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Using Corn Distiller’s Dried Grains with Solubles in the Dairy Rations
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BWE Abstract

Corn distiller’s dried grains with solubles (DDGS) is a good source of protein, fat,
phosphorus, and energy for lactating dairy cows. Good quality DDGS is high digestible
in the rumen and can improve animal performance. Using 10% good quality DDGS to
partially replace corn grain, soybean meal and roasted soybeans in the ration increased
the fat content and decreased the NFC content. The addition of 10% DDGS improved
the average milk production level of mid-lactating cows by 0.9 kg per cow per day.
Although milk fat percentage was not different between treatments or pens, cows in the
DDGS group tended to produce more amount of milk fat per day than cows in the
Control group. Percentage of milk protein was decreased, but the amount of milk
protein produced per cow per day was not affected by feeding the TMR containing
DDGS. DDGS stable for at least a 10 week storage period in hot and humid climates.
These results suggest that DDGS can be effectively used in a TMR by mid-lactating
dairy cows under heat-stressed climatic conditions and is a potential high quality
co-product for the dairy industry in the sub-tropical and tropical regions of the world.
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HNRKMAERE IREREYRREZRBERANIE MEENSTEYZRENES

BREERHS NMREREN BB,

BREIFABRPEASTEVZRENTRMAEFRNGEE, BRFET LR
A TR R0 B 7 2 0 40 AR AR 3 3L 4 9 BUBR (Schingoethe, 2001), 1B R FEE R 2 HR
2 BaEMAAEENAIFNEERBICEANENRA K METAYEREKERD
HRARENYBE T TRANEAS ; Bkt , RAIFLEENREASTANEREKERA
ERBAF BN TTHENTEREELENHBHRE SAESTANEREKREHNERNE
ERBFAERB RO BRI SREMERT , A= R A= R YR ERBERRE

FHAF EERERRERNFRE.
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Figure 1. Dry-Milling Ethanol Production.



AR ERNBBERHBRETEWERBER, KWARA=92—NEZYEE
FENEERPEEY , FHRCERRS ANEHEYRET =6 RESTAYER
EREHRRRENIERZCE DERBRERBBENY BNEE , 2)RBTAY
IESERME LS | ) RBRE, EEBEFNNRBAERIHMAEENSTAYURZRE
JKEAE (Harty, et al., 1998) iR & H iKY 8E JAT S RIE (NRC, 1989; NRC, 2001)
BEEZNERE(CP)MH MU NDF) , BRIRS (Ash) , BIEMHEADF) FMBRER T
BEERA(ADIP)RIE NRC FRFIMBER(ZR—). Harty FA(1998)EXBEHEHIBNM
REABEREERRINERSMBERER, AR IHTPMEEN S TENEZRENKE
H,OHERRS>ERENER  ME-ITHAMEENERERZYE(DOM). BBR(Fat).
X455 (ash), BR¥ER AR #EE B (ADIP)HIE B 7 42 ## % H(Ruminally degradable protein,
RDOP)SFHNBRBEREE. RNBETRERETAUNENLEAHTERD ; 2R
BEARERMETTABEANBEISREONERNEIERR SURYEREKXK
EHREREENAER , ERRINBREMES  REEEINERMERARTR

NERERKTHNERK D RLEN,

®K— BUBYNEREREHNEERIRABR,



Table 1. Nutrient Composition and its Variation of Corn Distiller’s Dried Grain with
Solubles.

B RIIR (Source) Harty, et.al. 1998 | NRC (1989) | NRC (2001)
PHE | BRER ®{E FPHE | BRER
M .
;iﬁzﬁ(NUtnentS) (Mean) | (CV, %) (Table value) | (Mean) | (CV, %)
92.7 1.7 92 90.2 2.0
BYIE DM, %
48.8 7.2 44 38.8 20.1
FR %4 #E NDF, % of DM
15.5 16.9 18 19.7 23.4
Bkt ADF, % of DM
10.5 16.0 10.3 10.0 34.0
BERS Fat, % of DM
4.3 12.4 4.8 5.2 21.1
&4 Ash. % of DM
30.1 3.7 25.0 29.7 11.1
#HEH CP, % of DM
9.7 28.7 - - -
AAMELE
Soluble CP, % of CP
. 8.0 36.1 - 16.8 52.3
METFT A RHREH
ADIP, % of CP
46.5 7.7 53 57.8 -
BEUSMER"
49.2
RDP, % of CP

INRC(2001): B EIFE B (DMI)EMWEBW)E 2% , RDP & 57.8% ; BEWEIF

BEDM)EEEBW)M 4% , RDP & 49.2%,



U4 AREASTRYEZREXENNENERESE

REABGHMABEEETMUSTRYEREIKERAREEDBERENN
£ (Liu, et al., 2000, Nichols, et al., 1998, Owen and Larson, 1991) ; 1R E L ENE
R ETRAYEREREHRURESWEENES T2 M E B (Ruminally degradable
protein, RDP) ¥ B 1 7] £ ## & H (Ruminally undegradable protein, RUP) &2 & 5 & &
. ETAYEREKEREEH 105080 , TH EXATS MM TURE S HE
B YH4L(Chen, et al., 1999, Schingoethe, et al., 1999) , Bt , S AR YEREEXKE
HERRBBYRFHWEERNIR ; Birkelo, et al., (2004)SUERER T HREBREERER
EURYEXEMNREE  BRETSTRYEKERN DI FENENR 227 BE
=/ FE ¥ E (Mcal/ kg DM), &l &{E % Bl Ltk NRC (1989)F1 NRC(2001)& Hi 7 & 10%
10 E 15% ; EAXBRATANS TRV EREHMOEED, B, ek, MBR%
S B (% of DM)2 Bl & 39.5+ 1.4, 85+1.1, 58.146.0, 23.4+2.1 , H{tBER ST H

(Harty, et al., 1998) N BB A EIE,

EURYEREXKERTEANSEESMEYRBMARNEED , YA EERENSE
B EMEWNRELLSE, Fron, etal, (199 ) EHERERBRRT , HEEERS
S0 BENFRM 15%REERKBEHTAEY , KBHBNBEEHY < RATNEHNES
WEEBRSWIUM S BEE (Lactilytic bacteria) Mii¥ 4 B & (Amylolytic bacteria) ; TR
EHRERRTEEREABRNREERFron, et al, 1996) ; ZARREIRME EKEH

TEYSRAR, TREFEI R BENRY 7 BENNE , AMEAHERRRHIR



MEED, ERfFEEIREWERSER AR, BERNEREERENRESH ERMNNK

Ro

Linn and Chase, (1996) # Schingoethe (2001) B &N BB S AAYWEX
BEREBAFEAEREEOTR. EAFERY , STEYEZREKEHRERRAXE
IR E B A9 B E AR R R (Powers, et al., 1995, Schingoethe, et al., 1999), 52X = ¥4H
ke, ENTAYE SR EXKER T ARSI 4 £ EE 2 (Nichols, et al., 1998, Owen and
Larson, 1991)REA 24 E (Liu, et al., 2000, Schingoethe, et al., 1999)W I B, WA , F
RERNIBRNBTEYER , HEETRENERRBBYNHEOENERTR
(Larson, et al., 1993, Lodge, et al., 1997a, Lodge, et al., 1997b). ®RAIAYWEXKEHEAR
BEMZEMAPREHAELRE  BILERXBEFRANAR . HABAERHR

FARE-—HNER , TEERTAMRTIMEANEIERBESTERR.

UERBRENETAYWER , HFTEH IS0 ERERE EX ; Schingoethe, et al.,
(1999)1E i RE R & WA E KB A ARIHER K ZB 43 (81.2%) R T AaF Ag by B
(Unsaturated fatty acids) , = EREMBRAERL 2 BI B EE M H®(C18:2, 55.9%) , W
(C18:1,23.4%) , ¥=HE®(C16:0, 15.0%) , EREBE(C18:0, 2.7%) , ZEFF{—JHBR(C18:3,
15%) , BREXHMEHERMARBESE , ATABUE(1odine value) TTHEEE 120 Z 125 ;
AUSTAYEZREEKERERFNBEXARIEEENRMNEE BXRZRET

BYEKEMABERERIF ABE , 42,5898 As by B Lo i & 87 Jey 58 b



(Schingoethe, et al., 1999), Kelley, et al., (1997)58 4 B Y I5 B A B (Linoleic acid)1 0
WIS P IR HE (Conjugated linoleic acid) 2R |, ETHEAURBNAR

(Moore, etal., 2004) ; HRBAANEKEHNERABRBR-LTHER  BREME
WREEPERHRABRZNENER , TR — KRN BTSN ER AR TR
Kelley, et al., (1997) P Fr KR EIRER ; 19k , McGuire, et al., (1996)# HBPRME
b, GREWMBIAVHBSHAHBHBESZRAR, Bit, ARPFIMABHET

BYEKEHREETERABENHSEREELE —THHRRER,

EURAYMEREKREHAENENHEERBETRE AR T KEOERMER

(Lysine) fRIEHI 451 ; Spiehs, et al., (2002) i HEBE P ABREENER IRFTEENS

AR EREHTIGR 0.53%9 BERERT 0.50%H R (Methionine) ; 2 ,
REFMEIRFTENSTAYEREEXKEMASEE 0.85%HK BERRBR 0.55%0 FER
B, EREETEEMERATKRERNERERN , 5 —BUEERREFEXNE
REMNAMANMNRRAERRBEHARSEECRERENE  AMES TRERNS
B, ZOMEEIRASTAYEREXNENNRERSEBREEA. ERSTRY
EREXENTFENRERERZESEN R4 ANENERTAEER A BERY
EAEHEATE STRAYEREXENERRNBENRBEN NGV EEAEN
AFAR , BEMNBFGERNTELENASRERESTABEHADIP)H(Linn
and Chase, 1996, Nakamura, et al., 1994) ; BWWBEFRAIBBERFTAATREAES

RPAEENRFER MENHRET ADIP HIZWBYRREXENEREN /G



ML= 2 EmEMN S MBI(Harty, et al., personal communication) ; MR A$# A ADIP

ot

[

NEREKDMHE , E ADIP X 13%08: , ADIP AN EESESEN S ; BitE

BHNRERTUMEASTRYEZRERENESE TR AR BEER,

EUTRYEREREHNBSEECERBEENBERSIE 0.89%, MAR /ML

VB R HEREBR , FRABN TR AR B AERA

EARYEREKEHN KIS SEEER EERNEFTHERRELEZHER
¥. ERESEZENHEAZEZENTEHE KIS SENBLANEER
(Mycotoxins)i5 a9 AT RE

EARYEZRERXEREABMAFARNEAY

REBNSTARNEZREKXENNIENRBREABLEETHN  ATRREEE
AFTMEBRAY  BACHXEERSETTHRSER  SBRNENE 1) BUST
BYERERRTFEEZRNIEPHREL ; 2 ) ELBREBNSTANEREKEH
HERAN—RER KERARELESYL ABEBIFNRE  UARAREZRAR

B RS AR EKERNTITE.

RELESR
TAYEZREREHEXEA 40 ROEHER EESBEBU S0 2FELBE
ENRTFENER ARTEXERANAESD. SERRENSTAYERTR N

BEK, o EYWE, YL HPLC R TLC 2 M ESENSAMNED S{CBRBEE( B



SLEMERERR . ERET BB TENRET , EhNBSECERIHE , B
B S REHIEN ; ARERBRMBEERNEE(RD), 5 —ARFERARS
TRYEZREKEMERERERET , ELRXNEXSET X, KB+ o BNFRFIL

ARBEWEEZARABTHEAR , ARKSSBEEREFNREBEFEM.

®R= TRYEZREIXKERESBREFTARNEHREENNEERSR.

Table 2. Fat Stability and Mycotoxin Analysis Results from DDGS that stored in Taiwan
for 10 Weeks.

ayER Detection | Analytical | DDGS DDGS
Items Limits Method Week 1 | Week 10
Peroxide value, mEqg/kg 0.70 0.60
Free fatty acids, % as oleic 11.2 16.2
Aflatoxin B1 1.0 ppb HPLC ND ND
Aflatoxin B2 1.0 ppb HPLC ND ND
Aflatoxin G1 1.0 ppb HPLC ND ND
Aflatoxin G2 1.0 ppb HPLC ND ND
T-2 Toxin 0.1 ppm TLC ND ND
Deoxynivalenol 0.1 ppm TLC ND ND
15 Acetyl-DON 0.1 ppm TLC ND ND
3 Acetyl-DON 0.1 ppm TLC ND ND
Zearalenone 100 ppb HPLC 56* 64*
Fumonisin B1 0.2 ppm HPLC ND ND
Fumonisin B2 0.2 ppm HPLC ND ND
Fumonisin B3 0.2 ppm HPLC ** **
HE A EER

T+ AV EN A ZE (Holstein) L4 Ak H X 2 ( Days In Milk, DIM ), ERE ,

LUK #8#%E5¥ 4 ( Body condition score, BCS ) F# 5 &3 B#H(Contro) M AW 1R



EXKERE(DDGS). MANTIRAXEME (149156 X ), MERENESTEYE
BEKENMENTYOEARS BIR 223128 TR 224 +37 0 ; BEF S AlS
BIRYRIE 3.0+ 03 MEWHEYERERENE 3.1+ 03, ZRAMRHWE —BLHFAE
H, SASEES B AEBETRANNENRBL KRR WEFSs IR
ERXAFSMEEBHSRD , SEAFMEF 25 AEEL CXBRONENBERE
MBS ERREN , UBREFMUBELHRREROVE. WEFESBBRATEE 0%
(BRE ) H10% (DDGS ) ENENSTRYEREKEHNEEAERTLES
H1& ( Total mixed ration, TMR ), EAIBAYERERXKBTHERATLESHE (KRE)
HEIHAEH , EXB , KRB EXK , MYLELIEEH. BIBE S L Cornell Net
Carbohydrate and Protein System (CNCPS v 4.26)(Barry, et al., 1994) 85t & |, WE 4
SNTRBER , TRHEE , SANNER, SSBETAFBEMEIROHNAL ,
ARGHSEERE TABRRAEANFE  KBEUEL4GH  EREMARES

A TEERSEER.

HRASTRYEREXENNCES IR (EDN), AEASREE 3280 &
YIE ), B NRC (2001) B R B R P AT DI BE ( 29.7% ) B. FEEWEBWEL
BT AMEAADIP)ELENEN 1.1% ( 3.4%HEA ), B NRC (2001) , &7
BUEREXEMTHRETTEREOGEDEN 5%  RETTAREORER
B, RAKRFTANSTAYRZRIKERERRBEPY RFBE M. EXBRYH

RESBNRH CELEEBBHBBAER, A THRYNES BHE S TRNRZREXE



HEZYEN 5.6%M 5.2%, SRMEETAVEMERD ( 13.0%82%E ) MB% ( 0.93%FYWH )
RETRYZSREKENEEEERENSYE, BENEEH S RESFARERAERAN
EAEYERERERN T YA ESD (TON)EE 101% ; Bit , ETEWEREX
TR TR AL A B IR RE(NE L -3X) A ST ATE 2.49 Mcal/A FEEYIE , B2 T ,NRC (2001)
FROIE & AT AR TR B IFAE(NEL-3X) B 1.97 Mcal/A T, 1 EK¥p #3443
BRE(NEL-3X)R 2.01 Mcal/Afro HRFXBRFIEANSTAYEREKEHSAR

BHERE R AR TRYEZREREREN AERTURHKBEENEILR.

MES)FAR, ARRFTANSTRAYERERENEAEPERBERRERRAYT
WA ; EREENE 6 MR, 719N R NEZREREHCRE SR ; &8 30
PR REER | RS BRERD(0%)ETFERTELBURLT. SUAMERERKEH
B SEkbiE , RBBBOHL , UBBREATRE 48 PR , A 699089 P ITARHER

SH{b, EIEERE Chen etal.,( 1999 ) H Schingoethe et al., (1999 ) Fri2 i A9 &5/ — B

R= HRERSTAYEREXKEREN B BARRERG

Table 3. Composition and Nutrient Content of Control and DDGS Rations.

w R
$ 8 #8 (Control) SARNERENERM
2%
% DM (DDGS ) , % DM
EXK&EHR Corn Silage 22 22
HREEE Alfalfa hay 19 19




5 5
BREEE Bermuda hay
11 11
EI R Soyhulls
18.4 12.8
EX¥ Corn grain, ground
W 6 4
ZERF EXK Steam-flaked corn
— 6 4.8
KZ¥ SBM , 44%CP
— 2 1
MEE2EEH Roasted soybean
0.5 0.5
¥ Fish meal
3.2 3.2
EXREI Corn gluten feed
y 0 10
EBYEREXRKEM DDGS
1.6 1.6
¥EE Molasses
0.48 0.08
BBRESE Di-calcium phosphate
0.64 0.88
BAEAR Limestone
0.56 0.56
B salt
2 2
#MBAERF Rumen by-pass fat
0.08 0.08
WHER/BPYERRY Vit Min.
15 15
Em#EN Sodium bicarbonate
EERESABIR S

' HERYE AR FRKCEWHNE R ERM(CNCPS) R,



FE L #R&E DMI , kg/day
HERACP, %DM

BB RMER DIP, % CP
F%t#E#E NDF , % DM
FEREMEMERR KIS Y NFC, %DM
BERs Fat , % DM

# Ca, % DM

B P, %DM

18.4

15.7

62

35

39

4.9

0.87

0.43

18.4

15.7

57

38

36

5.7

0.88

0.44




®N. ARASTAVERERXTRANLERD DN (AEZNEREE)

Table 4. Chemical Analysis of DDGS that used in the Feeding Trial.

DM basis DM basis

87.1 0.37
EYE DM, % & Mg, %

32.8 1.11
HEBCP,% # K, %

1.1 0.18

P 723 ADIP , % Na , %

BEFBEER $h

10.3 0.15
FEFBEER NDIP, % ECl,%

11.5 0.49
BRI ADF |, % WS, %

32.0 87
Fh e HE NDF | % & Fe, ppm

5.8 55
AEE Lignin, % $# Zn, ppm

26.6 4
FEREHEMEBIKILE Y NFC |, % §f Cu, ppm

10.8 17
FEREBMBKILE Y NSC |, % 8 Mn, ppm

5.6 1.0
¥ Starch , % $8 Mo , ppm

5.2 101
¥ Sugar , % AE{LEE® S TDN , %

13.0 2.49
HRERE Fat, % WAEAE NEL , Mcal/kg

5.82 2.68
R4 Ash, % #E3FFRE NEy , Mcal/kg

0.05 1.91
% Ca, % WEFEE NEg , Mcall/kg

0.93

B P, %
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Figure 2. In Vitro True Digestibility and NDF Digestibility of DDGS.
HRENSTAYERREKBREANFPESARYERRE (DMI ) DEIR 178+
12M17.6+ 10 8F. FMENAYNERERENERAFERBRHUNERR, 1L,
EMtREZYERREELRR (R ) KBFENRNZYERREE CNCPS
FIARANER , EHEZRFTEEARBHBNRRAFTERN. #ARRPEREN

AR+—A  BFENERRBENIET (BEEEB THI>T72)

(ES)RERERSTANEZREXERANIE A RBAUALFSHFIEL
B, EUAYEREXENENFSFHHBE4SNELBRBESNEAZ (B= ) W
E=FR , RRSTWAFENEABRIL TR ( 2003/9/6 F 2003/9/21 DHI ), {EREFIB
WEOBER BANAAERTURRSTAYZAEKNERENFOELRR LS

RS, EWMNVE , FRVOBIXRERFERZFNRBRE THEYEREKREHN



HRESRUERBFEIBRNEZRNER EHAMAERARR B INEEN
EIRYERE  AUHBEMEXTATEHERENEIRERTERRE  RRYMREIE
RWBRO G EHREERWEL PIBARBOEE , B X EMERFERARE
NERAF6 X, BEABNVRTRTA ; Bt , STRYWEREKERBTHEEAE
RS ERBENREBR I TEEESHF I MEFENEINBERRER XA

IMHRAETHENER, TRERENBEEEROARRTRHNERETTNRER
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Figure 3. Average Milk Production of Cows Fed the Control and DDGS TMR.

BEBERERNFEERETHRT O (KA ); UERBAKRITNEILERERK
818 SUBAYEREXERHEFENEAERAREESN (09 AF/XR/E ) BRENGE
(P< .05) EWAYRREXEHEN ABEFSEBSTEREZENIFEALR
BENEERE, £4ERY  SHLRHISEAREHTE B2, AREERX

EREELRNTRERAMP=.003), HALERTZIAB/NBEMOTR 275



NEREKBEHEFESAMENALERSRERE (P=1); STEYEZRENKEH
HNAERES  TEREANRERARBRSENENRSABRENSE, BT
AINE 100N B AIAYRRERENR  EUTRYEREREREANATEOERHA
B REP=001), EREBSRFONAENERY SERENIE  EXIAFHNAE
PARNEATAYEREKTHNERS . —RRCHRERTFHABHIERS, it
EXEEENREE BEBEETHREVENENEERIEANZE ; BRARFME
TRYEZREXEHESEIE AENHEEEWRFARANED, ARSEIIAER
(P=07)REM(P=- 004)HWXE , BEREENRAEFER, ERM , —EMRE

Ao AURAZIAREENTE,



ROIDBIFTREASTRYEZREKEHEENR, FUAROBNBETINEE,

Table 5. Effects of Feeding TMR with and without 10% DDGS on the Milk Production,
Milk Composition and BCS of Mid-Lactating Cows.

SE

-3 BHE(T) Em(P) P{E

Control DDGS 1 2 T P TP

17.8 17.6 178 | 176 | 0.20 | 0.32 0.29 | 0.012
EYEHERER DM,
kg/day

. 19.5 204 198 | 20.1 | 0.44 | 0.04 0.46 | 0.003

3.8 Milk , kg/day

451 4.45 443 | 453 | 0.13 | 0.61 0.41 0.69
BEREE milk fat , %

0.86 0.91 0.87 | 0.91 | 0.03 | 0.10 0.22 | 0.07
fgR5 & fat , kg/day

3.45 3.32 341|337 (004 | 0001 | 0.17 0.73
EQER
Milk protein , %

0.66 0.68 0.67 | 0.67 | 0.02 | 0.40 0.97 | 0.02
EHER Protein,
kg/day

4.85 4,90 492 | 483 | 0.03 | 0.07 0.004 | 0.84
9.¥E Lactose , %

13.5 13.4 135 | 134 | 0.16 | 0.36 0.77 0.63
BEEY TS, %

11.2 11.8 123 | 128 | 0.50 | 0.23 0.80 0.04
HREE MUN ,
mg/dL

26.9 354 359|264 | 138 | 054 0.49 0.76
g impa g scc,10Y/ml

- 2.96 3.01 0.21

AR % BCS

i 5




EURYMEREKERRBAFELH, 5l BREBNRIRE RERFN
ETRYERAEKRENEERPIFERZEOENL , MARKJIRBAFHRER. B 10%
NETRYEZRERNENRAER AEHARESETREENTESES ABTE
el BAOEEEEEK(CEWER. F 10002 TRYEREREREELH
FRNEABFHSREXRAM0I A ; AERYI/ER , BIEERAMEM ; AE
HEXSHMEE, EASAEYTIXR. TRRENIRT , SUAYEZREKE
MULAERRNAELIPHANIF AR, Qit, EENESTRENEREKEHRRE

RERTFREXEERTBINE @ EERFR,

S|
BHXBERWIHE(U.S. Grains Counci) EERBAMFXMERASEANRHEZRE ;
MEE PO A TR M ERE I/ MEEARERREBREENNHETRIL

B BB ANB D,
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