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Characteristics of Tenebrio molitor larvae and Bombyx mori pupae
sequentially fermented with Aspergillus oryzae and Bacillus subtilis

Sanghun Kang' and Chang-Ho Chung"*

'Department of Culinary Science and Foodservice Management, Sejong University

Abstract Defatted soybean, larvae of brown mealworm (Tenebrio molitor), and powdered pupae of silkworm (Bombyx
mori) were fermented in solid and liquid forms using Aspergillus oryzae and Bacillus subtilis. The protein degradation rate
(NDR) through solid fermentation was the highest in the fermented soybean control sample (54.69+6.54%), followed by
silkworm pupae (34.82+5.99%) and brown mealworm larvae (30.544+3.80%). When these edible insects were fermented in
liquid form, solid extraction yield was 37.73-46.88%, and protein yield was 47.47-63.02%. NDR of fermented liquid form
products increased to 58.90, 52.62, and 50.13% for soybean, brown mealworm larvae, and silkworm pupae, respectively.
SDS-PAGE of the liquid fermented products confirmed that microbial fermentation decomposed higher-molecular-weight
proteins into small polypeptides. In vitro digestibility of liquid forms of edible insects increased by 1.26 to 1.53 times after
fermentation. The protein solubility, foaming ability, and foam stability of liquid-fermented edible insects all tended to

increase through fermentation.
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Heat treatmen - Centrifugation 7 . Fermentation [ A ol Formentation
Inoculation Inoculation

90 C z2hr 8000rom, 20min, 37C 48hr 37C 48hr

gefstted edible Centrifuged Fermented insect

insect powder: pellet100g solid-

100g

A oryzze 0.5g
distilled water:600g

B. subtilis: 1mL
(abs.:0.3 at 660nm)

(B) Supenatant kept in -55C,
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Inoculation Inoculation
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defatted edible Centrifuged Fermented insect

insect powder: pellet 100g solid

1009 A. oryzae: 0.5g 8. subtilis: 1mL

distilled water:600g

(8bs..0.3 at 660nm)

Fig. 1. Procedures for fermented edible insect products. (A) Solid fermentation (fsS, fsT, fsP) (B) Fermented liquid extraction (efS, efT, efP)
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ol o ® AMEE A £ulE 40 mM NaH,PO, (pH 7.8), B&m
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Table 1. Proximate analysis of samples

o] ZAEA 97

Sample Moisture (%) Crude protein (%) Crude lipid (%) Crude ash (%) Carbohydrate (%)
pT" 4.15+£0.06 64.84+0.52 11.52+2.63 4.47+0.08 15.02
rawP? 5.24+0.04 60.10+0.32 27.64+0.28 4.36+0.01 2.66
S 9.74+0.24*3% 48.92+0.40° 0.97+0.19° 6.68+£0.39* 33.70
T 4.81+2.85° 73.11+1.99 1.82+0.68% 4.84+0.89° 15.42
P 6.70+2.78% 66.15+2.35° 2.00+0.63* 7.02+0.56" 18.14
F-value 4.665* 193.144%*x* 4.074* 12.999**

UpT: pre-defatted Tenebrio molitor larvae by piston pressing

JrawP: raw silkworm pupa, S: commercial de-fatted soybean, T: de-fatted Tenebrio molitor larvae by n-hexane, P: de-fatted silkworm pupa by n-

hexane
ImeantSD. *p<0.05, **¥p<0.01, ***p<0.001

Ya-c Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test

Table 2. Moisture, pH, titratable acidity of fermented solid of soybean, Tenebrio molitor L. and silkworm pupa

Sample Moisture (%) pH Titratable acidity (%)
fsS" 65.63+3.50** 7.40+£0.24° 0.82+0.10*
fsT 51.48+4.91° 7.60+0.28* 0.77+0.19%®
fsP 67.51+4.45* 7.52+0.21* 0.67+0.15°
F-value 67.707*** 2.415*% 3.864*

fsS: Fermented solid of commercial de-fatted soybean with Aspergillus oryzae and Bacillus subtilis
fsT: Fermented solid of de-fatted Tenebrio molitor L. with Aspergillus oryzae and Bacillus subtilis
fsP: Fermented solid of de-fatted silkworm pupa with Aspergillus oryzae and Bacillus subtilis

ImeantSD. *p<0.05, **p<0.01, ***p<0.001

9a-c means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test

Table 3. Total nitrogen, amino nitrogen and NDR of fermented solid of soybean, Tenebrio molitor L. and silkworm pupa

Sample Total nitrogen (%) Amino nitrogen (%) Degree of protein hydrolysis (%)
fsS" 3.7240.49°>% 2.01£0.13° 54.69+6.54
fsT 6.97+0.64" 2.11£0.12° 30.54+3.80°
fsP 4.64+0.63" 1.59+0.14° 34.82+5.99°

F-value 120.685%** 75.305%** 76.803***

fsS: Fermented solid of commercial de-fatted soybean with Aspergillus oryzae and Bacillus subtilis
fsT: Fermented solid of de-fatted Tenebrio molitor L. with Aspergillus oryzae and Bacillus subtilis
fsP: Fermented solid of de-fatted silkworm pupa with Aspergillus oryzae and Bacillus subtilis

ImeantSD. *p<0.05, **p<0.01, ***p<0.001

9a-c means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test
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Vet ™, Fg Al7ke] AU 7.4-
2 Uehgth g F4e gl EajE 2 dryolA
AL3RHES] e S7IE olojH pHY F7l= ¢
Ao ZPark &, 1989) IHHACH HFA Az EAYF
(0.8240.10), ZHA A 2]-5-3(0.77+0.19), FollHE]71(0.67£0.15) <=

Ir K

o7 g Z7|Eth 34w F7H 2o R UERTE Zhao(2017)
o] Ao wem WF FelE 4847 2EE T pHE 7.24,
QLN EE 1.08%, AMAAY F52 pHE 716, 848 A=e
1.56%, HH|7]e] pHE 6.58, 44 A= 2.64% =R YER}
pHE Y523t AdS Holu A4 4tmes 2 AolA ¢ v
Ao @ Uelth ol #E AIZF 2 ZAWS W2 A oryzae
7128 B B subtilis®] o AAFE gRUolhg olHlF A
oa] HA T zlolo] WE A(Cho 5, 2016)C-2 FAeHal )
% A4 EK(Table 3y ZMAAE 5 LEE| 7P &8
©1(6.97+0.64%), FlHH 71(4.64+0.63%), BRI TNF(3.72£0.49%)
TOZ AR 7 994 Zol7k AN LM (p<0.001) AH 7Ee =2
AR Al 2E ARG HEE o] vld Fheo] AjAeR F
7¥elgith ofnle A e fEotvxr] FEHER EAle B4 W
ALE @y, opu|=r|(NH2) TS 7K 8§58 F3S
A EY FANFFEOCR o] ETHCho &, 2014). L&
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Table 4. Crude protein, amino nitrogen and degree of protein hydrolysis of extract powder of fermented soybean, Tenebrio molitor,

Bombyx mori pupae

Sample Crude protein (%) Amino nitrogen (%) Degree of proten hydrolysis (%)
efS" 69.67+2.359 6.60+0.32° 58.90+1.70°
ef T 86.06+2.30° 7.24+0.47° 52.62+4.26°
efP 82.48+3.75° 6.69+£0.47° 50.13+5.15°

F-value 117.718%** 10.014%** 16.059%**

efS: extract of fermented soybean; efT: extract of fermented Tenebrio molitor L.; efP: extract of fermented Bombyx mori pupae

Imean+SD. *p<0.05, **p<0.01, ***p<0.001, NS: no significant

Ya-¢c means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test

Are uPE & FE W3l 2 499 AREE AH-ETHCho
5, 2014). ol =4 ke GX|thE W Eo] 2.01+0.13%, 2
AWAAE] F-50] 2.11£0.12%, FAHE717F 1.59+0.14%2 7214
o2 Fol7t AATGE<0.001). 2FLEE T3 A 7R
£8 UIF HFE] 54.69+6.54%2 7PF =kon o7 )
34.824+5.99%, AR E] 52 30.54+3.80%= YERNSITE Choi
(2018)°] AToA= P& @i E3|ai?l flavourzyme 2
alcalase®] &3 A& T3 48259 7IEAES A3
=, 7Rl s 2% A3 AR a9 A A7
A7 Al 58%, FOlHE 719 739 3A1ZF A Al 68%= KIS
ATh Lee2017)2] A-FolM = ZAAAZ F5°l alcalase 2
flavourzyme 249 &3 A2] Al 8AIZF A Al 34.27%S] 7H¢
=S Yepdoy Rusided ol Z2AARAD % o
AL 96AZHe] mAEREE T3 e 2 APy fASIH
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86.06%% ZA AT FE(efT), T (efS), FolH 7] (efP)
2 =A Jehom (p<0.001), @2 JleRee 24 A
F(efS), ZAAANYFE(fT), FAR7(efP) o2
(p<0.001) FEIY T vAE 7] A §4E =
TH RS SUZ 4 AT XFE FE2FES Table
o] el 2 AR {2 (efT) Tl 7] (efP)e] ¥
FE&E F94 Aol7t gllod, FHaFEE ()] 4§
ERT F& 80 AtEoew A Ve th(p<0.001).
A FEAME 22 AEdES el dFo P E%eH,
7= 503244.46%, ZMAXE] 5 47.4743.03%=
Z T AEZE §94 Aele fldth(p<0.001). T
ol aaz Z2MAAZ 4F dude] RS ES Az
AT T Yu 5(017)2 ZAAAZ FFol alcalase,
flavourzyme, neutrase &4 7} 1% A 78l 24A17F &<t 7
T ¢ 4R JRRSEY 88 ST 2, alcalases
H7F Al 42.05%, nutrase 30.01%, flavourzyme 26.27% = R
SISt Lee(2017)9] A-tel ¢J8td 7148 tiH] 1%°] alcalase &
A A7k 749 IAZHRE 8A1ZE B9t 37.72-53.00% HHE b
SO, alcalasex]Zlo] 7P =42 ™ alcalase®} flavourzyme
o] B3AE)E, flavourzymer O E F80] EUthy B3}

ot T
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Table 5. Yield of extract powder of fermented soybean, Tenebrio
molitor L. and Bombyx mori pupae

Sample Yield (%) Protein yield (%)
efS" 46.88+1.912) 63.02+5.11°
efT 37.87+£2.24° 47.47+3.03°
efP 37.76+4.14° 50.32+4.46"

F-value 19.833%** 27.036%**

VefS: extract of fermented soybean; efT: extract of fermented Tenebrio
molitor L.; efP: extract of fermented Bombyx mori pupae
ImeantSD. *p<0.05, **p<0.01, ***p<0.001, NS: no significant
Ja-b means in a column by different superscripts are significantly
different at 5% significance level by Duncan’s multiple range test

ATt AlcalaseE ©]-&3gt o] 7] @i d 7Rl EY] A9,
30A17F A7l Al F=80] 59.63% ©lg} 3 THSon, 2007). H]=
Ak Z2] whHol zfolzt U7l sh A82F TS A
AE LE2 Falst & A7 gEe] dF DR SihAz
+EZ AR 24 YERA

weloto| =it

A gFEE] fEjotnmate] TR AR ER-5(10,251
mg/100 g), HE71(8,531 mg/100 g), BRI TH5(8,058 mg/100 g) L&
E o2 Yeht 282% vl g a2 Eo| gl (i)l
vl 1.06-1279] =2 Ao® Yesith(Table 6). Bgrobn]|mite]
FTHAME FEAENA] ZAARA S} HE7|o o =2 5
A& BHo AT Xl vls)] FFgH R 5
TS AT 7 AAJTh FElopr Ak Aol 8 AR=E
dE A Ao aspartate?} glutamater= 7+2 9k serine, glycine,
threonine, alanine, proline> T3}, isoleucine, phenylalanine,
lysine, leucine, arginine, histidine, tyrosine <uto]] #Hdsl= A
o2 2] rkNishimura®t Kato, 1988). THd g0
8 otu =2t AR F exd T WHdr] dEEdde
glutamate”} ZH2} 20.04, 11.97%Z 7} =kom, Za4AA 2] &
% LEEE prolineo] 2349%F 7PE =& Aog Ut
AAARAE FF2] 79, alcalase B flavourzymes ©]83A] ©
W 7R ES AZE Lee2] 7-(2017)1X % proline &
o] 7 ESiths Byt dAs= A4S JEplth wld vt
T &) TR wE sEs] £ OE  JerR
A ofmiAke) olu|ie At wijEe] ThE JElo| =] A S B3
2 ofnlAt TR TPl TS F= o2 At
(Kristinsson®} Rasco, 2000).
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Table 6. Free amino acids composition of extract powder of
fermented soybean, Tenebrio molitor L. and Bombyx mori pupae
protein (unit: mg/100g dry sample)

Amino acid efS" ef T efP
Aspartate 782.02 507.57 649.77
Glutamate 1614.60 1043.29 1021.57
Serine 214.01 377.37 48591
Histidine* 0.00 128.11 355.51
Glycine 313.57 372.70 383.48
Threonine* 426.85 515.59 237.63
Arginine 172.39 392.39 502.85
Alanine 501.19 828.90 463.41
Tyrosine 405.79 506.05 610.82
Valine* 428.33 909.39 922.71
Methionine* 205.94 226.83 343.03
Phenylalanine* 383.72 292.84 378.92
Isoleucine* 368.26 447.20 398.27
Leucine* 634.04 670.48 522.69
Lysine* 563.94 624.45 683.52
Proline 1043.37 2407.85 570.90

Sum of essential 3011.08 3814.89 3842.28
Total 8058.00 10251.00 8531.00

DefS: extract of fermented soybean; efT: extract of fermented Tenebrio
molitor larvae; efP: extract of fermented Bombyx mori pupae; *:
essential amino acid
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3 Bezuglov, 2012). 2825 9 T APEEES] in vino &
W AskgS 7F AlFe] EXYEe} Blwsle] Fig 390 UER
Atk E2S B OF ZXUE] A& 59.60+0.50-76.03+
0.96%= WH 717l 717 =skom ZaAAD fF, UF ¢
fredoz EA Uestthp<0.001). AL aFEES] A4
91.02+0.62-95.86+0.83%= 7} A|F5e] BX & W} Tl Aelg
°] 126-1.530 S7Fallt). ol daIY F vigEo] AAdske
protease°l] 9|3l 7HEEaEo] A o® ARAZ E&f(Fig 2)
o] A3kgo] ol Aoz AREW, Bacillust Ald-S ©)&
g HE7F AskES FAZIthe ATFE L (Reddy, 2018; Sarkar
3} Tamang, 1995)9 FAFE A4S A Yi 520162 <
Toll WEm Z2AAXNE /59 in viro BB Adlgo] EXE
o] A oF 54%, FEATHAL] AshES ofF 85%F UERS
©™, Longvah 5(2011)°] wWEH FAME712] in viro TA
252 87%eHL BESTh AF Tilde] GPrke oble
A Z3Wer olhujEl whld Aspjo Ry UMM tE FHe
2 82% wld AskgS 4 ATelx= Kinyuru 5(2010)
o <3P WE7](Ruspolia differens)?] 73-¢- THM A A318-0] 82-
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Fig. 2. SDS-PAGE of fermented soybean/insect. "M: Marker; S: Commercial de-fatted soybean; T: De-fatted Tenebrio molitor L.; P: De-
fatted Bombyx mori pupae; efS: extract of fermented soybean; efT: extract of fermented Tenebrio molitorlarvae; efP: extract of fermented

Bombyx mori pupae
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Fig. 3. Protein digestibility of de-fatted soybean/insect powder
and fermented extracts. S: soybean; T: Tenebrio molitor L.; P:
Bombyx mori pupae a-c, A-C means in a column by different
superscripts are significantly different at 5% significance level by
Duncan’s multiple range test
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B®E v} lth(Ramos-Elorduy 5, 1997). EA| 28259 oy
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3L 20ko] sz MEfol=e} 22 wigAlElA] Zek g9E Ut
& 4 UTHE B3 (Tavano, 2013; Villamil 5, 2017)7F %lo] o]
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Fig. 4. Protein solubility of de-fatted soybean/insect powder (A) and fermented extracts (B). 'S: commercial de-fatted soybean; T: de-fatted
Tenebrio molitor L.; P: de-fatted Bombyx mori pupae, efS: extract of fermented soybean; efT: extract of fermented Tenebrio molitor larvae; efP:

extract of fermented Bombyx mori pupae
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Fig. 5. Foaming stability of de-fatted soybean/insect powder (A) and fermented extracts (B). S: commercial de-fatted soybean; T: de-
fatted Tenebrio molitor L.; P: de-fatted Bombyx mori pupae, efS: extract of fermented soybean; efT: extract of fermented Tenebrio molitor

larvae; efP: extract of fermented Bombyx mori pupae

Table 7. Foam expansion capacity of de-fatted soybean/insect
powder and extract powder of fermented soybean/insect powder

Sample” Foam expansion capacity (%)
s? 36.67+5.77*%
T 17.78+5.09°
P 43.33+6.67°
F-value 15.256%*
efS 47.7442.07°
efT 38.90+£1.91°¢
efP 92.22+3.85%
F-value 323.188%**

DSamples were freeze-dried

2S: de-fatted soybean; T: de-fatted

Tenebrio molitor L.; P: de-fatted Bombyx mori pupae; efS: extract of
fermented soybean; efT: extract of fermented Tenebrio molitor L.; efP:
extract of fermented Bombyx mori pupa protein

Ya-c means in a column by different superscripts are significantly
different at 5% significance level by Duncan’s multiple range test

THAZIH, FEE R AR 27] jKSE SUMAA AERY
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