% FH B 31 2#4R Chinese Journal of Applied Entomology 2024, 61(2): 358-369. DOI: 10.7679/j.issn.2095—1353.2024.039

B HE X 2 sk % H A < MBS B ER A0
EARSEFZERSTREZm

S 1,2%% 1 - 1,2 > 2 — 1,2 . — 1, 2%k
i 2/ =F RIRIE S F =4 X =
(1. 98 SCERRFA A RFEITIE G, 25 5630005 2. 16 SCERIRAFILRIE ¥R, Y 563000 )

B E [B89] WHERP IR K Hermetia illucens 41 A K B2, B TE ol B8 N EL A
[ Aix] BT HF A 38 25 2 DOk 37 SRk a4 e, Sl FR e R s B T4 SR AR A A R
7 A T TR RN 2R AR K 25 5 A 75 U v 43 ) SR B UM 7 P RN K PR | 4, R o me bk Y R 12 R R T -
PN K KR R RO S R, I S SR LR 12 GC-MS il HPGPC-ELSD #
AR50 5B B 05 R AL 24 A R RK s R o P ARG o T oA, DA SRS inont 4l A A= K iy sgm . [ 45
B mokirgh b AR KIE SR, R B 30% 0, (RERK B B 50%0, TR
E TR (P<0.05), BFRBMBRSE/R, GIEHH<30%0F, Lymigiim &t w T, H e
Jo, i PR, AT PEER AURRRER S SRR (P<0.05), UiHTE XS FIEIIR IR AL R . GC-MS
SYBTA K B IR A ~F o 25 Ak, AT R AR RR « IR AR R, HL¥ A 4y . HPGPC-ELSD
SRR, WA <30%M, @i%E -, FEAREE ] 16.5 F1 20 min 23 B B AY (G5, 40%F1 50% 0 45
— AT BIESR, LLOIAE] 80%HT, A AR, R LIS 3 AT e S ORI A s A
S FREEE A [ ] BoKigh dumh A RS R BUR 208 36 COMIC FLRg i, o 3 AN 3 i x4y s
AR, MAGFEE AT 30%0T, XFahd/ERKAE R REARE, Rk, 2865 EEEF AR
R, 30%XG 32U I EL ] F5ds ‘1 SR K %)y e f) 55

KR oK, X8 REE; EFRAST; GC-MS; HPGPC-ELSD

Effects of chicken manure on Hermetia illucens lar vae and
accumulation of fatty acids, proteins and other nutrients
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Abstract [Aim] To evaluate the effect of chicken manure supplementation on the growth of Hermetia illucens larvae (HiL),
and determine the optimal proportion of chicken manure (PCM) to add to feed. [Methods] Different ratios of chicken
manure were added to soybean meal and fed to HiL. The growth status of HiL was evaluated by measuring changes in larvae
weight and dry matter. Fatty acids and water-soluble components were extracted from larvae using petroleum ether and
distilled water, respectively, combined with ultrasonic technology. To investigate the accumulation of key nutrients in the
larvae extract, the bicinchoninic acid and phenol-sulfuric acid methods were used to measure the water-soluble protein and
sugar content, respectively. To determine the effect of chicken manure feed supplementation on larval growth, Gas

Chromatography-Mass Spectrometry (GC-MS) and a High-Performance Gel Permeation Chromatography-Evaporative Light
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Scattering Detector (HPGPC-ELSD) were used to analyze the chemical composition of fatty acids and the molecular weight
distribution of water-soluble macromolecules in larvae, respectively. [Results] Growth measurements from HiL indicated a
significant decrease in larval weight gain when the proportion of chicken manure in the feed exceeded 30%. Additionally,
when the proportion exceeded 50%, the dry weight ratio significantly decreased (P<0.05). Nutrient accumulation analysis revealed
that when the proportion of chicken manure added to feed was <30%, the fatty acid content of the larvae significantly increased,
but decreased as the proportion increased. However, the content of soluble protein and sugar components remained stable
(P<0.05), indicating that moderate chicken manure supplementation promotes fatty acid accumulation. GC-MS analysis did
not find any significant changes in the chemical composition of lipids, with lauric acid, oleic acid, and palmitic acid identified
as common primary components. The HPGPC-ELSD results demonstrated obvious chromatographic peaks at retention times of
16.5 min and 20 min when the feed incuded <30% chicken manure. However, the first main chromatographic peak appeared to
split when the proportion was increased to 40% and 50%. At 80%, the second main peak disappeared, indicating that a high
proportion of chicken manure may cause macromolecular fracture or inhibit low molecular weight polymerization or production.
[Conclusion] The quantity of chicken manure added to soybean meal influences the HiL growth and nutrient accumulation. A

high proportion of chicken manure can inhibit larval growth. However, when the proportion of chicken manure does not exceed

30%, its effect on larval growth and nutrient accumulation is not significant. Therefore, based on the findings of this study, a

maximum of 30% chicken manure is considered the optimal proportion for supplementing HiL feed.

Key words Hermetia illucens; chicken manure; feed; nutritional composition; GC-MS; HPGPC-ELSD
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Fig.1 Theweight gain of the larvae of Hermetia illucens reared with different proportions of chicken manurein feed
(L) EFRA A R/ING 7 B 7R 7EARTR] ] 7 I (B AN [7) A 2120 8] 22 5 W 25
(P<0.05, Duncan’s ZH HERL ). T ElF.

Histograms (Broken line) with different letters indicate significantly different for the different groups at the
same cultural time (P<0.05, Duncan’s multiple range test). CM: Chicken manure. The same below.
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values of the larvae of Hermetia illucens reared with
different proportions of chicken manurein feed
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Fig. 3 The percentages of fatty acid extraction yield (A) and aqueous soluble component extraction yield (B), soluble
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reared with different proportions of chicken manurein feed
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Fig. 4 Total ion chromatogram of the chemical
components from the fat extracted from the larvae of
Hermetia illucens reared with different proportions of
chicken manureby GC-MS

1.

=

e, FUCRIMPR BRI, X Se2 A ke ah
AR EE RS . XK, WIS B E R
SRR T4 B AR B A A, AN 2 F
I HE R
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Tablel Analysisresultsof thefat extract components and relative contents of the larvae of
Hermetia illucens reared with different proportions of chicken manurein feed by GC-MS

G aEY
No. Compound

o1k

Molecular
formula 0 20 30 40 50 60 80

RS EE LB (%)

Proportion of chicken manure in feed (%)

1 +—%& Undecane

1E+H%E Pentadecane

2,6- - H F+—%E Undecane, 2,6-dimethyl-
2-T 3L 1-Octanol, 2-butyl-

IE+-EkE Heptadecane

4,4- " NFLBEE 4,4-Dipropylheptane
Je2-2-28 4 2-Decenal, (E)-
2,6,11-=H 3+ " J Dodecane, 2,6,11-trimethyl-
2-FJLZ4 % Decane, 2-methyl-

10 IE75%% Hexadecane

11 3,3-"HIEESE Hexane, 3,3-dimethyl-

12 HEELE, 3-1T =kikfig Methoxyacetic acid,
3-tridecyl ester

13 1 = B 3 3R X BE & % Cyclohexasiloxane,
dodecamethyl-

O 0 N N U B W

Ci1Hy - - - - 0.16 - -
CisHs, 0.16 0.08 0.12 - 0.17 0.14
Ci3Hog - - - - - 0.06 0.04
Ci2Hy60 - - - - - 0.06 0.04
Ci7Hs6 0.11 0.05 0.1 0.04 - 0.09 0.05
CisHas - - - - - 0.18 -
CioH;50 - - - - - 0.07 0.06
CisHsy - 0.15 - - - - R
CiiHay - - - 0.30 - - -
Ci6Hzg - - - - 0.42 - -
CsHys - - - - - 0.44 0.33

Ci6H320;3 0.07 - B B - B -

C1,H;3606Sis  0.07 - - _ ) i i




24

W VAR XO AN R KAy B A R R R R 1 A R A B R

+ 365 -

43R 1 (Table 1 continued)

RS FE LB (%)

i fe&9 M/leiflc ar Proportion of chicken manure in feed (%)
Ne. Compound formula 0 20 30 40 50 60 80
14 2-C5-1-%F% 2-Hexyl-1-octanol C14H3,0 008 006 - 011 014 - 0.15
15 IEZB2 n-Decanoic acid C1oH200, 032 090 035 084 1.01 1.0l 1.05
16 1 ek =4 kELE Silane, trichlorodocosyl- CyHusCL3Si - - - - - 0.09 -
17 2-C%-1-280% 1-Decanol, 2-hexyl- C6H5,0 - - - 0.05 0.08 - -
18  1-F75kifE 1-Hexadecanol C6H3,0 081 044 - 056 068 071 0.63
19 4 PO%¢ Tetradecane C4Hj 0.20 0.11 004 0.13 0.16 0.16 0.15
20 O-ZH:F M Hydroxylamine, O-decyl- CoH3NO 0.05 0.07 - 0.05 0.12 0.03 0.22
21 1/ REAsmESL 1-Octadecanesulphonyl chloride CoHy, 0.07 0.03 - 005 004 - -
22 6-H 3+ /\BE Octadecane, 6-methyl- C1oHyo - - - - 009 - -
23 1-lR _+%¢ 1-Bromoeicosane CyoH4 Br - - - 0.06 - - -
24 TFE -+ PUkE Tetracosane Cy4Hsy - - - 010 0.23 - -
25 2,6-_H 3| -E%E Heptadecane, 2,6-dimethyl- C1oHy 0.19 - - 0.10 0.17 - -
26 %5E,2,3,5,8-0 I IE S A LB Decane, 2,3,5.8- C4Hs 048 - - - . ; -
tetramethyl-
27 1E+75bBE Hexadecane C¢Hs - - - 007 - - -
28 HWHRIZMR-3-T =S EEE Methoxyacetic acid, C;4H3,05 - - - - 003 - -
3-tridecyl ester
29 2,4- R THKE 2,4-Di-tert-butylphenol C,H,,0 3.03 1.78 097 233 293 271 242
30 HH:M Dodecanoic acid C12H40, 8.79 12.82 831 18.53 21.52 18.16 22.41
31 2-+ " JEfE 2-Dodecanol C,Hy60 1.27 070 031 0.84 1.05 1.04 0.97
32 IETJukE Nonadecane CioHyo 0.15 0.08 0.02 0.09 0.12 - 012
33 N ki R U RE & BE Cyclooctasiloxane, C,¢Hys0sSis - - - - 021 - -
hexadecamethyl-
34 2-W 3+ /\E Octadecane, 2-methyl- CoHyg - - 0.07 0.06 0.12 - -
35 1-BitPU%E Tetradecane, 1-iodo- C4H,l - - - - - 040 030
36 T WHE Dibenzylamine Ci4H 5N 0.50 - - - - - -
37 %% Undecanoic acid C1H,0, 0.41 1.15 0.62 1.83 244 256 2.65
38 1,1, 1,5, 7,7, 7-LHHE-3, 3-30 ( =HIE C3H,W0s8i - - - - 017 - -
A ) kSR 1,1,1,5,7,7,7-Heptamethyl-3,3-
bis (trimethylsiloxy) tetrasiloxane
39  1-TJukJ% 1-Nonadecene CioHjs 1.08 0.65 0.27 0.73 1.00 0.95 0.92
40 2-+T A kI A L Mg Dichloroacetic acid, C;;H;CLO, - 0.03 - - ; - _
2-pentadecyl ester
41 3,524- = B H Y + & Tetracontane, 3,5,24- C,3Hgg - - - - - - 0.05
trimethyl-
42 1-Gala-l-ido-octose CgH 605 - 0.08 - - - - -
43 9, 9- " H A E W I 3311 L -2, 4- 0 C;Hi604 - 0.06 - - 0.09 - 0.09

9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione
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4% 1 (Table 1 continued)

o T TR XS ZE LB (%)

i e &9 Molecular Proportion of chicken manure in feed (%)
Ne. Compound formula 0 20 30 40 50 60 80
44 2, 2, 2-=F LM 9-1 /\J&GER 9-Octadecenoic C,oHssF;0, - 026 - -

acid, 2,2,2-trifluoroethyl ester
45 9-_1H5FR 9-Eicosenoic acid C,oH;50, 0.16 - - -
46 M=C-11-+75Hk 4R _Hexadecenoic acid, Z-11-  C;4H3,0, 0.81 091 1.56 1.48 1.53
47 AW " TH Dibutyl phthalate CieH»0s 133 081 035 098 153 132 129
48 FEMIBZ n-Hexadecanoic acid C6H3,0, 386 541 288 7.52 937 8.04 9.11
49 1-—+ % 1-Docosene CyoHyy 0.93 0.52 0.19 0.56 0.84 0.77 0.78
50 FE—PUkié Tetracosane Cy4Hs, 0.1 - -
51 AR Linoelaidic acid C3H3,0, 294 378 135 697 725 6.78 7.27
52 iR 9-Octadecenoic acid CsH340, 427 6.3 2.07 10.25 11.51 11.28 12.50
53  HfiJgHZ Octadecanoic acid C,5H560, 123 13 293 225 271 256 294
54 (Z)-7- 1T 75WMEmE 7-Hexadecenal, (Z)- C6H300 0.31 021 120 0.14 053 0.89 043
55 1-—+Ju (B ) % Nonacos-1-ene CyoHsg 0.91 - - -
56 10-—+—HkH 10-Heneicosene (c,t) C,Hyy 1.57 0.54 0.83 0.77 0.79
57  IFERBENE 13-Docosenamide, (Z)- Cp»H4;NO - 1943 - - -
58 +-bke, 2.3-—H 3 Heptadecane, 2,3-dimethyl-  CjoHyg 0.45 - -
59  1-f-2-F 3+ —FRJ%E 1-lodo-2-methylundecane  C,Hysl 1.12  0.78 - -
60 2,6,10-=H 3+ " Dodecane, 2,6,10-trimethyl- C,sHs, - 216 8.46 - -
61 AP HER R FHlE Diisooctyl phthalate Cp4H350,4 622 199 213 337 334 31 277
62 1 /\lE Octacosane C,sHsg 1.35 - -
63 IF=-1—% Hentriacontane C; Hgy - 6.20 - -
64 1E_175kE Hexacosane Cy6Hsy - 1.27 - -

- RKEMFE], - : Not detected.

A AN FEF, 7E 17 min &b B— B 5500 i 0
H+ HPGPC (i &l I, fREAnfalAE, £k
YRR, 455K, TR, &
= LB AT Re &g R K T U W e, sl
EH TR FRAEGYRS . GG L —
HHETN A 60%H1 80%H , HiH: 22 n] LIS ma #AIK 1
SRR S A WA

3 itig

SRR T & A AR F SRR R
EH (XA S B, 2016; Cutrignelli et al.,
2018 ), (HRHFMAE AR, FHEEMAGE

TSN H AT T e K BR3P 2R K -4 AR W i
A = R AR A S R AR B,
I, AHIFSE T SR TS A [R] L 3] 4 8 2 T el ]
IR A L, RIS ZEAR N A X B K 4y
B AR A BE . SN L8 T 30%,
gl iR L TR, YA BT 50%,
SRR EE TR, HIL, b TIRBURK T
e, XSG IR BT 30%. MRS
(2019 ) MG AL, BEA/KI-4HTE 30%A8 350
DL, Bk g R E R IR B2, 5 AT
FEAE R —E, X —HAE B 30% SIS I A
SN PR 4 HUE B AR K



24 WA XOFEXT KA d A N R TR RN A 1 T A R A B RS T - 367 -
SE o5 ow SE 05| 20% S8 ol 0%
D ~ g2 EES\ .
EZo Ee8 o Z2-0.50
(0]
wEE o5 S =05 5 =—0.75
HS =5 5 -1.00
i 2 710 mp 2. 2~10 op 22125
Qg 1.5 ety ¥ %g —1.5 | Mt W gg —1.50 | sy W
£ 0 5 10 15 20 25 % 0 5 10 15 20 257§ 0 5 10 15 20 25
PREZ}E] (min ) PREZEFE] (min) PREZIFE] (min )
Retention time (min) Retention time (min) Retention time (min)
= =
/‘\'o 0 A'o 0
SE  _yos| 40% S>E 0251 50%
5.8~ 52 -050
N g> —0.50 N g% -0.75
mEE-075 S = —1.00
%S —1.00 ﬁ%%—us
i 2.8 125 o 2.8 150
imd ® —1.50 ' . ‘ . dz'E 175 ! . . .
BE 0 5 10 15 20 25 B E 0 5 10 15 20 25
= {REqF ] (min ) = #REFAH ] (min )
_ Retention time (min) = Retention time (min)
<
f\g 0 Ag 0’ 0,
28 _ 025 | 60% >3 _ 025 80%
ESE 50 ESS 050
28 o 2E 075
== -0.75 %:.—' ~1.00¢
=SS -1.00 HMog o
op 22 —1.25 22 150
U101 AR -3 B 7 sunwicotuu
&2 0 5 10 15 20 25 E 0 5 10 15 20 25

AR IE (min)

Retention time (min)

PREAEFIE] (min )

Retention time (min)

B 5 {RARHERMAE L FI 3G 2R 7R Bk bl 40 UK IR ER S SRR B L E
Fig.5 HPGPC chromatograms of water-soluble components from the larvae of Hermetia illucens
reared with different proportions of chicken manurein feed

PR - Ay B A A R G AN R
WL 32 8 IR A A MR T o T4 HUIE A KA
BUF, RFRE SRR E e, A REIR BN 5%
2 B R, ASHIFSE X BE K -2 HL TR
ISP EE SRR o204 T T 40T o IR & i
ST, 20%F1 30% 3G 31 FEAAUAS 2520 HE
K -4y B AR B f A RREARR T L S RO AR
HEe i, HEREE (P<0.05), Hilm
FRIRBCR L T 20%. 17 24 X825 HL Bl i 30%
BF, Wi B N, (A5 TREER
(P>0.05), £ 80% SZEHS AL 4 Ry
14.58%+4.41% ., X 5ZRUEF (2019) HIGEE
) 7 R OK T &)y ORI A R T B i 15.94%+
1.24%85 430, (R B AKX 565 (2020 )
I e 7 T 3 6 B K 4y I e B R R
(28% ), X AT BESE 1 T SR 7K -4 Ha &y ikt 2 B
Jrikm 2 B 8 (FLALSE, 2021 ). RS,
ARG FFH GC-MS X i1 A8 B4 Fh 2 FAR XS 5 4

St T, BSEREI, A 15 Fsr A
[F] Lb A9 3 2 4w 57 I g e [ B 1D A, B
R EEE BB S R LU IR 30% X8 36251, 1
=T 80%. HE—Hr kI, fE¥EMRH,
AFERR & Ry, HUCR MR AR, 2
AXGFEmFEH A 5T . BE (2008 ) A5
RI, FERR KM dug b, AR o TR AT AR R
SR AR, T EMAE (2022) X EE K
4y U5 A R B0 R L TR AR R L
IR ITR o AL, TAEZE LT BA P A5 2 Fh
AEPRTEME (XIPEIESE, 2023 ), 2B EAEE>
P LRI, DL ERE I RRZS W43 HE AR K -4y
AERAETRAEZYRE, AW L FIRS T K
L) 8 RGBT S O N g = e o 5= s
B VAR PR L i S A e R
Hit (ZHK), 20, @RS, BAdiE
b, PIRET ZHAEYENE (BB, 20165
Chatsuwan et al., 2018; Mattia et al., 2019 ), Z<HF
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FEH, XTI INAS [5) EG A8 X 28 1) 57 BR K -4l A s 7K
S AT PR IR R B AR T S0%XS 220 T4 bk 2
S PR K 4l UKV PR o R R o T AE K 1
R T, DAY £, HUORRE, 2R
[7i] LU RS 2 TS N f A A 23 5 R AT i B 1 T
R, YXGIREINHE] 30% &% UL R, A2
AL BB R I, (EUR R T2 o AR B
LU BIEAR, HXZKEPE R e A Iesh, &
AR LI, KEER T, Ko AE PR
W AR EEYE . a0 RAEAKEER R,
S FHh 37, 64 Fil 75 kD R A BN H FEE
v, IR E P AT PE ( Chatsuwan
etal., 2018 ); i PR EUR M A3 7 T 20
15 kD, Homdn dpisif i EZ GRS (4
MTEEL, 2000); Ali %5 (2019) 7ERFST K i
S HIE R, R T — AR 2, H
ST FEZR 147 kD, IF HRMAZERIEER .
Jyit, AHFFEH ] HPGPC-ELSD £ AR XA INA
[Fi] B f91) 8 288 ] o B K it &0 B A 7K T B 3 R
Oy T AR AT ES M RRIE 0T, S5 SR RIS
30% M LA T LRSS IR i AE L b, R oy
PR KA W 2% . AT UL, 30% M LT L NG
FEAR X AR -4y KPP A AN

ZE b, MoK gl R B AR 5 4 2 A i
Wehe Sy, sEWr A E TR EERR IR (LA FERR
JE). ZAMFRRIIR . B TR 2 AT
Ay, AR R R E RN AR s
AN T HAG R 25 ) 5 B KOl &)y BT LU AT & B, XS
FERIN ISR AT 30% ), Bk 4 iy A4 K
BIRT it MR R Z BRI, 2k
AR F eSS MR, B, AR,
I NG 2 SR8 P K -4y U, XS ZEGS I LL 15y
30%HERHIEH . ABFFRAGE— LW TR
] LIRS X SRR i A . TR R | iR
0 RN K VP B e RN 2R A5 ], 38 Sk A T PR
Kt &h SR T $R A T S IR
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