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Evaluation of Schizochytrium Meal as a Fish Meal Replacer in the Diet
of the Pacific White Shrimp Penaeus vannamei
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In this study, we evaluated the effects of replacing fish meal (FM) with Schizochytrium meal (SCM) on the growth,
digestion, immunity and antioxidant capacity of Pacific white shrimp Penaeus vannamei. The basal (Con) diet con-
tained 10% FM. Four experimental diets were formulated by replacing FM in the Con diet with increasing levels
of SCM (25%, 50%, 75% and 100%). A total of 500 shrimp (1.90 g) were randomly distributed into 20 tanks (240
L) in quadruplicate groups per dietary treatment and fed the diets six times a day for 4 weeks. Growth performance
was maintained up to 50% replacement level, whereas a significant reduction was observed at higher replacement
levels (P<0.05). Trypsin activity decreased with the inclusion of SCM (P<0.05), whereas chymotrypsin, lipase and
a-amylase activities were not significantly affected by the dietary treatments (P>0.05). Innate immune responses
were not significantly affected by the dietary treatments (P>0.05), whereas antioxidant enzyme activities were sig-
nificantly higher in the SC75 group than in the Con group (P<0.05). In conclusion, SCM can replace up to 50% of
dietary FM without adversely affecting the growth performance of P. vannamei. However, higher replacement levels
reduced growth and altered antioxidant activity, suggesting metabolic imbalance.
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FIL QAR Al Y= AAE =37 I3 A 2

o] R0] %] 1L QITHCai et al., 2022). A7 o} & thx] Y
=22 tjFHk(soybean meal), ATl 5= (cottonseed protein
concentrate), U5+ 5=5(soy protein concentrate) 5- TFFSH
A/ T o] o] &= of ${Th(Bae etal., 2020; Ray etal.,

M B

o yE

ol Al T dR® Ashgo] i1, Fapotu]icAl
I} =53 SRR H(polyunsaturated fatty acid)©] S-5-3f <=
AF Qp4] AROIA] 714 ol ARgER= Tl Slo] o Wang et

al,, 2023). Z|toll= FA] Ak el A1&5H Q1 ARt A of &
of tist H MAIA =8 S7h= 7HE A5 BAIE dol A 1
235 W Sk 22 242 HAIE of7lskaL Qltk
(Kari et al., 2023). T} 201, 7|5 ¥} o] &5k a2 3t
744 Q31 o] & AR BRI S VA= 84AR &
25131 §Jth(Fang and Zhang, 2025). o]o] u}} o] & o2 e &

2020). 1Eu A5 T A - g€l 4K (phytic acid)a} T
28354 oA A (protease inhibitors)2} 2 FFejokolxtE
skg-sla 9lo, 2to]Al(lysine), W E] 2 (methionine), =2
ALEl ARl AH(docosahexaenoic acid, DHA)T} 72+-S- H4= 9ok
7} BZ3}cH(Chen et al., 2022). o] = 448 A& A7 AlE &
S FUha 2TEE ASHAA FA AT AaE R
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(Ray et al., 2020). u]A|ZF(microalgae)x= DHAS} of| o] A}
s}l AH(eicosapentaenoic acid, EPA)} Z+8- o |7}-3 |4}
Ato] Fxafo] QFAALR U] ol 2T ol §-0) 214 715 Al
F2A] 22Uk 9JtkSerrano et al., 2021).

£3], Schizochytrium spp. (SC)+= DHA &=Fo] 31(<40%
of lipid) (Wang et al., 2017b), T}2 n]A| 279} Era] 4o
(heterotrophic) 2710l 4] v¢Fo] 71H5sll DHAE tie AJAlst
4] AgHslth(Yao et al., 2022). SC 0il-& o] &3} F-2] 7|41
(Oncorhynchus mykiss; Lee et al., 2022), o 4 ¥ o](Salmo
salarL.; Tibbetts et al., 2020), 21 t}2| A|-3-(Penacus vannamer,
Wang et al., 2017a), =4 7 1| A}-$-(Macrobrachium rosenber-
gii; Kangpanich and Senanan, 2015) A& U] o]#= diAE
A9 AAT AR Ege] BT A SC ETHSCM)

2 2AH @71 WS SHE D ek Friel A2
(Penaeus monodon; Xie et al., 2020)2} 28l 2 (Micropterus
salmoides; Liao et al., 2022)5 tjAFOZ 31 Adei-Lof A,
SCM& o] §3ko] ALR W o Has oz thAle 4 9l
Z1o 2 H335lett SCM2 ety of27)d, DHA =
o] o} vhilE g0 2 A Fhgo] 7153t T 1 18}3cH(Shin,
2022).

St = A AAR SR 7 de] AR aH|E=
NS & 5 sz, =2 AT AR B85 o= Al
FA AN} AR Al A Fa Rt HlSS AFASkL Stk
(FAO, 2024). SITF| A - AL R0 4] 0] -8 A whial 4:20)
oF 10% o4& AHAI3HE -0 Gl FHA0R A8 9)
tH(Renteria et al., 2022). o] & QJEEE Y11 O] T A9l
S 33 g g Ao 2% 0 & A7) 1L 9t} 1y SCME
F2 7154 A7 2 85 o] gHom(Wang etal., 2017b), ]
= AL o= A AE 7ol gk At obA] wu|ek A4
ot} wheta] E A= SCME o]83l0] o] S A xoz
g AL 7L Sloke A -] A7, astaas B4, Bl 5ol |
3} gHAket of) v 2= Pk BrIskaLAl - E Qo

=

>

HFEH
od
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=

SC 7<= tiehel= dafigtollA &Eejstich. 22 +5
= GYPS mediumo]| A HjeFst o, s v x]= 20 g/L D-
glucose, 2 g/L yeast extract, 6 g/L peptone, 17 g/L sucrose,
12 g/L sea salt Y 15 g/L bacto-agar2 335}tk G o=+
+ Korean Collection for Type Cultures (KCTC)®]| accession
number KCTC15006BPZ 7]|€}5}%ith. SC+ glucose supple-
mentation®] ©]|F¢{Z 3,000 L fermenterof| 4] vl 51Tt vl
%= brothi= granulation system=- o|-8-5}o] Az i He|

2 713,

Al

=

tfj A= (control, Con)= RTHA 38%9} X4 9% &=
o7 2/d53lrh(Table 1). & Tid o 2= WAl 34|
FARE, it @ ojrhES ARg-akgich AdAbE= Con
AL 0] o] B8 SCM O & 77} 25% (SC25), 50% (SC50), 75%
(SC75), 100% (SC100) tiH|5}o], Q| 2T72 Z3Het = 572
AEAE AAST AEAEE AR 2o et HE Y
2E T3l F T2 10%0 sfgats SRaet i+
= H7lste] o4& A9 7](SP-50; Kumkang Engineering, Dae-

0o

NS

Table 1. Dietary formulation and proximate composition of the
experimental diets for the feeding trial of Pacific white shrimp
Penaeus vannamei

Experimental diets

Ingredients (g/kg)

Con SC25 SC50 SC75 SC100
Fish meal (Anchovy)' 100 75 50 25 0
Schizochytrium meal? 0 22 44 66 88
Tuna byproduct meal 100 100 100 100 100
Soybean meal 340 340 340 340 340
Squid liver powder 50 50 50 50 50
Wheat flour 208 208 208 208 208
Starch 80.00 79.26 78.52 77.78 77.04
Cod liver oil 30 306 312 318 324
L-lysine® 0 0.47 094 141 188
L-methionine* 0 0.16 0.32 048 0.64
Vit/Min premix® 30 30 30 30 30

Choline chloride (50%) 20 20 20 20 20
Cholesterol 200 211 222 233 244
Lecithin 10 10 10 10 10
324 348 372 396
Proximate composition (% of dry matter)

Monocalcium phosphate  30.0

Crude protein 38.7 387 387 387 386
Crude lipid 9.81 974 977 9.62 9.60
Ash 119 118 11.7 116 11.6

'0rizon S.A., Corp., Santiago, Chile (crude protein: 73.2%, crude
lipid: 12.8%). 2CJ Cheiljedang BIO Co. Ltd., Suwon, Korea (crude
protein: 80.3%, crude lipid: 11.4%). *L-Lysine Monohydrochlo-
ride (99%), Shanghai Ajinomoto Amino Acid Co. Ltd., Shanghai,
China. “L-Methionine (99%), Hebei Changhao Biotechnology Co.
Ltd., Beijing, China. *Vitamin/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; pantothenic acid, 12.0; biotin,
0.2; niacin amide, 40.0; folic acid, 2.0; ferrous sulfate, 10.0; copper
sulfate, 1.0; zinc sulfate, 30.0; manganous sulfate, 2.0; cobalt chlo-
ride, 10.0; potassium iodide, 1.0; potassium, 6.0; sodium selenite,
0.01; starch 764.8. Con, Control; SC, Schizochytrium spp.
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gu, Korea)E ©]8514 2 mm 372 AF3Ic) APAR=
HZ
[elNe)

25°Co|A] 8 h =3 3 ARE- A 7FA] 4°Col A YA Bateict.
MeMe o Ag)

ol A¥ge AlFEddu sEAESY YR (2025-0073)
o] 1% ol et Alglol A slctel Aot ot
o+ 27 A A1 (Daedong Susan, Muan, Korea)ol| 4 7<)
BFATE YT A= ARAR A7) AP AR (C Feed &

Care Co., Ltd., Seoul, Korea)E FTsHHA 457+ A3 317
ofl 212171k, % 500ute] o] A7) B £, 190001
g)E 207119] ofZE 4=2(240 L)oll 2912 s AIsklaL, 2
YT 4oz ASAES AAstT ARAtas o)
Z 63](08:30, 10:30, 12:30, 14:30, 16:30 ¥ 18:30 h) Fo|3}
ik 270l S mislse} RAS 24 F, A
E(specific growth rate, SGR)S 7|&F2.2 == Y| biomass
of 7-10%e] St ARE TS A% AFS 3]
S 7) (acration) & AA|5lo] $EALAE GABALH, ALY
0] 5§41 918 < AH HG0C)E AL 3le] 39 7
Ao A1840] 0% TS9O, A% AFE 457 A
YAt ZF =29 4223} 824 F = Pro20 Dissolved
Oxygen Instrument (YSI, Yellow Springs, OH, USA)E AN
shol ool ot w1 Zgshoich. Abae] U0} S E Ver
douw et al. (1978)2] HHo] wha} vz 13] Z4al%dch. AHS
717F B0t 222299+ 0.5°C, EEAAE 6.65+0.21 mg/L,
pHE= 741+0.09, 9=+ 31.0+1.0 ppt, Yol 5=
0.07+0.01 mg/LZ F-A] = It}

NER T

A% A8 FR ¥, 2 429 WE 9] 13 5 (final
body weight, FBW)2} A& nlsla=E 2Helsto] S &(weight
gain, WG), SGR, At A|4>(feed conversion ratio, FCR), T
Holga-&(protein efficiency ratio, PER)Z} AYZ-E-(survival)
& Atk 2 0] 4 dukel 4(9E P 5 16nke)2) A)
o2 natelz Hug ¥ deEol thasIch viE AlS
8 1 mLsyringeE ©]-8-5t] hemolymphE A 351t} A 5]
% hemolymph= -3-37 HMA| & 9] 3l Alsever's solution (A3551;
Sigma-Aldrich, St. Louis, MO, USA)%} 1:2 v]-&=2 &35}
o}, SR o] &-5to] 1HIYS 2E3%t - Eppendorf-tube
of gol A Ao ZA| FASHLE. AR kAo o
HHdE 242 AOAC (2005) Brofl whet R4S 2
FU7FEAER(125°C, 3 h), 322 AF2]5F(550°C, 4
A2 252l B 7] (Kjeltec™ 2300; FOSS ana-
lytical, Hillerod, Denmark)Z o]-8-5to] BA431ic) 22| 2L
Folch et al. (1957)2] ®Hof wha} 4515t AFALR 2] of
oieAk 2743 Table 200 AAISHALE. 2 AAbz o] ofw|e
Ab &FF2 high performance liquid chromatography 1200LC
(Agilent Technologies, Santa Clara, CA, USA)2} C18 column

r
O:

rlo
o>

=
N

(5 um, 4.6 mm % 250 mm; Agilent Technologies)= AR8-5}1
AT A4S Slo AFARRE FEO 92 % 12 mol/L
HCI1 200 uLE 37} heating blocks ©]-8-31¢] 150°CE 1
h &t 7hafist it 7Hesl & Ao xsto] 22 Al
At A 7S B3k AzE Al 200 uLe] phenyliso-
thiocyanate (0.1 mol/L, acetonitrile) 100 uL%} triethylamine
(1.0 mol/L, acetonitrile) 100 uLE % 7}5}L 25°CollA 1 h 5
REUFE A AT, Ol ARE % 7] folw PAISIE o EAHA
= ammonium acetate?} 55 4:1 H]-&-2 29131 T acetic
acids 0]-8-5to] A| 233t 0]-5-4 B+= acetonitrile?} 57
= 4:1 v &2 23s}o] 2|23 th(Ding et al., 2023). A3IA}
29| AHFAF 248 Gareés and Mancha (1993)2] 5+ of u}2}
gas chromatography (6800GC; Agilent Technologies)E ©|-&
stof EAsEGATh A AR S| AAE 2/ Table 30f| A A5}
Stt. A3ka A gH(trypsin, chymotrypsin, lipase, o-amylase)
2 Kim et al. (2024)¢] B © & BAs9ick, 74 50 mgS
1.5 mL9| 572 E3bsto] wtdskarl Y4 (15,000 g, 15

Table 2. Amino acid composition of experimental diets for Pacific
white shrimp Penaeus vannamei

Amino acid Con SC25 SC50 SC75 SC100
EAA' (% of protein)
Arginine 257 264 272 279 287
Lysine 245 242 239 236 233
Methionine 0.76 0.74 073 0.72 0.71
Threonine 142 139 136 132 1.29
Phenylalanine 177 174 171 168 1.65
Isoleucine 1.71 167 163 159 154
Leucine 277 270 264 257 251
Histidine 116 113 110 1.08 1.05
Valine 203 194 185 176 1.67
Tryptophan 047 045 043 041 0.39
NEAAZ (% of protein)
Alanine 149 145 141 144 1.3
Aspartic acid 110 112 140 112 1.09
Glutamic acid 260 261 281 219 3.61
Serine 1.06 1.10 0.99 098 1.01
Glycine 052 049 050 050 0.51
Tyrosine 0.72 0.75 076 0.78 0.75
Proline 428 399 406 428 412
Cysteine 587 592 574 594 580

'EAA, Essential amino acid. NEAA, Non-essential amino acid.
Con, Control; SC, Schizochytrium spp. The experimental diets
were prepared by replacing 0, 25, 50, 75 and 100% of fish meal
with Schizochytrium in Con diet (designated as Con, SC25, SC50,
SC75 and SC100, respectively).
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min, 4°C)sto] &e|El A58 Aol ARgsRglth astas
FE=N 9] A 5% = protein assay kit IT (Bio-Rad, Hercu-
les, CA, USA)E ©|-&-5}of 415191t HemolymphE ©]-§-5
of 5ol ol X3S RHsIC Lysozyme T2 Bllis
(1990)2] B o 2 24519 © 1, phenoloxidase (PO) ZHd-2
Hultmark et al. (1980)2] ##o] nja} 248} ic}. 7145 o]
S5}0] gRalksl A 5 B A5 Catalase (CAT):= catalase
assay kit (DG-CAT400; DoGenBio, Seoul, Korea)E ©|-8-3}
o] B45}9tt. Glutathione peroxidase (GPx)+<= glutathione
peroxidase assay kit (ab102530; Abcam, Cambridge, UK)&
ol g3}e] B43lor,

S7sx| 2

2= A £42 SPSS (version 24.0; SPSS Inc., Chicago,
IL, USA)S o]-&5to] UUBAEA](one-way ANOVA) O 2

Table 3. Fatty acid composition of experimental diets for Pacific
white shrimp Penaeus vannamei

Fatty acids (% of lipids)  Con SC25 SC50 SC75 SC100

C14 3.05 278 232 250 264
C16 20.83 22.12 23.69 2143 22.76
C16:1 463 434 400 432 417
C18 6.78 6.50 6.51 594 549
C18:1n9¢c 28.76 26.66 25.90 26.57 25.42
C18:2n6¢ 20.85 21.42 21.77 20.46 20.83
C18:3n3 756 710 6.75 795 7.49

C20:5n3 3.61 391 337 421 398

C22:6n3 393 516 569 6.63 7.23
Con, Control; SC, Schizochytrium spp. The experimental diets
were prepared by replacing 0, 25, 50, 75 and 100% of fish meal
with Schizochytrium in Con diet (designated as Con, SC25, SC50,
SC75 and SC100, respectively).

Y 7= W HAIES Batiks AbEste] 5
Al Aol AT 7 3 F A Aak= Tukey's HSD test
(P<0.05)= &3l F-o/d= ARt e tlofE= B+
EFHA(mean+ SD)E LERY ] O, HIE-E8(%) arcsine
Zk BighS AAsH ek

XSG 7 2ol A Ak AdE et 4ute] o A& N A
]
Z

a o

ARAE A FBW, WG, SGR-2 SC252F SC50 o] A]
Con -9} 2] Q] 2}o] 7} LpelLEA] 9t 2L, SCT59FSC100
oA fojH o g 7FAastgtHP<0.05) (Table 4). FBW:=
Con LollA] 8.10 go|gl.om, SC259 SC50 Lol zhzt
8.07, 7.87 go.2 90159l xpo|7} AITHP>0.05). SC75%
SC100 ol A= 2}2} 7.56, 7.50 g0 & G-o|H 08 7Has}g]
tHP<0.05). WG Con L7} SCT75, SC100 FLET} S-o] Ao
Z E9H(P<0.05). SGRS Con oAl 4.78%%2H, SCT75
2} SC100 Lo A= ZF2F 4.62%, 4.60%5 9-0] 4 0 2 woit)
(P<0.05). FCR, PER, survival> Z}Z} 1.04-1.09, 2.38-2.49,
813-88.0% Leheton], mE A7 7F f2l 2ol 2ol 7h L}
EFLEA] QFRATHP>0.05).

Trypsin 242 Con 7-0]| 4] 12.70 mU/mg protein.©-2 SC25,
SC759} SC100 Lo 1] 4-2]4 0 & =9krH(P<0.05) (Table
5). Chymotrypsin, lipase®} o-amylase €42 27} 33.5-35.7,
53.5-63.5,48.6-51.3 mU/mg protein©. 2 LJE}O M, L= A
A 7E -2 2191 Aol = Y] 9RATHP>0.05).

HolH) ugR B A, 2o, 247, Bl R
Share 2+7) 18.23-18.97%, 0.76-0.89%, 2.79-3.40%, 77.20—
7833%: LRt on, mE AT 7H 070l Ao Leh}
2] SFQFTH(P>0.05) (Table 6).

H| 50l W1} 3H4ke} 84 A= Table 7] Urebf Sich
PO 242 0.077-0.101, lysozyme /42 1.51-2.01 ug/mL

Table 4. Growth performance, feed utilization and survival of Pacific white shrimp Penaeus vannamei (initial mean body weight, 1.90+0.01

g) fed the experimental diets for 4 weeks

Diets FBW! WG? SGR® FCR* PER® Survival (%)
Con 8.10+0.05% 327432 4.7840.022 1.04£0.01 2.48+0.02 81.316.1
SC25 8.07+0.13% 32647 4.76+0.04% 1.0510.04 2.47+0.09 88.0+4.0
SC50 7.87+0.29%¢ 315+15%° 4.71+0.08%* 1.04+0.02 2.49+0.05 82.7+2.3
SC75 7.5620.05 299+3kc 4.62+0.02v¢ 1.09+0.01 2.38+0.01 84.010.0
SC100 7.50+0.28° 296+15° 4.60+0.08° 1.08+0.03 2.40+0.08 84.00.0

'Final body weight (g). *Weight gain (%)=[(final body weight-initial body weight)/initial body weight]x100. *Specific growth rate (%)=[(log,
final body weight-log initial body weight)/days]x100. “Feed conversion ratio=dry feed intake/wet body weight gain. *Protein efficiency

ratio=wet body weight gain/dry protein intake. Con, Control; SC, Schizochytrium spp. Values are mean of quadruplicates (n=4) and pre-

sented as mean+S.D. Values with different superscripts in the same column are significantly different (P<0.05). The experimental diets were
prepared by replacing 0, 25, 50, 75 and 100% of fish meal with Schizochytrium in Con diet (designated as Con, SC25, SC50, SC75 and

SC100, respectively).
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2 Ueton, mE AT 70129l 2ol LR 9ot
TH(P>0.05). GPx B¢ SC75 7} 731 mU/mLE Con 2]
350 mU/mLo]| v]8] 3-9] 2 © 2 Z7}514rHP<0.05). CAT &
A8 Con 7-2] 144 mU/mLe] H]3} SC75 ++7} 181 mU/mLE
o) 05 271519 THP<0.05).

o E
2 Aol A= SCME o]-g3te] of-g 50%714 diAI3HS

2 o SAcke 9o AR ARG A2 Hfo| 7 kAl
S1A] QROEOLE, 71 o4 AR 79 Aol AshEI gt o]
SCMe| &4 She7hA) iz of Bg oA 42 Gl Yt Fgol

Table 5. Digestive enzyme activity of Pacific white shrimp Penae-
us vannamei (initial mean body weight, 1.90+0.01 g) fed the ex-
perimental diets for 4 weeks

Diets Trypsin®  Chymotrypsin? Lipase® a-amylase*
Con 12.70£0.59°  34.9+1.9 53.542.3 49.2+4.4
SC25  9.09+0.38° 34.6x1.2 63.5+2.7 50.6+2.5
SC50  9.52+2.02% 33.5£3.3 58.3+1.6 49.2+6.6
SC75  9.19+1.17° 35.7£0.7 57.3t6.5 48.616.1
SC100 8.330.20° 35.611.4 57.2+10.2 51.3%9.1

Trypsin activity (mU/mg per protein). *Chymotrypsin activ-
ity (mU/mg per protein). *Lipase activity (mU/mg per protein).
‘o-amylase activity (mU/mg per protein). Con, Control; SC,
Schizochytrium spp. Values are mean of quadruplicates (n=4) and
presented as mean+S.D. Values with different superscripts in the
same column are significantly different (P<0.05). The experimen-
tal diets were prepared by replacing 0, 25, 50, 75 and 100% of fish
meal with Schizochytrium in Con diet (designated as Con, SC25,
SC50, SC75 and SC100, respectively).

Table 6. Whole-body proximate composition (% of wet basis) of
Pacific white shrimp Penaeus vannamei fed the experimental diets
for 4 weeks

Diets Crude protein  Crude lipid Crude ash  Moisture
Con 18.44+1.21  0.76+0.23 3.22+0.18 77.97+1.24
SC25 18.97+1.94  0.89+0.12 2.79+0.04 77.22+1.55
SC50 18.48+0.99  0.84+0.19 3.33x0.14 78.3310.18
SC75 18.26+0.16  0.82+0.13 3.40+0.14 77.20%0.77

SC100 18.23x0.51  0.77+0.13 3.25+0.46 77.59+0.83
Con, Control; SC, Schizochytrium spp. The experimental diets

were prepared by replacing 0, 25, 50, 75 and 100% of fish meal
with Schizochytrium in Con diet (designated as Con, SC25, SC50,
SC75 and SC100, respectively). Values are mean of quadruplicates
(n=4) and presented as mean+S.D. Values with different super-
scripts in the same column are significantly different (P<0.05).
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ologu] - 2571 - o] 4F

TRsehe HojF} Aok A7) ol A AlRET B
At Ao} F-AFSHA, giant grouper Epinephelus lanceolatus
AFE U] 0159] 60%E SCMO 2 thAsto] = AT Al 58
ofl 2A#Iel ofatol glglort 1 ool HAl: AR s
-8 A FH tH(Garcia-Ortega et al., 2016). Nonwachai et al.
(2009)2- Sltt2 -0l A SCM< ©]-§-5o] of &= |t 40%
7HA] i ASEAE A3 AEEo] F-olH %l kel gl
3L BsHRIe o] 23k o] thA&] A= SCME ofrieAl
ol o3t Aoz ARHUKWang et al., 2017a). 2tz
A$-9] 4= ofu| A Q@ A1EFS 2.32% o2 7](Zhou et al.,
2012), 1.36% EF 2 (Zhou et al., 2013), 0.93% (Ko et
al., 2024), 1.06% F-41(Song et al., 2026), 1.59% ©] 2FAl(Liu
etal., 2014), 1.64% 2}o]A1(Xie et al., 2012), 0.66% M E] 2.4
(Duetal., 2015), 1.58% #ld&etdJinetal., 2019),0.36% E
HEZ(Jinetal.,2017) 0.2 R Lt o] B S =20 3lgfko &2
hAS 75 oA H= TFofr|ieit 240 Zfolof] &fsf H=otm]
Ak oo RS 4= Qlok 2 Aol A B AR AlE
= oA -] Bpobn] At @ S ST AA EH
Ak, 0] 22 SCM O 2 A &5 ol 27| d-& Al Qg =
Frofu|=Ake] ghafo] Zraxgt Ao ' yEE Qi) dpopn|ie
4bo] At Al B89 o FRa% TS At HE 1L
gk off, 2 Aol A 2 AT Aoker 22 Rl A
= A g e Fapoln|ieAtel] 791 A O 2 Abm T
e, & Aol A= AA &3k, o]l o] &5, AW of
1] At 2] of] T fAJ o] =Y E| ] ¢heLY| wiiol|, Hotm]
AP RO 2 Qe AR FE GRS o {ioh whEkA
FF Aol A= did B4 0] 3E vt ik Sl Ale
o] "= A 2772 0.66-1.01% 2]=H|4HZhong et al.,
2011), 0.24% 2] =3 AK(Ning et al., 2021), 1.7% DHA (Feng

Table 7. Innate immune responses and antioxidant enzyme activi-
ties of Pacific white shrimp Penaeus vannamei fed the experimen-
tal diets for 4 weeks

Diets PO! Lysozyme?  GPx® CAT*
Con 0.077£0.013 2.01£0.14 350+50° 144+5°
SC25 0.07910.005 1.79+0.43 654+122% 161+8%
SC50 0.101+0.016 1.62+0.30 685+130®® 15916%
SC75 0.098+0.015 1.80+0.44 731762 181+20°
SC100 0.088+0.009 1.51+£0.32 610+179% 1714172

'Phenoloxidase activity (absorbance). 2Lysozyme activity (ug/
mL). *Glutathione peroxidase (mU/mL). “Catalase (mU/mL). Con,
Control; SC, Schizochytrium spp. Values are mean of quadrupli-
cates (n=4) and presented as mean+S.D. Values with different su-
perscripts in the same column are significantly different (P<0.05).
The experimental diets were prepared by replacing 0, 25, 50, 75
and 100% of fish meal with Schizochytrium in Con diet (desig-
nated as Con, SC25, SC50, SC75 and SC100, respectively).
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et al., 2020), 0.16% EPA (Feng et al., 2020)°.2 = 1+1o] &
£ A9 AR W B4 A 87 $EE:

A5-0] 7HIE 43 3 tiAbE 9she =R 7|1 R, o
&t a3t AAE FH|oto] g Eoff E o]§of Holgitt
(Wu etal., 2022b). £&3}a 2= AL ] 2ehl 2l 22 2o vl
AoHA Wk, st s B 284S Tl I ol mE
& A3 (Hu, 2022). Trypsin tH 2 o] ofm] i Ab A3}
43} 7H53t HWEpo| & L2 WStof| 71 vIZSHA HEgohs &
22 4 Itk (Hernandez and Murueta, 2009). E4=o}]| =
AR kR A5 TSk T O] e of] A A o= o] 8-
], £3] 2o Al, WE] 2 d, EX|AFE ot i AKbranched-chain
amino acids)> 7H4 @] All 3ol A o] A4 Th A g1 wt
wHE 248dk= b F2% 9 gttk(Shao et al., 2018). @t
oh A1 U] Bepolulietto] RESAL B EE 4%, ryp-
sinogen®] gHJo] AlgHe = 9lom, o= trypsin B4 =
oJojZIthal B 11515 thRungruangsak-Torrissen et al., 2006).
2 Aol A SCM o= of 5 thARE 79 Lofm] At gk
o] a5l A trypsin /o] A5k Al 0 & et m, o] = o]
22 ohAltel Slof WAlsH: A4 Ask a9l B hte A
Hrt.

PO®} lysozyme 7279 A3
o1 4aliz QA< .
nization) 9 W 43} 7o) Pt U7HE Aol
o) A AamA 5= oo Fa% oS FTK(Kim et al.,
2024). Lysozyme-> Allst A 328 2] F €] =22]7H(peptidogly-
can)& 7} Rol oA 1 AR B 28-S ko] 4
o] o] Hhojof| 7]oIghcH(Wa et al., 2022a). L& AGLof A=
SCMe] proPO, lysozyme &&-& AJFzdsto] Lrte|Ae-2]
W] W8-S A2 5= Sleka Wt vt gl om(Kim et al,
2026), ©]+= SC| 223 B-carotene, astaxanthin, xanthophyll
I} 2 7t 2B o] BV} gRARSE 9 HY FAbo] 7101817 Wi
© 2 15kt Wang et al., 2015). & AL A1}, SCME ©]
43t o] 2 tfAof| whe} POL} lysozyme EA4 o= G221 2}
ol 7} LhefLbA] 29k, whebA B Aol A ket ulSolH
o] 2| 3#+= SCM L & o -5 thAsl e HY §he-Z AalfobA] ¢
= Ao 2 e

GPx= FREE| 2.8 o] 44) IAISFES BRUA7]E T40]
o, CAT= 1Hibsleas B3 Aka g Jafsto] Al o 24
4haEE AASHE 32 Q1 FAkeE Aot (Kumar et al,
2018). & A-Fol|A] SC75 A g ol A GPxe} CAT &Hdo]
o 0.2 7k A0 et S, SCTs Ad o4 A%
A5t} opn| it Eat g o] FAlof] TEE QL) ofn| A Bt
g2 Thil A kA A ske) A A4 (reactive oxygen species)
A F712 S 4 9lek. Wt SC75 ATl A tend
Frbet A4 B F7hE AR AE| A STt it ol 7]
Mo AR of2ig Az At AlRe] SCMS

712 w] CATS} superoxide dismutase &Hgo] f-2]4 o =2
S71oH= Ha1et At (Allen et al., 2019). SCMof| -3+
DHAS} -2 N S 3pRAARS T o|F 4% 722 4
Asjo] Flopste] sl 42 A9 AUTE GE
4= QItH(Zhang et al., 2022). ¥FH, Y AS Ao 2 3 o
ol A= SCME A7kt Al E Folgh 23, GPxe} CAT 2
go] F7kskaL 7k 22 W Abeha] EA4fo] At Ao g WAk
9lth(Habte-Tsion et al., 2020). A4 2 SCo §-3-5 7}2E| =
O] =(B-carotene, astaxanthin)x= | A 1HAFs} B3-S oA|5}aL
A3z W Ak 42 ehotste d] 7] ofsh= A o= Hals v)
QUTHLI et al., 2022). whebA] 2 Atol A H2E GPxe} CAT
B 57F= SCM Q| Tzt of & T A|of| w2 AbehA AE A
7ol thgt g 71 7hs/d ol alom, ket 59 9] 3R
= 9ufshs AL ofd Ao g AR SCMO| #Hegl o
A7 A BB T 7S AlAksH, SCM ] &
2] o] & thA| 7h Aol Fasitt

AR o=, IrfeAf¢- AbR W SCME 083t o] & Al =
oF 50% =7HA| A%, AlRaE, astad B4 W B[50]4
Houk3ol f-o1 24l FAA JaFs nA|A] got Aoz
WA = ole Fath T e g FriEoh 18y, SCM
O] thA| 0] 75% o F o= Sk 79 A% A sk vkt
o, AP AEY A7 G A o g wekETh o] 2fgh Ayt
= T g SCM ARg o] Hoeofu] ik, 2| 4b Tkt Bo)
Fao] EyS Zefste] St A2 AeA e A
Sl 2202 A% 9 A7 Aol 24 e )
9102 MARITE TebH SCM Sickel 9 At 1 of
A0 2 S 4= Sl A ol QLo =2 oA
FHe A S Hetslr] f1gt F7HAQl A sk A
ZQ% 7 o= wetEr

0.

o ) b
jﬁ d
o2 A

ol A
o]

2k
f

Al AL

O] Tt 202691 & Al shal wls 3 A~ B SR =
H] 2| o]l 2 Al =3P =] At
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