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ABSTRACT

This study compared diets sup-
plemented with distillers dried grains
plus solubles originating from whiskey
distilling with those from fuel alcohol
production or soybean meal. Forty-eight
cows in mid and early lactation were
offered a different dietary treatment in
each of three 28-d periods. Dietary de-
sign included three supplements at 14 or
18% CP of dietary DM, with or without
blood meal. Additionally, a third, darker,
fuel ethanol source was added at 14 and
18% CP without blood meal during
period 3 to incorporate greater variation
in quality of distillers grains. No detecta-
ble differences occurred in DMI or in
any variables because of blood meal.
Milk yield was higher when cows were
fed diets at 18% rather than at 14% CP.
Cows fed the two lighter distillers grains
diets yielded .8 kg/d more milk than
cows fed soybean meal diets, and cows
fed whiskey distillers grains yielded 1.3
kg/d more SCM than cows fed diets with
darkest distillers grains. Milk protein
percentage was depressed when the dark-
est distillers grains were fed. Distillers
dried grains plus solubles can provide an
excellent substitute for soybean meal and
corn in dairy cow diets.

(Key words: distillers dried grains, die-
tary protein, lactation)

Abbreviation key: BM = blood meal, DDGS
= distillers dried grains plus solubles, MY =
milk yield, SBM = soybean meal.
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INTRODUCTION

By-product protein sources often are more
economical than commonly fed soybean meal
(SBM) or other oilseed meals and also may
supply more RUP, which is needed when die-
tary protein requirements of lactating cows are
greater than can be supplied by protein from
rumen microbes. Theoretically, optimization of
dietary RUP permits minimization of RDP,
thus sparing total dietary CP (11) and fecal and
urine N if RUP supplements are digestible and
if they complement AA of microbes. Addition-
ally, by-products fed to livestock offer an alter-
native to waste disposal for producers of the
primary products from which the by-products
were derived.

Distillers dried grains plus solubles (DDGS)
long have been recognized as a protein supple-
ment for lactating cows [e.g., (2, 9)]. The
DDGS became much more available after es-
tablishment of large distilling plants to produce
fuel alcohol (8) and potentially represent a
significant RUP supplement. However, relative
effects on milk yield MY) and milk composi-
tion of RUP supplements compared with those
of SBM have been variable [review; (20)].
Results from DDGS also were inconsistent (3,
6, 9, 13, 14, 19) but indicated that poor perfor-
mance may have been due to heat-damaged
grains (19). Therefore, the objectives of this
experiment were 1) to evaluate differences in
RUP contents of commercial DDGS sources
differing in color and, thus, expected differ-
ences in heat damage during processing and 2)
to determine relative MY responses of lactat-
ing cows fed diets supplemented with DDGS
(and associated changes in dietary RUP) com-
pared with that of cows fed diets supplemented
with SBM or comparable RUP from SBM and
blood meal (BM).
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MATERIALS AND METHODS

In Situ Experiment

The extent and rate of degradation of DM
and protein in the rumen were estimated in situ
for BM, SBM, and three sources of DDGS
using a dacron bag technique described by
Emanuele and Staples (4). The supplements
were oven-dried at 55°C for 72 h and ground
through a Wiley mill (2-mm screen; Arthur H.
Thomas Co., Philadelphia, PA). Degradation
was measured by removal of bags containing
the supplements from the rumen of a fistulated
cow at 0, 2, 4, 8, 14, 24, 48, and 72 h during
two experimental periods. The cow was fed a
50% corn silage diet (DM basis), which in-
cluded SBM and DDGS from whiskey distill-
ing. Period 1 evaluated four supplements,
SBM, BM, and two DDGS sources. The sec-
ond period included a third DDGS source (a
second source from a fuel ethanol production
plant), which was introduced to the feeding
trial after completion of the first in situ experi-
ment. The four supplements examined in
period 1 were replicated sufficient times at
various hours during period 2 to permit pool-
ing of data from the two periods to estimate
degradability of all supplements independent
of period effects. All bags were analyzed for
DM and N remaining after removal of bags
from the rumen. The model for kinetics of CP
digestion was that given by Mertens and Ely
(10):

R = Be*t-D 1 C

whent>L and R=Byg+ CwhenO<t<L,
where R = CP residue at time after incubation
t, By = fraction degradable at measurable rate
(at time t < L, Bg = R - C), k = kg = digestion
rate constant, L. = discrete lag time, and C =
undigested fraction at 72 h of in situ incuba-
tion. Rate of CP digestion and lag time were
calculated using the nonlinear iterative proce-
dure of Marquardt in SAS (16) with the data
set of least squares means of in situ measure-
ments at various hours obtained from the least
squares and maximum likelihood computer
program of Harvey (7) to adjust hour means for
period effects and to account for unequal num-
bers of observations at various hours.
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Degradability of CP was calculated using
the equation of @rskov and McDonald (12) as
follows:

D = A + By x kgllkg + ky)

where D = CP degradability, A = soluble
fraction that is quickly degradable, By and kq
as defined, and k, = fractional passage rate
from the rumen [assumed to be .05/h based on
Erdman et al. (5)]. The RUP was estimated as
100 — D (expressed as a percentage).

Feeding Trial

Forty-eight multiparous cows in mid and
early lactation, averaging 133 DIM at start of
experiment, were utilized to evaluate DDGS
and two fuel-ethanol DDGS sources as supple-
ments in a TMR. Cows were fed different
TMR in each of three 28-d periods. Twelve
diets, based on SBM (control), DDGS of whis-
key origin (DDGS-1), or DDGS from fuel-
ethanol production (DDGS-2), were formulated
during the first two periods, and 14 diets were
used during period 3 (Table 1). For each pri-
mary supplement (SBM, DDGS-1, and DDGS-
2), four diets were formulated that contained
14 and 18% dietary CP with or without inclu-
sion of BM. The BM was added as a control
source of RUP. Amounts of DDGS sources
included were 13% of DM in 14% CP diets
and 26% of DM in 18% CP diets. Two diets
(14 and 18% CP, without BM), based on a
second, darker DDGS source from fuel-ethanol
production (DDGS-3), were added during
period 3 to test a wider range of supplement
quality in the DDGS sources evaluated. A total
of 12 concentrate mixtures were prepared for
periods 1 and 2, and 14 concentrates for period
3, in the proportions of the concentrate compo-
nents in the diets (Table 1), excluding whole
cottonseed, which was added daily with con-
centrate and silage to prepare respective TMR.
The diet assignments to cows were according
to a partially balanced incomplete block design
that was similar to those used previously [e.g.,
(15, 17)]. Final diet assignments (Table 2)
reflected a change from the original plan for
period 3 because of the introduction of DDGS-
3. More cows were fed diets 13 and 14 (8 cows
per diet) than the original 12 diets during
period 3 to obtain as much information as

Jounal of Dairy Science Vol. 78, No. 2, 1995



‘sanfea juaipardur pozd[eue wol pole[NOED),
(COOHM % pue ‘areydsoyd umbrEaIp %/ ‘03N %T “COOED %8 ‘CODHEN %9 ‘TOEN %) SIIp [le Ul swes oy sem uonwiuswalddns [eIoutpy,
. . o ‘Apanoadsar *1'67 PUR ‘S'TE ‘€8T ‘06 ‘TES M £-$DAA
P ‘Z-$DAA ‘1-$OAd ‘Wd ‘WES W dD jo sefewaasad ay) 'saqnjos snid suresd paup SIS = §HQQ PUe ‘[ poojq = W ‘TeW uedqhos = WS,

—

—_—oCQOOoOQ

9t
05’
101

12

Ly
1'9
9Iv
(Ur44

POWERS ET AL.

L9t
8Ll

008

—I'OOCOOO

R

w
149
0'Le
661
TLe
8¢el

oel
08

§TC
00s

0
0

g

e
ol
0'tl
08
8'EC
00s

-
0

9t
0¢’
101
e
163
Ly
9
9y
0T

£Le
L8l

e
092
08

008

-
0

-
-

-
-

BRI

w
0Lt
661
S'Le
vl
I'e
vt
oel
08

R x4a
00s

0
0

—— e —
1

6Ll

0
0

1%
88
6T

Y
0L
861
oy
6'tl
't

0'tl
08

-3 X4
008

0
-

-
1
—'
-
1
I-
I

9t
os’
101
It
123
Ly
9
P14
0ce

I'Le
9Ll

09z
08
6'S
008

0
1-

-
~Il
1

-
I

-
-

e

€6’
ot
Ly

(43

0'Le
661
v'Le
L'el

otl
08

144
008

0
0

2%
184
el
(U%

€
cie
t'8l

£'SE
(YA

I'e
(44!
0c

08
L'
00

0
0

£e

66
6C
£
s
194
vie
1’81

9t
8'tl

e

0l

08

8°0¢
00s

0
0

133
I
0Tl
1t
w

vt
141!

L6t
S'Ll

I'e
9Ll

08
£l
008

0
0

4
[4
1
0
4

I
-

£t
6t
€0'l
6¢

Lel

I't
88

08
1'og
00s

£-SDAA 'sA -SHAA
£-SDAd s 1-$5aAd
SISENUOd [euUOSOYIOUON
¢ + 1-SDAA 'sa WAS X Nd
¢ + 1-SDAA sa WLS X dO
WL X dO
2-§Oaa 'sa 1-$Had
¢ + 1-SDAd sA WS
(+ 'sA 0) N
(%81 'sA #1) dD
s)Isenuos euo3oyuQ)
% ‘10
% ‘BN
% A
% ‘SN
% ‘d
% ©)
% ‘)enx? Iyrg
% ‘ddN
% ‘4aQv
Wa Areaip 3o 9 ‘dny
dd J°0 % ‘dny
% ‘dD
cuonisoduiod parenore)
Siuowsiddns fesourpy
(dD %61) WAS
Nd
sojqnjos snjd
sutes3 paup sI[usiq
paIsuonod ajoym
[eaw wo))
adeps wo)

syuaIpudug

%81

%ri

%81

%¥1

%81

b1

k24!

%81

Bl

%81

%Y1

%81

BV

WH ON

Nd

W4 ON

g ON

Wd

WY ON

£-§0dd

-$Oaa

1-sHaa

WS

sisenuod pue wonisodwo)

390

[ Studwrean) ATel0Ip JO SISBIIUOD 1OJ SIUDISLI0D pue (siseq Q) YL

Y} jo uonisodwo) | HIAVL

Journal of Dairy Science Vol. 78, No. 2, 1995



DISTILLERS DRIED GRAINS FOR LACTATING COWS

possible regarding DDGS-3 and still permit
least squares estimates of all diet effects to be
obtained.

Cows were housed in a free-stall barn with
24 cows on each side of a central alley
equipped with Calan gates (American Calan
Inc.,, Northwood, NH), which allowed for
monitoring of individual feed intake. Orts were
recorded between 0730 and 0830 h daily,
which permitted cows to eat for approximately
30 min after their return from the morning
milking. Rations were fed daily as TMR be-
tween 0900 and 1200 h. The amount offered to
each cow was changed as needed to obtain orts
but to limit orts to <7% of the amount offered.
Corn silage and whole cottonseed were mixed
in correct proportions in a farm-scale mixer
wagon; the appropriate amount of this mixture
for a particular TMR was transferred to a
mixer cart (Data Ranger®; American Calan
Inc.), concentrate mixture was added, and the
TMR was mixed and delivered to individual
cows (up to 4 cows fed per mix). The trial was
conducted in a relatively cool season from
March 1992 to late May 1992, thereby permit-
ting once daily feeding without heating of the
feed in the feed bunks.

All cows were milked three times per day at
approximately 0700, 1500, and 2300 h. The
MY was recorded by calibrated electronic milk
meters at each milking. Periods were 28 d; the
first 14 d were used to adjust cows to the diet,
and the final 14 d were used for data collection
on DMI and MY. On the last day of each
period, milk was sampled during each of the
three milkings, and each of the three samples
taken for each cow was analyzed for SCC and
percentages of fat and protein at the Southeast-
ern DHI Laboratory (McDonough, GA). On the
day before the start of period 1 and the last day
of each period, cows were weighed after the
morning milking before returning to the barn
to eat. .

The DM percentage of the corn silage was
determined twice weekly throughout the feed-
ing trial to permit adjustment for changes in
the wet weight of corn silage in the TMR, if
needed, such that silage contributed a constant
50% of dietary DM. The silage, whole cotton-
seed, and the concentrate mixtures were sam-
pled during wk 2 and 4 of each feeding period,
and a combined sample for the three periods of
these ingredients was sent to the Northeastern
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DHI Laboratory (Ithaca, NY) for analyses of
NDF, ADF, ether extract, Ca, P, Mg, K, Na,
Fe, Zn, Cu, Mn, and Mo. The N contents for
all concentrate mixes, the whole cottonseed,

TABLE 2. Diet sequence assignments for cows for the
three periods.

Diets fed during period

Cow Sequence 1 2 3

1670 1 3 2 13
8907 2 7 2 1
1292 3 8 3 2
1319 4 10 5 14
1377 5 4 11 13
8925 6 12 7 14
1414 7 8 3 2
1418 8 9 4 13
1689 9 9 6 1
8937 10 6 1 14
1572 11 7 2 1
1581 12 3 10 13
1591 13 2 9 14
5147 14 10 9 12
1722 15 12 11 2
1116 16 5 12 11
1713 17 4 1 8
5027 18 11 4 5
1622 19 5 6 7
2096 20 5 2 9
5248 21 2 9 8
7962 22 8 5 12
5014 23 1 8 7
89941 24 8 7 10
1746 25 10 5 4
5137 26 11 10 1
1678 27 6 3 10
5005 28 6 5 4
8918 29 9 8 11
8942 30 10 7 2
5060 31 11 8 3
5065 32 11 6 5
5077 33 5 12 13
1568 34 2 11 6
5104 35 12 9 14
5082 36 4 11 10
5150 37 9 4 3
1113 38 1 12 3
5136 39 2 1 4
1547 40 7 6 9
5081 41 7 4 14
1717 42 4 3 6
1705 43 1 10 13
1614 4 3 12 14
8966 45 6 1 13
5145 46 12 7 14
8936 47 1 8 13
5086 48 3 10 9

1Cow data not used in production trial analyses.

Journal of Dairy Science Vol. 78, No. 2, 1995
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TABLE 3. Least squares ANOVA for milk yield.!

POWERS ET AL.

Source df SS MS F P
Cow 46 1797.06 39.07 16.39 .001
Period 2 128.16 64.08 26.88 .001
Treatment 13 66.66 5.13 2.15 .020
Error2 79 188.33 2.38

Contrast?

CP 1 34.02 14.27 .001
BM 1 94 .40 531
SBM vs. DDGS-1 + 2 1 12.25 5.14 026
DDGS-1 vs. DDGS-2 1 1.44 .60 .440
CP x BM 1 6.11 2.56 113
CP x SBM vs. DDGS-1 + 2 1 1.12 47 494
BM x SBM vs. DDGS-1 + 2 1 .49 21 651
DDGS-1 vs. DDGS-34 1 2.78 1.16 284
DDGS-2 vs. DDGS-34 1 3.62 1.52 221

ISAS (16). Type Il SS. Error mean square and probabilities were identical to output from Harvey (7).
2The coefficient of variation for this experiment with mean milk yield of 27.5 kg/d was [(2.38)-5/27.5] x 100 = 5.6%.
3SBM = Soybean meal, BM = blood meal, and DDGS = distillers dried grains plus solubles.

4Nonorthogonal contrasts.

and the corn silage were determined in the
University of Florida Dairy Science Depart-
ment laboratory for each feeding period using
the macro-Kjeldahl method (1).

Data were analyzed by method of least
squares ANOVA using the computer program
of Harvey (7) and general linear models proce-
dures of SAS (16). The first model included
cows, periods, and diets. Preselected contrasts
to test for significance of effects of dietary
treatments are shown in Table 1. A second
model was employed that partitioned cow vari-
ation into that associated with high and low
yielding groups to examine whether dietary
treatments interacted with level of MY. Cows
were assigned to group based on least squares
means for MY for the cow over the total
experiment. The resulting model included yield
group, cows within group, period, diet, and
group X diet interactions. Group X diet interac-
tions were not significant (P > .10) for MY,
SCM, or percentages of milk fat or milk pro-
tein; therefore, data reported are from the first
model. An example output of this mathemati-
cal model with the chosen statistical contrasts
is in Table 3. Additionally, this model was
utilized with DMI as a continuous independent
variable.

It would have been preferable for the ex-
perimental design to have distributed the

Journal of Dairy Science Vol. 78, No. 2, 1995

DDGS-3 dietary treatments equally with other
dietary treatments across all three periods or
perhaps to have used it in place of DDGS-2.
However, by the time the results from the in
situ tests became available and it became evi-
dent that there might be little difference in
quality of DDGS-1 and DDGS-2, the feeding
trial already had been initiated. Thus, a deci-
sion was made to add another treatment while
an opportunity still existed to compare perfor-
mance of cows consuming it with performance
of cows consuming other DDGS supplements.
The DDGS-3 treatments were distributed in
period 3 so that the mathematical model solved
for least squares means of all 14 dietary treat-
ments adjusted for other effects included in the
model and unequal numbers of observations
per treatment. The coefficient of variation for
milk yield in this incomplete block design was
5.6% (Table 3), which is similar to that usually
achieved with complete block (Latin square)
designs, e.g. [6.3% in the experiment of Clark
and Armentano (3)].

RESULTS AND DISCUSSION

In Situ Experiment

Table 4 summarizes the RDP analyses of
the five protein supplements used in the feed-
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TABLE 4. Summary of protein fractions determined in the in situ experiment for the protein supplements! tested.

Protein fraction?

Slowly
Source Soluble degraded Undigested L3 kgt RUPS
BM 13.8 16.2 70.0 4.69 012 83.1
SBM 264 722 14 .05 094 26.5
DDGS-1 28.3 58.4 133 0 .038 46.5
DDGS-2 26.1 63.1 10.8 0 042 451
DDGS-3 312 68.3 4 2.11 029 437

IBM = Blood meal, SBM = soybean meal, and DDGS = distillers dried grains plus solubles.
2Expressed as a percentage of the original N. Undigested is in situ residue after 72 h; slowly degraded fraction = total

— soluble minus undigested.
3Lag time in hours.

“4Digestion rate constant of the slowly degraded protein (per hour).

SRuminally undegradable protein as a percentage of original N, estimated as 1 — degradability (D), where D = soluble
fraction + (slowly degraded fraction x kg¥(kq + k). Fractional passage rate from the rumen (k) was assumed to be .05/h.

ing trial. The SBM protein was degraded
somewhat more extensively than previously
reported [26.5 vs. 35% RUP in NRC (11)] but
similarly to previous determinations in Florida
(17). Although estimated RUP were not ap-
preciably different, DDGS-3, which was some-
what darker, was less degradable than DDGS-1
or DDGS-2, based on the degradation rate and
the indication of a 2-h lag time before degrada-
tion was initiated. Similarly, ADIN measures
(from samples sent to Northeastern DHI)
showed that DDGS-3 contained 21% of CP in
this less available form compared with 13%
for DDGS-1 and 17% for DDGS-2. However,
the small undigested residue for DDGS-3 is
inconsistent with higher ADIN content if it is
assumed that ADIN is unavailable.

Feeding Trial

DMI.  Neither supplementary protein
sources nor dietary CP affected DMI (P > .10)
when averaged across other main effects.
However, interactions existed between CP con-
centration and SBM versus DDGS diets
(DDGS-1 plus DDGS-2; P = .036; Table 5).
This interaction was due to slightly higher
DMI from diets at 14% CP than 18% CP based
on SBM, but DMI were higher with 18% than
with 14% CP with DDGS. Owen and Larson
(13) found some reduction in DMI with 35.8%
DDGS compared with 18.8% and no overall
difference compared with SBM. Van Hom et

al. (19) obtained slightly less DMI from diets
containing DDGS.

MY. Diets containing 18% CP resulted in
mean MY of 28.0 kg/d compared with 27.0 kg/
d from 14% diets (P < .001). This effect was
consistent across all supplements. Owen and
Larson (13) found that cows fed DDGS diets
with higher protein concentrations (17.7 vs.
14.6% CP) and, thus, more DDGS (35.8 vs.
18.8%), yielded less milk, suggesting an upper
limit to recommended dietary concentrations
of DDGS. Owen and Larson (13) observed no
differences between MY of cows fed SBM
diets or when both treatments were fed at
14.7% CP. In the present study, MY were
higher with 26% DDGS (18% CP diets) than
with 13% DDGS (14% CP diets) with or with-
out added BM. Mean MY from cows fed diets
containing DDGS-1 and DDGS-2 were signifi-
cantly higher than those for cows fed SBM (P
= .026), and MY from cows fed DDGS-3 was
about the same as for similar SBM controls.
Probable reasons for improved MY from die-
tary supplementation with high quality DDGS
relative to SBM are increased RUP and greater
NE than usually estimated (11). Van Horn et
al. (19) obtained less milk from fuel-ethanol
DDGS diets (15.9 to 41.6% DDGS) than from
SBM control diets that contained 50% corn
silage, as in the present experiment. Van Horn
et al. (19) suggested that the DDGS had been
overheated because 32.9% of CP was in
ADIN, thereby providing a poor source of

Journal of Dairy Science Vol. 78, No. 2, 1995
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protein and energy. Palmquist and Conrad (14)
also observed a depression in MY for Hol-
steins receiving DDGS diets compared with
MY of Holsteins receiving SBM diets. How-
ever, Jerseys had higher MY when fed DDGS.

In this experiment, BM had no effect on
MY, even with SBM or in the high yielding
group, suggesting that dietary RUP was not
limiting.

Statistical analysis also was performed us-
ing DMI as a continuous independent variable

POWERS ET AL.

to adjust analyzed response variables to the
mean DMI. Although probabilities changed
slightly, no change in the contrasts that were
significant with the first model occurred in this
model.

Percentage of Milk Fat. The main effects of
treatments did not affect the percentage of
milk fat. The interaction of BM versus SBM X
DDGS (DDGS-1 + DDGS-2) was expressed (P
= .029) as BM affecting higher milk fat per-
centages with SBM (3.55 vs. 3.36%), but,

TABLE 5. Least squares means for DMI, lactation variables, and BWC.!

Milk Milk
Diets? n DMI MY fat protein SCM BWC
kg/d) (%) kg/d)

Diets without BM

SBM, 14% CP 12 242 26.5 325 313 25.5 47
SBM, 18% CP 12 235 27.0 347 325 26.0 28
DDGS-1, 14% CP 11 24.1 274 361 305 272 46
DDGS-1, 18% CP 11 243 28.0 3.68 325 285 16
DDGS-2, 14% CP 11 236 215 3.60 3.12 2117 24
DDGS-2, 18% CP 10 238 28.0 332 3.07 27.1 .65
DDGS-3, 14% CP 8 236 26.4 3.39 295 255 17
DDGS-3, 18% CP 8 244 27.4 3.59 3.08 27.6 .54
Diets with BM

SBM, 14% CP 10 24.0 26.7 351 3.15 26.6 .03
SBM, 18% CP 10 235 277 351 3.10 27.6 .00
DDGS-1, 14% CP 9 239 26.0 345 321 257 27
DDGS-1, 18% CP 9 249 29.2 335 328 28.6 71
DDGS-2, 14% CP 10 239 27.8 3.30 3.18 269 .35
DDGS-2, 18% CP 10 245 28.4 3.35 3.18 27.6 .60
Means for diets

14% CP 71 239 27.0 3.44 314 26.6 30
18% CP 70 241 28.0 347 3.19 213 40
SBM a4 238 270 344 3.16 26.7 20
DDGS-1 40 243 276 3.52 3.20 27.5 40
DDGS-2 41 239 279 339 3.14 273 46
DDGS-3 16 240 26.9 3.49 3.02 26.6 .36
No BM 67 239 274 3.49 3.15 27.1 .38
BM 58 24.1 27.6 341 318 272 33
Error MS (79 df) 1.38 238 .10 .01 323 .07
Significant contrasts?

CP (14 vs. 18%) <.001 .003 <.001

BM (0 vs. +)

SBM vs. DDGS-1 + 2 .026 .060 .055
DDGS-1 vs. DDGS-2 027

CP x BM 074

CP x SBM vs. DDGS-1 + 2 .036

BM x SBM vs. DDGS-1 + 2 029 003 079
DDGS-1 vs. DDGS-3 .007

IMY = Milk yield, SCM = 3.5% SCM = 12.82 x fat yield + 7.13 x protein yield + .323 x MY [derived from Tyrrell

ard Reid (18)], and BWC = BW change.

2BM = Blood meal, SBM = soybean meal (control), and DDGS = distillers dried grains plus solubles.

3P = Probability stated; P > .10 not shown.

Journal of Dairy Science Vol. 78, No. 2, 1995
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when BM was included with DDGS, milk fat
percentages were reduced (3.36 vs. 3.51%). An
explanation for this interaction is not apparent.
In some experiments (3, 14), DDGS increased
milk fat percentage.

Percentage of Milk Protein. Percentage of
milk protein (Table 5) was higher when 18%
CP diets were fed versus 14% CP diets (P =
.003), with DDGS-1 versus DDGS-2 (P =
.027), and with DDGS-1 versus DDGS-3 (P =
.007). Van Horn et al. (19) observed a depres-
sion in milk protein percentage for cows fed
DDGS from ethanol production relative to
those fed SBM. This effect was attributed to
unavailable dietary protein and lower energy
intake, as indicated by the high ADIN content
of DDGS (32.9% of DDGS N) and reduced
OM digestibility. In this experiment, the
depression of milk protein percentage when
DDGS-3 was fed was the most conspicuous
quantitative indicator that DDGS-3 was of
poorer quality than the other DDGS sources.
Palmquist and Conrad (14) also observed
depression in milk protein percentage for cows
receiving DDGS diets than for those fed SBM
diets but attributed the depression to an un-
balanced supply of AA, particularly Lys, in the
DDGS diets. Owen and Larson (13), however,
found no difference between protein percen-
tages in milk from cows fed DDGS or SBM
when both diets were formulated to have
14.5% CP. Owen and Larson (13) observed a
depression in percentage of milk protein with
high protein DDGS diets (18% CP; DDGS at
35.8% total dietary DM) compared with the
lower protein concentration (14.5% CP). An
interaction between BM and CP percentage
was significant (P = .074); BM addition in-
creased milk protein percentage in 14% CP
diets (from 3.10 to 3.19%) but had little effect
in 18% CP diets (3.18 vs. 3.19%). Perhaps the
14% CP BM had an effect because it provided
additional RUP. The positive effect of BM at
the low CP percentage appeared to be indepen-
dent of effects of SBM or DDGS.

SCM. As with MY, dietary CP percentage
affected SCM yield. Cows fed 18% CP diets
yielded 1.1 kg/d more SCM than those fed
14% CP (P < .001). Mean SCM yields from
cows fed DDGS-1 and DDGS-2 diets were .7
kg/d higher than for cows fed SBM (P = .060).
Also, cows fed DDGS-1 tended to yield more
SCM than cows fed DDGS-3 (P = .115).
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CONCLUSIONS

As dietary CP concentration was increased
from 14 to 18%, MY and SCM increased
about 1.0 kg/d and milk protein percentages
also increased. The effect on milk protein per-
centage was more pronounced in diets without
added BM. Added BM had no effect on MY.

Results from this study indicated that
DDGS can provide an excellent substitute for
SBM and corn in dairy cow diets. Cows fed
higher quality DDGS sources (DDGS-1 and
DDGS-2) yielded slightly more MY and SCM
(about .75 kg/d) than did SBM-supplemented
cows and yielded milk with higher protein
percentage than with DDGS-3. Thus, variation
in quality of DDGS products exists and should
be considered when DDGS is fed to dairy
cows. Quality differences in the three sources
fed in this experiment were indicated by 1)
color of feed, which ranged from light (DDGS-
1 with DDGS-2 only slightly darker) to a
medium dark (DDGS-3); 2) differences in
ADIN, which suggested that 13% of the CP
was relatively unavailable in the DDGS-1,
17% in DDGS-2, and 21% in DDGS-3; and 3)
in situ degradation rate for DDGS-3, which
was somewhat slower than for the other two
sources. Depressed milk protein percentages
may be an early indicator of poor quality (or
heat damage). If ADIN were used as an indica-
tor, 21% of DDGS CP in ADIN (the amount in
DDGS-3) would be marginally excessive;
higher ADIN would be expected to be as-
sociated with much poorer performance; e.g.,
DDGS with 32.9% of CP in ADIN gave larger
depression in milk protein percentage and
great depression in MY (19).

With high quality DDGS, this experiment
indicated that up to 26% of total dietary DM
could come from DDGS without detriment;
data from Owen and Larson (13) suggested that
35% was too much, perhaps because of insuffi-
cient dietary Lys when excessive amounts of
protein from corn sources are utilized. With
alfalfa-based diets, however, Grings et al. (6)
fed up to 31.6% of dietary DM from DDGS
and obtained increased MY.
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