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Replacing Fish Meal with Black Soldier Fly Larvae and Mealworm Lar-
vae in Diets for Pacific White Shrimp Litopenaeus vannamei

Jachyeong Shinf, Sehee Jo, Dachyun Ko and Kyeong-Jun Lee!*

Department of Marine Life Sciences, Jeju National University, Jeju 63243, Korea
"Marine Science Institute, Jeju National University, Jeju 63333, Korea

This study was conducted to partially replace fish meal with black soldier fly (BSF) larvae or mealworm (MW) larvae
in the diet for Pacific white shrimp Litopenaeus vannamei. A tuna by-product meal (27%) was used as the protein
source in a control (Con) diet, which was replaced with 20%, 40%, or 60% BSF (designated as BSF20, BSF40, and
BSF60, respectively), or MW (MW20, MW40, and MW60, respectively). The shrimp (average body weight, 0.09 g)
were randomly stocked in 28 acrylic tanks and quadruplicate groups were fed one of the experimental diets six times
daily. After 57 days of the feeding trial, growth and feed efficiency were significantly higher in shrimp that were fed
the BSF40 and BSF60 diets than those in shrimp fed the Con diet. Phenoloxidase, superoxide dismutase, glutathi-
one peroxidase and gene expression of crustin were significantly higher in shrimp fed BSF or MW diets than those
in shrimp fed the Con diet. The results indicate that BSF or MW could be used as a fish meal replacement or as a
functional protein source in diets and can help improve the growth, feed utilization, innate immunity and antioxidant
capacity of Pacific white shrimp.
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Table 1. Nutrient contents of black soldier fly (BSF), mealworm
(MW) and tuna by-product meal (TM) for Pacific white shrimp
Litopenaeus vannamei

. Ingredients
Nutrient contents
BSF MW ™
Proximate composition (% of dry matter)
Crude protein 41.7 69.8 60.0
Crude lipid 174 7.24 9.24
Ash 18.7 8.34 21.5
Moisture 4.39 5.39 7.00
Essential amino acids (% of protein)
Methionine 0.27 0.23 1.35
Lysine 5.93 5.83 5.89
Arginine 5.36 5.23 4.71
Histidine 8.38 7.84 3.15
Isoleucine 4.78 5.00 3.64
Leucine 7.23 7.92 5.79
Phenylalanine 3.96 4.25 3.09
Threonine 4.15 412 3.42
Valine 6.70 7.09 4.11
EAA/NAA 0.88 0.99 0.54
Fatty acids (% of lipid)
12:0 23.2 0.41 0.10
14:0 5.30 4.17 14.9
16:0 19.0 16.7 40.3
16:1 242 2.04 4.80
18:0 4.82 - 10.9
18:1n9 23.4 43.4 4.50
18:2n6 16.3 31.7 0.30
18:3n3 2.18 1.36 0.30
20:0 0.26 0.18 0.40
20:1 0.17 0.13 0.30
20:4n6 0.28 - 1.10
20:5n3(EPA) 1.32 - 12.2
22:0 0.18 - 0.10
22:6n3(DHA) 0.26 - 7.90
SFA! 52.8 21.5 66.6
MUFA? 26.0 45.6 9.60
PUFA3 20.3 33.1 21.9
>n-3* 3.76 1.36 20.4
> n-6° 16.6 31.7 1.40
n-3/n-6 0.23 0.04 14.6
Chitin (% of dry matter) 5.1 3.24 -

'Saturated fatty acids. “Monounsaturated fatty acids. *Polyunsatu-
rated fatty acids. “Omega-3 fatty acids. ’Omega-6 fatty acids.
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Table 2. Dietary formulation and proximate compositions of the
experimental diets for Pacific white shrimp Litopenaeus vannamei
(% of dry matter)

Experimental diets

BSF BSF BSF MW MW MW
20 40 60 20 40 60

Tuna by-product meal' 27.0 20.1 15.7 11.8 21.6 16.2 10.8

Ingredients
Con

Black soldier fly? - 850 17.0 255 - - -
Mealworm? - - - - 5.00 10.0 15.0
Soybean meal 26.0 26.0 26.0 26.0 26.0 26.0 26.0
Squid liver meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Starch 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Wheat flour* 21.8 20.8 18.1 14.5 22.2 22.6 225
Soybean oil 3.00 2.40 1.00 0.00 3.00 3.00 3.50
Cod liver oil® 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mineral premix® 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Vitamin premix” 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride 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
MCP® 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Proximate composition

Crude protein 37.1 36.0 37.1 38.0 37.8 38.0 38.0
Crude lipid 9.29 9.84 9.87 9.60 8.59 8.66 9.12
Crude ash 12.1 12.3 129 13.3 11.4 10.7 9.70

"Wooginfeed Industry Co. Ltd, Incheon, Korea. *CIEF Co. Ltd,
Gimje, Korea. ’KEIL Co. Ltd, Seoul, Korea. *Deahan Flour
Co. Ltd, Incheon, Korea. *Corp. E-wha oil & fat Industry Corp,
Busan, Korea. ‘Mineral premix contains (g/kg): MgSO,-7H,0, 80;
NaH,PO,2H,0, 370; KCl, 130; Ferriccitrate, 40; ZnSO,7H,0, 20
Ca-lactate, 356.5; CuCl, 0.2; AICL-6H,0, 0.15; Na Se,0,, 0.01;
MnSO,-H,0, 2; CoCl-6H,0, 1. 7Vitamin 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; D-
biotin, 0.27; folic acid, 0.68; p-amino benzoic acid, 18.2; mena-
dione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanoco-
balamin, 0.003. 3Lysoforte™ Dry, Kemin Korea Co. Ltd., Korea.
*Mono-calcium phosphate. Con, control; BSF, black soldier fly;
MW, mealworm.
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Table 3. Growth performance and feed utilization of Pacific white shrimp Lifopenaeus vannamei fed the experimental diets for 57 days (ini-
tial body weight: 0.09+0.00 g). The experimental diets were prepared by replacement fish meal with black soldier fly (BSF) and mealworm
(MW) at each level, respectively (Con, BSF20, BSF40, BSF60, MW20, MW40 and MW60)

Dietary treatment FBW! SGR? FCR?® PER* Survival (%)
Con 5.28+0.22> % 7.14+0.10% 1.42+0.05° 1.9040.06° 92.04£2.00v
BSF20 5.54+0.29° 7.18+0.12 1.360.03° 2.0440.04° 94.046.93
BSF40 6.40+0.172 7.46+0.042 1.16+0.04° 2.3340.078 95.04£2.00
BSF60 6.17+0.692 7.41+0.22% 1.17+0.07° 2.26+0.122 93.0+6.83
MW20 5.06+0.11% 7.06+0.129 1.3620.04 1.9510.06 98.04£2.31%
MW40 5.39+0.33* 7.17+0.11% 1.3320.04 1.9810.07 90.047.66Y
MW60 4.67+0.53Y 6.9310.20¥ 1.41+0.09 1.88+0.11 94.0+2.31%
Two-way ANOVA

Insects .000 .000 .000 .000 NS

Inclusion ratio NS NS .002 NS NS

InsectsxInclusion ratio NS NS .001 NS NS

Values are mean of quadruplicates and presented as mean+SD. Values with different superscripts in the same column are significantly dif-

ferent (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. *Specific growth rate (%)=[(log, final body weight-log, initial body weight)/days]<100. *Feed conversion

ratio=feed intake/wet weight gain. “Protein efficiency ratio=wet weight gain/total protein given. Con, control; NS, not significant.
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Table 4. Proximate composition of Pacific white shrimp Litopenaeus vannamei fed the experimental diets for 57 days (% of wet basis). The

experimental diets were prepared by replacement fish meal with black soldier fly (BSF) and mealworm (MW) at each level, respectively

(Con, BSF20, BSF40, BSF60, MW20, MW40 and MW60)

Dietary treatment Protein Ash Moisture
Con 21.0+1.26 0.89+0.06 1.50£0.07 76.3x0.74
BSF20 21.1+0.43 0.80+0.12 1.54+0.04 77.1£0.52
BSF40 21.4+0.34 0.86+0.11 1.52+0.11 77.0£0.35
BSF60 21.5+0.24 0.80+0.20 1.57+0.03 76.610.47
MW20 20.5+0.62 0.84+0.21 1.51+0.03 76.80.75
MW40 20.6+2.57 0.85+0.19 1.56+0.10 76.2+0.50
MW60 20.6+0.69 1.04+0.06 1.59+0.05 76.1£0.20
Two-way ANOVA

Insects NS NS NS

Inclusion ratio NS NS NS

InsectsxInclusion ratio NS NS NS

Values are mean of quadruplicates and presented as mean+SD. Values with different superscripts in the same column are significantly differ-
ent (P<0.05). The lack of superscript letter indicates no significant differences among treatments. Con, control; NS, not significant.

Table 5. Immune response and anti-oxidation of Pacific white shrimp Litopenaeus vannamei fed the experimental diets for 57 days. The
experimental diets were prepared by replacement fish meal with black soldier fly (BSF) and mealworm (MW) at each level, respectively

(Con, BSF20, BSF40, BSF 60, MW20, MW40 and MW60)

Dietary treatment! PO’ (absorbance) SOD? (% inhibition) GPx® (mU/ml) NBT* (absorbance) Crustin®
Con 0.12+0.01>2 93.7+0.12¢Y 74.7£1.515y 0.93+0.12 1.00+£0.13>Y
BSF20 0.14£0.02° 98.3+0.392 93.1+7.142 0.92+0.25 5.31+0.782
BSF40 0.16+0.022 98.1£0.912 96.1+£1.152 0.93+0.24 6.15+0.142
BSF60 0.14£0.01% 96.4+1.01° 95.8+1.432 0.96+0.21 6.77+1.69?
MW20 0.15+0.01% 97.8+0.10% 85.8+2.40% 1.06£0.15 4.67+1.88
MW40 0.14+0.01v 98.4+0.66* 99.5+8.11% 0.92+0.22 4.15+1.10%
MW60 0.1310.01» 98.0+0.89% 86.1+5.339 1.02+0.19 4.52+1.54%
Two-way ANOVA

Insects NS NS NS NS NS

Inclusion ratio NS NS NS NS NS

InsectsxInclusion ratio NS NS NS NS NS

Phenoloxidase activity. >Superoxide dismutase. *Glutathione peroxidase. “Nitro-blue tetrazolium. *Crustin gene expression in shrimp hepa-

topancreas were normalized to 3-actin and expressed relative to control. Values are mean of quadruplicates and presented as mean+SD. Val-

ues with different superscripts in the same column are significantly different (P<0.05). The lack of superscript letter indicates no significant

differences among treatments. Con, control; NS, not significant.
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W Aol AR Foflsoll o] A AR (17.4%)- o1=(7%)°l
] 3l mj-f- ot of B A& F7H 79 A FAF o] Afo]
of o5l Aj-9] A=/l FFE A 7HsAd ol ekl ek
th AR fm o] X gl o R Wutofu et AR
Atal| =] 7] flch 258Ee] 242 monounsaturated fatty acids
(MUFA)9| 27| £0K20-50%) Atzofl L58e v A
o A, AARY] SR o= Qlelf o 7o) At Abr A3
O] Aof T2 BAE-S 23 4= 9lrh(Nogales-Mérida et
al., 2019). WA, A9 AR Wi 2258 o A ES wol7]
elirl= EA S22 08 Y 7 AR 25EE o8-Sk
Aol Bt agAY Ao g etk e, 23] 7 A
elof T2 ol 8 7S ST A7 nlFelo], ofo] gt 1
A7F 2o

Sical A9 A1 il 25uke] 171 AL9-0] w50l wele
(crustin, PO)a} 3+413}2] (SOD, GPx)& A4 7] A2 1}
EpSiTh 3152 ol whef 2Fo| & Hojuk thA| = AW of] antimi-
crobial peptides (AMPs)E &35l Qltt 252 AMPs+ 1
At o] A28 FL A2 W= 3] 5F5ko] RNAFDNAS] 3
A& 9] vFH-& A A $HH(Nicolas, 2009; Jozefiak and Engberg,
2017). Abs W AMPs?] H7h= |, ®A] 59 "gS S
Al = qlew, U] WS dorlA] 7] diwol Hd
YA R =5 9kl QIt(Wu et al., 2012; Choi et al., 2013;
Jozefiak and Engberg, 2017). Lee et al. (1998)2 2217 % 2]
of| A 353t tenecino] Fat B Hrkal B ST SOl
A= AMPse] U521 defensing-like peptidesE a3kl
ofal B alE it Hwang et al., 2008). Choi et al. (2018)> 3]
A Atz 2 AR E W7k B, A2 B-1,
3-glucan binding protein (BGBP), prophenoloxidase (proPO),
crustin & WS S7HAA -0 HA Y-S SR
B3}tk Motte et al. (2019)2] A-Lol| A &= Sl ch| |- Al
of| ZAAA S M7 A5, 279 ARS-F<(early mortality
syndrome)2] 21421 Vibrio parahaemolyticus®l| tgt A
A S ATk Harskginh whebA], sl 241
AAEYE AR W Tl o g o] &3k 79, Aot -9 ¥
A2 kst S0 42T A0 wohEch

Chiting- 315-2] 7712 45 S8 24 e 259
= 9F4-25% A= EZ3HE o] Qltk(Henry etal., 2015). o] &E
of| AR8-¥l FoliFollet A AA 2] 9 chitin T2 22t 5.11%
2} 3.24%2 YEFGTH(Table 1). Shiau and Yu (1998)+ grass
shrimp Penaeus monodon A=) chitin (5%)2 7} &
9-2] gl ol vl G-oj2o R woprk s

F o]/ 7t 905

At} Akiyama et al. (1992)-2 AJ-$-2] §1&ot A2 Hal|A=
Abzof 24 0.5% ©)/d9] chitino] 7}Feofof ghtkal K s}
ik, 17150k o1 5 A ) chitin®] H7Hs A48, A Aa
3, 2% 1Y 75 FA7IE Ao ® HAE gl e (Kumar
etal., 2006; Powell and Rowley, 2007; Zaki et al., 2015). Tzuc
etal. (2014)o] w=H, Slthe]A-9-= A3}3o]| chitin &8 &4
Q! chitinase S 2H|Sh= mAEo] EATHCEAL Hastich o
& thAto 231 ¢lLof| A chitinase?] A& A+ W Lactobacil-
lus®] ~5 57}A17]2L Escherichia coli} Salmonella sp.2] %
A1& JAgtctal B 1 E i th(Khempaka et al., 2011). o]H
FOIAE 23 ute] chitino] BrkelAle-e] 44w} wele 511
o A7 A 0.2 RS 71 RS Ao Bekeck A 9AlR
chitin®] 273421 Q1 X7} A o] thgh 21877 o] Bef x| A] ¢ko}
ofof] gt F& AFL7F QT

Lauric acid (LA)= ‘soll5ol¢] A4 5 21-50%F AHA|5h=
9 Aupako 2 d# A Qltk(Sealey et al., 2011; Kroeckel et
al,, 2012; Li et al., 2016). o] ¢17Lo]] ARS-H Foll 5ol 2] LA
T 23%2 011(0.1%) 2 ZA A A 2(0.41%) 0] H] 3l vl
EUTH(Table 1). LA+ S A4 YF 02 JIAREA A
of vlaf W= AW =2 S4HH(Stubbs and Harbron, 1996).
FHAGARE A HAbo] n|EFEejoo] ukS Fk Sk uff W
St carnitine palmitoyltransferase-1 (CPT-1)2}2] 2-8-& 7| |
A gron, ginit o4 HAfEge] vz olgEle] the A
HhAkol Blsf| Aol] 2= =7t vlaA $E Ao o
7] ItH(Garlid et al., 1996). Belghit et al. (2019} A& &
ol 2Ue A7Fe 75, A F¢lo] 2] ZF U triacylglycerol
O] FErF A EThar B skl LAE 19 Aot o 45 vf
o2]20] Al x¥ut Agsto] o] wtHA|7|H, WA o] 4%
Ag AARE dAste] 3t S-S T 208 dA Stk
(Dayrit, 2015).

E3E, LAE AA ol A lipase & 429} BE-3-5F0] 7otk gt &
4J-& 7}A]*= monolaurin, 1-monolaurin (MLG) 5-2.& A&+

tH(Schlievert et al., 1992). o] HA-Lof| A sofl5o| 2] % 7)o
w2 A -] A} W= o] S sollsoll Bl i 2
SEo] A= LAY o] IS AR F5HTH

s F g8k AbR o] Ao = H7leHAE Sk A
O] 4%, Al AE, HIEC|1H WYY, AR SN &
om, o3k glo] AlR W o] &S Follsoll= 60%, 24 A
A2z 40%7HA] A & 4= Q& A o= ek A A A
Hh= Sol5ele] o8 aabrt v 2 Ao A7tEn, 244
A2 9] ohe AR 252 Slrhe] -] A Wi 4= QL
= A0 2 AtrEh @A 2HR oA Al A 9F AR
O BAY, F2 =8 & Qlal| ool ulsf vl 714 o] A=
Utk ZLEu, 1ok 22 AFA A A A A A7 s 2ok, 7
7hE vlEfol] Abm W) =8 T A 0 21 9] o]- 8727} v
ol e



906 AAE - =AM - I - o] FE

Al AL

o] T2 AR (IS Yo A=At A de
gho} 28l 7] 2 AR (2019R1A6A1A03033553) 7} o] 3
SH7H1¢17] 2 7 (NRF-2018RID1A3B07046053) 2} 1 tt.
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