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Abstract: As a sustainable protein source, insect protein can be widely used in food, nutraceuticals, and feed to replace
traditional animal protein, ensure environmental protection, and alleviate the food crisis. In this study, the ultrasound-
assisted alkaline method was optimized for the extraction of protein from black soldier fly larvae and the nutritional value
of the extracted protein was analyzed. Based on the results of single-factor experiments, the protein extraction process was
optimized using a Box-Behnken response surface test designed with four factors and three levels. The optimal extraction

conditions, which were determined in combination with the actual production, were as follows: ultrasonic power of 342 W,
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time of 60 min, NaOH concentration of 24.5 g/L, a liquid-solid ratio of 56 mL/g, and a total volume of 75 mL. The theoretical

maximum extraction rate was 82.61%. The validation value of the three parallel experiments was 80.37%. The isoelectric

point of the larval protein from black soldier fly was 4.0 and the crude protein content was 80.75%. The content of various

essential amino acids in black soldier fly larvae protein were higher than those of the amino acid scoring model for adults

proposed by the Food and Agriculture Organization of the United Nations in 2013. In conclusion, an ultrasound-assisted

alkaline extraction method for isolating black soldier fly larvae protein was optimized in this study. The prepared protein

samples met the amino acid requirements of adults. Thus, black soldier fly and other insects may have application value in the

food industry.

Key words: black soldier fly; insect protein; ultrasound-assisted extraction; response surface; extraction optimization;

nutritional value
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Table 1 Factor levels coding table for response surface test
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Table 2 Box-Behnken experimental design and results

KEAFST A B C D EARRREY%
1 240 45 20 50 69.73
2 480 45 20 50 70.42
3 240 75 20 50 70.26
4 480 75 20 50 68.87
5 360 60 0 25 15.14
6 360 60 40 25 63.43
7 360 60 0 75 9.80
8 360 60 40 75 73.01
9 240 60 20 25 63.13
10 480 60 20 25 67.70
11 240 60 20 75 74.87
12 480 60 20 75 73.45
13 360 45 0 50 13.87
14 360 75 0 50 13.42
15 360 45 40 50 74.98
16 360 75 40 50 77.64
17 240 60 0 50 10.93
18 480 60 0 50 14.31
19 240 60 40 50 72.08

20 480 60 40 50 66.72
21 360 45 20 25 70.79
22 360 75 20 25 74.29
23 360 45 20 75 76.07
24 360 75 20 75 73.01
25 360 60 20 50 78.56
26 360 60 20 50 79.26
27 360 60 20 50 75.26
28 360 60 20 50 74.26
29 360 60 20 50 78.38
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Table 3 Analysis of variance for response surface quadratic modeling
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BD 10.74 1 10.74 1.38 0.260 3
CD 55.64 1 55.64 7.13 0.018 3*
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B’ 6.31 1 6.31 0.81 0.3837
c 6 636.9 1 6 636.9 85034  <0.000 1**
D’ 71.39 1 71.39 9.15 0.009 1#*
KA 109.27 14 7.81
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YhiR £ 19.87 4 4.97
B2 17 329.18 28
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R’,,=0.968 5 R’,,~0.987 4
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BAEBIME AR S 1.54% M TR K. i
P BB 5 2R 40 o R 7 U A B S AT AR TS T
M AEAT A KA TE SRR /. BRIk, W
BOBRIE SR AT B8 5 30 2 ST R A UE SR U
B G RCor H
25 RFRERLSE

F 4 A AR AT B (10 8 55 I B R
& G2 AR Y $ B B K I 4 B (i (P-UL.
P-NA) L FHEIERA, ULSKEEA. 9%
FE AR FAO 2013 [IEL%e. #£5 P-UL Al P-NA )%
Pl b 75 R IR R & & # KT FAO 2013 4E$2 Hi P N
AR R AW T B B4 R E A
i 58 R & AP E RO E RN R R TR, 2
ER R M E AR 1K EEA N RAE
RIR & EALT FAO 2013 442 H i i N SRR B,
VB R R AT, RS NRE AR T
o LM EE AR, HoKIE 4 dU i o i 2
T RKEGEA, SHEEAMLL.

®4 FEAEREERNLERERERUESXEER. BERFEBUKFAO 2013 A S EBEX A LLE
Table 4 Essential amino acid composition of different sample proteins and comparison with soy protein, egg white protein, and
FAO 2013 adult amino acid patterns

5% RILFR/(mg/g pro) P-UL xz2&a%™ wEHEa® FA02013%"
48 B4 Histidine 2026+034  30.86%0.11 25 24 16
F+ 7 2B Isoleucine 51.71£0.13  58.79+0.27 49 56 30
&R Leucine 81.87+0.13  93.28+0.23 56 83 61
BRBA Lysine 71.15+0.31  72.47+0.09 56 74 48
% 28 Methionine 25.92+0.09  32.43+0.19 14 32 23
K A ABL Phenylalanine  57.85+0.19  69.37 £0.20 55 51 41
% &8 Threonine 36.58£0.20  28.84+0.15 39 51 25
& #B4 Tryptophan 16.46+0.02 1824 +0.14 13 14 6.6
4 R B Valine 67.08+0.08  69.00+0.20 51 76 40
EEeF 437.87+1.10 47328+ 1.18 358 461 290.6

7E: P-UL #= P-NA 53X E A 5 K480 Bh Ak ik vA BAE G pkik 23R 69 Bk 4 R &G /. FAO 2013 AR ABA E AR R AR AL
2040 F 2013 SRR B A RARABAEX. AP HIE A -FHMEL £ AT £,
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ATIE FUH P I B 4 B R I FH A R K %)
B AL, 3R H Box-Behnken i i
RIS BRI Z T 2. Bl T T — RV R R R
R, EIGE A IR, RN R, NaOH i &k
FE DA SR EL o 55 SR 3R B I DU AN PR 25 0] (R AR 23
HREER . DR b5 S0t PU AN DR 2547 e B T AR
o PRALTF BN R RL 35, B T 1 B v
PRI 82.61%. 256 LR, T a1 & 1 5
FEPEHCEAT 9, AP )3 342 W, 5 [H] 60 min,
NaOH Jfi &Ik J¥ 24.5 g/L, WHRHEL 56 (mL/g), Mk
175 mLo —{CPAT LIRS UEE N 80.37%, HEER
TRIMME A AH 2 2.24%.

B T I B B R B BRI A Gt A 15 31 1 BE K
W ) B ) S L RLER N 4.00 A S U7 R4S 2
(1) SR 7K ) H B R A TR R S R 80.75%
FE G IATRIERE S B B N 84.55%. B 75 YR 4 B AL
VRN G I B S 7K - 4y U, 19 o R 2% ol
TR S EH =T FAO 7£ 2013 $2 H 1 sl N & 5
FRVF i, U B R B B 2R R L i, AR
VIR 258

B FEARAY T — Tl 75 I A B 4 H R K
HHRE AT AN TG RIE, ZITEAE
FEHUCR ., FE A R R R A b5 Ak
B AE Y, HARH R TR, SR A . A
WEFLII S H0nT DL B U A B3R DO R SR LR 8 3
R, RERBRHEAESSH. REN . TR T
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