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Rheological Properties of Dough and Quality Characteristics
of Bread Added with Silkworm Powder
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Effects of silkworm powder addition on rheological properties of dough and quality characteristics of bread were
investigated. Protein content of silkworm powder was 53.98%, much higher than 12.46% of wheat powder.
Crude fiber, fat, and protease contents of silkworm powder were higher than those of wheat flour. Acid analysis
revealed glutamic acid content was highest 4,046.16 mg thus, significant depreciation of breadmaking was
expected due to weakened gluten structure of dough. Addition of silkworm powder(optimum at 2%) with
protease inactivated by heat treatment resulted in significant improvement of volume and bread quality, with
external and internal scores close to those of the control.
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Table 1. Formula of white pan bread with silkworm powder by straight dough method

Sample Wheat flour Swh Sugar Shortening Salt NFDM? Yeast Water

Control” 100 - 5 4 2 3 3 63
SWO. 100 0.5 S 4 2 3 3 63
SW1.0 100 1.0 5 4 2 3 3 63
SW2.0 100 2.0 5 4 2 3 3 63
SW3.0 100 3.0 5 4 2 3 3 63
SW4.0 100 4.0 5 4 2 3 3 63

PSW: Sitkworm powder.
INFDM: Non fat dry milk.
3Control: Wheat flour 100%.
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AlZl ¥ GC(HP 5890 seriesIplus, Agilent, USA) 9]}t
484t 23 HP-530mX 025 mmiD), BAL&EE 150
(0 min)-10/min-250(5 min)-20/min-280(7 min), FYF L% 250°C,
AE7] 2% 280°C, 29 A2 mlminye) £HALE B
A&t
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vl E3 F9} 23} wE ¥ Rl §4 AFdA ALe
BHATh Al FE(40X40X30 mm)E YFU)E BE A2t A
3 e 90 FARIRERZA(XL30 ESEM, Philips, Neth-
erlandsyg ©|-83t 715AQt 15 KVolld #93tsith

Protease W

Protease 84-& &437] A% AlBE FEAIR 019 0.1
M sodium phosphate 20 mLE 7}eld 1027 F2% F 10,000
XgollM A4 Fe2]d A4EYL Whatman No. 4 3R 2 F3}
3t 2 oJdlg AN B FE 42 bicicinchonic
acid(BCA) protein assay kit(Sigma chemical Co., St. Louis,
MO, USA)E A83te] &3I4t Bovine serum albuming ¥
THHAE sl gl gl FEE I FolE, d
Aol /MR vl FEE 100 pgmlE A% 3 54
4 Ag A3t

BAEY 342 Anson(22)] S WYEl FelskE, &
Aol 7heel e F4 duE Eslate] g4& P9
th AlE FEHZEALY) 1 mI(100 ug/ml)# 0.6% casein 1
mL &8l 37°Ce] F25ZoIA 3087 §ESAIIEL 5% TCA
25mLE ¥o| AAWkg ARAFTE B4 2L 12,000
XgollA 1087 94 2eldh & 4FY 1mLol 0.55M Na,CO,
25mL, 559 3= 343 Folinciocalteau A)¢F 0.5 mLE %
o] 37°CollA 3087 RESAIFIL 660 nmollY FFEE 28
o} BAEAES v 9 giEF AolE FFEFMA tyrosine
o gitsle FAlET) G s A4 1mlo] 18
7+ 1 pgdll JE3he tyrosine® AR %E 1 unit2 Folsi).

737192 Laemmli(23)] & AHE-3l9 SDS-PAGE(15%
acrylamide)& 4AA13t{th 2 AlE2 ¥¥ F23% SSPFY
SMPFell thd+ SDS-PAGE(15% acrylamide)® AA8led ofj7}
F ehilde] s £edee wWsle #Esidn. ¥F2E
A% markers= myosin(200 KDa), p-galactosidage(116.3 KDa),
phosphorylase 1(97.4KDa), serum albumn(66.2 KDa), ovalbumin
(45KDa), carbonic anhydrase(31 KDa), trypsin inhibitor(21.5 KDa),
lysozyme(14.4 KDa) and aprotinin(6.5 KDa)>Z Bio-lad labora-
tories(Hercules, CA. USA)PIA F43le] ALg3lic).

Farinograph

AACCHH(24)% w2} farinograph(BrabenderAl, SU)E o] &
8l9t}. Farinograph mixing bowl& 30+02°CE fA3l=& &
Aok AlEe FEEH 14.0% 71E0E 300g8 AHENT, F
de] F441e] 500 B.U.(Brabender Unit)e] =23c& ZH5
£ 7tk ag F4E, RS BEEAgA7, ¢
Az 2 sl & AN

Amylograph
AACCHH(25)°] uwa} amylograph (Brabender Co., Ger-
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HE 95°C7HA] 1.5°C/minZ $-2A1718A HEWsle 2431y
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2w g HyAxe EAZE AN 33N e
2713 =71 10 BUS €98k 252 Yehiich

Extensograph
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THE ZEIAUL. o] B e 150g027h)9] ¥
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B.U)E Yehl™ o] v]&2 REZ Uepit)
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o] texture®7 -2 Rheometer(Compac-100II, Sun Scientific
Co. Ltd, Japan)& AHg3ld ZAx, 34, @A, M3 2
TS 2RI ABE 30X30X30mmE Bl 33 wrE
sl FAsl Hagke Fadch 3 210 4EFHES 50%,
table speed 60 mm/min, adaptor diameter 30 mm, load cell 2
kg2 SHTh We T F MM 2417 WA & Eadg
Aol o) W 4U7F HASIHA el BAe Ao}
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3k AEe dEE A3 Arlg] £t JEE $=2
HAJBRAL Ao ot 7Hte] e Y AARRG Algslact
Hrke B, g0l 23 2 A disted Waieh AL W
A Hrhetes gk Hrke e o 109, $o 8%, BE
ot 63, Whiict 43, wig- v} 2902 3. Adel B
A= SAS(Statistical analysis system) programe ©]-&3h
Duncan,s multiple range test® f-2J4-& HA st

BAIXE|

BAA 948 HES] Y3 dRANE2REH HES
Student’s t-testol] <l8] WA AT pte 5% TN o FA
Aoz ool dvka WAL
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Table 2. Compositions of wheat flour and silkworm powder

A ZHS3)A] Al 37 A A 3 Z(2005)

Moisture (%) Ash (%) Crude protein (%) Crude fat (%) Crude fiber (%) pH
Wheat flour 14.0 0413 12.46 1.23 0.14 5.80
Silkworm powder 10.2 8.742 53.98 10.10 6.54 8.31
Table 3. Total amino acid compositions of wheat flour and ofoji-it
silkworm powder (Unit: mg%) ol 7}=el W R Fopn)Ate] AL Table 33 7).

Amino acids Wheat flour Silkworm powder
Aspartic acid 272 2,195
Threonine 177 1,164
Serine 342 1,818
Glutamic acid 4,443 4,046
Proline 794 631
Glycine 241 2,223
Alanine 177 2,078
Cystine 94 137
Valine 270 1,276
Methionine 72 312
Isoleucine 232 1,034
Leucine 475 1,556
Tyrosine 93 1,274
Phenylalanine 351 1,136
Histidine 154 912
Lysine 157 1,602
Arginine 203 1,285
Total 8,547 24,679

A Nt
A

Y712 @ Fol) 7o) AuHAE-S Table 29} 7t} U7FE9
FEL 14.0%, THA 1246%, FE 0.413%, AR 0.14%
2 yepgtt, Follrrge] 2 iEe 53.98%, S 8.742%, Al
e 10.10%2 Sz ZA|de] YrigHc 453 Bekth
ol 58 3Y, 5% 64R WEA7)o) ulgt Fa AR A
o|7} tha e, B A A3 FollriEe 58 3 ol
HE B)2E $Folch WrkRe] pHE 5.80, Fol7kRe
pHE 8312 Foll7hE9] pHE 493 7 velsct w7t
2 2714 &% 2 pHvt B3 ¥wd g 4438 sl
T en, gla gk gGA Fol $Fa3 5o JYOE A
ol po|7}R A AlE EF 2 LEe B2 JFE Fo A
Aol #sl7} dEdr), o]AES BE &£k HUbE 459
pHoll kg wo Awolr pHe F83 JTL Srh27).
Yol 7hEe pHSE @il ghko] EA UEh) MA|ZRA] o] 2E
wEo) thEk Qg vHsor & Aol

Table 4. Free sugar content of wheat flour and silkworm powder

Folu)ieAke WIRE 8,547 mg¥%, TN7MFE 24,679 mg%= D7t
2urt} |77 wl$ E=:odth Fol7FREE glutamic acid7t
4,046.16 mg%E TFo] AY =UZ thE-2 aspartic acid, gly-
cine, leucine, lysine & tyrosine®] WUt} 7R A glotn|
2401 lysine?] A= UIHF9] 157 mg%hth 108] ol F2
1,602 mg%e %o ke Btk WrkRe §53 Aldtolr]
Al BHES 93te] 571, lysine 2 methionine & &
3 & AS dde] YUt 58 FIHIE F Uvke Bt
ATH28,29). ¥ AP E Fol7tFE ol Ao EM o
7hRol] HE3 lysineS B7she F9HA At g Aotk

W7l2e) ojm)ixAate AMHOZ glutamic acid, prolines] 3
2 74z} 4,443 mg¥, 794 mg%E E=Sk3L, lysine, methionine,
tyrosine ¥ cystine 5] o] Wit} ol Kim 530 ¥
7V ohu|igt 24 APRIY FAEKET. Yrhe 49
B g A A4 glo] £a3 ezl vl £3] olnest
golth.

Relg

YrhE e} o7kl FEFe Table 49 Zth T o|XRE
Ago] o] &5]7] wjiol Aol oA Fadt q&E s Y
7hFol EAdhe B2 LEAF $EY Fo2 AFHe A
o2 Al oA FoF AL gt porkRe fEEd
trehalose”} 452 mg%® %ol =2 £ B o=
galactose”} 125 mg%= eI, 22 9] sucrose, maltose, glu-
cosea & fructoseZ} F-=lof UKt

Z0|MT=

T 7MEE Ak EF § vEd %R ¥ gkl 2oAF
ZE #9% d¥e Fig 13 20 27l 971F s &
@ F 2o PRe AAHOZ protein-starch matrix® /3= o]
A3 AL ARUYA EaFoz e A F £EFH A
3 Fdo] Wunyy /AR FeiAch Ed 1Yo A3 ZL
A JAEe] uEU el F4E protein matrixet A4S 283}
A BEHY QAL AE gAY Z7e & Aol FA 15-
25um FEo|L A2 HE Yrhs 2-10um FEE Z7)7F OhF
3Tk, Parkkonen 531y ko] AAaAl EdHW W &
o] 2R gk oz HEFHT 1 wE FAOE HEo

e BAEEe] ARHe} A Basel gow Wit d

(Unit: mg%)

Sucrose Maltose Glucose Fructose Trehalose Galactose
Wheat flour 117 36 28 7 NDV ND
Silkworm powder 11 18 7 24 452 125

ND: Not detected.
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Fig. 1. Scanning electron micrograph (1,500 X) of a fresh mixed
dough and fermented dough added with silkworm powder.

A: fresh mixed dough of 100% wheat flour, B: fermented dough of
100% wheat flour, C: fresh mixed dough with 1.0% silkworm
powder, D: fermented dough with 1.0% silkworm powder, E: fresh
mixed dough with 3.0% silkworm powder, F: fermented dough with
3.0% silkworm powder.

g me} ws) 7k Z]Fe] A"k e, B 43
9] mAltzE AEFIME Fig 1A =T A 79 matrix
of Aol FAE e Ae FAY & Y% L& F U=
T ¥Ho] 2R protein-starch martix®] 727} 2k7b gm
EA Bom 7kX Aoz Qs shME7 ARAEA A
A7E B2 9 @3 go] wiAA Qe Aol #FHFY
3 protein matrix W& L& 7]Fo] veliio),

F7NEE AR &9 $9 s +2E JYER Fig 1(CE)
< EE o7k 1.0% H7HA] diz2To) H18| matrix 27} o
4 B atal Ed4A oIt 3.0% H e BAAS P2
7b AEA] R JA S B EePYE moko] #FEQ
ok AR dAtel DA matix &R AR YrkE wk
3 28] IdE5H mamixE FASR Ea). weky Fol
7HEE AIO 2N mamixe YAEFHoE EoHE AlE
ZHEIL Q7] witel] whse] Hehy, e BEATEY 9 1A B
2 e A4EQ Wk RO 9E Rl Aol
AstElo] o] Byt 7t4hE RO =g}

IR §F F7lRE H7K wbEe] nAd3xE JeR Fig
I(D,Fy2 W79} 7ol protein-starch martix®] &7} ¢k7F &
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Fig. 2. SDS-PAGE (15% gradient acrylamide) of heated
silkworm powder, non-heated silkworm powder and wheat flour
protein solution.

A: heated silkworm powder, B: non-heated silkworm powder, C:
wheat flour, bm: broad range molecular weight marker, Im: low
range molecular weight marker.

EA EAL 7t B0 R Q8 MEI}F ARHA AR ¢
AHE QA U @ o] BiAR QlE Ao AL ¥
AN7FE 3.0% H7HE 1.0% H7FFRT protein matrix W30
© A3 AL 71Fel o Bol ¥HEE #EY £ AU
A FAl7HRE A7ME A dEA Y YAEE olirstera
€ Hfshe Yol AstEr e@gdst AFA e AdZ Qs
of wo] o] AR o] RoyR|A| gfo} whe] Byjy} zy B
THHYA AEeto] FAHE Fx B JITAHE FA s
g Aoltt. wjgbA] o7k AR E ol E wEE Ao &4
ol MHHOR olg H3le WS NEAle AMgo] Wad
Ro g Azhdr},

Protease M4

Proteaset= Whs 59 SFHo) 2Hg3le oluicitog R
A717] gl ko] EFATLE SHAT AL W] dAs) &
A& FAANZC E£3 By Fgo wiEo 2HL o|R:
=5 23E gty T2E A TE Ao gEA 3
TH32). BEAZ A Al AYgErt Frlekn Aol Ay
© 7o) AAAAR wEelM wa gAdelt), 2 ForlRE
H7He wiEe AntEals v BEA7 Aol "t A
et A ashe Rog2 Jelgrth ole FFwlo] oF
siEE 4oy ole wa A FFHo| AIHE ddos #
o] Tl Rl fidel AAE Folrio] SR8k protedse
g4e 23351t

Fig. 2 G g Fo7lg9 g4 4L 284
717 SlE] 2peg GxEldt o7k 2 WrkRe protease
E ZFAS W71Y9E dsjoln, Fig 3& dAlgle) we o7}
52 protease®] BHEE 243 Ao|t}. Fig 29 FA)st
FA7FR(A), EXEEA @ FAVMEB) 2 YR o
T A719% A3E HYH Fo7fRd] B% 31 KDad] B3
< 7Kg dild o] BE EAsoy Urtidde A U
ElA] ot} o] B AEL proteased] TAES Ze FAE
2 AGEATY. 53] Fo7lRe) EAjsks o] whgo] oko
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Fig. 3. Protease activities of heated silkworm powder and non-
heated silkworm powder.

NHSW: non-heated silkworm powder, HSW: heated silkworm
powder.

uf9- Zol WrIRRT A8 bandS FAsl Fel7iRele %
greko] protease’t EA)HE AR UERRTh ZHdA e o
& FA7tE@BeIA 285KDast 144KDa®] bandEo] &3]
Qe ©] bandES 7HEAEE TR ANIME LAHA
@e Aoz Yeht A s o] T o] HAE L
2oy 702 A Fig 32 F7MF9 protease B4

£ 243 Azttt EAMed o719 casein #3lTE
1253102l whafl, Gx2)aR] &2 7ol 71F2] protease B4
T 23871UZ FAdl 23] U5 protease®] EE/5r} &

Al E 83 A] A 37 A A 3 & (2005)

e Aoz AAHAL o] A= M71GFAM Uerd uieh
o] 71X eslA] ¥ rol7kRd] EAlsle D AE(28.5%
144 KDa)°] protease®] €4< 723 e d¥F ST AK
< ZHH o= AL 9low, §3] 285KDadl @A 7t
gxjgle)] ozl WAY wAEA FFE R Fa3h
Hoste Zhety AdEh

wEbA A Al ekl SR8 e protease®] HE
& gA4e alz fAAA HA AW 3 F protease 2
o8 ZFdo| Ao} 7k B At A 2 @
gido] Wojx|7| W] o7t HI/MA AW A7
7] gaire o7k &oll EAEtal U= proteases: B8

SAA A8 ARREfoR & Zlolth

Farinograph

Foll7hE M7kl e farinogram EAIGHS Table 59 7
o iz F5EL 63.1%, TR 1.0%, 2.0% 2 4.0%
A7 27t 63.5%, 63.7% 2 642%E Ve Fo|7ME F7t
Al Fagol oM Zlehes S Ao w9 3 &
T2 JeEilie wEegdA e gz3rt 15802 Forke
0.5%0M A7tEg F7e 40w E 15802 dzTst 2
olZ Holx] &yt

HEPPAZHE 2T} 50800k Foll7kE 20% A7t
7R 40802 Rt 5080 His) o7t Felxle HEE
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B 140508 Abgor ot ro] Al7lo] FolAe AIE
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Table 5. Farinogram characteristics of wheat flour added with various levels of silkworm powder

Silkworm powder (%)

0 0.5 1.0 2.0 30 40
Abs." (%) 63.1 63.3 63.5 63.7 64.0 64.2
AT (min) 1.5 1.5 1.5 1.5 1.5 1.5
D.T.” (min) 5.0 4.0 4.0 4.0 4.5 6.5
Sta.* (min) 15 15.2 144 14.0 13.5 14.0
WK B.U) 40 50 55 45 55 65
UAbs.: water absorption.
JA.T.: arrival time.
D.T.: development time.
YSta.: stability.
YW.K.: weakness.
Table 6. Amylogram characteristics of wheat flour added with various levels of silkworm powder
Silkworm powder (%)
0 05 1.0 2.0 3.0 4.0
S.T.”(°C) 25.0 25.0 25.0 25.0 25.0 25.0
GT>(°C) 59.5 59.5 59.5 59.5 59.5 61.0
M.T> (°C) 90.0 90.0 90.0 91.0 91.0 92.0
M.V.Y(B.U) 780 770 780 900 995 1,000

US.T.: starting temperature.

JG.T.: gelatinization temperature.
M.T.: temperature at max. viscosity.
“M.V.: maximum viscosity.
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Fig. 4. Extensograms of dough added with various levels of
silkworm powder (SW).

Amylograph
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7t wet Ardxrt A woe AYE 2 Hids
= AWAA F a-amylased] EHE &3 NEE ARRH
o H3AE o] FolAW wamylase BAE7} BT, 1Y
% Fto] WolAH g-amylase AT B Aolt) B Ao
A HuFE o Fol7kRd EAske ol T ¥ o
A BEAEo] W7IE9 o-amylase B0 HAME JA RS
37) i) AnAEIL goAle Ao FEHE

Extensograph

Foll7hE M7tk e WEe) extensograme Fig. 4, 544
2 Table 734 Zc} o] AYZE 4589 560 B.USNA
908 A3 Al 610 BU, 1358 73 Foll&= 700 BUE 2 3
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R/E(resistance/extensibility)8] = 458, 135871R] Al7ve} Az
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q2FERG Fl7ME 4.0% 7Rl 2z ZA fAasEe A
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T AlZte] AAFeE BFEkal O gk 238 #Hadke ¥
4g B kgl v G8lEe & F A Fo7kE #Hot
Al HEAIZR] AR B3 AYErt F43] HojA
v Bolgt gL Fol7kRe] EAldhe thEFe] protease”} W
B 5 @A B3 AA FFE 27t esiEY W=
9] Ayt A FAHe o= o T3 FsFE
A7tz Qs duHo] sMEE gael EFA FFd ¥4L
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Table 7. Extensogram characteristics of dough added with sitkworm powder after 45, 90 and 135 min rest time

Silkworm powder (%)

Rest time (min) 0 05 1.0 2.0 3.0 40
Water absorption (%) 60.0 59.9 60.6 60.7 60.9 61.3
_ 45 183 163 167 163 146 144
fm":f")‘s“’“ 90 170 144 154 151 139 136
135 162 164 164 155 125 85
, _ 45 560 420 340 280 210 200
igst‘ft)a““ to extension ) 610 410 290 180 130 130
- 135 700 310 180 120 100 100
45 133 9% 84 66 45 43
érn‘z';‘)”“de‘ curve 90 124 86 65 40 25 21
135 149 7 45 23 13 10
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Fig. 5. Extensograms of dough added with non-heated silkworm
powder and heated silkworm powder.

NHSW: non-heated silkworm powder, HSW: heated silkworm
powder, SW: silkworm powder.

32 %2 FA/FF(NHSW)eE EA 2ol 7FHHSW)E ¥
ZA3) extensogram©| T}, Table 115 E¥ 458 ZA3A] A
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Ag VeI ol8jst A= Fig. 29} Fig 39 A} ¢
o] Fo7tRdle B U9 protease’t EAET o7 R G
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o] FRIHAUTE maEtr] WA o7k Hrbks WS i
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7hE BAgAS JAXTIE A asit

Bo| texture

TR H7PE) textwe SYOEE AR, ©HAY, A,
A48 B Y 58 S 2 Zde Table 99 3
o R AEE 137 gen?, FAZFE 05%AA 4.0%71A
F7H 158 glem™lM 192 glem’2 Foll7HE H7Hgo] wolgel
uet o] BEe fiZTE F718kITE Chabot(34)s W
BAxo FFE vAE adde W R T, 1T we
Ax 3 739 Tl gledl 7ol & el WSS Rt
A3 FEHEO] F7kk Aert Rl sigln sk
TE W) R3] iz Wi J1Fe] Fa zYsH 7
T AEHE 7K Aot goldl Ao Hath B4R &
AL thxpol viste] Fol7hE Hrbge]l Bers Eobd
o AR 3 IR rell7hE A7EE] HEFE gl B
7kate] o] dhebghe B

ol E3 W}

FAZIFE sl Az we] F42 Table 1or+ 7}
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Table 8. Extensogram characteristics of dough added with heated silkworm powder after 45, 90 and 135 min rest time

Rest time SwWh NHSW? HSW?Y NHSW HSW

(min) 0% 2.0% 2.0% 4.0% 4.0%

Water absorption (%) 60.0 60.7 62.8 61.3 64.2
_ 45 183 163 150 146 150
Extension 90 170 151 140 139 135

(mm)

135 162 155 131 125 124

_ . 45 560 280 610 210 520
gsl‘j‘)ame to extension ) 610 180 740 130 720
e 135 700 120 760 100 820
45 133 66 120 45 10

ér:]?)”“der curve 90 124 40 125 25 17
135 149 23 127 13 125

"SW: silkworm powder.
YNHSW: non-heated silkworm powder.
YHSW: heated silkworm powder.
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Table 9. Texture characteristics of bread added with various levels of silkworm powder

Silkworm powder (%)
0 0.5 1.0 2.0 3.0 4.0
Firmness (g/cm®) 137 158 162 169 183 192
Springiness 0.838 0.967 0.976 0.983 0.978 0.986
Cohesiveness 0.860 0.875 0.852 0.870 0.902 0.900
Gumminess 76 85 84 108 125 128
Brittleness 74 83 82 106 120 131
Table 10. Qualities of bread added with various levels of silkworm powder
Bread
Swh SW Sw SW SW SwW
0% 0.5% 1.0% 2.0% 3.0% 4.0%
Proofing time (min) 55 58 63 65 65 70
Water absorption (%) 63.0 63.0 63.0 63.0 63.0 63.0
Loaf volume (mL) 2,151 2,112 1,892 1,773 1,512 1,394
Loaf weight (g) 485 486 488 488 490 492
Specific volume 443 435 3.88 3.63 3.09 2.83
Internal score” 9.0 8.8 8.2 7.9 53 4.1
External score 9.0 8.9 8.1 7.8 5.1 4.5

DSW: Silkworm powder.

310-point scale with 10=excellent, 6=fair (but acceptable), 5=fair (but not acceptable), 1=poor.

SW2.0% SW3.0%

Fig. 6. Cut loaves of bread added with various levels of silkworm
powder.
FR: control, SW: silkworm powder.
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Table 11. Sensory evaluations of bread added with various levels of sillworm powder

Bread

swh SwW SW SW SW SW

0% 0.5% 1.0% 2.0% 3.0% 4.0%
Taste 78+0.6° 7.6+0.5 7.1+£0.7° 6.3+0.5® 49+0.7° 3.6+0.8
Flavor 7.710.5 7.6+0.7° 7.1£0.5° 6.810.6* 5.110.8° 43+0.8°
Texture 8.0+0.6° 7.4+0.5° 6.9+0.5% 64+0.7° 5.1%£09° 41109
Color 7.9+0.5 7.9+0.7 75+0.7° 7.0%£0.7° 5310.8° 39+0.7
Overall 8.0+0.6° 7.5+0.5° 72+0.7° 6.9+0.5* 43+0.8° 40%1.0°

"SW: silkworm powder.
Each values represent the means and standard deviations of ratio by 12 judges using 10-point scale (2: very poor, 10: very good).
Means and standard deviation in a row followed by different letters are significantly different at p<0.05 level by Duncan’s multiple range test.

Table 12. Quality improvement of bread added with silkworm powder by heat treatment

Bread
swh SW SW SwW SwW SW
0% 2.0% 2.0%A? 2.0%B” 2.0%C? 2.0%DY

Proofing time (min) 55 65 55 55 55 55
Water absorption (%) 63.0 63.0 64.3 643 63.0 63.0
Loaf volume (mL) 1,151 1,773 2,113 2,123 2,115 2,125
Loaf weight (g) 485 488 485 486 485 485
Specific volume 4.44 3.63 4.36 437 4.36 4.38
Internal score® 9.0 7.9 8.8 8.8 8.9 8.8
External score 9.0 7.8 8.9 8.8 8.8 89

"SW: silkworm powder.

IPrepared from silkworm powder heat treated by steam and added ascorbic acid 130 ppm, lactic acid 0.2%.

IPrepared from silkworm powder heat treated by steam and added ascorbic acid 130 ppm, lactic acid 0.2%, SSL 0.15%.
“Prepared from silkworm powder heat treated by boiling water and added ascorbic acid 130 ppm, lactic acid 0.2%.

SPrepared from silkworm powder heat treated by boiling water and added ascorbic acid 130 ppm, lactic acid 0.2%, SSL 0.15%.
®10-point scale with 10=excellent, 6=fair (but acceptable), 5=fair (but not acceptable), 1=poor.
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Fig. 7. Cut loaves of improved quality of bread added with
silkworm powder by heat treatment.

FR: control, SW: silkworm powder, SW2.0%A: prepared from
silkworm powder heat treated by steam and added ascorbic acid
130ppm, lactic acid 0.2%, SW2.0%B: prepared from silkworm
powder heat treated by steam and added ascorbic acid 130ppm,
lactic acid 0.2%, SSL 0.15%, SW2.0%C: prepared from silkworm
powder heat treated by boiling water and added ascorbic acid
130ppm, lactic acid 0.2%, SW2.0%D: prepared from silkworm
powder heat treated by boiling water and added ascorbic acid
130ppm, lactic acid 0.2%, SSL 0.15%.
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Table 13. Sensory evaluations of quality improvement of bread added with silkworm powder by heat treatment

Bread

swh SW SwW SW SW

0% 2.0% 2.0%A? 2.0%B> 2.0%C* 2.0%D%
Taste 7.8%£0.6° 6.6+0.5° 7.340.7% 73107 7410.5® 7.34+0.5®
Flavor 7.7+0.5° 6.810.6 74+0.5° 7.54+0.5* 7.5+0.5° 7.6+0.5°
Texture 8.0£0.6° 64%0.7° 7.61+0.7° 7.5%£05° 7.5+0.5° 7.6£0.5
Color 7.9+0.5° 72107 7.51+0.5% 7.6x0.5° 7.610.5° 7.7+0.5°
Overall 8.0+0.6 6.61+0.5° 7.51£0.5® 7.6%0.5" 7.6+0.5° 7.610.5°

USW: silkworm powder.

YPrepared from silkworm powder heat treated by steam and added ascorbic acid 130 ppm, lactic acid 0.20%.

DPrepared from silkworm powder heat treated by steam and added ascorbic acid 130 ppm, lactic acid 0.20%, SSL 0.15%.

“Prepared from silkworm powder heat treated by boiling water and added ascorbic acid 130 ppm, lactic acid 0.20%.

Prepared from silkworm powder heat treated by boiling water and added ascorbic acid 130 ppm, lactic acid 0.20%, SSL 0.15%.

Each values represent the means and standard deviations of ratio by 12 judges using 10-point scale (2: very poor, 10: very good).

Means and standard deviation in a row followed by different letters are significantly different at p<0.05 level by Duncan’s multiple range test.
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