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ABSTRACT

Dried distillers grain with solubles (DDGS) is an
alternative source of feed protein for dairy cows. Previ-
ous studies found that DDGS, based on grains other
than corn, can substitute for soybean meal and canola
cake as a dietary protein source without reducing milk
production or quality. As societal concerns exist, and in
many areas strict regulation, regarding nitrogen excre-
tion from dairy cows, the dairy industry has focused on
reducing dietary protein level and nitrogen excretion.
In the present study, we investigated the use of DDGS
as a protein source, at a marginally low dietary crude
protein (CP) levels, in a grass-clover and corn silage-
based ration. The experiment involved 24 Holstein
cows and 2 protein sources (DDGS or soybean-canola
mixture) fed at 2 levels of CP (14 or 16%) in a 4 X
4 Latin square design. The aim of this study was to
evaluate the effect of both protein source and protein
level on feed intake, milk yield, and milk quality. The
results indicated that feed intake, milk yield, and pro-
tein in milk increased when the protein level in the
ration was 16% CP compared with 14%. We found no
effect of substituting the soybean-canola mixture with
DDGS. Moreover, no sensory problems were observed
when comparing fresh milk with stored milk, and milk
taste was unaffected by DDGS. Milk from cows fed
DDGS had a slightly higher content of linoleic acid and
conjugated linoleic acid (CLA 9-11), and lower content
of C11 to C17 fatty acids than cows fed diets with the
soybean-canola mixture. Cows fed the diets with 16%
CP produced milk with higher oleic acids and lower
palmitic acid content than cows fed 14% CP diets. To
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conclude, DDGS can substitute for a soybean-canola
mixture without affecting feed intake, milk yield and
quality, or sensory quality. Under the conditions of this
experiment, feeding 16% CP compared with 14% CP in
the ration can increase feed intake and milk production.
Key words: coproduct, dried distillers grains with
solubles, protein level, dairy cow

INTRODUCTION

Dried distillers grains with solubles (DDGS) has
shown to be an alternative source of feed protein for
dairy cows (Anderson et al., 2006; Janicek et al., 2008;
Mjoun et al., 2010; Yildiz and Todorov, 2014). Corn
and other grains (i.e., barley and wheat) are the pre-
dominant substrates used in the ethanol industry, from
which DDGS is a co-product rich in protein and fiber
and already widely used in dairy cow feeding (Ander-
son et al., 2006; Janicek et al., 2008; Chrenkova et al.,
2012). Recently, it was shown that DDGS, based on a
mixture of triticale, wheat, and barley, can substitute
for soybean meal and canola cake as a dietary protein
source without reducing milk production or milk quality
when fed at 16.5% dietary CP (Gaillard et al., 2017). It
is well known that both DMI and milk yield respond to
dietary CP level in the range of 15 to 17% (Broderick,
2003). As societal concerns exist, and in many areas
strict regulations, regarding nitrogen excretion from
dairy cows, the dairy industry has focused on reduc-
ing dietary protein level and nitrogen excretion (Hynes
et al., 2016a,b; Ouellet and Chiquette, 2016). There-
fore, it is relevant to study whether DDGS, based on
grains other than corn, can also substitute for standard
protein sources such as soybean meal and canola cake
at marginally low dietary CP levels. Broderick (2003)
reported a linear increase in DMI when dietary CP was
increased from 15.1 to 16.7 and 18.3%; however, milk
yield only increased with the first CP increment, from
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33.0 to 34.1 kg/d, with no further change at 18.3%
CP, resulting in lower feed efficiency (kg of milk/kg of
DMI) at the highest CP level. Dried distillers grains
with solubles have a lower concentration of potentially
limiting AA, such as Lys, compared with traditional
protein sources, such as soybean meal and canola cake
(Oba et al., 2010), and there is also variation in Lys
and protein content among different batches of DDGS
(Belyea et al., 2010; De Boever et al., 2014). These dif-
ferences in quality may negatively influence the value of
DDGS as a protein feed at marginally low dietary CP
levels. The efficiency of protein utilization will depend
on the AA balance in the undegraded protein portion
of the diet. Lys is the first limiting AA in a corn-based
by-product (Nichols et al., 1998; Liu, 2008) and is
susceptible to excessive heat during the preparation of
DDGS (Kleinschmit et al., 2006). Dietary addition of
ruminally protected Lys, and sometimes Met (second
limiting AA), can, in some cases, increase milk yield
of cows fed with corn-based DDGS (Kleinschmit et
al., 2007a). The effect of substituting standard protein
sources, such as soybean meal and canola cake, with
DDGS is further influenced by heat treatment and,
thereby, ruminal degradability of the protein in DDGS
(Firkins et al., 1984; Kononoff et al., 2007; Boucher et
al., 2009), by the protein quality of the forage, and the
efficiency of rumen microbial protein production. In the
present study, we investigated the use of DDGS, based
on grains other than corn, at a marginally low dietary
CP level in a grass-clover and corn silage-based ration.
The experiment involved 2 dietary protein sources
(DDGS or a soybean-canola mixture) at 2 levels of
dietary CP (planned levels: 14 and 16% CP). Our aim
was to evaluate the effect of protein source and protein
level on DMI, milk yield, and milk quality.

MATERIALS AND METHODS
Experimental Facilities and Animals

The experiment was approved by The Animal Exper-
iments Inspectorate under the Danish Veterinary and
Food Administration (Glostrup, Denmark) and carried
out from September to November 2013 at the Danish
Cattle Research Centre at Aarhus University, Foulum,
Denmark. A total of 24 Danish Holstein cows (8 pri-
miparous cows, 16 multiparous cows) were included in
the experiment, housed in a loose-housing system with
slatted floors and cubicles with mattresses and sawdust
as bedding. Cows had free access to water and to au-
tomatic feed bins (RIC system, Insentec, Marknesse,
the Netherlands) distributing a partially mixed ration
(PMR). The automatic milking unit (AMU; DeLaval
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AB, Tumba, Sweden) was equipped with a device de-
livering and recording the amount of concentrate fed
and refusals.

Experimental Design

Four diets differing in level of CP and protein source
were formulated and optimized using the NorFor model
(Volden, 2011). Two diets with different levels of CP
were formulated: a diet low in CP (LP, formulated to
14% CP) and one high in CP (HP, formulated to 16%
CP). At each dietary CP level, DDGS (Agrodrank 90,
Lantménnen Agroetanol, Sweden) based on 80% wheat
and 20% triticale was substituted for a soybean-canola-
beet pulp mixture (MIX), leading to 4 different PMR
diets: LP-MIX, LP-DDGS, HP-MIX, and HP-DDGS.
The ingredient composition (% of DM) and chemical
composition of these 4 PMR diets are presented in
Tables 1 and 2. The MIX diet was formulated to be
approximately similar to DDGS in CP, fat, and NDF.
Cows were blocked in 6 blocks of 4 cows according to
parity, milk production, and DIM (average 228 4+ 91
d). Within blocks, cows were randomly assigned to 1
of the 4 diets. Diets were fed for 3 wk, with 2 wk of
adaptation and 1 wk of data collection. The diets were
rotated according to a 4 x 4 Latin square design so
that each group had a different diet at the same time.
Each treatment group (6 cows) had access to all of the
3 feeders with the assigned ration. During diet rotation,
the cows kept the same feeders to avoid a perturbation
effect. The 4 PMR diets were fed ad libitum; only the
concentrate mix allocated at the AMU was restricted (3
kg/d of concentrate). The concentrate allowance allo-
cated at each visit in the AMS was proportional to the
length of time since the last milking for the individual
cow. Concentrate was offered at a rate of 400 g/min
and cows were allowed up to 50% of the daily concen-
trate allowance per visit. If the full allowance was not
fed, it was possible for cows to carry over up to 1.5 kg
of concentrate to the next day.

Recordings

Individual daily DMI was summed from PMR, and
AMU concentrate intake recorded at each visit to the
Insentec feeder and the AMU. All feeds were sampled
weekly and stored at —20°C until pooled, and a rep-
resentative sample was drawn for chemical analyses.
Individual milk yield was recorded at each visit to the
AMU and summed to obtain daily milk yield. Daily
milking frequency was also recorded. Individual milk
samples were collected weekly by the AMU using a
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modified automatic sampler (XMS, DeLaval;, Lgven-
dahl and Bjerring, 2006). The milk samples were taken
over a 48-h period, starting on Sunday at noon and
finishing on Tuesday at noon, preserved with Bronopol
(BASF Corp., Florham Park, NJ), and kept cold (2°C)
until they were analyzed for fat, protein, lactose, and
somatic cells. Within the same period, 1 milk sample
was taken for analysis of fatty acids (FA). On Tuesday
of the third week of each experimental period, 5 L of
milk was sampled manually from the milking robot, and
for each treatment composite samples, from at least
6 cows per treatment, were used for sensory analysis.
Milk samples were also taken, using the aforementioned
method, on Wednesday or Thursday of the second week
of the experiment for sensory analysis of 1-wk-old milk.

The ECM (3.140 MJ /kg) was calculated according to
Sjaunja et al. (1991) as

ECM = milk yield x [(38.3 x fat + 24.2 x protein
+ 15.71 x lactose + 20.7)/3.140],

with ECM and milk yield in kilograms; fat, protein,
and lactose monohydrate in grams per kilogram.

Laboratory Analysis

Feed Analysis. Dry matter content of grass-clover
and whole-crop corn silages was determined by drying
in a forced-air oven at 60°C for 48 h. The results were
used for weekly adjustments of PMR diet recipes. All
feed samples were milled through a 1-mm screen before
chemical analysis. Ash content was analyzed by weigh-
ing after combustion at 525°C for 6 h (AOAC Interna-
tional, 2000). Crude protein was calculated based on
analysis of total N, according to the Dumas principle
(Hansen, 1989), using a Vario MAX CN (Elementar
Analysesysteme GmbH, Hanau, Germany). Crude fat
was analyzed by Soxhlet extraction with petroleum
ether (Soxtec 2050, Foss Analytical, Hillersd, Denmark)
after hydrolyzing with HCl (Stoldt, 1952). Sugar was
analyzed in replicate by the Luff-Schoorl method (Euro-
pean Community, 2012; 71/250/EEC). Starch was ana-
lyzed by an enzymatic colorimetric technique (Knudsen
et al., 1987). Neutral detergent fiber was determined
using the Fibertec M6 system (Foss Analytical), us-
ing heat-stable amylase to remove starch, followed by
neutral detergent boiling, and reported as being ash-
free (Mertens et al., 2002). Determination of in vitro

Table 1. Diet' composition and chemical composition of the 4 PMR? diets fed to Holstein cows

DM % basis LP-MIX LP-DDGS HP-MIX HP-DDGS
PMR
DDGS, % — 14.01 — 14.01
MIX
Soybean meal, % 5.61 — 9.00 3.40
Canola cake, % 4.20 — 6.75 2.55
Dried beet pulp, % 4.20 — 6.75 2.55
Barley, % 8.49 8.49 4.25 4.25
Wheat, NaOH, % 8.49 8.49 4.25 4.25
Grass-clover silage,® % 8.49 8.49 8.49 8.49
Whole-crop corn silage,3 % 48.8 48.8 48.8 48.8
At the AMU*
Concentrate,” % 7.43 7.43 7.43 7.43
DDGS, % 4.25 4.25 4.25 4.25
PMR chemical composition
CP, % 13.91 13.72 16.42 16.21
Crude fat, % 2.43 2.90 2.57 3.08
NDF, % 38.82 38.82 39.82 39.73
Starch, % 21.68 21.71 15.82 15.91
Ash 4.71 4.44 5.05 4.77

'LP = low protein diet (14% CP); HP = high protein diet (16% CP); DDGS = dried distillers grains with

solubles; MIX = soybean-canola-beet pulp mixture.
’PMR = partially mixed ration.

*Forages information: grass-clover silage had 22.2% DM, 6.3% ash, 12.8% CP, and in vitro OM digestibility
(IVOS) being 71.7; whole-crop corn silage had 23.1% DM, 3.2% ash, 8.5% CP, 69.3 IVOS.

*AMU = automatic milking unit.

PAMU concentrate composition (% DM): 16.9% sugar beet pulp, dried; 16.8% canola meal; 14.6% barley;
14.6% wheat; 9.0% soybean meal, dehulled; 7.0% sunflower meal, dehulled; 7.0% citrus pulp, dried; 5.0% wheat
bran; 5.0% alfalfa meal; 3.0% molasses, cane; 0.7% sodium chloride; 0.3% mineral premix; 0.1% magnesium
oxide. Minerals (per kg): Fe = 59 mg, Zn = 46 mg, Mn = 38 mg, Cu = 8 mg, I = 0.7 mg, Se = 0.30 mg, Co =
0.11 mg; vitamins A = 1,000 IU/kg, vitamin D3 1,000 IU/kg, a-tocopherol = 45 mg/kg, vitamin E = 50 mg/kg.
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Table 2. Chemical composition of the soybean-canola mixture and
DDGS

Item MIx! DDGS?
DM, % 88.4 94.2
Ash, % DM 7.7 5.8
EFOS,* % OM 93.8 90.5
CP, % DM 36.9 34.5
NDF, % DM 21.9 21.2
ADF-N, % DM 0.2 1.3
ADF-N, % N 3.2 23.3
Starch, % DM 0.5 1.7
Sugar, % DM 9.9 4.0
Crude fat, % DM 3.9 7.1
Solubility, % 16* 24
AA, g/kg of DM
Alanine 14.2 13.3
Arginine 20.9 13.0
Asparagine 30.8 16.4
Cysteine 5.5 6.8
Glutamine 52.2 90.9
Glycine 14.4 13.9
Histidine 8.3 6.8
Isoleucine 14.5 12.0
Leucine 22.9 21.7
Lysine 18.6 6.1
Methionine 4.9 4.9
Phenylalanine 14.6 15.2
Proline 16.8 31.5
Serine 16.0 16.1
Threonine 13.2 10.3
Valine 16.8 15.3

'MIX = soybean-canola-beet pulp mixture.
’DDGS = dried distillers grains with solubles.

*EFOS = in vitro enzymatic method to determine digestibility
(Weisbjerg and Hvelplund, 1993).

*The solubility of the soybean meal was 13%, of the canola cake 22%,
and of the dried beet pulp 12%.

digestibility of organic matter in forages was performed
by anaerobic incubation in diluted rumen fluid for 48
h, followed by 48 h of incubation of insoluble material
with pepsin-HCI solution (Tilley and Terry, 1963). For
concentrates, determination of in vitro digestibility was
made by treating the samples with pepsin-HCIl solu-
tion, followed by incubation with enzymes (Weisbjerg
and Hvelplund, 1993). Nitrogen bound in ADF was
determined using the Fibertec system (Tecator AB,
Hoganés, Sweden) for acid-detergent destruction (Van
Soest, 1963), followed by N quantification in the fil-
tered residue by a modified Kjeldahl method (AOAC
International, 2000). Feed samples of MIX and DDGS
were analyzed for AA (Cys, Met, Ala, Arg, Asp, Gln,
Gly, His, Ile, Leu, Lys, Orn, Phe, Pro, Ser, Thr, and
Val) according to the method described by Mason et al.
(1980). Briefly, feed samples of MIX and DDGS were
mixed with an oxidizing solution containing performic
acid in a flask and sealed with an airtight film in a
refrigerator at 0°C. After 16 h, a hydrolytic mixture
was added to the flask. The flask was then boiled for
23 h at 110°C in order for hydrolysis to take place.
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The hydrolyzed mixture was then filtered through a
0.22-pm membrane filter and transferred to a Biochrom
30 AA analyzer (Laborservice Onken, Griindau, Ger-
many) for analysis via ion exchange chromatography.
Serine, Val, and Ile are prone to a moderate degree of
oxidation by the addition of acid in the hydrolysis step,
and their analyzed content was, therefore, corrected by
a factor of 1.06 (Rudemo et al., 1980). The chemical
composition of the 4 PMR diets, MIX, and DDGS are
presented in Tables 1 and 2.

Milk Composition and Sensory Analysis. Milk
samples were cooled immediately to 4°C and subse-
quently analyzed for overall milk composition (fat,
protein, lactose, and somatic cells) using a CombiFoss
4000 (Foss Electric A/S, Hillersd, Denmark). The
milk samples for sensory analysis were pasteurized in
a water bath at 65 4+ 2°C for 7 min. Afterward, the
samples were cooled in an ice bath and stored at 4°C for
24 h before carrying out descriptive sensory analysis,
as described in Maciel et al. (2016). To summarize, a
trained panel of 9 assessors attended a training session
(2 h each) before the sensory evaluation, during which
they were introduced to reference samples produced
according to Hedegaard et al. (2006) and Maciel et
al. (2016). A list of 15 sensory attributes, including
aroma (cardboard, stored, popcorn, and metallic), ap-
pearance (color saturation and whiteness), flavor or
taste (faded, metallic, cardboard, heat-treated milk,
caramel, canned corn, creamy, and sweetness), and
mouth feeling (creaminess), was agreed upon by the
panelists before the evaluation. During training and
sensory evaluation, the milk samples were randomly
served in small plastic beakers with lids (Abena A/S,
Aabenraa, Denmark) in amounts of approximately
50 mL after being kept at 12°C for 1 h. The sensory
evaluation of the milk samples was carried out in 3
replicates. The attributes were evaluated on a 15-cm,
nonstructured, continuous scale, and the ratings were
directly recorded electronically (Fizz Software, 2.30C,
Biosystemes, Couternon, France). Training and sen-
sory evaluation were conducted in accordance with the
International Organization for Standardization (ISO,
1993) and carried out in a sensory laboratory fulfilling
the requirements provided by the American Society for
Testing and Materials (ASTM, 1986). For the training,
4 milk samples that varied in sensory quality were used.
The sensory evaluation was performed on 8 samples
(fresh and stored samples of LP-MIX, LP-DDGS, HP-
MIX, and HP-DDGS) that were tested by 9 panelists.
The fresh samples were stored for 1 d and the stored
samples for 7 d at 5°C.

Determination of FA Profile. Analysis of FA in
milk was performed based on the methods of Larsen
et al. (2013), where fat was separated from milk by
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centrifugation and FA were methylated using sodium
methylate. The FAME were quantified by the use of
external standards (Supelco FAME mix C4-C24, Belle-
fonte, PA; PA and GLC 469 methyl ester standard from
Nu-Chek Prep Inc., Elysian, MN), and the concentra-
tions were calculated in grams per 100 g of identified
milk FA.

Statistical Analyses

Feed Intake, Milk Production, Milk Fatty Ac-
ids. The effects of protein source (2 sources), protein
level (2 levels), parity (primiparous or multiparous),
and period (4 experimental periods) on daily milk yield
(kg/d), ECM (kg/d), fat (% and kg/d), protein (% and
kg/d), milking frequency, PMR intake (kg of DM/d),
concentrate intake at AMU (kg/d), and FA (g/100 g
of FA) were analyzed using the PROC MIXED model
of the statistical software SAS (SAS version 9.3, SAS
Institute Inc., Cary, NC) with the cow as experimental
unit. The initial model [1] with all the interactions was
then reduced to model [2] including only the significant
interaction:

Yijklm =pn+ Li + Sj + Pk + (LS)I] + (LP)lk
+ (SP)]k + (LSP)I]k + Tl + Cijm + E':ijklma []—]

and

Yium = 0 + Li + S; + (LS); + P + T
+ Cijm + 8ijkhn; [2]

where Yjjq,, is the dependent variable, p is the overall
mean, and the model includes the effects of the ith

protein level L (i = high or low), the jth protein source
S (j = DDGS or MIX), the kth parity P (k = primipa-
rous, multiparous), the 1th period T (1 = 1 to 4); (LS)
ii» (LP)i, (SP)jk, and (LSP); denote the 2- and 3-way
interactions; Gy, is the random effect of the mth cow
within ith protein level and jth protein source; and €y,
is the residual error. Results are presented in Table 3
containing the least squares means (£SEM) and the
P-values of the overall F-tests for the fixed effects.

Sensory Analysis. To study the effect of the 4 di-
ets on the sensory attributes in fresh and stored milk
samples, a 3-way ANOVA mixed model was applied,
the fixed effects being the assessor, the diet (among the
4 diets studied), and the storage duration (0 or 7 d).
The 2-way interaction diet x storage was also included
in the model. To reveal the differences between the milk
samples, the Bonferroni method was used for post-hoc
testing (Naes et al., 2010).

RESULTS AND DISCUSSION
Diet Composition

The ingredients (% DM) and chemical composition
of the 4 diets are presented in Tables 1 and 2. Diets
were formulated for 2 different levels of CP (14 and
16%) with 2 different feed protein sources (DDGS or
MIX). Slight variations of nutrient composition existed
between the 2 protein sources; MIX had more CP, fiber,
ash, and sugar, as well as a higher in vitro digestibil-
ity than DDGS, whereas DDGS had more N bound in
ADF and starch than MIX. The proportion of NDF
in MIX and DDGS was similar (Table 2). Compared
with corn DDGS, wheat DDGS has a higher content
of CP and a lower fat content (Pedersen et al., 2014).

Table 3. Yields of milk and ECM, percentages of milk fat and protein, milking frequency, intake of partial mixed ration (PMR), and intake of

concentrates at the milking robot

Diet’
LP HP Parity P-value
Protein Protein Level
Item MIX DDGS MIX DDGS 1 >2 SEM level source X source  Parity
Intake PMR, kg/d 18.18 18.51 18.66 19.20 17.06 20.16 0.71 0.02 0.16 0.47 <0.01
Intake at AMU,” kg/d 2.44 2.69 2.63 2.56 2.57 2.59 0.15 0.80 0.41 0.15 0.91
Milk, kg/d 30.62 30.64 33.36 31.87 30.78 32.47 1.84 <0.01 0.12 0.27 0.46
ECM, kg/d 32.60 32.73 35.79 34.73 32.36 35.57 1.47 <0.01 0.34 0.26 0.08
Milking frequency, /d 2.47 2.64 2.64 2.61 2.66 2.52 0.18 0.27 0.24 0.12 0.53
Fat, % 4.51 4.60 4.55 4.62 4.45 4.69 0.25 0.51 0.12 0.78 0.42
Fat, kg/d 1.37 1.38 1.50 1.46 1.36 1.49 0.06 <0.01 0.57 0.31 0.10
Protein, % 3.56 3.58 3.62 3.63 3.42 3.77 0.04 0.04 0.57 0.98 <0.01
Protein, kg/d 1.08 1.08 1.20 1.15 1.04 1.21 0.11 <0.01 0.24 0.26 <0.01

'LP = low protein diet (14% CP); HP = high protein diet (16% CP); MIX = soybean-canola-beet pulp mixture; DDGS = dried distillers grains

with solubles.
AMU = automatic milking unit.
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The diets were very close to the CP levels aimed for
(Table 1), similar in NDF, and close in other param-
eters (crude fat and ash), except for starch, where the
HP diets contained less than the LP diets. Thus, we
made a decision to maintain CP levels in the HP diets
at the expense of starch. The AA profile of DDGS was
within the range of those described by De Boever et al.
(2014) for wheat DDGS and blended DDGS. The MIX
had more AA than DDGS, a similar concentration of
Met, but a higher concentration of Lys (18.6 vs. 6.1 g/
kg of DM, respectively). Lysine appears to be the first
liming AA in DDGS and may cause a slight decrease in
milk protein content (Nichols et al., 1998; Kleinschmit
et al., 2007b), mainly for diets containing more than
30% DDGS (Kalscheur, 2005; Kononoff et al., 2007),
reflecting the limitation in rumen undegradable Lys in
DDGS. Ethanol processing plants have improved the
fermentation and drying process, as overheating during
drying was found to reduce Lys availability (Zijlstra
and Beltranena, 2009) and produces a DDGS of higher
quality (Whitney and Shurson, 2004). The protein solu-
bility was higher for DDGS compared with the MIX
(24 vs. 16%) but still quite low and similar to that
found by Wohlt et al. (1973), who reported a solubility
of 26.3% for corn DDGS. The solubility of DDGS is
higher than those of the initials products due to an
increase of albumin and globulin (Wohlt et al., 1973).

Effect of DDGS on DMI

In general, for all the variables studied, we found no
significant interaction between protein level and protein
source (Table 3). Concentrate intake at the AMU was
not affected by the protein level or the protein source.
We observed no difference in PMR, intake between the
protein sources, but the PMR, intake was higher for the
HP diets compared with the LP diets (P = 0.02).

Cunningham et al. (1996) and Leonardi et al. (2003)
fed diets with CP levels from 16.5 to 18.5% and 16.1
to 18.9%, respectively, and reported no effect of protein
level on DMI. However, several publications indicated
that DMI increases with increasing proportions of di-
etary CP when rations low in protein are supplemented
(Broderick, 2003; Weisbjerg et al., 2010; Alstrup et
al., 2014). Broderick (2003) observed a linear increase
in DMI when CP was increased from 15.1 to 18.3%;
Hympgller et al. (2014) and Alstrup et al. (2014) found
higher DMI for cows fed 16% CP compared with 14%
CP. Low dietary CP content can decrease fiber diges-
tion and, thereby, DM digestibility of the feed (Allen,
2000). This supports increased dietary protein being an
important driver for the increased DMI with the HP
diets in the present study. However, the increased di-
etary protein level with the HP diets were confounded
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with a decreased dietary starch level from barley. The
proportion of dietary barley starch has been found to
correlate negatively to rumen pH and DMI at dietary
barley inclusion rates from 12.25 to 49.00% and around
33% dietary starch (Overton et al., 1995), which is
far above the levels in the present study (Table 1).
In the meta-analysis of Hollmann et al. (2011), DMI
was negatively related to the proportion of starch only
when diets contained more than 34 or 28% starch for
control and corn-based DDGS diets, respectively, and
only with lower-producing cows (<30 kg of milk/d). In
the present study, the dietary concentrations of starch
were well below these levels and milk production was
above 30 kg of milk/d (Tables 1 and 3). Ipharraguerre
and Clark (2005) also reported the combined effect
of protein level and starch on DMI, DMI being lower
for the low-protein level diet (CP around 15%) rich in
starch than for the high-protein level diet (CP around
17%) lower in starch. This indicates that, in the present
study, the increased DMI with the HP diets were pri-
marily driven by the increased dietary protein, whereas
the decreased dietary starch could also play a role.

Concerning the protein source, a previous study,
using DDGS based on grain other than corn, is in
accordance with the present results, as DMI was not
affected by substituting a soybean-canola mixture with
increasing proportions of DDGS in the diet (Gaillard
et al., 2017). Hollmann et al. (2011) also reported, in
a meta-analysis of 16 peer-reviewed publications, that
DMI was not influenced by the proportion of corn-based
DDGS included in the diet. Only 1 study (Nichols et
al., 1998) reported a higher DMI from a diet with corn
DDGS compared with a diet with soybean meal, maybe
because the 12 cows used to make the groups in their
experiment were only balanced for DIM and not for
milk production. As the low protein level in the pres-
ent study was obviously limited in protein, as planned,
the absence of an interaction between protein source
and protein level indicate that the protein quality was
similar for the 2 protein sources.

Effect of DDGS on Milk Production and Composition

Milk and ECM yields were higher for the HP diets
compared with the LP diets, as expected, and were not
affected by protein source. Milking frequency was not
affected by protein source or protein level. We found
no effect of protein source or protein level on milk fat
content, whereas milk fat yield was reduced in LP diets
compared with HP diets. As expected, total milk pro-
tein yield and milk protein content were higher for the
cows fed the HP diets compared with the LP diets. We
noted no effect of the protein source on the total milk
protein yield or milk protein content (Table 3).
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These milk yield and ECM results are in accordance
with the results of Hymgller et al. (2014) and Alstrup
et al. (2014), indicating a higher DMI, milk yield, and
ECM for the cows fed 16% CP diet compared with
14% CP. Colmenero and Broderick (2006) also fed cows
with a control diet containing 13.5% CP, but did not
find a milk yield difference when compared with the
milk yield of cows fed a 19.4% CP diet. They only
found a trend for a quadratic response to CP level
for milk yield. Broderick (2003) observed an increase
in milk yield when CP increased from 15.1 to 16.7%,
but not from 16.7 to 18.3%. The increase in milk and
ECM yields reported in the present study are probably
mainly due to the increase in DMI, but possibly also
to an increase of digestibility, which explains the more
pronounced increase in yields than DMI when dietary
CP is increased (Colmenero and Broderick, 2006); this
observation was also reported in Weisbjerg et al. (2012).
We found no interaction between CP level and par-
ity, when normally the response to increased nutrient
supply is higher in older cows (Bossen and Weisbjerg,
2009). Concerning the effect of protein source, Janicek
et al. (2008) and Mjoun et al. (2010) found similar milk
yields when feeding corn DDGS or soybean diets as a
protein source. Other studies have demonstrated that
milk yield increased when corn DDGS was fed to dairy
cows in mid lactation, compared with cows fed soybean
control diets without DDGS (Anderson et al., 2006;
Kleinschmit et al., 2006). In Anderson et al. (2006) and
Kleinschmit et al. (2006), the increase in milk produc-
tion when feeding corn DDGS might be due to the fact
that they did not balance the fat content of all diets
(crude fat as percent of DM). Anderson et al. (2006)
fat content was 2.29% for the control diet, 3.06% for
the DDGS included at 10%, and 4.18% for the DDGS
included at 20%; for Kleinschmit et al. (2006), however,
fat content was 2.18% for the soybean control diet, and,
on average, 4.56% for the 3 DDGS used. Thus, part
of the response in those studies might have been at-
tributed to the increased fat content of the corn DDGS
diet. The modest difference in crude fat concentration
in the present study was not expected to affect the
production response.

Leonardi et al. (2005) and Colmenero and Broderick
(2006) found that milk fat content increased when in-
creasing the level of CP in the diet (from 16.1 to 18.9%
and from 13.5 to 19.4% respectively), whereas Broder-
ick (2003) did not find differences among diets contain-
ing between 15.1 and 18.4% CP. When looking at milk
fat yields, a study by Leonardi et al. (2003) indicated
an increase in yield with increasing content of CP in
the diet, whereas Broderick (2003) and Colmenero and
Broderick (2006) observed an increase up to a thresh-
old (16.7 and 16.5% CP, respectively) and a decrease

in milk fat yield above this threshold. Concerning the
source of protein, the results of Mjoun et al. (2010) are
in accordance with the present study, as they found
no differences in milk fat yield between corn DDGS
diet and soybean meal diets. However, Anderson et al.
(2006) found that milk fat yield was higher for corn
DDGS diets compared with soybean diets, whereas the
fat content was similar.

Colmenero and Broderick (2006) found that increased
dietary CP level did not affect milk protein content, but
milk protein yield had a trend for a quadratic (maximum
at 16.5% CP) and linear response. Broderick (2003) also
found that protein content and yield increased when
diets increased their CP content from 15.1 to 16.7%,
but above 16.7% no further difference was observed.
Leonardi et al. (2003) found no effect of protein level on
milk protein yield, but a decrease in milk protein yield
was observed when CP in the diet increased from 16.1
to 18.9%. Our increase in protein in milk with dietary
protein level is partly due to the increased DMI with
increased dietary protein. Concerning the effect of the
protein source, Mjoun et al. (2010) found that cows fed
corn DDGS had higher milk protein content and yield
than cows fed soybean meal. Results from Anderson et
al. (2006) indicate that the milk protein content was
similar for cows fed a corn DDGS diet and cows fed a
soybean meal diet, whereas Janicek et al. (2008) and
Anderson et al. (2006) found that milk protein yield
increased with increasing proportion of corn DDGS in
the diet from 10 to 30% of dietary DM. In these 2
studies, this increase was attributed to the increase in
DMI, leading to more energy being available for milk
protein synthesis. In our case, as DMI was not affected
by the protein source, it explains the similar yields of
total milk protein between the DDGS and MIX diets.

Milk Quality

Milk FA. As presented in Table 4, the protein source
and level affected some FA concentrations. The concen-
trations of the medium-long chain FA (C11-C17) were
lower for the DDGS diets compared with the MIX di-
ets, whereas the different C18 FA and CLA9-11 in milk
were higher for the DDGS diets compared with the
MIX diets. Cows fed the LP diets produced milk with
higher concentrations of C15 and C16, and lower con-
centrations of C18 and trans FA, than cows fed the HP
diets. All the differences observed were, however, quite
small, and feeding DDGS as a protein source did not
have a great effect on FA profile. The largest relative
difference was observed for linoleic acid, as its concen-
tration increased by approximatively 20% when DDGS
was fed. Our results are similar to those reported by
Testroet et al. (2015) and, as linoleic acid was the main
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Table 4. Effect of protein level (LP or HP) and protein source (DDGS or MIX) on the proportion of milk fatty acids (g/100 g) in milk

Diet’ P-value

Protein Protein Level
Fatty acid LP-MIX LP-DDGS HP-MIX HP-DDGS SEM level source Parity Period X source
C4 5.37 5.37 5.52 5.42 0.10 0.41 0.17 0.16 <0.01 0.46
C6 2.67 2.68 2.70 2.69 0.04 0.89 0.54 0.79 0.29 0.79
C8 1.50 1.50 1.51 1.53 0.03 0.72 0.85 0.74 0.28 0.75
C10 3.53 3.57 3.52 3.59 0.09 0.89 0.35 0.15 <0.01 0.85
Cl11 0.08 0.08 0.08 0.08 0.01 0.86 0.52 0.61 <0.01 0.31
C12 4.08 4.13 4.07 4.16 0.11 0.93 0.27 0.04 <0.01 0.76
C13 0.13 0.13 0.13 0.13 0.01 0.89 0.36 0.25 <0.01 0.40
Cl4 12.52 12.38 12.56 12.11 0.19 0.23 0.02 0.14 0.06 0.22
Cl14:1 1.19 1.11 1.19 1.12 0.05 0.42 <0.01 0.02 <0.01 0.79
C4-Cl14 29.65 29.65 29.91 29.52 0.41 0.76 0.38 0.19 0.11 0.56
C15 1.31 1.25 1.27 1.22 0.03 0.02 <0.01 0.29 <0.01 0.86
C16 35.24 36.35 34.51 34.00 0.58 <0.01 0.96 0.09 0.07 0.04
C16:1 1.93 1.76 1.87 1.79 0.09 0.54 <0.01 0.24 0.17 0.23
C17 0.61 0.59 0.58 0.59 0.01 0.73 0.34 <0.01 <0.01 0.09
C11-C17 2.13 2.05 2.07 2.03 0.04 0.09 <0.01 0.08 <0.01 0.27
C18 7.60 7.66 7.72 8.02 0.24 <0.01 0.02 0.09 <0.01 0.47
C18:1 trans-6 0.22 0.21 0.23 0.22 0.01 <0.01 <0.01 0.86 0.11 0.58
C18:1 trans-9 0.14 0.13 0.15 0.15 0.01 <0.01 0.19 0.22 0.09 0.55
C18:1 trans-11 0.87 0.97 0.88 1.02 0.03 0.24 <0.01 0.12 0.59 0.61
C18:1 cis-9 16.87 15.55 17.57 17.39 0.52 <0.01 0.15 0.02 0.03 0.14
C18:2 2.12 2.55 1.91 2.56 0.08 0.09 <0.01 0.37 0.05 0.13
C18:3 0.36 0.35 0.35 0.36 0.01 0.59 0.79 0.09 0.74 0.09
CLA 9-11 0.36 0.39 0.37 0.43 0.02 0.13 <0.01 0.64 0.48 0.26

'LP = low protein diet (14% CP); HP = high protein diet (16% CP); MIX = soybean-canola-beet pulp mixture; DDGS = dried distillers grains

with solubles.

FA of DDGS, this result is not surprising (Schingoethe
et al., 1999). The DDGS increases the UFA content in
milk because wheat and triticale contain between 55
and 60% of its FA as C18:2 (Chung and Ohm, 2000),
some of which escapes the rumen without biohydroge-
nation, thereby increasing the proportion of UFA in
milk, such as C18:1 and C18:2. The results also indicate
human health advantages, as the milk produced from
cows fed DDGS is lower in C14 and higher in CLA9-11,
C14 being one of the FA responsible for the increase
in low-density lipoprotein in blood (Parodi, 2009) and
CLA having different properties, such as the inhibition
of carcinogenesis, the reduction of atherosclerosis, being
hypocholesterolemic, reducing adipose tissue mass, and
the reduction of symptoms of diabetes mellitus type 11
(Pariza et al., 2001; Roche et al., 2002; Whigham et
al., 2007).

Sensory Analysis. The 8 samples differed only in
4 attributes: stored aroma, cardboard flavor, metal-
lic aroma, and metallic flavor. We found no effect of
protein level or protein source on the quality of fresh
milk samples. When comparing only the 4 stored milk
samples, no differences were noted for the 4 attributes
studied (Table 5). A high-CP diet may result in a cowy-
barny flavor of milk (Drake, 2007) due to the forma-
tion of skatole (Coppa et al., 2011), but such off-flavor
was not observed at the high CP levels in the present
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study. The experiment of Reyes Sénchez et al. (2006),
performed on creole dairy cows fed different levels of
the foliage Moringa oleifera (high in CP), indicates no
organoleptic differences between the diets. Testroet et
al. (2015) hypothesized that greater inclusion of DDGS
in the ration would contribute to the development of
the off-flavors in milk due to an increase in UFA in
milk. However, when DDGS was included from 10 to
25% of diet DM, they reported no off-flavors, in ac-
cordance with our results. The LP-DDGS milk had
3 attributes (cardboard flavor, metallic aroma, and
metallic flavor) that increased in intensity with 7 d of
storage (P < 0.05). Raw milk is spontaneously oxidized
within 5 d of collection and leads to an oxidized flavor
in milk (Timmons et al., 2001), which might explain
the results observed for LP-DDGS after 7 d of storage.
These results also indicate that, when the CP level is
low, the source of protein will affect the sensory quality
of the fresh and stored milk.

CONCLUSIONS

Feed intake, milk and milk protein yields, and pro-
tein in milk increased with the high dietary protein
level (16% CP) compared with the low dietary protein
level (14% CP). We found no effect of substituting
the soybean-canola mixture with DDGS, indicating
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Table 5. Sensory quality of milk samples; only the attributes that differ significantly are shown

Stored Metallic Cardboard Metallic

Diet! Milk? aroma aroma flavor flavor
LP-MIX Fresh 2.5 1.4° 1.0 2.7
HP-MIX Fresh 5.7% 2.2 2.3 4.1
LP-DDGS Fresh 2.4° 1.1° 1.1° 1.2

HP-DDGS Fresh 3.1 1.7 2.4° 2.0
LP-MIX Stored 4.9" 4.6 4.8" 5.3
HP-MIX Stored 4.4%° 2.6™ 2.5° 4.4
LP-DDGS Stored 6.1%" 5.5 6.9" 7.2

HP-DDGS Stored 6.4* 5.0% 5.4 5.8

*"Different letters in a column indicate significant differences in the specific attribute at P < 0.05.
'LP = low protein diet (14% CP); HP = high protein diet (16% CP); MIX = soybean-canola-beet pulp mix-

ture; DDGS = dried distillers grains with solubles.

“Fresh milk analyzed at d 1, or stored milk analyzed at d 7.

that the protein quality of the DDGS was not inferior
to that of the soybean-canola mixture. Moreover, we
observed no sensory problems when comparing fresh
milk with stored milk, and taste was unaffected by
DDGS. Milk FA profile changed slightly with DDGS
and with the protein level. In conclusion, DDGS based
on a grain mixture excluding corn can substitute for a
soybean-canola mixture without affecting feed intake,
milk yield, milk quality, and sensory quality at both a
low and high dietary CP level.
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