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A 2B G FE 2 K Fpa ¥ 304 42 4 (Oreochromis niloticus X
O.aureus)= & % §8 e = 2 B2 580 J A&l ¥ Fov %“rm/"‘%c L A N
Fafga30% Fiedd Fen? S g2 R 2hLli 20 0lRE 15
v FRBORH - E IR R 2R Y F 2 £0%, 8%, 16%,
24%, 32%% 40% > B+~ o & = E4F 0 A W4k 4 £1022 £ 0.01g 2
Imhfad RPN ERER R AT A E P ERET I RA
fRd s 2 A FHP- R PR 2k e B £ &0 AlHES
ARG KPPt R B Y B2 E 16% e 4 ¥ (P<0.05) % 4k @ 096
8%% 40%e » Hépt 2 B @A ELE 5 S « Jov Fond 2 v
FREFEL AWML TG AR duld o 4 $9FH &S 28 P B
B F-v B 7 £ 8%E F B 0% 4000 o h L R e 2 T TR
Ao A PR B Y 7 E8%EREF R 2 16%2 32%
o HepZ ;L/r?z#ﬁ#ﬂlaﬁ FE AR opteh o G e X A A
SERBFRE -SRI AN L I E R 2 PR FR B
2 ?T%gﬂ 1% gki2 (broken-line model) i §f 4 45 > E 3 A Mk i & & ch2 5f
FpaP-RF 24 R0 T3 8 5216%-

B4Ess. 2R iFpa ~ L3304 ~ <& ~ e



Abstract

A growth trial was conducted to investigate effects of corn distiller’s dried grain
with soluble (DDGS) concentration on growth and body composition of juvenile
tilapia (Oreochromis niloticus X O. aureus). Tilapia were fed 30% crude protein
diets in which dietary protein was supplied by fish mea and soybean meal
(ratios of fish mea protein to soybean mea protein were 1 : 2), and to have
DDGS replacing soybean meal at 0%, 8%, 16%, 24%, 32% and 40% of soybean
meal protein, respectively. Each diet was fed to triplicate group of tilapia (mean
initia weight: 10.22 + 0.01 g ) in arecirculating rearing system for 6 weeks. Fish
fed diet with DDGS replacing 16% soybean meal protein had significantly
(P<0.05) greater weight gain (WG) than fish fed diets with 0%, 8% and 40%.
Feed efficiency (FE), protein efficiency ratio (PER), and protein gain of the fish
had similar trend as the WG Hepatosomatic index (HSI) was higher in fish fed
diet with 8% than fish fed diets with 0% and 40%. Mean cropuscular volume
(MCV) was higher in fish fed diet with 8% than fish fed diets with 16% and 32%,
the other blood parameters was not different among the dietary groups. In
addition no significant differences in whole body proximate composition.
Conclusion: Weight gain analyzed by broken-line regression indicated that the
optimum DDGS replacing soybean protein level for tilapiawas 21.6%.

Keywords: Corn distiller’s dried grain with soluble, tilapia, growth, body

composition
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I LI »Fﬁ'j\/)g-,ﬁ B ]+ 3 55(Wilson, 1989) -
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S B3 RR OB TR Rl F o A A p AR A% E R F (Tacon,
1993) > Flut kA A ER B FIBRES TN AL 0 T RORDRE 2
IPFH L SR R FARRR T AP AR b

{4 42 Fov X 4§ 2 4 (Soybean meal, SBM) L i 7 2 S
2 G FORIR RS T RS A YORMEG 3 B B dg S
V4F o AP I A R AR Y gl GlAZiE 40%01 b o 3T E K F Bk
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B AR A o 77 B 450 258 iFpha(Corn distiller’s dried grain with
soluble, DDGS)E_17 25t 5 Rk » S fc L AW Pl ek B A 4
(co-product) = i+ & % - Y P A ¥ 2 WEFFE 0 DDGS ik
T4 2 ETH4e 0 E 1 2006 £ 2 ® DDGS £ & € © &ZiF 1000 & = #f
(Shurson, 2006) > Z & chis i i¢ = DDGS 7% 3§ #4p 4 i3t 2 v &l
B EWaST S AR A S EEREAR 00 B A AR~ B9 e R
a2t ZBEOFE LRy E R EEIRITAFE S
BAEE S A& o Spiehs F A T 7 (2002)47 2k e ended B EE G
28-32% > "3 5 7 8 5 88-125% #Himichz £ 5 0.42-0.99% 0 Aieph h
7 £ 5 061-1.06%: P % P s * 5k A8 4 4 45857 ¢ 3 Jog (Cheng and
Hardy, 2004) ~ #. 4. (Tidwell et a., 1990 ; Webster et a., 1991, 1992a, 1992b,
1993) - @1 4. (Kaur and Saxena, 2004) 12 2 % 3% 4 (Wu et al., 1994, 1996) - 2.
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31 7 ¥ %4 4% 2 5F iFpka(Corn distiller’s dried grain with soluble, DDGS)
A

DDGSE11 3 3 5 Rl % 5o R 2 & % jFpi (fuel ethanol)
fe & 4~ (co-product) - 3T+ & &k » v P A ¥ A F WiEFH E > DDGS
$ 12006 % FDDGSH % & § ¢ &4z 610005
2= g (Shurson, 2006) » & & =iy 3 iE = DDGSew 31 2 4p et 2 v 40
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g HEE 7 E 3 43 e110-15% (NRC, 2001) » # % iTp = ey
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E P 208 BEESF SRS - A0 3K 21%(Ham et al., 1994) -
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0%% 10%:~DDGS¥ g 7 ths £ > 2 4% el i 3 = 1 I a4k & 0%,
10%% 20%e - 7 & #4HDDGS™ ¥ § 1% 7% chph?y § k& » 7% ¢ DDGS
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TH A RIS e o - MK P Bk §DDGSHE £ 910% 0 Ak d 4
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B33 7V BV IERI N P kA AR EZ BT

B DDGS * >tk A& 4 4. %7 ¢ 7 dop (Cheng and Hardy, 2004) ~ #
4. (Tidwell et al., 1990 ; Webster et al., 1991, 1992a, 1992b, 1993) 12 2 % 3% 4.
(Wu et d., 1996) - Wu¥ + (1996)4y 1 % Fv F & £ & 40%P* - if +
35%DDGS™ # % §R 4 E Pl X £ E > U2 bR S 2 R T
% o Webster % 4 (1993)% 1% %.8%:1 4. 4 F¥ » DDGS¥ # 2 30%% & %
EAROTE  FR Gy T3 B LRPIREATRFALT RS RE
DDGS* B~ £ 35-40%+% & # % %3k # 0% £ (Tidwell et al., 1990 ; Webster et
a., 1991) > i 3% i-DDGS:E 70%P € i = fh 4 & 2 Boiwpi st L HiE
(Webster et al., 1991) - Webster & + (1992a)# i 35%DDGS3 35%-49%:1
DDGS» 3R ip &8 2B~ R a3 ¥ chd s 3 fh b 0 2 % 3 Ak 8 0% 4 4
35%DDGS% 49%:r+ & 45 » $H#h g ch £ B % 40 034k & 12%h 4 B %
48%:11 & 45 - Webster % + (1992b)&k & 90%:DDGSY A §f *F i 4v dpriepi
W4k & 5500DDGS ¢ B F ' MR A A -8 F 3 £ o 4 5 0%, 10%, 20%%
30%:7DDGSL # 4. > £ w4+ H 4R e S & 8 F B 5 (Webster et al., 1993) -

34 T3 g2 g h

EERA R AL B EMA(Cichlidag) » 5 p a2 TREFEF
FERABAfEZ — 0 P RE R AR DL GRNAAZE 22 fEo I A ar

AEAAY AT 2L W md fost 4 (El-Sayed,1999) - £ 3% 4.
il i DT AEARSET AR HIREZ B 50 B g
F#fE - REFPHEE - 0= 52 R 2R B E AL 2% (FAO)

TrofERAIFARA R -EFHAR PR 2RNINEALE A
1984 # :71186,544 > wpii4v 1 2,025,560 = #f(FAO, 2005) » = + & k= &
71l B ERA S p L R ERAFEL — ¥ SREFERES R
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A I g hEAZE T AR 95 £ 5 hidp] 72581 e L Etia L E R
2006) -
35 A 4tA b 3y B kiR fI* F

0O e p ARSI LT AR RaRAHYE R
R EEEF T AL By T RE N & 2450% o B F RE LT
A G R FRRAE TR T OREE I RANTE NG
ARG L R RE TG H B0 R RS 42%+ anginine

1.72%¢ histidine , 3.11%¢7 isoleucine , 3.39%:7 leucine , 5.12%:lysine ,

™~
|
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3.68%:1 methionine , 3.75%¢ phenylalanine , 3.75%: threonine , 1%:r
tryptophan %2 2.8%:1 valine (Santiago, C. B., Lovell, R.T., 1988) - 4k & % 3.
AT R AR - IR AR S AR hed FRR D R B AR AR R
(Tacon, 1993) » Flpt4F B Jifict fdd ~ fadr = & > % S04 P Bo it b
BT k9 Tk B9 e iy T RiRicd b9 kG5 2 ok
f% # ¥ (protein concentrate and hydrolysates) ~ #i#& s (krill meal) 3 g pxis
(squid meal) 2 p + & 4= chg & 4+ ¢ 4 74 &) A 4 (poultry by-product med,
PBM) ~ = # (blood meal, BM) ~ -k %33 = 35 (hydrolyzed feather meal, HFM)
5 ¢ 4 5 (meat and bone meal, MBM) » &t 43§84 &% > IRB~ R &3P end b
B X R4 h3e B R R(El-Sayed, 1999)- 5 4+ |+ kR & 7 % & #5 (Soybean
meal) ~ # = # (cottonseed meal) ~ 7= 4 4 (groundnuts med) ~ = A Fxa O
(sunflower meal) ~ i 3+ = (rapeseed meal) ~ 2 Jir#+ #- (Sesame meal) ~ -k 2
18 4~ (aquatic plants) ~ %+ iz (copra meal) ~ & fr + (linseed meal) ~ %%
(duckweed) ~ 2 5 #5 4 (corn gluten feed) ~ £+% ¥ #- (cassavaledf) ~ @ F i 45
(sesbania seeds) ~ x 1 % % (pam kernel) (El-Sayed,1999) 2 7z ¥ 73 4~ §2 % i
#a (distiller’s dried grains with soulbles, DDGS)(Lim et al., 2007) » 4. &g ¥4+ 48
Plde FRBaf|® FEBATT M e R ~ o1 EHZE 4
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AR EOTER Y A RS e £ 3R 4 42 4 (Oreochromis niloticus x
Qaureus)  MLp s a fia 7 = » A k&7 22 LRG3 8 RHF P (74
x95x45cm: WxLxH) 3% - 7 138795 o 28X ] pi7h
Ao A IR AT A (JEdd 5 4590 ~ g vh s B9g ~ fe Rk
i 109%) -

2.t pe gl

KA T B g8 2 F sk 4 ke e Tablel #77 o k5 Shiau f- Hsieh
(2001) % 3t g4l heffie= o 3d WRREZRE L:2 chd P25 2h
5 70 FRADAH L UL PR 2R ky Tz 24595 0%,
8%, 16%, 24%, 32%,40% » ¥ & 32% % 40% &~ &|; ”]‘4\1 0.25% % 0.3
Opchdfiipe » 2K iFpa ~ A 2§ 2L —A A A 7 Table2 s skt &
P Rk i 3K Ekf(Cornstarch; 2 B Sigma = & )i g Rk 5 35K 4 (Corn
ol; sESTAE) 2 4w (Fshoil ; 2 ® Sigma = & ); %%?4% ;
4% 29 A-F A 5 27 A% a2 4 (Nippon Paper Industry, Japan) -
AL ID L 1 AR A L ﬂﬁ?é’ﬁ%iiz?_ﬁ’“kféid»‘a@zﬁﬁ%».rzggi
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Tablel. Composition of the experimental diets (%)

DDGS replace level 0% 8% 16% 2496 329% 40%
Ak 15 15 15 15 15 15
(Fish meal)

T ER 43.6 40.2 36.7 33.2 29.7 26.2
(Soybean meal)

FHa 0 6.5 13.0 19.5 26.0 325
(DDGYS)

BNV &2 15 15 15 15 15 15
(Corn starch)

e AgaE 2 2 2 2 2 2
(Carboxymethlcellulose)

ENY N 7 6.2 53 4.5 3.7 2.8
(Corm ail)

Ao 33 33 3.3 3.3 3.3 3.3
(Fish ail)

a4 Z2RES 2 2 2 2 2 2
(Vitamin mixture)

Ty ERE 4 4 4 4 4 4
(Mineral mixture)

Bai 7.6 53 3.2 1.0 0 0
(cellulose)

iR 0 0 0 0 0.25 0.3
(Lysine)

ZF v 0.5 0.5 05 0.5 0.5 0.5
(Cr05)

Total 100 100 100 100 105.95 | 108.1

lvitamin mixture supplied the following (per g mixture) : Thiamin hydrochloride, 5 mg :

Riboflavin, 5 mg ; Calcium pantothenate (Pantothenic acid), 10 mg ; Nicotinic acid, 6.05
mg; Biotin, 0.003mg ; Pyridoxine hydrochloride, 0.825 mg; Inositol, 200 mg; Folic acid, 1.5
mg ; L-ascorbyl-2-monophosphate-Mg, 2.025 mg ; Choline chloride, 44 mg ; Menadione, 4
mg ; a-tocopherol acetate, 40 mg ; Para-aminobenzoic acid, 5 mg ; Retinol acetate(Retinyl
palmitate), 0.4 mg ; Cholecaliferol, 0.0004685 mg. All ingredients were diluted with

a-celluloseto 1g.

’Mineral mixture supplied the following (per g mixture) : FeCgHsO7.nH,0, 29.7 mg: Calcium
biphosphate, 135.8 mg; Calcium lactate, 327 mg ; KH2PO,, 239.8 mg; NaH2PO,, 87.2 mg ;
NaCl, 43.5 mg; AICl3.6H,0, 0.15 mg; Kl, 0.15 mg; CuCl,.2H,0, 0.1 mg ; MnSO,4.H,0, 0.8
mg; CoCl,.6H,0, 1 mg; ZnSO,.7H,0, 3 mg. All ingredients were diluted with a-cellulose to

1g.




Table2. Proximate composition of ingredients used in feed formulations on

dry matter basis

Parameter DDGS Soybean meal Fish meal
Moisture 10.0% 10.2% 5.55%
Ash 4.8% 57% 15.8%
Crude protein 24.2% 43.1% 64.7%

Crudefat 14.59% 2.5% 9.6%




Table3. Proximate analysis of experimental diets (%)

Replacelevel (%)  Moisture (%) Ash (%) Crude protein (%)  Crudelipid (%) NFE (%)
0 9 9 30 13 39
8 9 9 30 13 39
16 9 9 30 12 40
24 10 9 30 12 30
32 10 9 30 12 39
40 10 9 30 12 39

*NFE : nitrogen free extract = 100— (crude protein + fat + ash + crude fiber + moisture)
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fe 30 & Micro-Kjeldahl (A.O.A.C., 1995) # - B~# %% 059 4cf§
439 (KoSO, 1 CuSO.L5H,0=9: 1) » 4 15ml A A 35 ¢ » 5 3
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3y 234 (Equation) :
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# § 3 P~3 (Nitrogen-free extract, NFE) :
NFE(®%) = 100 — &K - (5) — F A (8) — M 55) —mE &%)

42 # £ % (Weight gain)
PR LE > aMUERH LRG0 E > £ 00100
P8 o8 (Equation) :

final body weightfe) — initial body weight(z) y
initial body weight{z)

Weight gainf®s) = 100
43 % # % (Surviva ) !
FoRERPF > T FMAT T RE L BT B 42 kB A o
3y 234 (Equation) :
Jfinal nmumber of fish

Suvival(%) =
vivai(*¢) initial number of fish 100

4.4 &il»ed (Feed efficiency , FE) :
FoRPE > Mg +#Es 1ol ir+e2 T o
3y o3¢ (Equation) :
final body weight(o) — initial body weight{c)

B = x 100
feed intakefz)

45 F-v Ff|* F(Protein efficiency ratio , PER )
FEHRDEF > LR AFHEP1g B0 T ez AT R(Q)
3y 234 (Equation) :
final body weight(z) — initial body weight{z)

PER = x 100
protein intake(z)




4.6 %8 ' (Hepatosomatic index , HSI)
FERERE > LA REE WML L A o
& 254 (Equation) :

liver weight(c)

5= body weightfz) 00

A7 3% T &4 5 (Protein deposition , PD)
BEHD T > 5 GRAE P LG > R e AR T E R (%) -

3y 234 (Equation) :

o final body protein(e) — initial body proteinfz) -
= X
Jeed intakefc)

4.8 755 % # 5 (Lipid deposition, LD)
TR EF > T F A FP 1g 44 > 3842 8 7 £ (%) -
5 o34 (Equation) :
Jinal body lipidig) — initial body lipidiz)

D= : x 100
Jfeed intakefz)

4.9 3-v F & £ (Protein gain)
FHRYPET > T nhtka N htz 39 FEREFL(9)-

3y 234 (Equation) :
Frotein gain = final body protein(g) — initial body protein(g)

4.10 *; % & % £ (Lipid gain)
FoHRPE > I h s T A2 TR ()

P8 a3 (Equation) :

Lipid gain = final body lipid{g) — initial body lipid(eg)
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Bl %7 2 k35 micro-kjeldahl (A.O.A.C., 1995)
411 st a 47

F % BIhp{l+ SAS/PC #48 (SASPC version, SASIngtitute, Cary , CA
USA) > i H F]3 % B x¥cs 7 (one-way analysis of variance , ANOVA) »
PlE t#ked T3 2 (P<005) 27 HEFARPF > L UFHE < 5 8L
B] % (Duncan’s new multiple range test ) # & — ¥ & 7 (SASPC program) o
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Iafad el iFphaP>rreahid Tk ZEDERS &
6> H A 74cTable 7~ Table8 #77r » & 3 %= = 3% (Red blood cell, RBC)
v & Zf (White blood cell, WBC):* #c ~ = % % Jk & (Hemoglobin, HGB) ~ = +*
% %z & (Hematocrit, HCT) ~ T % & 7k 48 # (Mean corpuscular volume,
MCV)~ T 35%xn Ha 2% 7 £ (Mean corpuscular hemoglobin, MCH) 2 T 35
Ik e %% kA (Mean corpuscular hemoglobin concentration, MCHC) - £
R frdlpe? 2 TOrg RPHF AT I L IFP-H R B R0
Tz 28%uky¥ s 16%% 32%e » A4t iphikralhsyril -

Table9 5 S 58 4.2 4 MW 24748 2 FaP-F 5 B4 v
TR ZEOEE S FEH A e T s FRE

AR E SRR 2R Fpe R R R B iy T B2
(broken-line model) ETT%\ 17 AR E AR DA FREER 2R
0 B2 E 5 21.6%(Figl) -



Tabled. Weight gain (WG), feed efficiency (FE), protein efficiency ratio (PER) and survival of tilapia fed diet

containing different amounts of DDGS for 8 weeks'

Replace level (%) Weight gain (g) FE PER Surviva (%)
0 87.1614.23 0.4610.02 1.52+0.10 100.000.00
8 88.2815.15% 0.4610.02 1.53+0.09% 100.000.00
16 100.66+3.63° 0.5240.01° 1.7610.04° 100.000.00
24 99.5915,38™ 0.52+0.03"™ 1.71+0.06™ 100.00£0.00
32 98.22+9.95" 0.51+0.05** 1.71+0.14™ 100.00£0.00
40 89.3515,28%° 0.47+0.02* 1.5610.05% 100.00£0.00

'Data are expressed as mean + SD (n=3). Values in the same column with different superscripts are significantly

different (P<0.05)



WG (%)

102

y=-0.64x+116.2 (r*=0.85)
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Figl. Effect of the DDGS content of diet on weight gain in
tilapia. The broke-line model that fit the percent weight
gain has a breakpoint at 21.6% protein.



Tableb. Protein gain, lipid gain, protein deposition and lipid deposition of tilapiafed diet containing different
amounts of DDGS for 8 weeks"

Replace level (%) Protein gain (Q) Lipid gain (Q) Protein deposition (%) Lipid deposition (%)
0 1.55+0.05% 1.45+0.11 0.22+0.06 1.68+0.20
8 1.4910.13% 1.56+0.22 0.22+0.08 1.71+0.29
16 1.80+0.00° 1.61+0.30 0.25+0.06 1.68+0.48
24 1.70+0.11™ 1.61+0.25 0.17+0.03 1.72+0.37
32 1.71+0.06™ 1.43+0.18 0.20+0.10 1.4310.14
40 1.57+0.15% 1.62+0.08 0.21+0.05 2.11+0.43

'Data are expressed as mean + SD (n=3). Values in the same column with different superscripts are significantly

different (P<0.05)



Table6. Liver protein and hepatosomatic index (HSI) of tilapia fed diet

containing different amounts of DDGS for 8 weeks'

Replace level (%) Liver protein (%) HSI
0 11.75+0.35 1.90+0.21°
8 10.94+0.28 2.48+0.13°
16 10.98+0.79 2.09+0.16*
24 10.70+0.29 2.09+0.40%
32 11.42+0.28 2.19+0.23*
40 11.11+0.75 1.92+0.32°

'Data are expressed as mean + SD (n=3). Valuesin the same column with

different superscripts are significantly different (P<0.05)



Table7. White blood cell (WBC), red blood cell (RBC) and hemoglobin (HGB) of tilapiafed diet containing different
amounts of DDGS for 8 weeks®

Replace level (%) WBC (10% 1) RBC (10% 1 1) HGB (g/dl)
0 105.70+8.50 1.55+0.29 5.60+1.20
8 112.93+16.27 1.45+0.20 5.50+0.70
16 109.53+13.63 1.28+0.12 5.00+0.40
24 117.00£7.27 1.40+0.24 5.40+0.70
32 118.97+33.05 1.51+0.66 5.90£2.00
40 131.40+13.05 1.64+0.22 6.10+0.60

'Data are expressed as mean = SD (n=3). Values in the same column with different superscripts are significantly

different (P<0.05)



Table8. Hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular

hemoglobin concentration (M CHC) of tilapia fed diet containing different amounts of DDGS for 8 weeks'

Replace level (%) HCT (%) MCV (fl) MCH (pg) MCHC (g/dl)
0 24.5044.90 157.20+2.80% 36.10£2.10 23.00£1.00
8 24.30£3.30 167.70+2.40° 38.20+1.20 22.8040.50
16 19.10+0.70 149.70+10.30% 38.70£0.80 25.90+1.40
24 24.90+1.50 159.60+4.90% 39.1042.20 24.60£2.10
32 23.50+12.20 151.20+12.10% 40.2046.70 26.90+6.30
40 26.3045.10 158.70+10.70% 37.40£1.50 23.70£2.50

'Data are expressed as mean + SD (n=3). Values in the same column with different superscripts are significantly

different (P<0.05)



Table9. Body composition of tilapia fed diet containing different amounts of DDGS for 8 weeks'

Replacelevel (%)  Moisture (%) Protein (%) Lipid (%) Ash (%) NFE (%)
0 66.5+1.0 15.9+0.4 11.5+0.4 4.110.6 2.01.5
8 65.611.5 15.5+0.7 12.0+0.8 4.1+0.3 2.8t1.4
16 66.611.3 16.0+0.3 11.5+1.4 3.810.7 2.011.8
24 66.710.5 15.610.2 11.6+1.0 3.910.6 2.2+1.5
32 66.310.8 15.8+0.5 11.0+0.4 4.010.3 3.2+0.8
40 65.610.8 15.8+0.3 12.3+0.7 3.810.3 2.510.8

'Data are expressed as mean + SD (n=3). Values in the same column with different superscripts are significantly

different (P<0.05)

*NFE : nitrogen free extract = 100— (crude protein + fat + ash + crude fiber + moisture)



NS

IMAfE A A& TN TP AR ER R TR 7 &P » &
AB T 5 AR L R FrF 2 FiE FdoTable 4 #rn o AREH £
Frugk a3 A BN 2ok 9 F 7 B 16%E F B 4k 3 0%2% 40%
o Bt o T mEFAR HRITE 9 FRFE AN ETT AR
g e AT Y AN T FE Y B A T RS B R
sﬁd 1% 2k (broken-line model) % jF 4~ 47 > 3E 3| 4 M5 2 = £ I K Fta

BPg ke B E 2 & 2L6%(Figl) -

Wus 4 (1996)4p M1 § 3¢ Tz £ 5 40%F= > s 4 35%DDGSF i¢ £ 3t
BT A AR 0 R A E R S 2 9 B o o Webster ® 4
(1993)%F . F) T 8%: 4. %> i » DDGS¥ B~ 12 30%% E % %2 1 F ez £ o
FEF-0 7R s YRR R AT o AR 8 # % DDGS¥ P~ ik
35-40%F £ % % 3 K g £ (Tidwell et al., 1990 ; Webster et al., 1991) -
Webster & 4 (1992a)# 35%DDGS2 35%-49%:1DDGS » #1 im g4 > FRB~ &
GUELY g ke S R 0 B 5 E AR 8 0% g ks ~ 35%DDGS3 49%: &
oo WA S R R AR S 12%n g b B A8%hE B o d 1 R
TR T 2R FpaT B ‘?‘}nm/,"j‘ﬁ DL S & S L

o FEEE SRR EE s 0 FEMT R B S5 Table
S5c %0 FREE &SI N FPaPRR 2 kv F7 E 16%H ¥ 3§ 304
4 0%% 40%e > Hept o X gl F AR - pEFE - TERSZ
BMELR PRI T EHIAMRES - 4
Ll Ak s 1K FpraP R 2ok R 7 2 8%k ¥ B 0%
40% % o

TR AL h e 2 T g SR AR S 2K A B
¥ v F 7 E8%EAF B 3T16%2 32% e > HeRE k pdpih e 45 o 3
(Red blood cell, RBC) ~ v = z(White blood cell, WBC)z - #c ~ = =2 kR
(Hemoglobin, HGB)~ & +* % 7 & (Hematocrit, HCT)~ ¥ 2= » 3£ #8 4% (Mean

= o ‘,/Ll‘ N
PR ERF L2 BT R

“&r

corpuscular volume, MCV) ~ T35 % w ¥ x 2% 7 £ (Mean corpuscular



hemoglobin, MCH) %2 T 5% x T & %= % Jk A& (Mean corpuscular hemoglobin
concentration, MCHC) -

ARG H PP AR ER Y TR ZEDEE A TR AHEE
3 & B F B4 - Webster ¢ (1992b)4k % 90%:DDGS A 7 *F if e 4t i
fie ot 4% & 55%DDGS € A % ' i d 488 30 5 £ o 4k & 0%, 10%, 20%
% 30%:7DDGSH #h 4 > & %t H 4 ML &k ¥ B 5 (Webster et 4.,
1993) -



‘-\’:“L : ’?‘"
- F%]:’\'%BFI‘

ER AT HE 2P

AN %:Q—ﬂ,; > /I;Jg
A.O.A.C. 2000. Offical methods of analysis, 16th Ed. Assoc Offica Anal
Chem. Washington, DC, USA.

Cheng Z. J. and RW. Hardy. 2004. Nutritional value of diets containing
distiller’s dried grain with solubles for rainbow trout, Oncorhynchus mykiss.

Journal of Applied Aquaculture 15:101-113.

El-Sayed, A.-F.M., 1999. Alternative dietary protein sources for farmed tilapia,
Oreochromis spp. Aquaculture 179, 149-168.

Floch, J., Lees, M. and Solane, GM., 1957. Simple method for the isolation
and purification of total lipid from anima tissue. J.Biol. Chem.,
26:497-500.

Ham, G A., R. A. Stock, T.J. Klopfenstein, E.M. Larson, D. H. Shain, and R. P.
Huffman. 1994. Wet corn distiller byproducts compared with dried corn
distillers grains with solubles as a source of protein and energy for

ruminants. J. Anim. Sci. 72:3246-3257.

Kaur, V.I and Saxena, P. K. 2004. Incorporation of brewery waste in
supplementary feed and its impact on growth in some carps. Bioresource
technology, 91: 101-104.

Lim Chhorn, Julio C. Garcia, Mediha Yildirim-Aksoy, Phillip H. Klesius,
Caraig A. Shoemaker and Joyce J. Evans., 2007. Growth response and
resistance to Sreptococcus iniae of Nile tilapia Oreochromis niloticus feed
diets containing distiller’s dried grains with solubles. Journal of the World

Aquaculture Society. 38, 231-237.

National Research Council. 1994. Nutrient Requirements of Poultry, Sth



Revised Edition, National Academy Press, Washington, DC.

National Research Council. 2001. Nutrient Requirements of Dairy Cattle, 7th
Revised Edition, National Academy Press, Washington, DC.

Powers, W.J., H.H. Van Horn, B. Harris, Jr., and C.J. Wilcox. 1995. Effects of
variable sources of distillersdried grains plus solubles on milk yield and

composition. J. Dairy Sci. 78:388-396.

Santiago, C. B., Lovell, R.T., 1988. Amino acid requirements for growth of
Niletilapia. Journal of Nutrition 118, 1540-1546.

Shiau, S.Y., Hsieh, JF.., 2001. Quantifying the dietary potassium requirement
of juvenile hybrid tilapia (Oreochromis niloticus x O. aureus). Br. J. Nutr.
85, 213-218.

Shiau, S. Y. and Huang, S. C., 1989. Optimal dietary protein level for hybrid
tilapia(Oreochromis nilotius x O. aureus) reared in seawater. Aquaculture,

81:119-127.

Shurson, J. 2006. The value and use of distillers grains by-products in
livestock and poultry feed. http://www.ddgs.umn.edu/more .htm.

Spiehs, M.J., M.H. Whitney, and G.C. Shurson. 2002. Nutrient database for
distiller’s dried grains withsolubles produced from new ethanol plantsin

Minnesota and South Dakota. J. Anim. Sci. 80:2639

Tacon, A.GJ., 1993. Feed ingredients for warmwater fish. Fish meal and other
processed feedstuffs, FAO Fish. Circ. No. 856, FAO, Rome, Italy, 64 pp.

Tidwell J. H. and C. D. Webster. 1990. Evaluation of distrillers grains with
solubles in prepared channel catfish diets. Transactions of Kentucky
Academy of Science 52:135-138.

Webster C.J., J.H., Tidwell, and D.H. Yancey. 1991. Evaluation of distiller’s
grains with solubles as a protein source in diets for channel catfish.

Aquaculture 96:179-190.



Webster C.J., JH., Tidwell, L.S. Goodgame, JA. Clark, and D.H. Yancey.
1992a. Use of soybean meal and distiller’s grains with solubles as partial or
total replacement of fish mea in diets of channel catfish (Ictalurus
punctatus). Aquaculture 106:301-309.

Webster C.J., JH., Tidwdl, L.S. Goodgame, JA. Clark, and D.H. Yancey.
1992b. Winter feeding and growth of channel catfish fed diets containing

varying percentages of distiller’s grains with solubles as atotal replacement
of fish meal. Journal of Applied Aquaculture 1:1-4.

Webster C.J., JH., Tidwell, L.S. Goodgame, and P.B. Johnsen.1993. Growth,
body composition, and organoleptic evaluation of channel catfish fed diets
containing different percentages of distiller’s grain with solubles. The

Progressive Fish-Culturist 55:95-100.

Wilson, R. P. 1989. Amino acids and proteins. Pages 111-151 in J. E. Halver,
editor.Fish Nutrition, 2nd edition. Academic Press, San Diego, California.

Whitney, M.H., M.J. Spiehs, and G.C. Shurson. 2001. Availability of
phosphorusin distiller's dried grains with solubles for growing swine. J.
Anim. Sci. 79:108 (Suppl. 1).

Wu, Y.V., Rosati, R.R. and Brown, P, 1996. B, P, 1996. B, Effect of diets
containing various levels of protein and ethanol co-products from corn on

growth of tilapiafry. J. Agric.Food Chem, 44(6), 1491-1493.

Food and Aagriculture Oorganization, 2005. Yearbooks of Fishery Statistics

Summary tables, World aquaculture production by species groups.

Frce R ¥ L | A% F 20067 AR o B RipFEFL LT E R0



