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Abstract

This study was performed to evaluate the quality characteristics of functional Dasik prepared with a mixture of freeze-dried
mealworm (Tenebrio molitor) powder and dried pollack powder along with assessment of the general and fatty acid
compositions of mealworms. General compositions, except for moisture content of freeze-dried mealworm powder, were
higher than those of raw mealworms. The ratios of saturated fatty acids and unsaturated fatty acids of freeze-dried
mealworm powder and raw mealworms were 1:3.31 and 1:3.19, respectively. Amounts of oleic acid, which was the most
abundant among unsaturated fatty acids, of freeze-dried mealworm powder and raw mealworms were 41.12 and 37.84%,
respectively. For color values, greater content of freeze-dried mealworm powder in functional Dasik resulted in lower L and
b scores, whereas a value increased. In the case of mechanical properties, greater content of freeze-dried mealworm powder
resulted in significant reduction of hardness, chewiness, and gumminess. In the case of sensory evaluation, color, taste, and
overall quality of DPMD50, which was prepared with a 1:1 ratio of freeze-dried mealworm powder and dried pollack, were
the highest. It was concluded that DPMD50 is a nutritious combination of edible insects and fish for protein fortification for

growth and the elderly.
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A ERRE ofu e} ZhA o] v ©je] QITH(Sah
& Jung 2012). =3 #Je] FEA A AFe] HFHe=
g5 SHUZHES STHRA AGHA Zes e, =
AollX o] ZgulES FXMNT= F o2l 7 tiAkEEkS
23k 4= Slth(Ebbesson et al. 2015). o]o] &7 AL
A &4} 2823 (edible insectsyS THHOE ARSSH =
A= AAAR] A|z=Hle] mpEE AL glom, FAX FEd 7]+

(FAORIME 28252 mlge] vhld Feog A5 HE
St JTHDurst et al. 2010).

2252 opAJol, o)zl 3 T A AlAY ok
ot Balol FEA v, Fgoluieat 9 f)He]
FYo7 o] 85 UrHBukkens 1997; Kim et al. 2015).
28322 F(spices)T A2l wEtr] FEFREo] T
Aol 7t ARG, AwrA oz oF 50-60% FEo] ZehuFo]
et Sl ekl d A]Fo]th(Pemberton 1988). 2|4t
2ke] A% o, wllo], A, WEF7] Fol ofgot 13
AEFoz FaEo] Qrhrl 20143 EHE AF o okehd A
(MFDS)ZH-E MZ$ AEU82 7] 913 2do] %
At AEFFH 52H ZFo2 = 5], Folld
t7], W73, Sldute] 27R], A5EFHelE vk A A
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A (B9 f5, BEATE7E 2016 39l 178 ol &
Al F 7E0] AFYUEE AL e o|tHMFDS 2016).

DA (Tenebrio molitor L, mealworm)S T HY & A A
ol &shs LFOE FE FRAAA A4 Y55
L ooz AHA AUrK(Yoo et al. 2013). AFOZ ALE
sk Eeolle 2, vkl 22 1A SxsiA
Ako) Fhgo] FReths Ao R HUA sl H9S o
WA F AFEe] ExsAA 9 ARk Shat
3o AFAaAS 7Fsde] Erkal B vh th(Kim
& Jung 2013). 2} oPA7IA= 28250l tisk AHz}
7} Zhe ARG o7t wiel AF o] Be A
o] Atk 1 Fre] HE o] &S AFES HH, ZAAA
& 7kt gheke] FAEA (Kim et al. 2014), 22 AA]
g FeEES Hrkek WA F454(Hwang & Choi
2015), ZAAAE] FEELS o8 JE Az 2 FAE
d(Kim et al. 2015), 2 A fFFEEE &3 F7|
Az 2 FAH7HMin et al. 2016), T2A% A
o AxgA ZEsl mE 2t 4 2 {5718 A%
(Chung et al. 2014), 2 A2 o] A ZELE3}ES 3 &
Az %27 Y (Chung et al. 2013), ZIAA 28] e
o wE 713 x=9} o] (Hwang et al. 2015)° &3t
77 J= Axolth

A2 35, sk, T4, A, 71oE, S £
wolup 23S YL W v ohdl ] whol EEdl A
o2 st AR &4 §80] 7hset skl
Th(Lee et al. 2005). TF] 7hed] oftpale =2 Ho &%
of & ¥i vh5o] 7|9 FE I g 2 WY
F& AL T ZoZ v
Ggotu| ikt 2, <1, 2

oL

re o g

Ay 21912 MGHFE (Jeonnam, KoreayllH 43t +
A A LS 2 B AN o SR olgste
MAs & —70°C J5LINIHON freezer, Tokyo, Japan)ollA]
24N 7 YEAIADLL o]5 SAZ7|(PVTFA 10AT, Ilsin,
Gyeonggi, Korea)& ©|&3te] ZHARAFT. JHof, &
(Dongseo, ChungBuk, Korea), Z=°J(IGA Natural Noodle,
Chungbuk, Korea), Al¥]71#(Asan, Vietham)= A t]&+<]
nlEA UdF FYste] the] Azl AR

0
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<Table 1> Formula for functional Dasik prepared with mixture of
freeze dried mealworm powder and dried pollack powder

Ingredients (g)

Freeze dried _ .
Dried pollack .
Mealworm Honey Grain syrup
powder
powder

Control" 0.0 100.0 15.0 25.0
DPMD25% 25.0 75.0 15.0 25.0
DPMD50° 50.0 50.0 15.0 25.0
DPMD75% 75.0 25.0 15.0 25.0
DPMD100” 100.0 0.0 15.0 25.0

DControl: Functional Dasik prepared without freeze dried mealworm
powder, ?’DPMD25: Functional Dasik prepared with freeze dried
mealworm powder 25 g, ?DPMDS50: Functional Dasik prepared with
freeze dried mealworm powder 50 g, YDPMD75: Functional Dasik
prepared with freeze dried mealworm powder 75 g, YDPMD100:
Functional Dasik prepared with freeze dried mealworm powder 100 g.

2. 48l Bojcrle| M=
Fole AZd ME AAST & EH
mesh Aol A A&
Z ARSI A UYE Hojo} e whHoew Bu

N

] (HMF-3800SS,

speiitt. s AdE & Y Hof e £ U &
OJt}A2 <Table 1>of] AAIE Hie} 3ro] $24Ax DY &

S0, 25, 50, 75 2 100 g, Ho BT 100, 75, 50,
25, 0go2 7M7) 41L& v &3 E9E Hrlste] g 1o
Z7F A W= & 7 2.5 cm, 0] 0.8 cm TR ¥
a1 203] HHEEte] me] AP SHiT

A Hhy) sAAZR U] AR AOACH (1990)°]
FEL ARPIEAZY, ZAWLE SoxhletF:EH, £
B A3z o g AT 2Tl E S A A7)
(Vario Max C/N, Elementar, Hanau, Germany)E ©]-&3}¢]
Ao FAE Ao gl SEAT 6255 w3l
Al ehilEskeEo 2 %718kt e 24 AFsSE]
(Fiber test F-6, Raypa, Barcelona, Spain)E ©]-&3}o] 24
st BrslES AR AAE 100%E St 32, 2y
A, A, 23 %)y ek A o= ST
4. K24k =y
A dYy sAAx 299 AWakxAd-2 Folch et al.
(1957)2] Woll 3k gas chromatography (US/HP 6890,
Aglient Technolgies, Santa Clara, CA, USA)E A}&-3}o]
E23}9 k. Gas chromatography (GC) F712  silica
capillary column (Omegawax 295, 0.25m film thickness,
Sigma-Aldrich, Bellefonte, PA, USA)S ©]-&-3}%1 3, injection
port 25 250°Ce]™, AE7] 2%+ 260°CE 48131t
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TAAE 99 28 Hol 28 EF6le] Az Vs

g

A 2}A] (Color meter CR-200, Minolta,
Osaka, Japan)E A}8-3}] L(lightness, %), a(redness, %]

A), byellowness, A T)e] gho g Yepllct, w2y
Fh(standard plate)2] - 1=96.35, a=0.17, b=1.79°| o™,

7} 4ge 33 wEstel Sk

6. 7£!.7:.F =3

A7z WY 22 Ho 28 £t AxE Vs
A ‘:]"5.% 6 g& Wo] 35x10 mm petri disholl ¥ 3 57
< H3,2,000g F2 6023t TE F Azt 223 =
48 AEE ARSI 71574 v o] A texture

analyzer (TAXT Express v2.1, Stablemicro system, London,
England)E AH&-8ted 22t 103] whEste] S48, o]
HE ez Yeplitl 22 7-& stable micro systems
(TAXT Express V2.1, London, England) 2138 53
A & =E39 Y. TPA (Texture profile analysis) test
W 0 2 74 % (hardness), BF2 4 (springiness), 7379 (gumminess),
#1814 (chewiness) & -3-%1/d (cohesivenessyS =431} &
%7 round probe (75mm diameter)E AFE-3F AL,
pre-test speed 3.0 mm/sec, test speed 3.0 mm/sec, post-test
speed 5.0 mm/sec, test distance 6.0 mm, trigger force S g

o2 3k,

3 oo A5k Eﬁxﬂﬂ—}% Agsh= EH““’J’%‘ 1578
= o= siint. Ao R4S dAls] A% ale & A
(color), (flavor), BH(taste), 2] 7H(texture) = AWkl 7]
%= (overall quality)oll thate] 78 7|ZH=Ho g H7FEHA
th FSHA AIRE AXE] S WEe dEEE o8
o 3248 A= BABIeH g A

ArE dts AL F v AEE Brtel=S Sl

8. SH Xz
ZE A5+ SPSS statistics 21 (SPSS Institute, Chicago,

IL, USA)S |83t Hatat x5daE ol A8tk
o] FIHLE 5% FolFEelA ANOVAE AAg %

Duncan’s multiple range test2 A 385 HAISHAT

1. LR
Bukkens(1997)2 28232 TAS 50-60% H&=
stal glo] &5 wES tAld F83k AF Akl
o} webA] B Aol e A 299 F
QRS BA o}oq <Table 2>oﬂ A A BT

"y
A
BN
12
oo
o
4 1o ol

EP Olb 54 74 JJrXq 5 o] SHEEA YR
ko] w29 AxE AZFET) Lee et al.(2016) A
Po] SRS 63.52-67.83%, ZTHMLE 23.19-24.53%, X
A 3.96-11.18%, 3|72 1.18-1.26%°)2t H.IL5}SITh.
2 AlM= A U] A TR 56.46+0.09%, X
Thil S 23.53+0.15%, AL 12.62+0.12%Z YER} Lee
et al(2016)°] A} Bl A] FiH o2 g u
QL ZA MRS k7 =9kt Kim et al.(2015)S F2 A%
UYge] FELS 5.02%, ZTMEL 49.84%, AW
32.91%, Z3E- 2.84%°)2tL HA3INTE 2 Aol =
SFEL 0.4140.01%, ZHH-E 51.71+0.13%, ZA WS 29.14
+2.14%, 2352 3.41+0.01% & VER} TRk 2t
kS Kim et al.(2015)9] Aol vlaf 2F7F wgror} ok
Wy} 23RS Rk E=Qlt),

Ml e W rlo = xR o

Ay,

1< 04 P 2AE S8 A=
<Table 3>} 2t} A Wle] 79 ZspA it 2% B
SR 8Fo] A E o A% DY) g 23|
Wik 1153 959 ExXsiAite] £A=% N A 292
ESA o] 23.22%, SR 0] 76.78%4] EEE o

B 74 Hge

13316] VIS LESA o) Vo)
N HES

3.31¢]
= 4l A A HPAlo] 23.85%, BEIA|H
2H 76.15%9] 1:3.199] & ¥&-S Vel + 1g7kEs)t
Ak} B sia]Ate] Xdiﬂ@‘ﬂ ghge] apol= YERA|
oFoutt. EZsiA| kel 73 Cj2l W ELHK(palmitic acid)]
shafo] 16.299F 16.75"/& 2 o] TP o™ thel
25 C14®] myristic acid, C4®] stearic acidseo] ATt o] 2}

<Table 2> General composition of raw and freeze dried mealworm (%)
Moisture Crude fat Crude ash Crude carbohydrate”  Crude protein Crude fiber
RTMY 56.46+0.09" 12.62+0.12 1.48+0.03 4.19+0.28 23.53+0.15 1.72+0.02
FDTM? 0.41+0.01 29.14+£2.14 3.41+0.01 12.34+0.88 51.7140.13 2.99+0.03

DRTM: Raw mealworm, ?FDTM: Freeze-dried mealworm, YCrude carbohydrate=100—(moisture+crude proteint+crude fat+crude ash), All

values are mean+SD.



<Table 3> Fatty acid composition of raw and freeze dried mealworm
(%)

Mealworm

Fatty acids RV DM
0.02+0.00  0.02+0.00
1.80+0.01  0.20+0.00
0.08+0.00 0.073+0.00

37.84+0.38 41.12+0.39
0.28+0.00 0.27+0.01

34.89+0.38 32.67+0.23
1.73£0.01  1.64+0.00

Myristoleic acid Cyy
palmitoleic acid Ccq,
Oleic acid Cyg.; trams
Oleic acid Cyg.; cis
Unsaturated  Linoleic acid Cig, trans
fatty acid Linoleic acid Cyy cis
Linolenic acid C,g3 n-3
Gadoleic acid Cy, 0.14+0.00  0.13+0.00
Nervonic acid Cy.; - 0.03+0.00

Total 76.78+0.67 76.15+0.66

0.03£0.00% 0.02+£0.00
0.33£0.00  0.40£0.00
0.08£0.00 0.08+0.00
3.27£0.01 3.68+0.00
0.15£0.00  0.14+0.00
1629+0.23 16.75+0.26
0.16£0.00 0.13£0.00
2.61£0.01 2.46£0.01
0.20£0.01  0.15£0.00

Capric acid Cigo
Lauric acid Cjyo
Tridecanoic acid Cisy
Myristic acid Cyq0
Pentadecanoic acid Cjs,
Palmitic acid Cigy0
Saturated fatty \raoaric acid €7
acids Stearic acid Cigg
Arachidic acid Cy

Heneicosanoic acid Cs;. 0.05+0.00 -

Behenic acid Cy. 0.04+.00  0.03+0.00

Lignoceric acid Cpsyg 0.01£0.0  0.01+0.00
Total 23.22+0.15 23.8540.32

DRM: Raw mealworm, ?FDM: Freeze-dried mealworm, ?Mean+SD

OFA}

s [eigs]
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rlo
rlo

TAAZ EY AT 2tk v Gy
heneicosanoic acid= & =
et EXsARAte] e A Y A0 WY BE
Cis9 Aite] 718 we s RN I% cisy 9 oleic
acid7} 7H8 =2 HA At F 37.84+0.38) 41.12+0.39%
= Yehidd EXAE Fole rans® BURE cis® 2
A Ato] worom AR 4y B8] A transg ] Al
ko] A Wt Aol 7he 450 SRS Ko U] A
Z Aelle el Az BHoke sA0x7F A EY ¥
3l AA F= o R dAdE, 23] v B
SRR A S AR Qlste] A Ee 7R
Al cisS el S] ZAR] fransP el 2] AHARS B35k A
o} A Ayt 2ps4ks) Sl oty fEAke g st
5 o8 7R #AIE <AL Yk B AN AR
S8 A E Has) 3 9EE ARSSIITE 23y
Y EES o] 83 AF Ao LY olFeE AR
S st AV Ak HE ARRE H4s) st
7H W= AE Fe 7t JTHKim et al. 2015).
Kumar & Sharma(2004)2] ol s tpyHeEsiA| v
2F1 linoleic acidE FHsH Tfsle A& Frha5ol

U A-EHe] Xgo a3t Avkal 3K, Han(2003)y2 o-
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<Table 4> Color values of functional Dasik prepared with mixture of
freeze dried mealworm (Tenebrio molitor) powder and
dried pollack powder

L a b
Control" 72.65+0.10947  1.86+0.60° 32.61£0.66"
DPMD25” 60.68+0.36" 3.14+0.22° 27.59+£0.95°
DPMD50®  49.60+0.29° 3.78+0.09° 20.00+0.47¢
DPMD75% 38.09+£0.26¢ 426+0.17* 13.98+0.43¢
DPMDI100”  29.58+0.64¢ 5.35+0.08° 5.10£0.15°

DControl: Functional Dasik prepared without freeze dried mealworm
powder, ?DPMD?25: Functional Dasik prepared with freeze dried
mealworm powder 25 g, ?DPMDS50: Functional Dasik prepared with
freeze dried mealworm powder 50 g, YDPMD?75: Functional Dasik
prepared with freeze dried mealworm powder 75 g, YDPMD100:
Functional Dasik prepared with freeze dried mealworm powder 100
g, “MeantSD (n=3), ”Values with different superscripts within the
column are significantly at a=0.05 by Duncan’s multiple range test.

3 A9 tprEEsR ke FY2H Z dh) A
WAshe 93k 517] wlel] AEAAE F3E ooyt
frote] Fubd, =919 Xuijdwe] g7} rial Bk
vl th(Hested et al. 1993; Stamler et al. 1993). Ha et
al.2014)8] AEFE Aakza Ao E 2ar7]e) HA)
ESA A T 42.78%01 L BRI S
55.92%01%1t}. o] Az}l BwE W B AFoMs A U
I FAAZ 499 AE BT BEIHAAE dhefo] 7hzt
76.78+0.67%2} 76.15+£0.66%% WERN o] Ex3} Ak
Fo] 7)o vial 30% ©1 €53 =AU RS
ke GS5HEeS dAE dF FY2HE s18 a
ANt BE vl Ach(Hegsted et al. 1993). ¥ 7ol A]
Zeh shego] A el 79 23.53+0.15%, EAAZE U9
o] 7§ 51.7120.13%% YeRo] U ¢S 554
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<Figure 1> Appearances of functional Dasik prepared with mixture of freeze dried mealworm (Tenebrio molitor) powder and dried pollack pow-
der. Control: Functional Dasik prepared without freeze dried mealworm powder, DPMD25: Functional Dasik prepared with freeze
dried mealworm powder 25 g, DPMD50: Functional Dasik prepared with freeze dried mealworm powder 50 g, DPMD75: Functional
Dasik prepared with freeze dried mealworm powder 75 g, DPMD100: Functional Dasik prepared with freeze dried mealworm pow-

der 10
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Fzro] EEF  control > DPMD25 >DPMD50 > DPMD75 >

DPMD100¢] <=2 2 VeGSO
o1 Aol7} Yebatekp-0.09), 2

3 4 2

o'l‘" 7}'X]' ‘Li‘f_)_ %}1\'

ZZ—] SR

(<t J—T"T

< JeRd txo] 7P v kel DPMDI00e] HlE] 33.7

), A3l A9 66.000, AL S 634102 w
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oo
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g
rfo

FH7HE STt et 2 ko] Yol A Hioy
DPMD25 (0.43+0.02)004 714 =9ro1} thzzabs fol4
2ol & Ve A= 29T}, € (springiness) 0.67-0.78
o] o= foJst o7t gl A= veht A Y
o B ST ool 2208 Attele S HIXIA|
53k A0 2 Ho] ok AL th] AR Al AR 98

o R, YA A7), AAtele] Aol AT T
o] Bitx o= g3l Yehhe &4 ddoltt. 547
Uy Be] w2 2AW T w3 werslkE g
Auk A A AFE v)Fo] IS o 2y BdS o)g
sto] Fol oS AxT A5 Y S A ke 59
o] BE3HA Hol YAE & FayAs e RS B
o] Ao FETh Kim(2012)8] A7l ¢Jaha thy] A=z
Al ARgshe A7 RS 5T A T BEAEEY
FEAgEo] AetdA At SRt Bargk vl e
g B Ao A3 FAAR WY Bue SEgle] v
o} At A= Hel Zow AR

TAAZ U9 Eus Bo] e E3si Ax3 71F
= <Table 6>-14— 7t} 28 (color)y
50 g—— A7V DPMDSOOM 5.70+
0460 71 =& 7|35 YERUAL, DPMD75= 5.53+
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<Table 5> Mechanical properties of functional Dasik prepared with mixture of freeze dried mealworm powder and dried pollack powder

Hardness Springiness Chewiness Gumminess Cohesiveness
Control"” 5108.77+35.04%7 0.77+0.05N9 1605.28+140.66" 2087.80+£64.45° 0.4140.02°
DPMD25? 3054.57+112.94° 0.77+0.04 1018.67+61.01° 1320.284+26.61° 0.43+0.01
DPMD50° 1942.90+61.97° 0.78+0.03 533.38+36.57° 681.20£56.97¢ 0.35+0.02°
DPMD75% 586.60+4.40¢ 0.67+0.05 76.55+14.08¢ 114.03+17.314 0.20+0.03°
DPMD100” 151.4342.74¢ 0.73+0.03 243143.68° 32.93+1.06° 0.22+0.01°

DControl: Functional Dasik prepared without freeze dried mealworm powder, ?DPMD25: Functional Dasik prepared with freeze dried
mealworm powder 25 g, ¥DPMD50: Functional Dasik prepared with freeze dried mealworm powder 50 g, “DPMD?75: Functional Dasik
prepared with freeze dried mealworm powder 75 g, YDPMD100: Functional Dasik prepared with freeze dried mealworm powder 100 g,
9MeantSD (n=3), ”Values with different superscripts within the column are significantly at «=0.05 by Duncan’s multiple range test, ON.S.: Not

significant.
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<Table 6> Sensory evaluation of functional Dasik prepared with mixture of freeze dried mealworm powder and dried pollack powder

Color Flavor Taste Texture Overall quality
Control" 5.1340.320%7 4.83+0.41° 530+1.11% 5.23+1.44* 5.63+1.09®
DPMD25? 5.40+0.28% 5.40+0.24° 5.68+1.48° 5.60+1.45° 5.65+1.19%®
DPMD50° 5.70+0.46" 5.38+0.50° 6.18+0.54* 5.55+0.77* 6.05+0.85"
DPMD75% 5.53+0.46* 5.25+0.48" 5.77+0.80% 5.1040.74% 5.60+1.49%
DPMD100” 5.254+0.35% 4.83+0.25% 4.88+1.47° 4.53+1.53" 4.45%1.49°

"Control: Functional Dasik prepared without freeze dried mealworm powder, ?DPMD25: Functional Dasik prepared with freeze dried
mealworm powder 25 g, YDPMDS50: Functional Dasik prepared with freeze dried mealworm powder 50 g, “DPMD75: Functional Dasik
prepared with freeze dried mealworm powder 75 g, YDPMDI100: Functional Dasik prepared with freeze dried mealworm powder 100 g,
9Mean+SD (n=3), ?Values with different superscripts within the column are significantly at ¢=0.05 by Duncan’s multiple range test.
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