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Nutritional and Sensory Characteristics of Dumplings Prepared with
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Mealworm Tenebrio molitor Linne Larvae Powder
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The nutritional and sensory characteristics of dumplings prepared with red-banded lobster Metanephrops thomsoni
by-product extract and mealworm Tenebrio molitor Linne larval powder (SLS) were compared with those of com-
mercial shrimp dumplings (CSD). SLS contained more protein (8.88 g/100 g), less fat (2.73 g/100 g), and more ener-
gy (152 kcal/100 g) than CSD. Polyunsaturated fatty acids (PUFA) proportion was markedly higher in SLS (58.83%),
with a PUFA/SFA ratio of 3.09 compared with 0.54 in CSD, indicating superior lipid quality. SLS also have higher
Fe, Mg, and Zn levels. Glutamic acid was among the most abundant amino acids in SLS (62.85 mg/100 g), contribut-
ing to the umami taste. In contrast, glycine, alanine, proline, and arginine were enriched in the lobster by-products
and mealworm samples. Volatile compound analysis revealed that pyrazines were dominant in the lobster by-product
powder, whereas alkanes, 2-pentylfuran, hexanal, and 2-heptanone were prevalent in mealworm meatballs. SLS ex-
hibited shrimp- and meat-like flavors despite the absence of shrimp or pork, which can be attributed to the formation
of volatile compounds during processing. These findings suggest that seafood by-products can be combined with
edible insects to create sustainable, protein-rich dumpling products with enhanced nutritional profiles and favorable
sensory attributes.
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Korea), 273%(CJ Cheiljedang Co. Ltd., Seoul, Korea), $-
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of AR ARSIILY.
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ool o A % 7]|(SH-DO-150FS; SH Scientific Co. Ltd.,
Sejong, Korea)S 0]-85}10] 70°Col| A 48A17F F-9F Ax3SH &
upRpAPE R Zho} Ratststol A|E2 AL BHLh
ZMANE RE 22 08¢ 0|EE M=

UEE2 AlFol Bl il = i g o] 87 AT
WAE] FARE Harste] AR 5 EL(Agricul-
tural Corporation Modniae Co. Ltd.) 19.87%, &-2]cij 5
(ES Food Ingredients Co. Ltd., Gunpo, Korea) 19.87%, 2+J
=FHI(ES Food Ingredients Co. Ltd.) 6.62%, 227 0.66%, =
52.98%°] HIZ 2 N3t & | Ex e = A Fsk3 100°C
Z Fe ' 9ol & »7IolA 2023t SARE 5, 180°CollA
Ao vpata 2| =5 2387 FX A2 Al &= ARgsRlth

TAENSRAE 22T 2M7ixf2| 95 22 DlERS
atet BrE RiE

TAPEA AR S A 7IRE RER s TR 64.94%, 7HA
SIS RAME 2200 33.77%, o 1.30%2] H &2 HhESH S
7 g 228G, B S22 Wol AP sHele) v Al
2 A A7RE ZHAEAL - B AR AHdEE T

all 0.1%, 1%, 3%°] H]& = H7kste] wlastalet. “12juf 7t

Table 1. The formulation of the material composition SLS!

Sample Ingredient Contents (%)
5 i shell with th Wheat flour 64.94
o of e banied. E}?‘:}gﬂﬂiﬁ:gﬁ;ﬁr 33.77
lobster by-products
Salt 1.30
Bean sprouts 11.09
Green onion 4.90
Onion 18.48
Chives 7.39
Vermicelli 14.09
Dumpling stuffing Tofu 21.48
Condiment 0.70
Mealworm meatball 17.68
Seasoning 4.20
Red-banded lobster 0.10
by-products powder
Garlic 19.05
Oyster sauce 23.81
Seasoning Soy sauce 26.19
Ginger syrup 28.57
Pepper 2.38

'Dumplings prepared with red-banded lobster by-product extract
and mealworm larvae powder.
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w, 222 semimicro Kjeldahl®H, 4]
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H71A ek AlZZA(MFDS, 2025a)2] nfo] Az o] H
Hof whe} BAkck A& 0.3 gofl 65% HNO, (Suprapur,
Darmstadt, Germany) 10 mLE %75t & Microwave Di-
gestion System (MARS-6; CEM Co., Matthews, NC, USA)
2 olgsto] Hafstart. e REAYSEeaiy
=3 A|[inductively coupled plasma (ICP) optical emission
spectroscopy; Perkin-Elmer, Shelton, CT, USA]2 4131912
™, plasma flow rate 1.5 L/min, sample flow rate 1.5 mL/min
9] 27© & Na (589.592 nm), Mg (285.213 nm), S (181.975
nm), K (766.490 nm), Ca (317.933 nm), Fe (238.204 nm), Cu
(327.393 nm), Zn (206.200 nm), P (214.914 nm)E A=Fsl3

B8 o3t BRI 02, 1,5, 15,20 mg/kg S 24 3to]
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Z A A(total lipid)-> Bligh and Dyer (1959)2] WS o]&
Sko] &3t HA, A= 8 g2 chloroform:methanol (1:2,
viv) £3589 24 mLe} &3lslal, 10,000 rpm .2 28271
238t & chloroform 8 mLE %7}k, 8,000 rppm o2 182
7+ #4311 & chloroform:methanol (1:1, v/v) 894
10 mLE &7}l A] o 7kx](Whatman, Inc., Maidstone, UK)
£ AHE-5to] ool sl et of mhel & Foof o 0.88% KCl
(Samchun Co. Ltd., Pyeongtack, Korea) 10 mLe} $7 ¥ 11,
Aol A 24417158 WhA|sto] Abskgo 2 Eesiqitt. ok
2 sodium sulfate (Daejung Co., Seoul, Korea)= &=l & 3
5557 (Hei-VAP; Heidolph Instruments GmbH & Co.,
Schwabach, Germany)S AR5} 40°Cof| A SREA| AT

g of AH| 23H= Wu et al. (2023)2] 5L M dlo] A4
shoict WA, Y3554 (internal standard)$! 0.1% glycer-
yl triundecanoate in 2,2,4-trimethylpentane 1 mL2} methanol
o] €3l 0.5 N sodium hydroxide 8- 1.5 mLE 7}t =
A 3027 A4 FA8kaL, 1527 A3kt 100°CoflA] 723F
B]=skskitt. 1 & 14% boron trifluoride-methanol solution
(Sigma-Aldrich, St. Louis, MO, USA) 2 mLE H7}3t 2]
1527} A4 F2dstal, 15270 Asfste] 100°ColA] 10:27F
7t o= md o AE =skGIT). nRA[RtO R, 2.2 4-tri-
methylpentane | mLZ Z7}3F ZA] 152 7F A4 4541, 15
27+ 74 38}8t 3 NaCl (Samchun) £3}-8-9 5 mLE 3 7}5}o]
Lo AT He A& G o= AN

7171 RS A FBHMEDS, 2025b)0] WS 215 545}
of B4 o|23} A&7|(FID)7} 424 Gas chromatography
(7890A; Agilent technologies, Santa Clara, CA, USA)= SP™
280 FUSED SILICA capillary column (100 m X 0.25 mm X 0.2
um; Supelco, Inc., New Castle County, DE, USA)E A5}
o] =35}%tt. Injection porti= 225°C= AA3}41 1L, oven
100°Co A 5553t A8 th3 240°C7HA] 4°C/min .2 52
A7 & 3087 G- A5} T}, Detect temperature= 260°C, 21t
71A)+= He (0.75 mL/min), split ratio= 1:502.2 A3} T}

Table 2. Comparison of the proximate contents of CSD, SLS, red-banded lobster Metanephrops thomsoni by-product powder and meatballs

formulated with mealworm Tenebrio molitor larvae powder

Red-banded lobster  Meatballs formulated with

Content (g/100 g) CSD' SLs? by-product powder mealworm larvae powder
Moisture 60.5040.64 64.09+0.92° 1.52+0.05° 63.79+0.40°

Ash 1.27+0.07° 1.33+0.10° 20.33+0.16° 2.01+0.03°

Crude protein 7.77+0.25¢ 8.88+0.06° 63.75+0.512 28.60+0.34°
Crude lipid 7.43+0.132 2.73+0.22° 0.91+0.02¢ 1.40+0.11°
Carbohydrate 23.04+0.722 22.98+0.722 13.22+0.34° 4.20+0.61°
Energy (kcal/100 g) 190.11 152.01 - -

'Commercial shrimp dumpling. 2Dumplings prepared with red-banded lobster by-product extract and mealworm larvae powder. *Different

letters within the same column indicate significant differences (P<0.05) by Duncan's multiple range test.
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Table 3. Comparison of fatty acid contents of CSD, SLS, red-banded lobster Metanephrops thomsoni by-product powder and meatballs
formulated with mealworm Tenebrio molitor larvae powder

Red-banded lobster

Meatballs formulated with

Content (mg/100g) CsD' SLs? by-product powder mealworm larvae powder
C10:0 3.00£0.14% ND* ND ND
C12:.0 9.58+0.002 ND 0.21£0.02¢ 1.7410.11°
C13:.0 1.230.00° 0.91£0.00° 0.31£0.04¢ 0.74£0.07¢
C14:0 84.15+0.55° 4.9240.32¢ 11.52+0.77° 19.85+0.81°
C15:0 5.70£0.082 0.77+0.00¢ 2.94+0.18° 1.43+0.02¢
C16:0 1,221.61+17.422 276.83+5.00° 85.55+5.21¢ 205.13+4.89°
C17:0 28.08+0.042 2.7410.02° 3.35+0.18° 1.6340.24¢
C18:.0 588.396.44° 97.77+0.26° 23.57+1.39¢ 65.86+1.55°
C20:0 11.30£0.032 ND 0.5710.04° ND
C21:0 5.52+0.302 ND 0.2240.03° ND
C22:.0 1.87+0.02° 8.18+0.202 ND 0.71£0.28°
C23:.0 17.56+0.042 ND 0.124£0.01® ND
C24:0 ND 3.8540.162 0.36+0.02° ND

Y Saturates 1,969.59+30.172 395.14+4.74° 128.71+7.72¢ 297.09+7.02¢
C14:1n5 ND ND 0.21£0.03° 0.4740.002
C15:1n5 ND ND 0.21£0.012 ND
C16:1n7 118.66+0.66° 4.3840.00¢ 25.05+1.57° 12.8610.64°
C17:1n7 7.72£0.102 0.53+0.08° 1.14+0.07° 0.52+0.13¢
C18:1n%t 25.73+1.37¢2 1.14£0.00° 1.4410.06° ND
C18:1n9¢ 2,069.22420.892 445.65+4.11° 104.60+6.14¢ 282.66+11.88°
C20:1n9 23.48+20.50° 5.79+0.542 3.66+0.242 1.68+0.172
C22:1n9 5.23+0.002 2.1610.80° 1.73x0.10° 1.8610.20°
C24:1n9 ND 1.02+0.022> ND 1.9240.782
Y Monoenes 2,247.41£0.112 460.10+3.18° 138.02+8.17¢ 301.65+12.65¢
C18:2n6t 2.20£0.012 ND ND ND
C18:2n6c¢ 969.25+12.44° 1083.33+£30.402 7.2840.49¢ 583.15+7.86°
C18:3n6 2.56+0.13° 5.69+0.122 1.090.10° ND
C18:3n3 52.42+0.25° 127.30+5.382 0.44+0.01° ND
C20:2n6 28.9310.332 2.141£0.17° 0.14+0.01° ND
C20:3n6 6.49+0.10° ND 9.8940.532 0.9240.20°
C20:3n3 ND 1.77£1.162 0.20£0.01° 0.65+0.10%
C20:4n6 ND ND 0.53+0.042 ND
C22:2n6 1.180.00° ND 0.86+0.04° 1.4340.06°
C20:5n3 ND 0.53+0.00° 13.2610.58° ND
C22:5n3 7.05£0.04 ND ND ND
C22:6n3 ND 1.5040.80° 33.40+1.822 ND

Y Polyenes 1,069.50+12.00° 1,220.00+37.522 66.70+3.88¢ 586.14+8.03°
Total 5,286.51+42.06° 2,077.24+45.4%b 333.44+19.77¢ 1,184.89+26.58°
Saturated fatty acid (%) 37.26° 19.02¢ 38.60° 25.07°
Monounsaturated fatty acid (%) 42.512 22.15¢ 41.39° 25.46°
Polyunsaturated fatty acid (%) 20.23¢ 58.832 20.00° 49.47°

!Commercial shrimp dumpling.?Dumplings prepared with red-banded lobster by-product extract and mealworm larvae powder. *Different
letters within the same column indicate significant differences (P<0.05) by Duncan's multiple range test. “Not detected.
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fFelopu] e Ak Al & 5 gofl WZEA] 71 5% trichloroacetic acid
(Junsei Chemical Co. Ltd., Tokyo, Japan) 15 mLE 7|3t &
FA3K9,000-10,000 rpm, 1-23)3}11, 8,000 gol| 4] 155 5
oF ¥4} (Supra R22; Hanil Scientific Inc., Gimpo, Korea)
SFALE. o]ojA] AF=ollS- F3lo] pH 2.2 lithium citrate buffer
(FUJIFILM Wako Chemical Industries Ltd., Osaka, Japan)
2 50 mL &85}, 0.45 um PVDF syringe filter (Hyundai
Micro Co., Seoul, Korea)Z o] }5}o] A| 25} tH(Shim et al.,
2022). Al g-g-oll-2 olu| ik A-F H4 7] amino acid analyzer
(L-8900; Hitachi High-Technologies Co., Tokyo, Japan)& A}
&3jo] B4tk

87| 4%

7] AJE-L Zhang et al. (2022)9] WS U A s}o] B
Aagich Al 1 g2 40 mL vialo] Y1, R EZEA 1,2-di-
chlorobenzene (Sigma-Aldrich) 0.1 mLE 7}t ZA] W&S
Atk o]F 45°C F2pzo A 90552t SPME fiber (50/30
um DVB/CAR/PDMS 2 cm; Supelco)S ARg-5Fo] 34hA] A
B

Z2% SPME fiber= GC-MSD (gas chromatography-mass
selective detector; QP-2010 Ultra; Shimadzu Seisakusho Co.
Ltd., Kyoto, Japan)2] injection portof| 4] 250°C2] =& 35
ZF GERAA A o] ARESESITE GC oven 2712 % 50°C
oA 287t A -, 2°C/min®] £ 2 250°C7HA] 524171 F
SEZF SR8}, B4 o= DB-Wax column (60 m x0.25
mm i.d., 0.25 um; Agilent technologies)& AF&-51%.0. ™, 25k
7|4 He (1.0 mL/min), split ratio+= 5:12 A3} ).

Mass spectrum 70 eVollAl full scan modeo] 4] 35-400
(m/z)= ZAdYslct AEH 7] A2 NIST (National In-
stitute of Standards and Technology) A& A EH Hjo| €<}
u|to] A EHEGEL, U RS AL AHgStol HakEs
staiek
SAXzZ

|

E =4 2]+= FHH(mean) + 35 H 2 (standard deviation) =
el ow, Aol thgt -§Ali= SPSS (Statistics Package for
the Social Science) L& 1S AR8-3}o] 7Fzko] ZAxfof gt
ANOVA testS 0]-835}0] BAMEAS Z138)35}91 17, Duncan?)

21 9171 (Duncan’s multiple range test) 2.2 P<0.05 &
Ol A Ao AABHIEE

Mo

Znt 9 T

=
OIHl_I-gT'__ [=K}

CSD, SLS, 7HA A - AR 24, 2 A 2] §-5 v EE
o] YU R BAATE Table 20 UER I CSDY] 45
2 60.50£0.64 g/100 g, 3232 1.27+0.07 g/100 g,
ZhlSlEES. 777 +0.25 ¢/100 g, ZALTHS 7.43+0.13
g/100 g, E-p3HE SRS 23.04+0.72 g/100 g2 el
om, g2k 190.11 kcal/100 go]gltt. SLSO| =hghake
64.09+0.92 /100 g, 3] 2-3+2F2S 1.33+0.10 g/100 g, ZchaH
a2 8.88+0.06 g/100 g, ZAeeF-22.73+0.22 /100 g,
EbsHe 31k 22,98 +0.72 /100 g O & UpEpton, Jeke
152.01 keal/100 go] It}

TRAA - FAE S 9] 2R3 1.5240.05 ¢/100 g,
3| E3 RS 20.33+0.16 g/100 g, ZHMEHES 63.75+0.51
2/100 g, ZAMTFE 0.91+0.02 g/100 g, B3 FaFe
13.22+0.34 g/100 gO & Yepyith ZAMAX ] §-5 vEE
o] $HFEES 63.79+0.40 g/100 g, 325 2.01+£0.03
/100 g, ZThalElere 28.60+0.34 g/100 g, ZAFHkL
1.40+0.11 g/100 g, Hr3hE 3582 4.20+0.61 g/100 g0 &
LFERA T

ZatA AL ROl Siu mais ZEHHA 11 /100 g, 24
113 /100 g, B3 11 g/100 g, S5 210 keal/100 g&. &
1315 %12 (Food and Environmental Hygiene Department,
2007), CSD®} SLS 2= Siu mai ¥ o} Zrh 2 2l 22|} 3}k
o] W AgS WA, 53] SLSE AW FaFo] dA3| ¥
S A0 & Yept)

Table 4. Comparison of mineral contents of CSD, SLS, red-banded lobster Metanephrops thomsoni by-product powder and meatballs for-

mulated with mealworm Tenebrio molitor larvae powder

Red-banded lobster ~ Meatballs formulated with

Content (mgkg) CsD' SLs? by-product powder mealworm larvae powder
Fe 1.87+0.08% 3.860.13¢ 25.59+0.40° 16.15+0.30°

Mg 106.13+0.97¢ 171.9442.67¢ 1,882.71+2.902 485.49+10.45°

Zn 4.4610.21¢ 6.9110.14° 51.14+0.28° 32.8710.62°

Mo 0.02+0.00¢ 0.07+0.00° 0.60+0.012 0.36+0.01°

Mn 1.63+0.06¢ 2.5140.07¢ 4.40+0.04° 5.91+0.192

'Commercial shrimp dumpling. 2Dumplings prepared with red-banded lobster by-product extract and mealworm larvae powder. *Different

letters within the same column indicate significant differences (P<0.05) by Duncan's multiple range test.
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g, Kim et al. (2009)2] A-FollA] Af-9- o] Unbgd =2
21381 /100 g, 35 0.70 g/100 g, ZHH2 4936 /100

c}. ofof| vl &) ZHA A ARE e 2ok gl
=) - .
g, 279 3.98 /100 g, $H4=312 42.00 g/100 g O & ©.I1E] 9]

99 9
o U 31, S8, A, HSEHE G o o}, 4
7hge TR A 4UOR Bgo] P O B

Table 5. Comparison of free amino contents of CSD, SLS, red-banded lobster Metanephrops thomsoni by-product powder and meatballs
formulated with mealworm Tenebrio molitor larvae powder

Content Red-banded lobster  Meatballs formulated with

(mg/100g) CSD! SLs* by-product powder ~ mealworm larvae powder
Phosphoserine 2.21+0.32% 1.28+0.33° 15.07+2.422 2.69£0.06°
Taurine 3.10£0.25° 3.05£0.21° 98.90+£15.60? 2.0142.01°
Phosphoethanolamine ND* 3.13+0.00% 3.11£0.632 19.79+7.90°
Urea ND 3.8240.002 8.11+1.422 46.19+23.28°
Aspartic acid 8.10£0.05% 5.9640.75° 9.59+1.522 5.54+0.38°
Threonine 4.85+0.15° 3.06£0.05° 18.37+2.79° 4.03+0.25°
Serine 6.63+0.19° 4.0340.23° 16.53+2.46° 4.64+1.17°
Glutamic acid 19.03+0.21° 62.85+8.38° 22.9413.49° 24.3916.58°
2-Aminoadipic acid ND ND 1.22+0.20° ND
Glycine 6.41+0.39° 6.45+0.02° 162.26+23.09° 6.86+1.62°
Alanine 17.36+1.07° 8.62+1.41° 69.74+10.40° 18.01+4.37°
Citruline 1.97+0.91° 0.3940.092 2.2840.322 0.66+0.092
2-Aminobutyric acid 0.38+0.01° 0.13£0.00° 1.49+0.20° 0.31£0.31°
Valine 7.22+0.34° 7.024£0.57° 27.77+4.05° 21.9412.66°
Cystine 0.16+0.02° ND 0.88£0.112 ND
Methionine 1.59+0.00° 0.88+0.11° 9.90+1.372 0.75+0.24°
Cystathionine 0.13+0.00° ND 1.40+0.112 0.12+0.01°
Isoleucine 4.53+0.16° 3.91£0.36° 19.04+2.84° 10.99+1.26°
Leucine 7.43+0.25° 4.70+0.49° 29.9614.48° 7.52+1.46°
Tyrosine 3.514£0.12° 5.5141.55° 11.99+1.80° 28.35+7.89°
Phenylalanine 4.741£0.49° 3.9040.14° 15.87+2.43° 4.26+1.19°
B-Alanine 0.49+0.00° 0.46+0.08° 1.480.23° 0.92+0.11°
3-Aminoisobutyric acid ND ND 2.69+0.382 0.14+0.08°
4-Aminobutyric acid 6.02+0.192 2.0340.23° 0.96+0.15° 1.140.03°
2-Aminoethanol 0.33+0.06° 0.2040.05° 0.90£0.162 0.54+0.00°
Ammonium chloride 5.04+0.252 3.0940.53° 2.1840.26° 5.37+0.262
Ornithine 0.97+0.06° 0.5440.02° 10.65+1.65° 0.9040.23°
Lysine 6.35£0.27° 6.06+0.16° 26.82+4.012 14.34+1.36°
Histidine 2.5740.08° 4.62+0.57° 3.3810.54° 27.12+1.94°
3-Methylhistdine ND ND 2.3310.442 ND
Carnosine 23.14+0.982 ND ND ND
Arginine 20.90+2.39¢ 18.52+1.15¢ 68.30+10.372 45.95+3.32°
Hydroxyproline 0.09+0.04° 0.02+0.02° 7.15+1.182 0.05+0.05°
Proline 13.4510.68° 16.90+0.87° 46.12+7.48° 131.20+19.16°
Total free amino acid 178.71+8.35° 179.22+21.22° 719.40+108.572 436.74+21.38°

'Commercial shrimp dumpling. 2Dumplings prepared with red-banded lobster by-product extract and mealworm larvae powder. *Different
letters within the same column indicate significant differences (P<0.05) by Duncan's multiple range test. “‘Not detected.
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Table 6. Comparison of volatile flavor compounds of red-banded lobster Metanephrops thomsoni by-product powder

Retention  Retention Red-banded
time index Compounds lobster by-product Odor
powder (ng/kg)
Acids 34.977 1355.693 Acetic acid 5111 Sour, vinegar, pungent
Alcohols 51.713 1624.023  3-(methylthio)-1-propanol 2.250 Sweet, meat-like
9.21 898.186 Dodecane 5.819 Fried oil
13.161 1,000.625  Undecane 3.730 Faint
18.477  1,098.382  Dodecane 15.990 Fried oil
Alkanes 19.533 1,115,570  2,3,5,8-Tetramethyldecane 2.072 -
19.905 1,121.554  2,6,11-Trimethyldodecane 0.931 Fried oil, gasoline
21.083  1,140.502  Tetradecane 2.607 Mild waxy
103.02  2,708.489  Tetratetracontane 174.342 Mild waxy
Alkenes 6.446 780.116 1-Octene 0.442 Petroleum-like
Amides 27.161 1,236.287 N, N-Dimethylformamide 4.303 Fishy, amine
52.971 1,645.593  Acetamide 1.996 -
. 33.166  1,327.977  1,3-Di-tert-butylbenzene 2.923 -
Aromatics
33.691 1,336.012 1,2,3,5-Tetramethylbenzene 1.581 Camphor
37.587 1,395.638  2-Decanone 2.376 Orange, floral, fatty, peach
44 267 1,500.820 2-Undecanone 0.510 Strong, citrus, fatty, rue
Ketones .
47489 1553683  1-Phenylethanone 1.023 Sg]‘ietst‘ig‘r‘l;”rgggilnS;“l’ejrtarﬁ’;gs
55.376  1,686.831 N-Methyl-2-piperidone 0.371 -
Lactams 74.443 2,046.830 2-Piperidinone 2.509 Garlic
69.364  1,945.335  2-Pyrrolidinone 1.748 -
22.93 1,170.211 2-Methylpyrazine 1.697 Nutty, cocoa
26.586  1,227.517  2,5-Dimethylpyrazine 7.424 Pleasant, potato
28.158  1,251.495  2,3-Dimethylpyrazine 3.873 Nutty, cocoa
30.735 1,290.802  2-Ethyl-6-methylpyrazine 13.994 Roasted baked potato
32.027  1,310.545  Trimethylpyrazine 104.582 Roasted nut, baked potato
. 34651 1350704  3-Ethyl-2,5-dimethylpyrazine 28217 Nutty, roasted smell, reminiscent
Pyrazines of nuts
37.819  1,399.189  3,5-Diethyl-2-methylpyrazine 4.445 Nutty, meaty, vegetable
39.132 1,419.858  2,3,5-Trimethyl-6-ethylpyrazine 4.832 Spicy, vegetable stock like
39.88 1.431.647 g;/(é—zl\illneethylpropyl)-3,5-D|methyl- 1160 ggﬁlc;g),/ hazelnut, musty, roast-
40.504  1,441.481 2,5-Dimethyl-3-propylpyrazine 0.821 Hazelnut
40.888  1,447.533  2,6-Dimethyl-3-propylpyrazine 0.971 Hazelnut burnt
41402 1,455.634  Octamethylcyclotetrasiloxane 0.846 -
. 49.834  1,592.158  Decamethylcyclopentasiloxane 0.563 Odorless
Slloxanes 1,1,1,3,5,7,9,11,11,11-Decamethyl-
57.584 1,725.811 5‘-(t‘rir‘nétr‘\y‘lsi‘on’y)h’exasionane 1.604 )
Sulfides 12.255 977.474 Dimethyl disulfide 80.940 Garlic, onion
30.178  1,282.306  Dimethyl trisulfide 8.902 Powerful
5.372 702177 Dimethoxydimethylsilane 0.736 Mild, characteristic ether-like
18.046 1,090.456  2,4-Pentadienenitrile 5.188 Pungent
Etc. 47.962 1,561.444 2,6-Dihydroxybenzoic acid 3TMS 0.318 Odorless, mild, phenolic
54995 1680208 methyisilyl 3-methyl 2.236 :

4-[(trimethylsilyl)oxy]benzoate




TR NS F S50 AAA R G5 U E A2 TR F R We A 54 vl 507
Table 7. Comparison of volatile flavor compounds of meatballs formulated with mealworm Tenebrio molitor larvae powder
Retention  Retention Meatballs formulated
time index Compounds with mealworm larvae Odor
powder (ng/kg)
5.702 726.125  Methyl acetic 0.062 Fragrant, fruity, pleasant
) 32.933 1,324.411 2-Oxooctanoic acid 0.117 -
Acids 48.522 1,570.632  2,6-Dihydroxybenzoic acid 3TMS 0.280 -
59.15 1,753.881 Heptanoic acid 0.147 Disagreeable, rancid
21.945 1,154.367 1-Pentanol 0.092 Mild
28.593 1,258.130 1-Hexanol 0.156 Sweet alcohol, pleasant, fruity
Alcohols 31.167 1,297.392  2-Butyl-1-octanol 0.347 Sweet
34893 1354408 1-Octen-3-ol 0.449 gf"lgcgnzeerf’?ggguﬁa@"te reminiscent
41.882 1,463.199  1-Octanol 0.106 Fresh, orange, rose
7.112 815.457  2-Methylbutanal 0.073 Unpleasant
7.199 818.888  3-Methylbutanal 0.070 Apple, fruity, fatty, almond, acrid
12.558 985.301  Hexanal 1.765 Characteristic fruity
24.203 1,190.687 Octanal 0.060 Strong fruity
Aldehydes
31.012 1,295.027 Nonanal 0.329 Rose, orange, floral
39.467 1,425.138 Benzaldehyde 0.645 Strong almond
47.296 1,550.517  4-Methylbenzaldehyde 0.144 Floral
49.084 1,579.852 2-Hydroxybenzaldehyde 0.142 Bitter almond
5.354 700.871  Octane 0.247 Gasoline
5.431 706.459  2,3,4-Trimethylhexane 0.173 -
7.429 827.957  2,2-dimethoxybutane 0.064 -
9.086 893.297  3,3-Dimethyloctane 0.093 -
9.216 898.423  Decane 1.237 Gasoline
10.393 929.372  3,7-Dimethyldecane 0.282 -
10.561 933.712  2,4,6-Trimethyldecane 0.098 -
Alkanes ;
11.284 952.390  2-methyldecane 0.111 Pungent, acrid
11.595 960.424  3-methyldecane 0.068 Pungent, crid
13.207 997.598  Undecane 1.340 Faint
13.207 1,001.471 Dodecane 1.201 Fried oil
18.493 1,098.676 Dodecane 0.317 Fried oil
25.863 1,216.489  2-Trifluoroacetoxydodecane 0.035 -
37.972 1,401.576 1-Nitrohexane 0.090 Sweet
6.465 781.495  2,4-Dimethyl-1-heptene 0.195 -
Alkenes 15.405 1,041.890 1-Undecene 0.183 Mild
32.62 1,319.620 3-Ethyl-2-methyl-1,3-hexadiene 0.164 -
Amines 11.639 961.560  N-Methylmethanamine 0.021 Ammonia, fish
11.665 962.232  Dimethylammoniumchlorid 0.029 Odorless
. 10.847 941.100  Methylbenzene 0.079 Sweet
Aromatics ]
33.181 1,328.206 1,3-Di-tert-butylbenzene 0.148 -
20.557 1,132.041  2-pentylfuran 6.889 Fruity, vegetable, metallic
Furans

24.905 1,201.876  5-Methyl-2-furanmethanethiol 0.096 Strong sulfuraceous, burnt odor
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Meatballs formulated

Rettier:Trgion R?rt%rg)i(on Compounds with mealworm larvae Odor
powder (ng/kg)

5.578 717126  2-Propanone 0.048 Sweetish, fruity
17.739 1,084.811 2-Heptanone 1.218 Banana-like fruity
23981  1,187.116 2-Octanone 0.081 f':ﬁltg,’ ;{]ezzﬁfmma' floral, bitter,
26418  1224.954 2,3-Octanedione 0.253 g?t‘;a’agus* cilantro, herbal, earthy,
27.223 1,237.233  6-Methyl-5-hepten-2-one 0.044 Fatty, citrus

Ketones 30769 1201321 2-Nonanone 0.184 Fruity, floral, fatty
32.014 1,310.346  3-Octen-2-one 0.250 Pleasant, earthy, fruity blueberry note
37.583 1,395.577 2-Decanone 0.177 Orange, floral, fatty, peach
46.812 1,542,576 Ethanone, 1-(3-butyloxiranyl)- 0.857 -
48.172 1,564.889  1-Ethoxy-2-heptanone 0.082 -
65811  1,876.727 Maltol 0.302 F ragrant caramel-buterscoteh,
5.843 736.357  Hexamethylcyclotrisiloxane 0.232 -
8.681 877.326  Octamethylcyclotetrasiloxane 0.130 -
16.01 1,053.016  Decamethylcyclopentasiloxane 0.513 Odorless
27.099 1,235.342  Dodecamethylcyclohexasiloxane 0.331 Odorless

3-Isopropoxy-1,1,1,7,7,7-hexa-

38.24 1,405.800 methyl-3,5,5-Tris(trimethylsiloxy) 0.325 -

Siloxanes tetrasiloxane
41.425 1,455.997 Octamethylcyclotetrasiloxane 0.152 -
47.553 1,554.733  Dimethylsilanediol 0.126 -
49.856 1,592.518 Decamethylcyclopentasiloxane 0.172 Odorless
56.714 1,710.217  Hexamethylcyclotrisiloxane 0.135 -
60.045 1,786.117  Octamethylcyclotetrasiloxane 0.155 Odorless
64.165 1,845.833 Decamethylcyclopentasiloxane 0.155 Odorless
2212 1,157.182  Trimethylsilyl methaneperoxoate 0.431 -

Etc. 34287 1345133 Arsenous acid, tris(trimethylsilyl) 0111 )

ester
54.13 1,665.466 Oxime-, methoxy-phenyl- 0.194 -
Turhan et al. (2014)2] ¢15o] W2H, 4317] HjEEL 4 N AT

1 58.03+0.43 g/100 g, 3|5 2.35+0.03 ¢/100 g, R
15.58+0.21 g/100 g, 24 20.00+0.01 /100 g, B=+312
4.03+0.61 g/100 ggi BTt ZMAAE] 9% nER
£ 0]} B WL ] SBa)l 2okl A $Fekl o] =11

24

S U WS 220R ekt TalEe gobs
33t Baf, oAl 7)ol A9l eSSl B4 o
AR ZhA Sleko] o M A ] S u|EES 4017
EgRTE st o R 943 oA T AEow Bt
g 4= 9let.

CSD, SLS, 7HAEA Ak 2, Z2XAAE §5 vE
#o) AL 242 Table 301 Hehufoiet. EPASH DA
+ SLS&} 7HAEA Ak ol ARt HEE ST, SLS

o] A= 0.53+0.00 mg/100 g, 1.50+0.80 mg/100 g5 Ly}
wrow, ZRARP S BAME Bdlbof| A= 13.26+0.58 mg/100
g, 3340+1.82 mg/100 g&2 vepgtt E3}R|HkAK(satu-
rated fatty acids, SFA)2] H|-&-2 7HAHA--Faks ol A
38.60%= 714 =7 UERGE S o, CSD 37.26%, 22 A A 2] &

= U|EE 25.07%, SLS 19.02% <=2 2 LElytch



thelE 32 51| Hmonounsaturated fatty acids, MUFA)S 0.5421 BHH
CSDof|A] 42.51%= 717 =8kaL, ofo] 7| S-FARE & 3 SHolA gk
0 41.39%, ZHAA A 2] 93 | EE 2546%, SLS 22.15% & FAO™= 7A7kat Ak
o]Qlt}. th7HE L3} Kpolyunsaturated fatty acid, PUFA) o] AL ARSI Q)
o] %-%-, SLS7} 58.83%= 7M=& e HAoH, 27 A = =
A 2] 42 n|EE 49.47%, CSD 20.23%, 7HA A S-HAMS 2 b, Z3A] RA
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Table 8. Comparison of volatile flavor compounds of CSD

SLS=3.092 oF 68l 52 215 2o, Aak =

olr
L
Am
oX
=
=l

S ukE(Siu mai)2] SFA kS 3,700
1150 H(Food and Environmental Hy-

Retti?: gon R?rtg:;(on Compounds CSD' (ng/kg) Odor
Acids 26.05 1219.341 Cis-3-Hexenyl acetate 0.096 Fresh, sweet, fruity
6.8 803.155 3-Methoxy-1-propanol acetate 0.052 -
6.83 804.338 1-Methoxy-2-propyl acetate 0.117 Sweet
7.623 835.607 Ethanol 0.144  Vinous
Alcohols 21.975 1,154.850  1-Pentanol 0.071 Mild
30.666 1,289.750  3-Hexenol 0.109  Grassy
34905 15354591  1-Octen-3-ol 0.171 Et\:gzgehre;gggeﬁ:; note reminiscent of
41.141 1,451.521 (-)-Linalool 0.253
7.201 818.967 Isovaleraldehyde 0.045 Fruity, fatty, almond, pungent odor
12.568 985.559 Hexanal 0.415 Characteristic fruity
Aldehydes 16.465 1,061.383  2-Methyl-2-pentenal 0.196 Pungent, fruity
17.887 1,087.532  Heptanal 0.046 Strong fruity
47.317 1,550.861 4-Methylbenzaldehyde 0.162 Floral
5.353 700.798 2,4-Dimethylhexane 0.252 -
542 705.660 2,4-Dimethylhexane 0.109 -
9.095 893.651 3,3-Dimethyloctane 0.045 -
9.22 898.580 Decane 0.800 Gasoline
Alkanes 10.38 929.036 2,6,11-Trimethyldodecane 0.052 Fried oil, gasoline
11.604 960.656 3-Methyl-decane 0.089 Pungent, acrid
13.068 998.476 Undecane 0.810 Faint
13.211 1,001.545  Dodecane 1.034 Fried oil
18.491 1,098.639  Dodecane 0.020 Fried oil
26.441 1,225.305  3-Acetoxydodecane 0.163 -
6.464 781.422 2,4-Dimethyl-1-heptene 0.075 -
Alkenes 8.168 857.098 Methyl 1-propenyl sulfide 0.167 Garlic
15.385 1,041.523  1-Undecene 0.136 Mild
Amines 4.715 609.914 Trimethylamine 0.124 Fishy, ammoniacal
Aromatics 10.85 941.178 Toluene 0.131 Sweet, pungent
Ketones 27.391 1,239.796 Methylheptenone 0.125 Citrus
5.821 734.761 Hexamethylcyclotrisiloxane 0.119 -
Siloxanes 15.968 1,052.243  Decamethylcyclopentasiloxane 0.126 Odorless
27.114 1,235.570  Dodecamethylcyclohexasiloxane 0.074  Odorless

'Commercial shrimp dumpling.
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Table 8. Continued

Retention

Retention

time index Compounds CSD' (ng/kg) Odor
6.588 790.421 Allyl mercaptan 0.300 Onion, sweet
12.227 976.750 Dimethyl Disulfide 1.035 Garic, onion
20.69 1,134.180 Methyl propyl disulfide 1.096 Onion
23.733 1,183.127  Allyl methyl disulfide 13.061 Garlic, onion
24.229 1,191.105  Allyl methyl disulfide 0.303 Garlic, onion
30.057 1,280.461 Dipropyl disulfide 4.224 Garlic, onion
Sulfides 30.209 1,282.779 Dimethyl trisulfide 0.002 Powerful
33.391 1,331.420 Allyl propyl disulfide 1.918 Garlic, onion
33.849 1,338.430 Trans-propenyl propyl disulfide 0.402 Cooked onion
35.741 1,367.386 Diallyl disulfide 0.211 Garlic
39.884 1,431.710 Methyl propyl trisulfide 0.365 Onion
43.806 1,493.522 Allyl methyl trisulfide 2.704 Garlic, onion
55.749 1,693.227 Diallyl Trisulfide 0.579 Strong garlic
98.914 2,603.922 Disulfide, di-tert-dodecyl 0.961 -
10.145 922.966 L-alpha-Pinene 0.096 Herbal, woody
13.7 1,010.537 (-)-beta-Pinene 0.216 Woody
14.394 1,023.299 Sabinene 0.217 Woody, citrus, spicy
16.576 1,063.424 Myrcene 0.247 Pleasant
18.616 1,100.820 (R)-1-methyl-4-(1-methylethenyl)-cyclohexene 2.692 Lemon
19.179 1,109.876 Beta-Phellandrene 0.086 Pleasant
19.371 1,112.964 Eucalyptol 0.048 Camphor
22.993 1,171.224 1-methyl-4-(1-methylethyl)benzene 0.145 Mild pleasant
Terpenes 35.878 1,369.483 delta-Elemene 0.002 Herbal
37.425 1,393.159 Copaene 0.509 Woody, honey
44168 1,499.228 (-)-Caryophyllene 8.112 Sweet, woody
44,713 1,508.138 Terpinen-4-ol 0.096 Pepper
48.636 1,572.502 Humulene 0.511 Woody
50.514 1,603.464 (L)-alpha-terpineol 0.077 Floral
50.813 1,608.591 1,7,7-Trimethylbicyclo [2.2.1] heptan-2-ol 0.120 Piney, camphor
53.809 1,659.962 (+)-Delta-Cadinene 0.107 Herbal, woody
54.707 1,675.360 alpha-Curcumene 0.122 -
Etc. 98.315 2,588.908 Tritetracontane 1.655 -

'Commercial shrimp dumpling.

giene Department, 2007), ©]= CSD (1,969.59+30.17
mg/100 g), SLS (395.14+4.74 mg/100 g), 7HA A} S HLAL
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AFSFATHRossi et al., 2024).

IS 4317] nEES £ SFAE palmitic acid 27,740
mg/100 g} stearic acid 27,490 mg/100 go&2 Hi% Ht
H(Turhan et al., 2014), ZMAA 2 (= nEELS 717}
205.13+4.89 mg/100 g1} 65.86+ 1.55 mg/100 g& = L}E}
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Table 9. Comparison of volatile flavor compounds of SLS
Retti?];gion R?rt:(ajr:)i(on Compounds SLS' (ng/kg) Odor
Acids 26.042 1219.219 Cis-3-hexenyl acetate 0.089 Fresh, sweet, fruity
7.619 835.450 Ethanol 0.241 Vinous
13.392 1,004.873 2-Butyl-1-octanol 0.159 Sweet
21.959 1,154.592 1-Pentanol 0.067 Mild
26.429 1,225.122 2-Methyl-1-pentanol 0.083 -
27.119 1,235.647 Trans-2-hexenyl acetate 0.119 Sweet, fresh, apple
Alcohols 28.609 1,258.374 1-Hexanol 0.171 Sweet alcohol, pleasant, fruity
30.661 1,289.674 (2)-3-Hexen-1-ol 0.040 Fresh, grass, foliage vegetable, herbal
34.913 1,354.714 7-Octen-4-ol 0.277 -
35.326 1,361.035 1-Heptanol 0.030 Fragrant, raint, aromatic
42.034 1,465.595 1-Octanol 0.002 Fresh, orange, rose
45.528 1,521.509 (Z)-2-Octen-1-ol 0.149 Sweet floral
47.047 1,546.432 I-Menthol 0.115 Peppermint
12.552 985.146 Hexanal 1.048 Characteristic fruity
12.678 988.401 Hexanal 0.129 Characteristic fruity
17.875 1,087.312 Heptanal 0.144 Strong fruity
26.504 1,226.266 (Z)-2-Heptenal 0.148 -
30.924 1,293.685 2-Methylpentanal 0.002 Ham, cheese
Aldehydes
31.037 1,295.409 Nonanal 0.352 Rose, orange, floral
31.182 1,297.621 Nonanal 0.380 Rose, orange, floral
39.487 1,425.453 Benzaldehyde 0.092 Strong almond
47.324 1,550.976 4-Methylbenzaldehyde 0.136 Floral
56.926 1,714.017 (E, E)-2,4-Decadienal 0.128 Butter, fatty, orange
5.354 700.871 Octane 0.072 Gasoline
5.465 708.926 2,4-Dimethylheptane 0.016 Strong, pungent
8.749 880008 2 (Ethenyloxy)-propane 0.086  Sweet, fruity
9.213 898.304 Dodecane 0.748 Fried oil
10.386 929.191 3,7-Dimethyldecane 0.136 -
11.271 952.054 2-Methyldecane 0.015 Pungent, acrid
Alkanes 12.426 981.891 2,6-Dimethyldecane 0.032 -
13.029 997.468 Dodecane 1.306 Fried oil
13.233 1,001.949 Undecane 0.693 Faint
18.488 1,098.584 Dodecane 0.175 Fried oil
37.694 1,397.276 Pentadecane 0.047 Waxy
37.976 1,401.639 1-Nitrohexane 0.180 Sweet
94.289 2,489.241 Nonacosane 0.831 Odorless
6.456 780.842 2,4-Dimethyl-1-heptene 0.074 -
8.172 857.256 3-(Methylthio)-1-propene 0.046 Alliaceous, garlic, onion
Alkenes 36.751 1,382.844 Diallyl disulphide 20459  Garlic
36.751 1,382.844 Diallyl disulphide 20.437  Garlic
55.743 1,693.124 Diallyl Trisulfide 0.775 Disagreeable

'Dumplings prepared with red-banded lobster by-product extract and mealworm larvae powder.
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Table 9. Continued
Retti(reTr:éion R?rt%r:)i(on Compounds SLS' (ng/kg) Odor
. 10.863 941.514 Methylbenzene 0.072 Sweet
Aromatics ;
33.177 1,328.145  1,3-Di-tert-butylbenzene 0.112 -
Ethers 13.607 1,008.827  Diisodecyl ether 0.091 -
19.365 1,112.868  1,8-Cineole 0.088 Camphor
Furans 20.556 1,132.025  2-Pentylfuran 0.280 Fruity, vegetable, metallic
Ketones 17.741 1,084.847  2-Heptanone 0.106 Banana-like fruity
27.392 1,239.811 6-Methyl-5-hepten-2-one 0.022 Fatty, citrus
94.908 2,504.178  Tetratetracontane 0.346 -
Paraffins 95.537 2,519.821 Tetratetracontane 2.935 -
95.328 2,514.623 Tritriacontane 9.547 -
12.215 976.440 Dimethyl disulfide 0.171 Garlic, onion
15.82 1,049.522  Diallyl sulfide 0.187 Garlic
20.683 1,134.068  Methyl propyl disulfide 1.077 Onion
23.725 1,182.998 Allyl methyl disulfide 3.909 Garlic, onion
Sulfides 24.219 1,190.944 1,3-Dithiane 0.425 Alliaceous, roasted
30.056 1,280.445 Isopropyl propy! disulfide 5.495 Onion, meaty
33.699 1,336.134  Allyl propyl disulfide 0.001 Garlic, onion
33.854 1,338.506  Trans-propenyl propyl disulfide 1.259 Cooked onion
48.666 1,572.994  Dipropyl trisulfide 0.167 Garlic
11.795 965.590 Camphene 0.006 Cooling, piney wood, citrus, green minty
18605  1,100.643 ﬁg;ﬂ;ﬂfﬁg{};ﬁ:gy'clohexene 0.136  Lemon
Terpenes 19173 1,109.780  Sabinene 0.164  Woody, citrus, spicy
44.165 1,499.180  (-)-Caryophyllene 0.099 Sweet, woody
51.569 1,621.553  Zingiberene 0.078 -

"Dumplings prepared with red-banded lobster by-product extract and mealworm larvae powder.

& ekl vehd AHARS 4017 bl EEof A= oleic acid
(33,270 mg/100 g), ZMAA 2] 5 W|EE|A= linoleic
acid (583.15 +7.86 mg/100 g)= L}EpT]

271 g

CSD, SLS, 7HA[HA - AR &, ZAAA ] {5 vE
£ 771" 472 3= Table 40 YeRfSich CSDY Fe,
Mg, Zn, Mo, Mn $FFe 7Fz} 1.87+0.08, 106.13+0.97,
446+0.21, 0.02+0.00, 1.63+0.06 mgkgO & LFebtT},
SLS: Fe 3.86+0.13, Mg 171.94+2.67, Zn 6.91+0.14,
Mo 0.07+0.00, Mn 2.51+0.07 mgkgl &, LE o
Al CSDET} ghgo] =A Uepgttt. 7 fAE
2 Fe 25.59+0.40, Mg 1,882.714+2.90, Zn 51.14+0.28,
Mo 0.60+0.01, Mn 4.40+0.04 mg/kgo]3l.om, 27 ]
2 4% nEEL Fe 16.15+0.30, Mg 485.49+10.45, Zn
32.8740.62, Mo 0.36+0.01, Mn 5.91+0.19 mg/kg®] 3+

= Ukt

T 17]A §FEo]| A SLS= CSDE T} =2 3hek2 5195}
)01, 55 Mg, Fe, Zn Al olU7) thAl, Ak S, v
7154 El] S= 3 =gl WS o] 9l kAR oy
olth(Lee, 2017). waba] SLSO| F714 sk Z7h= 298
AFRE 7A A - HALE Bkl 7}/\1474 Az & Lo 5
e e WA Beo] YL & Ao Bk

Oe‘—r“

mlo

Fl~>
RObu 2R R

7

T

1

=4

o

=

o}

rbl ol

F2|ot0] et St

CSD, SLS, 7HAHA -4 2, 2 A 2| f-5 | EE
o] Gejotn] At BA A7 Table Sof] Yeb¢lch. Glutamic
acidi= SLSo] 7F4 =7 UER=t)(62.85 +8.38 mg/100 g),

ol TS FHdhs 8 ofn|iAto] SLSO| ] F/gol
287k A o2 bt Alanine2 7Rk o]
A 69.74+10.40 mg/100 g2 7F4 =7 Yehgon, 227
A2 95 uEE 18.01+4.37 mg/100 g, CSD 17.36+1.07
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mg/100 g, SLS 8.62 + 1.41 mg/100 g 4=© 2 e}, Proline
2 AR 5 nEEo A 131.20+19.16 mg/100 g&. =
W E=A UERg o, 7R -FARE B 46.12£7.48
mg/100 g, SLS 16.90+0.87 mg/100 g, CSD 13.45+0.68
mg/100 g <=0 2 UFEPGTH Arginine S 7 A 2hA) S-HLAHE Bk
oA 68.30+10.37 mg/100 g&. & 74 =A| vrelyton, 2y
AAE] % U] EE45.95+3.32 mg/100 g, CSD 20.90 +2.39
mg/100 g, SLS 18.52+ 1.15 mg/100 g 20 2 Lkelye}.

SLS+= glutamic acid®] gFgo] 7H sof, A9 st
= FR olnlte 2 A TS 8 4 98 Ao .
IESH glycine, alanine, proline, arginine Afjl-$-of| &5t -2
ofu|ieAS 2 A Q1o H(Choi et al., 1983; Sriket et al.,
2007), & Aol A= 7 S-FARE i A A 2
5 T EEOA =2 FaFo] ERIE ST} o3t ek dist
(Fenneropenaeus chinensis) F-AHg & 45250l A arginine,
glycine, alanine®| 2}2} 448,319,308 mg/100 g 50 2 Bl
& Rossi et al. (2024)2] AL} L A3}t

&l 48 =4

u
rE
L
)
s

A A RS S AR Y -5 m| EEL] 3] A
H2O 717 Table 61} Table 7, CSD%} SLSQ| 3F7] E S 7+
7} Table 83} Table 9oi] LEF I}, 7HA A 93241 Beo]
A= pyrazines”t 8 7] JE 02 AEH 3=, ol Lee
ctal. (002)0] A5 A Ake} A|shed, 1o 25l
Ag-o] Al o Ao eI Slek. 2 AN E 2
= B Az IPoA L2 A7} o] Ro|F 7] wzoll thekdt
pyrazines’} &% 2 0.2 wehE T

AR A2 -5 v EElA = alkanes7} 7HY B2 S &
2515101, o] Seo et al. (2020)0] H gt R, L& ¥71
o] g7] 45 ATtet GASHh E5] 2 pentylfuran, hexanal,
undecane, decane, 2-heptanone, dodecane 5= H 3} #7574
Z @A et utolof= vk o2 YA EH A0 R o] 2 Qo 7
of A5k 3 B4J0] Hofsl Ao pekc,

CSDe} SLS9| 37| Aw-g vlugh A3}, CSDoA= al-
kanes, sulfides, terpenes®] 5471 AAtA o2 Wk, SLSo|
A+ alcohols, aldehydes, alkanes®] H]-&-0] =9tt) = A| 7o
A FEAHSZ HEH ketones, aldehydes, alcoholst= URHA
© &2 A d A7Hiker 9o e AR of Fafioll A 7] qlgktkar
& A Qth(Beltran-Barrientos et al., 2019). £3] hexanalZ}
heptanal:> 22| A|9-9] 8 FAJE 2 HilH 8} glon
(Wang et al., 2022), & A--2] whF 2] dpg ol A= FA4H A
© & yiE )

ESE A S0 3 RS 2= sulfides7t 2 LA 9o
™ (Lee et al., 2002), = A2 CSD2} SLS Kol A HEx
otk SLSol| A HZ4 benzaldehyde= A|-$- 7}d %2 A] ¥
A= st F RO 2 B 11 (Zhang et al., 2022),

B A 23 o] o Y

i
olr
1
Jm
ox
=
=
(9,1
—_—
w

2-pentylfuran AN -0 A F2 HEE = 22 A A 9l
THLu et al., 2024). o1&, 2-heptanone-& Z-4 7 2] 2] -9-3 1]
Ego|A fefigt Ao g A=, Hx17]e] Ef FvE &
dhel= sihE2 = ¢4 A QIth(Song et al., 2022). whehA] SLS
ofl = FHA 7| Aol A H7IER] dorSolE e}
a1, frAbet ghu] EX4Jo] Rof =] QS 7Hs/d o] Qirtal ke h

TIAIREA - AE T} A A A ] 55 Bk o] 8-5to] AR
o HEE AUk R Zjubal 24, 2714 S, ajofn| Al
24, FA] 7] ARl A Hubd oz et o okela E4
S Uetfilom, A9 2 &7 gul S f AR A = 9l
S-S BRI o] 7| S Sk QIgh A3t whalal 21

=
ol Hiulshr] 2%t A &7kst A5 A e
1 5 -
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