IEFIRE—

) e
—
—— -
J—~- '

2016.5.7
*®

%** @




Aquaculture Nutrition 2015 doi: 10.1111/anu.12313

Nutritional evaluation of Tenebrio molitor meal as fishmeal
substitute for tilapia (Oreochromis niloticus) diet

M:]. SANCHEZ-MUROS!2, C. DE HARO!, A. SANZ?, C.E. TRENZADO?, S. VILLARECES' &
F.G. BARROSO!

' Department of Biology and Geology, University of Almeria, Almeria, Spain; > Faculty of Agricultural Sciences, Technical
University of Machala, Machala, Ecuador; * Department of Zoology, University of Granada, Granada, Spain

KRB ERARNT B RAEFENM



FM/SM TM/FM/SM TM/FM

#13/ 2 R B8/ A/ 24 R R/ a5

MAERAaK 2HEREM



ik

#13 (FM) M=% (SM) REFMPRELNEBRKE BEEA]
5. FBEFHEBER, RNRURRA-—MEBENERERKRE.
AIEMRFZIEADERREZBERER (TM/FM) B3 B R &% (TM/
FM/SM), KEBFRZR(TM/SMITEAXTRRA, BITRARTTMHMZRESE,
AR EQRBEER EOERED, FENMHMREALREN, EKEERMESF
FIATEL. SGRER  FAFF5000 kg-1WTMAR B ER, FHAEORE
ft®, NARERARFENFALER. R, SIHRMFET EKERE,
o T INRERERNS. ESM/FMARITIRIRENEQREME, 7
S REIEEFRAPFALAROSKTE, EEMSODEM., TMHNERERELFH
TRAZREBEPFIERURERTRNAREKERITM,



g iME

ks HE (&) L X%
% (BRRELETR) . &
b (R#EH8ES))

/ \

LRGSR, fRIE T HER
FEE, BEE, e
RZANTH o

2.BHRfER “IRUIEFM” 1F
NEKE, ARERERN
MK, BAHSEAIRREEE.




L B

5%

EEEAR. HARME
EEB LA R 2 AR AE B ER A
HEWHERFIL M.

|

b i el [ e



4% £
— B a i, [>

/ B AL Fo X, it F

%%@&{

A& £ ‘/ ¢
(L
/ﬁg@}ﬁ- (jﬁ- ﬁa% ’ ’J‘ﬂt)
X478 B
JoX X -V

%E

& feik K. Bk
=1 &L 4 A
\\m‘ﬂﬂéﬁ%/

(4w zas. femar. )

EEAEEQE
ETT IV R
B . A AL A
B, 2B AR A
W, Stk
%5 R R &

[ HEs. A mas. )

| REmE
(A A LA
€ B 4 X, F 3

(AR ek,

= %—fi2~ @g\%‘ 5



ER .

- 4 KA
& A A&

L AR 4R 45 2%

a4 K&
BoE

4] #1 4% 4L %
Ea ;i HF

Ao i B

7~ & o S [

14 o) o AL EatiEl
ook B S o AL
2 /" ROS#FRAP
18 4 ) A T
i it F
L REEL | smemzas
e PN N L
. NIt L
# \_ DT-###%
2
AL A Fo AT B2 £, A B
Fo A& A5 B 40 A% F

i



AH 5 Bh
HEH

BAME TR AT %

Table 1 Proximate composition of protein feedstuffs evaluated in
this study, g kg™

Feedstuff

FM SM ™
Dry matter 900.0 879.0 349.6
Ash 177.3 78.4 48.3
Ether extract 81.6 30.4 300.9
Crude protein (Nx6.25) 730.3 504.1 584.2
NFE’ 10.8 387.2 66.6
ADF* 1.1 76.5 65.7
ADIN? n.d. 8.2 23.6
cpc? n.d. 495.8 560.6
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BRINEEH —LAREBIEN, SR LaRALU~4E)LT 2SS
W EREVRBILE, ANEALTEMES ZEHRITHRERGKH

(50%-100%) , WEMREXRKFHEHEE(EI-Sayed 1998; Man
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Table 2 Ingredients, proximate composition and gross energy on
" dry matter basis (DM) of the experimental diets

Diets

FM/SM TM/FM/SM TM/FM

Ingredients (g kg™' DM)

Fishmeal (FM)’ 310 150 300
Tenebrio larvae meal (TM)? 0 210 430
Soy meal (SM)3 500 500 0
Fish oil 85 40 0
Cellulose® 20 20 20
Wheat' 65 60 230
Premix® 20 20 20

Analysed composition (g kg=' DM)

L4 HRBRTFRA T UWEETMERFMFISM, RXHIE
RARFHEIEBR S ENRE, URFEARFHEERTE. &M
ASEWAFF R, 50%MEKRERSHEEMM (FM/SM) FEH
B8 (TM/FM) &4, TM/FM/SM A+, 75%rIf¥3 & B #%50
% HISMFN25%TMEIE K,
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Table 3 Amino acid composition (g kg™') of FM, SM, TM and of the three different diets formulated

Protein source Experimental diet
Amino acids FM SM ™ FM/SM TM/FM/SM TM/FM
(Arginine‘ ) 22.99 16.95 18.04 15.60 15.71 14.66
Histidine' 13.89 8.18 11.97 8.39 8.68 9.31
Isoleucine’ 13.77 9.79 16.12 9.16 10.34 11.06
Leucine' 29.45 22.05 31.39 20.15 22.03 22.33
!.ys,im-:-1 31.21 19.68 22.87 19.52 19.32 19.20
Methionine’ 13.88 2.70 5.12 5.65 450 6.36
Phenylalanine’ 18.01 18.30 14.28 14.73 14.85 11.54
Threonine' 15.66 11.27 16.17 10.49 11.38 11.65
\_Valine' / 17.10 11.62 24.35 1.1 13.49 15.60
Alanine 29.80 16.48 41.30 17.48 21.38 26.70
Aspartic acid 38.07 37.68 31.66 30.64 31.20 25.03
Glutamic acid 51.86 60.38 44 .45 46.27 47.30 34.67
Glycine 27.44 15.50 24.72 16.26 17.06 18.86
Proline 17.88 17.12 29.67 14.10 17.47 18.12
Serine 16.87 17.91 21.39 14.18 15.98 14.26
Tyrosine 13.59 152 22.65 1.87 10.45 13.82
EAAINEAA® 0.90 0.70 0.74 0.78 0.75 0.80

Results of protein source show the mean on a dry matter basis of three replications. The values of the experimental diets are obtained
theoretically with the percentage of inclusion of FM, SM and TM and without to take account the rest of the ingredients.

! Essential amino acid|

2 Balance of essential amino acids (EAA) and not essential amino acids (NEAA).
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Table 4 Fatty acid composition of FM, SM, TM and of the three different diets

Protein sources Experimental diets
Fatty acid FM SM ™ FM/SM TM/FM/SM TM/FM
14:0 7.85 n.d. 2.20 5.75 3.55 3.30
16:0 22.95 15.05 16.60 24.40 2155 21.35
16:1n-7 7.90 n.d. 2.20 6.20 2.90 2.35
18:0 5.30 4.80 3.40 5.55 4.80 4.25
18:1n-7 4.00 0.80 n.d. 2.50 1.15 0.60
18:1n-9 8.40 14.30 4355 13.95 25.70 33.70
18:2n-6 1.05 48.50 30.35 10.80 23.60 26.00
18:3n-3 0.20 6.85 1.10 1.70 2.05 1.35
18:4n-3 1.90 n.d. n.d. 1.05 0.50 0.15
20:1n-9 0.30 n.d. n.d. 1.50 0.85 0.15
EpA—20:4n:6 1.40 n.d. nd. 1.25 0.60 0.10
20:5n-3 14.05 n.d. n.d. 6.60 3.25 2.35
22:5n-3 2.65 n.d. n.d. 1.45 0.75 0.25
ODHA_ 22:6n-3 16.05 n.d. n.d. 12.65 6.45 2.60
Others 6.00 5.60 0.60 4.45 2.30 1.50
Monounsaturated 20.60 15.10 45.75 24.35 30.60 36.80
n-3 34.85 6.85 1.10 23.45 13.00 6.70
n-6 2.45 48.50 30.35 12.05 24.20 26.10
Saturated 36.10 23.95 22.20 35.70 29.90 28.90
Total PUFAs 37.30 55.35 31.45 35.50 37.20 32.80
n-3/n-6 14.22 0.14 0.04 1.95 0.54 0.26

The values show the mean in percentage of the total fatty acids analysed. All analyses were performed by triplicate.
n.d., Not detected.
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Table 5 Activity units (AU) of protease in Nile tilapias fed with
three experimental diets at the end of the experiment

Diets
AU mg |::|n::-'['1 FM/SM TM/FM/SM TM/FM
Stomach 12.46 + 1.01° 44.28 + 2.93° 27.64 + 0.99°
Intestine 17.00 + 2.58° 54.87 + 1.19° 47.05 + 0.71"

Mean + SEM of three intestine and stomach replicates of fish fed
with the different experimental diets. Different letters indicate
significant differences (P < 0.05) based on the Tukey—Kramer HSD
test. One unit of protease activity (AU) was defined as 1.0 ug of
tyrosine released per minute.
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Table 6 Growth performance, somatic indexes and body composition of Nile tilapia fed a control diet (FM/SM) and experimental diets
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(TM/FM/SM and TM/FM)
Diet
FM/SM TM/EM/SM TM/EM
Growth performance
FBW' (g) 84.73 + 4.40° 60.24 + 3.20° 60.2 + 1.33"
DGC* (%) 274 +0.18° 1.84 £ 0.16" 1.83 £ 0.06" \
FI* (%) 1.98 + 0.08 2.05 + 0.03 2.05 + 0.03
FCE? 1.03 £ 0.03° 0.74 + 0.06" 0.74 + 0.02°
PER® 2.08 + 0.06* 155 £ 0.13° 146 + 0.03° \
PERC® 2.13 £ 0.07* 1.60 £ 0.13° 1.51 + 0.03*
Somatic indexes (%)
Carcass 86.85 + 0.57 79.4 + 4.75 86.68 + 1.97
Liver 147 + 0.20% 132 £ 0.16° 1.92 + 0.15°
Intestine 329 + 0.33 371 + 0.60 2.80 = 0.28
Stomach 0.82 + 0.14 0.67 + 0.13 0.48 + 0.05
Spleen 0.11 + 0.03 0.06 + 0.01 0.10 + 0.03
Head 23.18 + 0.93 2316 + 1.21 22.91 + 0.44
Muscle 34.17 + 2.57 3214 + 2.76 33.26 + 1.27
Gonads 2.26 + 0.59 258 + 0.74 2.99 + 0.61
Condition Factor’ 1.72 £ 0.05 1.63 £ 0.06 1.58 £ 0.02
Body composition (g kg™")
Dry matter® 977.7 + 4.4 970.6 + 8.3 971.1 £+ 2.7
Ash 64.8 + 1.1 727+ 44 68.2 + 0.9
Ether extract 423+ 12.2 459 £ 12.2 503 £ 69
Crude protein (Nx6.25) 877.2 £ 105 880.5 + 9.7 8733472
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Table 7 Fatty acids profile (% total fatty acids analysed) in muscle and liver of Nile tilapia fed a control diet (FM/SM) and experimental
diets (TM/FM/SM and TM/FM)

=

Z3

Muscle Liver

Fatty acid/Diet FM/SM TM/FM/SM TM/FM FM/SM TM/FM/SM TMIFM
14:00 3.08 + 0.61 2.03 £ 0.24 2.43 £ 0.30 3.05 £ 0.05 2.4 + 065 2.43 + 0.07
16:00 225 + 0.36 18.92 + 0.77 18.72 + 1.35 21.80 + 2.10* 165 + 189  10.70 + 0.51"
16:1n-7 3.55 + 0.86 172 £ 03 1.93 + 0.47 3.90 £ 0.70 2.87 £ 0.55 2.90 + 0.23
18:00 8.90 + 0.8 8.42 + 1.03 6.85 + 1.08 11.70 £ 0.20 7.53 £ 1.01 4.67 + 0.70
18:1n-9 13.03 + 135 17.9 + 2.40®  26.65 + 3.03° 1545 £ 375 2527 + 329 39.03 + 2.02"
3:15 3.42 + 0.65 2.60 + 0.23 1.58 + 0.30 3.20 + 0.60* 1.77 + 0.41° 0.87 + 0.26"
6.47 = 0.56°  15.55 + 1.98° 19.05 + 1.46° 6.25 £ 355 1287 £ 023" 18.53 £ 1.07"
18:3n-3 0.53 + 0.17 0.48 + 0.34 0.33 £ 0.22 025 + 0.25 0.50 = 0.06 0.50 + 0.06
18:3n-6 n.d. n.d. n.d. n.d. 030 = 0.3 0.60 + 0.15

18:4n-3 0.20 + 0.2 0.07 + 0.07 0.08 + 0.08 n.d. n.d. n.d.
20:1n-9 1.25 + 0.06° 0.58 + 0.07° 0.57 + 0.11° 145 + 0.15 0.67 £ 0.35 0.87 + 0.07

20:4n-3 n.d. n.d. n.d. n.d. 0.67 + 0.67 n.d.
20:4n-6 2.72 + 043 2.40 + 0.38 2.32 + 051 3.50 + 0.40* 1.67 + 0.63° 1.00 + 0.15"

EPA(20:50-3) 2.83 £ 0.12° 1.23 4+ 0.15° 0.47 + n.zsb\l, 150 + 0.40* 0.30 = 0.08" n.d. ¥

in- n.d. n.d. n.d. n.d. 0.17 £ 0.1/ n.d.
22:5n-3 4.85 + 0.32° 3.68 + 0.19°° 2.88 + 0.46° 125 + 1.15 1.07 + 0.19 0.40 + 0.10

22:5n-6 n.d. n.d. n.d. 0.45 = 0.45 033 £ 0.18 n.d.

DHA 22:6n-3) 2277 £ 215 1822 +238° 1170 + 1.81° 21.00 £220°  10.67 = 2.65" 3.27 + 0.28"
Others 90 = 0. 20 = 0. b/ = 0. b Al £ 1. Tk R
Monaugsaturated ~ 21.25 + 1.55 22.8 + 2.51 30.73 + 3.38 2400 £520° 3073 £394Y | 4367 + 2.22"
n-3 3118 £ 1717 23.68+230® 1547 £1.94°V 2400+ 090*  13.0 + 2.86 417 + 023\,
-6 918 £ 0.45° __ 17.95 £ 160° 2137 £ 1.15° 10.20 £ 0.01°__15.17 = 043" 20.13 £ 0.90°
Saturated 3448 £ 0.12°  29.37 + 148° 28.00 + 2.12° 3655 « 1.85° 2643 + 234 17.80 + 1.05°

As 40.37 + 1.57 4163 £ 0.79 36.83 < 0.87 34.20 + 0.90 28.37 + 3.29 24.30 + 0.86
| n-3/n-6 | 3.42 £ 0.29° 1.37 & 0.26 0.74 £ 0.13°\ 235 + 0.09* 0.86 £ 0.17" 0.21 + 0.02°

Results show the mean & SEM (n = 6); different letters indicate significant differences (P < 0.05) based on the Tukey—Kramer HSD test

with ‘a’ or 'b’ for muscle and ‘%', 'y’ or 'z’ for liver.

n.d., Not detected.
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Figure 2 ROS (a) and FRAP (b) levels in the three experimental diets and muscle and intestine of the fish fed with each diet. Results show
the mean + SEM (n = 6); different letters indicate significant differences (P < 0.05) based on the Tukey—Kramer HSD test.
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Table 8 Effects of different experimental diets based in TM on liver antioxidant activity in Nile tilapias

Diets

Antioxidant enzymes in liver FM/SM TM/FM/SM TM/FM

AL 467.56 + 37.39° 368.31 + 17.15° \L 383.47 + 28.08" \L
2 e LS 228.77 + 20.67 215.82 + 15.57 200.10 + 22.50

GPX? BB H R =R 48.77 + 3.38 45.79 + 3.07 48.42 + 1.64

GR? B H TS L Y 6.19 + 0.69 5.98 + 0.50 4.85 + 0.59

GST? BRHREEE 179.95 + 29.76 147.44 + 13.82 205.01 + 23.57
_DTD? _  DT-Hi#kg 21.36 + 4.06 11.67 + 2.88 16.90 + 4.03

Results show the mean + SEM (n = 9); different letters indicate significant differences (P < 0.05) based on the Tukey-Kramer HSD test

for superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR), glutathione peroxidase (GPX), glutathione transferase (GST)
and DT-diaphorase (DTD).

' U mg™' protein
2 mU mg~' protein.
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