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The effectiveness of bioconversion of food waste by housefly larvae*
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ﬂm! According to the scavenging and short life cycle, housefly larvae were used to test the efficacy of food waste
bioconversion. First, we explored the best inoculation quantity, then we tested the physical and chemical parameters of pile
biomass before and after bioconversion at the best inoculation quantity, and finally evaluated the nutrition of larvae for
commercial use. The results showed that the best inoculation quantity for larvae-driven bioconversion was 13 300 heads per
kilogram. With this inoculation quantity, the processing technology achieved a 55% reduction, and the waste reduction index (WRI)
was found to be 13.8. After processing, in the pile biomass, the moisture content, organic matter, total nitrogen, total phosphorus,
and total potassium decreased by 71.1%, 63.9%, 75.4%, 8.13%, and 75.4%, respectively. Meanwhile, the carbon-to-nitrogen ratio
and pH were found to be 31.2 and 8.43, respectively, in pile biomass, and could meet the initial conditions required for aerobic
compost. In addition, the yield of larvae-driven biotransformation was 26.4%, and the efficacy of conversion of digested feed (ECD)
reached 73.4%. The protein content of dried larvae was close to 50%, and the comprehensive nutritional value was higher than
that of domestic fish meal and bean cake, while polyene fatty acids (linoleic acid, linolenic acid, etc.) were more abundant than
those in Chile fish meal. Thus, the food waste—bioconverting larvae showed an enormous potential for deep bioprocessing for
downstream uses. In conclusion, larvae can bioconvert food waste effectively and have promising development prospects.
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Table 1 The reduction of food waste and the growth of larvae under different inoculation quantity

P L ) A e A B JoF 7 SR A R A R I R B i
Inoculum ratio (w/g kg')  Residual weight (m/g)  Food waste reduction (P/%)  Larvae yield (m/g) Larvae productivity (/%)  Larvae weight (m/mg)

6.70 1091 + 34° 273+2.3" 231 +24.0° 15.4 + 1.6° 23.1+3.6"

10.0 865.5+ 15" 42.3+0.98° 339 +34.1° 22.6+2.2° 23.4+57

133 669.0 + 11° 55.4+0.73° 432+ 19.7 28.8+ 1.3 22.9+3.7

16.7 658.5+ 17 56.1 + 1.2° 438 +7.62° 29.2+0.6° 18.1+£2.5°
20.0 645+ 3.7 57.0 +0.24° 431 + 16.8" 287+ 1.1° 151 +£2.2¢
23.3 633 £7.6% 57.8£0.50° 428 +8.21° 28.5+0.54" 13.5+ 1.9
26.7 627 +9.0° 58.2 +0.60° 439 + 16.0° 29.3 + 1.1° 117+ 1.6
30.0 612+ 15" 59.2 + 1.0° 433+ 18.3° 28.9+1.2° 10.6 + 4.2°

B 5 AR /NS TR B 225 (P<0.05) .

Different lowercase letters following the data represent significant differences.

R2 HEEEAIEREWL
Table2 The change of physical and chemical indexes of pile body

FRALFE %L Qb P Before treatment

ARG After treatment PrkEbE A (AT

Physical and chemical index P-4 Average N P-4 Average N Material reduction (dry matter) (%)

£ 7K % Moisture content (W/%) 66.3+3.2 8 43.0+23 8 71.1

pH 6.72 £0.26 8 8.43+0.37 8 -

4R (LINiT) Total nitrogen (w/%) 3.88+0.31 8 1.26 £0.25 8 75.4

41 (LLP,05it) Total phosphorus (w/%) 436+0.54 8 13.8 +0.31 8 8.13

£ 25 Ammonium nitrogen (w/%) 0.280+0.12 8 0.014 £ 0.08 8 96.2

AT Cl (w/%) 1.22+0.13 8 0.800 £ 0.12 8 50.4

AL Organic matter (w/%) 78.9 £ 10 8 67.7+59 8 63.9

4= Total potassium (w/%) 0.370 £ 0.11 8 0.460 +0.25 8 5.30

NFR IR FFEE.

N represents the number of samples.
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6 dib B, HEAAR T R 250.67 kg, Il IR Sk 55%. b HY AR
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IR I 11925.2%  31.6%; HL MR A 2,11 mghf 233
mg, 4K HEAR G AL, 7E 55 3-4 H R G R 5K, A
AT S Y 27.5% , 34.8%; H55., 6 H HUA B K HE R
W R R £ T, e Ak P AR BT 3 Ak O
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Fig. 1 The change of temperature and pH.
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Fig. 2 The change of maggot weight and pile weight.
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3 DL B T A O A b AR R ) 3% 04 U 4R AR
(Waste reduction index, WRI) | W iH #9541k 5% (Efficiency
of conversion digested-feed, ECD) ™} fL i1 %% ( Metabolic
rate, MR) . 718 =0a0F .
WRI = (4 - H)lt x 100%

ECD = =M 100%
MR =2 100%

K, ARFRE R (kg) , G R AR E & (kg) ,
OO HERR R (d) , CHANBRRT YR EE (FF) (kg), FR
FIAYRAY R TE (TE) (kg), MO T 72 b U RN 3 A 4
AR (kg) , AL S Wb i 1 H 5 AR, BIE00H K
W4 B S F A 1.

H T AR B 1A LA 4 5K, 15 0 B 1 2 5 7 3%
RS bR (WRI) J913.8, d s AE H nl 40 3R 199.2%. #
B3R (ECD) F51K79.7%, 1R % 420.3%, 156 B o i ) ks
A Jot 7 SR A v 3/AR T T A A B A, i Stefan
Dienerfiff 53 i 3 B K - 38% ™ Wy AL st R 245 2 22, ml 0L A
Jo RGBSR AL SO e A RE
®3 BRFAXMSHT

Table 3 Pearson correlation analysis

2.5 ¥ pHE. RESRBENMEHE £ K AHE XM

P S 3T 0, A i L R A R S pHI A G &
5 3140.990410.993 (P < 0.01) , 535 B (M R 500514
0.9637F10.960 (P < 0.01) . X aHpH. & B 0] BE 2 52 N g L 5%
A48 55 B R R R TN R A, IR S pHANAE OC R BN
0.957 (P < 0.01) , #EITSE 4 IEAHIE R0 ik, FRATAT LI
DU pH (82 ) 2 308 2ok 52 W)l A= 40y 0 e L %) A 4 ke kg 72 3L
(pH) HAS Al a3, S AR el 5 g M s T 6 A7 AE (8
RITAIOESE R, MR B 50.998 (P < 0.01) , #2584 1F
A ZAR L, ORI R, AR R R, T A ) A
AR I O] BE 2 3 A b i B AY SR
2.6 HEEZEMETHEREMNEFRNESW
261 HEEFMEST WIS H4

4 8 B ML R L MR DT R o DA B 0 2 S R
55 vE B [ 7 ARy RN R EAT L B TN, e M A
AT LR G 5 & O mLAEE B, RS T 50%
() (E3), & T E P ok 1 45% 0 K F-B0, 1 k5
HRE 5 4l 41 /4 0 42 40 40 (FAO/WHO) 2 i 3 % 1]
(40%) 15 LA B 25 5k 20 591 755 H G 5 84.1% M1 81.4%. K oy %
R, DN UL L AT BE A R A T TR R . ]

3BT H H i HEAREE H I L A H 4 o
Analysis item P Temperature  Daily decrement of pile Daily increment of the larvae
Pearsonff] &4 Pearson correlation 1 0.957" 0.990" 0.993"
pH 25 (UI) - Significant (both) 0.003 0.000 0.000
N 7 6 6 6
L Pearson#f| &% Pearson Correlation 0.957" 1 0.963" 0.960
fin 25 () - Significant (both) 0.002 0.000 0.002
Temperature
N 6 6 6 6
, ) Pearson #f 14 Pearson Correlation 0.990 0.963" 1 0.998"
- Vs NE=N
HERRAS: il it . 25 (UI) - Significant (both) 0.000 0.002 0.000
Daily decrement of pile
N 6 6 6 6
) Pearson#f| &% Pearson Correlation 0.993 0.960 0.998" 1
e g H 4 o . .
5 i . . .
Daily increment of the larvae E‘% tE (W) Significant (both) g 000 (6) 002 (6) 000 6

#57£0.01 /K U | i A 5.

** represents significant at P < 0.01 (double side).

EZW s

Table 4 The composition of the larvae

25 Category T H Item 47 Content

25l Category I H Item 47 Content

M A Crude protein (w/%) 49.0 KI14 &R Aspartic acid 3.98
#H e rude fat (w/% . 224 R Serine A
HLIERG Crude fat (w/%) 34.3 245l Seri 1.99
K4¥ Moisture content (w/%) 74.8 o " A& E Glutamic acid 5.80
. R4 Ash (w/%) 9.80 AFRAAIER  pesrws Proline 1.91
FEA A 5] Cu (wime ke 144 Nonessential amino acid 0 Glycine 1.93
Elementary composition & g_l ! (w/%) N Y R ’
; w/mg kg . ] anine .
4% Cd (w/mg kg™ 0.380 N IR Al 2.56
# Pd (w/mg kg™) 0.480 T 7 % Methionine 0.980
# Cr (w/mgkg") 2.60 K% R Arginine 1.96
7k Hg (w/mg kg™) 0.00790 %24 2 Tyrosine 1.74
AR (C14:0) 1.64 i %2 Lysine 3.60
FEME TR (C16:0) 20.6 RN X Phenylalanine 0.690
Be il (IR & i) BRI IR (Cl6:1) 123 DR SR {62 2 Tryptophan 2.56
Fatty acids (as fat content fifl f5iZ (C18:0) 3.49 e VRS 454 ik Valine 2.28
Essential amino acid ( w/%) o
meter) (w/%) MR (C18:1) 30.6 S22 R Tsoleucine 1.96
AR (C18:2) 29.1 LR Leucine 2.87
TP JRRIR (C18:3) 2.59 752 R Threonine 1.74
g Ak
* represent the moisture content of fresh larvae.
N SHE A Y244t  Chin J Appl Environ Biol http://www.cibj.com/
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Fig. 3 The comparison figure of comprehensive nutritional value.
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Fig. 4 Comparison of essential amino acids.
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Fig. 5 The comparison figure of fatty acids.
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pH., I B 55 HEORRN B A i I AR AL ARG (P < 0.01) , 1]
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