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ABSTRACT

The objective of this study was to evaluate lactation
response and AA utilization of early lactation cows fed
2 types of dried distillers grains with solubles (DG):
regular (DDGS) or reduced-fat (RFDGS). Thirty-six
Holstein cows 19.7 + 2.6 d in milk at the start of the
experiment were used in a randomized complete block
design for 14 wk including a 2-wk covariate period.
Treatments consisted of the following diets: 1) control
(CON) diet containing 0% DG; 2) diet containing 22%
DDGS; and 3) diet containing 20% RFDGS. Distillers
grains replaced soybean meal, expeller soybean meal,
and soyhulls from the CON diet. Diets were formulated
to be similar in crude protein, ether extract, neutral
detergent fiber, and net energy for lactation concentra-
tions. Dry matter intake (24.7 kg/d) and milk yield (39.3
kg/d) were similar for all diets. Milk fat and lactose
percentages were unaffected by diets; however, protein
percentage was greater for cows fed the DG diets com-
pared with the CON diet. Consequently, milk protein
yield was also greater for the DG diets compared with
CON. Milk urea nitrogen decreased for cows fed DG
diets and averaged 11.8, 10.9, and 10.1 mg/dL, respec-
tively, for CON, DDGS, and RFDGS. Feed efficiency
tended to be greater and N efficiency was greater for
cows fed DG compared with CON. Body weight (711
kg), body weight change (+0.49 kg/d), and body condi-
tion score (3.36) were similar for all diets, but cows
fed CON tended to gain more body condition (+0.14)
than cows fed DG diets. Amino acid utilization was
evaluated at the peak of milk production corresponding
to wk 9 of lactation. Arterial Lys concentration was
lower with DG diets (70.4, 58.6, and 55.8 pM/L). Cows
fed DG had greater arterial Met concentration (21.3
pM) compared with CON (14.9 pM). Arterio-venous
difference of Lys was similar across diets, whereas that
of Met was greater for the DG diets compared with the
CON diet (10.3 vs. 13.0 pM/L). Extraction efficiency
of Lys by the mammary gland was greater for DG diets
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than for CON (76.1 vs. 65.4%). Mammary uptake of
Lys (2.56 g/kg of milk) was similar for all diets, and
the uptake of Met tended to increase in cows fed DG
diets. Plasma glucose, triglyceride, and total cholesterol
were unaffected by treatment; however, cows fed DG
diets had lower 3-hydroxybutyrate and tended to have
lower nonesterified fatty acid concentrations than cows
fed the CON diet. Despite the apparent deficiency of
Lys, milk protein percentage was increased in cows fed
DG diets.

Key words: amino acid, plasma metabolite, early lac-
tation dairy cow, dried distillers grains with solubles

INTRODUCTION

During early lactation, the large increase in milk
production causes a great metabolic demand for AA re-
quired for milk protein synthesis. Improving the supply
of metabolizable AA can be provided through increased
concentrations of protein in the diet or decreased pro-
tein degradability in the rumen. The most effective way
to increase the supply of MP to the duodenum is to
maximize microbial protein synthesis; however, dietary
manipulations are virtually ineffective in altering the
AA composition of microbial protein in the rumen
(Clark et al., 1992). Therefore, the source of RUP and
its AA profile are important for optimal supply of po-
tentially limiting AA.

Dried distillers grains are a good source of digestible
RUP (Kononoff et al., 2006; Boucher et al., 2009; Mjoun
et al., 2010a), but Lys is often indicated as a potential
limiting AA for milk production and protein synthesis.
Recent studies (Anderson et al., 2006; Janicek et al.,
2008) evaluating dried distillers grains with solubles
(DG) as a source of protein have shown no negative
effect on milk production and protein synthesis. Dried
distillers grains with solubles produced by recent tech-
nology may be of higher protein quality than commonly
thought. In fact, there are indications in the literature
that both dietary Lys concentration (Spiehs et al., 2002;
Schingoethe et al., 2009; Mjoun et al., 2010a) and AA
available for absorption (Boucher et al., 2009; Mjoun et
al., 2010a) are greater than values used in most protein
evaluation systems (NRC, 2001).

3176



DISTILLERS GRAINS IN EARLY LACTATION

Few studies have evaluated DG as a source of protein
in early lactation (Palmquist and Conrad, 1982; Grings
et al., 1992). In addition, to our knowledge, there are
no published data on AA utilization by the mammary
gland of early lactation cows fed DG as the primary
protein supplement. We hypothesized that the high de-
mand for metabolizable AA, and specifically for Lys, to
synthesize milk in early lactation may be limited when
feeding DG as the primary protein source in combina-
tion with other corn products. A study was conducted
using early lactation cows entering peak of lactation to
assess 2 different types of DG, regular dried distillers
grains with solubles (DDGS) and reduced-fat dried
distillers grains with solubles (RFDGS) compared
with a soybean-based diet. The objectives were to
evaluate milk production, milk composition, feed and
N efficiency, plasma metabolites, and the mammary
uptake of AA.

MATERIALS AND METHODS
Animals and Diets

Thirty-six Holstein cows (24 multiparous; 726 + 65
kg of BW and 12 primiparous; 583 + 47 kg of BW)
were blocked by DIM and parity. Cows were individu-
ally introduced to the experiment at 19 £+ 2 DIM over
a 6-mo period from April to September 2008. Treat-
ments (Table 1) were randomly assigned to cows within
a block. Dietary treatments were one of the following:
1) control containing 0% DG (CON); 2) 22% inclu-
sion of DDGS; and 3) 20% inclusion of RFDGS. The
rate of inclusion of the 2 types of DG (on a DM basis)
was calculated to allow for similar contribution to the
total dietary CP from either DG. Actual contributions
were 39.6 and 38.6% of dietary CP, respectively, for
the DDGS and RFDGS diets. In each diet, DDGS and
RFDGS replaced soybean meal, expeller soybean meal,
and soyhulls from the CON diet, whereas the propor-
tion of forage and corn remained constant across diets.
All diets were formulated to contain 25% corn silage,
25% alfalfa hay, and 50% concentrate (DM basis). Ex-
truded soybeans were added to all diets at 3.5% on
a DM basis to provide additional energy. A source of
rumen inert fat (Energy Booster 100, Milk Specialties,
Dundee, IL) was added to the CON and 20% RFDGS
diets at 2% to balance for ether extract (EE). Diets
were formulated (NRC, 2001) to be similar in nutrients
(17.1% CP, 10.0% RDP, 7.1% RUP, 5.5% EE, 19%
ADF, 30% NDF, and 1.63 Mcal/kg of NE;). During
the covariate period (2 wk), cows were individually fed
a common early lactation diet, followed by the experi-
mental diets as TMR for 12 weeks starting at 34 + 4
DIM. Cows were fed for ad libitum intake once daily
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Table 1. Ingredient composition of diets fed during the experiment

Treatment'
Ingredient CON DDGS RFDGS
Corn silage 25.0 25.0 25.0
Alfalfa hay 25.0 25.0 25.0
Ground corn 22.5 22.5 22.5
DDGS 0 22.0 0
RFDGS 0 0 20.0
Soybean meal, 44% 6.4 0 0
Expeller soybean meal® 5.0 0 0
Soybean hulls 8.5 0 0
Extruded soybeans 3.5 3.5 3.5
Rumen inert fat? 2.0 0 2.0
Limestone 0.50 0.80 0.80
Dicalcium phosphate 0.37 0 0
Salt 0.40 0.40 0.40
Magnesium oxide 0.16 0.16 0.16
Sodium bicarbonate 0.47 0.47 0.47
Dairy premix* 0.17 0.17 0.17
Vitamin E (20,000 IU) 0.03 0.03 0.03

!CON = control diet containing a blend of soybean products; DDGS
= diet containing 22% regular dried distillers grains with solubles; and
RFDGS = diet containing 20% reduced-fat dried distillers grains with
solubles.

*SoyPlus (West Central Soy, Ralston, TA).

*Energy Booster 100 (Milk Specialties, Dundee, IL).

‘Contained: 10% Mg; 2.6% Zn; 1.7 mg/kg Mn; 4,640 mg/kg Fe; 4,712
mg/kg Cu; 396 mg/kg I; 119 mg/kg Co; 140 mg/kg Se; 2,640,000 1U/
kg vitamin A; 528,000 IU/kg vitamin Ds; and 10,560 IU /kg vitamin E
(Land O’Lakes, St. Paul, MN).

at 0800 h. Variation in DM concentrations of forages
(alfalfa and corn silage) was monitored weekly and as-
fed diet composition was adjusted accordingly. Water
was added daily to the forage mixes to achieve a dietary
DM concentration of 60%. All procedures for this study
were approved by the South Dakota State University
Animal Care and Use Committee.

Sample Collection and Analyses

Corn silage, alfalfa hay, and concentrate mixes were
sampled weekly at the time of feeding, dried at 55°C for
48 h, and composited on a monthly basis. Individual
ingredients were sampled during the preparation of
the concentrate mixes. All feed samples were ground
to pass through a 2-mm screen of a Wiley mill (model
3, Arthur H. Thomas Co., Philadelphia, PA) and then
reground through a 1-mm screen of an ultracentrifuge
mill (Brinkman Instruments Co., Westbury, NY). Feed
samples were analyzed for DM (105°C for 24 h). Con-
centrations of NDF (Van Soest et al., 1991) and ADF
(Robertson and Van Soest, 1981) were determined
sequentially using an Ankom fiber analyzer (Ankom
Technology Corp., Fairport, NY). Sodium sulfite and
a-amylase were added during NDF extraction. Crude
protein was determined according to AOAC (2006;
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method 968.06) using an automated N combustion
analyzer (Elementar, Analysensysteme GmbH, Hanau,
Germany). Ether extract was determined using an
Ankom™™ extractor with diethyl ether as the solvent
(method 920.39; AOAC, 2006). Ash, Ca, P, K, Mg, and
S were analyzed according to AOAC procedures (AOAC,
2006). Concentration of starch in concentrate mixes,
forages, and concentrate ingredients were analyzed ac-
cording to the procedure of McCleary et al. (1994) us-
ing a starch assay kit (Megazyme International Ireland
Ltd., Wicklow, Ireland; method 996.11; AOAC, 2006).
Samples of corn silage, alfalfa hay, DDGS, REFDGS, and
concentrate mixes were analyzed for AA composition
according to AOAC (method 982.30 E [a,b,c]; AOAC,
2006). Chemical composition of diets was calculated
based on analysis of individual forages and concentrate
mixes and the dietary proportions of each ingredient in
the ration. Particle size distributions were evaluated for
all diets as TMR using the Penn State Particle Separa-
tor (PSPS) on both an as-fed and DM basis.

The amounts of feed offered and refused were mea-
sured daily. Cows were weighed on 2 consecutive days
and evaluated for BCS by 3 individuals at wk 0, 4,
8, and 12 of the study (Wildman et al., 1982), ap-
proximately 3 h postfeeding. Cows were milked twice
daily at 0600 and 1800 h, and individual yields were
recorded at each milking. Milk samples were collected
weekly from 4 consecutive milkings each week of the
experimental period. Daily composites of milk samples
based upon yield were analyzed by Heart of America
DHIA Laboratory (Manhattan, KS) according to ap-
proved procedures of AOAC (2006). Milk true protein,
fat, and lactose were determined by mid infrared spec-
troscopy (Bentley 2000 Infrared Milk Analyzer, Bentley
Instruments, Chaska, MN). Concentration of MUN was
determined using chemical methodology based on a
modified Berthelot reaction (ChemSpec 150 Analyzer,
Bentley Instruments), and somatic cells were counted
using a flow cytometer laser (Somacount 500, Bentley
Instruments).

Blood samples from the coccygeal artery and caudal
superficial epigastric vein were collected by venipunc-
ture 3 h postfeeding during 2 consecutive days at wk 0,
4, 8, and 12 of the experiment. Samples were collected
into vacutainers (Becton Dickinson and Co., Franklin
Lakes, NJ) containing either K-EDTA [for glucose,
BHBA, NEFA, triglycerides (TG), total cholesterol]
or lithium heparin [for AA, plasma urea N (PUN),
3-methylhistidine, and ornithine]. Plasma was obtained
by centrifuging at 2,400 x g for 20 min and was then
stored at —20°C. Individual samples were composited
into one pair of arterial and venous plasma for each
Cow.
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Arterial concentrations of glucose, BHBA, NEFA,
TG, total cholesterol, and PUN were determined us-
ing commercial enzymatic kits: Pointe Scientific Inc.
(Canton, MTI) for glucose, BHBA, TG, and total choles-
terol; Wako Chemicals (Richmond, VA) for NEFA; and
Stanbio Laboratory Inc. (Boerne, TX) for PUN. All
determinations were made in triplicate using a micro-
plate spectrophotometer (Varian Inc., Walnut Creek,
CA). Colorimetric methods were used to determine the
following: glucose using glucose oxidase (cat. no. G7521;
Trinder, 1969); BHBA using (3-hydroxybutyrate dehy-
drogenase and diaphorase (cat. no. H7587-58; William-
son et al., 1962); NEFA using NEFA-C kit (Johnson and
Peters, 1993); TG using lipase and glycerophosphate
oxidase (cat. no. T7532; Fossati and Lorenzo, 1982);
total cholesterol using cholesterol esterase and oxidase
(cat. no. C7510; Allain et al., 1974); and PUN using
diacetylmonoxime (Stanbio Urea N Kit 580). Arterial
and venous samples for each cow were analyzed for AA
via HPLC (model 1100, Agilent Technologies Inc., Palo
Alto, CA) with a PCX 5200 postcolumn derivatizer
(Pickering Laboratories Inc., Mountain View, CA) us-
ing ninhydrin as described by Mondina et al. (1972),
Pickering (1989), and Grunau and Swiader (1992).

Parameter Calculations

Energy balance (EB) was calculated using the fol-
lowing equation (NRC, 2001): EB = (DMI x diet NE;)
— [(0.08 x BW"™) + (milk NE; x milk yield)] with
NE; (Mcal/d) = milk yield (kg/d) x [(0.0929 x % fat)
+ (0.0563 x % protein) + (0.0395 x % lactose)].

The Fick principle was applied to estimate mammary
plasma flow (MPF) using Phe and Tyr as internal
markers (Mepham, 1982) with allowance for a 3.5%
contribution from bloodborne proteins according to
Cant et al. (1993) and with the exception that free milk
Phe and Tyr values were neglected.

MPF = [(milk Phe + Tyr) x 0.965/[arterio-venous
(AV) difference of (Phe + Tyr)]]|
Estimates of Phe and Tyr concentrations in milk of
4.9 and 5.1 g/100 g of milk protein, respectively, were

used (Jacobson et al., 1970). Extraction efficiency and
mammary uptake of AA were calculated as follows:

Extraction efficiency = AV difference/arterial

concentration x 100;

Mammary uptake = AV difference x MPF.
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Amino acids were classified into essential amino acids
(EAA) and nonessential amino acids (NEAA) based
on their importance for milk protein synthesis (Clark et
al., 1978). The EAA were His, Ile, Leu, Lys, Met, Phe,
Thr, Trp, and Val; NEAA were Ala, Asn, Asp, Cys,
Gln, Glu, Gly, Pro, Ser, and Tyr; and branched-chain
amino acids (BCAA) were Ile, Leu, and Val. Total
amino acids (TAA) was calculated as the sum of EAA
and NEAA.

Statistical Analyses

All variables were analyzed using the MIXED proce-
dure (SAS Institute, 2001) as a randomized complete
block design. Week was the repeated measure for all
production variables, while every fourth week was the
repeated measure for all blood metabolites, BW, BCS,
and EB values. Pretreatment values collected during the
2-wk covariate period for all measurements were used
as covariates in the statistical model except for plasma
AA, ornithine, citrulline, and 3-methylhistidine, where
no covariate was used. Because plasma AA, ornithine,
citrulline, and 3-methylhistidine were evaluated at a
single time point (wk 4), data were analyzed using the
same model except week and treatment x week were
not included in the model. The model included fixed
effects of treatment, week, and interaction of treatment
x week and block as a random effect. The model was

Yijk = COV + Ti + W] + Bk + (Tl X W]) —+ eijk,

where Y;; = dependent variable, Cov = effect of co-
variate, T; = effect of treatment, W; = effect of week,
By = effect of block, T; x W, = interaction between
treatment and week, and e; = residual error.

For each wvariable, the covariance structure cor-
responding to the lowest value given by the Akaike’s
information criterion was selected (Littell et al., 2006).
Interactions with P > 0.15 were sequentially dropped
from the model. Significant interactions are identified
in the results. Preplanned orthogonal contrasts were
used to test the following comparisons: 1) CON vs. DG
diets (DDGS and RFDGS) and 2) DDGS vs. RFDGS.
Data were reported as least squares means. Statistical
significance and tendencies were declared at P < 0.05
and 0.05 < P < 0.10 respectively.

RESULTS
Diet Composition

Chemical composition of the concentrate mixes, for-
ages, and DG sources are presented in Table 2 and
chemical composition of diets is presented in Table 3.
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Slight variations were observed in the nutrient com-
positions throughout the experimental period. Con-
sistent with the formulation of experimental diets, all
diets were similar in DM, CP, NDF, EE, starch, and
mineral concentrations. Concentration of ADF was
greater in the CON compared with DG diets. Replac-
ing soybean products with either source of DG resulted
in an increase in the concentrations of Leu, Met, and
His, whereas the concentrations of Arg, Ile, Lys, and
Trp decreased. Other EAA remained unchanged for
all diets. Total EAA (TEAA) was similar for all diets
(37.6 £ 0.07% of CP). Lysine as a percentage of TEAA
decreased from 11.9 to 9.4 =+ 0.18, respectively, for
CON and DG diets. Conversely, Met as a percentage of
TEAA increased from 3.6 to 4.3 + 0.01, respectively,
for CON and DG diets.

Particle size distribution was evaluated using PSPS
and is presented on an as-fed and DM basis in Table
4. Because all diets contained similar proportion of
forages, the proportion of particles with a diameter
>19 mm was similar for all treatments; however, as
DG replaced soybean feedstuffs in the diet, the propor-
tion of particles <1.18 mm was increased in DG diets
compared with CON diet. Particle size distributions of
all diets followed recommendations for lactating cows
(Heinrichs and Kononoff, 2002).

Intake, Milk Production, and Composition

Responses of DMI, milk production, and milk com-
position to feeding DG are presented in Table 5 and
Figure 1. No treatment effect was observed for either
DMI or CP intake. Averages of DMI and CPI were
24.7 and 4.3 kg/d, respectively. Intakes of Lys and Met
(data not shown) averaged 193, 153, and 150 g/d; and
59, 69, and 69 g/d, for cows fed CON, DDGS, and
RFDGS diets, respectively. Milk yield was not different
among treatments and averaged 39.3 £+ 0.46 kg/d for
the 12-wk experiment. Yields of milk fat and lactose
were similar for all diets and averaged 1.36 and 1.95
kg/d, respectively, but yield of protein increased 0.075
kg/d (P = 0.05) for cows fed DG diets compared with
CON. Similarly, treatment had no effect on milk fat
and lactose percentages, but milk protein percentage
increased (P = 0.03) for cows fed DG diets. Feed ef-
ficiency, expressed as ECM/DMI, tended to increase (P
= 0.09) in cows fed DG. Nitrogen efficiency calculated
as milk N (kg/d)/N intake (kg/d) increased (P = 0.01)
with DG diets. A tendency (P = 0.07) for an interac-
tion effect of treatment x week was observed for milk
protein because cows fed CON produced a greater milk
protein percentage during the first 3 wk but it was
lower compared with cows fed DG diets during wk 4 to
12 of the experiment (Figure 1). Milk urea N decreased
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Table 2. Chemical composition (% of DM unless otherwise noted) of concentrate mixes, dried distillers grains
with solubles (DDGS and RFDGS), corn silage, and alfalfa hay (DM basis)

1
Concentrate mix

Corn Alfalfa
Ttem CON DDGS RFDGS DDGS RFDGS silage hay
DM, % of diet 88.4 88.1 87.6 87.7 87.5 40.7 91.9
CP 21.0 20.4 20.9 31.3 34.0 7.9 20.5
NDF 20.1 17.9 20.7 31.2 42.8 45.9 41.5
ADF 10.5 4.9 5.7 9.2 12.5 22.9 29.1
Ether extract 8.5 8.4 8.6 10.8 3.5 3.3 2.4
Starch 30.6 34.7 33.8 8.9 5.6 25.2 2.3
Ash 7.7 6.8 6.6 4.5 5.3 4.5 10.3
Ca 1.10 0.82 0.83 0.05 0.06 0.31 1.33
P 0.49 0.51 0.52 0.79 0.84 0.26 0.27
Mg 0.40 0.41 0.42 0.31 0.34 0.27 0.31
K 1.06 0.75 0.74 0.94 1.01 0.85 2.32
S 0.20 0.37 0.42 0.60 0.74 0.70 0.23
AA, % of CP
Ala 4.67 6.62 6.66 6.93 7.12 6.32 4.53
Arg 6.05 4.76 4.71 4.74 4.69 2.41 3.89
Asp 9.84 717 7.19 6.37 6.85 5.83 9.37
Cys 1.44 1.73 1.77 1.93 1.82 1.24 1.02
Glu 15.78 15.62 15.72 13.04 14.38 10.63 7.97
Gly 4.41 3.98 4.00 4.11 4.11 3.65 4.14
His 2.77 2.90 2.92 3.00 3.05 2.01 1.89
Tle 4.34 3.96 3.98 4.04 4.32 3.20 3.92
Leu 8.44 11.41 11.58 11.74 12.53 7.92 6.56
Lys 5.28 3.48 3.32 3.48 3.22 2.72 4.62
Met 1.33 1.82 1.84 2.04 1.99 1.47 1.30
Phe 4.65 4.59 4.67 4.52 4.73 3.61 4.14
Pro 5.17 6.97 6.89 8.63 7.43 5.03 4.75
Ser 3.75 3.68 3.79 4.07 4.32 2.62 2.73
Tau 0.23 0.17 0.16 0.00 0.03 0.40 0.23
Thr 3.39 3.42 3.48 3.78 3.80 2.80 3.28
Trp 0.95 0.74 0.77 0.81 0.75 0.53 0.81
Tyr 3.21 3.16 3.25 3.48 3.56 2.27 2.63
Val 4.76 4.91 5.00 5.30 5.34 4.22 4.69
TEAA? 42.0 42.0 42.3 43.4 44.4 30.9 35.1
AA N, % of total N 90.2 91.1 91.7 92.0 94.0 68.9 72.5
Lys, % of TEAA 12.58 8.28 7.86 8.01 7.25 8.79 13.16
Met, % of TEAA 3.16 4.34 4.36 4.69 4.47 4.75 3.71

!CON = control diet containing a blend of soybean products; DDGS = diet containing 22% regular dried
distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers grains with

solubles.
*TEAA = total essential amino acids.

in DG diets (P < 0.01) and there was a tendency for
a decrease (P = 0.09) in MUN in cows fed RFDGS
compared with DDGS diet. There were no treatment x
week interactions for the other production variables.

BW, BCS, and EB

Body weight, BW change, and BCS were not af-
fected by treatment (Table 6); however, there was a
tendency (P = 0.06) for cows fed the CON diet to
gain more body condition (4+0.14) by the end of the
experimental period compared with cows fed DG diets.
Negative energy balance was observed only at wk 0
for both DG diets, whereas EB was positive during
subsequent weeks. Energy balance tended (P = 0.06)
to improve almost 2-fold for cows fed the CON diet
compared with cows fed DG diets. Energy efficiency
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for milk production tended (P = 0.09) to be greater
for cows fed DG diets (67.5 + 0.85%) compared with
CON diet (63.1%).

Plasma Metabolites

Plasma concentrations of glucose, BHBA, NEFA,
TG, total cholesterol, and urea N are presented in
Table 7. In general, changes in plasma metabolites
over time reflected overall means of the experimental
period. Circulating glucose concentrations were similar
for all diets (62.0 £+ 1.85 mg/dL). Cows fed either type
of DG had lower (P = 0.04) concentrations of BHBA
than cows fed the CON diet. Similarly, there was a
tendency (P = 0.08) for CON cows to have greater
NEFA concentrations. Total cholesterol concentration
tended to increase (P = 0.10) in cows fed the DG diets.
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Table 3. Chemical composition (% of DM unless otherwise noted) and amino acid concentrations of
experimental diets’

Treatment’
Ttem CON DDGS RFDGS
DM, % of diet 61.2 (3.97) 60.6 (3.62) 60.8 (3.60)
CcP 17.6 (0.56) 17.4 (0.60) 17.6 (0.56)
RDP,* % of CP 58.5 56.6 56.1
RUP,' % of CP 41.5 43.4 43.9
Duodenal supply of Lys,* % of MP 6.32 5.69 5.60
Duodenal supply of Met,* % of MP 1.73 1.86 1.84
Lys:Met ratio 3.63:1 3.04:1 3.04:1
MP balance," g/d 471 470 464
NDF 31.4 (0.91) 30.9 (0.62) 32.7 (1.20)
ADF 18.2 (0.61) 15.4 (0.45) 15.8 (0.71)
Ether extract 5.7 (0.27) 5.6 (0.28) 5.7 (0.12)
Starch 22.2 (1.77) 24.2 (2.46) 23.8 (1.53)
NFC® 37.8 38.8 37.0
NE;," Mcal/kg 1.62 1.62 1.61
Ash 7.5 (0.44) 7.3 (0.80) 7.0 (0.52)
Ca 0.96 (0.06) 0.81 (0.01) 0.82 (0.04)
P 0.38 (0.01) 0.39 (0.02) 0.39 (0.01)
Mg 0.35 (0.02) 0.36 (0.02) 0.36 (0.01)
K 1.32 (0.09) 1.16 (0.06) 1.16 (0.07)
S 0.19 (0.01) 0.28 (0.01) 0.30 (0.01)
AA, % of CP
Ala 5.06 (0.15) 6.02 (0.15) 6.04 (0.10)
Arg 4.63 (0.09) 3.95 (0.09) 3.93 (0.03)
Asp 8.77 (0.09) 7.39 (0.09) 7.39 (0.05)
Cys 1.27 (0.02) 1.43 (0.05) 1.45 (0.02)
Glu 12.6 (0.32) 12.5 (0.30) 12.5 (0.20)
Gly 4.16 (0.06) 3.94 (0.07) 3.94 (0.07)
His 2.35 (0.03) 2.42 (0.06) 2.43 (0.01)
Ile 3.94 (0.03) 3.76 (0.06) 3.77 (0.02)
Leu 7.81 (0.13) 9.33 (0.21) 9.41 (0.03)
Lys 4.48 (0.07) 3.57 (0.05) 3.49 (0.04)
Met 1.37 (0.04) 1.60 (0.02) 1.61 (0.02)
Phe 4.26 (0.06) 4.23 (0.09) 4.27 (0.01)
Pro 5.04 (0.10) 5.93 (0.08) 5.89 (0.06)
Ser 3.28 (0.12) 3.18 (0.08) 3.23(0.10)
Tau 0.27 (0.00) 0.24 (0.02) 0.24 (0.02)
Thr 3.25 (0.07) 3.23 (0.04) 3.26 (0.02)
Trp 0.82 (0.02) 0.71 (0.04) 0.72 (0.02)
Tyr 2.85 (0.07) 2.80 (0.07) 2.85 (0.03)
Val 4.66 (0.11) 4.68 (0.07) 4.73 (0.07)
TEAAS 37.5 (0.57) 37.5 (0.64) 37.6 (0.10)
AA, % of total N 80.9 (1.57) 80.9 (1.66) 81.2 (0.46)
Lys, % of TEAA 11.93 (0.11) 9.53 (0.09) 9.28 (0.10)
Met, % of TEAA 3.62 (0.06) 4.28 (0.05) 4.29 (0.05)

!Calculated at 50:25:25 of concentrate mix, corn silage, and alfalfa hay, respectively.

*CON = control diet containing a blend of soybean products; DDGS = diet containing 22% regular dried
distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers grains with
solubles.

*Numbers in parentheses represent standard deviation; n = 9 for CP, NDF, ADF, and ash; and n = 3 for ether
extract, starch, and amino acids.

‘BEstimated from NRC (2001) using actual feed analysis, in situ data (Mjoun et al., 2010a), and average lacta-
tion performance for each treatment.

"NFC = 100 ~ (% NDF + % CP + % ether extract + % ash).
STEAA = total essential amino acids.

Plasma urea N was decreased in cows fed DG diets (P for cows fed DG diets (P = 0.01) compared with cows
< 0.01). fed CON. Mammary plasma flow, ammonia, citrulline,

Arterial concentrations of protein metabolism inter- 3-methylhistidine, and carnosine concentrations were
mediates are shown in Table 8. Ornithine decreased not affected by treatments.
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Table 4. Particle distribution using the Penn State Particle Separator (PSPS) of diets containing regular or
reduced-fat dried distillers grains with solubles

Treatment' Contrast
CON wvs. DDGS
Ttem CON DDGS RFDGS SEM DG vs. RFDGS
PSPS distribution, % as fed
>19 mm 10.3 10.0 9.8 0.38 0.40 0.65
8-19 mm 22.8 23.8 24.4 0.39 0.01 0.24
1.18-8 mm 44.3 41.5 37.7 0.48 <0.01 <0.01
Bottom pan 22.6 24.7 28.1 0.47 <0.01 <0.01
PSPS distribution, % as DM
>19 mm 10.3 10.1 9.9 0.21 0.47 0.66
8-19 mm 18.8 20.0 20.9 0.20 <0.01 0.10
1.18-8 mm 45.8 42.9 38.8 0.32 <0.01 <0.01
Bottom pan 25.1 27.0 30.4 0.32 <0.01 <0.01

'CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers
grains with solubles.

Plasma Amino Acids expected, there were no differences between the 2 types
of DG; however, clear differences were observed for all

Arterial plasma AA concentrations are presented in individual EAA except for Thr when comparing CON
Table 9. Arginine was omitted from the results because with DG diets. For DG diets, concentrations of Ile,
of a negative AV difference for some of the animals. As Lys, and Val decreased, whereas concentrations of His,

Table 5. Dry matter intake, milk yield, and milk composition by early lactation cows fed regular or reduced-
fat dried distillers grains with solubles

Treatment' Contrast
CON vs. DDGS vs.

Ttem CON DDGS RFDGS SEM DG RFDGS
Intake, kg/d

DM? 24.8 24.7 24.6 0.51 0.85 0.86

Ccp? 4.3 4.3 4.3 0.09 0.98 0.97
Production, kg/d

Milk% 39.2 38.9 39.8 0.83 0.84 0.45

ECM? 38.0 37.8 39.5 1.26 0.68 0.33

FCM* 35.7 35.3 37.1 1.33 0.77 0.35
Efficiency

Feed” 1.50 1.57 1.61 0.04 0.09 0.47

N© 24.5 26.9 26.5 0.65 0.01 0.63
Milk composition

Fat, % 3.63 3.24 3.57 0.15 0.24 0.14

Fat, kg/d 1.33 1.34 1.40 0.08 0.66 0.54

Protein,>” % 2.82 2.88 2.89 0.03 0.03 0.73

Protein,” kg/d 1.07 1.15 1.14 0.03 0.05 0.82

Lactose,” % 4.90 4.99 4.96 0.04 0.10 0.61

Lactose,” kgéd 1.94 1.94 1.96 0.04 0.85 0.74

Total solids,” % 12.3 12.0 12.4 0.19 0.79 0.12

Total solids,” kg/d 4.73 4.70 4.90 0.14 0.66 0.26

MUN,? mg/dL 11.8 10.9 10.1 0.30 0.01 0.09
scs® 3.38 3.91 3.83 0.23 0.09 0.79

!CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers
grains with solubles.

*Effect of week (P < 0.05).

*ECM = [0.327 x milk yield (kg)] + [12.95 x fat yield (kg)] + [7.2 x protein yield (kg)].
‘FCM = [0.4 x milk yield (kg)] + [15 x fat yield (kg)].

"Feed efficiency = (ECM/DMI) x 100.

SNitrogen efficiency = milk N (kg/d)/N intake (kg/d) x 100.

"Effect of interaction of week by treatment (P = 0.07).

fSCS = log (SCC).
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Figure 1. Dry matter intake, milk yield, and milk fat and milk protein by early lactation cows fed experimental diets: CON = control diet
containing a blend of soybean products (¢); DDGS = diet containing 22% regular dried distillers grains with solubles (A); and RFDGS = diet
containing 20% reduced-fat dried distillers grains with solubles (H). Effect of week was significant (P < 0.05) for DMI, milk, and milk protein.

There was a tendency for treatment x week for milk protein (P = 0.07).

Leu, Met, Phe, and Trp increased. Of the NEAA, Gly,
Pro, Ser, and Tyr were increased in DG diets and the
remaining NEAA were unchanged. Tyrosine concentra-
tion was greater in RFDGS compared with the DDGS
diet (P = 0.03) and there was a trend for a decrease
(P = 0.09) in Tau concentration in RFDGS compared
with DDGS. Because of these changes, plasma EAA
and BCAA concentrations were similar for all diets, and
TAA and NEAA increased (P < 0.05) in DG diets.

Arterio-venous differences of AA are presented in
Table 10. Except for Leu, Met, and Gly, the AV differ-
ences of all AA were unchanged for all treatments. The
AV differences of both Leu and Met were increased (P
< 0.05) in DG diets, whereas the AV difference of Gly
was decreased (P = 0.01). The AV differences of EAA,
NEAA, and TAA were similar for all diets; however,
the AV difference of BCAA tended to increase (P =
0.09) in DG diets mainly because of the increase in AV
difference of Leu. No differences existed between the 2
DG treatments.

Mammary extractions of plasma AA are presented
in Table 11. Of the EAA, the extraction efficiency of
Ile, Lys, and Val increased (P < 0.01) in DG diets
compared with the CON diet. Opposite observations
were noted for the NEAA; the extraction efficiency of

Gly, Ser, and Tyr decreased (P = 0.05) in DG diets.
Extraction efficiency of BCAA increased (P = 0.05)
and that of NEAA decreased (P = 0.05) in cows fed the
DG diets compared with CON. No differences existed
between the 2 DG treatments.

Uptake of AA by the mammary gland is shown in
Table 12. Uptakes of Leu, Phe, and Pro increased (P
= 0.05) in diets containing DG. Trends for an increase
(P = 0.07) were observed for Met and Asn. Mammary
uptake of BCAA increased (P = 0.04) in DG diets com-
pared with CON. There were no differences in mam-
mary uptake of AA between the 2 DG treatments.

DISCUSSION
Diet Composition

Chemical composition (Table 2) of corn silage and al-
falfa hay was similar to reported values in NRC (2001)
for CP, ADF, and NDF. The AA composition of forage
showed a small deviation from values listed in NRC
(2001) for a mid maturity hay (40 to 46% NDF) and a
normal corn silage (32 to 38% DM). The chemical com-
position was different between the 2 types of DG. The
DDGS had lower concentrations of CP, NDF, ADF,
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Table 6. Body weight, BCS, and energy balance of early lactation cows fed regular or reduced-fat dried
distillers grains with solubles

Treatment' Contrast
CON vs. DDGS vs.
Item CON DDGS RFDGS SEM DG RFDGS
Initial BW, kg 693 682 660 26.5 0.31 0.39
Final BW, kg 734 722 704 25.4 0.34 0.47
BW,? kg 710 712 713 5.4 0.78 0.94
BW change, kg/d 0.47 0.47 0.53 0.09 0.80 0.66
BCS? 3.43 3.32 3.34 0.05 0.13 0.82
BCS change/d 0.14 0.02 0.00 0.07 0.06 0.79
NE,’ Mcal/d 41.3 40.1 40.3 0.98 0.38 0.86
NE,,*® Mcal/d 11.0 11.0 11.0 0.06 0.76 0.91
NE,,* Mcal/d 26.4 26.5 27.4 1.17 0.60 0.49
EB,’ Mcal/d 4.39 1.98 1.98 0.99 0.53 0.99
TRE,® Mcal/kg 20.7 20.0 20.1 0.36 0.08 0.74
Energy efficiency’ 63.1 66.9 68.1 2.30 0.09 0.64

'CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers

grains with solubles.
*Effect of week (P < 0.05).

*Body condition score: 1 = emaciated to 5 = obese (Wildman et al., 1982).

‘Net energy intake = NE;(Mcal/kg) x DMI (kg/d).

’Net energy for maintenance = BW"™ x 0.08 (NRC, 2001).
Net energy required for milk = milk yield (kg) x [(0.0929 x fat %) + (0.0563 x protein %) + (0.0395 x

lactose %)] (NRC, 2001).
"Energy balance = NE; — (NEy + NEp).

*Total reserves energy = proportion empty body fat x 9.4 + proportion empty body protein x 5.55 (NRC,

2001).
Energy efficiency = NE;, /NE; x 100.

and ash. Starch concentration was slightly greater in
DDGS compared with RFDGS. Ether extract was less
in RFDGS (3.5%) compared with DDGS (10.8%). The
AA concentration (as % of CP) was similar for both
DG. Essential AA composition of DG used in this study
is comparable to published data (Spiehs et al., 2002)
regarding DG produced from “new generation” ethanol
plants. Among the individual EAA, Lys concentration
as percentage of CP was greater in DDGS (3.48%)
and in RFDGS (3.22%) compared with that (2.24%)
reported in NRC (2001). Total EAA, as a percentage of
CP, was greater in DG (43.9%) compared with a value
of 37.8% listed in NRC (2001). The nutrient profile of
both DG used in this study reflects improved fermen-
tation efficiency of new generation ethanol plants as
described by Spiehs et al. (2002).

All diets were similar in CP, NDF, EE, NFC, and
starch (Table 3). Because of greater ADF concentration
in soybean feedstuffs, the CON diet contained more
ADF (18.2%) than the DG diets (15.6%). Starch con-
centration was greater in DG diets; however, overall
starch levels for all diets (23.4 £ 1.05%) were within
the normal range recommended for lactating cows (Oba
and Allen, 2003). Calculated dietary RDP and RUP
based on in situ analysis of the feed ingredients (Mjoun
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et al., 2010a) indicate that RDP slightly decreased
following the substitution of soybean feedstuffs with
either DG type, with a greater RUP value observed for
the RFDGS diet. Amino acid composition of diets was
similar for both DG diets. Comparing CON with both
DG diets indicated that Lys concentration decreased by
21%, whereas that of Met increased by 17%. Estimated
duodenal Lys supply using NRC (2001) ranged from
6.32 and 5.63, whereas duodenal Met supply ranged
from 1.74 to 1.85 as a percentage of MP, respectively,
for CON and DG diets. These concentrations were less
than those suggested by the NRC (2001). Milk protein
score, calculated as the concentration (percentage of
CP) of first-limiting AA in the diet/AA concentration
in milk protein (Schingoethe, 1996), was 0.53, 0.44, and
0.43, respectively, for CON, DDGS, and RFDGS diets.
According to the milk protein score, Met was the first
limiting AA in CON followed by Lys and Trp. In both
DG diets, Lys was first limiting, followed by Met and
Trp.

Intake, Milk Production, and Composition

Similar DMI across diets (Table 5) is consistent with
previous research in which DG were fed at approxi-
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Table 7. Plasma metabolites of early lactation cows fed regular or reduced-fat dried distillers grains with

solubles
Treatment' Contrast
CON vs. DDGS vs.

Ttem CON DDGS RFDGS SEM DG RFDGS
Glucose, mg/dL

Wk 4 61.8 57.3 60.9 2.32

Wk 8 59.1 60.7 61.7 2.21

Wk 12 69.3 61.6 65.4 2.21

Overall® 63.4 59.9 62.7 1.30 0.17 0.13
BHBA, mg/dL

Wk 4 8.21 7.04 6.81 0.62

Wk 8 8.13 6.76 6.96 0.59

Wk 12 8.73 8.28 7.70 0.59

Overall 8.36 7.36 7.16 0.44 0.04 0.68
NEFA, mM

Wk 4 0.17 0.17 0.17 0.02

Wk 8 0.16 0.09 0.12 0.02

Wk 12 0.15 0.11 0.09 0.02

Overall® 0.16 0.12 0.13 0.01 0.08 0.72
Triglycerides, mg/dL

Wk 4 9.92 9.26 10.94 0.96

Wk 8 13.13 11.72 13.50 0.96

Wk 12 9.93 10.16 9.82 0.96

Overall® 11.00 10.38 11.42 0.57 0.89 0.18
Total cholesterol, mg/dL

Wk 4 183.0 202.2 212.2 13.12

Wk 8 220.4 240.7 243.9 12.54

Wk 12 234.8 229.3 250.3 12.54

Overall’ 212.7 224.1 235.4 8.69 0.10 0.27
Urea N, mg/dL

Wk 4 15.4 13.8 12.6 0.84

Wk 8 13.8 11.3 11.3 0.80

Wk 12 17.1 15.4 14.7 0.80

Overall® 15.4 13.5 12.9 0.47 <0.01 0.33

'CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers
grains with solubles.

*Effect of week (P < 0.05).

mately 20% of the diet DM (Liu et al., 2000; Klein- cows in mid lactation (Powers et al., 1995; Anderson et
schmit et al., 2006). Milk production was not different al., 2006; Kleinschmit et al., 2006). In this experiment,
among treatments. Most recent studies have shown an dietary fat was balanced across diets and the ratio of
increase in milk production when DG were fed to dairy metabolizable energy supply to requirement according

Table 8. Mammary plasma flow (MPF) and protein metabolism metabolites (uM/L) of early lactation cows
fed regular or reduced-fat dried distillers grains with solubles

1

Treatment Contrast
CON vs. DDGS vs.

Ttem CON DDGS RFDGS SEM DG RFDGS
MPF?

L/d 14,909 16,978 15,479 1,028 0.24 0.24

L/kg of milk 374.3 416.2 418.3 33.6 0.30 0.96
Ammonia 176.8 170.2 175.2 7.7 0.52 0.48
Citrulline 93.5 88.0 93.8 5.6 0.66 0.41
3-Methylhistidine 3.41 3.17 3.31 0.34 0.65 0.74
Carnosine 9.45 9.07 9.17 1.14 0.81 0.94
Ornithine 42.85 35.82 34.12 2.58 0.01 0.61

!CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers
grains with solubles.

*Mammary plasma flow = [(milk Phe + Tyr) x 0.965/[arterial-venous difference of (Phe + Tyr)]] (Cant et
al., 1993).
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Table 9. Arterial plasma concentration of AA of early lactation cows fed regular or reduced-fat dried distillers

grains with solubles

Treatment' Contrast
CON vs. DDGS vs.
AA,2 wM/L CON DDGS RFDGS SEM DG RFDGS
EAA
His 46.7 52.1 55.2 2.35 0.02 0.34
Ile 130.4 99.7 101.2 6.25 <0.001 0.86
Leu 150.2 186.7 201.0 9.50 <0.001 0.29
Lys 70.4 58.6 55.8 3.55 <0.01 0.57
Met 14.9 21.2 21.4 1.11 <0.001 0.91
Phe 40.5 44.6 49.1 2.14 0.02 0.13
Thr 84.3 81.3 87.2 4.76 0.99 0.36
Trp 26.4 33.8 31.6 2.44 0.04 0.52
Val 272.4 234.2 244.3 12.46 0.03 0.55
NEAA
Ala 220.3 227.7 244.2 11.76 0.26 0.31
Asn 42.6 43.3 44.1 1.91 0.61 0.75
Asp 8.4 7.0 7.2 0.72 0.13 0.81
Glu 46.0 41.2 42.3 2.72 0.17 0.74
Gln 260.8 260.0 245.5 9.11 0.40 0.20
Gly 305.0 372.0 357.4 22.6 0.03 0.62
Pro 66.2 87.2 96.6 5.99 <0.001 0.19
Ser 81.0 106.6 99.9 5.86 <0.01 0.41
Tau 70.9 77.5 67.6 4.65 0.74 0.09
Tyr 41.8 53.1 63.5 3.30 <0.001 0.03
EAA 836.3 812.2 841.9 30.44 0.81 0.49
NEAA 1,072.2 1,198.4 1,198.4 36.82 <0.001 1.00
BCAA 553.0 520.6 546.4 25.95 0.53 0.48
TAA 1,908.5 2,010.6 2,073.9 52.27 0.03 0.36

!CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers

grains with solubles.

’EAA = essential AA; NEAA = nonessential AA; BCAA = branched-chain AA (Val, Ile, and Leu); TAA =

total AA = EAA + NEAA.

to the NRC (2001) was similar for all diets, averag-
ing 1.06 = 0.02. The increase in milk production in
the studies previously cited may have been partially
attributed to additional fat, which increased in diets
containing DG. Another reason for the increase in milk
production in those studies may have been the increase
in RUP supply when DG replaced either soybean meal
or corn in the CON diets. Although RDP and RUP were
not perfectly balanced across diets, the slight increase
in dietary RUP from the DG diets compared with CON
was minimal in this experiment compared with greater
RUP increases supplied by DG diets in other studies
(Powers et al., 1995; Anderson et al., 2006; Kleinschmit
et al., 2006). In addition, the MP balance was similar
for all diets (+468 g/d), indicating similar supply of
protein available for absorption.

Milk fat is usually not affected by feeding DG in
diets containing adequate effective fiber (Anderson et
al., 2006). Consistent with this observation, milk fat
in this experiment was similar across diets; however,
milk fat percentage was numerically lower (by 0.3
percentage units) in cows fed DDGS compared with
those fed RFDGS and CON. In this experiment, all
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diets contained similar proportions of forages (50% of
diet DM) and physically effective fiber. This numerical
decrease in milk fat percentage in cows fed DDGS diet
may be attributed to differences in type of fat among
treatments. Rumen inert fat containing 85% saturated
fat (Energy Booster 100) was included in the CON and
RFDGS diets to balance for dietary fat concentration.
In previous experiments, the inclusion of saturated
fats increased milk fat percentage (Elliott et al., 1996;
Mjoun et al., 2010b).

Feeding DG at 20% or less of the diet of mid lacta-
tion cows usually has no effect on milk protein percent-
age (Anderson et al., 2006; Kleinschmit et al., 2007;
Hubbard et al., 2009; Schingoethe et al., 2009). A few
studies evaluated DG as a protein source in early lacta-
tion (Palmquist and Conrad, 1982; Grings et al., 1992).
In the former study, milk production averaged only 18
kg/d. At such a level of production, a test of protein
quality may not be relevant. The only study found in
the literature that evaluated DG as a source of protein
in early lactation cows producing high quantities of
milk was that of Grings et al. (1992). In that study,
the inclusion of DG up to 36% of the diet DM resulted
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Table 10. Arterio-venous differences of amino acids of early lactation cows fed regular or reduced-fat dried

distillers grains with solubles

Treatment' Contrast
CON vs. DDGS vs.
AA,2 wM/L CON DDGS RFDGS SEM DG RFDGS
EAA
His 13.9 14.4 15.3 1.01 0.42 0.54
Ile 41.9 44.4 44.7 3.12 0.44 0.93
Leu 63.2 74.6 79.3 4.76 0.02 0.47
Lys 45.8 43.1 44.4 3.11 0.53 0.74
Met 10.3 12.7 13.3 1.06 0.03 0.70
Phe 19.8 20.7 23.5 1.27 0.13 0.13
Thr 26.6 24.9 26.6 1.94 0.71 0.53
Trp 1.9 7.9 6.6 2.80 0.11 0.74
Val 53.3 60.9 58.9 5.04 0.28 0.78
NEAA
Ala 27.2 28.6 29.7 6.45 0.80 0.90
Asn 14.0 16.4 15.7 1.32 0.19 0.70
Asp 4.5 3.1 3.8 0.61 0.08 0.30
Glu 28.2 24.8 25.9 2.30 0.27 0.72
Gln 83.9 80.8 73.7 5.65 0.28 0.33
Gly 21.0 7.5 4.1 6.47 0.01 0.62
Pro 11.3 19.0 17.6 3.80 0.15 0.81
Ser 28.8 29.2 24.8 12.10 0.74 0.49
Tau 6.8 5.1 5.0 1.98 0.42 0.97
Tyr 20.2 19.5 19.5 1.67 0.73 0.99
EAA 283.5 305.0 312.1 21.5 0.32 0.81
NEAA 238.9 228.0 187.6 25.0 0.28 0.21
BCAA 158.5 179.9 179.9 11.4 0.09 0.84
TAA 522.4 533.8 517.0 34.3 0.93 0.71

!CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers

grains with solubles.

’EAA = essential AA; NEAA = nonessential AA; BCAA = branched-chain AA (Val, Ile, and Leu); TAA =

total AA = EAA + NEAA.

in a linear increase in both CP (13.9 to 20.3%) and
RUP (26.1 to 36.3% of CP) in the diet. Milk produc-
tion increased from 37.8 to 42.0 kg/d, and milk protein
percentage increased from 2.63 to 2.80%. The increase
in milk production and milk protein content was likely
a result of increasing dietary protein per se rather than
a direct effect of DG inclusion. In this experiment, the
increase in milk protein percentage with DG diets may
be partially related to the increase in the uptake of
BCAA by the mammary gland. As observed in a pre-
vious experiment (Mjoun et al., 2010b), milk protein
synthesis was not affected until 30% RFDGS was fed.
A decrease in arterial concentration of Lys in cows fed
DG is usually observed (Nichols et al., 1998; Klein-
schmit et al., 2006; Mjoun et al., 2010b); however, this
decrease does not imply a Lys deficiency because of
the compensated increase in the extraction efficiency of
Lys by the mammary gland that is usually sufficient to
support milk production and milk protein synthesis.
Ruminal protein degradability affects MUN (Hris-
tov et al., 2004). The estimated RUP of RFDGS and
DDGS as ingredients were 60.4 and 52.3% (Mjoun et

al., 2010a). Replacing soybean meal and expeller soy-
bean meal by DG products resulted in a slight increase
in RUP that may explain the lower MUN in cows fed
those diets compared with CON cows. The response in
MUN in this study is in agreement with previous re-
search evaluating DG (Kleinschmit et al., 2006; Janicek
et al., 2008; Mjoun et al., 2010b).

EB and Plasma Metabolites

The positive energy status of cows is in agreement
with Kendrick et al. (1999) who found that cows re-
turned to positive energy balance between 21 and 49
d depending on the energy density of the diet. In this
experiment, EB was evaluated between 35 and 120
DIM. The positive EB observed for all diets indicates
that energy was not limiting in this experiment. Cows
fed CON had twice the EB as cows fed the DG diets.
Similarly, the tendency for CON cows to have greater
total energy reserves and lesser energy efficiency for
lactation indicates that CON cows may have prefer-
entially partitioned metabolizable energy for body
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Table 11. Extraction efficiency’ of amino acids of early lactation cows fed regular or reduced-fat dried

distillers grains with solubles

Treatment® Contrast
CON vs. DDGS vs.
AAP % CON DDGS RFDGS SEM DG RFDGS
EAA
His 30.3 27.5 27.7 1.64 0.14 0.92
Tle 33.2 44.9 43.9 2.58 0.001 0.77
Leu 43.0 41.1 39.1 2.56 0.34 0.56
Lys 65.4 73.2 79.1 2.40 <0.001 0.06
Met 68.7 59.6 62.6 3.89 0.11 0.58
Phe 49.2 46.7 47.9 2.32 0.48 0.69
Thr 31.4 32.0 31.5 2.62 0.89 0.89
Trp 2.2 18.7 18.6 8.81 0.12 1.00
Val 19.9 25.9 24.0 1.67 0.01 0.42
NEAA
Ala 13.7 12.5 12.1 2.71 0.66 0.91
Asn 33.3 37.4 35.1 2.27 0.25 0.23
Asp 53.8 41.2 51.2 6.70 0.28 0.45
Glu 60.1 59.9 60.9 2.72 0.94 0.77
Gln 32.0 31.2 30.1 1.88 0.49 0.63
Gly 6.9 1.7 1.2 1.92 <0.01 0.81
Pro 17.1 21.4 16.7 4.75 0.71 0.46
Ser 35.9 27.2 25.0 4.00 0.02 0.63
Tau 9.2 6.0 6.8 2.38 0.27 0.81
Tyr 48.6 37.6 31.0 2.64 <0.001 0.06
EAA 34.0 37.3 36.7 2.03 0.19 0.83
NEAA 22.4 18.9 15.6 1.96 0.03 0.23
BCAA 29.3 35.0 33.3 1.92 0.04 0.52
TAA 27.4 26.4 25.1 1.50 0.35 0.53

"Extraction efficiency = arterio-venous difference/arterial concentration x 100.
*CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers

grains with solubles.

SEAA = essential AA; NEAA = nonessential AA; BCAA = branched-chain AA (Val, Tle, and Leu); TAA =

total AA = EAA + NEAA.

reserve deposition rather than for synthesis of milk or
milk components. Of the energy reserves, the propor-
tion of body fat may have been greater in CON cows,
therefore increasing their mobilization capability, as
indicated by a tendency for greater NEFA and greater
plasma BHBA concentrations. This conclusion is con-
sistent with the gain in body condition for CON cows
despite unchanged BW. An increase in plasma NEFA
is associated with a negative energy balance (Pullen
et al., 1989); however, in this experiment CON cows
were in better EB than cows fed DG diets. Increased
BHBA concentration in CON cows is consistent with
the observation of Guretzky et al. (2006) that dairy
cows in early lactation exhibit incomplete oxidation
of fatty acids. The BHBA concentrations were below
the threshold for subclinical ketosis for all treatments
(Geishauser et al., 2000). The tendency for an increase
in total cholesterol concentration in DG diets, and
especially in the RFDGS diet, is consistent with our
previous experiment (Mjoun et al., 2010b) where the
increase was partially attributed to added dietary fat.
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However, in this experiment, dietary fat concentration
was similar across all diets. The increase in total cho-
lesterol may be attributed to the fatty acids contained
in the DG.

Plasma AA

Mammary plasma flow per kilogram of milk output
was unaffected by treatment, averaging 407 L/kg of
milk. This estimate was less than values obtained in
mid lactation cows (Mjoun et al., 2010b). Similar to
this observation, Mabjeesh et al. (2000) estimated
MPF in dairy goats using a dilution technique by p-
aminohippurate in the mammary vein and found that
the ratio of blood flow to milk yield was much lower in
early (80 DIM) compared with later (233 DIM) lacta-
tion (400:1 vs. 800:1). In this experiment, milk yield
was 8 kg/d higher compared with cows in mid to late
lactation (Mjoun et al., 2010b). Lower MPF obtained in
early lactation cows is conflicted with the model devel-
oped by Cant and McBride (1995) in which MPF and
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Table 12. Mammary uptake' of amino acids of early lactation cows fed regular or reduced-fat dried distillers

grains with solubles

Treatment® Contrast
) CON vs. DDGS vs.
AA? g/kg of milk CON DDGS RFDGS SEM DG RFDGS
EAA
His 0.80 0.91 0.98 0.10 0.15 0.56
Ile 2.07 2.40 2.45 0.28 0.15 0.85
Leu 3.09 4.03 4.38 0.45 0.01 0.48
Lys 2.52 2.49 2.68 0.26 0.78 0.51
Met 0.58 0.83 0.81 0.11 0.07 0.89
Phe 1.14 1.39 1.58 0.15 0.04 0.35
Thr 1.18 1.19 1.30 0.13 0.60 0.42
Trp 0.14 0.64 0.50 0.22 0.11 0.65
Val 2.35 2.87 2.87 0.33 0.11 0.99
NEAA
Ala 0.84 1.05 1.04 0.24 0.48 0.98
Asn 0.70 0.86 0.87 0.10 0.07 0.93
Asp 0.23 0.15 0.20 0.03 0.22 0.31
Glu 1.48 1.50 1.60 0.18 0.72 0.66
Gln 4.54 4.91 4.40 0.55 0.83 0.44
Gly 0.59 0.36 0.21 0.23 0.15 0.55
Pro 0.30 0.91 0.92 0.24 0.04 0.98
Ser 1.15 1.35 1.06 0.29 0.87 0.41
Tau 0.30 0.31 0.29 0.12 0.99 0.89
Tyr 1.32 1.41 1.44 0.14 0.46 0.88
EAA 16.4 16.6 17.4 1.85 0.93 0.36
NEAA 11.1 12.5 11.7 1.44 0.49 0.63
BCAA 7.5 9.3 9.7 1.03 0.04 0.72
TAA 25.5 29.1 29.1 3.10 0.23 0.99

"Mammary uptake = arterio-venous difference x mammary plasma flow.
*CON = control diet containing a blend of soybean products; DG = distillers grains; DDGS = diet containing
22% regular dried distillers grains with solubles; and RFDGS = diet containing 20% reduced-fat dried distillers

grains with solubles.

SEAA = essential AA; NEAA = nonessential AA; BCAA = branched-chain AA (Val, Tle, and Leu); TAA =

total AA = EAA + NEAA.

nutrient uptake increase with milk production. Factors
that may reduce MPF in early lactation remain to be
elucidated.

The profile of plasma AA reflected the apparent dif-
ference in the AA composition of the 2 protein supple-
ments, which is in agreement with previous research
(Mjoun et al., 2010b). Similar plasma AA profile was
observed for cows fed either type of DG. Changes in
plasma AA concentrations were identical to those ob-
served in mid lactation cows (Mjoun et al., 2010b).

Of interest, plasma Lys concentration was decreased
and Met was increased with the feeding of the DG diets
compared with CON. The AV difference of all EAA
was constant except for Met and Leu, which increased
for cows fed DG diets, indicating that more Leu and
Met were available for absorption compared with CON
cows. This was supported by increased uptake of these
2 AA by the mammary gland.

Despite the significant decrease in arterial Lys in
cows fed DG diets, milk protein percentage increased.
The mammary gland was able to sustain milk protein
synthesis possibly because of the increase in the extrac-

tion efficiency of Lys. Mean arterial Lys concentration
in this experiment appear to be sufficient to meet milk
production and protein synthesis demands. Mjoun et
al. (2010b) showed that when arterial Lys concentra-
tion decreased below 45 pM/L, milk protein percent-
age was decreased. These results indicate that arterial
concentration of AA alone may be a poor indicator of
potential AA that are limiting milk production and
milk protein synthesis.

Only minor differences in AA utilization were de-
tected between the 2 types of DG. Extraction efficiency
of Lys tended to be greater in RFDGS versus DDGS
partially because of numerical differences in arterial
concentration of Lys as the AV difference was constant.
This difference may be explained by lower Lys digest-
ibility in RFDGS vs. DDGS (Mjoun et al., 2010a). The
increase in uptake of Leu and Phe, and the tendency for
an increase in Met uptake by the mammary gland re-
sponded to the increase in their arterial concentrations.
Enhanced protein synthesis in DG may be associated
with the increase in plasma concentration of NEAA
and increases in the uptakes of Met and BCAA. The
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availability of NEAA may have spared the utilization of
EAA for the synthesis of NEAA.

Ranking EAA based on their extraction efficiency as
an indicator of limiting AA shows that Phe was the
third limiting AA for all diets, whereas the first and
second limiting AA varied between Lys and Met, with
Lys being first limiting AA in DG diets and Met being
first limiting AA in the CON diet. However, these ob-
servations contrast with the milk production and milk
protein results of this experiment, which suggest that
Met was possibly limiting in the CON diet, but there
is minimal evidence that Lys was deficient in DG diets
because milk protein percentage increased in those di-
ets. A similar ranking was reported for diets containing
similar proportions of DG (Nichols et al., 1998; Liu et
al., 2000; Kleinschmit et al., 2006).

The response of PUN is parallel to the response of
urea cycle AA, especially that of arterial ornithine. In-
creased PUN in CON cows may be related to greater
RDP or increased oxidation of AA for metabolic energy.
Both PUN and MUN were lower in this experiment
compared with cows in mid lactation fed diets with
similar CP concentrations (Mjoun et al., 2010b). This
discrepancy may be explained by an increase in the
utilization efficiency of AA through reduced oxidation
and an increase in their utilization in milk protein syn-
thesis.

CONCLUSIONS

Similar DMI and milk production were obtained
when early lactation cows were fed a soybean-based
diet or either of 2 types of DG, a regular or a reduced-
fat product. Milk composition was similar for all diets
except that milk protein percentage was greater in
DG diets compared with CON diet. In addition, milk
protein yield was increased in DG diets. Feed and N
efficiencies were improved in cows fed DG diets. Plasma
AA profile was similar for cows fed either type of DG.
Cows fed DG diets had low arterial Lys concentra-
tion, which was compensated for by an increase in Lys
extraction efficiency, allowing these cows to produce
milk with greater protein percentage than CON cows.
Results from this study strongly confirm that DG is
a good source of metabolizable AA and that, at 20%
of the diet, Lys does not present a limitation to milk
production or protein synthesis for cows producing 40
kg/d of milk. Moreover, feed and N efficiencies were
improved in DG diets, which can represent an economic
and environmental advantage over traditional sources
of protein such as soybean meal.
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