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Research on material temperature monitoring and early warning strategy

under high density breeding condition of Black Soldier Fly (BSF)

SONG Yu'?, YE Xiao-Mei!?, KONG Xiang-Ping?, WANG Cong?, MA Qiu-Qin? ZHU Fei?, DU Jing"*"
(1. Institute of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu Province, China;
2. Institute of Livestock Research, Jiangsu Academy of Agricultural Sciences; Key Laboratory of Crop and
Livestock Integration, Ministry of Agriculture and Rural Affairs; Jiangsu Collaborative Innovation Center
for Solid Organic Waste Resource Utilization, Nanjing 210014, China)

Abstract: To identify more effective strategies for monitoring material temperature in Black Soldier Fly
breeding, the study examined the impact of material temperature depth, monitoring methods, and locations
on the monitoring effectiveness during the conversion of chicken manure into feedstock. This was
conducted under high-density feeding conditions in a laboratory setting. The findings revealed that the
surface temperature of black soldier fly breeding materials was notably higher than at other depths,
decreasing as the depth increased, and there was a positive correlation between surface and depth
temperatures (P<0.05). Thermal resistance, infrared sensors, and thermal imaging were all effective in
measuring material temperature. Correlation analysis with thermal resistance measurements showed that
infrared sensors provided superior correlations, with the quadratic polynomial equation demonstrating the
highest accuracy (R’=0.952). Temperature measurements at different locations indicated that the average
center temperature throughout the breeding cycle was significantly higher than at the periphery, making it
a key monitoring point for high-temperature early warnings in black soldier fly breeding. These results
offer a scientific foundation for further research into material temperature control strategies and an
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intelligent control system for black soldier fly breeding environments.

Key words: Chicken manure; Black Soldier Fly; high density; material temperature; early warning strategy
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Fig. 3 Comparison of maximum value of infrared and thermal imaging temperature measurement
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Fig. 4 Thermistor numerical variation of surface material temperature at different monitoring points

E: ST MARES AR 2. Note: 5 numbers represented 5 temperature measurement points respectively.



=3

KO

5

S SRUKH e TR R AR I M U SR AT 7

1089

45

40

w w
=} O
I I

iR (°C) Temperature

[N
93
I

20

Dk} Feeding

—@—4T MR A1 1T temperature measuring point 1 —#—~T 4N 552 TT temperature measuring point 2
- —— AN A3 1T temperature measuring point 3 —@—£L #1254 IT temperature measuring point 4
—— ZLAMIE #5 TT temperature measuring point 5 —B—¥£35 i ¥ Environment temperature

48 72 96

120

144 168 192 216 240 264

] (h) Time
Bl 5 AN [ M) R T RHIR B £ A B AR AL

Fig. 5 Infrared numerical variation of surface materia temperature at different monitoring points

PR &)y B A 2R A O RR R AR 5 kAR R HE I
LA P 5 o B BB v vy N N G BT ) - SN
GUFEMEER, WES®REZ, SHEBREZ ML
SR, AEIFRRENE, ERINE A2 H D
B0 e B A ELE RS A SR o X R R
77 3AE 5 ASIRAL B ISR E S5 Yk R TR ) 22
AT T PRI YR E S AR 5 4
TP R 2 E P IE S 38 0.824 1.55. 1.07. 1.69,
I ZE B KA N 248, 3.56. 2.62. 9.33.
3.46, P ZEE A X bR AE IR 22 23 A 0.76+ 0.61
0.57. 1.33. 1.03, T SZAMERIEENE 5 5
TS B ZE TP IIME > BN 8.25. 7.14. 6.23. 8.54,
8.08, B ZEE i KAA 4l 12.48. 12.06. 9.96,
12.65. 12.21, i F& 22 {6 A % br HE fw 22 23 ) A
0.29. 0.37. 0.25. 0.26. 0.26 (£ 3); [FIHELH
PR 5 56t 5 AR AL B 2 ()33 47 22 7 BB M4y
PRI, e LA 2 4 s 28, 23
RIOAMBE RS 3 R 5 1. 20 4. 5 FER
FEES (P<0.05), TMMELS 1. 2. 4. S HEZ
HEEEZES (P<0.05).

AT, FA L BEI R g ST A AR AR R T
SCE B RL R T IRE,  Z0AMIE s 3HH TR
FME Ty A E IR YR R R A, HRES
T AR s, BRI O] A D BB K i 5% B R i v
TR R ZEAI A SR, M4 R FREE R4
HME S AR IR 7 AAE 2K I IR AR R DU R v A7
TE—2 T4, J58 T B 5 A S 2 A
HH DA AR 2R RIS 1 DR 7SR A S e B R
2.4 EIKECFFEIT. IRT. MIRTSIREREEE
FEHIE Y57

XoF 75 5 0 RE 3R T T 38 R S A A AR AR IR
FE L LLANNRAGIR T . LA RS B KT 43
AT S BRI e 35 3 b, B [RE 5 R P
BI/NF0.01, BEBIEEIEILa=0.001 2 F ALK, B
TRERNFNTEEEEZmM, FHMRERE
(P<0.0001) . EEBAFEATREREIEZRE, K
DL AT HME IR 2300 5 ok 2 TH R — ik 2 T
HTTEREE R (R=0952) (£4) . AT, i@
ik S AL AIME IR 2R DR 7 3 A H BH S A Rl R
THI UL P52 2 (R PR AE DG M AR Y EL A B G e



1090 5 B 5 Journal of Environmental Entomology 46 &

R3 PRRARESTRARE 5 AMEEENSGITER
Table 3 Statistical results of the difference between the surface temperature of the material and the temperature
measurement at five points in different ways

S A RKZEE RNEE Pz AR v A 2
SHRITTIEnN
Temperature measurine boint Maximum Minimum Average Relative standard
P gp difference difference difference deviation
e BEINTR A1
Thermal resistance temperature 248 0.13 0.82 0.76
measuring point 1
Hie BN 2
Thermal resistance temperature 3.56 0.35 1.55 0.61
measuring point 2
P BN 3
Thermal resistance temperature 2.62 0.03 1.07 0.57
measuring point 3
He BN 54
Thermal resistance temperature 9.33 0.02 1.69 1.33
measuring point 4
P BN 5
Thermal resistance temperature 3.46 0.09 0.87 1.03
measuring point 5
= BRI R
ELOMERE 2 M 281 12.48 246 8.5 029
IT temperature measuring point 1
5% S E
LAMER AR M2 12.06 1.13 7.14 037
IT temperature measuring point 2
= NiNEl
ASMERRR RS 9.96 2.49 723 0.25
IT temperature measuring point 3
B Sl e
ASMERA RIS 12,65 3.26 8.54 0.26
IT temperature measuring point 4
5 S E
ALAMERE AR 125 1221 2.83 8.08 026

IT temperature measuring point 5

® 4 UIRREREINS IR

Table 4 Comparison of fitting equations for material surface temperature

CVEVSL: R2 F
Regression equation
Toem=1.245 Tir + 0.578 0.868 92.439
Toem=-93.494 + 7.660 Tir + -0.107T1? 0.952 128.953
Toem=1.055Tr 1053 0.875 97.634
Toem=1.189Trr + 1.859 0.856 107.201
Toem=-41.022 + 4.108 Tizr+ -0.049Tir7? 0.889 67.959
T0cm=0.948 Taurr + 3.807 0.741 51.472
Toem=-27.503 + 2.721 Taarr + -0.025 Trrr? 0.749 25.331

T Toem, INHFHSCMPPEIERIF SR Tiry AAMERESRIE: Tirr, ANRBIRE: Tvirr, LLAMARBR KR -
Note: Toem, Average temperature of the material surface measured by thermal resistance; Tir, Temperature of infrared sensor;

Tirr, Temperature of infrared thermal imaging; 7amrr, Maximum temperature of infrared thermal imaging.
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