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Tab.1 Composition and proximate analysis of the experimental diets
% % dry matter
. . / diet no/ supplementation level
ingredient
FM PP20 PP30 PP401 PP40I  PP40III PP40IV PP60 PP80O
* fish meal® 63 50.4 44.1 37.8 37.8 37.8 37.8 25.2 12.6
* soybean meal® 0 6 0 0 8 0 0 0 0
* corn gluten meal® 0 6.5 7 10 10 9.4 9.4 13.5 16
* peanut meal® 0 3 3.5 5 5 4.7 4.7 6 6
* wheat gluten meal® 0 0 3 0 6 4.6 4.6 10 16.6
* soy protein concentrate® 0 0 7 12 0 8.5 8.5 11.5 15
* cottonseed meal® 0 4 4 6 5 4.7 4.7 6 8
* wheat meal® 21.8 13.67 14.23 10.79 9.83 11.77 12.27 7.52 2.98
® L-threonine” 0 0.2 0.17 0.2 0.24 0.2 0.2 0.24 0.4
" L-lysine. HCI® 0 0 0.2 0.3 0.4 0.35 0.35 0.6 1
® DL-methionine® 0 0.1 0.25 0.25 0.35 0.4 0.4 0.4 0.55
taurine 0 0.2 0 0.5 0.5 0.5 0 0.5 0.5
fish oil 6.2 6.7 7.1 7.4 7.3 7.4 7.4 8 8.6
lecithin 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
° mineral premix® 2 2 2 2 2 2 2 2 2
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1(Tab.1 continued)

. . / diet no/supplementation level
ingredient
FM PP20 PP30 PP401 PP40I1 ~ PP40IIl PP40IV  PP60 PP80
4 vitamin premix? 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
¢ attractanth® 1 1 1 1 1 1 1 1 1
Ca (H,PO4),'H,0 0 0 0.2 0.5 0.3 0.4 0.4 1.3 1.9
FeSO4-H,O 0 0.02 0.03 0.05 0.05 0.05 0.05 0.02 0.05
ZnSO,4-H,O 0 0.01 0.02 0.01 0.03 0.03 0.03 0.02 0.02
phytase 0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
"others" 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
proximate analysis (dry matter basis, DM)
/% crude protein 49.1 49.4 50.8 50.2 51.0 51.2 50.8 51.9 53.9
/% true protein 49.8 50.0 49.7 49.7 49.9 50.0 49.6 50.0 50.2
/% crude lipid 13.3 13.4 13.4 13.0 13.5 13.0 13.0 13.0 12.4
/% EAA 20.3 20.8 20.0 20.4 20.8 21.9 21.9 22.3 21.9
/% NEAA 28.8 28.6 30.8 29.8 30.3 29.3 29.3 29.5 32.0
/ EAA/NEAA 0.7 0.7 0.6 0.7 0.7 0.7 0.7 0.8 0.7
/% N-Phy-P content 1.3 1.0 1.0 1.0 0.9 1.0 1.0 1.0 1.0
/(mg-kg™)  Zn content 118.1 137.2 167.6 123.8 195.6 195.5 196.0 150.1 140.0
/(mg-kg™) Fe content 111.6 188.2 219.6 291.0 280.9 283.3 283.6 199.2 292.4
/% dry matter 94.8 95.3 90.9 90.5 93.0 91.7 93.3 93.1 93.3
/% ash 154 14.3 13.2 12.6 12.3 12.4 12.3 10.8 9.2
/(mg-kg™)free gossypol 27.2 44.9 41.3 58.1 48.8 40.6 42.4 61.4 91.3
. , 71.6%, 9.2%; , 50.9%, 1.0%; , 65.9%, 1.5%; ,
49.3%, 0.5%; 16.5%; 0.4%, ( s ); s 78.8%;
2.0%, ( s ) ; s 67.2%, 1.4%,
( s ) ; s 53.1%; 0.5%, ( s ) ;
°L- ,L- DL- , « )
¢ (mg/kg diet): (1%), 50; (25%), 10; (30%), 80; (34.50%), 50;
(31.80%), 45; (15%), 1200; (1%), 20; (1%), 60; , 18485 PP30 PP40I PP40II PP40III  PP40IV
s ; PP60  PP8O 3, ;
d (mg/kg diet): (98%), 25; B2(80%), 45; (99%), 20; B12(1%), 10; K(51%), 10;
(98%), 800; (98%), 60; (99%), 200; (98%), 20; (2%), 60; A(50 1U/g), 32; D(50 1U/g), 5;
E(50%), 240; C(35%), 2000, ( , 100%), 3; (100%), 1470,
¢ (%) ( - 5- =4 2 2 1 1)1
f (%): ( 54.1%, 1.0%; ), 2.5; ,0.25; ( ), 0.10; , 0.05; , 0.10.

Note: * Fish meal, crude protein 71.6%, crude lipid 9.2%; Soybean meal, crude protein 50.9%, crude lipid 1.0%; Corn gluten meal, crude
protein 65.9%, crude lipid 1.5%; Peanut meal, crude protein 49.3%, crude lipid 0.5%; Wheat flour, crude protein 16.5%, crude lipid 0.4%,
Supplied by Great Seven Bio-tech (Shandong, China); Wheat gluten meal, crude protein 78.8%, crude lipid 2.0%, Supplied by Haida starch
Co., Ltd of Weifang. (Shandong, China); SPC, crude protein 67.2%, crude lipid 1.4%, Supplied by Heilongjiang Shuanghe Songnen Soybean
Bioengineering Co., Ltd. (Heilongjiang, China); Cottonseed meal, crude protein 53.1%, crude lipid 0.5%, Supplied by Shandong Guoxin
Industrial Co., Ltd (Shandong, China).

®L-Lysine monohydrochloride, L-Threonine, DL-Methionine, Supplied by Jinzhoucity Huayang Chemical Co., Ltd. (Hebei, China).

¢ Mineral premix (mg/kg diet): CoCly6H,O (1%), 50; CuSO45H,O (25%), 10; FeSO,H,O (30%), 80; ZnSO4+H,O (34.50%), 50;
MnSO4-H,0(31.80%), 45; MgSO,-7TH,0(15%), 1200; Sodium selenite (1%), 20; Calcium iodine (1%) 60; Zoelite, 18485. Effective content of
mineral premix doubled in PP30, PP401, PP4011, PP40III and PP40IV, while zoelite corresponding reduced; effective content of mineral pre-
mix tripled in PP60 and PP80, while zeolite corresponding reduced.

4Vitamin premix (mg/kg diet): thiamin (98%), 25; riboflavin (80%), 45; pyridoxine-HCI (99%), 20; vitamin B, (1%), 10; vitamin K (51%),
10; inositol (98%), 800; pantothenic acid (98%), 60; niacin acid (99%), 200; folic acid (98%), 20; biotin (2%), 60; retinol acetate
(500000IU/g), 32; cholecalciferol (500000IU/g), 5; alpha-tocopherol (50%), 240; ascorbic acid (35%), 2000; anti-oxidants (oxygen ling
grams, 100%), 3; rice husk powder (100%), 1470.

¢ Attractant(% diet) (Betaine Dimethyl - propiothetin  glycine alanine 5 - phosphate inosine=4 2 2 1 1), 1.

TOthers (% diet): Beer yeast (crude protein 54.0% , crude lipid 1.0%), 2.5; Choline chloride, 0.25; Mold inhibitor (calcium propionic), 0.05;
Antioxidant, 0.05; Y,05, 0.10.



128

23

0.2%

=

FCSO4‘H20

50%

2)

2 KRANTRERARRFBEHEER S0XEAEANTERAN(%TYR)

Tab. 2 Amino acid contents of experimental diets (% dry matter)

experimental diet

amino acid -
FM PP20  PP30 PP40I PP40II PP40III PP40IV PP60  PP8O  50% *50% body protein®
essential amino acid
Arg 2.76 3.08 2.95 3.01 2.75 2.72 2.66 2.60 2.63 2.97
His 0.95 0.94 0.91 0.95 0.93 0.83 0.87 0.89 0.88 0.24
Ile 2.05 2.02 1.89 1.83 1.78 1.90 1.87 1.92 1.90 1.89
Leu 3.46 3.69 3.43 3.56 3.75 3.82 3.80 4.11 3.95 3.44
Lys 2.96 2.63 2.59 2.67 2.58 2.58 2.51 2.42 2.46 3.42
Mat 1.57 1.61 1.45 1.45 1.60 1.68 1.66 1.63 1.65 1.4
Phe 1.71 1.81 1.87 1.98 2.52 3.32 3.34 3.86 3.60 1.83
Thr 1.84 2.05 1.94 2.00 1.93 1.90 1.76 1.76 1.76 1.99
Val 2.47 2.47 2.43 2.41 2.41 2.62 2.59 2.64 2.62 2.45
non-essential amino acid
Ala 2.84 2.79 2.62 2.68 2.75 2.89 2.74 2.73 2.73 3.25
Asp 3.99 4.10 3.95 4.24 3.96 3.90 3.85 3.77 3.81 4.75
Cys 0.70 0.73 0.57 0.54 0.60 0.52 0.49 0.51 0.50 0.62
Glu 6.99 7.35 8.05 8.04 8.75 8.20 8.41 9.69 9.05 6.79
Gly 3.46 3.17 2.88 2.84 2.76 2.79 2.49 2.30 2.40 4.32
Ser 1.93 1.99 2.04 2.10 2.10 2.02 2.07 2.17 2.12 2.16
Tyr 1.31 1.31 1.23 1.34 1.34 1.36 1.33 1.51 1.42 1.16
3 ;0 50% .
Note: Values are the means of triplication; *Amino acid profiles in 50% whole body protein of tongue sole.
, , 80
b
2 b
\Y% (STC,
, 24 h
, 30% , ,
5mm 6 mm 27 , 15 9
, 50C 12 h, -20C , 5 mm 3, 6
6 mm 2
1.2 (07:30  19:00), :
(255.21£0.79) g 4 5~10 min,

70%
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) Tukey’s ,  PP40IIl  PP60 WG SGR FER PER
P<0.05 PR FM (P>0.05)
5 2.2
2.1 (P>0.05),
3 ) (FM) , (P<0.05, 4)
FM ,
(WG) (SGR) , PP40III  PP80
(FER) (ET) (PER) (P<0.05)
(PR) (P>0.05) 80% ,
, ,PP30 PP40II (P<0.05), FM

x 3 BEARERXFEEHERFERTHOZE

Tab.3 Growth performance and nutrient utilization of tongue sole fed different experimental diets

n=3; X +SE
/g / /(%-d™") 1% 1%
diet WG (%-d™") SGR FER FI PER PR SR
FM 216.3+3.59 0.97+0.01 1.12£0.02 0.13£0.002 2.28+0.03 41.50£1.10 97.842.22
PP20 223.1+5.78 1.00:£0.02 1.11£0.04 0.13+0.003 2.26+0.09 38.53+1.77 97.8+2.22
PP30 227.6+6.45 1.01£0.02 1.28+0.04 0.12+0.002 2.50+0.09 43.53+1.43 100.0£0.00
PP401 214.2+2.47 0.97+0.01 1.100.03 0.13+0.002 2.19+0.05 37.16£1.15 100.0+0.00
PP40I1 246.5£17.99 1.07£0.06 1.24+0.02 0.12+0.001 2.42+0.05 42.28+2.27 97.842.22
PP40111 230.7+1.33 1.020.01 1.26+0.05 0.12+0.005 2.47+0.09 43.48+1.70 100.0+0.00
PP40IV 219.0+1.30 0.98+0.01 1.19+0.03 0.12+0.004 2.3420.06 40.94+1.57 97.842.22
PP60 230.7+10.78 1.02:0.03 1.30£0.04 0.11£0.001 2.52+0.07 43.38+2.36 100.0+0.00
PP80 214.7£15.34 0.97+0.05 1.23£0.11 0.12+0.006 2.28+0.21 38.02+3.28 100.0£0.00
P 0.32 0.33 0.06 0.07 0.19 0.20 0.75
(P<0.05).
Note: Values in the same column with different superscript are significant different (P<0.05).
* 4 BEFREENEBFEES S RE KB 0
Tab.4  Proximate composition in whole body of tongue sole fed different experimental diets
n=3;x+SE; % % wet weight
diet crude protein crude lipid ash moisture
FM 17.24+0.28 5.76+0.09* 2.11+0.05" 75.10£0.25
PP20 16.79+0.24 5.21£0.37% 2.00+0.03" 76.19+0.52
PP30 16.88+0.14 4.99+0.05% 1.96+0.02° 76.59+0.13
PP40I1 16.68+0.20 5.10£0.15% 2.060.01" 76.32+0.25
PP40I1 16.92+0.30 5.66+0.55% 1.99£0.04* 75.50+0.74
PP40III 17.00+0.17 4.51%0.05° 2.02£0.02" 76.73£0.16
PP40TV 16.91+0.12 5.39£0.14® 1.97+0.02 76.13£0.11
PP60 16.82+0.30 5.05£0.19™ 2.12+0.01° 76.21+0.34
PP80 16.54+0.05 4.55+0.06" 2.28+0.04° 76.84+0.21
P 0.58 0.02 <0.001 0.05

: (P<0.05).
Note: Values in the same column with different superscripts are significant different (P<0.05).
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(P>0.05) , VSI PP40III ,
2.3 PP20 PP401 PP40I1 PP40IV  (P<0.05); CF
5 , PP40III , PP8O  (P<0.05)
FM PP30 , FM ,
FM (P<0.05), (CHO) ,
(P>0.05) FM (VSI) PP40III  PP8O (P<0.05)
(CF)
(P>0.05), (P>0.05)
#5 BEARARNEEEHHARERFME S EBRTS D
Tab.5 Body index and plasma physiological index of tongue sole fed different experimental diets
n=3; X +SE
diet body index plasma
/% HSI /% VSI /% CF /(mmol-L™") CHO /(mmol-L™") TG
FM 0.54+0.03° 2.63+0.01° 0.800.03% 5.38+0.15° 7.04£1.21
PP20 0.490.03™ 2.57+0.03%¢ 0.77+0.01% 5.28+0.60" 7.72+0.93
PP30 0.43+0.02° 2.66£0.08" 0.77£0.04% 4.43£0.41°° 6.22+0.32
PP401 0.47+0.01" 2.30+0.01° 0.740.01°° 4.77£0.37"° 7.07+0.70
PP40II 0.46+0.01" 2.45£0.09% 0.77+0.00*° 4.43£0.21° 7.02+0.93
PP40III 0.53+0.01" 2.940.01° 0.82+0.01° 3.53+0.11% 5.04+0.53
PP401V 0.45+0.01% 2.34+0.03 0.79+0.03% 4.34£0.49"° 7.47+1.20
PP60 0.51+0.02% 2.83+0.16™ 0.72+0.03% 3.98+0.28"° 7.16£1.05
PP80 0.5240.03" 2.67£0.06"° 0.7120.02° 3.42+0.33° 5.72+1.01
P value 0.02 <0.001 0.04 0.01 0.53
(P<0.05).
Note: Values in the same column with different superscript are significantly different (P<0.05).
2.4 ,
, FM( la) PP20( (Soleaa aegyptiaca)™
1b) PP40II( le) PP40IV( 1g) (Solea senegalensis)?*"
; PP30(  1c) PP40I( 1d) PP40II( 1f) (Salmo salar)*" (Oncorhynchus mykiss)*!
PP60( 1h) , (Sparus aurata)[zg] (Oplegnathus
; fasciatus)?! ,
PP8O(  1i) , ) )
’ [23,30-31]
3 )
, (SGR)
3.1 (FER) (PER)
) , PP30 PP40I1 PP40III
) PP60 SGR FER PER
(P>0.05), 4.12%~10.31% 1.71%~16.07%  6.14%~
(60% 80%) 10.53% (P> 0.05)
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i )

Fig. 1 Distal intestine histology of tongue sole fed different experimental diets
Fig. a, b, e and g are normal intestine tissue structure; Fig. ¢, d, f and h intestine structure has a little damage, the lamina propria and
the epithelium has quite a small amount of separation; Fig. i shows the intestine structure was serious damaged, the lamina propria
and the epithelium has quite a lot of separation.
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Effects of replacing fish meal with plant-based protein on growth,
physiological and biological indices, and intestinal histology in tongue
sole, Cynoglossus semilaevis Giintuer

DAI Weiwei, MAI Kangsen, XU Wei, ZHANG Yanjiao, XU Dandan, Al Qinghui

Key Laboratory of Aquaculture Nutrition and Feeds, Ministry of Agriculture; The Key Laboratory of Mariculture, Min-
istry of Education; Ocean University of China, Qingdao 266003, China

Abstract: This study was conducted to replace fish meal protein (FM) with plant-based protein in the tongue sole (Cy-
noglossus semilaevis Giinther) diet without affecting growth performance, physiological and biological indices, or in-
testinal histology. Six plant ingredients (wheat gluten, soy protein concentrate, soybean meal, cottonseed meal, peanut
meal, and corn gluten meal) were selected, and eight plant-based diets were formulated to replace 20% (PP20), 30%
(PP30), 40% (PP40IL, PP40II, PP40III, and PP401V), 60% (PP60), and 80% (PP80) of FM. Each diet was assigned ran-
domly to triplicate groups of 15 fish [initial weight, (255.21 £ 0.79) g] per 500-L aquarium. The fish were maintained in
flow-through aquaria and fed twice daily to apparent satiation for 9 weeks. The results showed that weight gain, specific
growth rate, feed efficiency ratio, protein efficiency ratio, protein retention, whole-body crude protein, and plasma
triglycerides were not affected by the different plant-based protein diets compared with those of the FM-based diet (P>
0.05). However, whole-body crude lipid and plasma cholesterol levels were negatively correlated with increasing
plant-based protein level (P<0.05). The hepatosomatic index in fish in the PP30 treatment was significantly lower than
that in fish in the FM treatment (P<0.05). In addition, the viscerosomatic index of the P40III diet group was signifi-
cantly higher than that of the three other 40% FM-substituted diets. The histological results showed that intestinal villus
of the hindgut were seriously damaged in the PP80 treatment, whereas they remained intact in the other treatments. Ac-
cording to these results, 20%, 30%, 40%, 60%, and 80% FM can be replaced by plant-based protein without affecting
survival, growth performance, or feed efficiency of C. semilaevis. However, replacing 80% of the FM with plant-based
protein affected the physiological and histological indices, which would likely reduce growth performance and feed
intake in long-term trials. Thus, our results indicate that up to 60% of FM can be replaced by plant-based protein in the
tongue sole diet without affecting growth, physiological and biological indices, or intestinal histology.
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