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SUMMARY

1. The properties and improvement of starch retrogradation(quality

deterioration) with microwave oven cooking(lst study).

O This study conducted to improve the properties of frozen dough foods(buns and
noodles etc.) on the quality deterioration with microwave oven cooking.
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 and quality deterioration.

O For improvement of these problems, manufactured each mixing dough containing
additives of 34 types : starches, modified starches, gums and emulsifiers etc.
Each mixing dough produced in sheet type(30x30x1 mm) and steamed them, was
quickly froze at -70C, packed just half with polyethylene. Packed samples and
non-packed samples kept at -20C for 48 hours. After they were steam and
microwave treatment, studied for improvement effects of quality as sensory

evaluation to select improvement agents.

O Among the 34 additives, 6 additives as modified starches(TA, ST), gums(AR,
GA) and emulsifiers(E, S1) were selected. These additives were more effective
than control for physical properties and retrogradation of frozen dough. In view
of the results so far achieved by amylogram, scanning electron microscope,
textural analysis and differential scanning calorimetry, each additives had
difference properties respectively. Among the 6 additives, the mixing dough
containing tapioca modified starch has the best preference for appearance, color,

and texture.

- 11 -



2) The improvement of starch retrogradation(quality deterioration)
and investigation of packing method for microwave oven cooking
(2nd study)

O This study(2nd study) was conducted to investigate additional effect of sea-
weeds polysaccharide(sodium alginate and carrageenan) and the surface
spraying effect of materials on the rheological properties of frozen starch with

microwave heating.

O For additional effect of seaweeds polysaccharide, manufactured mixed doughes
with algae polysaccharide ; sodium alginate, carrageenan, produced each mixing
dough in sheet type(50x50x1 mm) and steamed them, were quickly frozen at -7
0C and packed with polypropylene. Packed samples kept at —20°C for 90 days.
After microwave treatment, TSA(dough containing tapioca modified starch and
0.19%6 sodium alginate) was more effect than control for physical properties and
surface hardening, showed synergistic effect and relative viscosity, scanning

electron microscope, textural analysis and differential scanning calorimetry.

O For study of the surface spraying effect of materials on the rheological pro-
perties 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°C, -20°C and -50°C, and then taken
out periodically for measurement of the quality during storage period. The factor
decided sensory quality of frozen starch after heating with microwave energy,
were texture and surface color. The quality of frozen starches deteriorated with
long term storage even at low temperatures of -20°C 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.

- 12 -



. The economical analysis and industrial application (3rd study)

This study(3rd study) was manufactured microwave oven that is artificially
control microwave condition, to establish suitable operating condition of

microwave oven for frozen starch.

Manufactured microwave oven consist of Ib controller, a heater and an electric
heating fan. and it has consumption electric power 1,150 W, generating power

of high—frequency(radio) waves 750 W and frequency 2,450/

The power of microwave is regulate with Ib controller and the amount of hot
air is controled with rotation velocity of moter. When the outdoor air enter the
inside of oven, it is changed hot air by electric heater(1.5 kw) and supply heat

source of microwave oven.

The optimum operating condition of microwave oven for frozen starch were Ib
value 220, hot—air capacity 5, central temp. of food 80C and ventilation temp.
82C. The manufactured microwave was compared with commercial microwave

for heating effect of frozen starch(Table ).

As compared with commercial product by preference, the experimental products
have better quality for microwave oven cooking and the results were identified
so far achieved by scanning electron microscope. the production cost of them
were 2% higher than established production cost by data analysis of consumer

price.

- 13 -
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1. 928 ARYAA Adzee] U3 33 2 =HEH HE

w Aol AHEE BUMF S d@AR(F) FER(LSE), TEE(EeE)E A
;é )=

NHEES o83 YTy Ax

FAZGA(SAE, PAF 5)ollA dwrd oz gevm s w4 L BT A
o] AlZzFA[Fig. D& Ao Agstsint. 7] Z 9= (Table 1) W=
71(K5SS Kitchen Aid, USA)E A}&3}e] flat beater® 7]Z%4HFS 5% (control speed
1), dough hooke & Euk= 30&(control speed 2)& 7z & 4T YA(GC-114
FDMP, LGAAPelA 1AZF sAAAT 45 vkl 552 sheet® B (30x30x1
mm)= AF WA 717, A-RYUK)sHaL 3%3F A 71(HT-207 Hisen HAH TECH)
2 FH5A7 & -70C 2 F49Y%(DF8510 ilshin Lab Co., Ltd)ale] 2|23t}

N

2) EFNFES 0] 8T YEUTFI Y Ax

) Aes @t 24
WEze] FANAL Sda ARF WAQEt wEE 599 1,35 9 1% %
7 gelste] Prkela, HaAl, A% 2 PR hdnt
A

0.3%= H7tsto] Axd & s T3 AU

ZAzke] A7bd R AA AHUbEFS AT 5%, FEAlF B AT 01%E HEE
d(Table Dol H7bete] 7|Ewr5=9o Axe A (Fig. DI sdetA 2Hzhe] =3t

2
¥ YU Axstarh
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Table 1. Composition of materials for base and mixing dough

Composition Base dough(%) Mixing dough(%)
Strong flour 49.63 49.63-X/2
Medium flour 49.63 49.63-X/2
Salt 0.74 0.74
Additives - x"

Total 100.00 100.00
Water 45.00 45.00

Y Additive percentage.

o) Are AF R AAE

1

WEwkEy = polyethylene A2 33 A|89 X3 A82 UFol -20Td

A 48AIRE At ar AAIAN(E A AnldE 1150 W, B4 aF3E9 750 W,

F35 2450 WE ALES] 302 B AstAzelse] Agaisit.
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Table 2. The additives used to improve physical properties of frozen dough

Classification Materials

Cereal CO(Corn; Sungjin Food), GR(Glutinous; Jungwon Food)

PO(Potato; Samkwang Food)

Roots .
TA(Tapioca; casava starch, Samyang genex)

SG(Sunsupergel; pregelatinazed waxy starch, Samyang genex)
ST(Suntender; acetylated distarch adipate, Samyang genex)
Starches SF(Sunfree; emulsification stabililty starch, samyang genex)
VA(VAI100; hydroxyl propylate distarch phosphate, Avebe, Nederlands)
T4(T420; modified-tapioca starch, Avebe, Nederlands)
AG (AG600; modified potato starch, Avebe, Nederlands)
KM(KMU-2; oxidized tapioca starch, Matsutani, Japan)
K(78-0148K; pregelatinized corn starch, National Starch, Denmark)
RS(Red-star; sticky corn starch, Doosan)

Modified

AR(Arabic gum; Sanmaul Food),

GA(Guar gum; Sanmaul Food),

XT(Xanthan gum; xanthomonas campestris, Sanmaul Food),
Gums CF1(CFNO6; pulp hydrolysis starch, Samsung Fine Chemicals)

CF2(CFN15; pulp hydrolysis starch, Samsung Fine Chemicals)

CF3(CFN60; pulp hydrolysis starch, Samsung Fine Chemicals)

CMC(CMC; carboxy methyl cellulose, Young Add F.I)

GM(Glucomannan; Hanmi Food),
Polysaccharides CR(Carrageenan; II Shin Emulsifier Co., Ltd),
SA(Sodium Alginate; kelco, Janpn), A(Agar; MSC Co., Itd)

IA(Improvement agents; I1 Shin Emulsifier Co., Ltd)
T(Thickener; Il Shin Emulsifier Co., Ltd)
E(E-600; natural substance mixing agents, I Shin Emulsifier Co., Ltd)

Emulsifiers S1(S-770; sucrose fatty acid esterification, RYOTO, Japan),
S2(S-1170; sucrose fatty acid esterification, RYOTO, Japan),
S3(S-1570; sucrose fatty acid esterification, RYOTO, Japan)
u-amylase I (Bacillus sp. Sigma, USA),
u-amylase Il (Aspgillus or. Sigma, USA),

Enzymes

Novamyl(Bacillus st. Novo, Denmark),
Noopazyme(Aspergillus or novo, Denmark)
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Total 500 g

strong flour+medium flour+additive

l
Mixing for 5 min at room temp.(C)
l
Add water 45% of total, 225 g
l
Dough for 30 min at room temp.(C)
l
Ripening for 1 hr at 4TC
l
Sharp 30x30x1 mm
l
Steam for 3 min at boiling point of water

| frozen for 30 min at -70C

Storage

for 48 hr at -20C

| PE Pack & Non-pack

Microwave cooking

for 30 sec in 750 W and 2450 M

l

Investigation

sensory evaluation, retrogradation, texture etc.

l

Result

Fig. 1. Manufacturing process of frozen dough(sheet).
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dough after sharp

dough after Steam

dough after Frozen

Fig. 2. The change of frozen dough during manufacturing process.
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YEAY ANRES T 9 AAHAAM-M270TC LGHAAD 7tdzxe & Add
10219 dEd& =3t 99 HAHNow wAx(Texture), £ Z(Appearance), 7+
(Color) ol tiate] 7]

b 2545 g2A, o, Azte] & Ao Frisddvh(el, 13 v v 53:
oA g 9 vl Foh) AR Jtdxe Al AAEAAY AE 20 A
2MdE 1150 W, 44 15358 750 W, T3 2450 M o= 30% &

_1’—
z2 @ F A9 Agaar

1:1_.>i

NEE ZAE AAEFYT "4 FrE 9% HHHog 43X

2) SAAH
AP AHR EAAYE windowd SAS 7.5 programS ALEsF om, AR A
(ANOVA: analysis of variance)® Duncan® tUZHYAZSHDOMRT : Duncan’s
multiple range test)(1)2.2 244 S 743t}

3) A7t R BE 535G
N1ZEd wel AdE 659 EdHES Amylogram(BrabenderAl, Germany)<
AFE-3le] Medcalf 2 Gilles®] WH((2)S Wysle] 7k AR 94 FEE 8% dgdow
A Z3te] amylogram &7]°] ¥ 35CTHE 15C/min & $E=2 95C 7FE =714
7hEd o 1581t ‘VTX] Al713L THA] 15C/min®] HR® 5O°C77}X] WA 7N F
ettt

Olt

4) n-amylase-iodine & o] &% =3= 3

AAH AR 7FEzg ol ot AR =3H %=+ Tsuge 5(3)¢ a-amylaseE ©]
& w3t 2 st A AT W2 A® 250 mgell SF5 50 mL
Z 7}&te] 4 7] (Biohomogenizer M133/1281-0, ESGE, Switzerland)® &3 % 5
mLS FH32 THFF 3 mL, 0.1 M A4 S4F5E&H4(pH 6.0, 0.3% NaCl) 2 mL, o

oo

P

)|\
o2l
o

—amylase(EC 3.2.1.1 from Bacillus species, 51 units/mg solid, sigma U.S.A.)&<H 2
mL(7 unit)& 73 o2, 37C g2FFANA 108 &9 wSA T 4 N NaOH &
5 mLE& 7}star 4 N HCIZ pHE SR 9% F S7FFE °]&3to] 100 mL= W
EQth o] &9 10 mL¥} 22= &94(02% 2% KI, w/v) 5 mL& ¥gA7 & F

o
FFE 7Fste] 100 mL2 wHE. A2 208 EoF w3 & B335 A (Jasco

=}
=
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V-550, Japan)E ©°]&ste] 625 nmelAM FHE=E FAsAT. WEntFy e w3t

(degree of retrogradation; %)= TS 212 o] &3lo] A4t

CHE(%) = 100 - % < 100

‘O‘
rr
Fp{.
B~
r]I,
oo
>
P
-
[
Shis
Sh
_l a
1o
o
o
H
e}

rlr
fo

5) Texture analyserg Al&%& B4 =3
gl ~3 ZA7](texture analyser, Model XT2, Stable Micro Systems Co.,
England)& AF&3te] Axel1A] 7 x el A 5{(30x30x1 mm)x3sheet}E 2% 2
A& (two-cycle compression test) &2 S35t o] o] F 372 test speed 120
mm/min, probe type< cylindrical type, diameter 40 mm, force 200 g, depth 0.5

mm= 57433t

6) A7t s we vATE #F
4 9 AxEAA stExgE Al2E FAAZA sin engineering Co.) 3]
gold-polladium ionsputter(C1010 Hitachi, Japan)® Z¥®*8] % SEM(scanning
electron microscope; S2380N Hitachi, Japan)S AF&3Fe] 7F&4dY 18 KVelA 7zt

o Wenkry g9 AT s B4
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2. MaltodextrinfF ZTEHE=X¥9] 93 YyFwF3eo AxHAR 7€
EN NHEH

7F A s
A A AMEE 2R E gidAR (5] deEd AEE
FA Y 2~ B} @ F(tapioca; TA)AES Ut AEsEAth =X A2 AR 4
S maltodextrin (M1, M2, M3, M4; Grain processing Co. Ltd, USA)E A& =
A&t et

hr, 4T)— 3 (50x50x1 mm)HH& AA 7|2

Table 3. Composition of materials for base and tapiocal) dough

Composition Base dough(%) 5% Tapioca dough(%)
Strong Flour 248.15g(49.63) 235.65g(47.13)
Medium Flour 248.15g(49.63) 235.65g(47.13)
Tapioca - 25.00g( 5.00)
Salt 3.70g( 0.74) 3.70g( 0.74)
Total 500.00g(100.0) 500.00g(100.0)
water 225.00g(45.00) 225.00g(45.00)

D59 Tapioca

2) TAAA 2 x8 A TALYHE B E A=
XY 5% TA Ysu59s ¥x%

shar, —20ColA 3093 AFs

Egtit.

, polyethylene @ polypropylene @& X%
q

e 32 ool mE =3RS A

+
2
i
o3
N
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3) TXA A4
E¥ARE ARSI maltodextring M1(D.E: 5), M2(D.E: 10), M3(D.E: 9-12),
M4(D.E: 18) &< 0, 3, 5, 7 B 10%%= Z}2} Azxstdvh. 7] 19 ¥eraAdzs
Ay FAA HF(7]ERSF 5 min, 29 30 min)— 54 ATAA 1hr)— A3
(50x50x1 mm)— F(FE=HAA 3 min)AlZl FA] 5 71(K-280, Komax2ts)E At

g3te] WHE BWs FF5A =¥(1.25 ml/sheet)d Tty -70C=E #% 4

il

A

(DF8510 Ilshin Lab Co., Ltd) ¥ polypropylene(PP) X 7sto]l -20Col| A 48413+ A7
A ATHFig 3). AZS vz A8

%9 750 W, T34 2450 M) 7FExE e v V5% 2ALS AAEh

= AAHAA(HZA 2udE 1150 W, A2 LFT

o

4) NE A 2 AAF

ZZ Z=A AR FIAZ Z=¥XHE AFZEE -0CTAAH F552 A
polypropylene A2 XAg Alge} WEF AE2 vro] 247hS 0C, -20C ¥ -5

0ColA 90Uzt AA3sta, WEFuE AAHUAAZ AFESe] A And=E 1150
W, 472 n532d 750 W, F95¢ 2450 Mpe) 2A0= 30% EoF A7t za 69
=
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’ Total 500 g | strong flour+medium flour+additive ‘

!

’ Mixing | for 5 min at room temp.(C) ‘
|

’ Add water | 45% of total, 225 g ‘
|

’ Dough | for 30 min at room temp.(C) ‘
!

‘ Ripening | for 1 hr at 4C ‘
l

| Sharp | 50%50x1 mm |
|

’ Steam | for 3 min at boiling point of water ‘
!

Coating | surface coating in Maltodextrin type
| frozen for 30 min at -70C
Storage | for 90 days at 0, —20, -50C

| Package

’ Microwave cooking | for 30 sec in 750 W and 2,450 Mz ‘
|

’ Investigation | sensory evaluation, retrogradation, texture etc. ‘
|

’ Result | ‘

Fig. 3. Manufacturing process of frozen dough(Sheet) coated with various

maltodextrin solutions.
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U A3 1Y

u (

1) 7|Ex FA}F
71 19 71E% AR sdEAl WeAYd AREES AAEJAAM-M270TC
0219] 3jdS HE3lo] 9d HAHAWoer HxH

LGAAH) 7hezgs § Addd 1
(Texture), ¥ (Appearance), M7+ (Color) ol il 712 % ZALE AAEAT H
Fo A= 94 BHHeR S S5 g2A, o, Mol £2 sow Hrtst
Ak (e, 134w vy 53 oA a9 93 wig Fuh) AR 7td R A
Az A o] ZTAA 21 AR A¥dE 1150 W, A4 a5358 750 W, F3k7
2,450 My o= 30% & A7tExze T F ARESHSAH
2) TAAY
AP AHR EAAYE windowg SAS 81 programS AMg3tF om, EAMRA

(ANOVA: analysis of variance)® Duncan® ©tZHYAZSHDOMRT; Duncan’s
multiple range test)(1)2.2 244 S 743t th

3) A=&4
ARE AAAA 7tEzg3 & AMAA(CR-300 series, sun Scientific Co. Ltd.,
Japan)E AF&3Fe], Hunter Scaleol w&} L(lightness), a(redness), b(yellowness) %t
S 33 WHE 249 $ FdgSs FASA

A 7] (Sun Rheometer Compac 100 Sun Scientific Co., Ltd, Japan)Z A&
A2 7MEZ83 AlgE 29 42A] ¢ (mastication test) &2 7| A &

A4 dsts AT olule] SAHXNOE test speed 120 mm/min, load cell 2 kg,

ol
20
£
r>~1
b
ry

adaptor type= No.l round, diameter 20 mm, depth 0.3 mm= 3} 31t}

7}) Glucoamylase-DNS
AAAA dzele o@ Ame w=FARE AW = PRO o
glucoamylase® 43tA#A A glucose & DNSHOo = ZAs AT &, x4

5 100 mgs FEH A7 FHEe] =75 8 mLE el 7 L3 dgAS vteE
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% 2 mLA 2709 Al ytel] FHstol dAEH(A) R o S5 B)oR sl Ao
(A)oll+= 2 M acetic buffer(pH 4.8) 1.6 mLe =F<F 04 mLE 718t oH, 94 &
ste}(B) 10 N NaOH 0.2 mLE 7Fsto] A2oA 943 &A1zl F 2 N acetate 1.6
mLE H7bstdth. &9 blanke AEA (Ao 5L o w sqlvh o|HA wHE
tod 37TCeolA 1A17F &

5 100ColA 10837F 7td A2l 245 ESAAA a4SS F2
[e)

.I

0

=
preh
=
=
©,
I
IS
o
o8]
5
=
o
107]
o
l:o{n
B~
2
=
o
jam
E.
=2
<
8
c
[o
—
8
—
X
N
)
o

ot W A7)

_{

stz vk2dl 05 mLE Hsle Z2HSZ 58 A% FdAd 05 mLE #H 3 DNSH
2 4TS AEst tg e me w3leE SA AT

. h

53 (%)= % x 100

O-ring & zZt3 ¢+ stainless steel panol AAe|d#] 7tdzg 3 A85 oF 14
mgE H2 ¥HE3I F A(B)F Donovan(6) 59 Wol uwel GAIxFAE
(Perkin-Elmer DSC-4, USA)E ©]&3}o] 40CHE 150C 74 10T/min®] &=
7tgdste] ZAFSEA T oluf AofX FAFHORHE ZV|2E(To)9t TH52

2 AUV AHE Fote] YEVFI Y YRS A

6) WATZE #F
271 19 mAlgt . dE I 3ol HAelA rtdxeEd AlRE A0
sin engineering Co.)3}% gold-polladium ionsputter(C1010 Hitachi, Japan)® ¥ A
% SEM(scanning electron microscope; S2380N Hitachi, Japan)S Al-&3te] 7F&H ¢t

18 KVolA Wartyy e vAlFx2E 28 v).
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3. =R A WERTE T4 2 AAAAA AAEHo
DEERCE

7 AB

B Ao AHRE WUbFE QARG o

I~

A

dA g0 el @ FHtapioca; TA)AES T3] AFE

, TEHES ()4
shth 19 NEFe] F2

g f8 AHEE Slz2td R 7ie7lw(Carrageenan; CR, 11 Shin Emulsifier
Ltd), &214k

ps

7

=
Co.,

==

i

o (Sodium alginate; SA, Sigma, USA) 55 TAAEE AE3A T

D 7NE&wnsEs
B71 A1 Al Y]
30 min)— %7 (lhr, 4C)— A

YRS Al xsk At

N

== 5 min, 25

BFeddA 3min) 3 A4S AA

=

2) MzGIH7 F7tE I HFY Az
Azudizl F7kd WEwEyE 01% L029(TSA)F 0.1% 7H71H(TCR)
b H7kete] Table 49 22 %A =% Fig. 3-19 Az3 A wal A x5

AR AF E AAY
F719l bRy AlzFAHA wEl Al x5
polypropylene® ¥ 73s}o] -20TolA 90¥3F AFsle] A

48 ARMEWEIE ARAAA(RE 24

W, 395 2450 WS ©]-&3te] 30% <t A
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Table 4. Composition of materials for tapiocal) dough with sodium alginate

and carrageenan

(unite: g)
Composition Dough? Content(%)
Control TSA TCR

Strong Flour 235.65(47.13) 235.40(47.08) 235.40(47.08)
Medium Flour 235.65(47.13) 235.40(47.08) 235.40(47.08)
Tapioca 25.00( 5.00) 25.00( 5.00) 25.00( 5.00)
Sodium alginic acid - 0.50( 0.10) -

Carrageenan - - 0.50( 0.10)
Salt 3.70( 0.74) 3.70( 0.74) 3.70( 0.74)
Total 500.00(100.0) 500.00(100.0) 500.00(100.0)
Water 225.00( 45.0) 225.00( 45.0) 225.00( 45.0)

D59 Tapioca
YControl: 5% frozen dough containing tapioca dough, TSA,; frozen dough containing 5%
tapioca and 0.1% sodium alginate, TCR; frozen dough containing 5% tapioca and 0.1%

carrageenan.
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4) >=3&= 54

7}) Glucoamylase-DNS 9
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=
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5 4=54
A71 29k e WMo ARE AAUIA vtExgd 5 AAA(CR-300
series, sun Scientific Co. Ltd., Japan)E A}-83}, Hunter Scale®l] ©2} L(lightness),
a(redness), b(yellowness) 3= 33] ¥b&E Z43 & Hazks HASHA
6) 2434
A7) 29 Zo] EAl =3 7](Sun Rheometer Compac 100 Sun Scientific Co., Ltd,
Japan)& Abgslel AAEAAR 30 T stdxEId AREE 28 GFAEY
(mastication test) && 7[AZ &4 W3tE FAHsIATE olwle] FAHXHNORE test
speed 120 mm/min, load cell 2 kg, adaptor type< No.l round, diameter 20 mm,
depth 0.3 mm= 3}

7 AATE BF
A7 19 wAlgx BEE e Zo] At Aol A 302 FeF tE e d AR
£ TZ7%Z0 sin engineering Co.)3}4] gold-polladium ionsputter(C1010 Hitachi,
Japan)® FZ ¥ A7 & SEM(scanning electron microscope; S2380N Hitachi, Japan)&

AbEato]l ZFEASE 18 KVolA Z42zbe] Wyawtwy] o) vAT25 #E8AtH4).
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4. A 2dd g% FAMNAEE HE
s 2 ) B e
D Az 2 Uy

7h) AR

LGiE(MR-303S)91 4] Al#td 7188 AAAAAE FFHA] 2E2H7|(HY
8000S series) ¥ =Z=AA(HY DX9-DC WNR), Z=41(BS300A, Bongshin LoadCell
co)¥ HAA 4 (Holaday Industries. Inc. USA) 58 H&&te] B 2o 7
Gk AAHJAAE Az AT AAEAA ZIAA 20 S Sl ARERE Went

H LN
ok Wentra = AdE AEGSi)E ekl ARk

A z =
AAm 24425 Astanh. AR VAAED 48E s AEe Az
AR JAALGHE, AF 2vA=8 1150 W, 34 u1F3&8 750 W, T35 2450 M)
T Fig. 4, 5, 63 2] A=stlon =
AE 600 mmol™ AAAQ 7FE WF & oF 10 Lotk ¥ Fxeo] HAxFo] glof
A AAT0~750 MHz), 9F3 024, TH52432] Fol doer 435 2 Axy
=

aE L 2@Agel od AGEAD F ok 2ARE AR A
I

7o 9 Hxa JrxHo] MesEE [h £AVE B Ay FrE 248
R, 7= dEF7IS AVISIHE FAENT S bxdel wet 2Y o 3A
Lo oef FFS £HSEE st QrlEvIE FYstH HxETIE AMESt= &
71 &7 Foll A7EE (15 kw)7t AAH] FRE FE7|E VtdEdFTew v
5ol AAHAA Wl 5 F A=s: AAHAY E3 A sEFYH SUE S
AAE A o] AAd wiZ7|HESE S FAE GF s WEHEE A
o AAs vt xE AEAAY 2R A2 I 247 2 dFFA = A
59 7tz 29 5EAS sto] A xzd I dF77F SHHoR AeH RS

A= load cell(BS300A, Bongshin co.)oll ]3] AJA]Z+zFo
2 Wsle= FARstE S 53 Aol A dA e FAYE A
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gelsty] 9ste] dAAty 4= A2 (Microwave survey meter, Holaday Industries.
Inc., USA)E &-&3}3t

Axa g7tz A9 s AAfF Al=wle] oA A 3
2EHQl AelA 7t &gk
FAete] v x= 9

HarE A ThExe A

v
Microwave «——| [V Power

| Main

Control
\ Turn table
v
47
Heating Wind Cavity < Fan <

q Heater

Fig. 4. Inside flow chart” of manufactured microwave oven

VA zrel A

g AANAA Wre] LRz

4o QA A9 o8 tg zelHE ste
BE wAEE SRS Sgsos AN8 9G¥ 47 sl g8 A%
19 A% AANT D, olsol YEHTEre A Az 2 FAS §A5719)

449 gHow nEh
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Fig. 5. Manufactured microwave oven of batch type.
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v () A 2| 5|H

Fig. 6. Inside of manufactured microwave oven.
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(1) A4 d=s A94A

Batch¥d 9
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(5) ¥ A & (specific volume)
H A4 24 50 mLe WAAdYE o] &3sle] ZF Az ARE dAHHF HI

| AF(Gmesh, Showa chemical Co. Japan)® $%dte] HuE =Hsa 1 Fyo

A alAte] Rulg W B9 Age Riw ad Amg LAz grold 2489

o

oy

U 71E AFHe F2 Ha

A LR

= o) i
TxE YEWENE Table 37 2 2402 Fig 39 AxTH

AETFoR M3

of wel WErtFaE Azt At on sxtdFE H7be AlE7S Table 4

of 22 2AHO R Fig. 19 AxdAd wet YevrFa g Axsto] A&
NBAES] FAUNE A7) 19 755 2AIR AAERon zAMHS WE

A ANBES T4 2L AAAAM-M270TC LGAAH) 7Pz F A 109

o] Had& E3to] 94 HHWoz A% (Texture), ¢ F(Appearance), M 7+(Color) %

o tiate] 7|a% XALE AAEATH AFe Hkw 9d HHAMOR FAV FFE

T,
>
2
fo
-,
1=
o
o
ol
rlo
L,
o

2
= @rreadh (o, 14 w9 v, 55 24 19
o 94 vl Fvh) 74 Alss dAEJIA G 302 st AVEE 2Ed § AFESER o
W APA3e EAAYE window® SAS 81 programS A& omn AR
(ANOVA: analysis of variance)® Duncan® ©tZHYAZSHDOMRT; Duncan’s
multiple range test)(1)2.2 Z} AJ53ke] FodS AASAL, AAAA 71E x2
3 AR5 $ZAZA sin engineering Co.)3te] gold-polladium ionsputter(C1010
Hitachi, Japan)® Z ¥ A& ¥ SEM(scanning electron microscope; S2380N Hitachi,
Japan)& AR&3te] 7SS 18 KVeld Z4zbe] Warntsy gu o mATx2E @
S ATHA).
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A 24d Az 2 a2z

L A&AALA 7hEzdel g A2 =354 =35 9A
Y AE

7h, QEARY AAEAA tExFYol Ui 33 2 x5 §4 HE

B omRe FeRE GEAY AA WEAFow oE AEE 44706l 0 4
e gou A%V Fol e YEAELG 4A wstHe BALS AL 9
e 2E SEANE AELAL FYA) B AR SR 92 2AD

Miles 5(13)2 amylose®} 7 amylopectin®] ZA 317} A& 2] w=3lo] 7]o]3it}
B gk vprp Qlth(14-26). EAlOl o8 gt AEA WeAES AAUIAE o] &3
Ao e A EA g4, Ao AsEx, A5 5o Wt wE 43t
A4 5272800 o8 71E 9 AFEFAC] AstEE EAFe] HAste Aom o
4 Sl

olsh o] %A

Az A9 zol¥ A% AFEAY Azagen Fdol AFAE EANE 2
ek, B AFE AgdAA AGEAAN BAAFAS Arsk £AALe] et A

D 7M1 AAEAA 7tExFd s AHAEs 2 4
2% 7 AP E(Table 2)= 7|&usEdd H7F AlZE o] 20T A 48A1%F
T A & 30% ToF AAEJAA(EA AnjHE 1150 W, A4 aFaEE 750
W, F35 2450 Mp = 7tExe] & A8 A 52 AbgskAth



ol Zdv‘i‘—*é ArdeE Ol Aol =i w3tEA Sol ¢ Ve dEER AU
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o o
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odk
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>
N
rir
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u
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32
R
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i
rlo

ERENE BE AT HiAv TR e A
FA Aom 2. A Az A oW, A
il

Ahe YEUNEAE A4dAA AHTAN AP e NETFE 2= AR

e

AAM ez A3 Hrbzed o3 Wt gle dem Ao, od £
T4 2ol W n FRydel o YEury gwel & 94Fe FA @ 2
o2 Helth MUt wE NAEHeE TA, ST H7taadrt $58 ez x
AtElQlon mE Ag ol A polyethylene(PE) ¥3xelo] w& /jdgstes A=z
g, el A &l Aoz AT

) AR L BIFR B we AdEs

A AW e Ao BEAMES BHSE AMSEHE AR T MHAEdR=
Table 63 2t} 7 H7Hds a9 AR dxTrtd =L 7E5E e
Atk ol AF SAA AES AFsE B EEAR FEQ9)F] AFEFLS
FFANA7] Witelegtar AzkE Ak 53 Az A st xelo A AR, XT, CF2 4
FHWHF9 = Table 59149 TA, ST, ST, SF WHuHF3 53 fAg 7|5 342 1}
ER] A T}

o H7bel o A E A= Table 65 2ok AR =9k FARSE 7]

5 54

TS Yetdal e CR¥ SAE H7bsh Wewkrye A A g Ald =
THRO U2 7eFge] BT o] 5(30)0] A4 ot CR H7te W¥es A%
Al BASHE A5 fJAe AAASE AAA = E9AQ] Aow ®Haw i Q)

2)
uebd wkszAgdEedl CR 3277 ¥s Foll € ZAAA] dFds Sxo A7|E
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A, AW e Az BANGESE FHoR AMREHE 2A4NEA, S84, 3
Al(E, S1, S2, S3) &= 7|&Ws=o H7F Al UEhd &3 Table 79 2ok =370
FA, SAA, T34 so FAUHAEVE HUbE WErtEy FodA= #3AGH7E A
7Fe E¢F S1 Wyt AR & Aom 2AEAY. o= E$ S1 H7Hh

SEUA dAEAe] 2484 99 FAS WAE T H dAEdA vtdx
g Al TR g2 @ A3k So] ERF el o AAHAY. 53] E9 H
7tEI7E ¢ Ao w FALEO] HAHlA A 9§ FHAAS SA4S A
st E37F e Ao yEETh AG)H #£32) 9 A Sl dEe] A
7h7F st Aol EavF v Ao®E Hastal ot oA H ZE& Aol X v H7t
H ools B4 AL AEHo], BEs e, A e £4(33-35), AWHE @
A (lipid monomer)?] &= wz} Ax}lx
Row AENCH, PE 24z g 7
YERLEA] 25 Skt

r:z =
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K
rlr
E
mlo
s
=
1_,
r
fot
o
N

) E4F A7l BE A=
AdegdEe] 44 2A4sy e 2AS AT 54z g4E5 sEHEE HUstd]
= AE3FAY. aanylase I 686 mg/ke), tanylase 10U me/kg), Novanyl(30 mg/ke),
Noopazyme(30 ng/kg)s 713 A &= H7tete] 71E% 5‘—"]'2 AAIgE A3= Table 7
I 2t} HI7IA® F n-amylasell, Noopazyme:= H7FA] HFE &9 H w7} ol A&
oA AgHR g Aol oy Aew yEbytth 53] Noopazymes F=2 A
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Soll e 7aEs xRy Yol = Aow A
Novamyl(novozymes)®] 7% &AAe wre ZAMo uHFMS war Qo] W
ZRo #F Az SO gt 7EEV e Aow ALY
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Table 5. Sensory evaluation of frozen dough containing various starches by steam and microwave heating treatment

E%g?lfgtrign Texture Appearance Color
Treatment” Steam MHNP MHP Steam MHNP MHP Steam MHNP MHP
Samplel)
7.1+0.577? ab be ab b b ab b
Control 5 4.2+1.61 45+2.12 8.8+0.50 5.1£1.71 5.3£2.21 8.4+0.50 6.9+0.62 6.7£0.74

CcO 87+058" 53+153" 552785  9.0+0.00° 50+1.73° 57+2.08"  9.0+0.00° 7.3+058*  7.0+1.00°

Starche GR 7.0+1.00°  50+0.00°  4.0+1.00° 85+050" 6.7+153°  6.7+1.53" 7.3+058"  7.3+058™  7.3+0.58"
s PO 6.7+153*  3.0+1.00°  3.3+058"  8.0+1.00° 4.0+1.00"  47+1.15°  80+1.00" 6.3+252"  7.0+2.00"
TA 9.0+0.00°  8.0+0.00°  7.0+1.73"  80+1.00° 6.7+058°  6.7+153™  7.8+0.76° 83+058°  7.7+058

SG 6.0£2.65° 53058  53+05° 73+153"  43+153°  7.3+058°  7.0+1.73" 63+1.15°  7.3+2.08°

ST 774058 7.3+058  63+1.15°  7.7+1.15"° 7.3+153°  6.7+2.08™ 85+0.87" 75+1.80" 7.2+2.25"
Modifie SF 87+058"  57+058™  6.0+1.00Y 8.0+0.00° 6.3+058°  6.7+1.15™  7.3+058"  7.0+0.00"  7.0+2.00"
d VA 8.8+0.29"  58+0.29™  7.0+1.00°  87+058" 6.8+0.29°  7.0+1.00°  85+050" 83+058°  7.0£0.58"
starche T4 9.0£0.00°  4.3+058"  6.0+1.00°Y 87+058" 53+1.15"  7.0+1.00° 87+058" 67+058"  7.3+058
s AG 87+058"  6.3+058°  63+058¢ 87+058" 53+1.15"  63+2.08"  83+058" 7.7+153*  7.0+2.00"
KM  7.0+1.00° 53+153" 43+1.15"° 80+1.00° 6.0+1.73" 50+2.00° 80+1.73" 7.7+1.15° 7.0+2.00"

K 7.0+1.00°  53+153"  58+1.26°° 80+1.00° 6.0+0.00" 7.0+1.00° 83+058" 7.7+153* 7.3+153

RS 87+058"  30+0.00°  1.3+058"  87+058" 234053  23+058"  83+058" 37+058"  3.7+0.5%"

URefer to Table 2.
MHP: microwave heating after polyethylene packed , MHNP: microwave heating after non—packed.
IMean+S.E.(n=10).

Pabeplean values within a column with different superscript letters were significantly different (p<0.05).
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Table 6. Sensory evaluation? of frozen dough containing gums and polysaccharides by steam and microwave

heating treatment

EiZTj;)g) n Texture Appearance Color
%»t\ Steam  MHNP MHP Steam  MHNP MHP Steam  MHNP MHP
Sample

Control 71+057° 4241617 454212 88+050" 5.1+1.71" 53+2.21*" 84+050" 6.9+0.62° 6.7+0.74%

AR 82+1.44™ 7.0+1.00° 7.3+1.15° 7.7+058"  7.0+0.00" 6.7+058™ 7.7+058" 7.7+058"  7.3+0.58™

GA 82+1.04™ 43+153™ 43+058" 87+058" 4.3+058" 57+058" 80+1.00" 7.0+1.00° 6.7+0.58"

XT 8.0+0.00" 7.7+153  7.0+1.00° 7.7+058" 7.7+058  8.0+1.00° 83+058" 80+1.00° 8.0+1.00"

Gums CF1 7.0+1.00* 57+058" 4.3+1.15" 7.7+058" 4.7+058" 50+1.00° 80+0.00" 7.3+1.15" 7.7+0.58"
CF2  7.7+058" 50+1.00° 6.3+058  9.0+0.00° 6.0+1.73" 6.3+153" 9.0+0.00° 83+1.15"° 87+0.58

CF3  82+1.04™ 47+058" 43+1.15" 73+058 57+1.15° 4.0+1.00° 83+058" 7.7+058" 7.7+0.58"

CMC  7.7+1.15" 47+153" 33+1.15° 82+0.76™ 6.3+0.58™ 50+2.00" 83+058" 6.7+0.58" 6.3+0.58"
Polysa- M 8.2+0.29" 4.0i1.00Z 6.5ir0.50; 7.5+0.50° 4.7¢o.58az 6.3i0.58§ 7.5&0.583b 7.8¢o.29az 7.710.5832
ccharide CR 7.310.58: 53+058" 58+0.76™ 80+0.00" 53+058" 6.7+058" 8.3i0.582 7.3¢o.58§b 7.7+0.58°
A 83+0.58" 3.0+1.00" 3.7+058" 8.0+0.00° 3.3+058" 3.3+058" 9.0+0.00° 7.3+0.58" 6.7+0.58"

S SA 87+058” 53+058" 5.0+0.00™ 8.0+0.00° 5.3+058" 4.3+058" 83+058" 8.3+058" 7.3+0.58"

URefer to Table 5.
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Table 7. Sensory evaluation” of frozen dough containing emulsifiers

heating treatment

and enzymes by steam and microwave

Sensory
Evaluation Texture Appearance Color
2)
M Steam ~ MHNP  MHP  Steam MNP  MHP  Steam  MHNP  MHP
Control 71+057°  42+161* 45+212" 88+050"° 5.1+1.71" 53+2.21° 84+050° 6.9+0.62* 6.7+0.74
IA 87+058° 6.7+058" 57+053™ 7.7+058° 4.7+058" 6.0+1.00° 7.7+058" 7.3+0.58" 7.7+0.58"
T 6.7+058"  47+058" 37+058" 7.7+058° 4.7+058" 53+058" 7.3+058" 7.3+0.58" 7.0+0.00°
Emulsi- E 85+0.50° 75+050" 5.7+0.58™ 9.0+0.00° 80+0.00° 6.3+0.58° 7.3+058" 87+058" 8.0+0.00"
fiers S1 85+0.50° 7.7+058" 75+050° 7.7+053" 6.8+0.76™ 6.7+0.58° 83+0.58" 8.3+0.58" 8.3+0.58"
S2 47+058"  43+058" 3.3+058" 57+058"  4.0+0.00° 3.3+058" 7.7+058" 7.3+058" 7.3+0.58"
S3 6.8+0.29"  47+058" 63+058™ 87+053™ 6.0+1.00° 6.3+0.58° 8.3+0.58" 8.0+1.00" 8.0+1.00"
“’mﬁ’lase 82+0.29™ 7.0+0.0" 53+058" 80+0.00° 4.7+058" 4.7+058" 7.3+058" 7.0+1.00° 7.0+0.00°
Enzyme o-amylase B B B B - - - - B
S I
Novamryl ~ 6.7+0.58"  5.0+1.00" 3.7+058" 83+0.58" 4.3+0.58" 3.3+058" 7.3+058" 7.0+0.00° 6.7+0.58"
Noopazymne ~ ~ ~ ~ ~ ~ ~ ~ ~

YRefer to Table 5.
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Table 8. Sensory evaluation® of frozen dough to select the optimum concentration

, Concentration(%)
Classification  Additive”
0 0.1 0.2 0.3 3 5 7
TA 7.1+057” - - - 5.6+0.95° 8.0+0.00° 7.7+0.51°
Starches b A A
ST 71+057 - - - 75+1.33 75+1.23 7.3+0.38
G AR 7.1+0.57 7.3+1.87"  6.8+0.79" 7.0+0.25% - - -
ums
XT 7.1+057 7.3+1.63° 6.8+1.83" 7.0+0.69°
» 7.1+057 75+2.47° 7.5+0.64" 7.4+1.25° - - -
Emulsifiers . ab A
S1 7.1+057 7.7+1.77 7.3+0.59 7.4+1.83 - - -

URating scale: 1(very bad) to 9(very good).
TA; frozen dough containing 5% tapioca, ST; frozen dough containing 5% suntender, AR; frozen dough containing 0.1% arabic gum,

XT; frozen dough containing 0.1% xanthan gum, E; frozen dough containing 0.1% E-600, S1; frozen dough containing 0.1% S-770.
3) _
Mean=S.E.(n=10).

PabNfean values within a column with different superscript letters were significantly different (p<0.05).
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Table 9. Amylogram characteristics of suspension containing various

starches and additives

Addition Il?it.ial . .Peak. 1.5 mip Heig}olt Break Set  Consis—
Agents“ Gelatmlza:tlon Viscosity Viscosity at 50C Down Back  tency
Temp.(T) (BU)P (BU.JH (BU)C P-H :(C-P :C-H

Control 71.0 213 190 428 23 215 238
TA 61.5 227 181 418 46 191 237
ST 68.0 200 170 415 30 245 275
AR 71.0 200 182 420 18 238 256
XT 80.0 - - - - - -
E 80.0 195 195 465 0 270 270
S1 68.0 200 180 420 20 220 240

DA tapioca, ST, suntender, AR; arabic gum, XT,; xanthan gum, E; E-600, S1; S-770.

) AHAES) BE =554

a-amylase-iodine W& o]&sto] ¥ HUMARe] =dF=E FAT Ade
Table 103 2tk SxAT9] =spAEE 1812%= tixz77F 7B =skow,
TA(1097%), XT(10.59%), AR(10.55%)=o = YElyth AAAA 7tdzxze A8+
o A &7} 31.59% (B2, 3452% (PE X742 7H4 =4 vEtson, ¥ vks
o] w3t == PE E4F50 Z#gle]l 7w v yewth o= 7 37k
29 EA o3 a2 A Kulp® Ponte 5(40)o] R a3k vhe} o] x| Wkal Ald s
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Table 10. Degree of retrogradation of frozen doughs containing various starches

Treatment’ SampleZ) Degree of retrogradation
Control 18.12
TA 10.97
ST 15.76
Steam AR 10.55
XT 10.59
E 15.52
31 16.20
Control 31.59
TA 20.48
ST 29.96
MHNP AR 21.05
XT 20.97
E 20.08
31 21.24
Control 34.52
TA 20.20
ST 30.25
MHP AR 24.98
XT 2547
E 25.48
31 27.83

YMHP: microwave heating after polyethylene packed, MHNP: microwave heating after
non-packed.

PTA; frozen dough containing 5% tapioca, ST; frozen dough containing 5% suntender, AR;
frozen dough containing 0.1% arabic gum, XT; frozen dough containing 0.1% xanthan gum,

E; frozen dough containing 0.1% E-600, S1; frozen dough containing 0.1% S-770.
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Table 11. Textural propertiesl) of frozen doughs containing various starches and

additives

Adhesi- Springi- Cohesi- Gummi- Chewi-
. Hardness
Treatment Additive (g/cr) veness ness veness ness ness
& (g) (%) (%) (g) ()

Control 41260 -171.124  1.649 0.766 31.597 52.096

TA 38.324  -621.68  1.704 0.693 26.565 45.260

ST 29.578  -590.570  1.507 0.668 19.749 29.758

Steam AR 30.112 -21.663  0.899 0.789 25.879 23.112
XT 34.109 -16.663  0.833 0.876 29.867 24.864

E 23573 214575  1.200 0.698 25.774 31.726

S1 25.070  -234.638 1577 0.643 18.627 29.370

Control ~ 25.660 -309.312  1.740 0.759 19.469 33.876

TA 21.884 -58907  1.769 0.779 17.041 30.147

ST 24608  -376.680  1.613 0.726 17.876 28.365

MHRP AR 27.434 -65.856  0.934 0.811 21.743 19.156
XT 24.551 -62.469  0.888 0.828 20.331 18.044

E 21.881 -186.618  0.998 0.712 14.926 24.398

S1 23850 -149175 1371 0.697 15.697 20.225

Control 25852 -191.832  1.749 0.678 17.517 30.633

TA 30.819 -39.498 0921 0.785 24.199 22.295

ST 27.329 -73.261  0.986 0.743 20.311 20.031

MHP AR 27.563 -47465  0.857 0.808 20.112 21.675
XT 24.275 -136.508  1.258 0.821 19.931 25.063

E 22647  -1054.8 0.929 0.798 16.084 21.077

S1 24.079 -86.408  0.998 0.717 20.084 19.007

YRefer to Table 10.
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1)

Fig. 7. Scanning electron microscope(SEM) of frozen’ doughs by steam
treatment.

YRefer to Table 10.
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Control TA

Fig. 8. Scanning electron microscope(SEM) of frozen doughsl) by
microwave treatment.
YRefer to Table 10.
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Control TA

Fig. 9. Scanning electron microscope(SEM) of frozen doughsl) by
microwave treatment after polyethylene packed.
YRefer to Table 10.
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Table 12. Degree of retrogradation for frozen dough

Degree of retrogradation(%6)

Treatment

Control 5% Tapioca
Non 27.88 21.50
Polyethylene 26.46 19.20
Polypropylene 25.08 17.92

W) 238 E BE =354
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Polyethylene

Polypropylene

Fig. 10. Polyethylene and polypropylene pack used to storage and cook of
frozen dough

Fig. 11. Frozen dough packed with polypropylene
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Table 13. Sensory evaluation” of microwave-heated frozen starches coated with

maltodextrin solutions of each concentration

Sensory  Coating Concentration(%)
evaluation agents” 0 3 5 7 10
Control  3.20+0.45 - - - -
M1 320045  3.00:0.71*Y 510+191* 3.80+1.05° 4.90+1.45
M2 320045  4.40+055"  4.70+1.06°  4.20+0.45" 5.20+1.48"
M3 3.20£0.45  4.2041.64° 4.80£1.32" 520+1.48" 5.30+0.67°
M4 3.20£0.45  4.00+0.71* 510£1.79" 5.80+0.84" 5.20+1.40"
Control  4.40+0.55 - - - -
M1 440£055  4.40+0.89° 4.80+0.79" 450+1.64"  4.40+0.97°
Texture M2 440£055  4.20£1.48"  4.40£158" 4.80+1.64" 5.00+0.82°
M3 440+055 460152 4.90+£1.10° 6.40+1.52* 5.00+0.82°
M4 440055  4.2041.10°  450£1.17" 4.40+0.89"  4.75+1.64°
YRefer to Table 8.
PControl: Non-Coating, M1: maltodextrin D.E value 5, MZ2: maltodextrin D.E value 10, M3:
maltodextrin D.E value 912, M4: maltodextrin D.E value 18.

Appear-
ance

-84 -



3) A=A e FEW

A¥E 6F(TA, ST, AR, XT, E, S1) 5 d&AdAA 7tdzgel g Mg
7V v Fkd B S IHTA) AiEe 5% H7kete] Alx3 5% TA WeuTy, 55
gk WEery, 7% M3S Ex% Wenhry, duk vEgE 0, 20 2 -50Cel
A 909 AgstaA FAWE Felatth 7 Atre] dAE AAHORE 30x F<t

FuEE 750 W, F3 2450 M= 7+

2,
B
L)

0,

N
o
EhY
Bx
I
)
)
—
=
(o]
(@)
ol
I

k!

7F) @& Ty MEws)
Zyzkol Ao A 90 e A7 Fok AEFWHe A4 wEE doln v
el MAZS Algste] MRS L oa, @ bE =A3te] Table 14] YeERHAC Lk

gﬂ 7]_ vro }\HL:_

-85 -



Table 14-1. Hunter color values frozen doughl) packed in
polypropylene during storage periods
Storage Temp. Hunter Color
. Sample

(day) () L value a value b value
Control 80.39" -2.71° 1550

TN 81.07° -2.56° 11.45°

0 Room . . .
TW 79.04 ~257 12.28

T™M 78.92° -2.61° 1417

Control 7757 -2.09% 12.59°

0 TN 79.75" -2.66™ 13.62°

TW 80.40" ~2.72¢ 13.19°

T™M 81.65% -2.34% 12.45°

Control 81.22° -2.31° 12.36"

TN 80.40™ -3.16" 14.67°

50 -20 . ) "
TW 79.08 -3.13 1347

T™M 79.81" -2.71% 11.87°

Control 78.44° -2.61° 14.39°

TN 79.09% -2.63" 13.78"

0 W 7753 -2.89° 13.02°

T™ 78.38° -2.82° 12.26"

Control 78.31° -2.08% 17.29°

0 TN 80.68" -2.55" 17.47°

W 76.64° -2.22% 16.10°

T™M 75.24° -1.85" 19.95

Control 80.42° -1.95° 15.93"

TN 81.69% -2.02° 16.07

90 -20 . . )
TW 81.08 -2.16 16.51

T™ 8157 -2.59" 15.30°

Control 80.12° -2.73% 13.00

= TN 81.91° -2.39° 11.67°

TW 80.56™ -3.09° 16.75

T™ 80.91 -2.67" 15.24°

UControl: wheat dough, TN: wheat dough containing 5% Tapioca, TW: wheat dough
containing 5% Tapioca and sprayed surface with water, TM: wheat dough containing 5%
Tapioca and sprayed surface with 7% maltodextrin MS3.

YabpTean values within a column with different superscript letters were significantly

different (p<0.05).
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Table 14-2. Hunter color values”

storage periods

of non-packed frozen

dough during

Storage Temp.

Hunter Color

(day) () Sample L value a value b value
Control 80.19° -2.71° 1550

TN 80.95" -2.56 11.45°

0 room T™W 79.00° 257" 12.28°
T™ 78.81° -2.61° 14.17

Control 77.07° -2.25 15.11°

0 TN 79.35% -2.55" 13.52%

W 81.62 -2.63" 13.43"

T™ 81.49% -2.30" 12.03"

Control 81.46 -2.21° 12.59°

- o0 TN 81.14 -2.02° 12.45"
TW 81.42° -2.98" 13.76

T™ 81.16% -2.77" 12.42°

Control 76.98" -2.54" 13.71°

= TN 77.07 -2.54° 13.66"

TW 79.08" -2.68% 13.14*

T™M 7827 -2.96" 13.09%

Control 74.26% -2.30° 26.89*

0 TN 7463 -0.08" 22.81°

TW 74.70° -1.29% 26.58"

T™ 74.16° -1.96" 25.34

Control 74.26° -1.93 1654

%0 o0 TN 81.27" -2.41° 15.96"
TW 79.42° -2.73¢ 16.96°

T™ 79.88" -2.23 16.01%

Control 79.81° -2.74° 13.20°

= TN 80.30° -2.76 12.68°

TW 80.99% -2.93" 15.44°

T™ 81.71° -2.77° 15.37

URefer to Table 14-1.
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Table 15-1. Textural propertiesl) of frozen dough packed in polypropylene

during storage periods

Adhesi—- Springi- Cohesi—- Gummi- Brittle-

Storage Temp. Hardness
(day) () Sample (g/cr) veness ness veness ness ness
(g) (%) (%) (g) (g)
Control  17651.37* -5 5747 55.70°  26.40°  19.87°
0 R TN  17088.89 -5 56.28" 5671 26.21°  18.82°
M W 1749015° 5 5836 5908 3707 2091°
T™  17675.24 —4? 66.73°  51.87° 37.90° 17.79°
Control  26851.85 -8 - 67.82% 31557  36.54°
0 TN  21925.40% -9 4445 4090°  26.82°  21.41°
TW  21847.19% -8 3344>  4814% 2465 2176
TM  20341.44° -7 3333 3307 1620 2054
Control  20138.89° -5° 4633 4583 1883  24.82°
" o0 TN 2152556 -7 57.45%  4335%  21.49°  24.38°
TW  20845.04 -7 4698 4498  2459° 2836
T™M  19907.41° -7 4514* 5499 19.26°  17.69°
Control  20789.73° -6 56.44°  4581% 2012  24.39°
& MW 1620370°  -7° - - 2617 2452°
TW  21130.95% -8 - 40.11%  19.64° 2117
T™M  18113.43® -9 58.18" 4233 17.27°  18.86°
Control  24574.07° -9 8379°  4156°  2751°  26.91°
0 TN  23837.13*  -10™  3540° 3755° 30.22"  23.23"
TW 2147482 11 3297*  40.27*  23.80°  22.84°
T™  20793.40° -12° 36.83"  38.02° 2367° 19.93"
Control  22630.72° -8 55.04°  41.81°  2560°  26.27°
%0 o0 TN  23750.00° -8 4924 4037 22.62°  26.40°
TW  21291.67° -9 4791° - 2496  31.09"
T™  20731.67° -9 41.80°  39.73°  27.92° 20917
Control  19373.62*  -11° 4715 41.49° 1830°  23.25°
. TN 1949522  -12® 4615 4069 2163 2291°
TW  19833.34*  -14¢ 46.33"  4054°  1955°  22.43°
TM  18469.10°  -13™ 4527  4321°  1950°  21.30°

URefer to Table 14-1.
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Table 15-2. Textural properties”? of non-packed frozen dough during

storage periods

Adhesi- Springi- Cohesi- Gummi- Brittle—
veness ness veness ness ness

(g) (%) (%) (g) (g)

Storage Temp. Samole Hardness
(day) () P (g/a)

Control  17403.58" -5 60.08"  56.04" 2748  20.59°
TN  16778.00° -5 59.95°  57.30" 3751°  19.23%

0 0 a a a ab ab ab
TW  17489.35° -5 57.16°  57.41 34.07 19.75

T™  16666.67 —4P 60.19° 5543 351" 17.24°

Control ~ 21403.77° -6 7833 6237 19.86°  20.30"
0 TN  27132.20° 9% 4840°  4344*  27.07° -

TW 2016667 -10™  31.43" 4358 2742  26.60°

™  19577.82°  -11° 4837"  41.24°  2430°  13.83"

Control  20659.73 -6 4921* 4079 2327 2599

" o0 TN  20895.11° -9 4508  7831%°  24.34*  27.01°
TW  20333.33" -7 - - 26.96°  31.82°

TM  19017.86" 7 4764 45017 1274° 19.33°

Control  20158.99" -6 54.61°  4522% - 24.42°

. TN  19344.45" -5° 61.67°  41.22™ 21.18>  23.27°

TW  20089.49 -7 54517 4050° 64.257  26.25°

T™  18650.01° -8 5617  4555% 2155°  21.43°

Control  25779.19 -9 3350° 35217 2365  35.44°

0 TN  2363358"  -9° 31.31° - 19.48"  24.81°

TW  25077.16®  -9° 34.06"  34.25° 2344  21.74°

T™  22500.00°  -10° 41.29° 4967  2367°  28.26°

Control  24200.62° -9 55.44%  40.66°  25.72°  26.48"

o0 o0 TN  23955.36 -8 42.44°  4134° 24.28°  26.81°
TW  23458.33" -9 - - - -

T™M  21889.13>  -10° 36.25°  37.34° 2388  21.29°

Control  19799.28°  -13° 4926  41.80°  19.99° 2453

= TN  1966456°  -13° 4156% 4142 17790 24.62°

T™W 1979677  -14° 40.69° 4071  1870°  23.31°
TM  18003.74*  -14 4542 44270 1836  21.30°

URefer to Table 14-1.
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Table 16-1. DSC thermal properties of frozen doughl) packed in

polypropylene during storage periods

Storage Temp. Endothermic Peak
. Sample
(day) (C) To Tp Tc AH
Control 77.49 83.86 90.62 0.67
TN 74.35 83.63 91.01 0.51
0 Room
T™W 77.00 34.16 90.86 0.40
™ 78.61 84.30 91.86 0.51
Control 73.62 83.46 91.04 1.01
TN 73.60 83.55 91.54 0.96
0 TW 72.30 83.48 91.03 0.93
™ 73.62 8351 92.94 0.95
Control 73.32 83.49 91.03 1.09
50 20 TN 74.28 83.67 91.40 0.51
TW 74.62 84.75 91.54 0.44
™ 74.32 83.62 91.54 0.35
Control 73.63 83.58 91.52 0.55
50 TN 73.70 83.50 88.22 0.49
TW 77.61 83.69 91.54 0.44
™ 75.01 81.68 90.12 0.57
Control 70.83 83.66 91.56 0.98
TN 70.91 33.42 90.74 1.03
0 T™W 74.51 83.62 90.74 0.96
™ 74.55 83.70 90.99 0.87
Control 74.11 83.04 90.99 0.68
%0 20 TN 74.50 33.62 89.33 0.561
™ 74.20 83.70 91.03 0.40
T™ 74.21 84.56 91.53 0.51
Control 74.49 83.60 91.02 0.66
5 TN 74.14 83.71 90.66 0.76
TW 73.62 83.55 91.05 0.75
™ 73.62 83.55 91.05 0.75

YRefer to Table 14-1.
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Table 16-2. DSC thermal properties of non-packed frozen doughl) during

storage periods

Storage Temp. Non-Pack Endothermic Peak 1
(day) () Sample To Tp Tc AH
Control 77.82 85.33 91.31 0.59
0 0 TN 77.25 33.47 88.89 0.55
T™™W 77.28 33.40 90.99 0.66
TM 77.43 33.57 91.90 0.60
Control 73.26 83.79 89.63 0.84
0 TN 73.26 83.54 88.91 0.61
T™™W 73.63 83.72 88.25 0.34
™ 73.32 34.54 91.54 0.37
Control 74.15 83.50 92.48 0.99
50 90 TN 73.63 83.46 91.86 1.01
T™W 72.82 33.47 91.04 0.84
T™ 73.60 83.60 92.44 0.80
Control 73.55 83.47 91.58 094
50 TN 77.61 33.50 91.53 0.38
T™™W 76.92 85.27 91.93 0.64
TM 74.20 83.60 91.93 0.72
Control 72.56 33.67 92.55 0.66
0 TN 73.00 83.55 92.51 0.51
T™™W 73.15 83.50 92.47 0.41
™ 73.62 33.58 90.74 0.58
Control 69.50 33.70 91.04 0.79
90 90 TN 70.91 83.67 90.73 1.11
T™W 71.90 33.70 91.93 1.09
T™ 71.88 83.74 91.54 1.01
Control 72.61 83.59 91.03 0.92
50 TN 75.02 33.51 91.04 0.57
T™™W 74.48 33.70 90.69 0.61
T™M 74.22 83.41 90.34 0.60

URefer to Table 14-1.
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< Control” >

0C -20C -50T

Fig. 12. Scanning electron micrograph(SEM) of each frozen dough stored
for 30 days at different temperatures.

YBase dough

Y50 TA Mixing dough and non-sprayed

959 TA Mixing dough and sprayed surface with 7% M3

*18KV, x1.0K
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Table 17. Amylogram characteristics of suspension with tapiocal) and sodium

alginate of each concentration

Addition Initial Peak 15 min Height  Break Set Consis-
Agents Gelatinization Viscosity Viscosity at 50C  Down Back tency
(%) Temp.(TC) (B.U)P (BU.)H BU.)C P-H :C-P :C-H

Control 63.0 228 216 450 12 222 234
0.1 63.3 208 205 408 3 200 203
0.3 66.0 211 180 440 2 298 260
0.5 72.8 215 178 395 1 216 217
0.7 72.0 215 208 410 7 195 202
1.0 70.5 224 182 402 2 218 220

D504 tapioca

Table 18. Amylogram characteristics of suspension with tapiocal) and carrageenan

of each concentration

Addition Irllit.ial ‘ .Peak. 1.5 mi.n Heig}c}t Break Set  Consis-
Agents Gelaumzaomon Vlscos%ty VISCOS.lty at 50'C pown Back ‘Fency
Temp.(C) B.U)P BU)H BU)C ©P-H :C-P :C-H
Control 63.0 228 216 450 12 222 234
0.1 62.0 190 185 400 5 210 215
0.3 64.0 205 190 420 15 215 230
0.5 65.0 220 210 450 10 230 240
0.7 63.5 198 190 410 8 212 220
1.0 63.5 190 180 400 8 210 218

D506 tapioca

- 98 -



) a2 ARPEL AR

TA A% dzchgsa 049G sleldg
8% dEdlow wEel HEE HAIQov], EFIE)
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lambda, iotaBl]] 771 @ A5 zHgol A kappaE A9 3 lambda, iotalx oA
Ao, B Ao dnxgely JhEde Fxvt

Q = pE
<7kl whel 5% TAe] i Foiies S0t 4FS Btk

o =2

w7h 45 A0 #9

Table 19. Viscosity and synergistic effects of suspension with tapiocal)

and algae polysaccharides of different concentration

Contents(%)

Synergistic Relative
Tapioca Sodium alginate Carrageenan effects” ViSCOSjWZ)
5 0.0 0.0 1.00 1.00
5 0.1 - 1.19 1.10
5 0.3 - 1.08 1.08
5 0.5 - 1.07 1.06
5 0.1 1.15 1.20
5 0.3 1.13 1.1
5 05 1.13 1.04

D504 tapioca
YSymergistic effects=(AB)/(A)+(B)

(A) is the viscosity of A solution at located concentration, (B) is the viscosity of B solution
at located concentration, (AB) is the viscosity of A and B complex solution

YRelative viscosity is the ratio of viscosity of 5% Tapioca solution and complex solution
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2) A=TBHF H7t HE =354

Table 4] Ao wet Axd 5% TA W73 (NET), 5% TA< 0.1% SA
7b EFHME WeswFI(TSA)SE 5% TASH 1% CRel £33 7be Wsrbw3
(TCR)®] A &E Fig. 1o wel Alxste] Az#0A] 7tdzelo] dig MAgss 4
Esluar A8 Axle AAHom 30% Bk AAHAA(HA 2nuAY 1150 W, B4
aFEH 750 W, T3 2450 Mh = 7tEze F Ao Abgstth

7hH ERAAY ©WE =354

-20CAA 3047 AFE YT E F XA (hon-package), polyethylene(PE)
2 polypropylene(PP) E7del 2 AA#HIA 7t xestd s e AsdE w3t =
of tiale] FAESI T =3H == glucoamylase-DNSH S o] &3fo] Axjgel#] 714
ze] Aol AREE 2 A e =g s 54T A} Table 203 2t
TR AAEA Ttz Al =37 7P Eskem diAl Ao w PP
2 x3xY s BF 7texgd we dEe=stgdr=rt A dEstth TCR
o BF ¥EF NHExY A =34 R7F AstE e S glow, PE £33 PP
Az A TSARG =3t w7t 7bd w7 JEbst 53] CRe 4% ls 3 W
=2 BEEs 7R BAE deod AR A Fo unxedAs 2

=
ST H
7 Aave Aow AZE A

o

Table 20. Degree of retrogradation for frozen doughsl) with the different

package material

Degree of retrogradation

Package Control TSA TCR
Non-package 77.03 66.55 79.78
Polyethylene 43.36 30.08 40.57
Polypropylene 40.42 23.30 38.57

DControl: frozen dough with TA: 5% tapioca, TSA: frozen dough with 5% tapioca and 0.1%

sodium alginate, TCR: frozen dough with 5% tapioca and 0.19 carrageenan
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W) A7t g ©E =354

Age WYEUFa(-20ToNA 7d) ARE AAUIAR 0% F¢ 7FE A
5 Azxste] Bslsle] HrbYEd WE w35 E glucoamylase-DNSH S o] &3}0]
A7k R 2 w4 s =4sgor 1 A= Table 213 Zoh o2 (elhy

TCR(27.43%), TSA (22.22%) w22 YERH ol &4 34 7= 4 ¢

Table 21. Degree of retrogradation for frozen doughsl) stored for 7 days

Sample Degree of retrogradation
Control 29.22

TSA 22.22

TCR 27.43

DRefer to Table 20.
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3) A7zt we FAWUS

A7) WE ARG X st xgd e MAERE HES
F(-20C A 30, 60, 90Y)E HA#EAA(AHA E
750 W, F3+54 2450 Mp)= 30% FQF 7tdxe =

7} 3ERFI e Ve
20CoA 303 * JE 30% e<tel AArEdA vtdxe F 7

_":_
= EAFS AR Ak Table 229 2Th 3093 AFE Werbryle] 9, 9

X
i
o
offt

o

, A%
fH WEwTy)et TCRe €A, @, Mo 7|Zks 243 zolE HY 3
SUFT WS g2 7HE S8, ol Fig. 139149 o] A2 7]FE o
THelte FEES #1 A Ao AAHAY tExErt i WEihRIe A
ol A#erE whrd PR A mtE(EshdAYe] UEtgon 538 dixzTe
TCRe] TSAXHT w2A A=At P73 ARHY EA4AL Al Al&Z7F v

3 Aoz zAE AL

Table 22. Sensory evaluation® of frozen doughSZ) stored for 30 days

Ei‘;?j;’gn Control TSA TCR
Texture 4.51+0.76" 4.99+1.38" 456+1.21°
Appearance 4.17+0.58" 453+1.72° 414+1.07°
Color 4.55+0.77" 457+1.81° 4.43+1.62°

Y9 scoring test-9point: very good, Spoint: normal, 1point: very bad.

“Refer to Table 20.

YA; goods on sale.

YData were presented as mean+SD.

“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 23. Hunter color values of frozen dough packed in polypropylene

during storage periods

Storage b Hunter Color

(day) Sample L value a value b value
Control 64.64° -2.12 453

0 TSA 64.51° -1.87 448"
TCR 64.05" -2.12° 481"

Control 67.39" -2.19° 4.95"

30 TSA 64.22° -2.19° 517
TCR 63.87 -2.24° 6.07"

Control 78.48° -1.47° 5.34°

60 TSA 79.99” -1.80 5.08"
TCR 67.52° -1.88" 6.50"

Control 88.887 -1.78% 8.76°

90 TSA 85.92" -3.36 9.39
TCR 84.14 -3.82¢ 11.71°

DRefer to Table 20.
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o ANk o2 =4 Ersth TSA9 TCRQ adhesivenessi= 60€©] 7 stAA 5
As] Trbetdom, o= XA Fhehrlde] JHAA e 54 wZolgta A
ok 7 A719 ERT+F= F243HA hardnesst= 57}, springinessT HA3sH A,
279} TCRE brittleness® w243 S7letth RFH EE A5 &4 #sh= 60
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Table 24. Comparison of textural properties of frozen doughl) on storage

periods
Storage Hardness Adhesi—-v Springi- Cohesi- Gummi-  Brittle-
(day) Sample (@) eness ness veness ness ness
(gs) (%) (%) (g) (g)
Control  16250.00° -5.5 56.78* 54.25 24.90° 17.40°
0 TSA 15416.67° -4.0° 67.52° 70.67° 12.67° 15.95°

TCR 14305.56" -2.0° 69.94 66.53" 19.17% 18.94°

Control  18555.56° -8.0° 52.21° 50.08° 32.76" 19.66"
30 TSA  19861.11°  -75° 64.33° 61.19° 1851° 24.92°
TCR  17777.78" -35° 64.33" 56.66" 2342 2338

Control  23941.24% -75 39.58" 44.06" 25.44° 35.08"
60 TSA  1833333" -115° 61.61° 61.59 33.21° 27.31°
TCR  20310.10° -12.0° 62.20° 52.76% 34.95% 31.53®

Control  24927.14" -7.5% 38.58° 40.83" 24.79° 29.94°
90 TSA  23333.34° -115° 47 84° 59.54° 34.40° 29.11°
TCR  22500.00°  -10.0° 50.30° 52.13° 34.36° 34.67°

YRefer to Table 20.
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Table 25. DSC thermal properties of frozen doughsl) on storage periods

Storage Endothermic Peak 1
(day) sample To Tp Tc AH
Control 76.98 34.67 90.69 0.79
0 TSA 75.05 34.65 90.16 0.99
TCR 75.96 34.64 90.17 0.84
Control 75.05 34.65 89.67 0.95
30 TSA 75.95 34.65 90.15 1.06
TCR 74.30 34.65 90.62 1.01
Control 73.14 34.64 90.17 1.10
60 TSA 74.45 34.65 90.16 1.10
TCR 72.65 34.63 90.15 0.99
Control 70.60 34.71 90.20 1.11
90 TSA 76.97 34.67 90.17 112
TCR 74.17 34.70 90.19 112

YRefer to Table 20.
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<18KVx*300> <18KVx1.0k>

TCR-1 TCR-2
Fig 13. Scanning electron microscope(SEM) of frozen doughs stored for
30days at -20C.
*Control: frozen dough with 5% tapioca, TSA: frozen dough with 5% tapioca 0.1% sodium

alginate, TCR: frozen dough with 5% tapioca and 0.1% carrageenan
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Table 26. The optimization range of temperature condition used to

manufactured microwave oven

Temp.(T) Irradation Sample
Ib value Sample center Cavity Fan" (min) Ib maximum weight
(T1) (T2) (%)
30 32 5 1 - -
40 42 5 1 - -
50 52 5 1 - -
60 62 5 1 - -
180
70 72 5 1 1.33 12.50
30 32 5 1 1.49 1754
90 92 5 1 1.58 10.60
100 102 5 1 1.86 15.76
30 32 5 1 - -
40 42 5 1 - -
50 52 5 1 - -
60 62 5 1 - -
200
70 72 5 1 251 4.-68
30 32 5 1 2.48 14.29
90 92 5 1 2.48 15.76
100 102 5 1 2.59 23.64
30 32 5 1 2.35 4.70
40 42 5 1 - 4.70
50 52 5 1 2.84 8.52
990 60 62 5 1 2.88 6.72
70 72 5 1 2.93 5.44
30 32 5 1 2.87 18.70
90 92 5 1 2.99 13.72
100 102 5 1 3.05 15.80
30 32 5 1 3.15 3.92
40 42 5 1 3.17 3.92
50 52 5 1 3.18 9.41
940 60 62 5 1 3.18 11.25
70 72 5 1 3.17 29.97
30 32 5 1 3.17 9.61
90 92 5 1 3.15 10.08
100 102 5 1 3.21 14.85

YWind velocity of fan

- 111 -



Table 26-1. The optimization range of temperature condition used to

manufactured microwave oven

Temp.(T) Irradation Sample
Ib value Sample center Cavity Fan" (min) Ib maximum weight
(T1) (T2) (%)
32 30 5 1 - -
42 40 5 1 - -
52 50 5 1 - -
62 60 5 1 - -
180
72 70 5 1
82 80 5 1
92 90 5 1
102 100 5 1
32 30 5 1 - -
42 40 5 1 - -
52 50 5 1 - -
200 62 60 5 1 3.02 7.76
72 70 5 1 3.06 13.72
82 80 5 1 3.05 6.95
92 90 5 1 3.05 9.67
102 100 5 1 3.09 14.99
32 30 5 1 - -
42 40 5 1 - -
52 50 5 1 - -
990 62 60 5 1 3.01 470
72 70 5 1 3.02 11.98
82 80 5 1 3.05 11.11
92 90 5 1 3.07 15.25
102 100 5 1 3.11 16.59
32 30 5 1 - -
42 40 5 1 - -
52 50 5 1 3.06 5.04
940 62 60 5 1 3.09 6.27
72 70 5 1 3.11 5.07
82 80 5 1 3.13 7.76
92 90 5 1 3.15 14.99
102 100 5 1 3.18 17.83

DRefer to Table 26-1.
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NeRE AR skl FeEE 2W & & JE B 2AL 11074 =
StAA Adgstd o 1 A= Table 273 2ok AA3 W= Ib 220, A 5542
T 70, 80, 90T, w7 =% 72, 82, 92T WHE A A HAH 4TS A
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2ol A= Az Et AR olFolAA itk ol AAUA e AF 7
opol uhel AAxst shgl FFE F7] W] ehd Anz FPHAL. med o
Tl gk A= Table 27614 ¢ o] dFxxo] 4,5 6 o dair HFHow
AHS AAsAY. dFxde] 4 A dos gE A9 stz xAd vE W
WEY EW Bob AZEA 9o JUE PEnTde 4748 gaAAon, 9F
0] 6% Agol= 7014 ARt #40e dakA N dF o] by wHTh
4q Aol 2 vhedeh AAAAA W 43 4% z2AoR: 59 Wit g
Fo tdze deE wa Ao g,
Table 27. The optimization range of fan condition used to manufactured
microwave oven
Temp.(T) . Sample
- Irradation Ib -
Ib value Sample center Cavity Fan" : : weight
(T1) (T92) (min) maximum )
4 1 3.01 7.24
70 72 5 1 3.01 6.10
6 1 3.03 9.20
4 1 3.03 22.04
220 80 82 5 1 3.01 18.52
6 1 3.04 15.43
4 1 3.12 16.09
90 92 5 1 3.13 12.34
6 1 3.13 10.67

DRefer to Table 26.
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Table 28. Evaporation loss

frozen dumpling

of moisture after microwave oven cooking of

(unit: %)
Microwave Cooking time(sec)
oven"” 50 110 170 230 290
A 132 7.42 18.04 1877 98,55
B 1.995 6.62 11.05 14.11 1853

Da. - . . .
A; microwave oven of ‘'L’ electronic company, B; manufactured microwave oven

Evaporation loss(%)

50 110

170 230 290

Cooking time(sec)

—e— L company's microwave —8— Manufactured microwave

Fig. 14. Evaporation loss of moisture after microwave oven cooking of

frozen dumpling

- 117 -



o) exH3g

2 AR &

WEWE AR

Fdeh 1070 €]

A] 3]

B

—_
fite)

vael

N
uj

59 TAHE=WS)

o] 60z HACZ A

wrapping s

Al

Table 29¢} Fig. 15

L
.

pul

3 (B) A A 9 g

Adg (AR QA A7

zg A=

o7

Ho

(A)sh & dxpat

Ae 9 ZogaA Alme] EAo] (A)

ol Lo Axutrt

P B)AAE A A¢

3]
T

2}
h

A e Ao zAHAT A

=
=

o]

_Lmo

2 e

ol

o

y

- 118 -



Table 29. The change of temperature after microwave oven cooking of

frozen dumpling

(unit:C)
Microwave Cooking time(sec)
oven” 50 110 170 230 290
A 53.23 95.95 97.55 97.73 102.67
B 52.60 92.75 93.35 95.38 96.73

YRefer to Table 28.
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50 110 170 230 290

Cooking time(sec)

—e— L company's microwave —m— Manufactured microwave

Fig. 15. The change of temperature after microwave oven cooking of frozen

dumpling.
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Table 30. The change of moisture and specific volume after microwave
oven cooking of frozen dumpling

Cooking time A B

(Sec) Moisture(% ) Specific Moisture(%) Specific
volume volume

50 98.68 1.56 98.07 1.42

110 92.58 2.51 93.38 1.98

170 81.96 4.32 88.95 3.50

230 81.23 7.26 85.89 4.68

290 71.45 8.62 81.47 5.21

YRefer to Table 24.
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Table 31. Sensory evaluation” of frozen dougth) stored for 3 and 30 days

Storage Sensory

(day) Evaluation A” TSA TCR
Texture 7.13+1.31%" 7.10+0.13" 7.00+0.06
3 Appearance 7.07+1.12% 7.12+0.23" 7.01+1.00°
Color 7.20+1.22° 7.28+1.12° 7.05+0.12°
Texture 4.71+0.56" 5.79+1.38" 5.30+1.81"
30 Appearance 4.87+0.17" 5.73+1.42° 5.44+1.17"
Color 3.00+0.82° 5.50+1.11% 5.28+1.42*

Y9 scoring test-9point: very good, Spoint: normal, 1point: very bad.

“Refer to Table 20.

YA; goods on sale.

YData were presented as mean+SD.

"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 32. Sensory evaluation® of frozen dougth)

Eii?j;;zn Control TA TSA TA+MS3 TSA+MS3
Appearance 7.69+1.51° 9.27+2.19% 8.03+2.23" 10.20£1.51° 9.61+2.86
Texture 7.2041.63° 8.23+1.86" 8.01+2.04° 844+152° 9.00+1.94°
Color 7.19+1.51° 8.56+2.43" 8.00+1.94% 10.4+1.33° 9.62+2.16"

Y9Refer to Table 4-28.
PControl; wheat dough, TA; frozen dough with 5% tapioca, TSA; frozen dough with 5% tapioca and 0.1% sodium alginate,
TA+M3; 5% TA frozen dough sprayed with 7% maltodextrin M3(D.E. 9-12), TSA+M3; TSA frozen dough sprayed with 7%

maltodextrin M3
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TSA+M3

Fig. 16. Scanning electron microscope(SEM) of frozen dough stored for
10 days at -20TC.
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Table 33. The cost per unit of manufacturing products

(unit:¥w/kg)
The cost per unit of 1,000kg
price" (%) Control TA TA+SA TA+M3 TA+SA+M3
6 0
Strong flour 2 297,780(49.63)  282,780(47.13) 282,480(47.08) 261,780(43.63)  261,480(43.58)
w/kg{(100-X)/2}
5 0 0
Medium flour 297,780(49.63)  282,780(47.13) 282,480(47.08) 261,780(43.63)  261,480(43.58)
w/kg{(100-X)/2}
Tapioca 8509/ kg (5) - 42.500( 5.00) 42.500( 5.00) 42.500( 5.00) 42.500(5.00)
Maltodextrin 3 1000%/kg(7) - - - 70,000(7.00) 70,000(7.00)
Sodium alginate 8000%/kg(0.1) - - 8,000(0.10) - 8,000(0.10)
Salt 750%/kg(0.74) 5,550(0.74) 5,550(0.74) 5,550(0.74) 5,550(0.74) 5,550(0.74)
Sum 11700%¥/kg(100) 601,110 613,610 621,610 641,610 649,610

Y10% value-added tex.
?X; content of additives added in each frozen dough.
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