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MPI MPH MT D1 D2 D3 D4 C1 C2 C3 C4 C5

ASP 9.98 10.25 10.61 16.35 16.82 18.17 0.00 4.34 7.04 7.54 5.90 0.00

SER 5.15 5.16 5.12 4.22 3.72 1.74 0.00 2.15 3.23 5.39 3.88 0.00

GLU 11.44 11.78 11.49 23.83 22.05 19.65 0.00 18.24 11.36 6.36 4.51 0.00

GLY 5.45 5.39 5.09 9.43 7.62 25.02 0.00 29.58 33.90 20.26 33.89 65.52

HIS 3.93 3.64 4.14 3.00 1.05 0.00 72.76 10.63 7.98 0.92 1.38 2.32

ARG 6.63 6.67 6.76 3.55 4.04 3.00 0.00 1.32 3.06 3.07 3.09 1.93

THR 3.69 3.95 3.57 2.92 5.59 0.00 0.00 5.83 1.32 1.29 1.13 0.65

ALA 6.81 7.34 6.50 5.25 6.53 8.79 19.27 0.00 11.99 11.48 14.39 18.50

PRO 5.34 5.13 5.12 1.83 1.90 0.00 0.00 21.18 5.71 6.21 6.30 1.97

CYS 0.25 0.25 0.26 0.14 0.22 0.15 0.04 0.05 0.04 0.27 0.07 0.04

TYR 9.54 9.32 9.69 5.20 8.15 5.66 1.68 1.99 1.68 10.10 2.49 1.49

VAL 7.10 7.03 7.12 5.69 7.12 5.05 1.97 1.23 3.89 5.35 3.86 1.27

MET 1.42 0.80 0.54 0.26 0.47 0.26 0.00 0.00 0.32 0.21 0.39 0.13

LYS 5.35 5.71 5.47 2.12 2.76 2.54 1.11 2.92 3.75 8.28 4.34 4.30

ILE 4.91 4.83 5.04 5.13 3.16 2.51 0.82 0.00 1.21 4.08 1.78 0.33

LEU 8.21 8.16 8.41 6.15 3.74 2.94 0.99 0.29 1.95 5.68 5.68 0.79

PHE 4.82 4.58 5.06 4.92 5.04 4.51 1.35 0.23 1.56 3.50 6.92 0.78
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Figure 3. (A) Heat-map analysis of amino acid, BCAAs ratio of (B) D fractions, and (C) C fractions

Mealworms (Tenebrio molitor larvae) are considered a highly nutritious and

sustainable protein source. Bioactive peptides produced from protein

hydrolysis have recently gained interest as alternative chemotherapeutic

agents due to their potential to improve physiological activities. Muscle

atrophy, wasting or loss of muscle mass, is a prevalent problem limiting

physical activity and reducing the overall quality of life. Nonetheless, there

are currently few investigations on natural agents preventing muscle

atrophy. In this study, two potential peptides, Phe-Asp-Lys-Tyr (FDKY)

and Phe-Asp-Arg-Leu (FDRL), were purified and identified from mealworm

protein hydrolysate (MPH), and their inhibitory potentials of myostatin, a

major negative regulator of skeletal muscle, in C2C12 cells were determined.

Keywords: Mealworm, Bioactive peptides, Muscle atrophy, Myostatin

• D1 and C3, which have the most significant potential for myostatin

inhibition in each fractionation step, had the highest branched chain to

total amino acid ratios.

• Among all the peptides, only the treatment of FDKY and FDRL

significantly lowered the luciferase activity compared to the control

group (no treatment) in a dose-dependent manner. FDKY treatment also

decreased myostatin mRNA expression levels compared to the control

group.

• The bioactive peptides from MPH could be an attractive natural agent

that can be used as a drug or functional food ingredient to prevent muscle

atrophy.

MPI: mealworm protein isolate; MPH: mealworm protein hydrolysate; MT: mealworm protein hydrolysate fraction > 10kDa; D1-4:

anion-exchange chromatography fractions of MT; C1-5: reverse-phase chromatography fractions of D1

a‒d Different superscripts indicate significant differences according to Duncan’s multiple range test (p < 0.05).

Statistical significance was determined by Student’s t-test compared to the control (CON; no treatment) group (*p < 0.05, **p < 0.01, and ***p < 0.001).

Statistical significance was determined by Student’s t-test, comparing to an upper-level fraction (#p<0.05, ##p<0.01).
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Figure 1. Anion exchange chromatograph of MT Figure 2. Reverse phase chromatograph of D1
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Figure 4. Effects of (A) D 

fractions and (B) MT and D1 on 

myostatin promoter activity

Figure 5. Effects of (A) C 

fractions and (B) D1 and C3 on 

myostatin promoter activity

Figure 6. Effects of identified 

peptides on myostatin promoter 

activity
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Figure 7. Effects of dose-dependent induction of (A) #4 (FDKY) and 

(B) #5 (FDRL) on myostatin promoter activity

(µg/ml)

Figure 8. Effects of #4 (FDKY) 

and #5 (FDRL) on myostatin 

mRNA expression levels
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