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Table 1

Composition and nutrients content of the basal diet.
Ingredients g keg! Nutrients content g ke!
Fish meal 30.0 Crude protein® 304.6
Soybean meal 213.0 Crude lipid® 529
Cottonseed meal 120.0 n-3° 104
Rapeseed meal 100.0 n-6° 9.6
Rice gluten meal 140.0 Available phosphorus' 4.0
Threonine (98.5%) 09
DL-Methionine (99%) 5.0
Tryptophan (99%) 0.2
Maize starch 12.8
a-starch 280.0
Ca(H2PO4): 139
Fish oil 292
Soybean oil 4.5
Vitamin premix” 10.0
Mineral premix” 20.0
Sodium butyrate premix’ 10.0
Choline chloride (50%) 10.0
Ethoxyquin (30%) 0.5
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Table 2

Real-time PCR primer sequences.”

Target gene

Primer sequence Forward (5 —3)

Primer sequence Reverse (5 —3')

Temperature (*C)

Accession number

p-defensin-1
hepcidin
LEAP-2A
LEAP-2B
Mucin2
TNF-u
IFN-y2
IL-1p

IL-6

IL-8

IL-15
IL-17D
IL-12p35
IL-12p40
IL-10
IL-11
TGF-p1
TGF-p2
IL-4/13A
IL-4/13B
NF-kB p52
NF-kB p65
c-Rel

lkBa

IKKa

IKKP

KKy
p38MAPK
MAPKKG
p-actin

TTGCTTGTCCTTGCCGTCT
AGCAGGAGCAGGATGAGC
TGCCTACTGCCAGAACCA
TGTGCCATTAGCGACTTCTGAG
GAGTTCCCAACCCAACACAT
CGCTGCTGTCTGCTTCAC
TGTTTGATGACTTTGGGATG
AGAGTTTGGTGAAGAAGAGG
CAGCAGAATGGGGGAGTTATC
ATGAGTCTTAGAGGTCTGGGT
CCTTCCAACAATCTCGCTTC
GTGTCCAGGAGAGCACCAAG
TGGAAAAGGAGGGGAAGATG
ACAAAGATGAAAAACTGGAGGC
AATCCCTTTGATTTTGCC
GGTTCAAGTCTCTTCCAGCGAT
TTGGGACTTGTGCTCTAT
TACATTGACAGCAAGGTGGTG
CTACTGCTCGCTTTCGCTGT
TGTGAACCAGACCCTACATAACC
TCAGTGTAACGACAACGGGAT
GAAGAAGGATGTGGGAGATG
GCGTCTATGCTTCCAGATTTACC
TCTTGCCATTATTCACGAGG
GGCTACGCCAAAGACCTG
GTGGCGGTGGATTATTGG
AGAGGCTCGTCATAGTGG
TGGGAGCAGACCTCAACAAT
GAGCATCTCCACAGCAACCT
GGCTGTGCTGTCCCTGTA

AATCCTTTGCCACAGCCTAA
GCCAGGGGATTTGTTTGT
AATCGGTTGGCTGTAGGA
ATGATTCGCCACAAAGGGG
AAAGGTCTACACAATCTGCCC
CCTGGTCCTGGTTCACTC
TCAGGACCCGCAGGAAGAC
TTATTGTGGTTACGCTGGA
CTCGCAGAGTCITGACATCCTT
ACAGTGAGGGCTAGGAGGG
AACACATCTTCCAGTTCTCCTT
GCGAGAGGCTGAGGAAGTTT
AGACGGACGCTGTGTGAGTGTA
GTGTGTGGTTITAGGTAGGAGCC
GTGCCTTATCCTACAGTATGTG
TGCGTGTTATTTITGTTCAGCCA
AGTTCTGCTGGGATGTTT
TCTTGTTGGGGATGATGTAGTT
CCCAGTTTITCAGTTCTCTCAGG
TTCAGGACCTTTGCTGCTTG
ATACTTCAGCCACACCTCTCITAG
TGTTGTCGTAGATGGGCTGAG
ACTGCCACTGTTCTTGTTCACC
TGTTACCACAGTCATCCACCA
CGGACCTCGCCATTCATA
GCACGGGTTGCCAGTTTG
CTGTGATTGGCTTGCTTT
TACCATCGGGTGGCAACATA
CTTCGCCACTGAATCCACAA
GGGCATAACCCTCGTAGAT

58.4
593
59.3
59.3
60.4
58.4
60.4
57.1
62.3
60.3
61.4
62.3
55.4
59.0
61.4
57.0
55.9
55.9
5359
55.9
58.4
62.3
59.3
62.3
60.3
60.3
58.4
60.4
571
61.4

KT445868
1Q246442.1
F]390414
KT625603
KT625602
HQB96609
JX657682
JQ692172
KC535507.1
JNB63841
KT445872
KF245426.1
KF944667.1
KF944668.1
HQ388294
KT445870
EU099588
KM279716
KT445871
KT625600
KM279720
K]526214
KT445865
K]125069
KM279718
KP125491
KMO079079
KM112098
KT445869
M25013

* LEAP-2, liver expressed antimicrobial peptide 2; TNF-o, tumor necrosis factor o; IFN-y2, interferon y2; IL, interleukin; TGF-B, transforming growth factor fi; NF-xB, nuclear

factor kappa B; 1kBz, inhibitor of kBx; IKK, IkB kinase; p38MAPK, p38 mitogen-activated protein kinase; MAPKK, MAPK kinase.
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PWG = 100 x [FBW (g fish~!) — IBW (g fish~)]/IBW (g fish~');
FE = 100 x [FBW (g fish~—!) — IBW (g fish—!)]/FI (g fish~);

SGR = 100 x [In (final weight) — In (initial weight)]/days;

ISI = 100 x [wet intestine weight (g)/wet body weight (g)].
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Table 3

Growth performance, intestinal growth, digestive enzymes activities, intestinal bacterial counts, intestinal SCFAs concentrations, and folds height in the proximal intestine (PI),
middle intestine (MI) and distal intestine (DI) of young grass carp (Ctenopharyngodon idella) fed diets containing 1000.0 mg kg~! powdery sodium butyrate (PSB) and graded
levels of microencapsulated sodium butyrate (MSB) (mg ke~ diet) for 60 days.

PSB (SB) MSB (SB)

1000.0.(590.3) 0.0 (contrall 500.00160.8) 1000.0.(326.8) 1500.0.0424.2) 2000.0.(503.8)
IBW" 256.78 + 0.69° 256.22 + 0.77° 256.78 + 0.96° 256.44 + 0.38° 256.11 + 0.96° 257.11 + 0.38°
FBW" 688.00 + 9.17¢ 617.11 + 5.05° 781.56 + 6.71" 719.08 + 5.24° 661.48 + 8.84° 633.17 + 8.19"
PWG" 167.94 + 2.88¢ 140.85 + 1.26° 204.37 + 3.70 180.40 + 1.67° 158.28 + 2.66° 146.26 + 3.10°
SGR" 1.64 + 0.02¢ 1.46 + 0.01° 1.86 + 0.02f 1.72 + 0.01¢ 1.58 + 0.02¢ 1.50 + 0.02"
FI* 760.46 + 0269 693.87 + 0.82° 837.48 + 427" 795.53 + 2.91° 746.06 + 0.81° 71420 + 1.13°
FE® 56.71 + 1.10° 52.01 + 0.56* 62.66 + 0.64¢ 58.16 + 0.68¢ 54.34 + 1.09" 52.65 + 1.15%
ILE 61.34 + 4.18" 56.22 + 2.86° 65.22 + 3.67¢ 64.10 + 4.75% 6233 + 1.20™ 59.95 + 0.67"
w* 16.00 + 0.62° 11.98 + 0.98° 19.30 + 0.99° 17.53 + 1.11¢ 14.77 + 0.78" 12.73 £ 1.112
ISI® 2.36 4 0.24" 2.04 4+ 0.16° 2.54 + 0.20¢ 2.45 + 0.18 2.28 + 0.16° 2.06 + 0.19°
Trypsin® 1.43 + 0.06% 1.11 + 0.05* 1.36 + 0.04° 1.51 + 0.08¢ 1.25 + 0.05° 1.11 + 0.07°
Chymotrypsin® 1.38 + 0.09° 1.07 + 0.04° 1.41 + 0.12¢ 1.35 + 0.08 1.26 + 005" 1.09 = 0.06°
Lipase© 1278.82 + 155.65" 805.19 + 116.02* 1610.37 + 232.03¢ 1752.46 + 213.93¢ 1231.46 + 146.75" 757.82 + 146.75°
Amylase” 947.61 + 65.19° 761.19 + 41.29° 915.28 + 65.27> 1042.34 + 31.79¢ 866.46 + 47.25° 728.64 + 40.24°

Aeromonas 6.75 + 0.10 7.31 + 0.10° 6.21 + 0.36% 6.52 + 0.00° 6.62 + 0.137 6.64 + 0.36
E. coli® 7.34 + 0.14%° 7.97 + 0.02¢ 732 + 017 7.13 + 0.29° 7.45 + 030%" 7.70 + 023"
lactobacillus® 7.71 + 007" 6.83 + 0.14° 7.71 + 0.24™ 7.95 + 0.23¢ 7.41 + 033" 7.37 + 0.19"
Acetate 226 + 0.15° 5.41 + 0.36" 3.07 + 0.20" 447 + 036" 4.81 + 043" 7.88 + 0.35°
Propionate” 0.39 + 0017 0.95 + 0.08° 0.41 + 0.04° 037 + 0.04° 0.67 + 0.03" 0.68 + 0.07°
0.94 + 0.06° 0.48 + 0.04° 0.99 + 0.03™ 1.06 + 0.06¢ 1.34 + 0.03¢ 1.47 + 0.03¢

1052.60 + 17893
1169.48 + 149.10°
680.62 + 67.90°

996.77 + 150.91°
808.99 + 134.78°
534.00 + 77.55°

1164.39 + 93.00"
1050.48 + 101.94"
821.04 + 85.79¢

121293 + 127.18°
1061.28 + 119.19°
746.00 + 58.00°

1191.28 + 165.71%
1046.34 + 116.08
723.76 + 57.68"

1096.09 + 136.23%
1037.08 + 85.92"
693.66 + 48.93"
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The enteritis morbidity
o

10
5
0 -
1000.0 (590.3) 0.0 (control) 500.0 (160.8) 1000.0 (326.8) 1500.0 (424.2)  2000.0 (593.8)
PSB (SB) MSB (SB)

Fig. 1. Effects of dietary SB supplementation (mg kg~ diet) on enteritis morbidity of young grass carp after infection of Aeromonas hydrophila. Values having different
letters are significantly different (P < 0.05).

Red and swollen

Control 1000.0 mg kg PSB 1000.0 mg kg' MSB

Fig. 2. Compared with control diet, PSB and optimal MSB supplementation alleviated enteritis symptom after challenged with A. hydrophila in young grass carp.
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Table 4

LZ and ACP activities (U mg~! protein), C3, C4 and IgM contents (mg g~! protein) in the PI, MI and DI of young grass carp fed diets containing 1000.0 mg kg~' PSB and graded
levels of MSB (mg kg~ 'diet).”

PSB (SB) MSB (SB)

1000.0 (590.3) 0.0 (control) 500.0 (160.8) 1000.0 (326.8) 1500.0 (424.2) 2000.0 (593.8)
PI
Lz 124.47 + 10.05% 91.42 + 6.89° 124.86 + 7.55 131.69 + 11.214 116.13 + 13.29% 105.33 + 16.73
ACP 313.78 + 21.85° 218.10 + 16.50° 317.81 + 29.11° 319.04 + 30.77¢ 309.66 + 28.96° 256.25 + 24.13°
3 23.20 + 0.84¢ 18.36 + 1.43° 2266 + 2.17% 24.04 + 1.23¢ 21134 191" 19.36 + 0.95%
C4 11.07 + 0.78¢ 5.98 + 0.51° 9.53 + 0.62¢ 11.51 + 1.08¢ 8.67 + 0.47° 6.66 + 0.58°
IgM 53.48 + 5.73% 45.78 + 3.79° 49.18 + 332% 54.14 + 3.40°¢ 55.06 + 5.96° 55.11 + 3.44°
Ml
Lz 127.36 + 8.33« 95.50 + 15.77° 129.11 + 6.65 136.87 + 9.61¢ 119.67 + 7.86™ 112.07 + 6.14"
ACP 350.98 + 25.96° 237.71 + 20.84° 389.67 + 21.26% 407.66 + 30.46¢ 337.02 + 15.28° 288.41 + 30.36"
C3 26.11 + 1.68° 21.82 + 1.07° 2593 + 1.79° 2851 + 2.30° 2527 + 1.78" 22.43 + 0.95°
C4 12.49 + 1.28° 8.77 + 0.79° 11.66 + 0.82" 14.95 + 1.35¢ 1233 + 1.22° 10.41 + 0.88°
1gM 65.23 + 647° 55.46 + 6.71° 58.10 + 3.24% 66.18 + 6.07° 64.23 + 4.86" 56.93 + 5.48°
DI
LZ 166.31 + 10.78¢ 95.87 + 11.83° 161.37 + 8.27¢ 170.53 + 5.99¢ 148.83 + 9.03¢ 120.57 + 13.04"
ACP 341.53 + 20.71% 246.46 + 29.05% 366.31 + 16.07° 412.23 + 24.50° 334.46 + 27.93° 300.68 + 20.39"
3 3532 + 131 27.08 + 1.36° 36.99 + 2.52° 4059 + 2.71¢ 33.17 + 2.29° 29.07 + 1.05°
c4 19.09 + 1.30¢ 11.81 + 1.68° 17.14 + 1.70° 21.08 + 1.22° 15.88 + 0.92° 13.55 + 0.97°
IgM 70.91 + 6,77 62.05 + 7.82% 64.74 + 6.423P¢ 73.04 + 4.79¢ 67.80 + 5.11> 59.63 + 6.30°

A Values are means + SD (n = 6), and different superscript in the same row are significantly different (P < 0.05). LZ, lysozyme; ACP, acid phosphatase; C3, complement 3; IgM,
immunoglobulin M.
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Table 5

— et Correlation coefficient of parameters in the intestine.
Dependent Independent Pl M DI

-
T [ R . .
ot S P Correlation P Correlation P Correlation P
03 Re Su |t coefficients coefficients coefficients
TNF-o. NF-xB p65 +0.825 =0.086 +0.949 <0.05 +0.832 =0.080
c-Rel — - - - +0.916 <0.05
p38MAPK +0.810 =0.096 +0.916 <0.05 +0.824 =0.086
IFN-y2 NF-kB p65 +0.863 =0.059 +0.958 <0.05 +0.968 <0.01
c-Rel - - - - +0.868 =0.056
p38MAPK +0.801 =0.104 +0.999 <0.01 +0.996 <0.01
IL-1p NF-kB p65 - — +0.760 =0.136 +0.947 <0.05
c-Rel - - - - +0.857 =0.064
p38MAPK - = +0.779 =0.121 +0.981 <0.01
% Lf % y IL-6 NF-kB p65 +0.907 <0.05 +0.970 <0.01 +0.897 <0.05
E y\{ N I] y\{ ji‘ awy B c-Rel - - - - +0.861 =0.061
P38MAPK N = +0.994 <0.01 +0.954 <0.05
IL-8 NF-kB p65 +0.988 <0.01 - = = -
» A\ AY
E/’% j; % Z l E_[J *H 9%‘[‘%63\1():‘[‘ IL-15 NF-kB p65 - - +0.891 <0.05 - -
© c-Rel - — = - +0.740 =0.153
p38MAPK - - +0.821 =0.088 - -
é:k % %% Eu% »% E% ji‘ % i% IL-17D NF-xB p65 - - +0.971 <0.01 = —
. c-Rel - - - - +0.941 <0.05
-H d :L-' p38MAPK = = 1+0.887 <0.05 +0.740 =0.153
IL-12p35 NF-kB p65 +0912 <0.05 +0.961 <0.01 +0.924 <0.05
» = % h) c-Rel - - - - +0.934 <0.05
E‘ — y\{ j: H p38MAPK +0.820 =0.089 +0.967 <0.01 +0.916 <0.05
IL-12p40 NF-kB p65 - - - - +0.849 =0.069
c-Rel — - - - +0.845 =0.071
9‘§ % ‘TI‘LTJ YL ji‘ IZ }EE /Fl *H p38MAPK - - - - +0.794 =0.109
— J
4 /\{ J\ IL-10 NF-kB p65 - - —0.957 <0.05 —0.967 <0.01
c-Rel = — - - —0.866 =0.058
N IL-11 NF-kB p65 - = —0.955 <0.05 —0.929 <0.05
3 ,E o TGF-p1 NF-xB p65 - - —0.875 =0.052 —0.985 <0.01
c-Rel - = == - —0.816 =0.092
TGF-p2 NF-xB p65 - - —0.885 <0.05 —-0.818 =0.091
c-Rel - - - = —0.980 <0.01
IL-4{13A NF-kB p65 - — —0.837 =0.077 N -
NF-kB p65 1B —-0935 <0.05 —0.899 <0.05 —0.928 <0.05
c-Rel lcBa — — - - —0.778 =0.121
1B IKKp - = —0.974 <0.01 —0.941 <0.05
IKKy -0917 <0.05 —0.917 <0.05 —0.979 <0.01

p38MAPK MAPKKE +0.937 <0.05 +0.716 =0.174 +0.713 =0.177
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! Optimal 5B supplementation
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Fig. 7. General summary for the effect of 5B on immune function and its potential signalling pathways in the intestine of fish.
-§ », not through; —— INhibit; ee—————pe might through.
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W5 RSB e i i 1 S AE K RE (PWG, SGR, FIMIFE) FlfziE
IL, IW, ISI, pokEmE, BEAM, REALEON, TSR B
PE, SEIA AW LR W AR, RSB E A K e =, TR
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(i) FIFIE R A FTNF-a, IFN-g2, IL-1b (B&#PD , IL-6, IL-8, IL-
15 (F&PD , IL-17D (F&PD) , IL-12p35ANIL-12, p40 (B&PIEKMI) mRNAJK
S, HFH ERE T PR MM FIL-10, IL-11 (FRPD , TGE-B1 (F&PD) , TGF-

b2 (FRPD , IL-4/13ARIIL-4/13B= 7B H FImRNAK-. b4 A+
HIKIKKB (MANEPD FIIKKg / IkBo / NF-kB p65Fic-Rel

] fe 2 5NF-kBf& 5
(B#PIEEMD) Flp38MAPK/E 5i# % (MAPKKG6 / p38MAPKK])

(3) X T4 B FE, MSBIIIRLLLPSBE3.51%
(4) X TR—APWG, TRIFEAA)G W ERRALZIE M, mESBAN T EN

(MSBfENSBHRIE) 160.8, 339.941316.2mg/kg.
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