AN = A== T4 -AT7IAL ™ 7421 8456 9153 051
A2 hardness®} adhesivenesss Z7}5te AeHE Control 7449 8360 91.02 0.66
T s _ TN 7414 8371 9066 0.76
2 Exx.o 1 o E .

rgon, thE SAEL Faste e depiAdnh 59 0 Tw 76 85 9106 075
0°Cell A4l e} 8 ] A-2% Bt} hardness 2717} A 35 g o, T™ 7362 8355 9105 075

gumminess#} brittleness= 7 Z7}8t¢d ). -20°C2} -50 "Samples are the same as in Table 3.
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Fig. 1. Scanning electron micrograph (SEM) of frozen starches prepared with various treatment conditions and stored

for 30 days at different temperatures.

YBase dough. 25% TA mixing dough and non-sprayed. 59 TA mixing dough and sprayed surface with 7% M3.
Number of 1, 2 and 3 in sample notation represents the storage temperatures of 0, ~20 and -50°C.

18 KV, X1.0 K.
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