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Apparent digestibility coefficients of dried or
fermented brewer’ s grains for cultured fish

LI Xiaoxia', LIU Biwei', LEI Xiaoting', HU Wenfeng’, PAN Qing'
(1 College of Animal Science, South China Agricultural University, Guangzhou 510642, China;
2 College of Food Science, South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective] To determine the apparent digestibility of dry matter, crude protein, crude lipid
and crude fiber of dried or fermented brewer’ s grains in grass carp ( Ctenopharyngodon idellus) , tilapia
( Oreochromis niloticus) , yellow catfish ( Peltobagrus fulvidraco) and Scortum barcoo. [ Method] The ex-
perimental diets were consisted of 70% basal diet and 30% test feed ingredients, and Cr,O; was added
as an exogenous indicator. The fecal samples were collected by siphon after four weeks of feeding. [ Re-
sult] The apparent digestibility coefficients of dried and fermented brewer’ s grains in different fish were
significantly different (P <0.001). The apparent digestibility coefficients of dried and fermented brew-
er’ s grains in grass carp and tilapia were significantly higher compared with those in yellow catfish and
Scortum barcoo (P <0.05). After fermentation, the apparent digestibility coefficients of fermented brew-
er’ s grain significantly increased compared to those of dried brewer’ s grain in four fish species (P <
0.05). [Conclusion] Herbivorous and omnivorous fish can utilize the dried brewer’s grain better com-
pared with carnivorous fish. The utilization of dried brewer’s grain in fish can be improved by fermenta-
tion. Fermented brewer’ s grain can be used in considerable amounts for herbivorous and omnivorous

fish, but only in limited amounts for carnivorous fish.
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Foo VAL AR SO T 5% 5l 3l W) 0 e E SR ) 5T Y TH
A ISR DL, S TR B SR AN B E 1 AR R
— W BC i A & B E SR B 0 TC 5 R Y Ak
Al o BRSO R FEULIY AL R AL R 1R
A BE A R B FRAN A R AR AR A 2D %o
FEFFIKAR TS 5, [, m] 32 28 SR A e i
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ARFITRA AT, f800 SR 7K 7 5% 58 3l ) 1 1 o
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THAER, A IRDR AL 7 Fifa 2 A K AR S 500

Hh L M A R R E K. Egeit, 2014
AR E A P R T A P 492 42 L, 4Bk
A 1/4, TP (Dried brewer’ s grain) Jg:MP A=
PR e S A A R, S A R R AR
Wi ML 7™ 5 1 AN BT G o, R o R e 7
P TR R, R, PR T B0k T
WP R Ay L et AT AILIE AR AN 8 85, ey T &
B B F T MRS B8R 24 1 SR DRI ST O Y
P PR R rhORL 2T 4 A, BRI T TR
FRsEl Rz N, BT IS 2 R R &
T KR SRR IS R . AT AT IA
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ARG L)L B4 Crenopharyngodon idellus | J&, % %
k4 Oreochromis niloticus 8539 £, Peltobagrus fulvidra-
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PRt 5 A o MR LT DR D JsURE, 7R AR AL
REFEL A Be AT S 100 5 T I 1 A4 0 7 i, P
BIRNOPILAR 1, KIE G ta Je D DALt g 4 A
e AR Y 7 TR 2, 20 Bl B R JE R R
R g R A 1) 2 2 T e, OIS O e AR R
B I 2 DN RE 4 Tl £ 6] IR A i 1 AT
K FTH AL 2R, Bl B 70% 1225 1R R 30% Ff
TG 10 B, BB R R L2
3o TRPR BG40 H T, R E S B i e 20
0.2% K Cr, 05 FE R AMNIRIE /R 5], R B A RIEK
T o3 A R R R A 2 20, BB 5 I )
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F1 THEEMRZBREENERESEM(TYER)
Tab. 1  Nutritional compositions of dried and fermented

brewer’s grains (dry mass) w/ %
Tk KAy HLEEET HLIENT Mer4E S 4%
T-muERE  12.10  20.99 4.40 18.35 0.48 0.52
KEFERS 12.00  26.62 5.58 13.89 0.51 0.87

1.2 KK REFEE
4 MR AT A = KA i, 77
SRR TE T NG PR IE R 58 (300 L) thidk gy, KUK
WA SRR, 7GR 10T TR AS [0 B 78 4o 30 T 2 i 4%
RS H PR IR A AT o I 2 R I 5, )
A T 4y 9ol 2.5.5.5.2.3 Fil 12.8 g [ %L
e B AR S R AL BE ML) A T 24
ARIEAT R, TR Sr 2 AR, 43500 o R R
T4k 2 (DBG ) A& i M A AR 2 (FBG ) |, B~
Wi 3 NER, BAEKL 30 Bfa, #7860 d
MIFRFE IR . BRI 2 ¥R (08:30.15:30) , &Mt &
KRR 4% ~5% o IR R KR R (26. 6 +
1.2) C,pH H 7.4 ~7.8, %fG A >5.0 mg - L™, &
A <0.3 mg - L',
1.3 HmR&E

EARSE 4 G BR R TR h s T
SRR A SE R 2, T 65 CHET, B T %
HASTR T -20 CRMAORAE, SR B 2 IR 2
5 AT B i o
1.4 #IEHRUESHELAN

KA E ik 105 °C % R T4 (GB 6435—
1986) il 5 ; FH 2 1 5T % 4t R FH i BIL G AT
(GB/T 6432—1994 ) il 5 ; #HAR G & f R R KAl 48
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Tab.2 Compositions and nutritional levels of reference diets for four fish species (dry mass)
) _ A ’L’ﬁ?ﬂ)ﬁﬁﬂ&!ﬁiéﬁ%ﬁ/%
TH M RN o R BRSSOl o0y QUEEBUREY  §URBREY
WA 20.00 10.00  17.00 5.00 37.70 1.35 3.85 0.20 0.10 0.10
Je B %4 20.00  10.00  17.00 5.00 37.70 1.35 3.85 0.20 0.10 0.10
A 23.00 0.00 21.00 25.00  20.00 2.00 2.00 0.20 0.20 0.10
E RS 23.00 0.00 20.00 25.00 18.10 1.60 4.20 0.20 0.10 0.50
TR S 5 i o B % BRA ST EC /%
1 fif SALME 4EER C R W BERmRRE RILEERSS s MR Ml - o
(w=50%) WElRnR + ) (w=65%) (w=98.5%) HJi Jilij i3

Al 0.50 0.10 2.00 1.00 0.60 0.50 30.02  5.74 5.41 0.73 0.88
JeFBHEf 0.50 0.10 2.00 1.00 0.60 0.50 30.02  5.74 4.35 0.74 0.87
W 0.50 0.20 0.10 2.00 3.45 0.25 40.91 7.11 4.88 0.65 1.10
FACEE 0.20 0.10  2.00  1.00 2.30 1.70 40.30 8.12  4.75 1.48  1.36

DEHEFEEAEZTRRMSFPEA LA HTA320 751U, 2425 D160 7 1U, 42 5 E16 ¢, 4 5 Kdg, e 5B 4dg, 44k

%B,8¢, YA E B 4.8g, YiA % B, 16 mg, AL 28 ¢, 245 16 g, »FEk 1.28 g, A& 64 mg, LEE 140 g, K4k 777.84 g;
DT om R TR S 45230 g, 4736 ¢, 4£ 99,4 10 g, 4 8¢, 4 1.9 ¢, 49 1.5 g, 4 250 mg, &% 32 mg, A5 50 mg;

3) FEaldh,

£3 HKEAMEFRANR(TUR)

Tab.3 Nutritional compositions of the test diets ( dry mass) w/ %
fph LR RLEE H 5 MR HLET Yk 5 Jxi
B g T 27.3 5.4 7.7 0.8 0.8

o Ll 29.0 5.7 5.4 0.8 0.9
B W T I 27.9 5.8 7.5 0.7 0.8
. T L e 29.1 5.8 4.2 0.7 0.9
it T 7 et 34.9 6.3 4.9 0.6 1.1
o Ll 36.6 6.6 4.8 0.6 1.1
1 A T TP 36.0 7.0 5.6 1.9 1.1
Y T N 37.0 7.4 5.4 1.8 1.1

% (GB/T 6433—2006 ) l 5 ; #l £F 4 Kk I 98 4% 3%
(GBS515—85) M5 ; % & 0 5% FH i il R B 3% ( GB/T
6436—2002) {lll % 5 i 1% 5 2K JH BH B 0 YOt BTk
(GB/T 6437—2002 ) 3¢ ; 4% 75 R FH M Jat 1 I AL
#:(GB/T 13088—2006 ) #F1 11l 52 .

S5 AR AR TR UL A A A -

TR P BRMIEAL R = (1 - R Cr 3/
Fef Cr 5HE) x100 % ,

TR AR E IR S RE R L AL = 100 -
100 x (fapkEH Cr &/ 28 rp Cr 3 x S pix
BRI S/ R IR E R )

e ] e SO W B 4558 R o LT AL
A= AR E R R R -0.7x 2%
TR E IR T U A ) /0. 3 x 100 %

1.5 HELESHH

B K T SAS. 8. 0 B HEAT WA 2 T5 22 70 B
(Two-way ANOVA) ,LSD Z 5 Ht H 46 56 424 {HL 19 22 5+
BEM,

2 #FR

FA e % B AR A B AR R AR X T
AR A I ML A DR T 8 3 0 A SR LT A 5
T4 PR, J5 2o M2 B, D AVEDEERT T MU A
0 I AP AR A0 o KL 11 BT ORELI I AR 2T
e R VMIH AL B AR B ENZBEAEM (P <
0.001) o AN 7] iy £ A Xef = MR8 RS R S P L P e
FEEE IR W BT AL R WA TE R B35 R 2
(P<0.001),

XoF T AL T4 J5 1) 2 W 1k 3 Hl s 2 IR
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Jyrita JeB B AR m RS | B, A 26. 88% ~
64.25% Z 8], Fla] 22 5% B % (P <0.05) , 4 Fffa X}
e T TP A T 9 5 A 3O kR AE 42.80% ~
67.69% 2 [8), Horp | 506 XF 2 T W7 A 1 400 o 1
WHAR B = TP P HEf (P <0.05) , HF#
38 5 v T B A R g A A %o O R MO R T I £
FTH AL (P <0.05) , Tl iy (A S Al 10 8 30 £ T4 o
ZIH R Z B ZF AR E(P>0.05),

Xof T AT HEDREL 2 11 5 ) 2 U T 3 F s IR
WhHAn AR e BB Ak U, 1
59.97% ~74.93% = [i], Fpla] 25 54 B 2% (P <0.05) ,
4 0T e I MU REREL 2B 1 BT ) R AL R s R
AU B Je B %0 AR fa PRl B A, 7
67.43% ~87.33% Z [a], fja] 25 5 5% (P <0.05)

Xof ML AR U ) 28 LT AL 2R p s AR YK
HJE BB e E R R U T 62, 66% ~
98. 94% 2 [a] , Ff [] 22 57 . 3% (P < 0.05) , 4 Ff £ %
% T LIPS R OHEL B D R 2% 08 T b R AR 68.72% ~

99. 78% Z I, 5t F J& & & | £ %) Jh i M AL
U7 A8 WL A 30 24 S0 1y T B e A A (P <
0.05) , A, iy VA ) Xof 4z i M T T REL AR A7 144 2 0L
AR B E & TR (P <0.05) M A%
R PIHZ W ZFRALE (P >0.05)

X WAL REDREL 2T 44 1) R UL A 236 o e 2= AR K
NJEB B Hth BB S R, 7E 6. 50% ~
8.91% Z W], Je % B fh e fo %) - MUP RS RL 2T 4
ARBELTH T 38 24 A 35 T o 300 0 M0 o MR A A (P <
0.05) , T ¥ fh1 H1JE &7 2 A £ 22 (1] | B 390 0 0 e {4
i) =[] 25 5 AN 25 (P > 0.05) o 4 Fof #8519
REHELET Ak 1) 2 UL AR 3 oh v AR YO i f e B2
DA B e R, 7E 10.47% ~ 18.44% 2
], AR e 2 2 A 0T e e MR R 2T 4 1) 2 0L
T AL AR 24 25 v T o AU A = MR e fifll (P < 0. 05) , T
B R I v T A X A R LI R REL T 4 1
FHAR (P <0.05) (HEMMEP BIEMMNEZ
[B] 225 A2 (P >0.05)

R4 AMBENTEEENABEEEIZEERMIHRIELE

Tab.4 Apparent digestibility coefficients of main nutritional compositions of dried and fermented brewer’s grains in four

fish species

FMHR" /%

b (SRR

TY piike=q =i FAR HL2TF 2
B T 64.25+0.13a 74.93 +1.03d 75.03 +3.20d 7.91 +0.06d
Y T N 67.69 +0.67a 87.33 £0.32a 99.78 +0.07a 18.44 +1.49a
BBk T I el 49.19 +0. 18¢ 68.31 +0.22f 98.49 = 1. 14a 8.91+0.23cd
Y T N 63.50 +0.83b 82.85 0. 56b 99.42 £0.21a 17.61 +0.60a
i T 26.88 +0.52f 59.97 £0.79¢ 62.66 +0.53f 6.98 +0.6le
Y T NG 42.80 +0.10d 67.43 £0.72f 68.72 +0.37¢ 14.14 £0.56b
2 A T 35.08 0. 06e 70.13 = 1.28e 86.85 +0.27¢ 6.50 +0.53¢
Y T N 43.70 £0.13d 77.61 0. 16¢ 94.77 +0.20b 10.47 0. 17¢
P £ fif <0.001 <0.00 <0.001 <0.001
TR <0.001 <0.00 <0.001 <0.001
i x G <0.001 <0.001 <0.001 <0.001
1) Rb#AEAFH I AR, FIRBE AR — AR B R AR EFRRF(P>0.05,18D 3 ERE).

JIT A i T A T ML R e 1 08 T Ak %
AR TR T LT R R ) UL T A R BRI AL,
HAs 3 o 0] 4 T ML R T 00 o R LT AL 3R 4
F e TR T MR T B ) R AL (P <0.05) .
REEAL RIS 4 Fh 0 T T B R VLA AL 3R 5 T i
JE H v BRI Oy i 4 (15.92% ) \Je B Bk fa
(14.31% ) AR SEA (8.32% ) \Hifh(3.44% ) . P
A R RS T L R AL 2 1 B R WL A 3 8
B TR T PR R A B SR AL AR (P <
0.05) . KERACHLIS 4 Fh i fapRORL 2 1 o 3R LT
e 52 TH iR B b | R ARIR I O e B B R
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FEHUIR T IR MTH AL (P <0.05) o K EEhb 5,4
obfi X AR L RELAR 17 2 LT A 3 4 TR i v 22 A
U 401 (24.60% ) | ey A Al (8. 92% ) | ¥ i
(6.06% ) JeZ B 14.(0.93% ) o Fr A 15 1 Ff Xof
R T AL REDREL T 248 10 2 LT A 38 249 I 28 i 10 it
TR HER IR (P <0.05) o KIEAL B,
4 Fobv A28 RDRPRLET 28 00T A 3 £ 718 B2 i v 2= A
RNy FA1.(10.53% ) Je B P AE£(8. 70% ) (B
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WS LA A T R WL 1 2 A 4% SR —
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[ 9 UL T %8 B L X A 49 5 1 R 0 2 WL Ak
RO RIC 7 r AR P AR X P £ 2
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PP A 2 XA A S 15 SRDREHEL 2 1 BRI G s
(2L AL B R T o P 2 Pt 2

12RO RE 1 A5 R0 OB B0 R 2
FEAT S, 15 35 5 £ b 28 G Ik 4 2% 5 i 1 8 11K
Ao AT N, Bk 4% £ 1 f 2K 0 f R £F
B ZMF AR BE S TAEMEMEET . FEEK
AT A B A PRI P £ 2K 1 I T 6 PR P 2 Y
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28R AL BRS T WUPORE rPORE 2T 4 B 5 R OROR I
(Ui By 18. 35% (AR 13.89% ) , N 1
4 FhIRsH SRR E TR RITH AL SR . [, R
Qb P T R W A ARG At 14078 SR Y, DT 4
IR SRR R RE T o IR A B, A AL 3
2 AR R v R AR i 2 1 R R
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FEEF T R AR I R R sk
A2 B Mt 2] DU G 1 A T 1 R 8 e, 1 P
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