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Evaluation of Dietary Supplementation with Hydrolyzed Blood Meal for
Olive Flounder Paralichthys olivaceus, in Low Water Temperature Con-
ditions
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This study aimed to evaluate the effects of dietary supplementation with two different types of hydrolyzed blood meal
(HBM) on the growth performance, feed utilization, digestibility and innate immunity of olive flounder Paralichthys
olivaceus. A control diet (Con) consisting of 60% fish meal was formulated and four diets containing two different
types of HBM at varying concentrations were prepared 2.5 and 5.0% liquid HBM (L2.5 and L5.0) and 0.5 and 1.0%
powdered HBM (P0.5 and P1.0). A total of 450 olive flounder (average body weight: 50+0.07 g) were distributed in
15 tanks (240 L), with three replicate groups per diet. The fish were fed the diets to apparent satiation for 9 weeks
and subsequently exposed to Edwardsiella tarda. The results showed that fish fed L2.5, L5.0 and P0.5 diets exhibited
significantly higher lysozyme activity compared to those fed the Con and P1.0 diets. During the challenge test against
E. tarda, the L5.0 and P0.5 fish groups exhibited higher disease resistance than that of the Con group. These findings
indicate that dietary supplementation with HBM could positively effect the innate immunity and disease resistance
of olive flounder.
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A 7)= A e EAd R ebo] & (bioactive peptide)S $-5-313L 9)ct
(Kim and Wijesekara, 2010). o]5chal2l 7}4=H 3] =(Siddik
etal, 2021), & 78 &3 24 7HeEal &(Khosravi et
al., 2015), g2tujo} 71528} E(Gunathilaka et al., 2020) 5-2]
7l gt Thal A 9 5 = A X|(Paralichthys olivaceus) 2] 43}
2 SAAA A, Bl5o1d oY, AYATAS FEAI7I
= A0&2 HuEQdch 28, YA AFR W HBME] 7] wh
£ o84 B7k= nlge Aot

A= vk diEAel FAlelge s, 20219 = %
A PARFS 41 TTTEC 2 A o FoFA A oF 46%E
AFARHEHKOSIS, 2023). =W 15 2] Fof ol A= = atol &
et A FAISH| flal FBAE A ARE-SEH o] gt Y
Ao] FRILIRE AR W/t o] WA, of A W A o)
A e e Hut 22 W2 A ZHITHKim et al., 2022).
TG oA AL AME-S =Y 4= Al et = B ghAL
= W 71548 A7l Bt At7E M 8= AL Yt Gu-
nathilaka et al., 2020; Siddik et al., 2021). Ao A 8
A+ 2 ¢l Edwardsiellosis*= Edwardsiella tarda7} Q15+
olt}. E. tardai= 5=2-0] 15°C o]/go|H o] dofd 4= 9,
25-30°C Afo]o]A] =& HF-S o) 0 71ckJin et al., 2022). E
et AMSS) 4, R 2 1 A SR S T S
S e Joi(Cyprinus carpio;, Sae-Dui et al., 1984), &}
1loK(Clavijo et al., 2002)2} 7 Hrol = B2 5ol 4]
(Kim et al., 2022)F HAAIA Wit FAA &4de 4|
9ITH(Li et al., 2020).

wfeb A, 5 95t WA ALR o) HBM| A7}t 7} sl
W, Byl w2 F A2 A, v 5ol 4 HAE, gitslsd,
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e AR Aol S HAek i S
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Aol AREE At 2P E 9] HBM2 (o] =3 (Se-
jong, Korea)of| x| A|-gito} A& of| ARE-E|QIct. A HBM-2
bR o] 85%, 2|2 o] 0.38%, 45| 80%% o, Kt
HBM-2 Z ekl 2o] 92.0%, %24 0] 0.74%0| Ac}. ) ZAL 2
(control)i= o2} tiFekE 7|22 2AJH 1AL, 2o
55.8%, 40| 11.9%% 4 =] $ch(Table 1). thzAlwo] of
A HBMS 212} 2.5%, 5% A7FsE AE4(L2.5, L5.0), &3
HBME 27+ 0.5, 1.0% 2713 A3 4(P0.5, P1.0)2 & 5719
AAERE AEtstoieh SE e o] HBM+= okl okt 7}
AR o] £3E9a1, WA HBMS 27409 2313 5 AlR
Ap SRt AT AR Y-S STt £, o8t SRS (15%)E
H7Vsto] A& 7] (SP-50; Kumkang ENG, Daegu, Korea)
£ o]-8&5to] 5mm 7|2 A=tk AFAE= 112(24°C,

>
Hu

L Wy
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o= A A58 {8l 257t <A E ULk dujA 3 g
2(50+0.07 g)y= F 157H(570 AE, 35H5)9] polypropyl-
ene 522240 L)of) 7 =% 1 30mte] 4 FA-9] &2 A esto] ul

A E| Tt A8 S molof3halE AMESte] 3 Limino] 42

Table 1. Dietary formulation and proximate composition of ex-
perimental diets for olive flounder Paralichthys olivaceus (%, dry
matter)

Experimental diets
Con L25 L50 PO5 P1.0
Fish meal, sardine’ 60.0 600 600 600 60.0

Ingredients (%)

Tankage meal 3.00 3.00 3.00 300 3.00
Soybean meal 120 120 120 120 120
HBM (powder)? 0.00 0.00 0.00 050 1.00
HBM (liquid)? 0.00 250 500 0.00 0.00
Wheat flour 100 100 100 10.0 10.0
Starch 700 450 200 650 6.00
Fish oil® 450 450 450 450 450
MCP 050 050 050 050 0.50
Lecithin* 050 050 050 050 0.50
Choline chloride 030 030 030 030 0.30
Taurine 020 020 020 020 0.20
Mineral premix? 1.00 100 1.00 1.00 1.00
Vitamin premix® 1.00 100 1.00 1.00 1.00
Proximate composition (%)
Moisture 797 675 782 848 8.01
Crude protein 558 565 571 56.2 56.1
Crude lipid 19 125 131 118 122
Ash 125 126 130 123 125

'0rizon S.A, CO., Ltd., Chile. 2HBM, Porcine blood meal hydro-
lysate; Aminolab Co., Ltd., Seoul, Korea. 3E-wha oil Co., Ltd.,
Busan, Korea. ‘Lysoforte™ Dry, Kemin Korea Co. Ltd., Seongnam,
Korea. *Mineral mixture contained the following ingredients (g/
kg, mixture): MgSO,-7H,0, 80.0; NaH,PO,-2H,0, 370.0; KCI,
130.0; Ferric citrate, 40.0; ZnSO,-7H,0, 20.0; Ca- lactate, 356.5;
CuCl, 0.2; AICL-6H,0, 0.15; Na,Se,O,, 0.01; MnSO,-H,0, 2.0;
CoCl,-6H,0, 1.0. ‘Vitamin mixture contained the following amount
which were diluted in cellulose (g/ kg, mixture): L-ascorbic acid,
121.2; DL-a tocopheryl acetate, 18.8; thiamin hy- drochloride, 2.7;
riboflavin, 9.1; pyridoxine hydrochloride, 1.8; nia- cin, 36.4; Ca-
D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic
acid, 0.68; p-aminobezoic acid, 18.2; menadione, 1.8; retinyl ac-
etate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.
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o] HE 2 24510, mE Az FHI S §
A& 98l F7]"448 7] (aeration) 7} A2 E|Qlc}. ARS7|7F S0t
$20 112-184°CE AA420] oEslgit). HF7|= ¥
TG o] gate] 12L:12DR S| = 9ich AR E 14 23

(08:00, 17:30 hyoll 24 THE3F =L, ARAFES A5
shal 5= -3 $193] 9 221914(2022-0009) 5 =5}
& 977t =Y =] Qiet.

Sampling™t &AM

ARSAE F 7 Al AR 0] 9] FAE(weight, WG), d7HIE
(specific growth rate, SGR)Z} AEE(survival)y = Z435}7] ¢
o 57 24 16X ARALRe] 35S FHsiET A}
BEFHE A1 ALR A F i (feed intake, FI), Al2A3kE
$(feed conversion ratio; FCR)¥} Tl 2l o]-8-§ E(protein ef-
ficiency ratio, PER)& AAFsISILE FAISH &, =21 3ute]
9] A& F2YE A3} 2-phenoxyethanol £-2(100
ppm) 2.2 TrHAIZ] &, AR 4 (viscerosomatic index,
VSI), 7+53FA 4> (hepatosomatic indexes, HSI), 54|
(stomachsomatic indexes, SSI), &% (intestinesomatic
indexes, ISI)} H|HF=(condition factor, CF)E &43}7] ¢
o) Agols sjRatel 71 91, 43 W) FAS 2Rt
9lo} He A LT olgelo] e WET The WERT
(-80°C) st} A& (foregut) 2212 70% formalin &5 244
7F &9t 1A oW, o] & BA AI7EA] 70% ethyl alcoholf]
He|gloh HojAls gubda A4S flal =2 3uke] o A
ol S FA9|R Asto] WERT sTH-20°0). Boe o}
2%l Agole] nRgue) A fesielc AL Fntels A
2]3}0] hematocrit, hemoglobin, nitro-blue tetrazolium (NBT)
= S5kt AREE ek E A2 AR (5,000 g 10
min, 4°C)% &%H(plasma)S ©]-&5}0] aspertate aminotrans-
ferase (AST), alanine aminotransferse (ALT)%} total protein
Ao AREE UTE U A] NS Ak2oA] 30252t 314
A QAE-E](5000 g, 15 min, 4°C)3- &3 (serum)= 0|85}
WISl wlotela ahAtsl 34 $400) ALg-El sl

Hematocrit> NR A AIEE]7|(Micro Hematocrit VS-
12000; Vision Scientific, Daejeon, Korea) (12,000 rpm, 10
min)E ©|-&3s}0] SA3}% 1, hemoglobin, AST, ALT, total
proteine FHAYS}EA7](CH 100°s; RADIM company,
Firenze, Ttaly)& ©]-8-5fo] £4%%Ith. NBT 4> Kumari
and Sahoo (2006)2] WS, immunoglobulin (Ig) A&
Siwicki and Anderson (1993)¢] ®'H-2-, anti-protease &4
2 Ellis (1990)2] ®'H-2, lysozyme Z4J-> Mohammed et al.
(2018)9] W o2 EA35itt. Superoxide dismutase (SOD)
&/d-2 SOD assay kit (DoGenBio, Seoul, Korea)=, glutathi-
one peroxidase (GPx) 42 GPx kit (Biovision, Milpitas,
CA, USA)E of-&sto] A5t

AR, Hold W H(feces)2] UHHIELS AOAC (2005)
o g2 BAE 9t R ARHE AR (125°C, 3 h), 3
B0 A 3|3PH(550°C, 4 h), el E 0 R ez okl 2 B A 7
(Kegjltec system 2300; FOSS Analytical, Hillered, Denmark)
2 BAE T, 292 Folch et al. (1957)2] W] w2} &
A =] ]l

222 GAME dF2(70-100%)°14 E2Hg3} xylene
oA B3t S AA paraffin® 2 E0fj$t & microtome
= °]&ste] 7 pm A9 22 AHS A|ztsioit. 22 dH
£ hematoxylin & eosin (H&E) G A ¥ & 7513 n] 7
(DM750; Leica, Bensheim, Germany) 2 2 2= it}

= pepsin 24, A2 amylase, trypsin, lipase2} chymo-
trypsin 24 $40] ALREIIT AEE A7l SRae) &
& ., 2277 (tissure grinden)S o]-§5}o] E4hs| 9l
S8 A7) AAIE(10,000 g, 15 min) 5 AFZE Hels)
of Ao ARS-E| et Tl Al 2 (total protein)> Bradford.
(1976)2] HHHS 7122 B4 %3l o1, pepsin?} amylase ZH3
2 Worthington (1991)2] -5, trypsin} chymotrypsin £
32 Erlanger et al. (1961)2] B2, lipase €32 Borlongan
(1990)2] Wiy o 2 BAwQict

AstE Hot

Bt A 117 g el G215 o 8ste] bt avkes =
AFsEeITt AskgArR = A AR chromium oxide (Cr,0,;
DaeJung Chemicals&Metals Co. Ltd., Siheung, Korea)E 1%
Hrksto] AzsteTh Aol B 43t 4G BhHSR
(Guelph system)2 o] §-5k] 43| ick. 21 1= 42 o 20w}
24w A = A, AR 253 8AIRE Hof| vHE g
itk ALEEE 308 T, B2 Fal S0l Holll ARA
719 ol 28 S AASHA. = E2 T4 A2 T 24
AHEBEAT AR AL} 22 Aok 0] -2 Divakaran et
al. (2002)¢] Wri o2 EAEQUeh AR et 2oka2
olafe] 4]0 whal AATE e,

Apparent digestibility coefficient of protein (%)

=100-100 X (% of Cr203 in diet/% of Cr203 in feces) X (%
of protein in feces/% of protein in diet)

Apparent digestibility coefficient of lipid (%)
=100-100 X (% of Cr203 in diet/% of Cr203 in feces) X (%
of lipid in feces/% of lipid in diet)

Apparent digestibility coefficient of dry matter (%)
=100-100 % (% of Cr,0, in diet / % of Cr,O, in feces)

ARSAIE 28 T 120 L 42%0] 2z} 15ute](AFRTE G 451])
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o] Aol & 2|3} tH3RMHS). E. tarda:= Tryptic Soy Broth A
(Becton Dickinson GmbH, Heidelberg, Germany)S AM&-3}

of 28°Cofl A 24A17HESE BIFEIQIT. E. tarda A= (1< 10° A} HEF 2 WG L5.07-7} P05 w]3f -2

CFU/mL) A9 57 el 100 pLA ==k 344 A2 5 9Uth(Table 2). Fliz ti2of A9t Atofof 7214

36U 7R HAZF B ] ¥l E. tarda ESEE %3 Ql Zkoli= §IS1eh FCR, PER, SGR¥F AYE&-2 R E AR AL
o

Fetol(8.4 x 108 CFU/mL) 100 uLE A AR 91917 olo]l -2 2] Q1 2fo] 5 Ko #] eiqttt. CF, VSI, HSI, SSI2}ISI
o AR 717F Y 422 20°CE SAIEgloH, & 1647 X3 L= AR Afolof 212l Zpol& HolA] gFfth(Table
At 3). MojA| o] e, =AM 3 o A>T ARelo]l
=7 S-017 9] 2fo| & HolA] AUfth(Table 4). €N U] hematocrit,
< hamoglobin, AST, ALT, total protein®] FE+= L= Ag L

AR 2| = 212HE A2 W (completely randomized Afolof| G-o]Z ¢l 2to|7} ¢l%ItH(Table 5). Lysozyme 2Hd-2-
design) &2 HA|SHITE M FAEIE SPSS (version 12,5719} P05} T 2ol P1LOFO] M| S0 o0& =gt
24.0; International Business Machines Co., New York, NY, TH(Table 6). Anti-protease T3 L2.57L7} P1.07-0]| H]3j| &
USA) ZEI%E o §5}0] one-way ANOVAZ B4 £45h o202 19jt}. SOD 2L L2.577} th o] H]3) 5214

fr

bRy

Al

M

A

Jo
HI

= O
At Tukey's HSDZ ®o[8 it 7k9] 7o) d(P<0.05)& ¥ o2 1=9fth NBT, Ig, GPx E4L mE A 77ko] §-0]2¢l
Wit glolE= BHatgh+ EE U mean = SD)E LER 2}o] 7} $1¢ltk. Pepsin, trypsin, chymotrypsin, amylase, lipase
o, mE WS Hlo]E & arcsine W3 ghog Alklsto] o] FAL RE AL Afo]o] S-0] A o] xfo|2 Ho]x]| arokr}
A EHE (Table 7). 712, Thiid, 223482 AT Aolo] 217

Table 2. Growth performance, feed utilization and survival of juvenile olive flounder Paralichthys olivaceus (initial body weight, 50.0+0.07
g; average BW, 50.0+0.07 g) fed the experimental diets for 9 weeks

Treatment FBW! WG2 FI® FCR* PER® SGR® Survival’
Con 118+0.30% 135+1.03% 44.141.58 0.65+0.02* 2.76+0.09 2.04+0.01 100+0.0
L2.5 11944.82% 140+9.65% 48.1+2.56° 0.70+0.02% 2.50+0.05 2.06+0.09 100+0.0
L5.0 127+3.932 153+7.50° 48.8+0.85% 0.64+0.03° 2.73+0.12 2.22+0.07 100+0.0
P0.5 111£1.01° 125+2.18° 47.0+1.37% 0.77+0.012 2.30+0.04 1.89+0.22 100+0.0
P1.0 112+11.62° 124+22.9% 42.6+2.58° 0.70+0.10%® 2.60+0.36 1.92+0.25 100+0.0

'Final body weight (g). *Weight gain (%)=[(final body weight - initial body weight)/ initial body weight]x100. Feed intake (g/fish)=dry feed
consumed (g)/fish. “Feed conversion ratio=dry feed fed/wet weight gain. *Protein efficiency ratio=fish weight gain (g)/total protein given (g).
%Specific growth ratio (%)=[(log, final body weight - log, initial body weight)/days]>*100. Values are mean of triplicate groups and presented
as mean+SD. Values with different superscripts in the same row are significantly different (P<0.05). The lack of superscript letter indicates
no significant differences among treatments. The test diets were prepared to contain 2.5 and 5.0% liquid hydrolyzed blood meal (HBM)
(L2.5 and L5.0) and 0.5 and 1.0% powder HBM (P0.5 and P1.0) in the control (Con) diet.

Table 3. Morphological assessment of digestive organs and condition factor of olive flounder Paralichthys olivaceus fed the experimental
diets for 9 weeks

Treatments CF! VSI? HSPB SSI# ISP

Con 1.09£0.07 5.38+0.81 2.44+0.64 0.78+0.15 2.07+0.30
L2.5 1.12+0.08 5.47+0.56 2.55+0.38 0.74+0.10 2.1840.35
L5.0 1.1210.06 5.40+0.54 2.5440.30 0.78+0.10 2.0740.35
P0.5 1.1520.06 5.87+0.57 2.6240.35 0.81+0.10 2.44+0.42
P1.0 1.0310.29 5.36+0.66 2.9140.83 0.92+0.66 2.4810.32

!Condition factor=(fish body weight/fish body length®)x100. 2Viscerasomatic index=(viscera weightx100)/fish body weight (g). *Hepato-
somatic index=(liver weightx100)/fish body weight (g). “Stomachsomatic index=(stomach weightx100)/fish body weight (g). *Intestineso-
matic index=(intestine weightx100)/fish body weight (g). Values are mean of triplicate groups and presented as mean+SD. The lack of su-
perscript letter indicates no significant differences among treatments. The test diets were prepared to contain 2.5 and 5.0% liquid hydrolyzed
blood meal (HBM) (L2.5 and L5.0) and 0.5 and 1.0% powder HBM (P0.5 and P1.0) in the control (Con) diet.



536 AEL - A - 23 - o|HE
Ql Zfol & HolA| eh3tTh(Table 8). & W §Lof o]t vl o F
NEC e RECENE N ERE:
Q¥th(Table 9, Fig. 1). E. tardacl T3t g =] o] AEE-2 1.5.0+ 2 QLo A AFR Y HBM] H7H= |X] 9] €3 lysozyme,
(42.2%)2} PO.57H(51.1%)7} th274(4.44%)0] v]al %2 anti-protease, SOD2] ZHd-& FAMA] 7)== Ao & Uesdt) &
2 =9k Th(Fig. 2). a5 o]l tAS THEafishH A ol A A=
Elo] =71 A HTHKim and Wijesekara, 2010). 28 7[5
Table 4. Whole body proximate composition of olive flounder = 2A| 7l E(Khosravi et al., 2015), E2t]o} 7}
Paralichthys olivaceus fed the experimental diets for 9 weeks (% EL3) = (Gunathilaka et al., 2020)-2 g 2] 2] v]Eo] & HoH,
of wet basis) Fistas B PAATIE AR Bk & dof
Treatments Crude protein ~ Crude lipid Ash A% HBMO] H71= {29 v Eo0]&] Wy} ahilslseS
Con 18.410.29 4.43+0.18 3.40£0.11 SFAFA T
L2.5 18.7+0.87 4.7120.23 2.95+0.10 o] Al o] BMS A& o 7 ARS-5hH AR Ale d3E
L5.0 18.910.39  4.78:020  3.22+0.32 < =FAIN HEF o2 ARSHA HH FE A g v
P0.5 17.9+0.24 4441024  2.84%0.22 4= Ath(Edeh and Gbagi, 2013). ©]&1 African catfish AF&o]|
P1.0 18.1£0.91 4.70:0.48  3.01:0.33 BM& Ao 2 A7 7-17%) %= w4783 wjdole
Values are mean of triplicate groups and presented as mean+SD. AL A= §ubslA] okAut, 7He) H7H25-30%) 32
The lack of superscript letter indicates no significant differences = AAfo] kash= A1 0 & W 1% e Ogunji and Theanacho,

among treatments. The test diets were prepared to contain 2.5 and 2021). X]0]7] gilthead sea bream (1.3-33.8 g)2] ¥ A=
5.0% liquid hydrolyzed blood meal (HBM) (L2.5 and L5.0) and HBML Ab2o] A A H7H3-6%)3 A9 A4e 2247

0.5 and 1.0% der HBM (P0.5 and P1.0) in th trol (C . .
dietan o powder ( an ) in the control (Con) F= Ao g HuEAK(Gisbert et al., 2015). Silver pompano

Table 5. Hematological parameters of olive flounder Paralichthys olivaceus (average BW, 50.0+0.07 g) fed the experimental diets for 9
weeks

Treatments Hematocrit (%) Hemoglobin (g/dL) AST' ALT? Total protein®
Con 24.8+1.02 4.54+0.20 44.545.41 10.9+0.68 3.54+0.08
L2.5 27.0+4.68 4.92+0.21 44.2+1.43 9.5740.90 3.734£0.12
L5.0 25.741.22 4.98+0.30 53.9+1.55 9.2942.20 3.88+0.44
P0.5 26.1£1.23 4.9110.14 51.5+2.98 10.1£1.92 4.0120.70
P1.0 25.8+1.81 4.80+0.30 52.416.11 9.79+1.99 3.70+0.59

! Aspartate aminotransferase (U/L). 2Alanine aminotransferase (U/L). *Total protein (g/dL). Values are mean of triplicate groups and pre-
sented as mean+SD. The lack of superscript letter indicates no significant differences among treatments. The test diets were prepared to
contain 2.5 and 5.0% liquid hydrolyzed blood meal (HBM) (L2.5 and L5.0) and 0.5 and 1.0% powder HBM (P0.5 and P1.0) in the control
(Con) diet.

Table 6. Non-specific immune responses and anti-oxidant enzyme activity of olive flounder Paralichthys olivaceus (average BW: 50.0+0.07
) fed the experimental diets for 9 weeks

Treatments NBT! Lysozyme? IG® Anti-protease* SOD? GPx®

Con 0.710.03 29.3+2.96° 26.6+0.60 33.9+1.59% 53.5+3.46° 118+2.49
L2.5 0.7410.02 34.6+0.622 27.1+1.51 42.8+2.222 70.616.112 1327.39
L5.0 0.750.03 30.8+2.30% 27.8+0.84 36.45.78% 63.1+4.58% 134+15.6
P0.5 0.76x0.02 34.8+1.407 26.8+1.45 39.6+3.08% 64.1+5.89% 135+6.93
P1.0 0.74+0.01 27.1£1.30° 27.0£1.50 33.1£1.97° 63.2+1.33% 134+12.7

Nitro-blue tetrazolium activity (absorbance). 2Lysozyme activity (ug/mL). *Immunoglobulin level (mg/mL). *Anti-protease activity (%
inhibition). *Superoxide dismutase activity (% inhibition). *Glutathione peroxidase activity (mU/mL). Values are mean of triplicate groups
and presented as mean+SD. Values with different superscripts in the same column are significantly different (P<0.05). The test diets were
prepared to contain 2.5 and 5.0% liquid hydrolyzed blood meal (HBM) (L2.5 and L5.0) and 0.5 and 1.0% powder HBM (P0.5 and P1.0) in
the control (Con) diet.
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Table 7. Digestive enzyme activities of olive flounder Paralichthys olivaceus (average BW, 50.0+0.07 g) fed the experimental diets for 9

weeks

Treatments Pepsin (stomach)' Trypsin? Chymotrypsin® Amylase* Lipase?®
Con 1.36£0.40 0.060+0.01 0.00047+0.0001 24.2+0.97 11.2+0.95
L2.5 1.1320.42 0.04940.00 0.00052+0.0003 22.3+4.90 11.0+0.46
L5.0 1.47+0.32 0.05940.01 0.00042+0.0001 23.7+4.42 11.6+0.84
P0.5 1.7840.15 0.06510.01 0.00046+0.0001 24.0+2.71 11.7+0.23
P1.0 1.11£0.17 0.062+0.01 0.00033+0.0002 23.5+4.80 10.8+1.35

'Pepsin activity (U/mg protein). *Trypsin activity (BAPNA units/mg protein). *Chymotrypsin (SAPNA units/mg protein). ‘Amylase activity
(U/mg enzyme). *Lipase (units/mg protein). Values are mean of triplicate groups and presented as mean+SD. Values with different super-
scripts in the same column are significantly different (P<0.05). The lack of superscript letter indicates no significant differences among
treatments. The test diets were prepared to contain 2.5 and 5.0% liquid hydrolyzed blood meal (HBM) (L2.5 and L5.0) and 0.5 and 1.0%

powder HBM (P0.5 and P1.0) in the control (Con) diet.

Table 8. Apparent digestibility coefficients (ADC) of protein, lipid,
dry matter in the experimental diets for olive flounder Paralichthys
olivaceus (average BW, 50.0+0.07 g) fed the experimental diets for
9 weeks (% of ADC)

Treatments ADCp' ADCI? ADCd?

Con 90.610.64 83.810.85 62.1+5.04
L2.5 90.5+0.96 83.7£1.99 64.614.47
L5.0 90.6+1.19 84.5+1.80 65.814.94
P0.5 90.4+1.48 83.2+2.28 63.7£5.10
P1.0 89.0+1.05 83.5+1.19 63.7+0.66

'Apparent digestibility coefficient of protein (%)=100-100%(% of
Cr2 O3 in diet/% of Cr2 O3 in feces)*(% of protein in feces/%
of protein in diet). 2Apparent digestibility coefficient of lipid
(%)=100-100%(% of Cr2 O3 in diet/% of Cr2 O3 in feces)x(%
of lipid in feces/% of lipid in diet). *Apparent digestibility coef-
ficient of dry matter (%)=100-100%(% of Cr2 O3 in diet/% of Cr2
O3 in feces). Values are mean of triplicate groups and presented
as meantSD. The lack of superscript letter indicates no signifi-
cant differences among treatments. The test diets were prepared to
contain 2.5 and 5.0% liquid hydrolyzed blood meal (HBM) (L2.5
and L5.0) and 0.5 and 1.0% powder HBM (P0.5 and P1.0) in the
control (Con) diet.

Trachinotus blochii (10.9-88.1 g)¢] Ao A= AR Y| o] &
2 BMO & 35%71A| A7} 7ssickal Bl s i th(Hamed
et al, 2017). 2 Aol A= HBME] H7H0.5-5%, 9% |
Z](50-127 g)&] A&} A7 = (hematocrit, hemoglobin, AST,
ALT, total protein)of] 82 Q1 &3S v]x|A] F3tr}. HA=
2oH ol RE L]0l AU Aoki ol BAYAL] B
Ao] Aakelo] olse) At AR 43I0l ZHgkckIwata o
al., 1994). & Aol A= g2 9] A42(2124°C) et 2 4=
2(112-184°C)H ALgAZo] IR Thebal, W] A
2 W HBMS| o] 588 017] oA 4272 Y|4}
520 2715t Zlo] ek B8 AL o2 Ec} siAlh 1

Table 9. Histological villus length and goblet cell counting of olive
flounder Paralichthys olivaceus (average BW, 50.0+0.07 g) fed the
experimental diets for 9 weeks

Treatments Villus length (um) Goblet cell
Con 915+37.7 7312.65
L2.5 9741154 7849.29
L5.0 980+11.4 7648.33
P0.5 993+36.6 80+4.51
P1.0 1011+45.4 7813.61

Values are mean of triplicate groups and presented as mean+SD.
The lack of superscript letter indicates no significant differences
among treatments. The test diets were prepared to contain 2.5 and
5.0% liquid hydrolyzed blood meal (HBM) (L2.5 and L5.0) and
0.5 and 1.0% powder HBM (P0.5 and P1.0) in the control (Con)
diet.

o} Ze3 HBM O] A4 37} e &7 flsiA = A4-2719
A2 o2 & B A7t a7HL,

8187 ABlE A TS oo AR, 4, 5L
HA5= A E 2 ARE-E I Qlok(Hidalgo et al., 1999). Usman
et al. (2007) tiger grouper A7 4| ©1E-S- HBM2.2 30%
7R Aol AL 23hgel A Zfol7t glrk B watsct.
Oguniji et al. (20202 A}z ol b7 BMo|L} 4:9] BMS 3
7H7%)3-& ] African catfish®] A U] 22318 A~ (amylase, li-
pasc)e] EH40] F7HEIL Mnsgct. & SpolAE ot
HBME 5%, &% HBM-& 1%7HA] Al&zof A7fstol = Aske
I} 23k 4 Aol A Zpo]7F LFERLEA] eEQEh. BRAEA 2E(gob-
let cellyi= o1o] Gt % Fal £5} 342 B ok
O] S5 BolsHA & vt op 2t & 9 E Hodts TS
3tcH(Cerezuela et al., 2013). Kasun et al. (2020)-2 v AMA| 32 9]
49} §0) o]t £ el AL Frhn wste
o} 2 Aol A HBM2 | 2] 9] iAo} 4 g5 Zolof
oS m A A] ghgkom 22 W FHhS e vk X] gkl w)
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Fig. 1. Intestinal histology of olive flounder Paralichthys olivaceus (average BW, 50.0+£0.07 g) fed the experimental diets for 9 weeks.
Bar=200 um. The test diets were prepared to contain 2.5 and 5.0% liquid hydrolyzed blood meal (HBM) (L2.5 and L5.0) and 0.5 and 1.0%

powder HBM (P0.5 and P1.0) in the control (Con) diet.
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Fig. 2. Cumulative survival of olive flounder Paralichthys oliva-
ceus (average BW, 50.0+0.07 g) during the challenge with Ed-
wardsiella tarda after feeding the experimental diets for 9 weeks.
The test diets were prepared to contain 2.5 and 5.0% liquid hy-
drolyzed blood meal (HBM) (L2.5 and L5.0) and 0.5 and 1.0%
powder HBM (P0.5 and P1.0) in the control (Con) diet.

2bA Ak W HBMO| 37h= a8kai} A7, 4 d5ike-ol of
w5 RA el 35 A %) 9%k ey,
WA AR 28 AR e, B 1o, gelol 7}
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TS TheEeete A/ E s e HEtel =9 o
Ql Aow HiES) 1:]-(Khosraw et al., 2015; Gunathilaka
et al., 2020). THA 7t RalE-2 ZHE(Pagrus major, Bui et
al., 2014), ‘5°|(Lateolabrax japonicus; Liang et al., 2006), 5
A|(Pseudosciaena crocea R.; Tang et al., 2008)2] 2w #1314
= E6F= 202 BE gtk BMo|| iZ3HE] o] 9li= heme
HO-12] HE} sl Aoz A glon, HO-1-2 tf4]
A2z Q‘Tﬂ‘}%‘a}‘ AAIA BAZAT 2] 54 AAIskH= A
© & ®BEQItk(Canesin et al., 2020). HBMoll&= & U] he-
moglobin®| 78] =™ 4] A A =] += antimicrobial peptide”}
= o It Martinez-Alvarez et al., 2015). Antimicrobial
peptidel= o] 5:9] a7} apAksF 84S Z2IAI7IcNediar
Arroume et al., 2006). Gilthead sea bream A}= U] HBM 2] %
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WAV, anguillarum, P. anguilliseptica)ol] that #13-4

S AN 7= A o7 B g QI tKGisbert etal., 2021). & 17F
o]l 4| .= HBM 37}l A E. tardacl thgh 2 A8} d o] &=
it} o= HBMe] 3% antimicrobial peptide2} A8 2] 2Hd 7]
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