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Effect of Blueberry Pomace Supplementation in Diet on Growth, Feed
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Abstract

This study investigated that the effects of dietary blueberry pomace (BP) on growth performance,
antioxidant enzyme activity, and resistance to Strepfococcus iniae of juvenile black rockfish (Sebastes
schlegelii). A total of 720 juvenile rockfish (average 2.8 g) was randomly assigned to 12 flow-through
tanks. Four experimental diets with BP concentrations of 0 (control, BP0), 0.25% (BP0.25), 0.5% (BP0.5)
and 1% (BP1) were prepared in triplicate. At the end of the 8 weeks feeding trial, fish were challenged
with §. iniae, and cumulative survival was observed for seven days. Growth (weight gain and specific
growth rate) and feed utilization (feed efficiency and protein efficiency ratio) were significantly greater in
BP1 diet compared with other diets. Dietary BP supplementation had no significant effect on the proximate
composition and plasma chemistry. Activity of plasma lysozyme, superoxide dismutase and catalase of fish
fed the BP1 diet was significantly higher than that of fish fed the other diets. Moreover, in the S. iniae
challenge test, fish fed the BP1 diet had a significantly greater survival rate. Our findings demonstrated that
1% BP dietary supplementation enhanced the growth performance, antioxidant enzyme activity, and disease
resistance against S. iniae of juvenile black rockfish.

Key words : Blueberry pomace (BP), Growth performance, Antioxidant enzyme, Resistance against Strepfococcus
iniae, Sebastes schlegelii
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AtEEFE 35 2 FgE(oLee et al, 2000;
Mizanur et al, 2004), o+ oA w7

(Takakuwa et al., 2021; Yang et al., 2022), 7157
AP 7AW (Mohammadiazarm et al., 2020;
Lee et al, 2020) 5 CURoFst oJoFstz] ALy} o]
2ol vl 9l

Ssleld] 23 Be A 9% AUE A}

[e)
e il
Slod, 1 Age
A

4
F38FL 1O} (Pan et al, 2019; Huo et
al, 2022), 4 TAYA g ARES FAA
Ui 7t oAd 3AA 2R, 8 52
A& oF7]g 4= U tkRing et al., 2010; Mousavi
et al, 2016). 53] 20060 1€ FHATAME A
AARSZ Faat ] wds flst A2 AL
£S5 7 A|(European
Regulation (EC) No 1831/2003) 3} 2™ (Ng and
Koh, 2016), =7t W3t 2011dH € A=) 4
AL AHEE wAskL Qo Xm 9 ege
A0 7 A AHEE FAEA ¢a e
A AolthLee et al, 2021). olo] wz} A=
qAg F e AE7HAY AFEHETMAC e
AG7F o4 o] F% v} THCho and Lee, 2012;
Yun et al, 2016; Kim et al, 2017; Oh et al.,
2022).

SR e dlsted® #Z  flavonids,
phenolics, anthocyanin 5©] F5-3t Ao0=2 d#A
Sl O ™(Seeram, 2008; Lee et al, 2015; Michalska
and Lysiak, 2015), S35 & A7 FoAA it
s}, &5, Fueld s g3t mad wk Qlr
(Dunlap et al., 2006; Molan et al., 2008; Selim et
al., 2020). 53] FAEEQ FyEgy ¥ A
of AlgYl =FH Al AR oY
2} A AT s a7 o7 Hud

vl QIThLee et al., 2016; Kim et al., 2019; Lee et
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al,, 2020). 18} EFHE] T oA kg
Z 109k o] e avtw ol wighAlE
A7 ol &3] el HIEAR1 SHoA g
AgtAd Aoz AY7bE,

Jev 1% SEE olgHL P> EFH|
FAFAFE (blueberry pomace, BP)oll&= 7154
A2 <& Zl anthocyanins, phenolics, flavonoids 5
o] HaE drHel o AR HEEAY o] &
7Fs/dol ®a® Wl Qltf(Bener et al, 2013;
Zielinska and Michalska, 2018). ujghA & Q1o
A= wigAbE Y BPO H7F $el wE xuE
gt ole] A, AbRol8A, AxA, A,
glolizkel &4, Fbstas 24
Streptococcus iniae® g YA EAJ ] A
FEFE H7Fskdh
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ato] 20CellA 12475 A% F 23 § Als
AZAZAA 20T YEare] Basisich. 2
ol-&¢ AEAE £ E= (<Table 1>)?Jr pag=y

O

<Table 1> Feed formulation of the experimental diets
containing  different  concentration  of
blueberry pomace (BP) (DM basis, %)

Experimental diets
B0 BPOS BPI

BP0

Ingredients (%, DM)
Sardine meal 50 50 50 50

Fermented soybean ) o o s s

meal

Wheat flour 27 2675 265 26
Blueberry pomace (BP)' 0 025 05 1
Fish oil 4.5 4.5 4.5 4.5
Soybean oil 4.5 4.5 45 4.5
Vitamin premix” 1 1 1 1
Mineral premix® 1 1 1 1
Choline 0.5 0.5 0.5 0.5
Nutrients (%)

Dry matter 949 950 953 954
Crude protein 50.6 507 50.7 504
Crude lipid 140 141 136 141
Ash 8.9 8.8 9.0 9.1

'BP (blueberry pomace) were supplied from the local
health food store (Daegu, Korea). ZVitamin premix
contained the following amount which were diluted in
cellulose (gkg mix): L-ascorbic acid, 121.2; DL-a
-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7;
riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin,
36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8;
D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid,
18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol,
0.003; cyanocobalamin, 0.003. Mineral premix contained
the following ingredients (ghkg mix): MgSOs7H,0, 80.0;
NaH,PO,2H,O, 370.0; KCl, 130.0; ferric citrate, 40.0;
7nSO4s7HO, 20.0; Ca-lactate, 356.5; CuCl, 0.2;
AlCl;6H,0, 0.15; KI, 0.15; Na;Se;Os, 0.01; MnSOsH,0,
2.0, CoCl,:6H,0, 1.0.

T P Ydo T = Mﬂ%ﬂr g o ks
AbgER o, AWE W ofo diFRE 747
drstEd 9o Addow *}ﬁ} ==
(BPO) At=ell= BPE H7FehAl gkstom, vz
AR o= BP0 Atge] H7bE AWE il

BPE Z+7} 0.25% (BP0.25), 0.5% (BP0.5) 2 1
BPHYA H7tste] APAEE Fuleglth ol %
Az71e] 20CTAA 48217 & AxF & T
A7A 20T WEarel B#shAth ARS7IZE
= 8F¥ o vid 1Y 28](9:00, 17:00) AALE
£ fEog FHIth

°\°

o

3. 0fH BF o FoY 14

OH
87 AMSAE TR
£ MS-222 (100 ppm; Sigma-Aldrich, St Louis,
ML, USA)ZE mHHAA ZF 23 &S A
o} HFE FAE SAIT AETA AxRE
IS o R gt i (1] = E B e el
slo X*OH A, A, 2 W FAE
stk =

4 zsj(spemﬁc

A 2427 AT o) F

O _11){1 ["_>'I.z
ox ox T JlN’ ¥

g F o ASZF7Hweight galn),

growth
B RF% (condition factor), s A
HS) % UAFRAS
(visceralsomatic index, VSI)& #21&}3i T}

go) AEL A TH ] Aol 7
FxF 107 E dEste] MS-222 (150 ppm)&®
n e F 1 mL FAP]E o] 83t ﬂl%“é“—‘w
A delS AF AT o] F 2
2(8,000 rpm)ste] S ’8}211,
G2 A, lysozyme 9 AFsta ALY
Ao o] &3kt

rate),
efficiency),

(hepatosomatic  index,

SZRHH lysozyme L SAMELS

g E N2 7)(Fuji Dri-Chem
NX500i; Fujifilm, Tokyo, Japan)% AL-8-31o] alanine

aminotransferase (ALT), aspartate aminotransferase
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(AST), total cholesterol (T-CHO), total protein (TP)
2 glucose (GLU)E =43+t

U lysozyme (Thermo  Fisher
Scientific, Waltham, MA, USA)E ©¢|§3lo] =74
3113,  superoxide (SOD),
(CAT) &/ 49 glutathione (GSH) %2 Cayman
assay kit (Cayman Chemical, Ann Arbor, MI)E ©]

g3tol Zg3p9c

assay kit

dismutase catalase

N e <
= ofy

2

1 1990y wheh

O o ox

offt M

B-1038 KjeIROC Analyzer (OPSIS Liquid LINE,
Sweden)® A 22 Ether-extraction method (ST
243 SoxtecTM; Foss, Hillerod, Sweden)® 43}
Atk 3EE 550TC FspRoA 4470 HE F

Ao,

8T AMSAE FE F AE A T A
o7 20utg ¥ Melste] = gAbypeky] ke
A A EAL S (FAl, o2 R Bk
S. iniaes 7.9 x 10° CFUMLS] F%= 0.1 mLA
AU FARstel ZAAFT olF T 793t
A HAES #Esklen dAket AAE SA
AASAE  HAF BEE B FRe

22.4+0.20 ‘C(mean+SD)°] T},

M

6. 4 24

BE 4 ZA3+= SPSS program (version 25.0,
SPSS Michigan Avenue, Chicago, IL, USA)& ©]&
311 One-way ANOVAS} Tukey’s HSDE A}-8-3}

XN

HI

]_

ol

rix
ot o 3@

of AT FA(P<0.05) A& A4
o AgEAy A be zmee A
K

BPo| 7} S st AFAEE st
BEE%), AATE7H
(g/fish), DU (%/day) (<Table 2>)° e}
uigleh 29 8ehe] AEEL 99.4-100%% BP 3
7hehee] wE A Fod 2ol YERA]
AATHP>0.05). oIAFTT7F W AU HES BPI
377 BP0, BP0.25 % BP0.5 A5 337 H
& FoskA =A JERSThP<0.05). ¥ J-A
o} FAHA EFHE B2 1%E 2T EE X0
AtgY 7 AR @] @Al Ao g e
Wk (Kim et al., 2018). S5Hg| 2} 2ol A&
E4o] T3t berryF g AFRHZIAIZ o] &3 A

iy A [e)
TR

<Table 2> Survival, weight gain and specific
growth rate of juvenile rockfish fed
the experimental diets containing
different concentration of blueberry
pomace (BP) for 8 weeks
di BPO BP0.25 BROS BPI1
1ets
Initial weight ) 30 231000 24000 23002
(¢/fish)
Final weight N
(offish) L6E@F  1/AQIR 118009 123008
(S;r)wval 000000 0e00F 94056 0000
0
Weight gain 277+ 276+ 279¢ 200+
(g/fish) 04 034 09" a6l
Specific gowth 327 30: 30 340
rate (Ydday) a3 QoIC* Qg aoP

Significantly different values (means of triplicate
SE) in the same row with a different superscript
(P<0.05): SGR, specific growth rate; Con, Control; BP,
Blueberry pomace.
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gATel  wlmskd YL Eeks| ok Oreochromis
niloticus) AF=U  black mulberry syrup 2%%}
blackberry syrup 15% 7= A% Aol a4
Ql Ao Z ERE O W(Yilmaz, 2019a; Yilmaz et
al., 2020), barberry FEE= AlHZlo} A g
(Acipenser baeriiy AtEJ H7te FH7F] w8
b date] g9l A0 2 YElTHRamezani

et al, 2021). 53] black mulberrye] 32
benzoic acid, flovonoids % anthocyanins ©]5F2
astas 2 T Y d%r 57 FAE 3
of A el s TS WA= AoE B

1% ¥} Qltk(Sanchez-Salcedo et al., 2015; Yilmaz,
2020; Shekarabi et al., 2020).

8710 AFSAlE FE A zuEelo] AleAlF
(g/fish), AtRaE&Y DNAATGEL (<Table
3>yl YeRISIth AFRAF R BP H7FeREel
o AP fFole Zolrb vebA] ko
P>0.05). T8Y AlREEY dAdIgsES
BP1 &377} BP0, BP0.25 % BP0.5 A3
Hl3te] fejAo® A JERGTHP<0.05). & A
T8 frAbskAl e etlo AFEUW blackberry
syrup 15% H7be APEASES TS Helom
(Yilmaz, 2019b), JA(Cyprinus carpio) A&
juniper berry oil 0.5%%} 1% H7F= AlEd8a &
ol Al Ao ® B TH(Kesbic, 2018).
WSt Acipenser baerii AFSY| barberry FEE 3
7he TR vlE S ARHSREES Hole
AOE Yetgtou, @i ddstg gols o
GeFS Holx gSITh(Ramaezani et el, 2021).
Chakraborty et al. (2014)= 2 27]€9] A2 37}
Al theFst A2jg/d & (phenolics, flavonoids,
saponin ‘5)< ©F2 AU AstE Fxleta W
2 F3 SUA7IE Aow Bash vt Qlrh

8Tkl A H] 7+ (condition
factor, CF), 7+ %A <*(hepatosomatic index, HSI)
9 VSI)=
(<Table 4>)°l] YEFSITE CF, HSI % VSIi= BP
A7F el whel Ak foE Apolrh o

&E}\]

%% 2| 4=(visceralsomatic  index,

, SastE A 8N 9 Streptococcus iniaedl

ERLRA] 9Egkth(P>0.05). ¥ AFAdet FAFSHA
Kim et al. (2019)] AToAE HA| Ao Al=
W 1% &54e &% F7k= CFel fo3 4%
= WolA oStk Ty & Aol gy A
Hgol Aol ALY bartberry FEE H7F &
Fo] FTrtE=E HSISH VSIE hashs Aol
YEF tH(Ramezani et al., 2021).

<Table 3> Feed consumption, feed efficiency (FE)
and PER (protein efficiency ratio) of
rockfish fed the experimental diets
containing different concentration of
blueberry pomace (BP) for 8 weeks

¥ BPO BP0.25 BPOS BPI
diets
Feed
consumption  1094039"  1L1HOGS'  110:009"  11.0:016'
(g/fish)
FE 080012 0000  0SGH008 Q00D
PER 16O 1660007 LH@S  LRH04
Significantly different values (means of triplicate

SE) in the same row with a different superscript
(P<0.05): FE, feed efficiency; PER, protein
efficiency ratio; BP, blueberry pomace.

<Table 4> Condition factor (CF), hepatosomatic
index (HSI) and visceralsomatic index
(VSI) of juvenile rockfish fed the
experimental diets containing different
concentration of blueberry pomace
(BP) for 8 weeks

Experinental

diets BPO BP0.25 BPOS BP1

CF L3034 L7THO0SS 174001 16HOMBS
HSI 2THO0ET 2604008 27HOAS' 2640051
VSI BAHO2T 8430 46217 @430

Significantly different values (means of triplicate
SE) in the same row with a different superscript
(P<0.05): CF, HSI,
hepatosomatic index; VSI, visceralsomatic index;
BP, blueberry pomace.

condition factor;
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Ot - ofBj= - 0]

i
it

Tt FXINE] AMREY barberry 2] F
0.05% H7h= v& a7l Blste] HSI 9 VS
7F FoEtA @A vERt e, ol 7H i
A A F4s AAAT= AARATHAY Ve
o ot o7 K15 thRamezanzadeh et al.,

2020).

<

BP7} e APARE 870 TEES £9
2 HdojA o] dudE A ATi= (<Table 5>)
1 L‘rEMP*E} AolAe] FH 2oy 244

3 g mE A
zto]7F Sl THP>0.05). &

9= 9 g4 Ao] Absd EFulE S
A7be dojAle] dndiExdel frelsh 43S
AR k= ASE YEHTHLee et al, 2016,
2018; Kim et al., 2019).

9L‘
~
!

é ohoyd 2

Kim et al.,
<Table 5> Chemical composition (%, wet weight
basis) of whole-body of rockfish fed
the experimental diets with different
concentration of blueberry pomace (BP)
for 8 weeks

BPO BP0.25 BROS BP1

diets

723003
166007

71.640.18
166:0.12°

7201015
16.540.26"

724038
16#0.17

Moisture
Gude protein
Crude lipid 6.68024" 664020° 668017 594015
Ash 414009 434012 4040.10° 4440.10"

Significantly different values (means of triplicate

SE) in the same row with a different superscript
(P<0.05): BP, blueberry pomace.

v &g g7y AST, ALT, T-CHO, TP ¥
GLU 32 (<Table 6>)° YeRAILh FH =
RE 2o Bp gk wE Fo3 Jes
2] ESITHP>0.05). UWrA o7 ofFo] oy
2 A, A, JFdH, ~EHA Fo 9
d dEFE T 2o EeA ATKGrant, 2015).
® AFAet fAkeHl AlEd BFHE B
1% H7he 29 E97 gxo daididd /2
8k &S u|X]A| FF O W(Kim et al, 2019; Lee

F

o ox Mk

O

2318 - Uzl

0_..

et al, 2020), Ydgetgjol msh AFEU black
mulberry syrup H7h= N3] Folgh FEs

RolR] oF3ITH(Yilmaz et al., 2020).

<Table 6> Plasma chemistry of rockfish fed the
experimental diets containing different
concentration of blueberry pomace (BP)
for 8 weeks

BPO BP0.25 BPOS BP1

diets

AST (UL) 1902326 10300 935SR 75H775

ALT (UL) 3008379 333895 226tH.8" 2174033

4388 13T WeNT  B3UY

TAD(d)
TP (gdL)

534032 69+1.12°  6.1+L17°  5.040.15°

QU @gd) 6504360 713470° 763393 71T

Significantly different values (means of triplicate SE)
in the same row with a different
(P<0.05): AST, aspartate aminotransferase;
alanine aminotransferase; T-CHO,
TP, total protein; GLU, glucose;
pomace.

superscript
ALT,
total cholesterol,;

BP, blueberry

853 AMSAE Faol wE xyEer I3
W lysozyme, SOD®} CAT &4 4 GSH &%
(<Table 7>)°ll YEFSITE Lysozyme &4 BPI
AFEE FF3 FF77F BP0, BP0.259} BP0.5F
wrES fFosA HorkP<0.05), SODS}
CAT #7435 BP H7F el m& F2d Afol
= HolA &thP>0.05). 1z} GSH >
BPI AlEE FFe A7 vE RE

25 Fue FFe wEl s =
(P<0.05). ¥ A7 A} FAFsHAl dLEetyof
15% H7b= @3
sts} H]—‘_E_—O]X']Dfloﬂh fsl:)\]—oﬂ §1}

o o

S o) oﬁ,

£ =

2 UQL'

AFE W blackberry  syrup

lysozym e X
[e)

S Wnk ofyet 24 FAksk(glutathione
perox1dase) 4l W(interleukin 1 beta %! tumor

necrosis factor) & FAAE] Wd FHL &
#AQl Zow UEth(Yilmaz, 2019b). 53], At
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S4 0.002% anthocyanin 7}= UL EEtyjol
Fas), WsolAEel W welnd fuge

d el @zl Ro® YERSTHYilmaz,
2019a).

877 U= AMFAE FIRAl S inige:
A el e A AYEE WSk [Fig 1]
UERASITE Q19 A 7dAl, AEES BPL

&= 77k BP0, BP0.25 4l BP0.5 &7l H|5}o]
AR A eEREThP<0.05). = ATE
o fAtebl sl Ao] Abmy) BRe
2 1% H7be 37Vl vlske] S, parauberis 7
A AEE Ao &9E RS H(Kim et al,
2016), Y eatag]o} AFF U blackberry syrup 15%
A7V Plesiomonas shigelloides®] t]$h -2 AW
Aaido] T2 A TH(Yilmaz, 2019b). 3 Yilmaz
et al. (2020 ©wEW black mulberry syrup=

—~

statste 4 M U Streptococcus iniaedll

<Table 7> Lysozyme and antioxidant enzymes
activities  of  rockfish  fed the
experimental  diets  with  different
concentration of blueberry pomace
(BP) for 8 weeks

diets BPO BP0.25 BROS BP1

Lyszyne " b

(Uil P20 8242057 PSHRK 68071

SOD a v a

(Uil 56047 574034 5.6£040" 744042

CAT

. 224009 204017 2.0£0.12° 2.6£0.09°
(ol/min/inl)
GSH (uM) 1632033 163049 154058 196084

Significantly different values (means of triplicate
SE) in the same row with a different superscript
(P<0.05): SOD, dismutase; CAT,
catalase, GSH, glutathione; BP, blueberry pomace.

superoxide

Survival analysis

Probability of survival

777777777 [

02

!

a

0o a

0 24 48 72 96 120 144 168
Time elapsed after challenge
—% BP0 -“a BP0.25 -+ BPO0.5 —+ BP 1

[Fig. 1] Survival of juvenile rockfish fed the experimental diets inculding blueberry pomace (BP) for 8
weeks, then artificially infected by Streptococcus iniae (means of triplicate=SE) (P<0.001 for Log

Rank and Wilcoxon tests)

~ 441 -



o|cted - ofBfE - ol

vddetaol Algdl 1.5%, 2% % 3% H7he
Aeromonas veronii®] QAN917Fel st Ay A3
el &34l AdE Below, o]z H|50
A Y 5 (lysozymeZ} myeloperoxidase &/J) % =
A fFAAY] T el oJg Aow B

SEEREE

) 922 9FL

A
Bellde AT A7t wb
o % dkeEn
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