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Table 1 Orthogonal test factor level coding table

N . B)[E W L/ CBFIIR/W
KE OB /min O (O
o (g/mL) Ultrasonic
Level Extraction time IR .
Solid-liquid ratio power

1 5 1:5 50

2 15 1:15 150

3 25 1:25 250

14 HWAHE

DIMBET R AR 5 A . WA & o FAE A
b 7 HE 24 % F ZDHW -5000 fbL4s [ 2 3 4
ASCCr e e B ) R4 70 2
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2) IR AR B AT A3 W o BAK &y U R
i 4% El AR GB 5009.6—2016 Fh 2 U HE B L AT s HLEE
153 38 i FR GB 5009.5—2016 Hh L 1K 5 A v
PEAT 23 H (A3 A8 . KDN-102C HL G E 28X, E -
W) 5 BB K R GE o & 5 AT Ol AR o AR GB
5009.236—2016 H L #8815 47 430 A (3 BT 4
# : DHC-92485-11T H, #4415 i 3 XU+ 1 46, b B
).

3) NG B A e S GC-MS i 5E . 1 e b 47 B g
FEAR B BURE & 50 mg, ITA 2 mL 1E C % 78 53 5 i
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AT U8 ol FH 22 BEAR O G 3 - g A ) #8 FN E 4
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pm) 5 RS AR IR IR 45 °C, LA 5 °C/min B9 14 & 7+ =
290 CH-HF 5 min; AL % B 250 C; 1L iy 48 T &
300 °C; < He; 2K i & 1.0 mL/min; 433 F. 50: 15
RN L pl. PO & ELJE ; T REHE 70 eV
B R 230 °C5 URRAT 150 °C; J #1200 Scan;
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Fig.1 Changes of oil yield and energy conversion rate under different experimental conditions
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PR 150 W, UM IR 15 5 414300, M3
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Table 2 Results of orthogonal optimization test of oil
yield of black soldier flies

e/

RIS RBURE/ AR/ W g

, gm0

Test min Ultrasonic e . 3%/ %

L Solid-liquid o

number  Extraction time power . Oil yield
ratio

1 1 1 1 24.33

2 1 2 2 26.88

3 1 3 3 31.20

4 2 1 3 35.90

5 2 2 1 31.90

6 2 3 2 33.13

7 3 1 2 37.15

8 3 2 3 41.43

9 3 3 1 34.38
kgt 27.47 32.46 30.20
ks 33.64 33.40 32.39
ks 37.65 32.90 36.18
R 10.18 0.44 5.97

R 4]0, P2 A (BEBRURHR]) C (1 LR ) %o i
BREEBCR A2 525, PR B GEE 75 D)2 X i $ L
B IENTE

2% 5 0], BRI A (BRI E)) X AR B BOR Y
s 2 LR BOE A D)) C R E ) % i A 44
BURW AR,

2.4 HEERRREM

25 20 PR 2GR S5 1 A A PR K iy B Y
TG MDTG #E ML ME 2w, AYimE R SR
BT BB BERT LASY R 3B B A —Br Bk
T4t Py AN R R B AL Ay ik R B R
RIS R TR BN EE R K BB, X — B B

x3 BKitREEREURELZMRULIRL
Table 3 The results of orthogonal optimization experi-

ment of energy conversion rate of black soldier flies

e e, EL, REREALER/D
o %EE‘Z'JH B W Rli3 Aef AL/ %
s i . (g/mlL.) Energy
Test . Ultrasonic o .
Extraction Solid-liquid conversion
number . power .
time ratio rate

1 1 1 1 34.71

2 1 2 2 37.98

3 1 3 3 44.54

4 2 1 3 48.80

5 2 2 1 42.84

6 2 3 2 47.58

7 3 1 2 51.64

8 3 2 3 56.79

9 3 3 1 45.47

k.1 39.08 45.05 41.01

ks 46.41 45.87 45.73

ks 51.30 45.86 50.04

R, 12.22 0.81 9.03

x4 MERBEEIREAESN

Table 4 Analysis of variance in orthogonal test of oil

extraction rate

WEERER S Al S
Test Sumof  Degrees of Mean F P
factor square freedom square
A 157.89 2 78.945 98.746 0.010
B 1.336 2 0.668 0.836 0.545
C 54.812 2 27.406 34.28 0.028
R
1.599 2 0.799
Error

£ P<C0.01, S Mk . % 0.01<<P<<0.05, 3% 1 . 3 ; P>0.05, 5%
A2 . Note: P<<0.01 means that the influence of the investigat-
ed factor is extremely significant.0.01<ZP<C0.05 means that the influ-
ence of the investigated factor is significant. P~>0.05 means that the
influence of the investigated factor is not significant. T [ The same
as below.

RO BEBHRUREZHKBHTESNW
Table 5 Energy conversion rate orthogonal

test analysis of variance

. SFIr A 1 75
K=
HRER Sum of Degrees of Mean F P
Test factor
square freedom square
A 227.08 2 113.54 22.10 0.043
1.334 2 0.68 0.13 0.885
C 122.58 2 61.29 11.93 0.077
%7 Error 10.28 2 5.14
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Fig.2 TG-DTG curves of oil of black soldier fly under different experimental conditions
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Fig.4 SEM images of black soldier fly larva powder
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Effects of microwave-ultrasonic synergistic solvent extraction on oil
yield and product properties of black soldier fly

WANG Guoqing,ZHANG Xin,ZHU Junyu, YUAN Qiaoxia

College of Engineering, Huazhong Agricultural University, Wuhan 430070, China

Abstract The effects of four key process parameters including the type of extractant, solid-liquid ra-
tio, extraction time and ultrasonic power on the oil and fat of black soldier fly larvae were investigated with
single factor experiments to study and determine the technology of using microwave-ultrasonic synergistic
extraction to extract oil from black soldier fly larvae. Taking the oil yield and energy conversion rate as indi-
cators, orthogonal experiments were used to optimize the technological conditions for the extraction of oil
from black soldier fly larvae by microwave-ultrasonic synergistic solvent. The results showed that the ideal
solvent for microwave-ultrasonic extraction of black soldier fly larvae oil was petroleum ether. The condi-
tion optimized was the extraction time of 25 min, the solid-liquid ratio of 1:25, and the ultrasonic power of
150 W. Under the condition optimized, the oil of the yield was 41.43% , and the energy conversion rate
was 56.79%. However, different parameters of process had no significant effect on the thermal stability and
functional group composition of the oil within the range of experimental factors. The fatty acids in the oil of
black soldier fly larvae were mainly linoleic acid (19.03% ), oleic acid (16.66% ), lauric acid (14.92% )
and palmitic acid (11.9% ).

Keywords black soldier fly; oil extraction ; microwave-ultrasonic synergistic extraction ; livestock ma-

nure treatment
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