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Effects of dietary by-products discarded after probiotics production
(BPPP) on growth performance, innate immunity, immune
gene expression, and disease resistance against
Edwardsiella tarda in carp, Cyprinus carpio
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This study has been performed to investigate the potential effects of by-product discarded after
probiotics production (BPPP) on growth performance, immune gene expression, innate-immunity sta-
tus, and disease resistance of carp, Cyprinus carpio. For 3 weeks, carp were fed four diets containing
different levels of BPPP at 0, 0.1, 0.2 and 0.5% per kg of normal diet. Every 7 days of feeding,
immune-related gene expression, serum lysozyme activity and ACHso were analyzed. Growth rates
and challenge test with E. tarda were conducted after 3 weeks of BPPP feeding. Both lysozyme
activity and ACHsy were significantly (p<0.05) increased in all BPPP supplemented groups compared
to the control at every 7 day for 3 weeks of feeding trial. The gene expression of pro-inflammatory
cytokines, IL-1 and TNF-a was significantly (p<0.05) up-regulated until 21 days of feeding in all
groups except for 0.2% group on day 7 post feeding. The anti-inflammatory cytokine IL-10 gene
expression was only significantly (»<0.05) increased in 0.1% group on day 7 and decreased (p<0.05)
on day 14 in all BPPP supplemented groups. On day 21, the IL-10 gene expression was augmented
(»<0.05) in all groups. SOD gene expression was significantly (p<0.05) increased compared to the
control on day 14 and 21 post feeding, whereas no significant difference was observed on day 7.
In challenging test, 0.2%, 0.1%, 0.5% and control group showed 80%, 70%, 60% and 40% of survival
rate, respectively. Feed conversion rate was only improved in 0.5% group. In conclusion, the present
study indicates that dietary BPPP suplementation improved growth performance, innate immune re-
sponse and bactericidal activity in carp.
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Lysozyme activity

Micrococcus lysodeikticus (Sigma, USA)E 0.2 M
citrate phosphate buffer (pH 5.8)°l 2 mg/ml T =2
HHAZ 8A-L 96 well plate 2} well F 250 ul<
P AFg Jo] AL 10 plAy EF3 F 30
FE 4% 3027HA] RESAIA FAde F3 =
%S Sunrise micro plate reader (TECAN, Swiss) =
450 nmel| X FFE=E SA8ATh £ 00019 &
F=7t ZAasteE S 1 unitZ2 YERAITH

ACHsg

Alternative pathway complement hemolysis 50
(ACHsp) &2 Yano (1992)9] W& o] &3l &
Attt E719 dAS AAFHeH7] #18f 23 G nee-
dies F-Z3k 5 ml FAL716] 500 1U9] &3-S A
2| ataL o]/ WMo A H A5 233} histOpaque-
1077 (Sigma, USA)S ©|&3lo {5 3
ot 28 % E7]9] A& (rabbit red blood cell,
RaRBC)E 0.01 M ethylene glycol tetraacetic acid-
Mg-gelatin veronal buffer (EGTA-Mg-GVB)Z 23]
A7dE F 1 x10° cells/ml o] FEZ 3] 43} A&
= 0101 IS PBSE 128 3|43k & 96 well
platedl] well B 200, 150, 100, 50 pl¥ EF3}31
EGTA-Mg-GVBE Z}7}+9] welloll F3F0] 200 ul7}
HE & EF39 T RaRBCE 7247+9] welloll 100
A FF3ko] 25°Co A 1A 2t A7 &
220 < g, 4°C A 5E3F A4 EAT. B4
ZN 100 plS 33} Sunrise micro plate reader
(TECAN, Swiss)E ©]-83}4 405 nmol| A 5439
o} 389 AYL (Y) Y/(1-Y) 3 TS 0] 834
50%9] €8S A4S FH univml & AHESFAT

Quantitative PCR (gPCR) analysis of gene
expression

Interleukin (IL)-1B, IL-10, tumor necrosis factor
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Table 1. Primers used for amplification of specific transcripts by quantitative PCR

Target Sequence(5’ to 3°) Product size (bp)  Accession number
18§ CTGAAGAAGAGGAGGCTGTCA 6 ABOIOT0
10§ CCCOCTTGAGATCCTGAAATAT 122 ABLIOTS0
™4 b CCTTGGAAGTGACATITGCTTTT 106 As11s00
SO p PTCACTGGAGACCCGTCACT o IF342355
e § SCIIGacTcrcon o e
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Fig. 1. Effects of dietary BPPP on lysozyme activity (A)
and ACHsy (B) of carp. Data represent the mean+S.D.
(n=5). Different letters above the bars indicate signifi-
cant differences (p<0.05) in different groups.

4 A nis o 107

27 oiHl f 98 (p<0.05) AA F7F HAok 1
U wEE A7k 119 folAde BEEA Fdth

Macrophage, lymphocyte, granulocyte, dendritic
cell & mast cell 5olA A== U3 cytokine
e Az o) 474 BAEAS Fol W] g
o f &, £33} 9 A3} Ao T stth(Reyes-
Cerpa et al,, 2012). ¥ AF M= A2 & &
2 Ax¥ BPPP VMRS & 2193 Folstd
A 74 A vl o} pro-inflammatory cytokine2] 91
IL-1B2} TNF-a 18] 3 anti-inflammatory cytokine2]
dEFQA IL-10 B F4ksE 2488 3= superoxide
dismutase (SOD)ol|l gt fF-H A} dHFo]E ZA}
stttk A o] 24 HAS Al 27 UE
Ue g5 &9 IL-1p¢F TNF-ao] 32 ¢
797 9] 0.2% BPPP H7kt& A93 2E ol A
Fol F 209 xTel B o4 9l
S7Hp<0.05)3t= 2o 2 AFEAThFig. 2). 4D
T A&5 sk 1109 2EL 7979 0.1% BPPP
kNN Bzzel ve feHoR Sk
0.05)3FF o u 14 Aol = ZE BPPP 79
$1014 DA Uil MO8 A (p<005)3HE
Aoz Yelwth 28y HF 219 A o= BPPP
A7bE BN oA oR Fep<0.05)3L
M EF 0.1% F7he Bk asEe] HIbelA
oA (p<0.05) Al S7Feke Ao 2 BEH YT
SOD F37 LEe Fof 74N e H7ba
FolA diza 3 vlaste] ol & Zfol7t glodAl
ok 14 A e} 21D A= dE2F Uy FIA(p<
0.05) A F7FetAth(Fig. 2). & A9 2=
pro- & anti-inflammatory cytokineE ©] postbiotics©ll
ol A HHAPoEM WY o] &43 "o
= B3} dX3H th(Aguilar-Toald et al., 2018,
Maria José and Elena, 2020).
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zZao] 74 FHAREC] 60%2 W, 0.1%, 0.2%
0.5% 9] relative percent survival (RPS)= Z+2}
50%, 66.7% B 33.3%= UEIETE o] 2§ A=
postbiotics % short-chain fatty acids (SCFAs)7}
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represent the mean+S.D. (n=5). Different letters above the bars indicate significant differences (p<0.05) in different

groups.
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Fig. 3. Relative percent survival of carp for 10 days fol-
lowing Edwardsiella tarda (2x10% CFU/ml) challenge.
Carp were fed 0.1, 0.2 and 0.5% BPPP added diet, re-
spectively for 21 days followed by i. p. injection with
E. tarda. Normal diet was fed as a control.

B39} §-AFSFS ™(Tian et al., 2017, Ramirez et al.,
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Aol A & 4 9l%o] BPPP H7F &9 lyso-
zyme, ACHso &4 2 WY A& Fx] DS
o - thHl ol o8 FFH A7 wie o]
2 A% AEE0] oA E AoE FAHHEN
Ao = BPPP H7HALE S Ho7F ol A
Fo ARG VA= BAE Golr ] fd F
TR HVMIRE 219 B¢ FFS F YEhve
YJolo] A& 9 AEAIFE S48 Tian 5
(2017) postbiotics & propionic acid 2 butyric acid
S} 22 SCFAsE Atzmoll H7bskals wf Astae]
AA At Fa8gk &S et AEE A 7A
sted E5Ss 224 SAIEHR AARR S
A eha BaEkdth Table 2004 AAE A
ozl Blsf 0.1% o BF Ee SAAE
A el A Zpol7t BAE A FRO

o H

i)
S
R
N
2y
2
>



& A7F AR o7k GOl Cprinus carpio)®] ARE, AAY B, BYQE FAA 28 F F2E A= 4F 109

ox

Table 2. Growth performances and feed utilization of carp fed different levels of dietary BPPP.

Types of feed

Parameters

Control BPPP 0.1% BPPP 0.2% BPPP 0.5%
Initial body weight (g) 41.2+0.0 41.5+0.3 41.8+0.3 41.1+0.1
Final body weight (g) 49.240.7° 49.0+1.8° 50.3+£2.4° 52.9+0.3°
Weight gain (g) 8.0+0.7" 7.6+2.0° 8.542.7° 11.8+0.4°
Weight gain (%) 19.4+1.8° 18.345.0° 20.346.7° 28.7+1.0°
Specific growth rate (%) 0.8+0.1° 0.8+0.2* 0.9+0.3° 1.240.0°
Feed conversion rate 1.8+£0.6" 1.8+0.0" 1.7+0.1* 1.5+0.1°

The numerical numbers in initial and final body weight (g) represent an average weight of 10 fish per each group

from three repeated experiments.
Weight gain (g) =Final weight (g) - Initial weight (g)

Percent weight gain (PWG)=[100 x (Final weight-Initial weight) / Initial weight]
Specific growth rate (SGR)=[{LNFinal weight (g)-LNInitial weight (g)} / DAY] x 100
Feed conversion ratio (FCR)=Total feed taken (g) / Weight gain (g)

Different superscript letters indicate significant differences (p<0.05) in different groups.
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