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The study was conducted to investigate the dietary supplementation of citrus by-product (CBP) and CBP fermented
with Bacillus subtilis (BS) or B. pumilus (BP) on growth performance, feed utilization, innate immune responses
and disease resistance of Korean rockfish Sebastes schlegelii. Triplicate groups of juvenile fish (initial weight of
22.9 g) were fed one of five experimental diets which were formulated to replace a synthetic vitamin C (L-ascorbyl-
2-polyphosphate, LAPP) with CBP or fermented CBP. A basal diet without LAPP and CBP was used as the control
diet (Con). At the end of the 13 weeks feeding trial, growth performance, feed utilization and survival of fish fed the
Con were significantly lower than those of fish fed the LAPP, CBP and fermented CBP diets. Fish fed the Con were
significantly lower in lysozyme activity than fish fed LAPP, CBP and fermented CBP diets. In a challenge test against
Edwardsiella tarda, cumulative mortality of fish fed LAPP, CBP and fermented CBP diets was significantly lower
(20-30%) than that of the Con (60%). The findings in this study indicate that the CBP and/or fermented CBP can be
a promising vitamin C source for LAPP replacement in diet for Korean rockfish.
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M E o], M 7154 H7HAI =M 9 o] §7FA 7t mrkal de A QL
th(Yang et al., 2008). Bt=5= AtE o]l CBPE 71 7%, 4,
7], Hao) AT At RS SR =R E 4 Atk B
A7F 637FE0] AYAFEITHICMSA, 2020). =54 (citrus =] 2l tHBampidis and Robinson, 2006). ©}52] 790l AL&
by-product, CBP)& 18- S0t 22 /MBAECR AZst v CBPE| A7k 2 AJofo] vlSo|4 wielela wl o] ebal
= Tol A AR ZhEe] Yol ojn), Hot S8 e, o GRS ZAAIM, o] o] HARE 744D 4 Gk B
7ha AALEFO] OF 30-40% 7heFo] BAMEOl FE|R wiEE T H9JtkSong et al, 2013). CBPE OFAALE W) M H]EFTIC
oith. CBP= & H| B2 o] A H7|=| 1L §lo], o] & A = AT = = M2 UaR 2 75 T thLee et al,
2]3}7] 95t A =& Hieto] o] I @5 Al o]ch CBP:= H] 2013; Song et al., 2013). HEFICE HZo|FolAl Al 34
EFIC (460 mg/kg), carotenoids (512 mg/kg), pectin (1.49%), o] F|#] ¢to} HIEA| AFRE 3 AF]Fo]of 5f= o ka
flavonoids@} 7+ thokst A e]jaA] B2 FH51A e85k 2 g A lth(Dabrowski et al., 1990). HIEFIC o] 732] A
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WollA Zehile] g, T Al W24, hilsl uks-
of] #ofstth(Dawood and Koshio, 2018). ©157-2] 73, H|E}
7 A=Y Behile] G4ol Hstelo] HEuTt o
Ao WMFS 207 Wak opeh wolelah AbAlH o) 7
02 WSS Z71A7)= 02 oA SItHNRC, 2011).
AR Y H]EFYIC= 52 L-ascorbyl-2-polyphosphate (LAPP),
L-ascorbyl-2-sulphate®} -2 38t o 2 oA ¥l el o] 3¢t
=o| F2 7 22 5o, vl S Al 2shs 2ol A o
ool 8.0 Balo] WAsle], 21 ARITHAIZ AL of o
2t Arkrol st A 744 A&sA S8kl JlTh(KO-
TRA, 2020). 1[I ool & wlahAbo] o § ¥l Ug Fo
A G777 ok, AAAAE ol 88 A ulehl ] AT
7} H Q3 A o]t(Dawood and Koshio, 2018). ©]71 &1-Lo]
A A 2o Ak Wi g HIERIC?] LAPPE] HiA <
224 CBPY o] 842 535 A K Lee et al., 2013, 2015),
ok ofo] that s MekA .2 vl Ee o]t

Zu|E2K(Sebastes schlegeli)> = olF FAAIAEF
23.8% (20,300, 20199)E AHA|3k= =82 FAtAY Folck
(KOSIS, 2020). 2| oldols= A2 ogstr] sl &
WAS FEae) A8eh Qlo] aAlel e Walel 27h
S E ST L AT EAStAL ok AARH =Ee o
83 ofste] Wi 7 Aol Uk A7} TS| o] FojA 1
ek, by £ e AR Bk AR AL B
&2 Ak U A vjely] C Y224 CBPo} s CBP2] 3
R CENEEEES e

2 N = 9
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CBP+= ()2 38ll(Jeju, Korea; 2013 10)oll 4] 7hzko]l ¢
& 7 Fe Belalin de 2ol st olm s A3
of Aol o35tk CBPE BAAZ 5 Hafslo] A4gs)
31, CBPO| 4 T w48k eh (e 4, 5.6%; 4]
, 1.7%; 23]5, 2.6%; B]EFTIC, 910-1,500 mg/kg). CBP 2
Aof= Bacillus subtilis?} B. pumiluss ©]-83%th & o=
nutrient broth (BD Difco, Dickinson, ND, USA)ol|l 4 22} 3
UZF WREEiF30°C)RE 5, ZhEul A of] AFskGict. Hat A
A HAFE o]gslo] 2] FE7} 1.0 X 10° colony forming unit
(CFUYmL7} == 5 3]A3F 3, Zhaul 2| of] 2.5%7} =] =5 7
Fotoith AE 5, w2 A ASEH(B0°C)ollA 72 h b
AAA HACBPE A&t HaCBP= 52102 S+ &
Hjsto] Aol AMg-sk3ITt.

SR o B3} caseine AFR ] =8 AR R ARG,
AU R R= Y NIHFE o853 th(Table 1). A= 9
2 e 20 EHY Y TS THA =S 24T
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11, 47112] A3 AR = LAPP, CBP, 2%2] W& CBP (B. subtilis,
BS; B. pumilus, BP)E #7}s}o] BIEFTICE] g&Fo] 100 mg/kg
o] ¥=& 24515t Con, LAPP, CBP, BS-CBP, BP-CBP).
APARE 2 AR YRS 24 te} S3e T, AR YR
Fao) 30%e] AL FHAE Y Eesc £8E ¢
He AYAREAZ7](SP-50; Gumgang ENG, Daegu, Korea)

Table 1. Dietary formulation and proximate composition (% of dry
matter) of the experimental diets for juvenile Korean rockfish Se-
bastes schlegelii

Experimental diets

Ingredients Con LAPP CBP ggp ngP
Defatted fish meal’ 260 260 260 26.0 26.0
Casein? 30.0 30.0 30.0 30.0 300
Dextrin 16.3 163 163 16.3 16.3
Squid liver oil 1.8 118 118 118 118
Vitamin Mix3 (vitamin C free) 1.50 1.50 1.50 1.50 1.50
Mineral Mix* 150 150 1.50 1.50 1.50
LAPP?® (mg/100 g) 0.00 0.28 0.00 0.00 0.00
CBP® 0.00 0.00 6.67 0.00 0.00
BS-CBP” 0.00 0.00 0.00 10.1 0.00
BP-CBP? 0.00 0.00 0.00 0.00 10.9
Carboxylmethylcellulos 1.00 1.00 1.00 1.00 1.00
Taurine 1.00 1.00 1.00 1.00 1.00
Cellulose 10.9 109 4.23 0.80 0.00
Proximate composition
Crude protein 46.8 464 471 483 484
Crude lipid 128 127 128 138 137
Ash 569 563 582 591 6.06
Moisture 770 700 740 750 7.10
Total ascorbic acid (mg/kg) 11.9 110 90.1 100 103

'Fish meal were extracted by 70% aqueous ethanol (water: etha-
nol=3:7) for 48 h. United States Biochemical (USB), Cleveland,
OH, USA. 3Vitamin premix contains (1 kg) 1 g retinyl acetate,
0.05 g cholecalciferol, 0.2 g menadione, 4 g thiamine hydrochlo-
ride, 4.4 g riboflavin, 14.5 g D-pantothenic acid hemicalcium, 4
g pyridoxine hydrochloride, 0.01 g cyanocobalamin, 30 g miac-
inamide, 0.48 g folic acid, 0.2 g D-biotin, 40 g myo-inositol, 10
g a-tocopherol and 891 g starch. *Mineral Premix contains (1 kg)
80 g MgSO,.7H,0, 370 g NaH,PO,.2H.,0, 130 g KCL, 40 g Ferric
citrate, 20 g ZnSO,.7H,0, 356.5 g Ca-lactate, 0.2 g CuCl,, 0.15 g
AICIL,.6H,0, 0.01 gNa,SeO,,2 gMnSO, H,0, 1 g CoCl,.6H,0 and
0.14 g starch. °L-ascorbyl-2-polyphosphate. °Citrus by-product:
ILHAE Corporation, Jocheon, Jeju, Korea. "Citrus by-product fer-
mented with Bacillus subtilis. *Citrus by-product fermented with
Bacillus pumilus. Con, control.
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mg/L, G482 302+ 1.12 psui Atk AR = 1Y 3
3o o] 1352 F3F vhg5+ skt

Samplingdt 24

1o mj

oft r

for

Asolgel AL 4% 7 0m 2ASAI, AY BB ¥
AR A3k A E(feed conversion ratio, FCR), T Zlo] & a4 &
(protein efficiency ratio, PER), A<-&(survival)S AARIA
o ARARR O] PRI AOAC (2005)2] o whe} &
A gleh. AgArESE AR o] 7F i vletyl Cof FHRk2 Dab-
rowski and Hinterleitner (1989)2] W& 7|22 HA81 4]
ZebAl ke Wilson and Poe (1973)9] Wl o2 BA519
o} Agolo] Houkg-5 2AkSH ] 8l 2 2 3nke] 4
2192 A1H3}0] 2-phenoxyethanol (100 ppm) 8- .= 1}
AlZ1 %, e n]g ol A A skeint. @ 9(whole-blood)2
A1 82]7] (5000 g, 15 min) A (serum)S L]0, H]Eo]
2 WA o ARg-sF3ITE Lysozyme /-2 Sankaran and
Gurnani (1972)¢] W] o 2 B45}¢ c}. Immunoglobulin (Ig)
shek2 Siwicki and Anderson (1993)9] HFH-& EA519t) &
off ] tfj A A|32 9] 42 Kumari and Sahoo (2005)9] W<
7] %2 nitro-blue tetrazolium (NBT) S-S B8 &5+
9] oxidative radical AJ/d=F-S =731 t}E. Myeloperoxidase
(MPO) E4-2 Quade and Roth (1997)2] W& o]-8-5fe] &
Haric},

AEAY TR S A S F 15719 $2(64 L, 350
. Edwardsiella tarda’=A| 5% W] g 2] o
Aol A 2lE S Aot shoputol 2l At oAl
A A|grtol AR5t} 5= salmonella-shigella (BD Dif-
co) Hi A& ©]-8-5}o] 25°Cof| 4] 48 h 53t v Y= Tt Colony
= tryptic soy agar (BD Difco) Bl 2| of| A vl %FsF 3(27°C, 24 h)
o1 Algof o] 831t E. tarda: Kit (Higene genomic
DNA prep kit; Bio-Fact, Daegu, Korea) S 53l £ A&kl 5
ot &8lE = A4 s =1 X 10° CFU/mL)7} == 3]4
shof 7t ol A|sh9Lom, W) 1 h o] vz Bl
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Fig. 1. Cumulative survival of juvenile Korean rockfish Sebastes
schlegelii fed the experimental diets for 13 weeks during the chal-
lenge with Edwardsiella tarda. The fish were immersed with E.
tarda suspension containing 1x10® colony forming unit/mL. Tripli-
cate groups of fish were fed with one of the experimental diets two
times a day during the challenge period. The experimental diets
were prepared with supplementing L-ascorbyl-2-polyphosphate
(LAPP), citrus by-product (CBP), CBP fermented with Bacillus
subtilis (BS-CBP) or B. pumilus (BP-CBP), respectively. Con,
control.

ASALR O] v X = $HHEHEA 2 H(completely randomized
design)yZ AAISFAIL, ARSAE (A, ALEAIS, BE28)T Q)
Skl ARER), 7 B BAATHLA, B, 22R)
+= SPSS (Version 11.0, International Business Machines Co.,
New York, NY, USA) Z & 13- 0]-8-5}9] One-way ANOVA
= 57 BAE 7 AR 4870 $2)3H Tukey's HSD
2 M| E Y THP<0.05). HAIE ¢|o]E& arcsin gfo.2 ¥
3 Ao AgellT, RE dloje Wyt wENA
(mean + standard deviation)2 WEF T},

S
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E. tardaS ©)&3F AT A 23, Aol BEES
CBP (63%), BS-CBP (72%), BP-CBP (77%), LAPP (67%)-
7F 21 40%)°] Blsl 724 0.2 ot Th(Fig. 1). Wi CBP
0] AJEE-L 72-77%, CBPL} LAPP-o] H] 3] -2 22l &}
ol AT SANOR £ AL Btk 27] At 7
A 4 Fof| WAYSEAAL, o] 5 Ao o] o] EE AT
135 ¢k A3 A3 e] da, EH U lysozyme 272
CBP 3 7~(CBP, BS-CBP, BP-CBP)&} LAPP7} tfj 2-of]
H]3} 0] 2 © & %=9}rH(Table 2). MPO 8- M CBP 7}
77} thzpol ula) o4 0.2 Eolrh. NBT 243} Ig o,
hemoglobin, hematocrite= &2} AT Abolof 52421
#jol7+ gleich. AlBele] 2577 CBPS} BS-CBP77} o
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Zof H]sf 592 © & &QttH(Table 3). BP-CBP2} LAPP
O] AAES kol Hlsl w2 A3S ek AL Aol Al
= CBP, BS-CBP, LAPPL7} t 0] ]3] G-0]@ 0 & Lrof
o} T A o] g a4 &of| A= CBP2} BS-CBP7} tjZ&+to] H]
8} §1o2 07 ottt ALRARI AEEE et A7
T Atolof] 212 Q1 Afol S Kol Z] eFglrt. wi f Zehale] ¢
&2 CBP 719 LAPP7} tj 2tof| Hlsf f-9]4 o8 =
Steh(Table 4). 75 A4 15170} )27 Apolo] 242l
Apo| & HolA] kgt
oo

At W CBPO 7H= 0] 52 o] A A gHd 2t | 5ol 24 ¥
L A= A2 UERTH(Fig. 1; Table 2). HIEFIIC
= = AlWelA /g4t E AAT 4= Qlof ZhEet kst
A2 4 A Qlck(Dabrowski et al., 2004). Ab=o] HEP CE
A7 A9, olfe] WA v So|x welele F414)
Z1thal B 31 =] QIti(Dawood and Koshio, 2018). T3+ CBP=
carotenoids, flavonoids?} Z-2 AJ2]|&A] 548 §H8-51a1 9
o4 Wl EAARA ] o 8715 Ao] & Ao BuEgct

g

L UFE - ol

o
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(Bampidis and Robinson, 2006). Yang et al. (2008)> CBP U
flavonoids®] RS 43t A1}, hesperidini} narirutin
o] 28 AFo|H, rutin, neohesperidin, hesperetine A~FF SHr
w0 qlehar B uskeich Hesperidin Citrus <5 ol $-
o] 9l o329l flavonoids 2 SHALE), S92, ShF3Hd, A
A} 2] 53 72 Therst B 71 T gLon], T ALl
ohe el 5448 TA] bkl g A QK Garg et al.,
2001; Wilmsen et al., 2005). Narirutin®}: 1 £] flavonoids £
3t clopet AJelerd S A A0 2 1 E| %k Barreca et al.
2017). = oll= LA R|(C. sinensis), E¥(C. aurantifolia)
3} 22 Ctrus & $210] $AHETE T $ERS Atzel W7HE
785, detulol, QJoi(Cyprinus carpio)®} -2 012 o7 &
AR H S0l A W5 SR = A o' HAuE it
(Acaretal., 2015; Sadeghi et al., 2021). |- tpofst A& 5
3l Citrus < 2+ 2 limonene, a-pinene, camphened} 7-2 es-
sential ol FHslaL §lom, o] BHEL A} S &
Ak ol et of3 ol chet A S ke A0R By

AtHBora et al., 2020). o] ¥ A2 Q17T A F ol A= CBP
712k LAPPT-O] AE-go] GARE A 0% Hof, CBP U] v

N
Bt C7F LAPPE f3p# o2 giA|d 4= 3le Al o= dthd

Table 2. Hematological and non-specific immune responses of juvenile Korean rockfish Sebastes schlegelii fed the experimental diets for

13 weeks

Dietary treatment  Hemoglobin (g/dL) Hematocrit (%) NBT' (absorbance) Lysozyme (ug/mL) Ig? (mg/mL) MPQO? (ug/mL)
Con 6.81+0.43 50.0£5.0 1.10£0.05 60.415.57° 23.04£7.05 2.15£0.30°
LAPP 7.17+0.31 50.7+3.0 1.11£0.07 119.8£12.72 23.9+2.84 2.2140.52%
CBP 7.55+0.27 51.8+14 1.08£0.09 114.7£12.02 25.6+2.58 2.44+0.09%
BS-CBP 6.89+0.41 49.2+1.4 1.08£0.08 115.748.552 27.6+1.86 2.45+0.122
BP-CBP 7.57+1.50 51.1x1.4 1.08+0.04 107.5+£23.12 25.8+3.46 2.62+0.43°

'Nitro-blue tetrazolium. 2Immunoglobulin. *Myeloperoxidase. Mean values of triplicate groups. Values are presented as mean+SD. Values in

the same column having different superscript letters are significantly different (P<0.05). The experimental diets were prepared with supple-
menting L-ascorbyl-2-polyphosphate (LAPP), citrus by-product (CBP), CBP fermented with Bacillus subtilis (BS-CBP) or B. pumilus

(BP-CBP), respectively. Con, control.

Table 3. Growth performance and feed utilization of juvenile Korean rockfish Sebastes schiegelii (initial body weight, 22.9 g) fed the ex-

perimental diets for 13 weeks

Dietary treatment FBW! FCR? PER?® Fl4 Survival (%)
Con 52.6+0.77° 1.08+0.022 1.98+0.04%° 31.810.95 92.2+5.09
LAPP 59.0+1.65%® 0.98+0.03¢ 2.19+0.06%® 33.610.93 90.0+5.77
CBP 60.9+0.35° 0.91+0.04° 2.32+0.092 34.0+0.88 94.4+5.09
BS-CBP 59.9+5.182 0.92+0.05° 2.26+0.132 32.8+1.30 83.3+5.77
BP-CBP 56.941.32% 1.060.012° 1.9440.02° 34.5+1.66 84.4+12.6

'Final body weight (g)=final mean body weight-initial mean body weight. *Feed conversion ratio=feed intake/wet weight gain. Protein ef-

ficiency ratio=wet weight gain/total protein given. ‘Feedintake (g). Values are mean of triplicates and presented as mean+SD. Values with

different superscripts in the same column are significantly different (P<0.05). The experimental diets were prepared with supplementing
L-ascorbyl-2-polyphosphate (LAPP), citrus by-product (CBP), CBP fermented with Bacillus subtilis (BS-CBP) or B. pumilus (BP-CBP),

respectively. Con, control.
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El%o] CBPL toRh el 2 22 365t 9lo1A of
of A AR H Bl A Blols S A0 R EgS
Y LLPAL S

sjee} Ah2o] CBPE 2% H7K 49, ol Fol 44t 4t

Ju L

2EELFUN7E AR Ueteh(Table 3). vlER C o
ol Brdopan AUY A9 ol 4YT AR ERO| A
sl 7122 )4 UTHNRC, 2011). o] ¥l 7oA Aol

of 4HE-S CBPE H71e AT77F LAPPTL} 417 2o
& Hof, CBPO| g5 o] 3= HIEHRICE 79 AlWollA =
E31H 0.2 o §E|irki BehHch, Eak CBPE vleh C 9
of thefet AeEA =4S hrskal 2lolAl LAPPO] Hlsf 4
Aol o] A AbmAd I SRl Hop U2 ks ol A
o2 AR ET) Lee et al. (2013)2 A= B. subtilis® &4
Al7]1 CBPE 2-6% 71313 |, @ X|(Paralichthys olivaceus,
2.19 g, 105°) 9] A Abr & SRlo] a7t QASThaL K
SIS T}, ZHE(Pagrus major; 116 g, 85%) (Lee et al., 2015)7 g
2)(44.6 g, 97) (Kim et al., 2017)Z 0] &3+ AL A= AL
CBPE 71 o, o]F2] & W uiAdA| 3 (goblet cell)] <=
£ Z7PIT Bass. sl o] Aol Hoid
= wH|oto] W} 7+ SRR E A Hoskal Joda
9] o] 5o Ef& = 95 SIth(Ellis, 2001). Langhout et
al. (1999)2 Ao citrus pectine 2 71e 749, ©2] A U]
AL O] - E F7HAIRITAL Harskgich. wheba], CBPOl 3
Eo] Q= o] A 8ol o7 YA At 1HA
OB EFEE T YUSAoR AdE

At W CBPY] H7te 21]&2 W o] 2ol obd= S7HA
7| A o2 YEPdth(Table 4). HIERI C= 5= Z2Hl &
ol BA Yl g, Bl CY Ag2 Y] S
ASIAIA o] 79| W mhr]of 9IA|3F AT AT} 5 OFTA|
7= AL R dHA Qth(Darias et al., 2011). B2tz oK Oreo-

Table 4. Biological assessment of digestive organ and vertebral
collagen concentrations of juvenile Korean rockfish Sebastes
schlegelii fed experimental diets for 13 weeks

Dietary treatment HSI" (%) Bone collagen (%)
Con 3.51+0.32 26.7+0.93°
LAPP 3.60+0.14 33.9+1.632
CBP 3.60+0.10 32.3+2.892
BS-CBP 3.810.08 31.8+2.632
BP-CBP 3.70+£0.47 30.1+£1.812

'Hepatosomatic index=(liver weight/fish weight)x100. Mean val-
ues of triplicate groups. Values are presented as mean+SD. Values
in the same column having different superscript letters are signifi-
cantly different (P<0.05). The experimental diets were prepared
with supplementing L-ascorbyl-2-polyphosphate (LAPP), citrus
by-product (CBP), CBP fermented with Bacillus subtilis (BS-
CBP) or B. pumilus (BP-CBP), respectively. Con, control.

chromis niloticus), §-A|(Larimichthys crocea), T4 %30
(Salmo salarys T o2 R H Aol A= Ak ol HE] C
£ 0] A7ishd o 7o &5 W Zehle] ko] S7keict
31 B SFFTHLI et al., 2007; Huang et al., 2016; Wei et al.,
2020). Song et al. (2013)2 Al o] B]EM CHE = CBPE 4
71l 75, 2hs 209w ) FepAll o] sheko] Stk K
kGt ofH dAtell A YeRd CBP19] bl 9t S7h=
CBPof| 275 0] Sl= vlekdl C7} of 7o) AW S 9ol
AEH 0T AMRE QU= A S S A0k wekE

o[t Aol A WACBP= 29| ES9] AP At v 5o
A ol 5ol thet S ax7t CBP| Hlsf tha 2 2o = U
EpStt Bacilluss: wt5-= X AKspore)E @/dste] Goll ¢+
2 gt ofu et fl(stomach)oil 4] Zh4tol] of s wi H= A =
7h ] Srol G7HA] mgsto] Aot A| = O] ek e 4= Q)
=82 A ei(Guo et al., 2016). A= Y| Bacillus
O] A7h= ol 7ol HI B0l o E, ke, A AR S 5
AN 7)= Ao g BiE Qi Kuebutornye et al., 2019). E3F
Bacillus < w2 tAk of| A subtilin, mycosubtilin, rhizoc-
ticinsy} 22 of 2] FAYEES wH|sto] R EH Y o] 8=
FAA 7= Aoz el A Qltk(Stein et al., 2002; Fickers et
al., 2009; Kino et al., 2009). CBP= 1@ A|7|H chaf 2l u} 2|
7 o] §leFo] Z7)elal, erralo] 127} 48)6}7] Lolet §
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