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(Unstructured) Abstract (up to 350 words)
With the global increase in population and the growing demand for livestock products, the need to secure
sustainable feed ingredients has become increasingly important. Conventional major protein sources, such
as soybean meal and fish meal, are limited by high price volatility and environmental burdens, prompting
attention toward Tenebrio molitor as a promising alternative insect protein. Mealworms are characterized
by high crude protein and crude fat contents and excellent digestibility, indicating substantial potential as
an alternative protein source for monogastric animal diets. However, their proximate composition as well
as amino acid and fatty acid profiles may vary depending on larval developmental stage, processing and
pretreatment methods, and the nutrient composition of the rearing substrate. In addition, concerns regarding
reduced oxidative stability and the potential generation of toxic compounds associated with their high fat
content should also be considered. According to this review, dietary inclusion of mealworm powder in
swine diets for weaned and growing pigs did not adversely affect overall growth performance, nutrient
digestibility, or immune responses; however, partial reductions in productivity were observed when
conventional protein sources were replaced at excessively high levels. In poultry diets, mealworm
supplementation showed positive effects on early growth performance in broilers, while in laying hens,
productivity and egg quality were generally maintained at low inclusion levels, although negative outcomes
were observed at high dietary inclusion rates. In conclusion, for mealworms to be used as a stable alternative
feed ingredient for monogastric animals, standardization of insect rearing and feed formulation is required
to minimize variation in larval body composition, and precise determination of optimal inclusion levels

considering the physiological characteristics of each livestock species is essential.

Keywords (3 to 6): Tenebrio molitor, insect protein, Alternative protein source, Monogastric animals,
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Tables and Figures

Table 1. Proximate composition of Tenebrio molitor

state larve dry
After Befor Pupa Adult Pre- Moul Cutic Pupa Powd Fish  Soyb
the e e molt t le e er meal  ean
third  pupat mael
moult ion
DM 40.15 39.13 975 3712 97.02 93.7 89.98
Crude 59.19 48.61 45.15 3959 44.18 4397 534 44 5381 63.28 47.73
protein
Crude 3041 359 36.63 1331 39.38 39.29 122 3825 28.03 971 152
Fat
Crude 1053 10.82 198 119 753 024 3.89
fiber
Ash 366 365 98 362 699 16.07 6.27
Chitin 719 993 954 1179 2382 23.65 356 2342 56
Ca 199 293 271 272 35 428 0.33
Referen [15] [15] [15] [15] [16] [16] [16] [16] [17] [53] [53]

Ces
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Table 2. Amino acid composition of Tenebrio molitor

state Powder
After Before Pupae Adult Adult Larve Fish  Soybean
the third pupation meal meal
molt

NEAA
Ala 5.22 4.64 4.43 3.62 3.24 4.99 3.93 2.06
Asp 5.51 5.01 4.85 411 3.97 6.12 541 5.41
Cys 0.77 0.55 0.46 0.32 0.43 0.57 0.61 0.7
Glu 6.99 6.57 6.04 5.37 0.93 8.68 7.88 8.54
Gly 2.98 2.61 2.42 1.97 2.52 35 4.71 1.99
Pro 491 4.04 3.51 3.14 3.23 5.75 2.89 2.53
Ser 2.69 2.34 2.09 1.68 2.16 3.12 2.43 2.36
Tyr 4.13 3.5 3.06 2.87 2.81 1.88 1.59
EAA
Arg 4.1 3.33 2.93 2.15 2.59 3.44 3.84 3.45
His 2.99 2.24 1.9 1.64 1.45 1.81 1.44 1.28
Lys 3.33 3.23 3.15 3.04 2.75 3.49 4.56 2.96
Thr 3.05 2.15 2.03 191 1.9 2.81 2.58 1.86
lle 2.75 1.97 1.61 1.32 2.8 2.86 2.56 2.14
Leu 3.59 2.97 2.21 191 3.93 5.12 4.47 3.62
Met 0.98 0.59 0.44 0.32 0.66 0.81 1.73 0.66
Phe 2.44 1.88 1.53 1.23 1.75 2.42 2.47 2.4
Trp 0.45 0.26 0.19 0.14 0.79 0.63 0.66
Val 3.95 3.44 3.21 2.54 2.97 3.98 3.06 2.23
EAAI 88.16 80.62 72.77 68.66
References [15] [15] [15] [15] [17] [42] [53] [53]
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Table 3. Proximate composition of Tenebrio molitor according to processing and drying methods

State Undr Freez Freez Rack Rack Sun- High- Infrar Micr Blanc Blanc

ided e- e- oven oven dried frequ ed owav hed hed

dried dride dried dried ency dried e dried partia

d dried dried powd lly

er  defatt

ed

dried

powd

er

DM 4047 91.05 9453 93.33 9213 89.44 98.62 97.77 97.33 9517 95.71

52:2& 5757 5145 555 5151 5577 50.96 53 57.07 56.77 55.65 64.47

Clr:L;?e 26.8 28.43 28.83 23.07 27.47 2747 1592 10.24

Crude 6.04 6.11 6.2

fiber

Ash 39 423 363 415 373 415 367 347 367 298 256

Chitin 8.08 6.74
Ca

Referen  [18] [19] [18] [19] [18] [19] [18] [18] [18] [20] [20]
ces

563
564
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Table 4. Amino acid composition of Tenebrio molitor according to processing and drying

methods

State Rack Oven  Sun-dried Freeze- Full-fat Defatted  Sun-dried
dried dried after

blanching

NEAA

Ala 4.2 4.23 3.2 8.1 8.1 4,53

Asp 4.87 5.72 3.57 8.4 8.4 4.3

Glu 7.01 8.56 5.54 13 13.2 6.44

Gly 291 2.91 2.55 5.3 5.3 3.67

Pro 5.36 5.2 491 5.2 5.4 2.67

Ser 2.53 2.8 2.01 4.8 4.8 2.38

Tyr 7.3 7.6 3.86

EAA

Arg 2.6 3.17 2.71 5.7 5.7 3.6

His 1.27 1.6 1.6 3.1 2.9

Lys 3.95 4.4 2.55 5.1 5.1 2.67

Thr 2.56 2.77 1.90 4.8 4.3 1.47

lle 2.44 2.51 2.13 4.5 4.5 4,12

Leu 3.6 3.84 3.56 75 75 2.96

Met 0.8 0.76 0.6 0.5 1.2 1.76

Phe 3.57 3.46 2.295 3.9 3.9 3.06

Val 34 4.65 3 6.4 6.4 0.65

EAAI 93.5 94.1

References [19] [19] [19] [21] [21] [54]
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Table 5. Fatty acid composition of Tenebrio molitor according to processing and drying methods

State Oil Oil Ove Ove Free Free Sun- High Infra Micr Sun-
(aver ndry ndry ze- ze-  dried - red owa dried
age) dride dride freq Drie ve  after

d d uenc d Drie blan
y d chin
dried g

Lauric

(C12:0) 03 033 011 034 013 02 0214 031 03 0.26

Palmitic 19.2 176 197 173 199 108 17.2

(C16:0) 15.8 7 15 3 5 4 176 20.6 9 5 4.08

Palmitoleic

(C16:1c9) 1.8 1.7 115 146 111 147 123 134 177 157

Margaric

(C17:0) 0.1 013 013 442 020 2838 016 348 319 3.49

(Séelag:'g)ac'd 23 289 301 345 305 448 294 8 339 218 056

Oleic 36.8 36.7 36.7 355 328 36.1 40.7 36.8 437 10.2

(C18:1C9) 1 5 8 ' 2 4 3 2 6 9

Linolelaidic 394

(C18:2t9, 12 4' 0.03 0.03 0.02

(n-6)

Linoleic

36.7 319 384 358 372 255 412 301

(C18:2c9,12 0.06 5 1 4 9 1 4 7 8 7.51

(n-6)

Arachidic

(C20:0) 0.1 002 0.07 034 006 023 0.06 022 0.17

a-Linolenic

(C18:3c9,12, 445 1.67 1.52 1.54 0.27

15(n-3)

Total

Saturated 296 25.8 3.1 28.7 232 283 234 323 183 234

Fatty Acids ' 1 ' 4 2 5 5 8 4 8

(SFA)

Total Mono

Unsaturated 46.2 402 382 382 36.6 342 375 420 385 453

Fatty Acids ' 6 1 4 2 9 4 7 9 3

(MUFA)

Total Poly

Unsaturated 19.8 339 377 330 401 373 388 255 430 311

Fatty Acids ' 4 1 2 1 6 3 4 7 9

(PUFA)

PUFA: SFA 09 132 164 115 171 12 163 078 235 133

n-6/n-3 47 22.0 215 24.6 23.6

1 5 7 4
References [21] 23] [19] [18] [19] [18] [19] [18] [18] [18] [54]
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