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Table 3
Initial (IBW) and final (FEW) body weight, weight gain (WG), thermal-unit growth coefficient (TGC), feed intake (FI), feed conversion ratio (FCR), survival and
hepatosomatic index (HSI) of rainbow trout fed the black soldier fly larvae meal (BSFLM) and oil (BSFLO) experimental diets.*

Diet IBW (g/fish)  FBW (g/fish) WG (g/fish) TGC (g C'd)  FI (g/fish) FCR** Survival (%)  HSI (%)
A (control) 47.8(1.9) 3415 (6.0)° 2937 (498  0289(0.005° 2327 (35) 0.78 (0.01)° 96.7 (0.0) 1.79 (0.16)°

B (6.6BSFLM) 455 (12) 1257 (116"  2802(105° 0286 (0.004°  2258(85) 0.81 (0.02F 98.9 (1.9) 1.90 (0.21*
C (13.2BSFLM) 6 (0.8) 119.2 (5 5)° 73647 0,979 (0.0041" 290 7 (607 (.84 {0.011° 08,4 (1.9) 1 68 ({1 151"
D (26.4BSFLM) 45 9(0.1) 2866 (1218 2406(21®  0260(0010  2197(130) 091 (0.00F 98.9 (1.9) 210 {0.31)

E (2.5BSFLO) 452{13} T, TTI0, TET 0. T T TT0. WO
F (5.0BSFLO) 5 (L6) 357 (111" 2802(11L1° 0288 (0005  2277(102)  078(001  989(L9) 178 (0.14)°

G (10.0BSFLO) 415 (L7) 3225 (L1)° WAT(LIF 0278(0.004°  2143(57) 0.77 (0.01)° 96.7 (5.7) 1.88 (0.13)°

ANOVA Pvalee  0.1772 0.0001 < 0.0001 0.0003 0.0834 < 00001 0.6599 0.0004

i REMINE. ARRH. REE. WREBAE. fFiFREM
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Fig. 1. Relationship between growth rate (TGC) and inclusion level of black
soldier fly larvae meal (BSFLM) in diets of rainbow trout.
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Fig. 2. Relationship between feed conversion ratio (FCR, feed:gain) and in-
clusion level of black soldier fly larvae meal (BSFLM) in diets of rainbow trout.
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Table 4
Bulk density (BD) and buoyancy (% floating pellets) of the experimental diets®*.

Pellets that stayed at the water surface for 30s or more were considered as

floating.
Diet BD (g/1) Buoyancy (% floating pellets)
A (Control) 516.4 (9.5)° 80
B (6.6BSFLM) 490.9 (7.4)" 90
C (13.2BSFLM) 496.1 (4.7)" 70
D (26.4BSFLM) 481.5 (16.8)" 100
E (2.5BSFLO) 457.1 (7.1F 100
F (5.0BSFLO) 446.2 (1.6) 100
G (10.0BSFLO) 445.7 (2.4F 100
ANOVA P-value < 0.0001 0.1153
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Table 5
Whole-body proximate and amino acid composition (%, as-is) of rainbow trout fed diets containing graded levels of black soldier fly larvae meal (BSFLM) and oil
(BSFLO)*.

Mutrient Diet (%, as-is)

A (Control) B C D E F(50BSFLO) G ANOVA P-value
(6.6BSFLM) (13.2BSFLM) (26.4BSFLM) (2.5BSFLO) (10.0BSFLO)

Molsture 70.0 (0.3) 70.2 (0.7) 70.2 (0.3) 69.8 (0.4) 69.8 (0.5) 69.4 (0.3) 70.3 (0.5) 0.218

Crude protein 14.8 (0.3)° 14.5 (0.3)* 14.4 (0180 13.6 (0.4) 14.9 (0.3)° 15.0 (0.2)° 15.0 (0.4)° 0.000

Crude lipid 13.3 (0.4)% 13.8 (0.3)™ 14.0 (0.2)™" 14.7 (0.1)* 13.9 (0.1)™" 14.3 (0.6)** 12.8 (0.3)° 0.000

Ash 1.71 (0.07) 1.81 (0.05) 1.80 (0.12) 1.81 (0.18) 1.74 (0.07) 1.70 (0.17) 1.68 (0.05) 0.631

Arginine 0.82 (0.02**  083(0.03 079002  [076 (0.02) 0.79 (0.08*"  0.86 (0.02)" 0.85 (0.02*  0.035

Histidine 0.38 (0.01)* 0.38 (0.02)" 0.36 (0.01)™" i 0.36 (0.04**  0.39 (0.00)" 0.39 (0.01) 0.006

Hydroxyproline  0.11 (0.00)" 0.14 (0.03* 014002 0150000 012 (0.0 018 (0.02)° 0.15 (0.03*  0.035

Isoleucine 0.68 (0.02)" 0.66 (0.02 066 (0.03™  [0.60 (0.02)° 0.64 (0.04**  0.68 (0.00)" 0.68 (0.01)" 0.005

Leucine 1.05 (0.04)° 1.02 (0.03) 100003 094 (0.02)"° 0.98 (0.07  1.05 (0.00)" 1.05 (0.01)° 0.007

Lysine 1.18 (0.03)° 116 (0.04) 114 (003 105 (0.03)" 1.12 (0.08)*"  1.20 (0.00)" 1.20 (0.02)* 0.004

Methionine 0.41 (0.0 041 (0.01" 041 (000 038 (0.01)F 0.40 (0.03*"  0.42 (0.01)" 0.42 (0.01)* 0.019

Phenylalanine 0.60 (0.01)* 0.60 (0.02 058 (0.02™ 054 (0.02)"° 0.56 (0.05*®  0.61 (0.00)" 0.60 (0.02)" 0.012

Taurine 0.11 (0.00) 0.10 (0.01) 0.11 (0.01) 0.11 (0.01) 0.10 (0.01) 0.11 (0.01) 0.11 (0.01) 0.594

Threonine 0.60 (0.02** 059 (0.01" 059 (0.01)*®  0.55 (0.02)° 0.57 (0.05" 061 (0.000* 061 (0.01)° 0.037

Tryptophan 0.21 (002"  0.20(0.02) 0.20 (0.02)" 0.20 (0.03)® 0.20 (0.02**  022(0.02*  0.26 (0.03)" 0.026
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Fig. 3. Relationship between whole-body protein (BP) or lipid (BL) composition
and inclusion level of black soldier fly larvae meal (BSFLM) in diets of rainbow
tmout.
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Table 6
Fillet (skinless) proximate composition of rainbow trout fed diefs containing graded levels of black soldier fly larvae meal (BSFLM) and oil (BSFLO".

Nutrient Diet (%, as-ks)

A(Control) — B(GOBSFLM)  C(I3.2BSFLM)  D(26.4BSFLM)  E(25BSFLO)  F(S.0BSFLO)  G(IO.OBSFLO)  ANOVA
Pvalye

Molstue nie) TRy Te(8) 7.1 (10) L) 404 7004 0509
Cudepoeln  210009) 2705  208(08) 198 (05 0305 NGL) A28 0225
Culelpd 6705  67(09 71(08 80(13 62(0) 09005 66(02) 0182
b 00 14008  1BOM  1BEM  1B0M 100 1600 040
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Rate and efficiency of selected nutrient deposition (as«is) in rainbow trout fed diets containing graded levels of black soldier fly larvae meal (BSFLM) and oil
(BSFLO)*. PD, LysD, HypD and LD are rates of protein, lysine, hydroxyproline and lipid deposition (mg/°C*d), respectively; ePD, eLysD, eHypD and eLD are
efficiencies of protein, lysine, hydroxyproline and lipid deposition (%), respectively.

Nutrient deposition Diet ANOVA
P-value

A (Control) B(b.6BSFLM)  C(13.2BSFLM)  D(264BSFLM)  E(25BSFLO)  F(5.0BSFLO) G (10.0BSFLO)
FD (mg/"C*d) 35.7 (L1)" 331 (L3P 317 (09)° 26.0 (1.7) 33.4 (0.9)* 355 (L7 339 (0.8 0.000
ePD (%) 36.3 (1. 1}“ 351 (0.5 229 (0.1)° 296[{: 9)° 36.3 (0.5)* 35.8 (L0)* 37.1 (1.4 0.000
LysD (mg/"C*d) 2.87 (0.09 66 (0. l?}" * o 1252(014)° 00 (0. 11}“ 250 (0.14)" 2.87 (0.11)° 1 73 (0.03)* 0.000
eLysD (%) 54.4 (1. 9}" 535 (L1 53.8 (L3 5[]9 (L6)* 49.2 (3.4) 52.1 (0.8)*" 7 (13" 0.019
HypD (mg/"C*d) 0.25(0.01"  033(0.06/"  032(0.06 30 (0.02) 0.25 (0.09)° 0.45 (0.07)" l}34f 07 0.016
eHypD (%) 19.1(0.1) 27.0(6.1) 203 (4.3) 13.1][ 8) 24.0(8.9) 288 (4.6) 8(6.2) 0.056
LD (mg/"C*d) 35805 354 (L1 35.2 (1.2 331 (1.9)™ /2L 379077 324 (L0 0.001
eLD (%) 132237 1283 (2.4 1182 (1.6)° 107.0 (0.7)° 135.2 (277 134.1 (7.8)" 1316 (4.6)" 0.000
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Fig. 4. Relationship between protein deposition (PD) or lipid deposition (LD)
and inclusion level of black soldier fly larvae meal (BSFLM) in diets of rainbow
trout.
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Villi length and width of the intestine of rainbow trout fed diets containing graded levels of black soldier fly larvae meal (BSFLM) and oil (BSFLO)*,

[ntestine section  Diet

A (control) B (6.6BSFLM) C (13.2B5FLM) D (26.4BSFLM)  E (2.5BSELD) F (5.0BSFLO) G (10.0BSFLO) ANOVA
P-value
Anterior intestine (Al)
Length (jum) 1176.4 (159.52)" 119691 (192.84)" 113579 [EE-SHEJ"’ 1034.66 f145.E4}b 1141.13 (109.68)™ 1153.5?{12[].21]]“ 1130.21 (21288 0.0112
Width (um) 186.21 (51.51) 17749 (44.38) 17457 (4152) 170.30 (48.79)  175.97 (36.73) 168.68 (39.84) 168.01 (40.15) 0.5826
Posterior intestine (PI)
Length (jum) 1156.19(333.01) 1167.7 (314.28)  864.35(259.27)  916.06(264.50)  1046.54 (364.99)  1027.48(289.23) 10204 (20093)  0.1288
Width (um) 151.68 (43.35) 15094 (57.71) 12862 (41.78) 15457 (27.87) 13101 (23.84) 141.03 (32.34) 162.44 (6.14) 0.5457
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Table 9
Analyte concentrations or activities from plasma samples of rainbow trout fed black soldier fly larvae meal (BSFLM) and il (BSFLO) at graded dietary inclusion
levels*. A:G is albumin to globulin ratio; K, potassium; Na, sodium; Cl, chloride; Ca, calcium; Phos, phosphorus; Mg, magnesium.

Parameters Det
A (Control) B (6.6BSFLM) C(13.2BSFLM) D (26.4BSFLM)  E (25BSFLO)  F (5.0BSFLO) G (10.0BSFLO) ANOVA
P-value
Glucose (mmol/1) 3.35 (0.46)" 3.99 (1.04)~* 3.83 (0.98)™" 3.57 (0.82)** [4_13 (0.70)" 3.51 (0.46)™" 3.20 (0.31)° | 0.0039
Cholesterol (mmal/1) 6.02 (0.87) 6.18 (1.14) 6.51 (1.47) 6.13 (0.95) 6.40 (1.46) .45 (1.28) .28 (1. 0.9218
Creatine kinase (U/1) 32,043 (39554) 24,906 (18219) 48,288 (62088) 59,493 (47917) 15,796 (6186) 39,674 (69394) 53,305 (156727)  (.6544
Total protein (g/1) 44.33 (2.94) 44.13 (3.50) 43.73 (4.01) 42,80 (3.61) 46.00 (3.64) 46.07 (3.10) 43,87 (2.39) 0.0825
Albumin (g/1) 16.73 (0.88) 17.00 (1.20) 17.00 (0.93) 16.20 (1.52) 17.40 (1.45) 17.27 (1.1) 16.60 (1.06) 0.1066
Globulin (g/1) 27.60. (2.26) 27.13 (2.56) 26.73 (3.28) 26.60 (3.00) 28.60 (2.41) 28.80 (2.57) 27.27 (1.98) 0.1430
AG 0.61 (0.04) 0.63 (0.04) 0.64 (0.05) 0.62 (0.08) 0.61 (0.03) 0.60 (0.06) 0.61 (0.05) 0.4696
K (mmol/1) 1.55 (0.69) 1.52 (0.98) 1.67 (0.94) 1.83 (0.74) 1.13 (0.34) 1.20 (0.35) 165 (0.78) 0.0960
Na (mmol/1) 162.60 (2.23) 161.27 (2.22) 162.07 (2.55) 161.67 (2.53) 162.40 (267)  163.27 (2.12) 163.47 (1.64) 0.1024
Cl (mmol/1) 120.60 (2.29) 120.67 (2.79) 122.13 (2.61) 120.13 (3.02) 120,67 (2.41)  121.53(2.72) 122.47 (1.51) 0.1015
Ca (mmol/T) 3.29 (0.12) 3.29 (0.19) 3.30 (0.13) 3.24 (0.21) 3.37 (0.18) 3.40 (0.13) 3.32(0.15) 0.1448
Phos (mmol/1) 7.86 (0.71)*" 7.12 (L10)° 7.36 (0.84)™" 811 (0.92)* 7.06 (0.85)" 7.51 (0.81)*® 7.64 (0.66)™" 0.0093
Mg (mmal/1) 1.55 (0.09)5=4 1,61 (0.14)*5¢ 151 (D.11)~¢ 1.68 (0.12) 166 (012 1.58 (0.11)*B=¢ 146 (0.06)9 = 0.001
Total bilirubin (mmol/1)  0.27 (0.46) 0.53 (0.52) 0.47 (0.83) 033 (0.39) 0.33 (0.49) 0.40 (0.51) 0.33 (0.49) 0.8676
Packed cell volume** (I/)  45.47 (4.88) 46.80 (3.51) 46.60 (3.02) 4413 (6.28) 47.20 (3.63) 47.73 (3.61) 45.07 (3.22) 0.2091
B T N =enn
P/
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