Resour Sci Res, 2025, 7(3):134-142
https://doi.org/10.52346/rsr.2025.7.3.134

KrastATL (Resources Science Research)
PISSN: 27137872 ISSN: 2799-3442

ARTICLE

g S0 ME Z4AKEQ| itet 2y Hw

Effect of Solvent Concentration on Antioxidant Activities in
Tenebrio molitor Larvae Extracts

Jeong-Ah Lee, Chung Yeol Lee’

Department of Smart Farm and Food Convergence, Hyejeon College, Hongseong 32244, Korea

Received: November 06, 2025
Revised: December 03, 2025
Accepted: December 04, 2025

*Corresponding author :

Chung Yeol Lee

Department of Smart Farm and Food
Convergence, Hyejeon College,
Hongseong 32244, Korea

Tel : +82-41-630-5215

E-mail : cylee@hj.ac.kr

Copyright © 2025 Resources Science
Research Institute, Kongju National University.
This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is
properly cited.

ORCID

Jeong-Ah Lee
https://orcid.org/0000-0003-3019-8321

Chung Yeol Lee
https://orcid.org/0009-0003-5393-1271

134 | Resour Sci Res, Vol. 7, No. 3

Abstract

This study was conducted to determine the optimal extraction conditions and suitable solvent by
verifying the maximum antioxidant mechanisms of defatted Tenebrio molitor larva extracts according
to ethanol concentrations (99%, 50%, 0%). The Tenebrio molitor larva extracts were concentrated
under vaccum pressure, dissolved in solvents, and used for experiments. Antioxidant activity was
assessed through Extraction yield, total polyphenol content (TPC), total flavonoid content (TFC),
DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), ABTS* radical
scavenging activity, and Fe*" Chelating activity. The extraction yield was significantly highest in 50%
ethanol (p<0.05). The 0% ethanol (distilled water, DW) extract exhibited significantly higher total
flavonoid content, FRAP, ABTS" radical scavenging activity, and Fe** chelating activity compared
to the 50% ethanol extract (p<0.05). Based on these findings, the optimal solvent concentration for
maximum antioxidant activity of defatted Tenebrio molitor larvae is 0% ethanol (DW), and it is
considered that this could be utilized in the food industry as a protein source with high antioxidant
capacity in the future.
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AIAH & QIF-571o] whe AlgFdat 83 @ ol tigt of¢7t ket lom, Thillas diAet
T U= ALe "eAgo] &AL QUtk(Alston ef al., 2009). o] wiet T FFAo® Fi17]
H%S, 25 50l diFEal AL SARXFSA7IFHFAO) M= 48252 vl Al siaxet
o7 RE3IIHT} (Van Huris et al., 2013).

FT SUSAER A= SAR A2 919 ARl TS0 ' Aok 71E TEsE 20231
of] 7igsto] ZAAAE, FpEol, RHo|ETA], ol {33 W7] 59 14%0] 7150 2l
BEACE 15 AR ZAAAY 535 B 51%2] A SRRk Qlow, ARl in4to]
glo] Fdo] hl A S SRSl QITKYi ef al, 2013). YYo= Zaat 4, U}lﬂl 59 vy
Farh FHsH, HIE BEIAIS 7HAIAL 1AL, 7199 Aol Rk Sl Qlth(Lee er al,
2016).

A2 ZAAA ] gt AYATRE FAZS(Yu e al, 2016), TFEA(Chung ef dl,
1995), tHFst Al&(Jeon and Chung, 2007; Kim et al., 2014; Kim et al., 2015; Min et al., 2016)
59 A7t 24 EA A7, A8 a3KKim ef al, 2015; Yu et al., 2017, Baek et al., 2017) A7}
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Aol oloh o] FolA ZAAXS o83t A7} B4 Waslo] Ao BE
ZHI7} ol M AT SEEOU, o4 st /1A Ak, Tied AR R 28
3p7] SIe A4 B, 22 2o Tie A7k mlHIdk Agolet. wheh] R AT AEARIOIA
DAAREIS At AR TGP Sote] DA ZAARE §59 ok FEONs, 0% 0%)
of w2 222o] A YA} 714 AEs] HA) 2EAN AYEThE WA Tk
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1. ZMAKE| =25 HX

e BEANNE A 18 S AHAE oA BRI E A 45 U TauereH,
FHe HY7|7F 5)7] A9 kesf5S ARSI AR R5S A AgEo] vl 7] mE
A 374E ARA| FoH B4 80| HojA gA] 37 T WA R U} oi9itt £ g Eolvt
7] A 99%, 75%, 50%, 0% oea= A HAES AAsI9 o, HIAE Ay 5y} Hoid
99%, 50%, 0% ot Adste] &2 ATS st ZHAA {3 215 g2 99%, 50%,
0% OflEr(150 mL) EFokal, T2 A2(20:3C)0A 715 o185t 25 ipmOE 16A17F
5 FE01Tt $5E2 Whatman No. 2 9T & ofafsllon], ofagt 553 45CoA 254
W5Z7I(IKA. Ltd, Staufen, Deutschland)E AHESIo] AMES0I90H. 555252 479] 81
Bafiote] PAREE(8,000 rpm, 4T)E 2087 AAIRE 4T, QPAoA Hshs Ao o853t

ot

A
Zt Zufjol] digt 32 a2 AY s5H 229 Y 55 A AAE 5 22 A

Z Hl& Y=L Folin—Ciocalteu B'H-S 0]-8-5}0] 7513 tH(Singleton and Rossi, 1965). &1 &
o] W2 ZMAAY % 25 T aallic acid(40 pLYE 2 N Folin-Ciocalteu 8 80 uL S
Sodotar 37 52t St =] 20% NayCOs £ 800 ul gl QFAoflA] 37T, 3047t BESA|
Ztt. ¥k & multi-mode ZH|°]E 2]t]7](SpectraMax iD3, Molecular Devices, USA)S ©]-8-5}0]
760 nmollA] FHEES 24519k, Gallic acid(0-150 pgmL)E A8t} A2} U o o
2 AFACRRE F e TS ARSIt § Hie 2 ZAAXNY /5 B FE2E o1

mg gallic acid® & HA|S}Tt.

& St 10l = 92 Woisky?} Salatino(1998)2] W2 arsto] S759lct. G seof

=
S3oto] FAofA 37C, 1AZF HESAIFTE ¥ & multi-mode E|O]E. 2]H7|(SpectraMax iD3,

Molecular Devices, USA)S ©|-&5}0] 420 nmoj|A| S4EE S5t HBFAL naringing AR5}
of AES} BUT WO AL FPHoRNE B FepiolE T 2HT

5. DPPH 2iC|Z A5 &8

2,2-diphenyl-1-picrylhydrazyl(DPPH) 2}tZ &4 &4 Choe ef al.(2014)2] & AMESto] &
goloitt. 81l w0 T ZAAAY 55 F55 1 mLe} DPPH -8 1 mLE E3lotal of
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AL0] 4 308 59U ¥RAIALE HFES multi-mode SH|O]|E B 7|(SpectraMax iD3, Molecular

Devices, USA)Z 517 nmo|A] S35 =519t} TroloxE FEEAE ARESIY o, AlRe}t 5Y

RO R A2 HFA o R DPPH 2HHZ 752 S5t F&=01 tigt DPPHO gt

AAG(Cs0)> TS ARES 270 SEEE 50% FHAAZ|ET B 83t g YeRfolrt.
The Aol w2t Alkkstid:

DPPH 275 ()-[(H272 F3= - 29 F85%) / dx72 F3%=] x 100

o

g3 (Ferric Reducing Antioxidant Power Assay) %

2182 Dudonné 5(2009)3} Lugman 5(2012)9] < ol8ate] 235190t 03 M sodium
acetate buffer@} 20 mM FeCl;, 40 mM HCIo] =91 10 mM TPTZE 10:1:19] H[- =2 4131, 37CojA]
155 ol WEGAIA FHoldH. 84| sof WE ZAAY 75 F55 1 mLe} FRAP AJ9F 3 mL
£ Sgokar, AN 37C, 1587 HESAIZTE Multi-mode EHC]E 2]T}7|(SpectraMax iD3,
Molecular Devices, USAYS 0]-85}] 593 nmoj|A| T4 55 27519 0H, TroloxE FFEAE ARS-
Slo] AlEel FUH o AL Ao RRE TlgE Stk

7. ABTS' 2iCjz AHs 54

2,2-Azinobis-3-ethylbenzo thiazoline-6-sulfonic acid(ABTS) 2Ht}Z A4S Re 5(1999)9] HHS
HEFolo] S451. 14 mM ABTS2} 4.9 mM potassiun persulfates 1:12 4]0] 24A17F 591 Al
A H}R|810] radical AL GESIMEE 1 T multi-mode ZF0]E  2]t]7|(SpectraMax iD3,
Molecular Devices, USA)E ARE50] 734 nmof|A] 33 Fho] 0.70+0.02 FLr} EHEE ofek2x
sjAJslo] ARSHGITE ABTS™ 2ol -89 3 mLet 84 5o T ZAAA Y] 45 F25 20 e
Sglolo] AL ojF-g- 3Lof|A 5EZF URSAJAL HRE & multi-mode microplate reader(SpectraMax
iD3, Molecular Devices, USAYE ARE5HY] 734 nmo|A] S4EE 45192 H, TroloxE EFEARE
Ag3to] RSt BU MO QS WPHORNE ABTS' Hrizt 47452 ZHIAT

8. Fe?* ZH0|E &M =X

A o] Z#o|E 8/ Decher®} Welch(1990)9] H#-2 o-&5to] 45130t 81 &=l we
ZRAAAE] 945 FZE(500 uL)2} 2 mM FeCly(50 pL)yE &5k 55 93 & 5 mM ferrozine
solution(100 pL)E A7}olo] A2 GAoA 1087 ¥R3AZTE ¥+ & multi-mode microplate
reader(SpectraMax iD3, Molecular Devices, USA)E ARE5}10] 562 nmol|A T3S 2451901,
EDTAS E2EU AMgelol (R0} YT 0w e FRpionis Fe Aol B4S

2439,
. SAZEH

2 Q7o) mE A8 Fe 24 33] olie] W Agisiol WAl olF BALZI SAS
(version 9.3 for window, SAS Institue, USAYE ARE5}o] Hoight AR A1E YeRfglom,
FAEA(ANOVA)OA AZAAE(Duncan’s multiple range testyS 0]-85t0] 7+ H4t9] 8027} 9=
A 95% <ol A5
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1. F& 28

F28E 7 2% A 5O wet FE25E 240 b2, ol 2580 JFE E
UCHKIm ef al., 1995). & AYo|A 9] FE578 ZTE Table 19] HERQIH. ZAAAE] FEE2
99% ofehE F& $&2 29.59%U1L, 50% oFhE FF $&2 33.66%, DW & $&2 30.16%%
SAEAH, 50% ofgE F5 780l FXE TH EUTHP<0.05). o= M3 (Lee ef dl,
2016)7} F4Z(Shim ef al., 2012)014] &3} ofeke 87} o] 22 & 88 YERIT
B3k Ao} Ax[5Lt. o]gst A= 50% ofeke & 270] & A9 vl 84 9 A&
d RS F22 B Y siFUL ol met & $80] HE w2 ZC0E AlsHH:

2. & His &

¥, EofH 0|t SRIES P, IR, Pt AR ofyzt, LR, g9 Ast 59
A} Qlckar 424 QItKDuval ef al., 1999; Stevenson et al., 1993). Hix SIS 3 245 A=
Table 10] YERHQITE A-dak= HE 52 20 TGS W 2.32~2.52 mg/gith. 50% offgke
oA 252 mg/gQ] iz 2RFES THFRL = 20 E YA -F2J4Ql Aol QI3it Park(2019)
9] Ato] m=H AR HiEddE AR Ak 4 mg/gl® Sl oM, ZAAX ] 150
A& 50% gk & 2704 252 mgg 29 F Hus FE2T ¢ UCEE, AL AJEo]
Hold o2 AF Ao F6lis 29 715748 AAEAY] 28 771 oAl wekEh

mor

3. & S 0|E B

Flavonols, flavones, catechins, isoflavones 5-2 S} L o|ERF slektxof wet ERE Y, E3}
oferee] ot SN/} chack. THAISH 0 APl S AJterE TS T Hold]
Yofil= o7 AeA QlckMiddleton and Kandaswami, 1994). % ZetH o]t SleF 2HATNE
Table 10] BRI 2 A9 23}, ZHAXY §59 E2hEieolE T2 0.66~127 mgg=
ot 202 2HT 9% ekt 0% o EDWIN 338 Sehuieol= Helol 0%
oS FolH0E F3UTHp<0.05). thaa} 22 Aik= 8rfo] 9fsto] Gafie JEE0] 54
AL, #2271 5ol 9ote] FFS 7] g2l AR Al tHMeyer ef al., 1998).

4, DPPH 2tC|E A%s

DPPHEEIZES. G413t B0] Sdtlait A4S Fofdt 4 9

rlr
olr
tlo

375

ﬂ'F

= SARM A

Table 1. Total phenol and flavonoid content of Tenebrio molitor larvae (TML) extracts by different
levels of ethanol

Solvent Extraction yield (%)  Total phenols”  Total flavonoids™ DPPH (ICs)
99% Ethanol 29.59+1.14° 2.32+0.56 1.19+0.19° 0.82
50% Ethanol 33.66+0.67" 2.52+0.56 0.66+0.11° 0.75
Distilled water 30.161.01° 2.40:0.51 1.27+0.33" 0.72

All values are mean+S.D.

*® Mean in the same column with different letters are significantly different (p<0.05).
" mg of gallic acid eq. per gram of dried extract.

™ mg of naringin eq. per gram of dried extract.
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A} HAS Wol ol SakE R skelo] HEHIS Bl Frido] @S Lhlo Wit Bondet
et al, 1997). Table -2 ZA71A/2]0] Srip &20] DPPH hejg 474 B4S S4slo] sovetiz
AL R 1CsghoR UERISIT. ICsRES: 99% oflehe 32204 082 mglg, S0% Ok
222014 075 mglg, 0% OTEH(DW) F2B 0.2 mgO= 2T, 99% e 522
oAl 7H ke Yu 5(2017)9) 7014 2AARE] 9% T lRaize) DPPHE: S3 Ak
RCsoZko] 328.07~405.81 pgmLE =30} B 79l SARBIL)

5. &2 (Ferric Reducing Antioxidant Power Assay)

Ferric reducing antioxidant power= 27} 2-& 37} A& 3MQA7]= 52 O & FRAP assayollA] S°F
 A)e AR SRS Uehia, 5SS 8L 1S A 29Tt Se 24
2] §%2] Ferric reducing antioxidant power 7§23 Fig. 10] YERAITE 99% oehE 52
TEEE 0391~1.006, 50% OfEhE 2EE9] FFTE 0.639-1.738, 0% ek FZ2(DW)Q] &5
EE 0.787~1.9255 HEH o] 50% e FE= 0% ogE FE2=0W)I FoFo= &2
FASE S UERASIT. Santas 5(2008)0] T2 W HiEdlkE0] FEo] w245 4k /o]
eostoitkn wusielon, AR 95 e RO TESRIE Ul ool Bt B
Aol 7] 275 Holeka Azkc)

6. ABTS' ZiC|Z ANs

A A potassium persulfate®} ©|e] o}F HL WRGAIA HEA] 2]z AJAdsfoF dith
Hydrogen donating antioxidant®} chain breaking antioxidant W5 &8 4= 9l oW, A|55 Z7}ohH
gt sHsM 0 R Hoke 22 S5k Wilolth A R332 Free radical A3l Fig. 29]
LFERAQITE 99% offeks 280 51.15~89.32%, 50% OlEHE FEE-2 31.45~90.51%, 0% ofere
FZE(DW)= 29.10~92.81%= HERHTE 0% ok FZE(DW)olx Z8ARA ] {39 ko]
EOFESE Free radical As&0] F461A F7I6ilch. Eejvlks 8ol aH ofrtE gk

Ferric reducing antioxidant power (FRAP)

I

--ES59 -&ES50 -WDW

01 02 03 04 05 06 07 08 09 1

Concentration (mg/mL)

Fig. 1. Ferric reducing antioxidant power (FRAP) of Tenebrio molitor larvae (TML) extracts by different levels of ethanol. E99: TML by
99% ethanol, E5S0: TML by 50% ethanol, DW: TML by distilled water. Error bars show the SE. (E99 SE average: 0.25, ES0 SE average:

0.30, DW SE average: 0.26).
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Fig. 2. ABTS" radical cation decolourization of Tenebrio molitor larvae (TML) extracts by different levels of ethanol. E99: TML by 99%
ethanol, E50: TML by 50% ethanol, DW: TML by distilled water.
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225200 pg/mLoJA] 38.4%2] AL Bl A7Lee ef al, 2007)ECt ZAMARE] §29] 47
o] o 944 Ao® Btk

7. Fe** ZY0|E &M

EDTAS} Z-& 2<% chelate 3}HE-S A7F5HA Co, Cu, Fe, Mn, Ni 53} -2 <& chelated}o]
& SUAIR QIeh A ehze] S wol A4S WA|ok= 28-S FHH(Cho e al., 1989). 99%
ogkS FEE2 5491~91.75%, 50% oekE FE=2 22.82~85.67%, 0% olehE FZE(DW)
L 64.16~96.13%% VERYTHFig. 3). Lee 5(2007)9] 170l DPPH Ztjzd AASL ofeke
ZZBo|A =9k, Fe*' chelating activity & ZZE0A £ Ao} B o310} Y2519
o} AL 282 g A7, 249 chelating activity, IHASHES] Hoflel 72 Hkgo] Fgt
Ao Agst7| wjizoletal Azt

€-£99 -4E50 -m-DW

01 02 03 04 05 06 07 08 09 1

Concentration (mg/mL)

Fig. 3. Fe*" Chelating activity of Tenebrio molitor larvae (TML) extracts by different levels of ethanol. E99: TML by 99% ethanol, ES0:
TML by 50% ethanol, DW: TML by distilled water.
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V. 2 9%

ATE= EA ZAAAE 959 o 55(99%, 50%, 0%)0] e &0 2o gils) 7]
g A45sto] HH9 2249 AG8TE HolaAt AT ZAAAE 750 FEE2 4
ds=oto] Bujol] =of Aol ARgsIN T, &0, F Hedd, § & =0l= &%, DPPH
iz 27, TU(FRAP), ABTS' Bitjh &%, Fe'" LHo|E &g BAeIt 2582
50% ofgkZolA FeHoR 7MY 2 &2 UEATKp<0.05). 0% o (DW) FEE°A
50% ok FEERT FOHOR £ § Sefuieols =k TS, ABTS iz 4745, Fe’
ZYo|E LS HER AT (p<0.05). & AFERE HIFo= EA] ZAAXE] f52 2o Fitet
5= UEttie A4 8 B 0% oRZ(DW)olH, 5 52 FAlels2 7H aiddoeA
Bgo| 7FeT AL A}, 75 AHAA 9] AFAIAA B85 flste] F7HHQ ot 84
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