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ABSTRACT

The mealworm (Tenebrio molitor) is now considered to be an alternative source of
protein. An enzymatical digestion process may be necessary to increase the biological
absorption, distribution, and metabolism of Tenebrio molitor and to maximize its biological
functional activities. In this study, we acquired enzymatically hydrolyzed defatted Tenebrio
molitors using water extract (WE), pressure (P), and high pressure (HP) processes. The
nutritional content was significantly altered by applying pressure to the Tenebrio molitors.
The crude ash and carbohydrate content decreased, but moisture content increased with
the application of pressure. By increasing pressure, crude protein content increased,
however crude fat content decreased progressively. The free amino acid content gradually
decreased with increasing pressure. The total free amino acid content of the WE, P, and
HP was 332.00, 251.82, and 222.10 mg/mL, respectively. The hydrolyzed H or HP exhibited
higher antioxidative activities than WE. H showed the highest antioxidative activities
(i.e. total phenolic compounds and 2,2’ -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTYS) radical scavenging activities compared to WE or HP. Interestingly, HP displayed
the highest level of other antioxidative activities, such as superoxide dismutase (SOD)
and catalase enzyme activities. The variation in antioxidative activities by hydrolyzation
methods may be due to the molecular size of the hydrolyzed proteins. All the extractions
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were sized under 500 Dalton and 65.42% of the HP was sized in this range and 25.98%
of P was sized 500~1000 Dalton compared to WP or HP. Therefore, our logical
postulation is that the lower than 500 Dalton fraction may display SOD and/or catalase
enzymatic activities in HP and the 500~1000 Dalton fraction may enhance phenolic
components and ABTS radical scavenging activities in H.

Key words: Tenebrio molitor, hydrolyzate, physicochemical characteristics,
antioxidative activity, edible insects
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al. 2017). o|=gF e} 715& 7= 59 ¥
Faol= HEHIC, EYHE, 71548 9N ¥
ZgtH o]t So] g3t Xu et al. 2017; Yu
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1. A=

2 Ao ARG ZMAAE §5 AlEe
20219 4o FAHAIAT FREROIM A4t
e ACog molazgolE B dFow HF
H Aog SR 5% oI5kl A= Fdsto] A
&SIt} o]F 7+ Algo] tiste] BA] AdE 4
Alskeitt. Al=e] EAl= 4hdE &-71(DB-600,
Dongbang Machinery Co, DaeGu, Korea)&
185t e, 48 600 kgf/cm?e] 272 E 20
2 oW Aelslgnh 1 & 2od 7122 A
A olgste] B Axstgion £ A
%= AHY(HR-2172; Philips, Amsterdam,
Netherlands)2 ©]835F] 80 Mesh 9 Yx9
U2 AxsIel AzxE 2892 -20C 521
of A7Fste] Far Ao ARSI

chld 7R BEjaas Alcalase®,

[©)

Flavourzyme®, Protamax® (Novozymes,

Bagsveerd, Denmark)E ©]83F% .

ZFA = BAE AR RS 2 500 g
= Hdgo] Y1 Zgxggsto] 3717F Eo7HA &
E5 & U & 2ub FEEA(G5L HPP
plant, Uhde 055-60, thyssenkrupp, Duisburg,
Germany)E ©l-83t9] 500 Mpa2| 4202 587t
A2t

3. T2 HE
219 He) EE nHE 2AANE 95 £
e BF EFLo] Baste] 10%(w/ve] 7148
el

Moz Azaict. 714 te] T Fjse]
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A(alcalase, flavourzyme, protamax)s ZtZ+ 2]
19%(w/w)E+= 3%(w/w)7F HZ== d7Fste] 55T, i
100 rpm ©f4] 10A1ZtF B<%F 75l sHlal, 9 Aot #SedEe] e AA 5
0ColA 30&2t 7tgste] 845 E8431sH3 ZAM, 3R] gE W BlEE Sl
ot W & 7eESiES 4,000 xgollA 10
o} QAE g Flo] AFSHS Haldlo] AFSoHS 6. GPC(Gel permeation chromatography) &
Fzlow, dojzl J5HS Al No. 1 € 3 filter eSS AR R 7RSS B 20 A
paper(whatman, Maidstone, UK)Z o753t of 3 7tEe] @ ZAAAY 55 EUAIRS] T
He Haf HEZZol I GESES dqick. & A AVIEEE BASP] 95kl GPC(e2695,
WALEHES 4 A%s & -0Co] B@sE  Waters, MILFORD, MA, USA)E Attt
A F5 Ago) AREoFITt 7hra sl o EH"} GPC #42 52871zxd" 45
HE B(GFH)E AHESto] &algh = Table 1
4. THE JhEole £ o] Az wet estlon AR ol
7RG &4  Trichloroacetic acid o3t EFEL Polystyrened ©|-8319tt +&
(TCA) precipitation® Bradford assay= ©|-& A GPCE 22y EA=F 106, 430, 1,030, 1,400,
ST} 20% TCA 500 £L9} 714 E39l& 500 « 4,290, 6,690, 12,600, 20,6009 polystyrene
LE H3fl 4TolA 3027t BHAIX] & dA% < EEFOE o83 polystyrene BEFS
(2560 xg, 4T, 15min)ste] YL A= o] o o]-8-319] retention time®l WE log(molecular
24 5EE Bradford o & =43sto] TCA 7+ weight) 1325 19 §, o5 #&FIA07 &
.Q_Aé E]—HHJ‘(___] iEE .z_x-] o].c}g\r,]- = E]—HHJ‘(___] L =1 %3 c}a
2 BaE
AL Table 1. Analytical conditions of gel permeation
chromatography
2695 (Waters)
trahydrogel 120, 250, 500, 1000

Instrument
Column Ul
7.8mm x 300 mm

Water (0.1M NaNO3)/ACN (9/1)

Bradford assayE °]-&3sto] 71 E3E 10 pL
@} Bradford dye regent 200 xLE ¢35} 220

A 827 kg AIZ1 & 595 nmoA FFE=E &
Hoict. 715okE MRS ofzfe] Ajzt o] A
wstoct
Column size
Buffer (Eluet)
Degree of TCA soluble protein (mg/mL) Injection volume  50.00 xL
hydrolysis (%) / Total protein (mg/mlL)x 100 Flow rate 1 ml/min
Detector IR
5. UsaE SHEA
o o 7. Q2/0[cAt 24
VAR AT WSS L ERY A i
2231 A8 g 7} » =70
F R0 € AR 45 BEARY 2, A B 7RIS Ee s 1
= ¥ = Hoplas 7217
zoln, zOME 2 5 QYR Sge 7 T FTeol SR RS SERs 5
o 2 ya =z l’nL O 7 =7 /\]_% pe 2
P I A, DREAY, soxhler 233, 020 ¢ SFES Pt Ao 20
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b 220 A2g v ol F o7} 1 mLof
7% 5-sulfosalicylic acid 8% 1 mLE 7}laL
A7 B9 RISl TS AT o A
E42] (4,500 rpm, 10233t ASHS A
HAHZ 543t TS membrane filter(0.45 um)
E ojijgt & op|iAl AAEEA7|E EASHGIH:
oAl A7 = Sykam GmbHAF (Gewerbering,
Fresing, Germany)2| S7130 amino acid reagent
organizer, 5200 sample injector®} S2100 solvent
delivery system2 AMR3IH9OH, columne cation
separation column LCA KO6/NA (4.6 x 250 mm)
= ARESISith ool §42 0.45 ml/min,
ninhydrine 0.4 mlL/min®& 3}t

8. Total polyphenol(Folin-Ciocalteau Micro
Method)

% fis9lFe] 2792 Folin-Denis#(Ainsworth

et al. 2007y ¥igoto] Aot 96 well plate

o] A]=2} Folin-Ciocalteu's phenol A2k 217

S 2014 32 S HEAIR

of

sodium carbonate %S €11 20& &
ARl FH, 9888 760 nmollA SFEE
sitt & Hs T2 AR 1 ml o sidst=
gallic acid®] 8 (ug) 2 & HAISITH

o)
A rE R
e

i

9. Trolox Equivalent Antioxidant Capacity (ABTS)

ABTS assay 52 Re et al.(1999)9] HI'¥-S
HPste] Astgch. ABTS €92 7.4 mM
ABTS®} 2.45 mM K;S;0s& EHot= ABTS &
Hof| A=mE EFsto] A2oA 61 ¥REAX
T, 734 nmolA BEE St Hks
o

EEEFY TroloxE ARSSIFAL. ST EEF

(OD blankl ODblankS)_ (OD sample ODblankQ)

YO M ZMANE] RE 7= oi=E2l Ol2ler d& H gt 2y Hlul 603

=

< o|gsto] EEJAE A5k, ABTS oz
AAZAHL mM Trolox equavalent /uL& WEk
el

10. Superoxide dismutase(SOD) &M =X

SOD &4 sample H9] SOD &4 water
soluble tetrazolium salt (WST)S o]&3}o] =
Aotd o =48 kit(DG-SOD400, Dogenbio,
Seoul, Korea)g °©]-&35}9tt.

Dilution Solution®l] 34" AZ 20 L2+
WST Solution 200 gL, Xanthine oxidase 20
ple B2 SPAZ vH=0] 37ToNA 30= B%F
HR-S-A1Z1 &, microplate reader(Infinite M
Nano, TECAN, Ménnedorf, Swiss)E ©]-&5}od
450 nmoIA FF=E A SOD 42
AES YA &2 BNK1# Xanthine oxidase
P2 942 BNK3S 217} Aliksto] 7F Alikgks ¥
2 e #o R B4 S5t AL of
et A

19

11. Catalase &4 =3

Catalase /2 H0,9] 718l =5 5745t
catalase &42 kit(DG-CAT400, Dogenbio,
Korea)e ©l83l3itt. 249 A|RE catalase
assay buffer®2 3l4Jslo] YHEF 3 & JSHS
A= o]-galtt. Catalase /32 7129 wello]l
A& 25 pl}F 40 uM H,Op 25 pLE ¥AL 25T
A 308 59t ujdFst & working solutiong 37}
slo] 243519tk 10 mM Oxi-Probe (MW=257)
50 pL, HRP (Horseradish peroxidase) solution
20 pLE 7185 ml 9] working soluiong A|Z5t
T g &HZ 50 pLE Ear Yol 2pE 37T

SOD activity (Inhibitionrate%) =

*x 100
(OD blankl ODblank3)
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A 308 591 viYSIAL microplate reader(Infinite & A F 7eRAIsHHP) 2 AAE 529 o
M Nano, TECAN, Minnedorf, Swiss)& ©]-&5}d WP E-L2 Table2 o 2t} G4 FE3E ZAAA
560 nmeiK KO, #5oll TE FH=E S7JsI3ith g {39 R 2 R 2.38%, R3E
12.88%, WA 56.53%, XA 7.28%, T

12. SAXzE 3= 20.93%=2 UERGL, 7S & gAAY
Ag Aol EAAEE SPSS program 3 ZAART 9% sNeREE] AN dlek

(statistical package for social sciences; ver. o 28 3 97% ZIJ|E 7.19%, ZHA 67.03%,
25, IBM Corporation, New York, NY, USA) ZAM} 4.72%, B451E 17.78%% UERSTH 1
< o]-&sto] BAIN K AR 33] XY 21 2319 AF T 54X 3 pREGE)
Pom Hit + EFEWAHmean + SD)E HERH AU E SFS 8 2.99%, 3| 9.97%,
Aot 7t o ] Batgrel oiet wel S AlEe o 68.74%, AT 0.28%, ©EHE 18.01%

Z(p€0.05)°14 one-way ANOVA testS AA| FPAA A E] 9=0] Ty}
ShaL foJet AlolE ST F AREA O 2 Tukey's FEEC] et IRHE At jleER S8

u
)
i
aw
o
rir
N
Mg
m\l

multiple range testE AR&5l0] AS3IST) 3t Auxas €@ Aoz wohE)
m A7 9 3% 2. CHHE JIRE50E 2 GPC(Gel permeation
chromatography) 24

. AHE 24 QA=
27T

1 F2, 7IUSSs T 54AY, 23U Ay
EFFE(WE), 715 & 7IE8i(P), 23

4AE) o AR F3) BN e

o
fol

Table 2. Proximate composition of 7enebrio molitor larvae extract with various extraction methods
(Dry Matter Basis, %)

Composition Water Extract (WE)  Pressure and hydrolysis (P) High pressure and hydrolysis (HP)
Moisture 2.38 + 0.22°) 3.27 £ 0.25° 3.00 £ 0.41°
Crude ash 12.88 + 0.14* 7.19 + 0.05° 9.97 + 0.05°
Crude protein 56.53 + 0.49° 67.04 = 0.00° 68.74 + 0.00°
Crude fat 7.28 + 0.34° 4.72 £ 0.05° 0.28 + 0.07°
Carbohydrate 20.93 + 0.83° 17.78 + 0.30° 18.01 + 0.31°

All values are expressed as the mean £ SD of triplicate determinations.
YValues with different superscript letters in a column are significantly different (P<0.05).

Table 3. Hydrolysis ratio of 7enebrio molitor larvae extracts with various extraction methods

WEI) PZ) HP3)
Pressure (MPa) Ambient 2 400
Time (h) 8 10 10
Degree of hydrolysis (%) 8.5 31.0 279

DWE: Tenebrio molitor larvae extract by water extraction. ?P: Zenebrio molitor larvae extract by pressure and hydrolysis process.
YHP: Zenebrio molitor larvae extract by high—pressure and hydrolysis process.
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a) GPC chromatogram of Tenebrio molitor larvae water
extract (WE), b) GPC chromatogram of 7enebrio molitor|
larvae hydrolysate by pressure and hydrolysis process (P),
¢) GPC chromatogram of Tenebrio molitor larvae
hydrolysate by high—pressure process and hydrolysis (HP).

JI2H20| Of315N A U HtEL &Y
Bt 71454 2704 20 A2t oiH] 7
BSwrt 3.1% =2 ACE Yeyth GPCEA
o] &35t EA5F EX = Fig. 1 ¥ Table 4 ¢
GPC ZollA Yehd AXYH 45229
A B sl 7heEs) A2t £ d
gAsHA zto|7F YeH o™, Table 49| ATt
Yo] 7hEofie HE o Bt HEE 9l
ot éﬂr 10,000 Da o9l 1EA} & 5z
EEIA 12.52% = UEoH 7IRSs & 7t
FENES 20 A § 7eEeEolA 24zt
3.08%, 1.21%= Ueht 7h=Eofol o] A=A
st E< Q‘ﬂﬂfﬁt}. T3t 5,000~10,000 Da
Ato] 9] SIRHE- 7HEES] FollA] S| FofiE]
o] =kt U]UJQ_E'E 7=t 7R o
A 714ES 2AY 20 279 AL 21
ZZ10014 500 Da oJot2] A1EAL 313HE0] 65.42%
2 7I9FES FARSITO] 44.36% Xt oF 1.58)
371 202 Yeyith olg &l éﬂ%* A=
7heReiA] ZheReiee] 9 F= A Bt
EjEo] AEARReL Bdo] Qg & J H

s g °

%8R orlo Lo mo Ar
m\l

OIA

Table 4. Molecular size distribution of 7enebric
molitor larvae extracts with various
extraction methods

Peptide size Area (%)
(Mn, Daltons) WEV p? Hp?
>10,000 12.52 3.08 1.21
5,000~10,000 24.44 - -
1,000 ~5,000 5.68 26.6 33.37
500 ~1,000 17.6 25.98 -
<500 39.75 44.36 65.42
Total 100 100 100

GPC: Gel permeation chromatography

Fig. 1. Representative GPC chromatogram of 7enebrio
molitor larvae extracts with various extraction
methods.

UWE: Tenebrio molitor larvae extract by water extraction.
2P: Tenebrio molitor larvae extract by pressure and
hydrolysis process. YHP: Tenebrio molitor larvae extract
by high—pressure and hydrolysis process.
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F2/0t0] =t 24
FE MATE T Aiﬂ 279t Az
"4AE g ZAAXNE {59 felotu|ieAle
A AT Table 59 Zth 88 ofuliAl & 312
G432 7104] 332.00 mg/mlL 714ES 5 7
BafolA 251.82 mg/mL, Z1YAE] & 715
H oA 222.10 mg/mLZE YEFT} ZA| ofa]
% 7P =2 TS UEd AL proline 2
oA 113.32 mg/mL, 71455 &
7VrEsftol A 66.01 mg/mlL, ZIUA| oA
50.65 mg/mLE SIS 7I-EhE S3f
ojH oz ggo] F7IRt ohvlietl2 tryptophane,
ol folHog 743t oty

3.
[ox By
2T 1

i

E Hm B

L

¥ flo

JE

Hm

OE:]x

fu

isoleucine, leucine

LARS glutamic acid 9} arginine 22 ERIES]
oh 23} Ao oJs fejH o Fhgo] HaRjt
op| 1Ak lysine, arginine ¥ serineS =
=it} o]} 7L ATE Ed /lBHE s
A 5 ol ZeRsiEe] fejot|iAl ¢
FElo] Wg} oh= AS gl T 4= qlglon a1
& Ao o8l ofn|icAl Sfo] Wk A& &l
shoich

=

4. = polyphenol &2 &4
AAAAD 5 EAREe
z279) w2t 2+ Al=9] F polyphenol ¥ 57
AI= Table 63 2t} 71dzxA 9 7RpES| o]
OE AR & s B

35 U rlepe

polyphenol =&

Table. 5 Free amino acid contents in 7enebrio molitor larvae extracts with various extraction methods

(mg/mL)
Amino acid WEY p? HP?Y
Threonine 3.64 + 0.12° 514 + 0.22° 567 + 0.24°
Valine 21.12 + 3.25° 1141 + 1.24° 14.02 + 2.12°
. Methionine 1.5 + 0.05 N.D. 1.48 + 0.03
Essential Tryptophane 11.68 + 0.45° 246 + 1.21° 18.69 + 1.22°
amino acid ) )
(EEA) Phenylalanine 486 £ 0.01° 8.92 + 0.21° 6.11 + 0.07°
Isoleucine 1042 + 0.49° 13.01 + 0.87° 17.8 + 0.74°
Leucine 7.26 + 0.04° 142 + 0.15 2677 + 0.27°
Lysine 123 + 1.23° 7.13 + 0.59° 15.98 + 1.35°
Sum of EEA 7278 84.41 106.52
Glutamic acid 20.58 + 0.14° 9.26 + 1.24° 445 + 1.05°
Asparagine 1.55 + 0.04 2.02 + 0.34° 0.51 + 0.15¢
Serine 461 + 0.02° 11.18 + 0.05° 3.16 + 0.11°
Non- Histidine 22.93 + 0.45° 1523 + 1.63 17.59 + 2.31°
essential Glycine 534 + 0.03° 6.61 + 0.36° 345 + 0.41°
amino acid Aspartic acid 251 + 0.12° 2.99 + 0.03° 1.06 + 0.09°
(NEAA) Arginine 345 + 047 17.08 + 0.34° 136 + 0.22°
Alanine 2336 + 1.24° 13.07 + 0.06 148 + 321"
Tyrosine 30.52 + 2.35° 23.96 + 0.39" 18.55 + 1.37°
Proline 113.32 + 3.76° 66.01 + 1.94° 50.65 + 2.13¢
Sum of NEAA 259.22 167.41 115.58
Total 332.00 251.82 222.10

UWE: Tenebrio molitor larvae extract by water extraction, 2Pt Tenebrio molitor larvae extract by pressure and

hydrolysis process. YHP: Tenebrio molitor larvae extract by high—pressure and hydrolysis process. Values with different

superscript letters in a row are significantly different (P<0.05).
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Table.6 Total phenolic compounds of 7enebrio molitor extracts with various extraction methods

Total polyphenolic compounds (#g GAEY/ml)

Water Extract (WE)
Pressure and hydrolysis (P)
High pressure and hydrolysis (HP)

759.87 + 19.59%?
1742.08 + 42.32°
1027.54 + 13.56"

YGAE: gallic acid equivalent. All values are expressed as the mean + SD of triplicate determinations. ?Values with

different superscript letters in a row are significantly different (P<0.001) by Duncan’s multiple range test.
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6. Catalase &4 24

AA Hioll A Astd AEH AR Qlsto] FAJH
it aF(reactive oxygen species, ROS)=
AAst7] A ®REQ Faret mael
SOD(superoxide dismutase), CAT(catalase),
GPx(glutathione peroxidase) S©°| Ut}
Catalase= Dj|#Z 9l il a4 AZE5H= T
RO 5, A= EAshH, ditAog 714

EAYANA A== SHEE H,0.4 ROS
9] &l Z-gof Tolol= ZoE IHA Utk
(Iwase et al. 2013).

SOD®} CATE A& 452808 ROSE AA
aH=d] SOD7F WA ROSE H,0,2 AA7|1
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CATAl ofsf = Ata= —Er%H*lﬂEKPagha &
Valentine 1967). ZAAA Y {5 7IEdi=2
catalase E/d2 Fig. 204 HE= vle} Zo] 211
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a) ABTS radical scavenging activity (TEAC: Trolox equivalent antioxidant capacity, mM TE/g) b) Catalase activity, ¢) SOD
activity. Values with different superscript letters on the bar are significantly different (P<0.05) by Duncan’s multiple range

test. WE =

Tenebrio molitor larvae extract by water extraction, P= Tenebrio molitor larvae extract by pressure and

hydrolysis process, HP=' Tenebrio molitor larvae extract by high—pressure and hydrolysis process.SOD: superoxide dismutase

Fig.2. Antioxidative activities of 7enebrio molitor larvae extracts by different extraction methods.
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