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Study of characteristics of Tenebrio molitor fermented liquids using
Aspergillus oryzae as a flavoring material
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Abstract This study was performed to develop a liquid flavoring material from Tenebrio molitor larva by using
Aspergillus oryzae. T. molitor with 1% A. oryzae for 48 hours yielded the highest protease activity. Different salt
concentrations and rice flour addition affected the fermentation characteristics for 90 days. LN (low salt, rice flour non-
addition) yielded high protease activity, and total nitrogen and amino-type nitrogen contents. LN showed Glu accounting
to 15.16% of the free amino acids and yielded high scores of sweet and savory taste, and overall acceptance after 90 days.
Rice flour addition group showed high content of total and reducing sugars with high amylase activity, however, low salt
concentration had more effect on sensory acceptance than rice flour addition had (p<0.05). All samples had total acidity
<1% and LN (90) showed the highest browning index and aroma intensity, as noted from maillard reaction, as well as

good sensory acceptance.
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Table 1. Mixing condition for Tenebrio molitor fermented liquids

. Types
Ingredient

HAY HN? LAY LNY
T. molitor koji (g) 24 24 24 24
T. molitor hot-air dried flour (g) 24 48 24 48
Rice flour (g) 24 - 24 -
Salt (g) 129.6 1296 648 64.8
Water (mL) 504 504 504 504

YHA: High salt concentration and rice flour addition
JHN: High salt concentration and rice flour non-addition
JLA: Low salt concentration and rice flour addition
YLN: Low salt concentration and rice flour non-addition
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Fig. 1. Protease activity of Tenebrio molitor Koji. Values of
different superscript letters are significantly different (p<0.05).
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Table 2. Salinity, pH and Total acidity of Tenebrio molitor fermented liquids

Type Storage time (days)
0 30 60 90
HA 20.95+0.15% 18.59+0.38" 19.68+0.24" 19.97+0.35"
- HN 20.85+0.54 19.70+0.13" 20.58+0.18% 20.61£0.11%
Salinity (%) LA 11.30+0.30° 11.2740.28° 11.5340.28° 11.670.11€

LN 11.210.26>® 11.04+0.15% 11.38+0.27"¢ 11.770.12:

HA 5.1240.01%® 5.110.02® 4.89+0.01% 4.78+0.01C

HN 5.1540.01%® 5.03+0.06°¢ 4.79+0.01P 476001

pH LA 5.14+0.01%® 5.16£0.01%® 5.070.11°8 4.98+0.01®

LN 5.2140.01% 5.5540.01 5.3140.01% 5.49:60,02°
HA 0.22:£0.004%" 0.36£0.005° 0.41£0.008"” 0.47+0.050°
Totalacidity (% HN 0.24£0.004% 0.50£0.003" 0.59£0.017° 0.66+0.027
LA 0.25+0.002°" 0.46:£0.047 0.520.037°C 0.59+0.013
LN 0.30+£0.008% 0.53+0.005¢ 0.57+0.031° 0.69£0.012%

"Values are means+SD (#=3). Values of different superscript letters in each row (a-d) and each column (A-D) are significantly different (p<0.05).

PHA: High salt concentration and rice flour addition
HN: High salt concentration and rice flour non-addition
LA: Low salt concentration and rice flour addition

LN: Low salt concentration and rice flour non-addition
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Table 3. Changes in Hunter's color value and Browning index of Tenebrio molitor fermented liquids

Tvoe® Storage time (days)
C
P 0 30 60 90
HA 76.18+0.54") 60.81£0.19® 61.87+0.61" 59.14+0.09°®
N HN 70.05+0.75° 56.9240.28° 57.79+0.32® 60.75+0.17°
LA 71.49+0.12°® 61.02:£0.25"™ 57.16+0.16 57434021
LN 46.64+0.11%° 62.070.10% 52.02:£0.30° 54204039
HA 4.77+0.03% 12.76:0.04° 12.89+0.12°° 12.62+0.02°
HN 7.82+0.05 15.80-£0.08" 16.10£0.08° 15.79+0.02"
a LA 6.89::0.03 13.8340.07" 13.55+0.05°€ 15.60+0.07
LN 12.39+0.03 183305 22.55+0.13% 20.91:£0.14%
HA 33.85+0.24° 33.11£0.10° 33.26+0.33" 32.36+0.53
. HN 35.03£0.36" 32.99+0.16% 33.65+0.18 35.4040.13
LA 34.20+0.07" 34.24+0.15® 32.24+0.09° 33.46+0.13"
LN 26.71£0.06° 37.06+0.06* 32.68+0.18C 33.56:£0.24"
HA 0.56+0.014 0.593:0.006™ 0.626£0.016™ 0.599::0.006"
Browning index? HN 0.619£0.005" 0.796+0.004° 0.805+0.006® 0.8+0.006™
rowning mdex LA 0.606:£0.006% 0.71120.002% 0.699::0.003< 0.7490.010°
LN 0.765+0.003 0.953+0.003° 1.155+0.003* 1.061£0.003%

YValues of different superscript letters in each row (a-d) and each column (A-D) are significantly different (p<0.05).

YHA: High salt concentration and rice flour addition
HN: High salt concentration and rice flour non-addition

LA: Low salt concentration and rice flour addition

LN: Low salt concentration and rice flour non-addition

Values are means+SD (#=5). L: lightness; a: redness; b: yellowness
Values are meanstSD (#=3). Absorbance at 420 nm

A=A el $4 30d5E 904714 LN>HN>LA>HAS] =
M2 E=THp<0.05).
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Fig. 2. Changes in protein and carbohydrate degradation aspects of Tenebrio molitor fermented liquids. (A) Total nitrogen content (%);
(B) Amino nitrogen content (%); (C) Protease activity (U/mL); (D) Total sugar content (%); (E) Reducing sugar content (%); (F) Amylase
activity (U/mL). HA: High salt concentration and rice flour addition; HN: High salt concentration and rice flour non-Addition; LA: Low salt
concentration and rice flour addition; LN: Low salt concentration and rice flour non-Addition. Values of different superscript letters are

significantly different (p<0.05).

3 shepe] Wisks & 2 o] Wslel Ak A3E B
ol AFA FUY o] EUI HAE 4 30€3) 609
7Yz} 2.3, 3.83%, LAE &4 3093 60l zHzt 3.82, 5.83%%
LA7} HART E9tH(p<0.05). T3F HAE 90U7HA] A&z 02
A shepo] FUIAE, ol B2 9o A mAlE
of 5| o] AH|EE AR A Y8 &l o &
o] AAAEE ol o B7] HiEeR HAth42).

2 A4 717F Bt vl oA EelE ofu|i=AtTke] &

Fow wgaz 2w kgl Hdets ve-S o el
sold ¢ Qe BR@3), 53] LNO| S FFo] AL A
Zo] LN9| 2 ZAes} ddo] gls Zow A, ol
A e S T Euks Fofda Al Al g
o] &) A2 f71akEs @4t ddets wkes S A

i



292 =2 Z35k8] %] A 49 WA 3 E (2017)

SAEMT
AR g A
ol wel NzolA 24
oA &4 90del| TR
(p<0.05). S ATIFEELAE Y
gt AR oAt A EAF HEefol= 58 AABIER g F
FRIAE Hm, F A4 9 ol ATt 7]k

JEe LaolA E3kor, 7|7ke] S7t
=7t Z718thFig. 2). L3 RE AY

7 A& EA=TE AT
KR

re

9
of
to
o

pZs AN

O AT RS =

e 37 HAW AL ol e thildyighisasr S4%
Z7te} Aol ok44d). T, F A4 ¢ oluicE] HiAE 90
WA A&F o R =715 v BE AT gl 714
B4 BT o0dol ZAEY. a4 Ao Tadhe olfE
71de] ArEo] EAo] Fadle A ol g Ao|H@és),

= githde). 23y, B Apdie 24 97 &3] glod
Zlo] o EE Tl AA 7hpeRE]E SEfe| =7t ofu|iito 2
0S8 Fal=o] vy AagEe S7MT1E ol o] a4 &
el A7 S AE RS o= Azte.

LS, S=ggols duboldeo)AE Wol TFSlal 2@,
Kim 5@#8)% FFZHo|S ALgs RE SFEox g 27
FE dufoldgo]ze] Edo] YEGTIY BRI & A
Az &4 27] ofdglolx FAEE RE HAIATAM 125.60-
146.59 U/mLS] W= A|Z8I3ith At NZET obdgo] X~
FAHE} BE =Y (p<0.05) HAE <4 3023 E 60L7HA]
163.23-172.19 UmLZE Z7}, LAE 309 3E 6097FA 226.94-
256.62 U/mLE Z7Felith. 28y HASH LA 25 S4 90l
= 72} 3870, 71.16 UmLE 7HAske] 60dol vls) E4=r} z+
Z} 44590, 3.680 7ZHAEATH NZS ZAAAHD ek e
Roz, AAAAR 50| sk dstES A9 3.61%
o, AZZF% tiH] 8.53%0|tk49). &, N2 er3lE FYo|
AiHom FHol A7HT opdgols AL Wd Aow
AT opdyols FAE K A R T A S L9}
VR R AAAAR dE &4 90U gacke AEE B

ol 71l AEHo] 74Tt wel AL} Yol r] w

fl

Bs =4
Ao FEs WRY Wt 4TS
 2aAqe waele] w5H B4 78 HES AMgsiel

ic)
(<0
o
£
\O
S
e
N
B9
2

j
o} 3] %= LN>LA>HN>HA A2 E%3(p<0.05), ©]

sitp =2 Flalth A== HriEATh ©uke] A9 Aol HN
Huls E8tou, 717 A5 SolME LN7F 35382 7 =
stk ole & B gEol AvelA N2RY FA sl &
TFolaL, ASHOE e W G g Q= e Yol
28-317] wito 2 ddETh Egk 4T she] Ao LNo|
4302 7P E=3dth

YangZ Lee(51)e 9F o= feEloln=At, 84k

rJ
B
o
3 o
G

715, #7145 BEERL ale] vlo] dFE 71Xt 5
A @AM ZAAR e dFAREe] B ol ZallEof
& Aol Jojual 2 T obvieatelM TS e A

o] S7FE Aotk AeEw, ojek S 1 AlFelA o
ARSI St S=to] ZPde] rste] FAIQ FFET A
o] she Ao LHA oi(52), ZAAAE LEH)

(L

M2 ok T M
Kol ol m

Testel ofpmAte] 24 Frepo] JFS A 7FHS A
o= ®ely, HH, Choi 5(53)2F Kim3} Kim(54)y2 ®o}= 40

Q

THE 2] BRI iR T 7SR F SUTL ot B A
T Azl ggton ol E Apor AviRel ZAAR
ol AeHoE AR Wk S7ME W a3 vEt
WA 299 Aoz dAtEd

ojn] &2 olF9] Hr= AAHOE v FFolal Bt
Ko™ 3.10-3.5 A2 UERTh JA 715%E HAF 4.1, HN
3.65, LA7} 4.68, LNo| 49% Ag AdZdA 7|E=7} ¢
2 Z02 YERTHp<0.05). §3] L2 78 HZoA 53¢k
FEthell 7k 713 AEE Bl AN oA 9] A
A dade] zraAEA &8 7tedes AN F Us A
o7 #Agdg,

Ir

flo @ o

(SNt e}

=

2| oot BM

hild Baago] ZrkslH g4 AL 14T $4 90dS
FTHAMOE Hof, AFEY T AR MUt 75 s
o Az ZAAAAT 4 90d LEA F
2 FEES Table 591 UERASIT

otk FAAR] Bl FA] A 53] SF K (glutamic
acid), 2Fo]4l(lysine), €2l (alanine), A A (serine), ©]AFA(isole-
ucine), oF=Tk2 ELHaspartic acid) 0] 9GS TrL EEA 3
th(55). 90Y Bt AT AAAA R dEHe] {g ofn|x=4t
Fole AAFeE FFEe] 7P WAL HAS] 11.36%, HN
9 11.11%, LA2] 12.42%, LN2| 15.16%2] H|5S 2|5kt
7Hgel] 7HEske] 9 AQIQl FFEAF o] Frhe HYdT
= T Aol BaE vf QITk56-58). 53] Tseng 5(59)2] 71
= R0l wE ofu|Ate] vt 4AS vndS uf, 7] 4

0

= LNoA wdet= whgol] e ofe] 7] At f715te] § T B
ZgEle] vehd A3tz ®melths0). £ gte] e wute] 4 Fe e oRvjEEN STl LN 7P =3k3(p<0.05),
< H¥°| L#ET} =3 HA7} 5.35, HNo| 6.030.2 <2k7k 7 dutel] e F= dEid, FEelX(Gly), Ed LY (Thr)= LN
Table 4. Sensory evaluation of Tenebrio molitor fermented liquids
Type? Aroma Salty taste Sweet taste Savory taste Oft-flavor Overall acceptance

HA (90) 3.45+1.20°Y 5.35+0.89" 2.70£1.32° 3.30+1.40° 3.15+1.55 4.10£1.32°

HN (90) 3.88+1.45° 6.03+0.77° 2.48+1.57° 3.35+1.25° 3.50+1.84 3.65+1.17°

LA (90) 3.95+1.30° 4.33+1.12° 2.90£1.50® 3.83+1.43® 3.10+1.60 4.68+1.10°

LN (90) 5.03+1.31° 4.18+1.24° 3.53+1.75* 4.30+1.51* 3.13+1.80 4.90+1.37°

"Values are menas+SD (#=40). Values of different superscript letters in each column are significantly different (p<0.05).
PHA (90): High salt concentration and rice flour addition fermentation for 90 days

HN (90): High salt concentration and rice flour non-addition fermentation for 90 days

LA (90): Low salt concentration and rice flour addition fermentation for 90 days

LN (90): Low salt concentration and rice flour non-addition fermentation for 90 days
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Table 5. Free amino acids composition of Tenebrio molitor fermented liquids
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(unit: mg/100 g, wet basis)

Free Amino acids HA (90)° HN (90)° LA (90)" LN (90)°
Aspartic acid 57.87+1.15 78.69+121° 127.93+3.53" 189.49+1.59°
Glutamic acid 143.76+2.564 203.29+3.01¢ 254.19+1.18° 367.85+3.42°
Asparagine 34.55+0.54° 49.96+0.69° 38.38+0.52° 27.23+0.57¢
Serine 65.65+1.10¢ 94.73+1.57° 118.61+1.30* 4.71£0.14¢
Glutamine 36.92+0.54° 51.29+0.69* 27.71+£0.68° 16.12+0.64¢
Histidine 44.59+0.68¢ 62.40+1.28° 80.98+3.72° 108.85+3.05°
Glycine 44.04+0.63¢ 62.53+0.80° 101.44+1.66° 133.94+0.47°
Threonine 65.51+0.26¢ 90.16+2.34¢ 112.85£1.70° 154.53£1.10°
Arginine 109.85+2.04¢ 161.56+1.39° 138.1442.24° 3.51+0.21¢
Alanine 99.57+1.58¢ 144.89+1.92¢ 198.17+3.41° 268.10+1.12*
Taurine 0.93+0.03° 1.55+0.05* 0.79+0.02° 0.88+0.03°
GABA 227+0.16° 2.18+0.07° 3.294+0.05% 3.25+0.06*
Tyrosine 43.01+0.66° 54.14+0.56* 36.31+0.29° 35.54+0.35¢
Valine 86.35+1.55¢ 121.82+1.98° 166.88+3.89° 226.39+1.63*
Methionine 19.35+0.11¢ 27.47+0.78° 30.04+0.81° 38.63+0.90"
Tryptophane 22.88+0.86¢ 28.74+0.34¢ 35.7441.42° 51.12+0.88*
Phenylalanine 50.23+1.24¢ 70.86+0.83¢ 84.58+0.87° 105.48+1.10°
Isoleucine 63.03£1.19¢ 89.21+1.11° 114.05+1.98° 152.37+¢1.17°
Leucine 117.81£1.95¢ 169.58+1.50¢ 193.30+£3.48° 253.00+0.86"
Lysine 84.54+1.66° 124.07+0.78° 127.23+1.73" 1812243 30°
Proline 73.19+0.96° 140.07+1.02° 56.55+3.12¢ 104.72+2.03°

Total 1265.90+21.48" 1829.21£23.91°¢ 2047.16+37.61° 2426.92+24.60°

YValues are menastSD (#=3). Values of different superscript letters in

each row are significantly different (p<0.05).

ZYHA (90): High salt concentration and rice flour addition fermentation for 90 days, HN (90): High salt concentration and rice flour non-addition
fermentation for 90 days, LA (90): Low salt concentration and rice flour addition fermentation for 90 days, LN (90): Low salt concentration and

rice flour non-addition fermentation for 90 days
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