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ABSTRACT

This study was conducted to evaluate dietary supplementation of Sargassum horneri (SH) meal on
growth performance, feed utilization, innate immunity, antioxidant capacity and disease resistance of
Pacific white shrimp. The diets were added with graded levels of SH meal by 0, 0.5, 1, 2, 4 and 8%
(designated as Con, SHO.5, SH1, SH2, SH4 and SHS, respectively). Quadruplicate groups of shrimp
were hand-fed with one of the diets five times daily for 39 days. The innate immunity and antioxidant
capacity of shrimp were significantly improved by the dietary SH supplementation. The cumulative
survival of shrimp exposed to Vibrio parahaemolyticus in a challenge was higher in shrimp group fed
SH diets, except for SHS, than that of shrimp fed the control diet. Growth performance and feed
utilization of the shrimp were significantly decreased with the dietary SH inclusions except for 0.5%.
Results indicated that dietary SH meal could be used as a functional supplement for improvements in
innate immunity, antioxidant capacity and disease resistance in Pacific white shrimp. The suggested

dietary inclusion level of dried SH is approximately 0.5% for the shrimp.
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Table 1. Dietary formulation and proximate composition of the six experimental diets for Litopenaeus
vannamei (%, dry matter). The diets were added with graded levels of Sargassum horneri by 0, 0.5, 1,

2, 4 and 8% (Con, SHO0.5, SH1, SH2, SH4 and SH8)

Experimental diets

Ingredients (%)
Con SHO5 SH1  SH2 SH4  SH8

Fish meal (sardine)* 8.00 8.00 8.00 8.00 8.00 8.00
Tuna by-product meal? 4.00 4.00 4.00 4.00 4.00 4.00
Soybean meal 423 423 423 42.3 423 42.3
Squid liver powder 6.00 6.00 6.00 6.00 6.00 6.00
Wheat flour 20.0 19.5 19.0 18.0 16.0 12.0
Sargassum horneri® 0.00 0.50 1.00 2.00 4.00 8.00
Starch 8.00 8.00 8.00 8.00 8.00 8.00
Fish oil 4.00 4.00 4.00 4.00 4.00 4.00
Vitamin & Mineral mix* 3.00 3.00 3.00 3.00 3.00 3.00
Lecithin 1.50 1.50 1.50 1.50 1.50 1.50
Cholesterol 0.20 0.20 0.20 0.20 0.20 0.20

Monocalcium phosphate 3.00 3.00 3.00 3.00 3.00 3.00

Proximate composition (%, dry matter)

Crude protein 36.9 36.8 359 36.9 359 35.6
Crude lipid 7.91 8.80 8.91 9.10 9.33 9.37
Crude ash 9.00 9.50 9.50 9.80 10.1 10.8
Moisture 7.40 7.00 6.70 6.30 6.30 6.90

!0rizon Co. Ltd, Santiago, Chile.

*Wooginfeed Industry Co. Ltd, Incheon, Korea.

*NeoENbiz Co. Ltd, Bucheon, Korea.

4Vitamin & Mineral premix (g kg'of mixture): retinol, 3.0; cholecalciferol, 1.0; ascorbic acid, 20.0;
tocopherol, 20.0; menadione, 2.0; thiamine, 4.0; riboflavin, 6.0; pyridoxine, 5.0; cobalamin, 6.0;
inositol, 54.0; panthothenic acid, 12.0; biotin, 0.2; niacin amide, 40.0; folic acid, 2.0; ferrous sulfate,
10.0; copper sulfate, 1.0; zinc sulfate, 30; manganous sulfate, 2.0; cobalt chloride, 10.; potassium

iodide, 1.0; potassium, 6.0; sodium selenite, 0.01.



’FAAFE(CJ Cheiljedang, Seoul, Korea)E &3t Ao FX= ATt Aol ASH

A S-(Z7) 75, 055000 g)= F 24 749 acrylic 53215 L)ol 4% 2 30 vlg]A

YT G o4 wEoR MAHYT AFUEES F 30 A0 AARUTE AKFE
meolRelsE  AEHUL,  Fxel  §ENE FES AN 9

712 A 7] (aeration)E A X AT FU= FHSS o|835te] 12 light: 12 dark =
FA AT} AHALEE 1Y 5 3](09:00, 11:30, 14:00, 16:30, 19:00 h)ell 2 A &85 (M-$-
AT 3-10%) stk AFFAA 7I13F T 24 Fxo 2, &4k (dissolved oxygen, DO),
A (salinity) 1 ¥4 1 3] =AsAoH, pH o dEYol FE(NHHE "5 1 3
213515tk DO = Pro20 Dissolved Oxygen Instrument (YSI, Yellow Springs, OH, USA), pH &
Seven Compact (Mettler Toledo, Columbus, OH, USA) 7]7]& AF&3Fo] S35t Yo}

&2 Verdouw et al. (1978)°] el whe} £416F31aL, 9> Master Refractometer-S28M

N

(ATAGO, Tokyo, Japan)E Ah&3ate]l Al AbSEd 717 <t = 4

Y L

kil

=
DO &= 6.47+0.12 ppm, pH = 7.50£0.13, ¢tF 1o} = 0.11+0.02 ppm, 48 29.7+0.43°C,

AE2 36.1+1.26 psu & A & AT}



Figure 2. . Experimental tanks (water capacity: 240L) for Pacific white shrimp and feeding the

experimental diets



Table 2. Summary of water quality parameters observed over the 39 days growing period.

Dissolved

oxygen pH Ar(nmonia Tempoerature Salinity
(ppm) ppm) C) (psu)
Mean 6.47+0.12 7.50+0.13 0.11+0.02 29.7+0.43 36.1+1.26
Max 6.79+0.19 7.76+0.11 0.14+0.08 30.5+0.35 37.5+0.58
Min 6.22+0.06 7.36£0.24 0.08+0.04 29.1+0.67 34.5+1.08

Values are mean of quadruplicate groups and presented as mean + S.D.



A8 T8 F, A9 FA| E(weight gain, WG)I} AEE(survival) ZAES 98] @A
¢} wEFE 43T AT oA AFEAS(feed conversion ratio, FCR)S}
el A o] 8§ S (protein efficiency ratio, PER)S AlE Fg=S wlgo=z AL
HAFTTFASAH 5, Fx T 4 EPET F lentE)he] AleE FASE dEstd
d-S-Eol w3 A|7]al Alsever’s solution (Sigma, St. Louis, MO, USA)°o] A2 H FA|E
o] &3>  hemolymphE  AFH 33l  FFH A (hepatopancreas)= A E3FITE A H
hemolymph= HYAF2]7]Z(800 g, 20 min) TS 2|3ttt 28l¥  hemolymph<}
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Figure 4. Collection of hemolymph and hepatopancreas of shrimp after the feeding trial.
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AHA R AstAle]  gurgdES AOAC (2005 Mol  wE SRS
A7t AZHE125°C, 3 h), ZFIELS HAHIIFWG50°C, 4 h), TwEL
A5 22 ekl A B4 7] (Kjeltec system 2300, FOSS, Hillered, Denmark)E ©]-8-3}o] 4] % %l ar

A2 Folch et al. (1957)2] W ol wha} #21% 9]},

MEZIEAdE ekl 918 & 6709 acrylic 732240 Dyell A5 3= B 107 A

A A7 AFRE BF AFEIZMA 2R AIES SAssi
ALR ] FEAAALS Hkey] el F 187019 B Al 28-30°CY] <93(700 mL)E EaL
AFHALE(1.00 g)& v o= A ekqlnt. JAAHE APAE= FLe AIZH(15 min, 30 min,
60 min)ol FAE, AF125°C, 2 WA F FAZS FAHse FForE &&5¥

APAES] FS AN

26 W1So|d WA I FUHE £

H|So]4 Wy ditsls A4S f T 67kA @dES XARSESITE Nitro-blue
tetrazolium (NBT) 242 Zhang et al. (2013)2] WS, lysozyme -2 Paglia and Valentine
(1967)2] W<, phenoloxidase (PO) 22 Hernandez-Lopez et al. (1996)2] W'H-S anti-
protease 242 Ellis (1990)e] WS 7|22 B39 th Superoxide dismutase (SOD)
g2 2 SOD assay kit (DoGenBio, Seoul, Korea)E-, glutathione peroxidase (GPx) €42 GPx kit

(Biovision, Milpitas, CA, USA)E A}-&3}o] #4813t}
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27 WS04 W Bd §AA 2EF BA

e

AE A -2 734 RNAE TRI-zol® (Sigma, St. Louis, MO, USA)S AM&3lo] F=3131t)
RNA purity= pDropTMPlate (Thermo Scientific, Waltham, MA, USA)E- ©]-&3}o] A3t}
cDNAE #2]¥ RNA (2.5 pg)¢} reaction mixtureS & 2F 20 pL® 25| PrimeScriptTM
first-strand cDNA synthesis kit (TaKaRa Bio, Kusatsu, Japan)E A}-8-3le] 3HAd38FSIt). &g st
cDNA+ nuclease free waterd] 40¥]= 3]A]18le] qPCR 4 (prophenoloxidase, crustin,
penaeidin)°l] A}-8-% T},

qPCR 45 T3] AFA$ 73742 prophenoloxidase (proPO), crustin, penaeidin®]
HEFS ZASESITE Beactin® reference gene S ® AFESFSlAl forward  (5'-
GAGCAACACGGAGTTCGTTGT-3"), reverse (5-CATCACCAACTGGGACGACATGGA-3")<]
oligonucleotide primerE AFE-3}I T proPO2]  oligonucleotide primer= forward (5°-
TCCATTCCGTCCGTCTG-3"), reverse (5°-GGCTTCGCTCTGGTTAGG-3")=, crustin®]
oligonucleotide  primer== forward (5-GAGGGTCAAGCCTACTGCTG-3"), reverse (5'-
ACTTATCGAGGCCAGCACAC-3")E, penaeidin® oligonucleotide primer:= forward (5°-
CACCCTTCGTGAGACCTTTG-3"), reverse (5" -AATATCCCTTTCCCACGTGAC-3")&
AH-8-3F T qPCR-2 Real Time System TP 950 Thermal Cycler Dice™ (TaKaRa Bio, Kusatsu,
Japan)Z o] &3}o] W&+ L, 2uLe] ¢DNA, 10uLe] TaKaRa Ex Tag™SYBR premix (TaKaRa
Bio, Kusatsu, Japan), Z}Z} 0.4uL®] forward & reverse primer, 7.2uL%] H,0& Yo & B5F&

0uLE WFo] A& AW,
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S F5 T, ASEETA, 518 9F F 189 acrylic FFol 9uiElA
3RHE- O 2 W X3} EMS (V. parahaemolyticus)= TSB* vl Z] ol 8 %F(30°C, 150 rpm, 24
h)3 %, 2} 52280 L)l V. parahaemolyticus FEFY(5.80<105 CFU/mL)S A8t}

A T F 152 A Eor AYAIEE 1Y 33](09:00, 13:00, 18:00 h)oll AR

2
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ASAZFE] s%) A AT FAYEES BRAGAT. FALP] EMS F

.

HA A0 h), FA (9 h), TE(152 h) A H AFFHZ HEES J=E3+] EMS 54

FAd2Fe] HH S ¥ sk th DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)E

S
ofo
o
O
&
[
:‘\E

1’4 Z=21°] DNAE F=33ith 4]el AF8% primers= VpPirA-F (5°-
TTGGACTGTCGAACCAAACG-3"), VpPirA-R (5 -GCACCCCATTGGTATTGAATG-3")¢|t}.
qPCR %1 SYBR Premix Ex TaqTM Perfect Real-Time Kits (TaKaRa Bio, Kusatsu, Japan)S

A}F-8-3F%1 a1, Real Time System TP 950 Thermal Cycler DiceTM (TaKaRa Bio, Kusatsu, Japan)=-

ol gate] BAsheT.
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Figure 5. Immersion of Vibrio parahaemolyticus suspension in the experimental tanks for the

challenge test.
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Hemolymph ©] NBT &/ SH2 77} tx7ol H&| fFoldoz xskom unA
ATl s a9k vlaLste]l o] A<l Afo] 7l 1A tK(Table 3). Lysozyme 273 SHS
AHATE A Qe ZE A3 T(SHO.5, SHI, SH2, SH4)o A thx o vl FH oz =7
LtERSE T PO ¢F SOD &4 SH2, SH4 T-oll A tizx=Trol Hlsf fre]d o= #A YEpskth

GPx <} anti-protease &> EE AAo| A H7F7F gl HlE fFoH o=

"
2

.

s

#A742] proPO B3-S SHI1, SH2, SH4, SHS 17} t&of nls folxoz wgko
SHO.5 7%= 9221 x}to]7} $1A th(Table 4). Crustin %3-S SH2, SH4 -7} thZ=7-o B3|
frolH oz =4 YElST Penaeidin W¥-> SH4, SH8 oA txtol] B3] fodoz
A HEbs T

V. parahaemolyticus °l W3 FAHLFL A, AT Y FAH O ASES
SH4 -(48.1%)7F tHx7(22.1%)°l Hla} Fo|A o s Z=QthFig. 6). A % 9 h 9
Aot g ol EMS H4& A 2KVpPir A)7F EHS1E A tK(Table 5). A 3 152
h o vkl 742 EMS =42 SHI, SH2, SH4 7oA HEHA &t =,

SHO.5, SH8 T-olA1:= 152 h o] EMS =47} nl&F FH At Axpxoa 3|Hy=

A4ELS SHOS 7 7F tixTm9k mlalsto] o291 Zpolrk @ISt SHI, SH2, SH4,
SH8 & izl Hls] FolFox ugtu BAomagt Hrlge]l FUtEESF
A5 Yol = IS W UHTable 6). AFE A= SHO.5, SHI, SH2 7HA] =+
HlaLske] frol Al xfol7k GIAAIRE, SH4, SH8 A= ool Ha] Aoz &/

Uelgth AEES SH8 77 ulRTgol HlE] frelHewm gaddAmt umH

A | AR 7 M= tz=Trek o A ]l AfolE Holx ettt
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Ao AukAREEA Ay, zuwdE, A, FIE 2L FES dzTed
WA ) BATE H b Abele] fo] A1 Aol 7F gl Th(Table 7). AFR7]%4d2 SHO.S &
Aelg e A7 dxzTol Hlal #foldo® Edka SH4 TolA T =4
LEFSTH(Table 8). A9 =594 A2 15 min o SH2, SH4, SH8 17} thzx-ol H]3|
frol® oz wgkal 30, 60 min o SH4, SH8 oA feoldoz v vepgth 2%l

AR B

[c]

22
o

flo

Apoli= ofY ARk SHO.5, SHI -l A &= thzT-oll Bla] F3tgAde] vt
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Table 3. Non-specific immune responses and anti-oxidation enzyme activities of Litopenaeus
vannamei fed the six experimental diets for 39 days. The diets were added with graded levels of

Sargassum horneri by 0, 0.5, 1, 2, 4 and 8% (Con, SHO.5, SH1, SH2, SH4 and SHS)

NBT! Lysozyme? PO? Anti-protease*  SOD* GPx®
Con 1.23+0.09° 3.77+0.28° 0.13+0.01° 11.0+2.30P 46.6+1.15°  3.12+0.02°

SH0.5  1.24+0.11° 4.14+0.412 0.14£0.01®  19.0+4.84? 57.1+2.45"  4.84+0.09%
SH1 1.27+0.12° 4.16+0.20% 0.13+0.01° 18.9+4.91% 56.7+3.17°  3.83x0.30°
SH2 1.57+0.042 4.41+0.132 0.14+0.012 24.3+4.28° 75.7+12.6°  3.92+0.21°
SH4 1.39+0.08° 4.32+0.332 0.14+0.00% 22.1+2.90° 70.7£6.36°  3.84%0.09°

SH8 1.32+0.16°  3.62+0.08®  0.13+0.00®  20.1+3.828  54.1+8.48> 3.82+0.79"
Values are mean of quadruplicate groups and presented as meantS.D. Values with different

superscripts in the same column are significantly different (P<0.05).

'Nitro-blue tetrazolium activity (absorbance).
’Lysozyme activity (ug mL™).
*Phenoloxidase activity (absorbance).

*Anti-protease activity (% inhibition).

>Superoxide dismutase activity (% inhibition).

®Glutathione peroxidase activity (mU mL™).
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Table 4. Relative mMRNA gene expression of proPO, crustin, penaeidin in hepatopancreas of
Litopenaeus vannamei fed the six experimental diets for 39 days. The diets were added with graded

levels of Sargassum horneri by 0, 0.5, 1, 2, 4 and 8% (Con, SHO0.5, SH1, SH2, SH4 and SHS).

proPQO! Crustin? Penaeidin®
Con 1.00+0.07¢ 1.00+0.66° 1.00+0.70°
SHO0.5 1.10£0.11° 0.75x0.31°¢ 1.41+£0.41°
SH1 2.68+0.64° 1.84+0.76" 0.53+0.22°
SH2 2.29+0.30° 4.23+1.90% 1.51+0.99°
SH4 2.33+0.26° 3.15+£1.02% 2.80+1.00°
SH8 2.86x0.15% 2.18+1.84" 4.09+3.20?

Values are mean of quadruplicate groups and presented as meantS.D. Values with different
superscripts in the same column are significantly different (P<0.05).
IproPO relative gene expression in shrimp hepatopancreas were normalized to B-actin and expressed

relative to control.

2Crustin relative gene expression in shrimp hepatopancreas were normalized to B-actin and expressed

relative to control.

3Penaeidin relative gene expression in shrimp hepatopancreas were normalized to B-actin and

expressed relative to control.
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Figure 6. Cumulative survivals of Litopenaeus vannamei after challenged against Vibrio

parahaemolyticus. The shrimp were immerged with V. parahaemolyticus suspension containing 5.80

x 10° CFU mL". Triplicate groups of shrimp were hand-fed with one of the diets three times a day

during the challenge period. The diets were added with graded levels of Sargassum horneri by 0, 0.5,

1, 2, 4 and 8% (Con, SHO.5, SH1, SH2, SH4 and SH8). Broth treatment was a positive control. Values

are mean of triplicate and different superscripts denote significant difference (P<0.05).
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Table 5. The cycle threshold (Ct) values of the hepatopancreas of shrimp sampled at 0, 9 and 152
(final) h after the Vibrio parahaemolyticus suspension immersion. The diets were added with graded

levels of Sargassum horneri by 0, 0.5, 1, 2, 4 and 8% (Con, SHO.5, SH1, SH2, SH4 and SHS)

Ct values

Treatments

Oh 9h 152 h
Con n.d.! 24.8 34.1
SHO0.5 n.d.! 26.8 33.8
SH1 n.d.! 293 n.d.!
SH2 n.d.! 24.1 n.d.!
SH4 n.d.! 28.7 n.d.!
SHS n.d.! 23.7 31.9

'nd, not detected of toxin
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Table 6. Growth performance and feed utilization of Litopenaeus vannamei (initial body weight: 0.55
+ 0.00 g) fed the six experimental diets for 39 days. The diets were added with graded levels of

Sargassum horneri by 0, 0.5, 1, 2, 4 and 8% (Con, SHO.5, SH1, SH2, SH4 and SHS)

FBW! WG? SGR? FCR* PER® Survival (%)

Con 5.82+0.23*  957+44.6° 6.05+0.11*  1.39+0.09®  1.96+0.12? 97.5+3.19°
SH0.5 5.66+0.17%  927+30.8° 5.97+0.08°  1.44+0.10°  1.89+0.12° 92.5+7.39%

SH1 5.19+0.19®  846+36.9" 5.76+0.10°  1.56+0.16® 1.79+0.18®  92.5+6.87%
SH2 5.19+0.32"  844+58.8° 5.76+0.16"  1.52+0.09® 1.79+0.11*  94.2+4.19%
SH4 4.64+0.16°  742+32.0° 5.46+0.10°  1.72+0.09°  1.62+0.08° 90.0+3.85%
SH8 4.61+0.26°  738+47.9° 5.45+0.15°  1.77+0.16*  1.60+0.14° 87.5+1.67°

Values are mean of quadruplicate groups 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).

A\WNeight gain (%)=[(final body weight - initial body weight)/initial body weight]x100.

3Specific growth rate (%)=[(log. final body weight-loge initial body weight)/days]x100

“Feed conversion ratio=dry feed fed (g)/wet weight gain (g).

SProtein efficiency ratio=wet weight gain (g)/total protein given (g).
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Table 7. Whole-body proximate composition of Litopenaeus vannamei fed the six experimental diets
for 39 days. The diets were added with graded levels of Sargassum horneri by 0, 0.5, 1, 2, 4 and 8%

(Con, SHO.5, SH1, SH2, SH4 and SHS)

Moisture Crude protein  Crude lipid Crude ash

Con 76.1+0.34 18.4+0.07 1.04+0.07 2.87+0.35
SH0.5 76.0£0.63 18.7+0.96 0.94+0.07 3.42+0.39
SH1 76.8+0.59 18.1+0.07 0.88+0.10 3.55+0.31
SH2 75.7+0.82 18.7+0.22 1.02+0.03 3.14+0.36
SH4 77.6£0.85 17.5+0.43 0.90+0.11 3.84+0.85
SH8 76.1+0.10 18.4+1.01 1.09+0.09 3.67+£0.40

Values are mean of quadruplicate groups and presented as meanzS.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.
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Table 8. Relative time to consume the feed of Litopenaeus vannamei and water stability of the six

experimental diets. The diets were added with graded levels of Sargassum horneri by 0, 0.5, 1, 2, 4

and 8% (Con, SHO.5, SH1, SH2, SH4 and SHS)

Water stability?

Palatability* 0 min 15 min 30 min 60 min
Con 1.00+£0.04*  1.00+0.00 0.74+0.022 0.71+0.022 0.69+0.03
SHO0.5  0.92+0.10* 1.00+0.00 0.74+£0.02° 0.71+0.012 0.69+0.02
SH1 0.67+0.10°  1.00+0.00 0.71+0.00% 0.71+0.017 0.69+0.02
SH2 0.72£0.09°*  1.00+0.00 0.69+0.02®  0.69+0.01*  0.65+0.03
SH4 0.62+0.09"  1.00+0.00 0.68+0.01*  0.66+0.00**  0.64+0.01
SH8 0.70+0.04>  1.00+0.00 0.67+0.00° 0.65+0.01° 0.63+£0.01

Values are mean of triplicate groups and presented as meanzS.D. Values with different superscripts in

the same column are significantly different (P<0.05).

Ipalatability (Relative time to consume the feed).

A\Water stability (Relative dry weight of remaining feed).
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