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Table 1 Composition and nutrient levels of experiment diets ( DM basis) %
T H Akl Diets
Items T1 T2 T3 T4 T5
JEK} Ingredients
ft} Fish meal 28.00 25.00 25.00 25.00 25.00
A Soybean meal 13.00 18.00 18.00 18.00 18.00
SEHFHI Rapeseed meal 10.00 10.00 10.00 10.00 10.00
165 %k Peanut meal 11.00 11.00 11.00 11.00 11.00
FAS AT High gluten 25.00 25.00 25.00 25.00 25.00
Wil — %45 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50
23 Fish oil 3.00 3.00 3.00 3.00 3.00
M Soybean oil 2.00 2.00 2.00 2.00 2.00
KZIWeNE Soy lecithin 2.00 2.00 2.00 2.00 2.00
Ykt ZHUR AL Vitamin premix" 0.10 0.10 0.10 0.10 0.10
WY U AL Mineral premix® 0.50 0.50 0.50 0.50 0.50
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WA ik} Diets

Items T1 T2 T3 T4 T5
S ALPBTH Choline chloride 0.50 0.50 0.50 0.50 0.50
#iAd % C WBRNE Vitamin C phosphate ester 0.14 0.14 0.14 0.14 0.14
HE MR Lysine 0.03 0.05 0.05 0.05 0.05
H Methionine 0.22 0.28 0.28 0.28 0.28
FTE 08 Betaine 0.50 0.50 0.50 0.50 0.50
ML 4EER M Cellulose 2.51 0.43 0.33 0.23 0.13
NP % B 3 LY Brewers’ yeast extract 0.10 0.20 0.30
41t Total 100.00 100.00 100.00 100.00 100.00
35K Nutrient levels”

M T Crude protein 39.41 39.37 39.45 39.41 39.40
MG Ether extract 10.01 10.01 10.11 10.08 10.05
7K 4% Moisture 8.60 8.67 8.63 8.66 8.57
HLIK 53 Ash 5.80 5.75 5.72 5.71 5.72
i HE Gross energy/(MlJ/kg) 19.38 19.30 19.31 19.37 19.35

D) & T e ZHIRA 4 One kilogram of vitamin premix contained the following: VA 3 230 000 IU, VB, 4 g, VB,
8 g,VB, 4.8 g,VB,, 0.016 g,VD 1 600 000 IU,VE 16 g, VK 4 g, Mlf& nicotinic acid 28 g,iZ fR%% calcium pantothenate 16 g,

MR folic acid 1.28 g, {JLEE inositol 40 g, 4% biotin 0.064 g,

2) BT Y HIR A 4 One kilogram of mineral premix contained the following: MgSO, - H,0 12 g,Ca(10,),
9 g,KCI 36 g,Met-Cu 1.5 g,ZnSO, - H,0 10 g,FeSO, - H,0 1 g,Met-Co 0.25 g,NaSeO, 0.003 6 g,

3) EFR/KF R LM{E . Nutrient levels were measured values.
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1.5 L/min, faf 56 F 2= AMK I E F7 it 8 5%,
FFRIME 2 R (08:00 F1 18:00) [N 75 & 16 K
(40% HLEE 1 BT\ 10% MLARITT ) o 156 T 45 Hir , 48 &5
AR E 12 h, B BEHUAR AR EH RN A P
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IFIE] A K A8 B AE T O o 24 08 B (R T8 o a3y
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JE o I MHE B (CHO) | H il =8 (TG) | #j % 4
(GLU) JRE A (UN) . HHEF (ALB) Bk & H
(GLB) . = % B Mg 8 11 IR [ 5 ( HDL-C ) IG5
G4 (M0 [ B (LDL-C) & & K& % 5 5 & B
(AST) & N#EE BE ( ALT) 16 7E % FH 4 A 3 A= 1k
SIATACCH SE 7600, HAS) JEATINE 1L 375 70T
f T AL RE 1 (T-AOC) 45 Bt H B 1 8 4k By i
( GSH-Px) |t A AL Y157 fL g ( SOD) | i Ak & ify
(CAT) BfMEwER I (AKP) \— A LA B (NOS) |
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T HHE(AnG-0; - ) &= R B IRAH & (At
AR TREBESE BT ) 4K RN & BT B kAT
W, I35 e BEEREE 1 M (1gM) | i 83 35 38 A
F—a(TNF-a) 41/ F -6 (IL-6) 1 1 41 g /-
K -8(IL-8) 7t fdt il 1K O 728 W2 B 35 ( ELISA)
kiR 7 & ( R&D Systems, Minneapolis, Minneso-
ta, SE ) IR BT & U A T E
1.4 #E#HRHE

HAOE R (%)= 100%
[RIEE(g) - PIMEE(g) I/PIEE(g) ;
FREAEKF(%/d)=100%
[In KAKE (g)-In WA E (g) | /1 F K
BER(gRB)=HEmp i)/
[ (MR R+ A K ER) /2] ;

TER R (% ) = 100x K R E/ 41 1h AL
JEHE R (g/cm’) =
100XK T (g) /IR K (em)?;

JEAR HE (ST, % ) =
100X AT (g) /AT (g) ;

A H (HSI, % ) =

100X FIETE (g) /AT (g) 5
JA A L (18T, % ) =
100 (g) /AT (g) ;
MR (IPF, % )=
100x I8 AR (g) /1A (g) 5
Tk R =R B At
M (g)/[ RIAE(g) -
WIAE (g) 1;
EHE T EICE
100x[ KA (g) - PIKRE (g) 1/[ HAGE
B (g) X B R R A RS R (%) ],
1.5 BEFIT S5
KT SPSS 17.0 G it 44 v B3 K R 5 22 53 #r
(one-way ANOVA) il Duncan [KE {8 £ & LI
PR G A5 S 22 B E AT A AT A B AN
T 2 J7 22 35 5% B Dunnett-T3 #5602 617 2 &
PeAs, X0 HHs FH - 34 {8 £ 45 M % ( mean+SE ) &
IR, P<0.05 FREFBE,

2 &% B
2.1 MEEBESREIYI L4 &4 K AR BT
F %2 AT, T2 AL i & W E 1T T1 41
(P<0.05) ,T3~T5 4 AEf &5 T1 400 W%
Z5(P>0.05) , AR MKE BER etk
AT N R S = D € N UR AN IR
o AR H B R B ORTE B R TG W 22 (P>
0.05) .
2.2 REEERIR BN X 0 & 4h f 4K 4B R B0 B0
M2 3 RI, 4% 4 |) 4 fa K 4y CRLEE A R KL
JIE W AV K 23 5 B35 0 i 35 25 5 (P>0.05)
23 MBEBRSENYIIEL L EMFEL,
MEL ISR REEIRNEME
% 4 A0, 45 41 8] A 5 1l 35 A= A6 48 BR G i
25 (P>0.05) i 25 ML R RE 4R BRCH) R 0 i T
TR, A T Ak S B, P R A 40
M2 -6 S E A, TS 4Ll i & AL S e 1k
HEEDT T2 40 ( P<0.05) , T3~ T5 41 1l 7 7 — 1%
FAiEA R -6 ¥ B EMT T2 41(P<0.05),
S Al i 375 0 PRI R S B 8 B R 4% 41 T G
25 (P>0.05)
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Table 2 Effects of brewers’

yeast extract on growth performance of juvenile Japanese seabass

=] 205 Groups
Items T1 T2 T3 T4 T5
WERE FI/ (g¢/R8) 10.81+0.28* 9.56+0.08" 10.18+0.34"  10.16+0.24® 10.10+0.28"
KIKHE FBW/g 46.50+0.41 40.67+2.16 46.16+1.41 45.60£2.25 42.70£2.54
HE AR WGR/ % 358.62:+4.02 299.09+21.28  355.26£13.94 349.68+22.23  308.32+19.32
FrE KR SGR/(%/d) 2.77+0.05 2.47+0.10 2.70+0.06 2.68+0.09 2.51+0.08
% # SR/ % 95.59+1.47 97.09+1.70 97.14%2.86  95.45+1.52 94.08+1.73
TR #E FC 1.25+0.01 1.32+0.03 1.27+0.03 1.28%0.04 1.33+0.01
% H B3R PER/ % 189.65+1.53 182.28+4.40 186.70+3.86  186.62+4.34 177.00+1.74
B E CF/(g/cm®) 1.73+0.06 1.74%0.01 1.78+0.04 1.7120.02 1.75%0.02
MR VS % 10.48+0.12 10.66+0.27 10.65+0.60 9.95+0.35 10.25+0.20
FFR . HST/ % 0.79+0.01 0.80£0.02 0.77£0.04 0.85£0.03 0.83£0.06
Wik Lt 11/ % 0.72+0.04 0.74%0.06 0.68x0.01 0.76+0.07 0.70£0.01
N IPF/ % 5.75%0.40 6.26+0.30 6.22+0.48 5.64+0.21 5.80+0.21
[RA7 504 B AR A /NS FRER R 2 5 W3 (P<0.05) , &I,

Values in the same row with different small letter superscripts mean significant difference ( P<0.05). The same as below.

x3 MEEEEHREY N LG4 B AR B R (R EEA )
Table 3 Effects of brewers’ yeast extract on body composition of juvenile
Japanese seabass ( wet weight basis) %
=] 20 % Groups
Items Tl T2 T3 T4 T5
7K/ Moisture 67.72+0.51 67.46+0.21 68.22+0.36 68.56+0.30 67.32+0.22
#H 2 H i Crude protein 16.39+0.25 16.40+0.22 16.74+0.12 16.71+0.10 16.50+0.04
FLAG 7 Ether extract 7.66+0.81 7.27+0.30 6.71+0.37 6.86+0.17 7.2620.26
MUK 4 Ash 8.05+1.43 7.75x0.93 8.84+0.84 8.78x1.08 7.82+0.86
®4 BEBRSRIYNEGHENEFEL HEANEFRERBIEROZE
Table 4 Effects of brewers’ yeast extract on serum biochemical, antioxidant and non-specific
immune indices of juvenile Japanese seabass
WiH 2H %) Groups
Ttems Tl T2 T3 T4 T5
H:4kFEH5 Biochemical indices
H&EH ALB/(g/L) 15.70+0.26 16.23+0.70 15.03+0.33 15.37+0.35 15.50+0.87
BRE#EF GLOB/(g/L) 24.57+0.58 24.50+0.58 23.53+0.61 24.40£0.26 23.23+0.20
1 & CHO/ ( mmol/L) 3.76+0.09 3.61+0.06 3.41+0.02 3.49+0.12 3.52+0.18
Hil =8 TG/ (mmol/L) 4.51+0.15 4.27+0.16 4.04+0.09 4.11£0.08 3.96+0.23
BN ANE ALT/(U/L) 4.50£0.50 5.67+0.67 4.67+0.88 4.50+0.50 5.00%1.15
AR AR AST/(U/L) 63.33+3.28 68.33+7.12 68.00+7.00 68.50+7.50 70.33+£9.40
B B )i A 1 L[
.15+0.01 .14+0.01 .12+0.01 .12+0.01 .11+0.01
LDL—C/(mmol/L) 0.15+0.0 0.14+0.0 0.12+0.0 0.12+0.0 0.11+0.0
H
5 £ A 1.20+0.04 1.12+0.04 1.06+0.03 1.17+0.04 1.03+0.09

HDL—C/ (mmol/L)
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i H 215! Groups
Items Tl T2 T3 T4 T5
JK % % UN/(mmol/L) 2.33+0.07 2.60+0.12 2.53+0.13 2.40+0.12 2.53+0.07
#iZgH GLU/(mmol/L) 6.74+1.08 7.83+0.47 6.160.54 6.51+0.24 6.51+0.94
PrEATEFR Antioxidant indices
RyTA kEE)) T-AOC/(U/mL) 2.60+0.23 2.80+0.12 2.64+0.26 3.01+0.10 2.58+0.26
ALY B LB SOD/(U/mL) 113.93+1.27 113.26+3.51 117.10+1.27  112.64+3.73 117.18+3.50
i A L & CAT/(U/mL) 2.77+0.20® 2.32+0.15" 2.45+0.17° 2.61+0.38" 3.36+0.07"
L s
gﬁgﬁﬁ%gﬁ?% 243.76+6.49 227.79+7.56 243.94+5.40  244.75+7.13 253.58+7.38
W % MDA/ (nmol/mL) 22.09+1.47° 21.19+0.99° 14.46+1.37°  10.58+0.39° 11.56%1.09°
BUAERLPTE T A i 192.60+1.73 196.55+0.84 196.56+1.82  192.72+1.85 193.81+1.59
Anti-O; + /(U/mL) .60£1. .55£0. .56£1. 72418 3.81%1.°
R4 S e 2 F8 A1 Non-specific immune indices
R B AKP/(U/L) 65.91+0.98 64.00+1.30 62.19+1.15 62.14+1.12 63.28+2.89
VTG LZM/ (U/mL) 376.12+12.57 376.04+5.98 389.61+12.91 387.33%6.28 385.69+8.23
— AL A A’ NOS/(U/mL) 8.88+0.62 8.33+0.27 8.69+0.64 8.62+0.20 9.64+0.50
HIERRE 1 M IgM/( mg/mL) 2.15+0.11 2.31%0.30 2.54+0.13 2.39+0.05 2.41+0.20

1 130.66+38.14
124.08+1.20™
117.16+8.11

—

089.16+12.84 1 083.54+29.54
113.62£5.00™ 102.51+2.36°
108.82+3.94 114.29+4.31

1 060.77+20.23
107.48+5.15°¢
119.21+4.89

R SR BE N F—a TNF-o/ (ng/L) 1 024.75%27.91
F 44 256 TL-6/(ng/L) 130.17+4.89°
F 4014 % -8 IL-8/(ng/L) 114.92+10.36

24 BEABGRIEMMEGHEFERLEL
FEAREI 00
HI3 5 Al 01, Bl T I B £ O o8 i T

Jn, T4 TS RSP A A L RE T3 B S T T~
T3 41 ( P<0.05) , T3 ~ T5 20 JiTF i 3 40 fh &0 30
BEET T1 4 (P<0.05) , HoAh BT BBt S L 35 b

ey, AR U B BT 4R TR BE T R i 4k I T T

x5

A BIIC R E 2R (P>0.05)

ne i B 3 R BN M X L8R &) 8 B B FL EAL AR AR Y RS0

Table 5 Effects of brewers’ yeast extract on hepatic antioxidant indices of juvenile Japanese seabass

gE| 2H %) Groups
Items T1 T2 T3 T4 T5
MY ALRE
o P b b b a a
T-AOC/(U/mg prot) 0.31+0.02 0.29+0.02 0.28+0.01 0.38+0.02 0.42+0.02
& s

AL AL 11.44+0.40 10.98+0.22 11.40+0.38 11.43+0.64 11.44+0.36
SOD/(U/mg prot)
it A AL Al b a a a @
CAT/(U/mg prot) 23.52+0.62 26.29+1.72 27.53+0.85 27.55+0.74 29.24+1.23
2 e H ki A AL

30.80+0.50 28.45+1.64 29.40+1.84 29.81+1.53 32.22+0.90
GSH-Px/(U/mg prot) * * * * *
R 1.03+0.04 0.88+0.07 0.88+0.05 1.03+0.06 0.97+0.08
MDA/ (nmol/mg prot)
HUB A& T A

15.46+0.54 14.85+0.38 15.32+0.59 15.27+1.07 14.65+0.35

Anti-O; - /(U/mg prot)
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Fig.1 Effects of brewers’ yeast extract on cumulative
mortality rate of juvenile Japanese seabass

suffered hypoxic challenges
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Table 6 Effects of brewers’ yeast extract on serum and hepatic antioxidant indices of juvenile

Japanese seabass suffered hypoxic challenges

gE| 2H %) Groups
Items T1 T2 T3 T4 T5
I8 ¥R Serum indices
MyiEAfES T-AOC/(U/mL) 7.02+1.13 6.20+1.09 6.81+0.70 7.38+0.87 6.08+0.30
BAYIE L SOD/(U/mL) 202.78+1.60 194.63+1.40 201.96+3.72  204.09+1.08 199.74+3.53
&L Al CAT/(U/mL) 14.61+2.69" 15.38+1.40° 16.60+1.18°  20.10+2.04* 22.72+2.25°
FE I H R A P

297.45+15.95 285.58+10.67  287.25+20.97 275.87+9.33 305.58+16.69
GSH-Px/(U/mL) * * * * *
N % MDA/ (nmol/mL) 24.11+1.58° 22.94+1.06° 21.27+1.04™  17.46+0.31° 17.09+1.60°
DB T E % 384.10+7.83 374.11+13.66  378.84+6.28  386.28+7.09 384.49+8.95
Anti-O; - /(U/mL) e e D e e
HFNEFE#5 Hepatic indices
M Ak fg
BALALRE 0.28+0.02 0.30+0.01 0.30%0.06 0.30+0.01 0.30%0.05
T-AOC/ (U/mg prot)
B AL T N N " . .
SOD/(U/mg prot) 10.67+0.72 10.60+0.78 14.22+1.42 18.53+2.46 19.35+0.64
nHEALE
KL AL R 23.96+0.93 22.20+1.66 23.35+3.31 23.45£1.05 26.35+0.42
CAT/(U/mg prot)
25 e H IR A Sk o

33.60+1.08 35.25+2.68 34.92+2.63 37.15+0.80 35.28+0.39
GSH-Px/(U/mg prot) * * * * *
=R 2.70+0.17° 2.72+0.21° 1.29+0.08° 1.36+0.27° 1.19+0.02°
MDA/ ( nmol/mg prot) T T e T o
YU A B T 3

o 14.19+1.98 14.29+1.01 14.90+2.45 15.18+1.30 13.17+0.64
Anti-O; - /(U/mg prot)
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Effects of Dietary Brewers’ Yeast Extract on Growth Performance,
Antioxidant and Anti-Hypoxic Stress Ability of Juvenile
Japanese Seebass ( Lateolabrax japonicus )

PENG Kai"** SUN Yuping"**" WANG Guoxia">* HUANG Yanhua'*?****
MO Wenyan"*?* XIAO Hongfa'**
(1. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China; 2. Guangdong
Key Laboratory of Animal Breeding and Nutrition, Guangzhou 510640, China; 3. Key Laboratory of
Animal Nutrition and Feed Science ( South China) of Ministry of Agriculture,
Guangzhou 510640, China; 4. Guangzhou Fishtech Biotechnology
Co., Ltd., Guangzhou 510640, China)

Abstract; A 56-day feeding trail was conducted to evaluate the effects of dietary brewers’ yeast extract on
growth performance, antioxidant and anti-hypoxic stress ability of juvenile Japanese seebass ( Lateolabrax ja-
ponicus) . A total of 525 juvenile Japanese seebass with an initial body weight of (10.14+0.12) g were divided
into 5 groups with 3 replicates in each group and 35 fish in each replicate. Five isoproteic and isolipidic diets
were formulated by adding 28% of fish meal without brewers’ yeast extract (T1) , and 25% of fish meal with
0(T2), 0.1% (T3), 0.2% (T4) and 0.3% (T5) of brewers’ yeast extract. Results showed as follows: 1)
the feed intake of fish in T2 group was significantly lower than that in T1 group, but was similar with T3 to T5
groups ( P>0.05). Final body weight in T2 group was lower than that in T1 and T3 to T5 groups ( 0.05<P<
0.10). Treatments did not alter the physical indices and whole body composition ( P>0.05). 2) The serum bi-
ochemical indices had no significant difference among groups ( P>0.05). The serum catalase activity in-
creased, whereas serum malondialdehyde and interleukin-6 contents decreased with the increase of dietary
brewers’ yeast extract. Serum catalase activity in T5 group was significantly higher than that in T2 group ( P<
0.05) , and serum malondialdehyde and interleukin-6 contents in T3 to T5 groups were significantly lower than
those in T2 group ( P<0.05). Similarly, the hepatic total antioxidant capacity and catalase activity increased
with the increase of dietary brewers’ yeast extract. The hepatic total antioxidant capacity in T4 and T5 groups
was significantly higher than that in T1 to T3 groups ( P<0.05). The hepatic catalase activity in T3 to T5
groups was significantly higher than that in T1 group ( P<0.05). 3) After 6 h of hypoxic stress, the cumula-
tive mortality rate in T3 to T5 groups were significantly lower than those in T2 group ( P<0.05) , serum cata-
lase activity in T4 and T5 groups was significantly higher than that in T1 to T3 groups ( P<0.05) , and serum
malondialdehyde content was significantly lower than that in T1 and T2 groups ( P<0.05). Moreover, T1 and
T2 groups had lower hepatic superoxide diamutase activity than T4 and T5 groups ( P<0.05) , and hepatic ma-
londialdehyde content in T3 to T5 groups was significantly lower than that in T1 and T2 groups ( P<0.05). In
conclusion, adding 0.1% to 0.3% of brewers’ yeast extract improve growth performance, antioxidant status,

and anti-hypoxic stress ability of juvenile Japanese seebass. [ Chinese Journal of Animal Nutrition, 2020, 32
(1) :334-345]

Key words: brewers’ yeast extract; Japanese seebass; antioxidant; hypoxic stress
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