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ABSTRACT

This study examined the nutritional and quality characteristics of bread manufactured using Tenebrio molitor Linnaeus
powder. As the amount of mealworm powder increased, the moisture content decreased, and the ash, crude protein, and crude
fat contents increased. The weight, specific volume, and cooking loss rate were higher in the control group, and dough yield,
and the magnesium and zinc contents were higher in the group with 30% mealworm powder. In addition, the contents of
essential and non-essential amino acids, total phenol content, total flavonoid content, and ABTS and DPPH radical scavenging
activities were very high in the group with 30% mealworm powder. In the chromaticity of bread, the L and b values decreased,
and the a value increased as the amount of mealworm powder increased. As a result of the sensory evaluation, color, odor,
taste, and overall acceptability were the highest in the group containing 5% mealworm powder. Overall, bread with the best
acceptability will be produced after adding 5% of mealworm powder.
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the bread prepared by different

Ingredients (g)

Mealworm powder (%)

5 10 15 20 30
Bread flour 54 513 48,6 459 432 378
Mealworm powder 0 27 54 81 108 162
Milk 36 36 36 36 36 36
Butter 54 54 54 54 54 54
Sugar 32 32 32 32 32 32
Yeast 07 07 07 07 07 0.7
Salt 07 07 07 07 07 07

Total 100
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Material weighing

Kneading the ingredients except for the butter
into one ball, Then adding butter and kneading Dough
until gluten is formed

e

1st fermentation for 1 hr 15 min at 26°C,

Tst fermentation for dry heat and at 60°C for moist heat

«

Dividing 200g each and fermentation for 10
min at room temperature (20 °C)

G@ Molding Shaping the dough

2nd fermentation for 35 min at 36°C,
For dry and at 86°C for moist heat

Division & Preshaping

&

@

2nd fermentation

\ 4

Baking Baking for 25 min at 180 °C

Fig. 1. The process of making bread with mealworms.
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510, Milford, MA, USA)ell Fdste] B3}t Waters
Pico-tag column (3.9 x 300 mm, 4.0 um)S ©]-83fo] &nj A
o} &v] BE | mL/min §%2.2 ARSI S0l A= 140
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WA O, Aol A RESAIZ o™, 750 nmoll A §3 =
=5 B33 A|(Optizen 2120UV, Mecasys Co., Ltd.,
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T A S JE2E 8814171 100 mg/mL FEE THES]
t}. 7.4 mM ABTS(Sigma- Aldrich, Spruce, MO, USA) <&
A3} 2.6 mM potassium persulfate(Samchun Pure Chemical,

s g 255

r& 2 mlm

I

_ o .
ching FEAZ T3S THEQloH, &

FobAloh kiR

Seoul, Korea) 58S 1:1 2 &3 ths, 2204 24413
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DPPH &2 515 nmol|A] 3% 7 1.1(20.02)°] HE%
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A TFEE =735 tThaipong K 5 2006; Yang M &
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nxﬂzza2pkr, Samsung, Suwon, Korea)
A}t Mz A2 AMIA(CR-400 Koica Minolta, Osaka,

Japan)E ARESto]l A SIGITE wA 7]7]9

93.97, a=—0.63, b= 385)2 AHgSte] HA s A, AT A

825 99 celloll Yo L(H X, lightness), a(Z3 4}

b(B =, yellowness) #k& %3+

%, redness),

>
E]% lfr‘:“a"% %7],:1. Al BBLg] 1‘_5174/\}‘:_ Nﬁoﬂ 01:8]—37,]. tH
by 11792 Tgoz AASkTh Kim MH(2022)9014 A4]
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9. EAXzZ| A g 39% FFoz2 EuFAtt=Ed(Chung MY S5
9l Buls Xrlel Alwbo] ik odekdol EAd] ik 2013; Back MH & 2017), 25< &83dlo] A& 7}3ad
A3 22 SPSS 23.0 program(IBM Corp., Armonk, NY, ™ &2 44 H]EE =Y T S AR Andrh 34
USA) T2 S o] &3te] 7t AlZo] 8t MeantS.D.2 1} B3 FA=3 A7k A% A (Lee ES 2017)0llA = &4F
ERAQITE AR 7he] Aol BA-S AYux] E4HEA (one-way B3 ks A7l 0%, 10%, 20% B 30% H7keedlA

ANOVA)S AFE-3199 12, A7 352 Duncan’s multiple range 2 40.10%°1 4 38.30%, Z=AH-2 1.96%ClA41 2.65%, Z3]
test o] &3lo] fo]F z}o|(p<0.05)F HEIATh 2 2.16%NA 1.79%, ZTHA-L 14.30%014 11.74%=
Uelston], EA4P 3 Fakse] Hrtde] St 24

2z f 0 T gl '"‘7}0}%1\41 Badgit B FEEE PUS

A7Ver Awko] 739 ZAME 4.23~4.74%, ZEHAL 738

1. et ~8.95%% frolatA Z71ek oM (Juong HS 5 2008), Kim
DY BukS Hrek Aol Aubg R BAMATE Table 2 YM(2017b)oll M= 2ol R o] Hrbefo] St
o} ) FE FTe zToA 31.99%, DY B 10%, 38, 29, =AW g2 S7RYAL Haskslied,

15% 2 20% A7htollAlE 242 33.72%, 32.75%, 33.52%% ol B A+Azd A 22E Btk
ZAEQom, b9l Bk 309 H7FEdAE 30.73% % 9]

317 ol thp<0.05). X3 ke ) x7o] 0.83%= 7} 2. 2|, H|8H, 57| =4 E, dtF F8, tE UEy

e £XE Hon, WY B 59<10%<15%<20%< & U AT

30% H7hro R Zas 23R RS 247 1.04%<1.22% U BdS Aok Aol 7|, w84, 57] &8, vt

<1.38%<1.49%<1.62%= F2latA| S718tdth(p<0.05). =& = &, v Sa59de 9 A% %2 Table 37} Fig. 29

W shake o) z2o] 11.75%, BE B 5%, 10%, 15%,  AASAT 2] FA= oA 365.60 g2 7F3

20% 2 30% H7brol 2 13.27%<14.52%<16.51%< wo £=38 Hojon Wy l‘i_r“a‘ 5% @7}%0% 37540 g©
=53k

19.29%<23.69%% FrolaHl S718tthp<0.05). AW & 2 fosH =thp<0.05). B82S thx7ol| A 4.16 mL/
Fe gy dY BY 5% HukdA 2 6.25%< gl 2 7P =tka, HY 8 30% H7krelA 2.30 mL/gS
6.42%% vA?ﬂ 2ol fAAAIRE B 2do] 3 10%, 2 Fos $e FAE EATHp<0.05). ZEHES O
15%, 20% 2 30%= F713HEE 212} 7.03%<7.48%<791%<  ZatollA] 8.55%°] 3, WY Hat 59 H7lrol|A] 5.93%2] 5

9.15%= FelsPl F7IATHp<0.05). Kim YMQOIT)2] A1 melthh tha] 453te] WY R 10% HIHE(.54%)
ATANE DY BUS ARG AWIA FE 3093~ RE Bl Ropde AL BTk UE 5L BETe

32.64%, ZTA 10.52~11.78%, ZA% 7.50~9.03%, Z3 91.45%< B, B9 7oA 92.46~94.07% B =
F 1L11~1.76%=Z el om, 2wk Wy o] H7lefo] o] A& Bt Ao FAE AHAE B 15% H7t

%—7}%?% ool smoblvtar Hastoley. ATt oA 47162 g2 TP =31, Aol Rule dET
ko] FE 6.2%, ENA 65.02%, AW 18.25% R & o] 2,087.11 mLe] Ml AT BT 15% M7kl A
3% 5.22%% WERSE W (Baik WS 5 2022), Sl 133459 mLE 7§ wokon, 53] 2w RujE vk gl
A o] A Sk 58%, Fediol freel 2d we A BT Thast SRE 2w e 29 9l

Table 2. General analysis of breads with mealworm powder

Composition Mealworm powder content (%)
(%0) 0 5 10 15 20 30
Moisture 31.99+0.04"2 31.04+0.13° 33.7240.09° 32.750.11° 33.52+0.17° 30.73+0.10°
Crude ash 0.830.04° 1.04+0.01¢ 1.2240.10° 1.38+0.03° 1.49+0.05° 1.62+0.05°
Crude protein 11.75+0.14° 13.27+0.32¢ 14.5240.04° 16.51£0.07° 19.29+0.16° 23.69+0.26"
Crude fat 6.25+0.10° 6.42+0.13¢ 7.03+0.01° 7.48+0.07° 7.91+0.07° 9.15+0.10°
Y Mean+S.D.

? In a row, means followed by same superscript are not significantly different at the 5% level by Duncan’s multiple range test.
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Table 3. Changes of weight, specific volume, baking loss rate, and dough yield of breads with mealworm powder

Mealworm powder (%)

Variables
0 5 10 15 20 30
Weight (g) 365.60£0.46"?  375.40+1.15 369.20+1.23° 371.90+2.17° 373.70+2.42° 373.5042.62°
Specific volume (mL/g)  4.16£0.00° 3.61£0.02° 3.93+0.01° 3.48+0.03° 2.82+0.01¢ 2.30+0.02¢
Baking loss rate (%) 8.55+0.28" 5.9320.36° 7.54+0.35° 6.64+0.30¢ 6.07+0.37° 6.2620.41°
Dough yield (%) 91.45+0.28¢ 94.07+0.36* 92.4620.35° 93.92+0.30° 93.92+0.37° 93.74+0.41°
Hardness 13.338.08° 17.005.29° 27.00+7.81° 27.33£1.53" 27.33+4.51° 27.67+6.66"
D Mean+S.D.

? In a row, means followed by same superscript are not significantly different at the 5% level by Duncan’s multiple range test.
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Fig. 2. Fermentation expansion of dough with mealworm powder.
= 7k BfEd o8 d3Fs W doia Baskiitileon  § 200Dl AE AA g B §Hgo] SUFESE ¥]-84 o]
SH & Kim MR 2020). EEJ H| &4 i xoll A 451 mLlg  ZAasglem, ol AAa 7t 3 SF el o3k
2 7P =& #te vEhllen, ¥8A S A7k = T Zo= ELOM jom, B Aol e A HAh
TR A= ‘*Oﬂ el FEFe won, HlgA o] 35 2 Aol A] Yo kS deste] g 1A UE =
2 g Yo 8% T Budt¢thileon SH & Kim 73l 12083 FEA7|HA S4 3 ko] Hu] s3>
MR 2020). 2{%e] FAE vhel] T2 12% F7heolA 7B At os BE ARCA 60%7HA] TR <7 73] B
=okon, oo} ulgA e gz =%, ZEEHE FErF 549 S8, 60% olFde & Wske gl
< b 22 3% H7bAA 7Y =9tk BuskithLee th ey whEo] g s o2t (2.6800) 4] =k
MH 2018). mjAjo] £ 37} "”“J(An HL 5 2008), & &% H, LAY B 30% H7kEolA] 236812 FelshAl Wk
A7} 21 (Jung IC 2006) 2 =2} 22 7} 2w Hwang SY  (p<0.05). ©]& Lee ES 5(2017)Z} Song SH & Shin GM
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(2016)9] AollA 247t SA4bg Fatert ST ket adlge gB5skE, o, AW 9 Ak giabe] A o)
2 Az oA dehd o] IE e Wit 2 A v, AolA ZE 23EE-S g (Chang SH 5 1988).

7o 237t Akl oH, o] e 4R AAEgd ol A o] ARl ddiolH, oA o,
Uy EEE diAgel wet 2576 o] Asteo] 7k B SR/, 7heR S T84 AFY AV Ee A5 ne
frelo] volxl A¥eta Ats ) &4, A% T2, SR, e B Y] S AL 5o 5

B Ao Ax =4 Ay, d27(13.33) vla] 2Y B o] UERd S UthLee SS & Oh SH 1995). ¥ A7tollA]
T 10% H7FEQR7.000FE sl =3th(p<0.05). ol WY Bol Hrlee] ZUlEEE npovga oo ek
Lee MH(2018)9] 179} 22 Fda Hlow, 9 &2 o] moxlet, ole B9 Hrleste=Es 2w nladlg
o] A7}kl W}E o] Fu]7} ztopxlof whet 2jue] 7] 7} old 5 1A 9o R FE| &8o] rhssivta
o] Aol PErt oA WA Ao Jaks Fria % =
el Th

4. ofo|-h ghek

3. FV|1& e Y BES b 2ol opn| ik 3RS Table 500 A

LY TS Arher Aol 7714 3 Table 49 AlA| Attt Hapotu| At F ti 2ol A= 100 g & leucine©]
st Zgol dEke 100 g G T 2Y 2 59 A 0.76 g, BY E 5%, 10%, 15%, 20% 2 30% 37}l A
7holl A 242 573.25 mg®} 568.01 mgellom, el & 717} 0.87, 0.94, 1.05, 1.15, 1.44 g2 7} H& ¢35
12100 g G WY B 30% HrlrolA 8.05 mglE 7PE EATHp<0.05). DY o] Hyleko] £7184E valine,
S FAE BAHp<0.05). rlavlg S 100 ¢ B EY isoleucine, threonine, phenylalanine, methionine, lysine, argi-
Eab30% H7bEolA 616.18 mgl & 7P & X2 B nine P histidine®] $#-& -2l5H) —7}6} 3 THp<0.05). H]

3, 2T = 239.17 mgl2 7Y e X5 Bt Hgolm| it F gl = 100 ¢ Z glutamic acid?}
(p<0.05). o}A2] FF2 100 g T LY U 30% 7ol 371 g, B BT 5%, 10%, 15%, 20% 2 30% 7oA
A 3260 mgo 2 7 e A2 Bdom, RFANE 217} 374, 3.71, 3.79, 3.83, 4.16 g% 7MY =S X2
13.88 mgo & 7P Bk FXE HATHp<0.05). A3 A7 EBRAATHp<0.05). Y EEe] M| S71S aspartic
(Park SY 2018)0l| 4] opA T B8 2% H7Igk Al 2% acid, serine, proline, glycine, alanine ¥ tyrosine®| &2
o] A% JEEL 395.19 mg, ZEF= 110.11 mg, 12 83.91 o8 S8k tHp<0.05). §59] 7IeEdlEe A+
mg, ZEF-E 27.75 mg, "F1UFS 25.89 mgo|2tn B35k (Chung MY % 2013)°4 % glutamic acide] &&Fe] &2 A+
D} AEAFn] B 2580 1A AR 100g T 2 A9 2ol 7H B Bkl o Kim YM(2017b)2]

% 110.8 mg, ZF 724.7 mg, o} 22.1 mgo| o™, #AE T Ao A& proline ko] Erin B uslich H=3F AE A
Fehn] B ol 228oE 24 2.5 mg, Z2F 8.6 mg, 52| AF(Kim SH 5 2020)014 AEAF] B &

mm

r_t

o}l 23.5 mge] g% Ytha EudldEd(Kim SH 5 Eoll& A oln| =AKbranched-chain amino acid)?] valine
2020), & Aol A o}l WY B3 0% 7kl A 32.60 171.86 g/kg, isoleucine 127.90 g/kg, leucine 253.83 g/kg, &
mgl 2 AT B FEE 4EA T 2 o I A =Z50E valine 11.47 g/kg, isoleucine 12.82

R =25 Blal 1.39~1.484 =4 =AU E

ol

n} g/kg, leucine 27.53 glkgo 2 B FEEo| Ex|oln| Ak 3}

Table 4. Mineral content of breads with mealworm powder

Composition Mealworm powder (%)

(mg/100 g) 0 5 10 15 20 30
Calcium 573.25+20.90%%  568.01+20.78 422.88+60.08° 532.79+1.47° 514.50+20.78" 475.98+9.81°
Copper 2.5240.45° 1.26+0.04¢ 0.88+0.45° 0.70+0.60° 3.42+1.08° 8.05+2.55°

Magnesium  239.17+£2.03° 316.57£1.19° 354.38+4.75¢ 445 87+4.18° 492.58+12.38" 616.18+1.31°

Zinc 13.88+0.16 16.20+1.65° 18.38+3.30° 20.91+0.23° 23.88+1.07° 32.60+1.16°
Y Mean+S.D.

? In a row, means followed by same superscript are not significantly different at the 5% level by Duncan’s multiple range test.
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Table 5. Amino acid composition of breads with mealworm powder

Mealworm powder (%)

Variety
(g/100 g) 0 5 10 15 20 30
Valine 0.44+0.01"  0.53+0.01¢ 0.62+0.01° 0.68+0.01° 0.82+0.01° 1.08+0.01°
Leucine 0.76+0.01° 0.87+0.01° 0.94+0.01¢ 1.05£0.01¢ 1.15+0.01° 1.44+0.01°
Isoleucine 0.39+0.01° 0.460.01¢ 0.51+0.01° 0.51+0.01° 0.62+0.01° 0.84+0.01°
Threonine 0.31+0.01° 0.36+0.01¢ 0.42+0.01° 0.5120.01° 0.56+0.01° 0.7020.01°
Essem;:i damjno Phenylalanine  0.52+0.01°  0.59+0.01¢ 0.61£0.01° 0.65+0.01° 0.69+0.01° 0.80£0.01°
Methionine 0.10£0.01° 0.14+0.01¢ 0.14+0.01° 0.15+0.01° 0.16+0.01° 0.21+0.01°
Lysine 0.26+0.01° 0.37+0.01¢ 0.44+0.01¢ 0.55+0.01° 0.64+0.01° 0.86+0.01°
Arginine 0.33+0.01° 0.42+0.01¢ 0.48+0.01¢ 0.55+0.01° 0.63+0.01° 0.84+0.01°
Histidine 0.20£0.01° 0.26+0.01° 0.30£0.01° 0.35+0.01° 0.40£0.01° 0.53+0.01°
Aspartic acid 0.43+0.01° 0.58+0.01° 0.70£0.01¢ 0.85+0.01° 0.97+0.01° 1.30+0.01°
Serine 0.52+0.01¢ 0.57+0.01¢ 0.63+0.01° 0.73£0.01° 0.77+0.01° 0.88+0.01°
Glutamic acid 3.71£0.01° 3.74+0.01° 3.71£0.01° 3.790.01° 3.83+0.01° 4.16+0.01*
I\;‘I’l‘;zzszlzlj‘l Proline 1.4020.01° 1.41£0.01° 1.470.01° 1.5240.01° 1.60+0.01° 1.780.01°
Glycine 0.35+0.01" 0.43£0.01° 0.50+0.01° 0.59+0.01° 0.67+0.01° 0.88+0.01°
Alanine 0.31+0.01 0.44+0.01¢ 0.55+0.01¢ 0.69+0.01° 0.81+0.01° 1.11+0.01*
Tyrosine 0.27+0.01° 0.34+0.01¢ 0.41+0.01° 0.500.01° 0.56+0.01° 0.68+0.01°
D Mean+S.D.

? In a row, means followed by same superscript are not significantly different at the 5% level by Duncan’s multiple range test.
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Hkx] Sof E2o] @ Ao g AlgHt}h Jd3} falolr|=ito]
ol ZA o n|x]= g3 A7 (Rubenthaler G 5 1963; Kim

YM 2017b)ol| 4] glutamic acid, aspartic acid 52| 2o} =
Abo] whol HLE7|E F7FA7]14L, glycine, lysine & frElok
nlicgbo] wWhe] REV|S AR Bk Stk o]t
2o S Kim YM(2017b)e] Aol A& nZe] fejo}
negtE ok Wyl ] oak S A g o] g
o] o] FE7]d 3 vt Bty 2ev &
ATl BY 2o Hrko] TS5 glutamic acid,
aspartic acid®] &H= Z7HEIEH, W] F-Z7]d S vl

AAE g

Uy 2SR AN F As 9 F Eeheol=

reF, ABTS % DPPH 2}tz &A A2 Table 6 #| A}
Atk F vE TS izl A 50.52 mg GAE/g, 99
T 15% H7E2 7648 mg GAE/g, B¢ B 30% H7le
145.64 mg GAE/g2 2 UEFsITHp<0.05). *dFFetn] A
(Kim SH 5 2020)°14 % =& -2 &2 6.61 mg GAF/g,
Bk okl 22851218 mg GAE/gC & Uehton, o]}
e w 2 Aol 9 BEs Hrist Awke] F = g

L =
o 37| thehgeh 0Y Bue PSS Y 5 9

ot T 15% H7kroll A 84.58 mg CE/gl. 2
7 Zgkon, Yo E 62.08 mg CE/gl-2 #-23H
Bdo 2XE HATHp<0.05). ABTS 2AEALS thxTol
40.16 pmol TEAC/g, U9 &% 5% H7°] 51.89 pmol
TEAC/g, B9 &% 30% H7}ro] 87.65 umol TEAC/gO 2
e THp<0.05). DPPH &AZE-S B9 &2 10% H7hHr
©] 6.97 umol TEAC/g, U & 30% F7k°] 18.70 pmol
TEAC/go.2 folatAl S718F th(p<0.05). E A5t
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Table 6. Total phenolic and total flavonoid contents, ABTS and DPPH radical scavenging activities of breads with

mealworm powder

Variables Total phenolic content

Total flavonoid content

ABTS radical cation scavenging  DPPH radical scavenging

(mg GAE/g) (mg CE/g) activity (umol TEAC/g) activity (umol TEAC/g)
0 50.52+0.01"2 62.08+0.00° 40.16£0.92" 5.300.60°
5 63.02+0.12° 82.92+0.00° 51.89+0.99° 5.75+0.64°
10 66.830.01¢ 70.42+0.01¢ 56.93+0.80° 6.97+1.15¢
15 76.48+0.01° 84.58+0.02° 61.00+2.23¢ 9.35+0.52°
20 83.2620.01° 65.42+0.00° 73.59+2.22° 12.14+0.22°
30 145.64+0.12° 77.08+0.00° 87.65+3.44° 18.700.04°
D Mean£S.D.

? In a column, means followed by same superscript are not significantly different at the 5% level by Duncan’s multiple range test.

7}

2] z}

el 20 geld 2580] DPPH 2uZ &%
68.25%, 80.37%%= UERGOom, whilz Rk =2z
5ol B =4 Jelhgtia 2usldthKim SH 5 2020). o}
B E8a H7HeE A% A Lee MH 2018)°l4 mie] £
A7bgel SV E T ds g vhb 2 3%, 6%, 9%
9 12% HA7rellA = vhe] B #7171 whel DPPH
Zkel 92.91~97.56 umol TEAC/go-Z |o& o2 fo|5H/
7kttt Basigich 94 Bda e SetobA <

fo

b &

Lo
)

f ﬂ.}{}l'

o

A7VFS Gelste] A|lze 4we] DPPH 2tz &A% 2
% ZedlE g% =4 27, 47 25.59~59.94%, 16.43~

<20

24.14% =22 JElitin B sl thloo SY 5 2018).
Aol B8] Hrbde] SUMETE & Eeds dE

DPPH @tz 2750l ooz F7kstel o (Kim SH

5 2017), DPPH U &4 52 Av AF £2S 3718k
Ao T2 29.75%, 3% HI7kE 72.78%, 6% W7k

76.16%, 9% 7 78.06%, 12% H7F 80.80%% 713 A
T EE AUbdel SUHESE fodeR SUkste Bl
UEelgton, o] & dTte] A¥ 22 s Bk A7
EES A7k Aol A = ABTS &AZ/dS tixaolA
2.17 umol TEAC/g, 7 & 5% 7l 11.40 umol
TEAC/gC.& Z7}sl9ien, DPPH &)z AA%E T
©] 4.10 pmol TEAC/gollA H7t &9 5% H7hrolAe
18.63 pmol TEAC/gC. 2 frol3HAl F71stitkar B stk
(Lee DH & 2021).

6. ZH Alttol MA| o nbE 9l M

U g ek 2wk dA | #AT AE S
#3k AFEHS Fig. 33} Table 79 A|Aetth 9g s A
713t 2wt Ake g Fike] Hrlsko] TGS A
S JEMIITE Like tl 2ol A 68.20019 0w, Uy Bt

5%, 10%, 15%, 20% 2 30% 37kl A zH2}F 60.93>57.57
>49.77>42.77>33.97 =22 Lgto] f2laH Yol 2o
A7 el wet Ao o} =94 = A S YERNATHp<0.05).
agbe tixatollA 1.3790m, 499 &2 5%, 10%, 15%,
20% 2 30% H7lroll A ZH2 4.27<4.73<6.00<6.37<6.73 &
O 2 agko] FelshAl Eobx] Mo] bkl v S thp<
0.05). bak-2 thzwtoll A 20530101, WY F2F 5%, 10%,
15%, 20% 2 30% H7keolA z+2F 20.10>19.70>19.73>
18.87>14.97 £ 2.2 bgto] folstA Rl thp<0.05). B&
AzAZ 4 2 H7F dFeA= Lke] thzaolA
8431, W B 7% M7t 64722 7189 A, agke %
oA 046, UH =L 7% H7IolA 3352 SURIGS
o, bat2 ti2ollA 2171, EE 2 7% H A 16.93
o= foletA 7AsIYTHKIm YM 20172). DY oS H
71k 2mte] Lgke o] 87.17, B B 6% H kol
78.00°.% U oS HIIEGFE Aol o FA tix2Tt
o] 71 kAL, aghkS o] 649, BY B 6% M/
o] 8.462.2A] Lgko] 7Hastal, agto] S7kehe A= B
. Bl thKim YK 5 2019). opE &2

Z7ekel whgl op g BEde] ko g Lk bgke
2o, aghs foldow F718k ov(Park SY
2018), S=de} HrbdS Gelgh Auke] A4l
T AJ9Kim YH 5 2020)°4 = & A7} SAsbA Lt
bk 743l aghke ST Haskeich viE ST
Hoteko| e 2ol Me= Hrleko] S7HEFE agtdt b
ZS7FetaL, Lgko] wolz|o] 2ol i gl ejfAo] o
FAAE s JeERthal sk tiLee MH 2018).
22 BE(Choi II 5 2017), 483} FAFE(Lee ES
2017), AL 2FA(Oh ST 5 2017), €& F(Joo SY

2018)& F7FE o] M= Lt
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0% 5% 10% 15% 20% 30%
Fig. 3. Overall shape of breads with mealworm powder.
Table 7. Color values of breads with mealworm powder
Mealworm powder (%)
Variables
0 5 10 15 20 30
L 68.20+0.29"2 60.93+0.45° 57.57+0.35° 49.77+0.49" 42.77+0.20° 33.97+0.30°
a 1.37+0.07° 4.27+0.07° 4.73+0.15° 6.0020.06" 6.37+0.03° 6.73+0.03°
b 20.53+0.23° 20.10+0.15° 19.70+0.31° 19.73+0.22° 18.87+0.09° 14.97+0.32°
D Mean+S.D.

? In a row, means followed by same superscript are not significantly different at the 5% level by Duncan’s multiple range test.
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Table 8. Sensory test of breads with mealworm powder

261

Mealworm powder (%)

Measurement
0 5 10 15 20 30
Color 5.88+0.48"" 6.00+0.19* 5.13+0.40° 4.88+0.44° 3.88+0.58¢ 2.88+0.67°
Odor 5.88+0.40 6.00+0.27° 5.38+0.32° 4.75+0.25° 3.88+0.35¢ 3.25+0.49°
Taste 5.88+0.40° 6.38+0.18° 5.25+0.37° 4.13£0.40° 3.25+0.45¢ 2.63+0.50°
Overall acceptability 6.13£0.35° 6.13+0.23° 5.38+0.18" 4.38+0.26° 3.63+0.32¢ 2.38+0.32°

D Mean+S.D.

? In a row, means followed by same superscript are not significantly different at the 5% level by Duncan’s multiple range test.
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