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ABSTRACT

Insects have received more and more attention for its great potential as protein source for
aqua-feeds. Black soldier fly (Hermetia illucens) was known as the candidate insects for
commercial use because of their short life cycle and low price. Recently, black soldier fly
larvae meal is known to contain high content of protein and anti-microbial peptides, which has
positive effects on growth performance and immunity. However, there is limited information
on the insect meals for shrimp feeds. Therefore, the present study was conducted to examine
the effect of partial replacement of fish meal with black soldier fly (BSF) larvae meal or its
defatted (DBSF) meal in diet for Litopenaeus vannamei.

A tuna by-product meal as the major protein source in a control (Con) diet was replaced
by 25, 50 and 75% BSF (designated as F15B5, F10B10 and F5B15, respectively), or DBSF
(F15D5, F10D10 and F5D15, respectively). Quadruplicate groups of shrimp (initial body
weight: 0.77+0.00g) were hand-fed one of the diets six times daily for 8 weeks. Shrimp fed
BSF or DBSF diets showed significantly higher growth performance, feed utilization, innate
immunity and glutathione peroxidase activity than shrimp fed the Con diet. Survival of shrimp
was not significantly influenced by the dietary treatments. The results of this study indicate
that dietary supplementation of BSF or DBSF could be a good fish meal replacer or functional
protein source in the diets and can improve growth and feed efficiency, innate immunity and

antioxidant activity of Pacific white shrimp.
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Table 1. Proximate and essential amino acid composition of BSF (black soldier fly larvae
meal), DBSF (defatted black soldier fly larvae meal) and FM (tuna by-product meal) for

Pacific white shrimp Litopenaeus vannamei.

Ingredients BSF DBSF FM

Proximate composition (% of dry matter)

Crude protein 39.5 61.2 59.6
Crude lipid 37.4 6.16 17.1
Crude ash 12.9 15.0 20.6
Moisture 2.75 7.90 8.11

Essential amino acid (% of Protein)

Arginine 5.36 5.89 4.71
Histidine 8.38 3.39 3.15
Isoleucine 4.78 4.48 3.64
Leucine 7.23 6.99 5.79
Lysine 5.93 5.87 5.89
Methionie 0.77 0.77 1.74
Phenylalanine 3.96 3.94 3.09
Threonine 4.15 4.23 3.42
Valine 6.70 6.27 411




Table 2. Fatty acid composition of BSF (black soldier fly larvae meal), DBSF (defatted black

soldier fly larvae meal) and FM (tuna by-product meal) for Pacific white shrimp Litopenaeus

vannamei.
Fatty acids BSF DBSF FM
12:0 23.2 20.0 0.10
14:0 5.30 4.28 14.9
16:0 19.0 19.6 40.3
16:1 242 2.94 4.80
18:0 4.82 5.92 10.9
18:1n9(0A) 23.4 26.4 4.50
18:2n6(LA) 16.3 18.5 0.30
18:3n3(LNA) 2.18 2.34 0.30
20:4n6 0.28 - 1.10
20:5n3(EPA) 1.32 - 12.2
22:6n3(DHA) 0.26 - 7.90
SFA! 52.8 49.9 66.6
MUFA? 26.0 29.3 9.60
PUFA? 20.3 20.8 21.9
Y'n-3* 3.76 2.34 20.4
3n-6° 16.6 18.5 1.40
n-3/n-6 0.23 0.13 14.6

Saturated fatty acid: 12:0, 14:0, 16:0, 18:0

Monounsaturated fatty acid: 16:1, 18:1n9

3Polyunsaturated fatty acid: 18:2n6, 18:3n3, 20:4n6, 20:5n3, 22:6n3
*Omega-3fatty acid: 18:3n3, 20:5n3, 22:6n3

SOmega-6fatty acid: 18:2n6, 20:4n6
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Figure 1. Alternative protein sources (black soldier fly larvae meal and defatted black soldier

fly larvae meal) in diet for Pacific white shrimp Litopenaeus vannamei
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Table 3. Dietary formulation and proximate composition of the experimental diets for pacific

white shrimp Litopenaeus vannamei.

Ingredients Con  F15B5 Fl(())Bl F5B15 F15D5 Flng F5D15
;‘fﬁlby product 200 150 100 500 150 100 500
BSF? - 5.00 10.0 15.0 - - -
BSF (defatted)? - - - - 500 100  15.0
SPC? 1.00 2.50 4.00 5.50 1.00 0.80 0.65
Soybean meal® 36.0 36.0 36.0 36.0 36.0 36.0 36.0
Squid liver powder 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Wheat flour* 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Starch 9.30 8.30 7.30 6.30 8.20 7.35 6.45
Cod liver oil® 3.00 2.00 1.00 0.00 3.60 4.15 4,70
Mineral Mix® 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Vitamin Mix’ 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lecithin 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cholesterol 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50
MCP? 1.00 1.50 2.00 2.50 1.50 2.00 2.50
Proximate composition (% of dry matter)

Crude protein 7.15 7.05 7.23 7.33 7.25 7.87 7.33
Crude lipid 38.3 37.7 38.0 38.1 38.2 37.7 36.9
Ash 8.81 7.84 9.46 9.25 9.57 9.93 9.86
Moisture 9.40 9.73 9.69 9.70 9.72 10.1 10.5

"Wooginfeed Industry Co. Ltd, Incheon, Korea

“Black soldier fly, Crop. Entomo, Cheongju, Korea

3Soy protein concentrate, Solae LLC Inc, Saint ILuis, U.S.A

“Deahan Flour Co. Ltd, Incheon, Korea

SE-wha oil & fat Industry Corp, Busan, Korea

®Mineral mixture contains (g/kg): MgS04 -7H2 O, 80; NaH2 PO4 -2H2 O, 370; KCl, 130;
Ferriccitrate, 40; ZnSO4 -7H2 O, 20 Ca-lactate, 356.5; CuCl, 0.2; AICI3 -6H2 O, 0.15; Na2
Se2 03, 0.01; MnSO4 -H2 O, 2; CoCl12 -6H2 O, 1

"Vitamin premix contains (g/kg): L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8;
thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-
pantothenate, 12.7; myo-inositol, 181.8; Dbiotin, 0.27; folic acid, 0.68; p-amino benzoic acid,
18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003
$Mono-calcium phosphate
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Table 4. Essential and non-essential amino acid composition of the experimental diets for
pacific white shrimp Litopenaeus vannamei (% of protein). The experimental diets were
prepared by replacement fish meal (control, Con) with 25, 50 and 75% black soldier fly
(designated as F15B5, F10B10 and F5B15, respectively) or defatted black soldier fly (F15DS5,

F10D10 and F5D15, respectively).

F10B1 F10D1

AAs Con F15B5 0 FSB15 F15D5 0 F5D15

EAA!
Arginine 2.56 2.37 2.48 2.67 2.48 2.37 2.40
Histidine 1.05 0.93 0.97 1.02 0.96 0.93 0.91
Isoleucine 1.73 1.66 1.68 1.74 1.63 1.61 1.59
Leucine 2.89 2.71 2.77 2.85 2.69 2.65 2.62
Lysine 2.08 1.89 2.92 2.03 1.95 1.86 1.80
Methionie 0.66 0.59 0.58 0.55 0.58 0.56 0.52

Phenylalanine 1.81 1.72 1.77 1.82 1.70 1.69 1.68

Threonine 1.60 1.47 1.49 1.54 1.49 1.43 1.43
Valin 1.90 1.77 1.85 1.92 1.81 1.80 1.80
NEAA?
Aspartate 3.90 3.65 3.79 3.91 3.63 3.57 3.55
Glutamate 7.72 7.31 7.49 7.69 7.17 7.18 7.19
Serine 1.86 1.76 1.81 1.86 1.74 1.73 1.75
Glycine 1.93 1.73 1.72 1.76 1.77 1.71 1.65
Alanine 1.96 1.81 1.84 1.90 1.85 1.84 1.86
Taurine 0.10 0.08 0.06 0.04 0.08 0.06 0.05
Tyrosine 0.98 0.96 1.11 1.15 1.04 1.03 10.6
Proline 1.97 1.65 1.98 2.14 2.17 1.71 1.84

1Essential amino acid
2Non-essential amino acidl.
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Table 5. Fatty acid composition of experimental diets for pacific white shrimp Litopenaeus
vannamei (% in lipid). The experimental diets were prepared by replacement fish meal (control,
Con) with 25, 50 and 75% black soldier fly (designated as F15B5, F10B10 and F5B15,
respectively) or defatted black soldier fly (F15D5, F10D10 and F5D15, respectively).

Fatty acids Con F15B5 F10B10 F5B15 F15D5 F10D10 F5D15
12:0 0.00 8.96 16.1 22.5 3.09 2.93 3.89
14:0 3.66 3.68 3.54 3.58 3.68 3.62 3.64
16:0 24.6 22.1 19.8 17.9 21.5 20.3 18.8
16:1 4.22 3.25 2.48 1.80 3.91 3.77 3.71
18:0 7.16 6.25 5.72 4.59 5.77 5.40 4.76
18:1n9 15.8 15.7 17.1 18.0 17.2 175 17.7
18:2n6 23.9 24.7 26.1 27.3 22.2 22.8 22.8
18:3n3 4.69 4.39 3.47 2.68 5.31 5.98 6.28
20:4n6 6.55 4.58 2.13 0.22 8.43 8.85 9.70
20:5n3 4.43 2.93 1.78 0.73 4.58 491 5.18
22:6n3 5.03 3.39 1.78 0.70 4.40 3.96 3.64
SFA! 35.4 41.0 45.2 48.6 34.0 32.3 311
MUFA? 20.0 19.0 19.6 19.6 211 21.3 21.4
PUFA’® 44.6 40.0 35.2 31.6 449 46.5 47.6
Yn-3* 14.2 10.7 7.00 4.10 14.3 14.8 151
Yn-6° 30.5 29.3 28.2 27.5 30.6 31.7 32.5

Saturated fatty acid: 12:0, 14:0, 16:0, 18:0

2Monounsaturated fatty acid: 16:1, 18:1n9

SPolyunsaturated fatty acid: 18:2n6, 18:3n3, 20:4n6, 20:5n3, 22:6n3
*Omega-3fatty acid: 18:3n3, 20:5n3, 22:6n3

*Omega-6fatty acid: 18:2n6, 20:4n6.
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Figure 3. Experimental rearing system (water capacity: 215L) and feeding the experimental

diets for Pacific white shrimp
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- A5 (WG; weight gain, %) = 100 x (final mean body weight — initial mean body
weight)/initial mean body weight

- A7+ E(SGR; specific growth rate, %) = [(loge final body weight — loge initial
body weight)/days]x100

- A& A 4*(FCR; feed conversion ratio) = dry feed fed/wet weight gain

- whl o] 8§ & (PER; protein efficiency ratio) = wet weight gain/total protein given

- A<E&(Survival, %) = number of shrimp at end of feeding trial/number of shrimp

stocked x 100

Figure 4. Catching the shrimp in experimental tanks (left and middle) and measurement of

shrimp weight (right)
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Figure 5. Hemolymph and hepatopancreases collection of the Pacific white shrimp after the

feeding trial
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o] -ako] 1413k Th(Fig 6),
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Figure 6. Proximate composition analysis of the experimental diets and whole-body samples
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T8 ARE AREEM, GPx 4 TV Ao W9Ee AsATs o=

(ROOH), glutathione reductase (GSSG-R) % NADPH (b-Nicotinamide Adenine
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2.8 opm| =3t 4

AAEE AIEE #Z38a 6N HCl 30 mL o £3et &, 130°C oA 24 A7t
ZhrE-afsh otk #all® A= water bath (55C)E ©]&3t9 2 3] ebEsE A7
<, 25 ml volumetric flask ©l “d-8 3} T} 0.4 pm syringe filter 2 o3} § o] =4t

21 7](Sykam amino acid analyzer S433, Germany)E ©]-83}o] 43}tk
y

2.9 At 4
A A2 Garces and Mancha (1993)2] WH S 7|22 FE3IUtH(Fig7). 5%

A ¥ 100 mg = 0.5N NaOH methanol 1.5 ml & Y3 24 F3

-101'
=
@
£,
5
)
=N
)
&
e

T %, 30 23 E}4E ol &ste] EFEIATE 23t e E YWl hexane
T AARS gloz FE3%lt. EEE AWk capillary column (112-88A7,
100m<0.25 mm, film thickness 0.20 um, Agilent Technologies, USA)®] =¥ gas
chromatography (6800GC, Agilent, San Francisco, USA)E &3l 2] % Ut} Carrier
gas © TAhE AFESFY AL, oven o] &%t 140TCoA 240C7HA] 4C/min &2
S7HA At Inject 9] 2=+ 2407TC, detector 9] 2=+ 240C = A A3} ). Standard

sample < PUFA 37 component FAME Mix (Supelco, Bellefonte, USA)E A}-8-3} A T}

Figure 7. Fatty acid composition analysis of experimental diets.
18



2.10 SAEA

AFALz o] v X = A Y o] ul X] *H (randomized complete block design)®ll w2} 2
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Table 6. Growth performance and feed utilization for Pacific white shrimp Litopenaeus vannamei fed the seven experimental diets for 8 weeks. The

experimental diets were prepared by replacement fish meal (control, Con) with 25, 50 and 75% black soldier fly (designated as F15B5, F10B10 and

F5B15, respectively) or defatted black soldier fly (F15D5, F10D10 and F5D15, respectively).

Diets FBW! WG? SGR? FCR* PER? Survival (%)
Con 8.32+0.12¢ 087+16.4¢ 4.59+0.03¢ 1.75+0.07* 1.70+0.02¢ 97.0+4.47
F15B5 9.25+0.25" 1108432.4%¢ 4.79+0.05 1.55+0.02° 1.91+0.04® 97.5+£2.89
F10B10 9.10+0.28°¢ 1088+34.7¢ 4.76+0.06° 1.6120.03° 1.84+0.06° 98.3+2.89
F5B15 9.19+0.36 1099+47.7°% 4.78+0.08 1.53£0.07" 1.89+0.07% 100£0.00
F15D5 9.64+0.45% 1158+58.5% 4.87+0.09% 1.47+0.08° 1.96+0.09% 100£0.00
F10D10 9.89+0.43* 1190+56.7° 4.9240.09* 1.49+0.11% 2.00£0.112 96.3+6.29
F15D15 9.82+0.35% 1179+46.32 4.90+0.07° 1.5140.09 2.01+0.08* 97.5+£5.00

Values are mean of quadruplicates and presented as mean+S.D. Values with different superscripts in the same column are significantly different
(P<0.05). The lack of superscript letter indicates no significant differences among treatments. *Final body weight (g) = final mean body weight - initial
mean body weight. ?Weight gain (%) = (final weight-initial weight) x 100/initial weight. 3Specific growth rate (%) = [(log. final body weight - log.
initial body weight)/days] x 100. *Feed conversion ratio = feed intake/wet weight gain. SProtein efficiency ratio = wet weight gain/total protein given.
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Table 7. Non-specific immune responses and anti-oxidation for Pacific white shrimp

Litopenaeus vannamei fed the seven experimental diets for 8 weeks. The experimental diets

were prepared by replacement fish meal (control, Con) with 25, 50 and 75% black soldier fly

(designated as F15B5, F10B10 and F5B15, respectively) or defatted black soldier fly (F15DS5,

F10D10 and F5D15, respectively).

Diets NBT PO Lysozyme GPx
Con 16.1+0.19° 0.162+0.01° 6.23+0.25°¢ 202+17.8°
F15B5 1.96+£0.13% 0.201+0.04* 7.02+0.21%® 222419.0%¢
F10B10 1.85+0.01% 0.187+0.022® 6.73+0.12° 249+15.12®
F5B15 2.10+£0.25° 0.195+0.012® 6.76+0.36° 229421 .8ab¢
F15D5 1.80+0.10% 0.199+0.02* 6.63+0.20 217+17.5%
F10D10 2.07£.034* 0.217+0.03 6.74+0.28° 231423.78b¢
F15D15 2.01+0.09* 0.211+0.02* 7.39+0.23% 251+12.82

Values are mean of quadruplicates and presented as mean + SD. Values with different
superscripts in the same column are significantly different (P<0.05). 'Nitro-blue tetrazolium
activity (absorbance). *Phenoloxidase activity (absorbance). *Lysozyme activity (ug/ml).

*Glutathione peroxidase activity (mU/ml).
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Table 8. Whole-body proximate composition (% of wet basis) for Pacific white shrimp
Litopenaeus vannamei fed the experimental diets for 8 weeks. The experimental diets were
prepared by replacement fish meal (control, Con) with 25, 50 and 75% black soldier fly
(designated as F15B5, F10B10 and F5B15, respectively) or defatted black soldier fly (F15D5,

F10D10 and F5D15, respectively).

Diets Crude protein Crude lipid Crude ash Moisture

Con 17.7£1.47° 1.50+0.18 3.31+0.44% 75.8+1.81%
F15B5 18.4+0.52% 1.68+0.25 2.95+0.37° 77.0+£0.81%°
F10B10 18.9+0.48% 1.65+0.45 3.31+0.722® 76.8+3.17%
F5B15 18.3+0.48% 1.44+0.22 3.19+0.18® 77.4+1.45°

F15D5 18.2+1.18° 1.56+0.26 3.28+0.23%® 76.6+£1.24%
F10D10 19.4+1.24* 1.76+0.11 3.65+0.40* 74.8+0.33°
F15D15 18.7+0.94%® 1.704£0.26 3.34+0.40% 76.7+0.97%

Values are mean of quadruplicates and presented as mean + SD. Values with different
superscripts in the same column are significantly different (P<0.05). The lack of superscript
letter indicates no significant differences among treatments.

26



Table 9. Amino acids composition of muscle for Pacific white shrimp Litopenaeus vannamei
fed the experimental diets for 8 weeks (% of protein). The experimental diets were prepared
by replacement fish meal (control, Con) with 25, 50 and 75% black soldier fly (designated as
F15B5, F10B10 and F5B15, respectively) or defatted black soldier fly (F15D5, F10D10 and

F5D15, respectively).

F10B1 F10D1

AAs Con  F15B5 '~ °° F5B15S F15D5 '~ F5DI5

EAA!
Arginine 7.25 723 756 769 732 751 753
Histidine 1.41 128 130 121 126 125 121
Isoleucine 3.26 322 326 304 312 322 313
Leucine 5.53 548 553 542 550 547 544
Lysine 5.77 511 517 519 514 530 494
Methionie 2.11 189 200 175 169 200 189
ePhenylalanm 3.11 311 314 306 313 311  3.04
Threonine 2.81 279 287 28 296 278 280
Valin 334 333 337 315 324 331 321

NEAA?
Aspartate 7.76 760 767 754 771 761 751
Serine 2.78 274 281 28 28 272 279
Glycine 6.15 579 547 580 610 542 559
Alanine 4.79 449 480 434 474 469 476
Taurine 0.22 020 022 019 025 021 021
Tyrosine 2.57 249 262 241 243 259  2.38
Proline 6.50 503 614 795 69 657  6.03

1Essential amino acid
2Non-essential amino acid
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Table 10. Free amino acids composition of muscle for Pacific white shrimp Litopenaeus
vannamei fed the experimental diets for 8 weeks. The experimental diets were prepared by
replacement fish meal (control, Con) with 25, 50 and 75% black soldier fly (designated as
F15B5, F10B10 and F5B15, respectively) or defatted black soldier fly (F15D5, F10D10 and

F5D15, respectively).

AAs Con F15B5 Fl(())Bl F5B15 F15D5 Flng F5D15

EAA!
Arginine 2299 2444 2625 3.018 2579 2678  2.829
Histidine 0.100 0.094 0.102 0.102 0121 0124 0.111
Isoleucine 0.047 0045 0.034 0.033 0.049 0.030 0.028
Leucine 0.080 0.076  0.057 0.057 0.081 0.061 0.054
Lysine 0.137 0.105 0.092 0.110 0.086 0.135 0.081
Methionie 0.017 0015 0.009 0.012 0.023 0.011 o0.011
Phenylalanine ~ 0.040 0.043  0.037 0.041 0.061 0.045 0.033
Threonine 0.083 0.071 0.067 0.081 0.086 0.075 0.044
Valin 0.105 0.102 0.087 0.089 0.117 0.079  0.069

NEAA?
Aspartate 0.017 0.008 0.006 0.008 0.018 0.007 0.017
Glutamate 0302 0225 0177 0241 0226 0132 0.219
Asparagine 0.179 0.160 0.146 0.138 0.157 0.180 0.146
Serine 0.044 0044 0.051 0.056 0.094 0.054 0.050
Glycine 3159 2939 2685 2934 3256 2603 2.894
Citrulline 0.014 0.014 0.014 0.012 0.013 0.011 0.018
Alanine 0.907 0.717 0850 0.615 0866 0.858 0.924
Taurine 0.185 0.187 0.210 0.185 0.208 0.182  0.187
GABA 0.004 0.003 0.003 0.002 0.003 0.003 0.003
Ornitnine 0.017 0025 0022 0.023 0.035 0.013 0.018
Tyrosine 0.062 0061 0.053 0.061 0.073 0.071 0.049
Proline 2694 2892 3685 4101 3.084 3166  3.389

1Essential amino acid
2Non-essential amino acid.
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Table 11. Fatty acid composition of muscle for pacific white shrimp Litopenaeus vannamei (%
in lipid). The experimental diets were prepared by replacement fish meal (control, Con) with
25, 50 and 75% black soldier fly (designated as F15BS, F10B10 and F5B15, respectively) or
defatted black soldier fly (F15D5, F10D10 and F5D15, respectively).

F10B1 F10D1

Fatty acids Con F15B5 0 F5B15 F15D5 0 F5D15
16:0 25.7% 24.6" 24.0% 23.6° 25.1% 24.5% 24.9%
18:0 18.5 18.1 17.7 17.3 17.3 16.6 16.8
18:1n9 13.7° 14.6° 15.2% 15.5% 14.9% 15.42 15.1%®
18:2n6 16.8¢ 18.9¢ 22.3° 29.3? 16.9¢ 16.5¢ 16.1¢
18:3n3 2.03% 1.61° 1.92 2.01% 2.20 2.85% 3.412
20:5n3 12.8 12.1° 10.1¢ 5.98° 12.9¢ 14.0° 14.0°
22:6n3 10.4% 10.2% 8.79° 6.38¢ 10.72 10.2% 9.68°
SFA! 44 28 42.7% 41.7° 40.9° 42.4% 41.1° 41.7°
MUFA? 13.7° 14.6° 15.2% 15.5% 14.9% 15.42 15.1%®
PUFA’® 55.8° 57.3% 58.32 59.1° 57.6% 58.92 58.3%
Yn-3* 25.2° 23.9° 20.8¢ 14.4° 25.8% 27.0° 27.17
Yn-6’ 10.4% 10.2% 8.79° 6.38¢ 10.72 10.2% 9.68°

Saturated fatty acid: 16:0, 18:0

Monounsaturated fatty acid: 18:1n9

3Polyunsaturated fatty acid: 18:2n6, 18:3n3, 20:5n3, 22:6n3
*Omega-3fatty acid: 18:3n3, 20:5n3, 22:6n3

*Omega-6fatty acid: 18:2n6
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Table 12. Fatty acid composition of hepatopancreas for pacific white shrimp Litopenaeus
vannamei (% in lipid). The experimental diets were prepared by replacement fish meal (control,
Con) with 25, 50 and 75% black soldier fly (designated as F15B5, F10B10 and F5B15,
respectively) or defatted black soldier fly (F15D5, F10D10 and F5D15, respectively).

F10B1 F10D1

Fatty acids Con F15B5 0 F5B15 F15D5 0 F5D15
12:0 0.049 1.87¢ 4.77° 5.84% 0.38" 0.67° 0.88¢
14:0 2.15° 2.91° 2.93° 3.36% 2.04° 2.28° 2.37°
16:0 25.2% 22.5° 24.6° 24,08 25.2% 22.1° 20.4¢
16:1 3.152 2.99° 2.17° 2.38° 2.51° 3.072 3.002
18:0 6.38% 4.51° 4.54° 4.76° 4.59° 4.34° 3.29°
18:1n9 18.7¢ 2.01° 23.6% 23.6% 20.9° 21.0° 20.7%¢
18:2n6 19.6¢ 20.0« 26.9° 28.6% 19.7¢ 19.8¢ 21.1°
18:3n3 6.61° 5.86°¢ 2.82¢ 2.71¢ 5.95°¢ 7.07% 7.80?
22:1 9.53° 9.47° 2.81° 1.98° 10.2° 11.2% 12.32
20:5n3 4.43° 4178 1.74° 1.45° 4.41° 4.452 4.41°
22:6n3 4.16% 4.18° 2.21° 1.52° 4.18% 4.08% 3.72%
SFA! 33.8° 31.8° 36.8% 38.0% 32.2% 29.4¢ 27.0°
MUFA? 31.4¢ 32.6° 28.6° 28.0° 33.6° 35.2% 36.0°
PUFA’® 34.8° 34.2b 33.7° 34.3° 34.2° 35.4% 37.12
Yn-3* 15.23¢ 14.2¢ 6.77¢ 5.69° 14,5 15.6% 15.9%
Yn-6° 19.6° 20.0% 26.9° 28.6° 19.7¢ 19.8° 21.1°¢

Saturated fatty acid: 12:0, 14:0, 16:0, 18:0
Monounsaturated fatty acid: 16:1, 22:1, 18:1n9
Polyunsaturated fatty acid: 18:2n6, 18:3n3, 20:5n3, 22:6n3
*Omega-3fatty acid: 18:3n3, 20:5n3, 22:6n3

SOmega-6fatty acid: 18:2n6
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Figure 8. Growth performance and feed utilization of Pacific white shrimp Litopenaeus
vannamei (initial body weight: 0.77 g) fed the experimental diets for 8 weeks. The
experimental diets were prepared by replacement fish meal (control, Con) with 25, 50 and 75%

black soldier fly (designated as F15B5, F10B10 and F5B15, respectively) or defatted black
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Figure 9. Non-specific immune responses and anti-oxidation of Pacific white shrimp
Litopenaeus vannamei (initial body weight: 0.77 g) fed the experimental diets for 8 weeks.
The experimental diets were prepared by replacement fish meal (control, Con) with 25, 50 and
75% black soldier fly (designated as F15B5, F10B10 and F5B15, respectively) or defatted
black soldier fly (F15D5, F10D10 and F5D15, respectively).
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