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diet under different moisture content of black soldier fly ( Hermetia
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Abstract: The moisture content of diet is an important factor that affects the growth and development as
well as their utilization for nutrients of larvae of black soldier fly. Studies were performed to determine the
optimum moisture content of diet for larvae. The 3" instar larvae were inoculated into diet with moisture of
40% , 50% , 60% , 70% , and 80% . The larvae were sampled to weight about every 3 days until the
experiment were terminated. Once 50% of the larvae reached the prepupal stage, experiment ceased. The
prepupal stage, yield and effective conversion rate were calculated, and nutrients and gross energy of the
larvae and residues were determined. The results were showed as follow: 1) The yields and effective
conversion rate of larvae affected by moisture content of diet, larvae at 80% moisture developed the fastest
and had the greatest effective conversion rate to the prepupal stage. 2) Larvae at 70% moisture spent

shortest time reaching prepupal stage ( 14 days). 3) The CP in larvae decreased linearly with the
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increasing of feed moisture, but the EE and GE increased linearly in the same situation. 4) The

metabolism of larvae on GE of diet was highest at 60% moisture, while the accumulation of nutrients was

highest at 80% moisture. In conclusion, moisture serves a role in black soldier fly rearing, in order to

operate the black soldier fly biotransformation system efficiently, it is important to regulate the moisture of

diet based on production purpose in industrialization.

Key words: Black soldier fly; growth and development; nutrient utilization; gross energy

MoK - Hermetia illucens ( L.) % nl BB
HIALE 52 A s & 8 1 IR A= ik, wf
FHF 8 ol B il Az 7= v o0 B AR SR ol a4
R “RARIREET & YR
FIH” XA WA ] & A5 20 F B ( Pinotti et al.
2019) , B, BRI H @R IRSHOE H AT
PRI IR o PR K A K& B B iR R 35 43
PIRIHAZ ZF IR R . Cammack 5§ (2017) 1A
. MEET L, DR B K R B K AR K
RE~ BHmE R M K angE R
WL 52 BRI B & 255K &% a5
FERK, TR A I AT A At K&
T 2B K W 52 i AN B Mo Fatchurochim 4§
(1989) #H5E T AGFEHIK SR 20% ~90% Bif f HE 7K
WA, RIS K& A 40% ~60% T,
AR E I E RO, HAE 20% & 90% i, FUE R
Wi SR A7TG o Cheng 45 (2017) BFFRRBY, 4 J
Bl KA R 70% ~80% , A K iAW) i K A7
Hhg Ko Sealey 55 (2011) #2i1, "R AL
SRAET R I T )Rk 2 Bl 3t BR K i 1 57 43 R AR e
R, DLk — 2D 4 R el s i
i, PRI, IR R SR KA Y i
AR RT3 EE . HETRATSE 2 563 T K 43 %t
BRI A KRB KAFTE R (o E S,
2014; Miranda et al. , 2019) , i 7K 43 %F B /K - 53
51 BRI AR S WU ARGE, AR rh = 45 K
o PRI, ASHIFZE 4000 S ARDREAS [ 5 2K R X K
MARKKEE F25r BRI, Ry =
SRR A S A A 2 ) R R e SRR A S A

1 MRS

L1 fitae

Il K T 3 G o i AL
AT R AT BT AR 8k JEZE
W 6 0 1B BT 5 5 e B
EREEES A

1.2 REigit

FESERE R LR L A B AR K, A
RG24 K E R 40% « 50% « 60% « T10% « 80%
() 5 R R, i8R 40% « 50% « 60% « T0%
80% LbFRLZH , FAAMER3 AT . 4 d LRI R R
M8 Tomberlin 55 (2009) HEFFEHC 7 FCl, HH i &
BRI 1.

x1 EmAMNEARREFRKTE
Table 1 Composition and nutritional level of basic

diet for larva of black soldier fly

J5R} Ingredient &+ (%) Content
F K Corn 20. 00
BE Alfalfa 30. 00
#%k Wheat bran 50. 00
FHfE ( DM) 85.08
JfE (GE) Kcal/kg 4247.25
LR (CP) 19. 36
HLAE; (EE) 0. 46
HLLF4E (CF) 32.75
FLK S (CA) 13.18

1.3 REH*E

3220 g FERARDRE, A ZE IR KR K 53
B EIKE N 40% « 50% « 60% + T0% + 80% ,
PR aEY, BABVERUAR RIAE (AH
292.5 mg/3k) —EU 3 % 500 ko ERFEE
TR w100 H U AR £ ( By 1k R 7E Hod = o
Mg hikiE) , & FRFEREER. AREERER
27°C BRI N T0% o KL A KAFN,
B3 d TRAEE ML 10 L4 d, FrE, 4
4 50% 4 BLIUR F45 1RSI0 SRaRER A ]
1.4 MEIBHREFE

TRIR T 4f FZE AT 43 00 1 55 Bk, U &
FEME . 4 AWK KIS 5 7E 60°C N HET 48 h,
et R 2B sh, DRIEZ I 5] T
Ja BARFR A J5 3, #rgead 60 Hiii, —20°C R
7, &M B KA ZE Ty (DM) | & R
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(CP) . #PEN; (EE) . fHZ4E (CF) . M K4
(CA) KEge (GE) 434 B [E 45 GB/T 6284 -
2006. GB/T 6432 -1994. GB/T 6433 -2006. GB/
T 6434 —2006. GB/T 6438 —2007. GB/T 32707 -
2016 M %E »
L5 HI\EHERZEITSHT

KH Excel XJIEREEHE T TARE, RH SAS 9.3
o ANOVA BEHOHEIC #17 07 22 W& oA, R H
LSD i T 2 H LK. it REG BH Y Simple 3£
Wy FE AR E RIS R 5 RS K R it
T—TeZ M WA, HE Sy Bkl A B o K S RE 5 1)
BEE KRR RIEBRL . BE DU E + dndiE 22 3%
Ne H P <0.05 Fm 25 WE K

SRR () A2 K S BOR i AR AR e R R 8 5
ECE

KIS Yield; Y) =W, =W ;

A 7K iS4 H 3 ( Average Daily Gain; ADG) =
(W, =W, /t;

Bl o H( Feed/Gain; F/G) =W, /( W, - W) x
100% ;

1AL A 2R ( Efficiency of Feed Conversion;
EFC) =( W, - W,) /(W, - W,) x100%:

A Bl ) B 2 ( Dry Mass Reduction; DMR) =
(W, -W,) /W, x100%;

A FE( Metabolism; M) =(1-F) -B

Horpr, W Sy I 4 i BB K i) 4 fif i, W,
RIS A KT R A, WO I iR
R E, WO gs il g T8, &4k

2.0f
1.6
1.2+

0.8}

B R, WO IR A R AR5, W, ik
BRI IR AR E, By 500 Sk R R TR 71y
O (HEPRET) . LRI 220 ¢ k&5
O (IR L F ORISR gk i A
FRordrit, MOFRMRBHEAE & i

2 #R5HH

2.1 ARENBEEKERNRARITE KA E KB
RAARF AR

WEoE A B, Bl RS K G, R K
ARKEBE (W,) . B/7® (YY), FHHYEE
(ADG) KHUKTEIE T, HA 80% /K4
AR R, BRI 2. Ho Bk EEE W,
1E 80% /K4y T 435k 40% « 50% « 60% « 70% kb
PR 2.52 fiF. 2.00 fF. 2.09 5. 1.47 1%
ADG 4351 Hof 4l 19 3.3 £5+ 2.36 5. 2.21 %,
1.21 ff%5. MK ARE R (F/G) i B K A 4
RN E R, BERRKSS E S
WERAR. A R, SRR X R A A
WEEALF (EFC) fE 80% /K4y & & F e, fE
40% ~60% K it, ToHETtaE 2 R MRk %
(DMR) 7£ 50% ~60% AbPH T i 2 5 F HoAth b 28
g, HAlm T #E2E5. BRI 70% K3 T
SewilE, P14 d (HAARWE L) s #E60% K 80%
KT, BRI 550k 17 d 18 d, FE7K 43R
40% ~50% B, FHEHIER 2 22 do

MoK B (g/103% )
Average wet weight of 10 black soldier fly larva g

12 15 18 21 24

5 K%L (d) Day of experiment

~O-40% ~O-50% -B-60% =X—=T70% -X%—80%

BT ARG & 7K A DR XS 10 Sk K i i (A o Bl 1) 725 A K G000 P 39 614 522 i
Fig. 1  Average fresh weight and prepupal period of 10 samples of larva feed by diet at 40%  50%  60% « 70%

and 80% moisture content

T IRZEL A AL PR AT MR ARHER 22 . Note: Error bars represent the standard deviations of the individual larva weights.
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Table 2 Growth performance and utilization efficiency of black soldier fly under different initial moisture contents of diet

v’ L s » b =1 o] Y=t
@*%(%@é?a) ﬁ$%$ MR () PR HME :é§£> Bl L (%) égfi) égﬁﬁ)
Moisture 1 W, Y ADG Dry Bioamass F/G ERC DMR
40 1.0014  45.06+0.76" 44.06+0.76" 2.00+0.03" 11.57 +0.46" 20.07+0.79" 9.78+0.41° 51.00 +1.12°
50 1.00I8  56.64 +8.40° 55.64 £8.40° 278 +0.42° 14.67+1.97° 15.90+2.10" 11.55+1.73° 55.16+1.50"
60 1.0016  54.40 £2.43° 53,40 £2.43° 297 +0.13° 15.61 £1.03° 14.86+0.99" 11.77 £0.69° 57.36 +0.57"
70 1.0019  76.91 £4.08" 75.91 +4.08" 5.42+0.29" 23.35+1.72" 9.86+0.74° 19.24 +1.44" 52.93 0. 59"
80 1.0020 11239 +9.41" 111.38 £9.41° 6.55+0.55" 33.66+1.78" 6.82+0.35" 29.32+1.46" 54.67 +0.85"
cv 0.06 8.74 8.87 8.68 7.59 8.56 7.61 3.90
MSE 0.01 4.62 6.04 0.34 1.50 1.16 1.26 2.08
P 0.7032 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0. 0098

TE: AT R b R PR AR TR SRR 2R A 3 (P >0.05) , AW AR TFRFEREREH (P<0.05); CV, &5H
ZB; MSE, %2217 T A Note: In columns, values followed by the same letter are not statistically different according to the

Duncan test at P <0.05; CV, Coefficient of Variation; MSE, Mean Square Error; The same as below.

2.2 AEMEE KRR R B AKEARR S K S
e & B HFHER M
eI E ST R g ESTE S AEY/S
R, B 3. mARKRLE A (CP)
FTE 40% Ko B T AR, oK
B TR, TR (EE) & 878 80% 7K 73 i) ik

FEm T HAA, BREK SRS E LT dUkm
HEF4E (CF) S8ET0% . 80% KA T, FElk
FART H AN, HAMKEFE2S . BN K
4y (CA) FaERI LT TR, 1EKD
7 80% I, CA & fefik.

®3 FREMHEKENRFIS BAKIERR S K AEE R TR0

Table 3 Changes incomposition and gross energy of black soldier fly larva under different initial moisture contents of diet

i Ttem 40% 50% 60% 70% 80% CV MSE P{i, P
MBEAR (%) CP 49.72+1.59"  48.38+0.47"  47.61£0.31"  47.21+1.05" 43.05+0.56° 1.95 0.92 <.0.001
MW (%) EE 16.79 +1.45" 2048 £1.35°  23.05+3.26° 29.79+0.85" 34.07+1.62° 7.62 1.89 <.0.001
MLT4E (%) CF 11.13£0.51°  10.98+0.71°  10.91 £0.46°  7.50+0.80"°  6.60+1.14* 811 0.76 <.0.001
MIKS> (%) CA 12.93+0.19" 1547 +0.64"  14.47 £1.38"  11.21+0.15°  9.90+0.02° 537 0.69 <.0.001
HfE(Keal/kg) GE 5346 +60.65" 5346 +95.46" 5553 +170.52° 5992 +52.92" 6208+14.24" 1.16 9473 <.0.001

2.3 MBEKEWAR BRI ERKERE. TE
B S R EEEHIZ 4 E )T

FIH— o e DK A AR &, fRER
FKS FRBKdFE. F/IG. FEMAKS S CP. EE
K GE NRAS B, #Er— otk [l iR, 2551 0
F 4. TEMDE 40% ~80% K4 T, HK T .
EE & GE 5Kk 8 IE MLtk & (P <0.05)

H RVt 85% , BIRIARGHELF. HUAF/ Gy CP
W SRR A R ARG R (P <0.05), RME
7 0.84, 0.93, BERAIAF LR L RS A )
FEFAEA R 5 K R T R A A S o 5 4, I
B, AR Al AR AR F R, A SRR R K
o3 LIRS B B Bl 5
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Table 4 A linearregression model for the growth performance and composition of larval with
different initial moisture content of diet

WiH BER (BRI R (BRfii) i .

ltem Slope standard error Intercept standard error
MoK+ HE (g/kg) Dry biomass of larva 5.29 (1. 11) —-119.40 (68.30) <0.0001 0. 8835
B (%) GIF -0.33 (0.02) 33.04 (1.45) <0.0001 0.9364
MEH (g/kg) CP -1.45 (0.37) 559.02 (22.71) 0. 0291 0. 8380
MAENT (g/kg) EE 4.39 (0.38) —14.86 (23.22) 0.0014 0.9783
BHE (Kcal/kg) GE 22.87 (4.96) 4026. 87 (305.99) 0.0192 0. 8761
(a) (b) \

60

TO%

e b
o 40 = -
=11} —
a0 50
= ;’ 6
" sov B
) M =y
e 604 22

50% 2
9 40K
R ; o
Pt Diel bk Larva

(e)

90 (d)
50

W

—

< 6o

— -

Kog =

& 1w 0

R

w30 — 0% +

W =4

=

EVAE (Meal) GE

JH: Diet

A\

60%
50%

A%

MR Larva

{4 Larva

B2 AREK IS B GRS FRK i e AT 1 57 20 e A B SRBV AL RFAE A 52 1)
Table 2 Change characteristics and accumulation of nutrient utilization in larva of black soldier

fly under different moisture contents of diet
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2.4 AEMBAEKER R BRI FH RN
B RR4HER R0

SRR T SR 43 Y e RO ] A Ak R K
WA W A A R (B I B (R R B A5 1 ARSI
W7 220 gtk CP. EE. CF. CA K GE & &
JIAE 500 Sk Kbt A= e A ik A v 0 T FE £ R
MR R, K 40% K5y Trakl CP i AE & Ik
(25.14 g) (WK 2 -a), 60% /K4 CP jbFEat
(32.85 g) & m THABA: Hfk CP RRHTE
80% K7y oK (13.85 g), W& T HALA
(10.37 g+ 6.79 g« 6.64 g, 5.60 g) . IKAMHES0% ~
70% I5f, FE K st fEDkE T EE JHAE & (0.63 g ~
0.79 g) WEET 40% . 80% K44 (0.22 g.
0.12 g) (K2 -b); HUKN EE ZFHERKS & &
B by, Hrp 80% bR F A (11.46 g)
BT 40% ~ 70% 4b FL 2 () R A& (1.93 g
3.01 g+ 3.61 g. 6.95 g) 4% 5 ¥ T 494% .
280% + 217% + 65% o Tkt CF 1£ 70% }% 80% 7K 4y
TUWAER (78.26 gv 77.52 ) W EET 40% ~
60% K44 (73.20 ~75.11 g) (E 2 -c); Hfk
W CF7E 80% b3 T 2R & (2.22 ) BEST
40% K 50% KhFEZH (1.27 g 1.60 g) o 7K 3% 4
B CAHFEETCREZ W (B2 -d); Hifk CA Ry
EFHEBEK B 2 ETE (1,49 g. 2.26 g,
2.25 g 2.61 g. 3.33 g), H50% K 60% b ¥R

100
90
80
70
60

LLEE (%) Gross energy
I~
=

IR EE . Wk 60% K4, GE Wit &
(721.58 Mcal) Hw (E 2 -e), 1 40% & 70%
K4 F GE Wkt (659.20 Mcal. 672.18 Mecal)
WK F 50% (1 704.62 Mcal) % 80% 41
(695.73 Mcal) HAHETCW %25, HU/k GE R
R R K S R B BT, ok
60. 66 Mcal. 77.33 Mcal. 85.59 Mcal. 138. 74 Mcal.
206. 50 Mcal, H:rh 80% 4b 3 4H AH 4 T HiAth 28 43 5]
BN 235% « 164% « 139% « 48% .

2.5 ARWBEESKRMNERTEBKE SR B
(nd=op-A)

SRR AR R AT L T T A SR AR R e e R
AT ae ., oMK A Y. M A
FLRG A 1 A0, ] SR AILAAR 1 A= i 4 15 R A K
KuEiitaga. WEmREFEEE, W GE
N A UK SR AR i Ak B SR AR = B
(B 3) o KA YA R, R R K
AT, BUKERE GE 4 5.47% ~20.69% , ik
RN R IE N, % 80% & 7K 2 I 3k I % Ko
R IER A Y GE 5 314 36. 15% ~45.46% , H.
1 50% K 60% 4b FRZH 5% i 5% B GE e /b . RgHH
¥EM) GE H 35.97% ~55.45% , Hohk4y& R
70% ~80% I}, kit PR RE R IR T 41% ,
1M1 40% ~60% 7K 53 ZA4 S AR BE i 24 ik 52% o

30 Sk 3
i 62 5.15
20
10 | i 20,66
| 547 6,93 |.7.61 i :
0 20 50 60 70 80
FACR (%) Moisture
Rk (%) ]2 (%) LI (%)
Biomass of converted Residue remained Muolabolism

B3 RIRAKSY T B xR ARG

Fig. 3 Relative proportion of gross energy converted into larva, used for metabolism, and remains as

residuals during the biotransformation process under different moisture continent of diet
FE: AU AE A O 50 5 e v £k i S R B R AR SRR R e UK B . Note: Metabolism is calculated as the

difference between residue and larval weight and the total amount of feed provided during the entire experiment time.
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3 St

3.1 ARk ESENNHAEYEAEIEPFERE
AL

TRk v B K 3 B B R B HORE K G 8 R
WSO R AT, DTS2 e B HL R R ARG, 2D
FEMohEmE R WA K AT (Bertinetti et al. ,
2019) o ASHFFEEE AR U] BRI A W) e ALl B A
o B AR R K O3 B T R RN, 7E 80% /K4y
TR A RO AR AT IR 6. 32% 2 29. 32% 5 %))
HAE 70% /K53 T WUl DD W46 0 14 d, TiAE 40%
K5y T Tl T SE K g 22 e 4% 515 Cammack
45 (2017) . Cheng % (2017) . H E Ak (2016)
SEHFTEEE R TR K 2 AR, gl R AR K
KB TE BB AN, BE AT R 7K &)y e iy i 8 AR K
KE (Spranghers et al. , 2016) ; Tal Rl K & 21l
s FOREERLAL ARV RL Y SR 0 W B, PRI &l e 2y
T I IR £ e B K T ) DA A R A 5 o
THURK T EFE (Palma et al. , 2018) o K4
HOME R B, HRRERAY 1 4% 55 5 IR R 1 4K
1G4 ( Bruno et al. , 2019) , X7 & 7K 4345
BES T RRE . HEHKMET 60% , 1k
LR R, Fmgik. TREERE, W
gh B s (], el A R . R, R
rh K 73 2ok 5 e R K i 4y R SR B T R i H A
KEH-

Azprrb, ER SRR A S ok B AR T
sk, HmHEA RS B S A HE, m
FOHLIR I & i 5 5 B R E AR R W, AR A: 77 5K
%5 (Pimentel et al. , 2017) o AW 5T M) 45 5 % 1,
o)y AR AR AR 1 5 B R RE K 23 T R T 2 P R
i, HLAE G & B BEK 22 TH e T T, 5 Gao
S5 (2019) WEFEAERARML . ARAK 53X HUA S Bl
W, AR S B HTR OB 2 B i 107 R 441 0 2 g
HLXPUAN AR R ;Ko T g HOR B Y
. IR 2 KA S WAL AR BT, 0 BT AH
BTEA MR AAERMGEE, Himaae. M
BT & 2k BT R, 7R AR 7 rp Al i 4 1)
BEKGY, LIARTS IR i HUR 5 i
3.2 ARKSGEENEKNFSERARELD
Al

TR A SR 3 Y s ROR ] B SRR R R OK
WA W A AR B8 B R4 SRR ARBESE R,

FRIK T AR ) e AR AR R % )Rk A T FE R AE K 4 R
60% fc iy, AEEHR 4> 1) R TEK 5 R 80% T
e A7k TR AR ERERK, [
NI AR 52 7K 3 5 WA e R e 3X o Y TR B AN A
AR B K B B B BE i A, 38 5 4 AU gk
WK I DR FEA 5o &y H A AL SRy 5 T35 9 1V &~
G HBA Bm AR R IR, SEHUEKD 5T
TR, BRJAT A Bl HA A 2 s A O A i AR Wit
e i7K ( Barragan et al. , 2018) , [Nt, FE@EH %K
T, AL et R A IR W it A7 o

TR X ) AR B T AR A AR W S 4 Sk [ 4
FA 45 ( Jiang et al. , 2019) o K45 K 40% ~
60% I}, #AEYIIGER ( Diener et al. , 2009) , 5
KICTE R, BRI R AT R R4 E i, AT
dikF o B KA R 70% ~80% , T4 kLK
SR, WAL, WA 2B R, &
GyKAr BRI T A R, R HUR SR A R
EAF IR R A, 7K 53 A] 38 A 52 me Ak %) 1 B2 2 T
FAESY) CINIUREER NE S Y A Ga B 7/ B R iR
BEHORE A, Ths R R B 2 35°C L E, Lt
2 AR AEA IR (27 ~35°C) , X4 HUE Al
RN (R4S, 2017; Shumo et al. , 2019) . 4
K E B (70% ~80%) I, Gk I 2
MR, AT LAY 22 e R BE 0 B, R AR e TR R
PRI R I 7K 53 52 e 4 oA AR K R B R R
TR F AR, e, Ko SR RO E
() E AR &Yy A Wy A 1) 52 Wi 5 B i — 2B PR
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