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Table 1  Composition and nutrient levels of experimental diets (DM basis) %
Groups
Ttems FM CON D1 D2 D3
Ingredients
Fish meal 60.00 30.00 30.00 30.00 30.00
Wheat flour 26.20 12.76 12.76 12.71 12.36
Soybean meal 20.56 20.56 20.56 20.56
Corn gluten meal 10.00 10.00 10.00 10.00
Vital gluten 4.30 4.30 4.30 4.30
Peanut meal 4.00 4.00 4.00 4.00
Beer yeast 2.50 2.50 2.50 2.50 2.50
Sodium butyrate 0.15 0.30 0.60
Coconut oil 2.30 3.00 2.85 2.75 2.80
Fish oil 2.00 2.00 2.00 2.00 2.00
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1
Groups

Ttems FM CON D1 D2 D3
Vitamin premix" 2.00 2.00 2.00 2.00 2.00
Mineral premix® 1.00 1.00 1.00 1.00 1.00
Composite attranct” 1.00 1.00 1.00 1.00 1.00
Taurine 1.00 1.00 1.00 1.00
Sodium alginate 1.00 1.00 1.00 1.00
DL — DL -Met 0.25 0.25 0.25 0.25
Lys 0.95 0.95 0.95 0.95
Soybean lecithin 2.50 2.50 2.50 2.50 2.50
Choline chloride 0.25 0.25 0.25 0.25 0.25
Ca(H,PO,), 0.40 0.40 0.40 0.40
Phytase 0.20 0.20 0.20 0.20
Y, 0, 0.10 0.10 0.10 0.10 0.10
Calcium propionate 0.10 0.10 0.10 0.10 0.10
Ethoxyquin 0.05 0.05 0.05 0.05 0.05
FeSO, « H,O 0.05 0.05 0.05 0.05
ZnSO, « H, O 0.03 0.03 0.03 0.03
Total 100.00 100.00 100.00 100.00 100.00

Nutrient levels”
Crude protein 51.68 52.70 52.07 51.27 51.11
Crude lipid 10.23 10.55 10.61 11.41 11.33

Gross energy/(M]/kg) 20.18 20.62 20.58 20.62 20.65

v Contained the following per kg of vitamin premix: VA (500 000 1U/g) 32 mg, VB, (98 %)
25 mg, VB, (80%) 45 mg, VB (99 %) 20 mg, VB, (1%) 10 mg, VD, (500 000 1U/g) 5 mg, VE (50 %) 240 mg, VK (51 %)
10 mg, calcium pantothenate (98 %) 60 mg, nicotinic acid (99%) 200 mg, folic acid (98%) 20 mg,
biotin (2%) 60 mg., inositol (98%) 800 mg, C VC phosphate (35%) 2 000 mg., microcrys-
talline cellulose 16 473 mg.,

v Contained the following per kg of mineral premix: MgSO, « 7H,O (15%) 1 200 mg.
CuSO, *+ 5H,0 (25%) 10 mg,FeSO, « H,O (30%) 80 mg, ZnSO, » H,O (34.5%) 50 mg,MnSO, « H,O (31.8%) 45 mg.,
CoCl, « 6H, O (1%) 50 mg,Na;SeO; (1%) 20 mg. calcium iodate (1%) 60 mg. zeolite powder 8 485 mg,

'” Composite attractant composition: lycine — DMPT : glycine :
alanine:5— inosine 5-phosphate=14:2:2:1:1,

b . Nutrient levels were all measured values.

1.2 ,
, s o s 07:00
, 19:00 )
2 s o
s o 1.3
. [ . 24 h,
(13.0040.01) g] 5 3 , (1:10 000) \ .
30 o 5 —20 C
(200 L) 1 ; 4 ) N ,

o b A b N b
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FM (P>0.05), CON
(P>0.05);Dl1 (P<C0.05), FM (P>0.05),

2
Table 2 Effects of adding different levels of sodium butyrate in high plant protein diets on
growth performance of juvenile turbot

Groups IBW/g FBW /g WGR/% FE SGR/ % FI/(%/d)

FM 13.0140.01 79.39+0.34" 510.4242.39° 1.31+0.01° 3.1240.01° 1.8940.01

CON 12.99+0.01 63.42+0.60° 388.0744.69° 1.2240.02" 2.734+0.02" 1.87+0.02

D1 13.02+0.01 79.87+2.58" 513.274+19.13" 1.34+0.01° 3.1340.05° 1.8540.01

D2 13.0040.02 72.6942.54° 459.11£19.15° 1.30+0.01° 2.9740.06° 1.8540.02

D3 12.99+0.01 63.55+2.18° 389.11416.96° 1.21£0.02" 2.734+0.06" 1.88+0.01

(P>0.05), (P<C0.05),

In the same column, values with no letter or the same letter superscripts mean no significant difference (P>>0.05), while

with different small letter superscripts mean significant difference (P<C0.05). The same as below.

3
Table 3 Effects of adding different levels of sodium butyrate in high plant protein diets on
physical indicators of juvenile turbot %
Groups CF HSI VSI
FM 4.8440.09 1.0440.06 4.9140.04*
CON 4.61+0.07 0.96+0.03 4.5740.06"
D1 4.884-0.08 0.9940.03 4.56+0.06"
D2 4.8840.07 0.9240.03 4.694-0.08"
D3 4,8040.05 1.00+£0.02 4,4140.04¢
4
Table 4 Effects of adding different levels of sodium butyrate in high plant protein diets on
body composition of juvenile turbot %
Groups Moisture Crude protein Crude lipid
FM 77.6474-0.64 15.44+0.17 3.35+0.12
CON 78.29+£0.27 15.07£0.34 3.27%0.12
D1 77.22+0.20 15.784+0.17 3.7440.10
D2 77.9740.49 15.5540.13 3.22+0.21
D3 77.60+0.23 15.73+0.15 3.31+0.11
2.5 s
(P>0.05), CON
6 s SOD (P<<0.05), FM (P>0.05);
s D2 s CON MDA s FM. D2z,
FM (P>0.05), D3 D3 (P<C0.05), D1 (P>0.
(P<C0.05), CON 05); CAT
(P>0.05); T-AOC , D1 D2
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CON D3 (P<0.05), FM (P >0.05),D1 D2 (P>0.05),
5
Table 5 Effects of adding different levels of sodium butyrate in high plant protein diets on nutrient
apparent digestibility coefficients CADC) of juvenile turbot %
Groups ADC of dry matter ADC of protein
FM 55.08+£1.73" 79.89+1.44°
CON 46.37+0.18" 71.8940.46°¢
D1 53.30£0.73" 78.53+0.26°
D2 50.314+1.56" 75.4040.26"
D3 50.76 +1.50*" 73.23+0.45"

6
Table 6 Effects of adding different levels of sodium butyrate in high plant protein diets on

antioxidant indices in liver of juvenile turbot

Groups SOD/(U/mg prot)  T-AOC/(U/mg prot) MDA/(nmol/mg prot) CAT/(U/mg prot)
FM 63.92+1.66° 3.1940.18° 0.4840.05" 76.944+2.15*
CON 57.134+1.99" 1.36£0.06° 0.89+0.07° 67.324+2.76"
D1 57.464+1.08"™ 2.0940.21° 0.6640.07* 82.48+1.35"
D2 59.13+1.34" 2.524+0.15" 0.39+0.04°¢ 86.10+2.78"
D3 52.19+0.87¢ 2.51+0.19" 0.41+0.02¢ 55.30£2.53¢
0.15% . .
FM v : ’
3.1 ; ,
b
b o b ’
0.05% ’
; e 0.08% .
[19]
b
’ Ul , (20
: 0.15%
Liu f12] ’ ’ °
1 000 2000 mg/kg 3.2
o 0.
2% ’
[12]
s s N N o
[1s] fz1] ,
o b
50%



29

3398
s , [32] s
. SOD
, \ ; T-AOC
b [22] b b
. 2 . ; MDA
3.3
;CAT .
. Guil- . . SOD
loteau [ T-AOCH (LPS) ,
. SOD,CAT ,
) MDA , ,
Ev E ’ L] H
50 %t 0.1% T-AOC CAT
. el , 25%  15%., MDA
. 15 %0, .
[26] , 50%
(271 Ribeiro [ , SOD  CAT ™
, AOC
. . , 0.15% T-AOC  CAT
CON 0.30%
, . FM ,
MDA .
, 0.15% , ,
. , 0.30%
[29] b b 2 b
, s [35] [36]
, ; ,0.30%
. 0.15%
2 [30—31] , s ,
. 0.15%, .
b [‘37] b
3.4 Lsal,

,0.30% FM



. 3399

[39—40]
3.5
[41]
b
45% ;
30% .
[42]
.Wang %
40% ; Imsland
[44]
43% ;Liu
. 50%
b .
50% —
b
b
4
®
b b
b
) .
. 0.15%,
[1]
[D].
,2014.3—6.
[ 2] FRANCIS G,MAKKAR H P S,BECKER K,et al.

Antinutritional factors present in plant-derived al-
ternate fish feed ingredients and their effects in fish

[J].Aquaculture,2001,199(3/4) :197—227.

[3]

L6]

L7]

£8]

£9]

(10]

[11]

[12]

PENN M H, BENDIKSEN E A, CAMPBELL P, et
al.High level of dietary pea protein concentrate in-
duces enteropathy in Atlantic salmon (Salmo salar
L)[J].Aquaculture,2011,310(3/4) ;267 —273.
SILVA F C P,NICOLI J R,ZAZBONINO-INFAN-
TE ] L,et al.Influence of partial substitution of diet-
ary fish meal on the activity of digestive enzymes in
the intestinal brush border membrane of gilthead sea
bream, Sparus aurata and goldfish, Carassius auratus
[J].Aquaculture,2010,306(1/2/3/4) :233—237.
SITJA-BOBADILLA A.PENA-LLOPIS S, GOMEZ-
REQUENI P, et al. Effect of fish meal replacement
by plant protein sources on nomrspecific defence
mechanisms and oxidative stress in gilthead sea
bream (Sparus aurata) []]. Aquaculture, 2005, 249
(1/2/3/4) :387—400.

BONALDO A,ROEM A J,FAGIOLI P, et al. Influ-
ence of dietary levels of soybean meal on the per-
formance and gut histology of gilthead sea bream
(Sparus aurata 1..) and European sea bass ( Dicen-
trarchus labrax 1..)[J]. Aquaculture Research, 2008,
39(9):970—978.

GAYLORD T G.BARROWS F T, TEAGUE A M,
et al.Supplementation of taurine and methionine to
all-plant protein diets for rainbow trout ( Oncorhyn-
chus mykiss) [J]. Aquaculture, 2007, 269 (1/2/3/4) :
514—524.

YUN B,MAI K S,ZHANG W B, et al.Effects of di-
etary cholesterol on growth performance, feed in-
take and cholesterol metabolism in juvenile turbot
(Scophthalmus mazximus 1.) fed high plant protein
diets[J]. Aquaculture,2011,319(1/2) :105—110.
LIUY Z,HE G,WANG Q C,et al. Hydroxyproline
supplementation on the performances of high plant
protein source based diets in turbot (Scophthalmus
maximus L.)[]J].Aquaculture.2014,433:476—480.
BURRELLS C, WILLIAMS P D, SOUTHGATE P
], et al. Dietary nucleotides: a novel supplement in
fish feeds:2.Effects on vaccination,salt water trans-
fer, growth rates and physiology of Atlantic salmon
(Salmo salar 1) [J]. Aquaculture, 2001, 199 (1/2)
171—184.

’ ’ ’

1. .2012,24
(2):307—313.
LIU M M,GUO W,WU F,et al.Dietary supplemen-

tation of sodium butyrate may benefit growth per-



3400

29

[13]

[14]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

formance and intestinal function in juvenile grass
carp ( Ctenopharyngodon idellus) [[J]. Aquaculture
Research,2016,doi:10.1111/are.13230.

CLAUS R, GUNTHNER D, LETZGUB H.Effects
of feeding fat-coated butyrate on mucosal morpholo-
gy and function in the small intestine of the pig[J].
Journal of Animal Physiology and Animal Nutrition,
2007.,91(7/8) :312—318.

PIVA A,PIZZAMIGLIO V,MORLACCHINI M, et
al. Lipid microencapsulation allows slow release of
organic acids and natural identical flavors along the
swine intestine[ ] |.Journal of Animal Science, 2007,

85(2):486—493.

) ’ ’

7. ,2016,28(7) :2045—2054.
HASSANIN A, TONY M A,SAWIRESS F A R, et
al.Influence of dietary supplementation of coated so-
dium butyrate and/or synbiotic on growth perform-
ances, caecal fermentation, intestinal morphometry
and metabolic profile of growing rabbits[ ] ].Journal
of Agricultural Science,2015,7(2):9752—9760.
PIVA A, MORLACCHINI M, CASADEI G, et al.
Sodium butyrate improves growth performance of
weaned piglets during the first period after weaning
[J].1talian Journal of Animal Science, 2002,1(1):
35—41.

TEROVA G,DIAZ N,RIMOLDI S,et al.Effects of
sodium butyrate treatment on histone modifications
and the expression of genes related to epigenetic reg-
ulatory mechanisms and immune response in Europe-
an sea bass (Dicentrarchus labrax) fed a plant-based
diet[J].PLoS One,2016,11(7) :e0160332.

[Jl ;
2011,26(4) :549—551.
ROBLES R, LOZANO A B. SEVILLA L. et al.
Effect of partially protected butyrate used as feed
additive on growth and intestinal metabolism in sea
bream (Sparus aurata)[]].Fish Physiology and Bio-
chemistry,2013,39(6) :1567—1580.

N

1. +2014,26(8) : 2197 —2208.
AHMED H A,SADEK K M.Impact of dietary sup-
plementation of sodium butyrate and/or protexin on

the growth performance,some blood parameters,and

(23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

immune response of Oreochromis niloticus[J].Inter-
national Journal of Agriculture Innovations and Re-
search,2015,3(4):985—991.
GUILLOTEAU P, SAVARY G.JAGUELIN-PEY-
RAULT Y, et al. Dietary sodium butyrate supple-
mentation increases digestibility and pancreatic se-
cretion in young milk-fed calves[J].Journal of Dairy
Science,2010,93(12) :5842—5850.
ARAUJO G,TERRE M,MEREU A, et al.Effects of
supplementing a milk replacer with sodium butyrate
or tributyrin on performance and metabolism of
Holstein calves[]].Animal Production Science,2016,
56(11):1834—1841.
GALFI P, GABEL G, MARTENS H. Influences of
extracellular matrix components on the growth and
differentiation of ruminal epithelial cells in primary
culture[ ] ]. Research in Veterinary Science, 1993, 54
(1):102—109.
L1

— ,2011,31(2) :65—68.
MALLO J J,PUYALTO M,RAMA RAO S V.Eval-
uation of the effect of sodium butyrate addition to
broiler diet on energy and protein digestibility. pro-
ductive parameters and size of intestinal villi of ani-
mals[ J ].Feed Livestock,2012,8.:26— 30.
RIBEIRO J, GASPAR S, PINHO M, et al. Sodium
butyrate in growing and [attening diets for early-
weaned rabbits[ ] ]. World Rabbit Science, 2012, 20
(4):199—207.

LJ1. ;
2013,40(5) :266—271.
SHIPTON J A,BRITZ P J.An assessment of the use
of chromic oxide as a marker in protein digestibility
studies with Haliotis midae L.[]J]. Aquanculture,
2001,203(1/2):69—83.
RAMSAY ] M,CASTELL J D,ANDERSON D M, et
al.Effects of fecal collection methods on estimation
of digestibility of protein feedstuffs by winter floun-
der[J].Northern American Journal of Aquaculture,

2000,62(3):168—173.

’ ’ [l

2014,50(23) :44—47.



N 3401

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[Jl. ,2015.5
(5):30—34.

’ s ’

1 +2015,27(10) : 3146 — 3154,
ZHAO H X,CAO J M,HUANG Y H,et al.Effects
of dietary nucleotides on growth, physiological pa-
rameters and antioxidant responses of juvenile
yellow catfish Pelteobagrus fulvidraco []]. Aquacul-
ture Research,2017,48(1).214—222.

MENG Y, MA R, MA ], et al. Dietary nucleotides
improve the growth performance, antioxidative ca-
pacity and intestinal morphology of turbot (Scoph-
thalmus mazximus) [ J]. Aquaculture Nutrition, 2016,
doi:10.1111/anu.12425.

ROMARHEIM O H, ZHANG C, PENN M, et al.
Growth and intestinal morphology in cobia (Rachy-
centron canadum) fed extruded diets with two types
of soybean meal partly replacing fish meall ] ]. Aqua-
culture Nutrition,2008,14(2) :174—180.

CAI C F,WANG W J.YE Y T.et al.Effect of soy-
bean meal, raffinose and stachyose on the growth,
body composition,intestinal morphology and intesti-
nal microflora of juvenile allogynogenetic silver cru-
cian carp ( Carassius auratus gibelio § X Cyprinus
carpio $)[J].Aquaculture Research,2012,43(1):128
—138.

LIU W S,YANG Y O,ZHANG L L,et al.Effects of

dietary microencapsulated sodium butyrate on

[40]

[41]

[42]

[43]

[44]

growth, intestinal mucosal morphology. immune re-
sponse and adhesive bacteria in juvenile common
carp (Cyprinus carpio) pre-fed with or without oxi-
dised oil[ J]. British Journal of Nutrition, 2014, 112
(1):15—29.

IRAPORDA.ERREA A.ROMANIN D E,et al.Lac-
tate and short chain fatty acids produced by microbi-
al fermentation downregulate proinflammatory re-
sponses in intestinal epithelial cells and myeloid cells

[J].Immunobiology,2015,220(10) ;1161 —1169.

’ s s

[J]. : ,2016,46(2) :26
—34.

WANG L,ZHOU H H,HE R J,et al.Effects of soy-
bean meal fermentation by Lactobacillus plantarum
P8 on growth,immune responses,and intestinal mor-
phology in juvenile turbot (Scophthalmus mazximus
L) [J].Aquaculture,2016,464:87 —94.

WANG Q. HE G, MAI K, et al. Fishmeal replace-
ment by mixed plant proteins and maggot meal on
growth performance, target of rapamycin signalling
and metabolism in juvenile turbot (Scophthalmus
maximus 1..)[]].Aquaculture Nutrition,2016,22(4) :
752—1758.

IMSLAND A K D,HELMVIG T, KRISTJANSSON
G O, et al.Effect of fish protein replacement in diets
for juvenile turbot (Scophthalmus maximus L.)[]].
Turkish Journal of Fisheries and Aquatic Sciences,

2016,16(2):267—273.



3402 29

Effects of Adding Different Levels of Sodium Butyrate in High Plant
Protein Diets on Growth Performance, Nutrient Apparent Digestibility
Coefficients and Liver Antioxidant Function of Juvenile
Turbot (Scophthalmus maximus L.)

WEI Chaoqing ZHOU Huihui WANG Xuan MAI Kangsen XU Wei HE Gen™

(Key Laboratory of Aquaculture Nutrition and Feeds » Fisheries College » Ocean University of China » Qingdao 266003, China)
Abstract: In this study, a feeding trial was conducted to evaluate the effects of adding different levels of
sodium butyrate in high plant protein diets on growth performance, nutrient apparent digestibility coef-
ficients and liver antioxidant function of juvenile turbot (Scophthalmus maximus 1..) . and to explore the
feasible method for improving substitution of fish meal by plant protein. Using fish meal. soybean meal,
corn gluten meal, vital gluten, peanut meal and beer yeast as protein sources, fish oil, coconut oil and
soybean lecithin as lipid sources, and wheat meal as carbohydrate source, five isonitrogen and isocaloric
experimental diets were formulated. Among them, the basal diet formulated with 60% fish meal was set
as the positive control group (FM group), the substituted diet which used mixed plant protein sources to
replace 50% fish meal was set as the negative control group (CON group). and the other three diets
which were supplemented with 0.15% (D1 group), 0.30% (D2 group) and 0.60% (D3 group) sodium
butyrate into the substituted diet, respectively, were set as the experimental groups. Each diet was as-
signed to three replicates of 30 juvenile turbot with an initial body weight of (13.0040.01) g for 58 days
in an indoor aquaculture system. The results showed as follows: 1) with the increase of sodium butyrate
supplemental level, the weight gain rate (WGR), specific growth rate (SGR) and feed efficiency (FE)
were increased firstly and decreased subsequently. The WGR, SGR and FE in FM, D1 and D2 groups
were signilicantly higher than those in CON group (P<C0.05), while no significant difference in feed in-
take (FI) was observed among groups (P>>0.05). For the viscerosomatic index (VSI), compared with
FM group, the D2 group had no significant difference (P>>0.05), but the other group were significantly
decreased (P<C0.05). No significant differences in whole fish moisture, crude protein and crude lipid
contents were observed among groups (P>>0.05). 2) The apparent digestibility coefficient of dry matter
in D1 group was significantly higher than that in CON group (P<C0.05), while it showed no significant
difference between the D1 and FM groups (P>>0.05). For the apparent digestibility coefficient of pro-
tein, D1 group was significantly higher than that in CON, D2 and D3 groups (P<C0.05), but no signifi-
cant differences were showed between the D1 and FM groups (P>>0.05). No significant difference in the
apparent digestibility coefficients of dry matter and protein were observed between the D2 and D3
groups (P>>0.05). 3) Compared with the CON group. liver total antioxidant capacity (T-AOC) and cat
alase (CAT) activity in D2 group were significantly increased (P<C0.05), but the liver malondialdehyde
(MDA) content was significantly decreased (P<C0.05). In conclusion, under this experimental condi-
tion, adding 0.15% sodium butyrate in the high plant protein diets can improve the growth perform-
ance, nutrient apparent digestibility coefficients and liver antioxidant function of juvenile turbot, but
excessive adding sodium butyrate will decrease the growth performance of juvenile turbot.[ Chinese Jour-
nal of Animal Nutrition, 2017, 29(9) :3392-3402 ]

Key words: sodium butyrate; juvenile turbot; growth performance; apparent digestibility; antioxidant a-

bility

* Corresponding author, professor, E-mail: hegen@ouc.edu.cn ( )



