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Effects of dietary supplementation with powder of Antarctic krill
(Euphausia superba) on growth performance, body composition and

color of Litopenaeus vannamei
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Abstract: To determine the application effect of Euphausia superba powder (PE) in shrimp culture, we designed five groups
[SO group (No PE supplementation), S5 group, S10 group, S15 group, and S20 group (5%, 10%, 15% and 20% PE supplemen-
ted to the feed, respectively)] for a 35-day experiment on Litopenaeus vannamei [Body mass of (7.27+0.88) g]. The effect of die-
tary supplementation with PE on the growth performance, body composition and color of L. vannamei were evaluated. The re-
sults show that: 1) PE supplementation improved the survival rate (SR) of L. vannamei significantly (P<0.05), and the final body
mass (FBW), weight gain rate (WGR) and specific growth rate (SGR) of L. vannamei in S15 group were significantly higher com-
pared with the other groups (P<0.05). 2) With the increase of PE supplementation, the crude fat content of L. vannamei in-
creased gradually, and those in S10 group, S15 group and S20 group were significantly higher than that in SO group (P<0.05).
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Additionally, the brightness (L") of the cephalothorax and the yellowness (b") of the carapace of L. vannamei decreased gradu-

ally, which were significantly lower than those in SO group (P<0.05). 3) PE supplementation to the feed increased the asta-

xanthin content in the hepatopancreas and crustacean of L. vannamei significantly (P<0.05), and the effect was positively asso-

ciated with PE supplementation. The expression level of the LVPBP75 related to body color was also positively correlated with

PE supplementation. The results indicate that dietary supplementation with PE, especially with 15% PE, can improve the growth,

astaxanthin content, body color as well as expression level of LVPBP75 of L. vannamei.

Keywords: Litopenaeus vannamei; Euphausia superba powder; Body color; Astaxanthin; LVPBP75
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chus mykiss)""") | [FEIBE B (Verasper variega-
tus)" R AE R PERE. HEAL, BRAR AT FE R
R, JLANERTEREDEL T IS B ARy BRAE 1 = e
R iR R AR, BAET, ST LGNEXTERA
ORI, AT RS AR s
FAMBRIIRY, TEERITIXT LB IR A K | IR ZH 53
SN LA b, 2D R R B AR A Xk ML
XTI A B 2  SCHAILTR LA FLAR AT
eI IS, JFRSGE T LI LN
TR AR R BE T T T 2

I BPR i

1.1 AR

ARSI i F R AR i R I 1 rh oK SR AT v A A7
MRAW, Kh (2.45+0.13) cm. BEAFERTR . DT,
FHfa AR AN TS AL B, ARG A B AR R T
AR TR, R RENUR AR BB ARy, HAE 3R Ay
(Bri o180 MR (65.41£0.28)% . MW (13.27+
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K ALE Hl BORAR 2 2 mm BYFCRLEDRE, 55 °C LA
LT Z AT 10% J5, R mpelat s, W
T TR PR o T TC B 1) S 9 ) Ak 45 R i A3 0 T AL
*= 1,
12 ERFTSEREEE

LI TEMNIEKFFHR G T, %R GH
PEEE/KEL (50 cmx35 cm X35 cm, 50 L), VhUERE . 48



1

ZRICIEAE: PR AR A B X PLANEE IR AR G | REH S B AR R R 99

®1 ZHRAREFRKEST RFHRE)
Table 1 Nutritional composition of experimental
diets (Air-dry mass)

TR AR A3 o 12 40
WH Mass fraction of E. superba powder/%
Item
0 5 10 15 20

bk A B INT G
Crude protein mass fraction/% 4468 4417 45.32 4536 4537
HELIG 7 o 434
Crude fat mass fraction/% 854 85 877 914 978
K5y BT
T — 12.25 11.86 12.03 11.78 12.00
IR 3B 53R
Moisture mass fraction/% 43 880 795 10.09 909
LINTS Jrib o4
Astaxanthin mass fraction/ 1.19 1.68 205 266 2.96

(mgkg™)

AN e B IR o BS AR ALl o SEI T FH LA i Xo)
HMA TRl (7.2740.88) g, B EG, BIER
SR 7 d, PRlERE . BURS A Y RXTER 450 2
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(S15 4H) 1 20% (S20 2H) WYL A fRDRL, A~ Sede 2l
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AHR AR T R AR, B 1 h JR ok ik
R ESR I . SR SCINRELE 35 d, FREEM R
GENIKIE 26~28 °C, ERFE (29+0.5)%0, ZAETHIIK
J£<0.3 mg-L™", pH 7.7~7.9, AR EKE >
6 mg-L™',
1.3 SRR ES ST
13.1 #&me9R%E

SRR 0. B 7. 14, 21, 5B
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4 000xg B5.0> 5 min J5 I B, B EARUUTE 4

mL Z R ZEEH 8 mL IEC B4R E 1 R, &5
¥ =F DEREPEREAEAKR T BRTENa
RBET 4 mL @G ai N (& &40 0.05%
BHT) ", 1R%J, 10 000xg B.L» 5 min, HF7 Z Xt
I WA 474 nm &b, HAEHNEA 474 nm 4b
HYEERBON Eqor amy» 1 cm=1900, HF7 2 ikt s
$ (mg-kg™)=10 000VXA/W/E( 101 cmyX1%, VK
PP MR (mL); A NG ; W ONFES R
i (g)o
133 R FZK KPR

LVPBP75 FER kKD d FH A 5 1k 2
Jii7s, B-ACTIN RNZHEER, Mk . i
JEERR B RNA B9 CK A RNAiso-Plus (TaKaRa, H
A) R G AT, R UL B TR D BRI T A
RNA ¥ B A4l B2 a8 ] Nanodrop2000, 58%%
P A el FH B B W B S L K S8 B . T Prime
Script™ RT reagent Kit {7 & (TaKaRa, HA%) 4bBH
VLA S —8% cDNA, Z M SYBR® Premix Ex Taq™
I (TaKaRa, HA) BULBHH5, 7€ RT-PCR ¥ 351X
(BIO-RAD CFX96, F[) shifEfr3Lif PCR, ¥ 1
R Z K 20 puL: 10 pL TB GreenPremix Ex Tagq IT (2X)
(Tli RNaseH Plus), Bulk, 0.8 uL 1E[ 319 (10
pumol-L™"), 0.8 pL J2[a 5|4 (10 pmol-L™"), 0.4 uL
ROX Reference Dye (50x), 2 pL ¢cDNA, 6 pL
ddH,0, HAFFFEEHR: 95 C HWiZETE10s, 95 C
IZ1710s, 60 °C E 1k 30s, It 40 NMEH, RBiLE
AT TIE R 2 AT, A R e Stk . DAAS I
FEAY SO AR R, R 2704 5 e A Xt
FERFIR KT,

R2 AHRPERRSIMFES

Table 2 Real-time PCR primer sequences used in

present study
519 1Y (5—3")

Primer Primer sequence (5'-3")
LVPBP75-F TGGGCATCCTTTGTCGGCAATG
LVPBP75-R CATAGAGGGGAGGGAGCACCAC
B-ACTIN-F ACCACCGCTGCTTCCTCCTC
B-ACTIN-R CGGATGTCCACGTCGCACTTC

1.3.4  ARZE M Z

AHFFE TR 105 °C B 248 o I /K 47
FAR TR 4 A shPIL e /O E , LRI R H
AT H A E , FLK 4R 550 C Shah kR
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B 22 A (R, rp D) 35 I Sk i R
(MR 2~3 19) AbAgfAR € Kl 58 B ERA 100 °C
FK i 4 min J5 R R D7 0 S R4 £, iR
SR PR & OB BB 2 51 45 (CIE) MdmifErh L
(). o (LLEfl). b (FEOE) Fn,
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XTHR BTG % (SR) . AT K % (WGR) FlI
FiEAE KA (SGR) IIHHEALIT -

SR = N,/Nyx100% )
WGR = [(W, — W,) /W] x100% @)
SGR = [(In W, — In Wy) /1] x100% (3)

S Ny R R IR N, A
YR TIFA AR, s W, 7 LA X R TR
Bt (g); W, Fm LR IF LR R TR L (0); ¢
SRt i) (d).
15 HUESH

BRI, “THHhRRES (X2SD)” F, Tl

BAE 57 3R FH Shapiro-Wilk A1 Levene Ml
U HOE MRy 2555, NI R ) B AT
lg FEA I PR S IE A M 5 5 25551k, #iE
IR BRI K )5 2% (One-way ANOVA, LSD) 434t
Fl Turkey's Z 5 WA T B Z V00T, BNERH
Kruskal-Wallis #ii{#EATIES K, DL P<0.05 /2%
25 W EK-. A EHE AT EH] SPSS 25.0 A
FE Mo

2 gk

2.1 XERMIEKFIER

ARk P I i Rl ARy o %o MR A A RN )
el L6 3o VS 0 Rl A A AR A 114 45 ZH X R R AR ST
(FBW). WGR F1 SPR ¥Ji5 T S0 2, HBEE W&
3N e T e BRI R A Horp, S15 411
FBW. WGR. SGR 3T S0 4 (P<0.05), fik}
HS I R R IR RE A8 i XTI A G 28, &S0
ZHEE SO HIRE T 10%~20%, Hidr S10 4R pl s
T S0 4 (P<0.05),

R3 BEINUREREREFIRFE

Table3 Growth performance and survival rate of shrimps in each group

WA

ZH %) Group

Item S0

S5 S10 S15 S20

ARG Final body mass/g 22.14+1.78"

PR 2R Weight gain rate/% 204.41424.53
FEE KR Specific growth rate/(%-d ™) 3.17+0.24°

JEIE % Survival rate/% 46.67+0.00°

23.62+3.02%
224.78+41.57%

3.35+0.36%

66.67+0.00°

25.10+3.76™ 26.35+2.56" 25.09+3.18"

245.16+51.72" 262.35+35.15° 245.03+43.78"

3.51+0.41%" 3.67+0.27° 3.5240.35"

77.78+16.78" 66.67+0.00™ 57.78+10.18"

E: FFTEBEA R NG PR 2R B3 (P<0.05); FaRIRIL.

Note: Values with different lowercase letters within the same row indicate significant difference (P<0.05). The same case in the following tables.
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Ak HF S T B Tl TR X %o B -t i o i 7 2
TR RILE 1, SCa R, AR B
HRIRE R S EE BTG S5 AR R
FHEART S0 4, HAES 7. 5 28 KuA# B EK
Y- (P<0.05), B&4K |, S10 ZHATIHIIR iR &£ & &
5 So it EMEZES, Wi S15 Al S20 LT EAR
INEESRET S04, HAES 7. 514, 56 21,
FEE 28 KA HA W E MR (P<0.05),

Ak HF S 0 i B Bl Ay o %o R B e i R
SR L 2, SRR, S15 Fl S20 41H 5%
RS RN &R T Em T S04l (P<0.05), IR

b, SIoAFRZPIFFERS /RS SOAERAR
=, I Ss AW iIrE R G EIVT SoH, HAE—
Sepst i) o5 BAT B PE2E S (P<0.05),
2.3 XPERAOMERRL 5

Ak F T B A B A9 T X B B8 B 52 v D
Fa, KHAMKIS . HEAR ., KirERANDE
(P>0.05) . FRDEFH S I RS BB R Ry 1 25 AL REL NS 75 55
ST S0 21, HL B A S I G 2 B
fyfa#i; Horb, S10. S15 H1 S20 ZHAHLIE T & &
LT S0 4H (P<0.05).
2.4 XT4RAFEERRHR LVPBP75 BEERIAKE

TRl r R i R My o %o R R A v LV P-
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Fig. 1 Variation of astaxanthin mass fraction in hepatopan-
creas of shrimps in each group

Note: Different letters within the same group indicate significant diffe-
rence among the groups (P<0.05). The same case in the following figures.
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Fig. 2 Variation of astaxanthin mass fraction in carapace of
shrimps in each group

LVPBP75 LA KB KF-EF so4l, HERAR
¥, 21dJ5, S10 4 LVPBP75 KKK & 5
TS0 2 (P<0.05), F&A-SCg R, S15 1 S20 2
JH IR LVPBP75 JEPR FRIAKF- 2 T S0 4
(P<0.05),
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Table 4 Body composition of shrimps in each group Y%
WiH 21 Group
ftem S0 $5 $10 $15 $20
H1EE 15 Crude protein 74.49+0.81° 73.03+1.16" 73.51+1.30" 75.53+1.16° 74.66+1.63"
FUIGHT Crude fat 10.42+0.73% 11.57+0.50% 12.3440.75" 13.18£0.21" 14.4620.32"
FLK 4 Ash 11.10£0.07 10.50+0.17 11.53%+0.38 11.16+0.18 10.39+0.99
JK43 Moisture 74.16x0.10 75.69+2.02 73.44+0.69 74.53+1.69 74.63%0.92

TE: Bk SRR s, HAls sy 40 T B il

Note: The crude protein, crude fat and ash are dry mass measurement, while the moisture is wet mass measurement.
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Fig. 3 Expression level of LVPBP75 in hepatopancreas of
shrimps in each group
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S15 5 S20 AR . (K] 4-a).

Wit 25 T A Tl T 03 8 0 R T T o, X R 3
IRk H LER TS, HEE& T sod
(P<0.05), TR H 52/ LA A0 A1k
P, BEIR T, BHA BRI AR S I R
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Table5 L', a"and b"of shrimp exoskeleton in each group
Sk H Cephalothorax JEFFH 5T Carapace
SEEME L Zifafia’ O b SEEMEL it a’ HOH b
A #F Raw shrimp
S0 44.69+2.07" 0.1620.88 5.57+0.28" 36.55+1.83" 0.20%1.01 5.52+0.63"
S5 39.434+2.61° 0.53+1.53 5.18+0.63" 33.28+1.71% 0.700.79 4.65+0.71°
S10 34.53+1.31° —0.17£1.36 4.24+0.78" 34,19%+1.77° —0.11+0.28 2.09+0.66°
S15 32.14+1.12¢ 0.70+1.05 4.53+0.74™ 31.46%1.96° —0.89+0.70 —1.26%1.25°
$20 31.80+1.06° —0.38+0.62 3.5440.56¢ 32.7140.92" 0.27+0.47 1.31+0.38"
FIF Cooked shrimp
N 43.6240.98° 9.39+0.60" 11.24+1.16° 76.45+0.22° 9.94+0.35" 16.06+0.78"
S5 61.19+0.82° 9.23+0.33" 18.85+0.33 71.48+0.28" 9.45+0.35° 13.2240.29°
S10 66.6312.31° 9.28+2.13" 24.25+0.23 69.08+0.48° 11.2140.36" 16.42+1.00™
S15 56.4342.64° 10.360.16™ 18.71+1.11° 65.25%0.20° 18.44+1.30° 15.95+0.24°
$20 61.06%0.66" 13.69+1.65 23.13+0.80° 62.88+0.73¢ 20.36+0.89* 17.71+0.35

S15

00 34

SO S5 S1

30 98
S15 S20

K4 SCHSZE AT A XTURAE U (a) FHZAF (b) AOfALE,
Fig.4 Color of raw shrimps (a) and cooked shrimps (b) in

0

each group at end of experiment
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WrkE i, ] RER X AR A PRI & R = i
JRH . FAESRAE LB, MR ARG W ) e
BETREPRLIR T K1 BT g N, SASHEE 4 R —
o MEAh, FERRBRER D BRI R (EPA) F1
T RS KETR (DHA) 4% n-3 KAEZ AN IR D7 R
ZUBNRAIE AR, BA B n R YR A
PEETE,  mARBEAT  EAT U S AT RS T A
FHOCHE PR Z IR A FHO N S XA PR AR I 23 it 1)
2 ] RE SRR BB Ry T B i T RRL Y
RSB II B A G, AR, —LeR g R
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