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  ABSTRACT 

  The variation in maturity at harvest during grain 
filling has a major effect on the carbohydrate composi-
tion (starch:NDF ratio) and fatty acid (FA) content 
of corn silages, and can alter the FA composition of 
milk fat in dairy cows. This study evaluated the effect 
of silage corn (cv. Atrium) harvested and ensiled at 
targeted DM contents of 300, 340, 380, and 420 g/kg 
of fresh weight and fed to dairy cows in combination 
with a highly degradable carbohydrate (HC) or low-
degradable carbohydrate concentrate, on the nutrient 
intake, milk yield, and composition of milk and milk 
fat. Sixty-four multiparous Holstein-Friesian dairy cows 
in their first week of lactation were assigned to the 8 
dietary treatments according to a randomized complete 
block design. The 8 dietary treatments consisted of a 
factorial combination of the 4 corn silages and the 2 
concentrates. Corn silages were offered ad libitum as 
part of a basal forage mixture, whereas the concen-
trates were given at the rate of 8.5 kg of DM/cow per 
day during the 15-wk experimental period. Dry mat-
ter, crude protein, and energy intakes did not differ 
across the corn silages. However, the intake of starch 
increased, and those of NDF and C18:3n-3 decreased 
with increasing maturation. Milk yield and composition 
were not different across the corn silages. Yield (kg/d) 
of milk, protein, and lactose was higher for low-degrad-
able carbohydrate compared with HC concentrate-fed 
groups. Increasing maturity of corn silages decreased 
the content of C18:3n-3 and total n-3 and increased the 
n-6:n-3 ratio in milk fat. Concentrate type significantly 
altered the composition of all trans FA, except C18:2 
trans-9,12. Inclusion of the HC concentrate in the diets 
increased the contents of all C18:1 trans isomers, C18:2 
cis-9,trans-11, and C18:2 trans-10,cis-12 conjugated 
linoleic acid in milk fat. Milk fat composition was 
strongly influenced by the stage of lactation (wk 3 to 
10). The content of all even short- and medium-chain 

FA changed with lactation, except C8:0 and C10:0. The 
content of C12:0, C14:0, and C16:0 and total saturated 
FA increased and the content of C18:0, C18:1 cis total, 
and total cis monounsaturated FA decreased with lac-
tation. Maturity of the corn silages at harvest did not 
affect the production performance of dairy cows, but 
resulted in a decreased content of C18:3n-3, total n-3, 
and an increased n-6:n-3 ratio in the milk fat of dairy 
cows. 
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INTRODUCTION

  Silage corn is a major forage component in the ration 
of dairy cows, under most dietary regimens. The crop 
has a relatively stable yield, high energy content, good 
ensiling characteristics, and inclusion of corn silages 
in grass- or grass silage-based diets can increase feed 
intake, milk yield, and milk protein content (Phipps et 
al., 1995; O’Mara et al., 1998; Phipps et al., 2000). As 
a result, like many other European countries, the area 
used for silage corn production in the Netherlands has 
increased from 5.0 × 103 ha in 1970 to 2.4 × 104 ha in 
2004 (Schroeder, 1998; Barrière et al., 2006). Due to 
their high consumption, forages in fresh or ensiled form 
are also major sources of PUFA (C18:3n-3, C18:2n-6) 
in dairy cow rations, and high PUFA-containing forages 
can be used to favorably modulate milk FA composi-
tion (Dewhurst et al., 2006; Elgersma et al., 2006). 

  Corn silages are high in starch and C18:2n-6 (0.52 ± 
0.10 g/g of total FA), whereas grass silages are high in 
NDF and C18:3n-3 (0.58 ± 0.16 g/g of total FA; Khan 
et al., 2012). Inclusion of corn silages in grass-based 
rations of dairy cows increases the level of trans FA, 
mainly at the expense of their cis isomers and lowers 
the content of beneficial C18:3n-3 causing an elevated 
n-6:n-3 PUFA ratio in milk fat (Havemose et al., 2004; 
Shingfield et al., 2005; Kliem et al., 2008). Under nor-
mal rumen conditions, hydrogenation of C18:2n-6 in 
corn silage mainly results in an increased concentra-
tion of cis-9,trans-11 conjugated linoleic acid (CLA) 
and C18:1 trans-11 (Chilliard et al., 2001), which are 
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considered potentially beneficial to human health. 
Moreover, a combination of corn silages with highly 
degradable carbohydrate concentrates further increases 
the content of trans FA and shifts the rumen biohy-
drogenation pathway toward the production of C18:1 
trans-10 at the expense of C18:1 trans-11 (Piperova et 
al., 2000; Nielsen et al., 2006). A high level of trans 
FA, particularly with trans-trans double bonds, have 
been reported to increase the risk of coronary heart 
disease and diabetes (Ascherio et al., 1999; Lemaitre 
et al., 2002). In addition, increasing the content of n-3 
PUFA and decreasing the n-6:n-3 PUFA ratio in milk 
fat of dairy cows fed corn silages, may be beneficial for 
human health (Kliem et al., 2008).

In the Netherlands, but also elsewhere in Europe 
(Phipps et al., 2000), silage corn is harvested at a wide 
range of maturation, with the whole crop DM content 
ranging from 250 to 450 g/kg of fresh weight (FW). 
These differences in maturity at harvest during grain 
filling result in considerable variation in FA content 
(Khan et al., 2011) and carbohydrate composition 
(starch:NDF ratio) of corn silages (Bal et al., 2000; 
Phipps et al., 2000). These changes can influence both 
the rumen environment and microbial hydrogenation of 
unsaturated FA (Shingfield et al., 2005; Nielsen et al., 
2006), and as a consequence the milk FA composition 
of dairy cows.

The aim of this experiment was to evaluate the ef-
fect of corn silages ensiled at different maturities in 
combination with concentrates with a highly or low-
degradable carbohydrate content on nutrient intake, 
milk yield, milk composition, and milk FA composition 
in early lactating dairy cows, to develop practical nu-
tritional strategies to improve milk FA composition of 
dairy cows fed corn silages. We hypothesized that the 
variation in FA composition of corn silages as well as 
the amount and composition of carbohydrates in the 
different diets can affect milk FA composition of dairy 
cows.

MATERIALS AND METHODS

Silages

Corn silages were prepared from a single crop (cv. 
Atrium; Force Limagrain Nederland BV, Rilland, the 
Netherlands), sown on clay soil on April 20, 2009, at 
a density of 100,000 seeds/ha (10 plants/m2) and row 
spacing of 0.75 m, at the research facility of Wagenin-
gen University and Research Center, Lelystad, the 
Netherlands (52°5 N and 5°5 E). The crop was fertilized 
with 50 t of cattle slurry/ha (containing 4 kg of N/t and 
1.3 kg of P2O5/t), 30 kg of N/ha, and 30 kg of P2O5/
ha as ammonium phosphate. The corn was harvested 
and ensiled at target DM contents of 300 (MS30), 340 

(MS34), 380 (MS38), and 420 (MS42) g/kg of FW. 
No additives were used to improve the ensiling process. 
To determine the targeted harvest DM, 5 plants from 
5 randomly selected spots in each cross-section of each 
plot were sampled twice weekly, chopped, and dried in 
an oven at 103°C for 24 h. The frequency was increased 
to daily sampling when the difference with the target 
DM content was less than 30 g/kg. The actual DM 
contents of the crop were close to the targeted DM 
contents (Table 1). All silages were made with the same 
precision chop harvester (John Deere 7750; John Deere 
& Co., Mannheim, Germany) using identical machine 
settings. The theoretical length of cut was 6 mm and 
roll-clearance of the kernel processor was 1 mm, to en-
sure that all kernels were sufficiently crushed. The corn 
silages were stored in bunker silos and compacted with 
a heavy weight tractor and a wheel loader. The silages 
were airtight sealed with 2 layers of 0.15-mm polyeth-
ylene plastic sheets, and covered with a 20-cm thick 
sand load. The total silage-clamp was covered with a 
protection sheet being held down with sand bags.

The grass silage was prepared from first-cut perennial 
ryegrass (Lolium perenne L.) cultivars (BG3; Barenbrug 
Holland BV, Oosterhout, the Netherlands), mowed on 
May 1, 2009 with a disc mower and conditioner. The 
mower-conditioner gently removed the waxy layer of 
leaves and stems of the grass with some additional 
crimping to enhance the drying process. The grass was 
wilted for 36 h with 20 h of sun, and tedded twice in the 
field. The average daytime temperature was 20.4°C and 
the average nighttime temperature was 7°C. The grass 
was ensiled in bunker silos, compacted and sealed, as 
described for corn silages.

Experimental Design, Animals, and Diets

Sixty-four multiparous Holstein-Friesian dairy cows 
were assigned to 8 dietary treatments (n = 8 cows per 
dietary treatment), according to a randomized com-
plete block design with repeated measures. Cows were 
distributed over the 8 blocks to balance for parity, milk 
yield during previous lactation, BW, and DMI among 
blocks. The 8 dietary treatments consisted of a facto-
rial combination of the 4 corn silages (MS30, MS34, 
MS38, and MS42) and 2 types of concentrate: a highly 
degradable carbohydrate [HC; low NDF, high water-
soluble carbohydrates (WSC)] and low-degradable 
carbohydrate (LC; high NDF and low WSC) concen-
trate. Cows were adapted to the experimental diets and 
feeding regimens just after calving and data collection 
started the second week after calving until 17 wk after 
calving (March 30 to August 27, 2010).

The 4 corn silages were offered ad libitum as part of 
a forage mixture, which contained 61% corn silage, 28% 
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grass silage, 10% soybean meal, 0.45% mineral mixture 
(190 g of Ca, 45 g of Na, 120 g of Mg, 1,200 mg of Cu, 
2,500 mg of Zn, 3,000 mg of Mn, 120 mg of I, and 34 
mg of Se) and 0.34% salt (NaCl; 380 g of Na and 570 
g of Cl) on a DM basis. The concentrates (Table 2) 
were given at a rate of 8.5 kg of DM/cow per day. The 
forage mixtures were prepared each day using a self-
propelled mixer equipped with a cutter loader system 
and an electronic weighing unit. The forage mixtures 
were fed in individual weighing troughs (Insentec BV, 
Marknesse, the Netherlands) containing data loggers, 
which recorded the forage intake after each visit for 
individual cows. The troughs were continuously accessi-
ble except during the milking period. The concentrates 
were fed individually using 3 transponder-controlled 
concentrate dispensers, and dispensed at a rate of 0.3 
kg/min. The total daily allowance of the concentrates 
was partitioned over 6 consecutive time windows of 4 
h each. The 8 dietary treatments were formulated to 
be isonitrogenous and isoenergetic and only differed 
in corn silage maturity and type of the concentrates. 
The nutrient requirements of the cows were calculated 
according to the Central Bureau for Livestock Feeding 
(The Hague, the Netherlands; CVB, 2007) estimates.

Data Recording and Sampling

Fresh forage mixtures were sampled daily, the in-
gredients of the forage mixtures twice per week, and 
concentrates once after delivery of a new batch for 
DM analysis. For chemical and FA analysis, samples 
of individual feedstuffs and the forage mixture were 
taken weekly and frozen immediately at −20°C. Dry 
matter intake and milk yield of individual cows were 
recorded daily throughout the experiment, with cows 
milked twice daily at 0600 and 1800 h. Milk samples 
were taken weekly from 4 consecutive milkings. The 
morning and evening milk samples were pooled (1:1 
ratio) separately to obtain 2 composite milk samples. 

The samples were stored at 4°C until analyzed for fat, 
protein, lactose, and milk SCC. For FA analysis, sub-
samples of milk from wk 3, 5, and 10 were taken and 
immediately stored at −20°C. To measure changes in 
BW, the precalving BW were recorded weekly, whereas 
postcalving BW were recorded automatically twice per 
day at the entrance of the milking parlor. The BCS of 
each cow was recorded weekly by an experienced ob-
server on a scale from 1 (thin) to 5 (fat) with 0.25-point 
intervals (Edmonson et al., 1989).

Chemical Analysis

All feed samples were freeze-dried and ground to pass 
through a 1-mm screen, and analyzed for DM, ash, 
CP, crude fat, NDF, ADF, ADL, starch, sugar, and 
FA content. The DM content was determined by oven 
drying at 103°C for 24 h [International Organization for 
Standardization (ISO) 6496; ISO, 1999a], ash after in-
cineration at 550°C (ISO 5984; ISO, 2002) and CP was 
determined using the Kjeldahl method (ISO 5983; ISO, 
2005) for N and multiplication by 6.25. Acid detergent 
fiber and ADL contents were determined according to 
Van Soest (1973). Neutral detergent fiber was analyzed 
according to Van Soest et al. (1991), with some modi-
fication as described by Khan et al. (2009). Crude fat 
content was determined using the Berntop method with 
pre-acid hydrolysis (ISO 6492; ISO, 1999b). Sugars were 
determined as described by Van Vuuren et al. (1993). 
The starch content was determined as glucose, using the 
amyloglucosidase method (ISO 5914; ISO, 2004) after 
an initial extraction of the samples with 40% ethanol 
(to remove the sugar fraction). Ammonia content was 
determined according to the Berthelot method as modi-
fied by Scheiner (1976). The feeding values, in vitro OM 
digestibility (OMD), NEL, true protein digestion in the 
small intestine (DVE), and degraded protein balance in 
the rumen (OEB), were determined using near-infrared 
reflectance spectrometry by a commercial laboratory 

Table 1. Harvest dates, DM content, and yield of silage corn at the targeted harvest DM contents of 300 (MS30), 340 (MS34), 380 (MS38), and 
420 (MS42) g/kg of fresh weight, and weather conditions during the preceding period after flowering 

Corn  
silage Date

Harvest parameter Temperature after flowering

DAF1  
(d)

DAS2  
(d)

DM3  
(g/kg)

Yield  
(t of DM/ha)

Mean  
(°C)

Maximum  
(°C)

Minimum  
(°C)

Tsum
4  

(°C·d)

MS30 Sep. 14, 2009 64 146 296 16.28  17.6 22.7 12.5 500
MS34 Sep. 23, 2009 73 155 341 17.28  15.1 20.0 10.0 546
MS38 Oct. 5, 2009 85 167 396 17.02  12.4 16.7 8.1 574
MS42 Oct. 14, 2009 94 176 421 17.08  10.8 15.0 6.6 581
1Days after flowering.
2Day after sowing.
3Crop DM content at harvest (n = 10).
4Temperature sum (°C·d, with a base temperature of 10°C; Sibma, 1987) after flowering.
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(Blgg BV, Oosterbeek, the Netherlands). These near-
infrared reflectance spectrometry values were calibrated 
using the following techniques: OMD was determined 
according to the method of Tilley and Terry (1963) and 
NEL for lactating dairy cows was calculated according 
to Van Es (1978). The Dutch protein evaluation system 
as described by Tamminga et al. (1994) was used to 
determine DVE and OEB.

For FA analysis of feedstuffs, lipids from freeze-
dried, ground samples were extracted with chloroform-
methanol (2:1 vol/vol; Folch et al., 1957), with some 
modification as described by Khan et al. (2009). 
After extractions, FA in the residual fat were (trans)-
esterified, using both acid- and base-catalyzed methods 
as described by Khan et al. (2011). Milk FA extrac-
tion and methylation were performed as described by 
Jacobs et al. (2011), except that 30 mL of composite 
morning and evening (1:1) samples was used. The FA 
methyl esters were quantified by GC (TRACE GC Ul-
tra; Thermo Electron Corp., Waltham, MA), equipped 
with a flame-ionization detector and an autosampler. 
Methylated FA were separated using a fused silica 
capillary column (100 m × 0.25 mm and 0.2-μm film 
thickness; model RT-2560; Restek Corp., Bellefonte, 
PA) using hydrogen as carrier gas at a constant flow of 
1.2 mL/min. One microliter of sample was injected in 
the GC with a split ratio of 1:100 for feedstuffs and 1:50 
for milk. The following program was used for the GC: 
starting temperature 100°C for 4 min, increasing with 

3°C per min to 240°C, and maintaining for 10 min at 
240°C. The temperature of the injector was 225°C and 
the flame-ionization detector was 250°C. Peaks were 
identified by comparing their retention time with those 
of the corresponding FA methyl ester standards S37 
(Supelco Inc., Bellefonte, PA): odd and branched-chain 
FA; C18:1 trans-11; C18:2 cis-9,trans-11; and C18:2 
trans-10,cis-12 (Larodan Fine Chemicals AB, Malmö, 
Sweden). Fatty acids C18:1 trans-6+7+8; C18:1 trans-9; 
C18:1 trans-10; C18:1 trans-11; C18:1 trans-12; C18:1 
trans-16; C18:1 cis-12; C18:1 cis-13; C18:1 cis-14; 
C18:1 cis-15; and C18:2 trans-11,cis-15 were identified 
according to the elution sequence reported by Loor et 
al. (2004) and Shingfield et al. (2006).

Statistical Analysis

The effects of corn silage maturity, concentrate type, 
and lactation stage on intake of nutrients, milk yield, 
milk composition, body condition, and milk FA compo-
sition were determined by repeated measure ANOVA 
using the PROC MIXED procedure (Littell et al., 2006) 
of the SAS (SAS Institute, 2003). Weeks of lactation 
were considered as a repeated effect on individual cows. 
Corn silage maturity, concentrate type, and lactation 
stage were fixed effects and cow was considered as a 
random effect. Interactions were either nonsignificant 
or not relevant (concentrate × week), and, therefore, 
excluded from the model

Table 2. Ingredient composition of the concentrates 

Ingredient (g/kg)

Concentrate1

LC HC

Wheat 0.00 35.71
Corn gluten meal 75.00 25.00
Wheat middlings 43.89 50.00
Wheat gluten meal 113.99 100.00
Beet pulp, 15–20% sugar 126.42 100.00
Citrus pulp 50.00 162.19
Beet vinasse, CP >250 g/kg 66.64 80.00
Beet vinasse, CP <250 g/kg 39.20 10.00
Cane molasses 0.00 29.20
Soybean hulls 55.33 0.00
Soybean meal, solvent extracted 124.37 116.49
Extracted linseed 11.79 10.00
Coconut expeller 50.00 50.00
Canola meal 27.49 69.13
Canola meal, formaldehyde treated 24.92 21.14
Palm kernel expeller 175.0 128.65
Magnesium oxide 3.88 4.23
Mineral and vitamin mixture2 3.92 3.92
Calcium carbonate 5.91 2.17
Salt 2.27 2.16
1Concentrate with low- (LC) and highly (HC) degradable carbohydrates.
2Contained per kilogram of concentrate: 6.5 g of Ca, 5 g of Mg, 3.5 g of Na, 13.4 g of K, 4.9 g of P, 3.2 g of S, 
3.6 g of Cl, 1.6 mg of Co, 0.3 mg of Se, 2.3 mg of Fe, 0.71 mg of Mo, 10,000,000 IU of vitamin A, 2,000,000 IU 
of vitamin D, 10,000 IU of vitamin E.
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Yijkl = μ + Mi + Cj + Wk + eijkl,

where Yijkl is the dependent variable, μ is the general 
mean, Mi is the fixed effect of corn silage (i = MS30, 
MS34, MS38, or MS42), Cj is the fixed effect concen-
trate types (j = HC or LC), Wk is the fixed effect of 
the repeated measures of lactation weeks (k = 2 to 15 
for all variables except milk FA; for milk FA, k = 3, 5, 
or 10), and eijkl is the residual. The different covariance 
structures of repeated matrices were evaluated accord-
ing to Littell et al. (1998) and Wang and Goonewardene 
(2004) using the Akaike information criterion and the 
Schwarz Bayesian criterion. Based on these criterion 
values, the unstructured covariance structure or ANTE 
(1) covariance structure were used in the models. To 
test pairwise differences, post-hoc analyses were carried 
out on the least squares means adjusted for multiple 
comparisons using the Tukey-Kramer test.

RESULTS

Feed Composition

Data on chemical composition, feeding value, and FA 
contents of forage mixture ingredients and the concen-
trates are summarized in Table 3. The starch content 
of the corn silages increased (381 to 433 g/kg of DM), 
whereas the NDF content decreased (366 to 341 g/kg 
of DM) consistently in silages made from the successive 
harvests. The content of CP and NEL and the OMD 
were similar across the corn silages.

Compared with corn silages, the grass silage and soy-
bean meal were rich in CP and lower in starch content. 
The HC concentrate was higher in WSC and lower in 
starch and NDF compared with the LC concentrate. 
Maturation of the silage corn decreased the content of 
C16:0, C18:3n-3, PUFA, and total FA (Table 3), with 
the content of C18:3n-3 showing the largest decrease 
(1.65 to 0.58 g/kg of DM) with maturity. The FA com-
position of corn silages, soybean meal, and concentrates 
was dominated by C18:1 cis-9 and C18:2n-6, whereas in 
grass silage, C18:3n-3 was the predominant FA.

Nutrient Intake and Animal Performance

Intake of DM, CP, and NEL did not differ (P > 0.05) 
with advancing maturity from MS30 to MS42 (Table 
4). The intake of starch increased (P < 0.01), and those 
of NDF and ADF decreased (P < 0.05) with increasing 
maturation. The intake of DM and NEL did not vary 
due to concentrate type (Table 4). However, the intake 
of WSC was higher (P < 0.001) and that of NDF was 
lower (P < 0.001) on the HC compared with the LC 
concentrate. The intake of total FA (P < 0.01), PUFA 

(P < 0.01), and C18:3n-3 (P < 0.001) decreased with 
increasing maturation of the corn silages. The intake 
of C18:1 cis-9 and C18:2n-6 was higher (P < 0.001) in 
the LC compared with the HC rations. However, the 
intake of C18:3n-3 did not differ due to concentrate 
type. Lactation stage significantly (P < 0.001) changed 
the intakes of all nutrients and FA (data not shown).

No difference in milk yield and milk composition was 
found between the corn silages, except for yield of fat, 
which significantly (P < 0.05) lowered in the MS42 
compared with the MS34 and MS38 (Table 5). The 
yields (kg/d) of milk, protein, and lactose were higher 
(P < 0.05) on the LC ration compared with the HC 
ration. Advancing lactation significantly (P < 0.001) 
affected the milk yield and composition. The percent-
ages of fat and lactose in milk were higher (P < 0.05) 
on the HC ration compared with the LC ration. Body 
weight and BCS over the 15-wk lactation period did 
not differ due to the maturity of corn silages and type 
of concentrates.

FA Composition of Milk

The effect of corn silages, concentrate type, and lacta-
tion stage on milk FA composition of the dairy cows is 
presented in Table 6. Increasing harvest-maturity of the 
corn silages from MS30 to MS42 decreased (P < 0.05) 
the content of C18:3n-3 and total n-3 and increased the 
n-6:n-3 ratio in milk fat. Moreover, increasing maturity 
of corn silage at harvest decreased (P < 0.05) the con-
tent of iso-C13:0, iso-C15:0, iso-C17:0 and total odd- 
and branched-chain FA and increased anteiso-C17:0 
in milk fat. Concentrate type significantly altered (P 
< 0.05) the composition of all trans FA, except C18:2 
trans-9,12 (Table 6). Inclusion of the HC concentrate 
in the corn silage-based diets increased the content of 
all C18:1-trans isomers; C18:2 cis-9,trans-11; and C18:2 
trans-10,cis-12. Milk FA composition was strongly in-
fluenced by the stage of lactation (Table 6). The con-
tent of all even short- and medium-chain FA altered 
(P < 0.05), except for C8:0 and C10:0. The content 
of C12:0, C14:0, and C16:0 in total fat increased (P < 
0.05) as a result of advancing lactation with the largest 
increase (29.1 to 32.4 g/100 g of total FA) observed 
for C16:0. The content of C4:0 and C6:0 on the other 
hand decreased (P < 0.05) with lactation. Among the 
preformed (not synthesized de novo) saturated FA, the 
content of C18:0 showed the largest decrease (9.30 to 
8.88 g/100 g of total FA) with lactation. Overall, the 
total content of saturated FA increased (70.0 to 74.8 
g/100 g of total FA) with advancing lactation, whereas 
the content of C18:1 cis total and total cis MUFA de-
creased with lactation.
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DISCUSSION

Research has established that the composition of car-
bohydrates (starch:NDF ratio; Kalscheur et al., 1997; 
Shingfield et al., 2005; Nielsen et al., 2006) and content 
of PUFA (Kelly et al., 1998; Chilliard et al., 2001) in 
the diets of dairy cows can alter the content and com-
position of milk fat. Silage corn, next to grass, is a 
major forage component in rations of dairy cows under 
most dietary regimens. The crop is harvested at an 

advanced ripening stage (for high starch content), but 
with a wide range in stage of maturation (Phipps et al., 
2000; Cone et al., 2008). The variation in maturity at 
harvest has shown marked influences on the carbohy-
drate composition (starch:NDF ratio; Bal et al., 2000; 
Phipps et al., 2000) and FA content of corn silages 
(Khan et al., 2011). The current experiment aimed to 
provide comprehensive insight into the effect of corn 
ensiled at different maturities and supplemented with 
an HC and LC concentrate on nutrient and FA intake, 

Table 3. Chemical composition, feeding value, and FA composition of forage ingredients and concentrates 

Parameter

Forage mixture1

Concentrate2Corn silage3

Grass  
silage

Soybean  
mealMS30 MS34 MS38 MS42 LC HC

Chemical composition (g/kg of DM)
 DM (g/kg) 319 324 361 387 286 879 897 897
 CP 74 77 79 78 136 385 207 196
 Crude fat 35 35 36 36 42 32 54 41
 WSC4 4.2 4.3 4.0 4.0 58 113 90 119
 Starch 381 396 415 433 — 23 94 86
 NDF 366 350 345 341 487 146 386 312
 ADF 212 202 198 196 289 96 213 191
 ADL 19 19 19 19 17 6 41 38
 pH 3.8 3.9 4.2 4.01 — — —
 NH3-N

5 7.7 9.5 8.1 9.5 8.4 — —
Feeding value6

 DVE7 (g/kg of DM) 50.8 51.8 51.5 50.8 48.2 208 122 123
 OEB8 (g/kg of DM) −32.3 −31.5 −29.0 −30.7 39.4 133.0 41.0 38.0
 NEL

9 (MJ/kg of DM) 6.57 6.55 6.52 6.54 6.31 7.96 7.29 7.27
 OMD10 (%) 75.9 76.1 75.7 75.6 77.7 89.9 82.10 84.30
Fatty acid (g/kg of DM)
 C8:0 — — — — — — 0.51 0.56
 C10:0 — — — — — — 0.47 0.49
 C12:0 0.05 0.04 0.05 0.03 0.10 0.35 6.95 5.92
 C14:0 0.08 0.12 0.18 0.12 0.09 0.15 2.49 2.08
 C16:0 2.99 3.01 2.89 2.76 2.86 3.72 4.48 4.47
 C16:1 0.05 0.04 0.07 0.12 0.11 0.03 0.07 0.01
 C18:0 0.46 0.47 0.47 0.48 0.22 0.08 0.92 0.82
 C18:1cis-9 4.45 4.45 4.33 4.35 0.31 3.56 7.22 5.97
 C18:2n-6 12.2 12.4 11.9 11.9 2.35 11.6 10.7 9.07
 C18:3n-3 1.56 1.32 0.78 0.58 10.40 1.50 3.25 3.11
 C20:0 0.12 0.12 0.13 0.14 0.05 0.06 0.10 0.06
 C20:1 0.05 0.05 0.05 0.04 — 0.03 0.01 0.07
 C22:0 0.06 0.06 0.06 0.07 0.11 0.09 0.06 0.05
 C24:0 0.10 0.16 0.14 0.11 0.07 0.05 0.07 0.07
 Unidentified 0.38 0.11 0.56 0.17 0.12 0.76 0.82 0.45
 Total PUFA 13.8 13.7 12.7 12.5 12.7 13.9 13.9 12.2
 Total FA 22.5 22.4 21.6 20.9 16.8 22.0 38.1 33.2
1Forage mixture contained (DM basis): 61% corn silage, 28% grass silage, 10% soybean meal, 0.45% mineral and vitamin mixture, and 0.34% 
salt (NaCl).
2Concentrates with low- (LC) degradable or highly (HC) degradable carbohydrates.
3Dry matter content of 300 (MS30), 340 (MS34), 380 (MS38), and 420 (MS42) g/kg of fresh weight.
4Water-soluble carbohydrates.
5Ammonia nitrogen (g/100 g of total N).
6Calculated according to CVB (2007).
7Intestinal digestible proteins (Tamminga et al., 1994). 
8Degraded protein balance in the rumen (Tamminga et al., 1994).
9Net energy for lactation calculated with feed unit lactation (VEM) system (Van Es, 1978).
10Organic matter digestibility determined in vitro according to Tilley and Terry (1963) as modified by van der Meer (1986).
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Table 4. Effect of corn silages (MS) ensiled at different maturities in combination with a low- (LC) or highly (HC) degradable carbohydrate 
concentrate (Conc) on the nutrient intake of dairy cows 

Parameter

Corn silage1

SEM

Concentrate Significance2

MS30 MS34 MS38 MS42 LC HC SEM MS Conc

Intake (kg/d)
 MS DM 9.7 10.0 10.0 9.5 0.38 9.9 9.7 0.35 NS NS
 Forage DM 15.8 16.4 16.2 15.5 0.62 16.1 15.9 0.57 NS NS
 Total DM 23.2 23.5 23.7 22.8 0.68 23.4 23.1 0.64 NS NS
 CP 3.40 3.47 3.53 3.40 0.089 3.52 3.38 0.085 † ***
 Crude fat 0.92 0.93 0.94 0.92 0.026 0.98 0.87 0.024 NS ***
 Starch 4.42 4.71 4.89 4.89 0.162 4.68 4.68 0.150 ** NS
 WSC3 1.27 1.27 1.29 1.24 0.028 1.16 1.38 0.026 † ***
 NDF 8.58 8.45 8.39 8.06 0.238 8.72 8.02 0.233 * ***
 ADF 5.00 4.93 4.88 4.70 0.139 5.01 4.75 0.130 * **
 DVE4 1.95 1.99 1.97 1.93 0.049 1.97 1.95 0.046 NS NS
 NEL

5 (MJ/d) 160 162 159 156 4.4 161 159 4.1 NS NS
Fatty acid intake (g/d)
 C8:0 3.94 3.91 3.97 3.94 0.040 3.75 4.12 0.039 NS ***
 C10:0 3.37 3.76 3.79 3.84 0.098 4.88 5.06 0.092 NS ***
 C12:0 51.6 51.3 51.8 51.5 0.29 55.4 47.7 0.25 NS ***
 C14:0 18.2 18.5 19.2 18.5 0.23 20.2 17.0 0.23 *** ***
 C16:0 80.4 75.3 80.9 77.1 2.05 78.8 78.1 1.95 *** NS
 C18:0 11.9 12.1 12.2 12.0 0.28 12.5 11.6 0.26 NS ***
 C18:1 cis-9 98.8 99.4 99.3 96.7 2.35 104 93.3 2.25 NS ***
 C18:2n-6 221 225 221 214 6.3 228 213 5.9 † ***
 C18:3n-3 86.2 85.1 80.7 75.7 2.47 83.0 80.8 2.32 *** †
 Total PUFA 307 310 302 289 8.8 311 294 8.3 ** ***
 Total fatty acids 590 592 592 566 14.8 606 654 14.0 ** ***
1Dry matter contents of 300 (MS30), 340 (MS34), 380 (MS38), and 420 (MS42) g/kg of fresh matter.
2†P < 0.1, *P < 0.05, **P < 0.001, ***P < 0.001; weeks of lactation significantly (P < 0.001) influenced the intake of all nutrients.
3Water-soluble carbohydrates.
4Intestinal digestible protein (Tamminga et al., 1994).
5Net energy for lactation calculated using feed unit lactation (VEM) system (Van Es, 1978).

Table 5. Milk production, milk composition, and changes in body condition of dairy cows fed corn silages (MS) ensiled at different stages of 
maturity in combination with a low- (LC) and highly (HC) degradable carbohydrate concentrate (Conc) during wk 2 to 15 of lactation 

Parameter

Corn silage1

SEM

Concentrate

SEM

Significance2

MS30 MS34 MS38 MS42 LC HC MS Conc Week

Milk yield
 Milk (kg/d) 40.2 40.8 40.8 39.5 1.32 41.3a 39.3b 0.94 NS * ***
 FPCM3 (kg/d) 42.9 43.4 43.8 41.6 1.45 43.2 42.6 1.02 NS NS ***
Milk composition
 Fat (%) 4.25 4.17 4.21 4.05 0.097 4.03b 4.30a 0.079 NS *** ***
 Fat (kg/d) 1.66ab 1.70a 1.70a 1.60b 0.067 1.67 1.67 0.047 ** NS ***
 Protein (%) 3.27 3.22 3.28 3.29 0.071 3.25 3.28 0.048 NS NS ***
 Protein (kg/d) 1.31 1.33 1.31 1.27 0.060 1.33a 1.28b 0.058 NS * ***
 Lactose (%) 4.66 4.62 4.72 4.64 0.028 4.64b 4.68a 0.024 NS * ***
 Lactose (kg/d) 1.85 1.99 1.90 1.82 0.081 1.91a 1.82b 0.077 NS ** ***
Body condition
 BW (kg) 626 640 652 650 16.3 638 646 11.5 NS NS ND4

 BCS5 2.7 2.7 2.9 3.0 0.05 2.8 2.8 0.04 NS NS ND
a,bMeans within rows with different superscripts differ (P < 0.05).
1Dry matter contents of 300 (MS30), 340 (MS34), 380 (MS38), and 420 (MS42) g/kg of fresh matter.
2*P < 0.05, **P < 0.001, ***P < 0.001.
3Fat- and protein-corrected milk.
4Not determined.
5Body condition score on a scale of 1 to 5 according to Edmonson et al. (1989).
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Table 6. Milk FA profile of dairy cows fed corn silage (MS) ensiled at different stages of maturity in combination with a low-degradable carbohydrate (LC) or a highly degradable 
carbohydrate (HC) concentrate (Conc) during wk 3, 5, and 10 of lactation 

Fatty acid  
(g/100 g of total FA)

Corn silage1

SEM

Concentrate

SEM

Stage of lactation

SEM

Significance2

MS30 MS34 MS38 M42 HC LC Wk 3 Wk 5 Wk 10 MS Conc Week

C4:0 3.37ab 3.52ab 3.53a 3.32b 0.061 3.45 3.41 0.047 3.55a 3.46a 3.29b 0.048 * NS ***
C6:0 2.35 2.46 2.47 2.36 0.041 2.38 2.43 0.030 2.47a 2.41ab 2.34b 0.034 † NS **
C8:0 1.50 1.56 1.57 1.53 0.038 1.50b 1.58a 0.028 1.58 1.55 1.49 0.032 NS * NS
C10:0 3.45 3.62 3.70 3.63 0.130 3.49 3.71 0.095 3.53 3.62 3.64 0.106 NS † NS
C11:0 0.09 0.09 0.09 0.09 0.007 0.089 0.09 0.005 0.10a 0.10a 0.08b 0.006 NS NS **
C12:0 4.54 4.68 4.78 4.83 0.164 4.45b 4.96a 0.123 4.55b 4.66ab 4.92a 0.085 NS ** *
C13:0 0.10 0.11 0.11 0.11 0.009 0.10 0.11 0.007 0.11 0.10 0.11 0.006 NS † NS
Iso-C13:0 0.01a 0.01b 0.01ab 0.01ab 0.002 0.01 0.01 0.002 0.01a 0.01a 0.01b 0.001 * NS ***
Anteiso-C13:0 0.08 0.08 0.08 0.09 0.005 0.08b 0.09a 0.004 0.08 0.08 0.09 0.004 NS ** NS
C14:0 11.9 12.1 12.4 12.4 0.24 12.1 12.3 0.18 11.6c 12.2b 12.8a 0.21 NS NS ***
Iso-C14:0 0.07 0.06 0.07 0.06 0.004 0.06 0.06 0.003 0.06 0.06 0.06 0.003 † NS NS
C14:1 cis-9 0.91 0.85 0.91 0.96 0.041 0.87b 0.95a 0.029 0.85c 0.90b 0.98a 0.025 NS * ***
C15:0 0.92 0.98 0.89 0.98 0.062 0.94 0.95 0.050 0.92 0.92 0.99 0.050 NS NS NS
Iso-C15:0 0.19ab 0.19ab 0.20a 0.17b 0.008 0.18 0.19 0.001 0.18b 0.19ab 0.193a 0.007 * † *
Anteiso-C15:0 0.40 0.41 0.40 0.39 0.017 0.40 0.41 0.015 0.39ab 0.40b 0.42a 0.015 NS NS *
C16:0 30.4 30.7 30.3 31.0 0.59 31.5a 29.8b 0.05 29.1c 30.3b 32.4a 0.45 NS ** ***
Iso-C16:0 0.16 0.15 0.16 0.15 0.007 0.16 0.16 0.006 0.16 0.16 0.15 0.007 NS NS NS
C16:1cis-9 1.53b 1.62ab 1.66ab 1.78a 0.095 1.70a 1.59b 0.080 1.94a 1.99a 1.84b 0.075 NS NS ***
C17:0 0.61 0.61 0.61 0.62 0.016 0.61 0.61 0.013 0.62 0.61 0.60 0.012 NS NS NS
Iso-C17:0 0.37a 0.36a 0.37ab 0.34b 0.029 0.36 0.36 0.029 0.42 0.34 0.33 0.042 * NS NS
Anteiso-C17:0 0.15b 0.17ab 0.17ab 0.19a 0.019 0.18 0.19 0.015 0.20a 0.20a 0.16b 0.014 NS NS ***
C17:1 cis-9 0.24 0.24 0.22 0.24 0.012 0.24 0.23 0.009 0.27a 0.24b 0.19c 0.009 NS NS ***
C18:0 9.27 9.12 9.35 8.86 0.251 9.16 9.13 0.19 9.30a 9.26a 8.88b 0.19 NS NS *
C18:1 cis-9 19.0 17.8 17.7 18.2 0.671 18.0 18.3 0.552 19.3a 18.7a 16.6b 0.665 NS NS ***
C18:1 cis-total3 20.1 18.9 18.8 18.2 0.70 19.1 19.5 0.57 20.5a 19.8a 17.5b 0.43 NS NS ***
C18:1 trans-6+8 0.23 0.22 0.22 0.22 0.009 0.21b 0.24a 0.007 0.22 0.22 0.22 0.006 NS ** NS
C18:1 trans-9 0.16 0.16 0.16 0.17 0.004 0.15b 0.17a 0.003 0.16b 0.16ab 0.17a 0.003 NS *** *
C18:1 trans-10+11 1.18 1.12 1.13 1.11 0.052 1.05b 1.22a 0.038 1.18 1.12 1.10 0.030 NS ** †
C18:1 trans-12 0.30 0.31 0.30 0.30 0.009 0.28b 0.33a 0.007 0.30 0.30 0.31 0.007 NS *** NS
C18:1 trans-total4 2.16 2.14 2.12 2.09 0.076 1.99b 2.27a 0.054 2.16 2.11 2.12 0.055 NS *** NS
C18:1 trans-16+cis-14 0.31 0.31 0.31 0.29 0.008 0.30b 0.31a 0.007 0.30 0.30 0.31 0.007 † NS NS
C18:2 trans-9,12 0.15b 0.13b 0.13b 0.16a 0.008 0.15 0.14 0.006 0.16a 0.17a 0.09b 0.005 * NS ***
C18:2 cis-9,12 (n-6) 1.78 1.71 1.75 1.74 0.038 1.71 1.78 0.027 1.70b 1.76a 1.78a 0.027 NS NS **
C18:2 cis-9,trans-11-CLA5 0.35 0.34 0.31 0.32 0.011 0.32b 0.34a 0.007 0.35 0.33 0.32 0.007 NS * *
C18:2 trans-10, cis-12-CLA 0.01 0.01 0.01 0.01 0.002 0.01b 0.01a 0.002 0.01b 0.03c 0.01a 0.001 NS ** ***
C18:3n-3 0.42a 0.39ab 0.39ab 0.37b 0.010 0.39 0.40 0.007 0.40 0.40 0.39 0.007 ** NS NS
C18:3n-6 0.01b 0.02b 0.02ab 0.02a 0.002 0.02 0.02 0.002 0.01b 0.02a 0.03a 0.001 *** NS ***
C20:0 0.10b 0.10b 0.11ab 0.12a 0.006 0.11 0.11 0.053 0.11 0.10 0.12 0.006 ** NS †
C20:1 cis-11 0.06ac 0.05b 0.06bc 0.07a 0.003 0.06 0.06 0.002 0.06b 0.07a 0.06b 0.002 *** NS ***
C20:2n-6 0.00b 0.01ab 0.01ab 0.01a 0.001 0.01 0.01 0.001 0.01 0.01 0.01 0.001 * NS NS
C20:3n-6 0.07 0.07 0.07 0.08 0.004 0.07b 0.08a 0.003 0.06c 0.07b 0.08a 0.003 NS * ***
C20:4n-6 0.05b 0.07a 0.07a 0.06a 0.003 0.06b 0.07a 0.003 0.09a 0.02b 0.07a 0.003 *** ** ***
C20:5n-3 0.04 0.04 0.04 0.05 0.002 0.04 0.04 0.002 0.05a 0.04ab 0.04b 0.002 NS NS *
C22:0 0.03 0.02 0.03 0.03 0.001 0.03 0.03 0.001 0.03 0.02 0.03 0.001 NS NS NS
C22:2n-3 0.02 0.02 0.01 0.02 0.002 0.02 0.02 0.002 0.01 0.01 0.02 0.001 NS NS NS
C22:5n-3 0.06 0.06 0.06 0.06 0.004 0.06 0.06 0.004 0.06 0.06 0.06 0.004 NS NS NS
C24:0 0.02 0.01 0.01 0.02 0.002 0.01 0.01 0.002 0.02 0.01 0.02 0.002 NS NS NS
Total saturated FA 71.5 73.0 73.0 72.3 0.73 72.9 72.0 0.61 70.0c 72.6b 74.8a 0.77 NS † ***
Total cis-MUFA 21.87 20.6 20.3 20.9 0.69 20.7 21.2 0.56 22.7a 21.2b 18.9c 0.73 NS NS ***

Continued
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milk production, and composition of milk and milk fat 
of dairy cows during early lactation.

The range of maturities (DM content of 300 to 420 
g/kg of FW) chosen in the present study spanned that 
normally found in the Netherlands. The increase in 
starch content with each subsequent harvest is related 
to the growth of ear and deposition of starch in the 
grains during maturation (Cone et al., 2008). The sub-
stantial increase in starch (grain) content decreased the 
NDF content in the whole-crop DM. The NDF content 
of the stover (leaves and stems) increases as maturity 
advances; however, the NDF content of the whole crop 
decreases because the proportion of grains in the whole 
crop DM increases (Bal et al., 2000). The decrease 
in C18:3n-3 and PUFA content with maturation can 
be related to the decrease in C18:3n-3 content in the 
stover fraction of corn plants during post-flowering 
maturation. In corn plants, the membrane glycerolipids 
are the main pool of C18:3n-3, whereas C18:1 cis-9 
and C18:2n-6 are the predominant FA in storage lipids 
(grains). During grain filling, the content of C18:3n-3 
substantially decreases due to a decreasing proportion 
of the stover in the whole-plant DM and the decreasing 
FA content in the stover (Khan et al., 2011), due to 
rapid senescence of leaves (Struik, 1983). During leaf 
senescence, the membrane glycerolipids are oxidized by 
plant lipoxygenases, causing a rapid decrease in chlo-
roplast FA, particularly in C18:3n-3 (Thompson et al., 
1998; Mishra and Sangwan, 2008; Yang and Ohlrogge, 
2009).

The lack of differences in DMI, milk yield, and body 
condition due to maturity of the corn supports earlier 
findings (Bal et al., 2000; Phipps et al., 2000). The 
increase in starch:NDF ratio resulted in a numeric de-
crease in milk fat content from 4.25% for the MS30 
to 4.05% for the MS42 silage. The combination of the 
HC concentrate with corn silages resulted in a higher 
percentage of milk fat compared with the LC concen-
trate (4.30 vs. 4.03). Typically, the combination of the 
HC concentrate and the low-NDF corn silage-based 
diets are associated with a decrease in milk fat (Nielsen 
et al., 2006). The high milk fat content with the HC 
concentrate may be due to the large (2 kg/d) decrease 
in milk yield. Moreover, the fat yield did not differ 
between the HC and LC concentrates.

The decrease in C18:3n-3 and total n-3 content and 
the increase in the n-6:n-3 PUFA ratio in milk fat with 
maturity can be related to the parallel decrease in the 
intake of C18:3n-3 with maturation of corn silages. 
Although small differences occurred in the intake of 
C18:3n-3, these were reflected in the milk fat composi-
tion, which may be due to a lower degradation of the 
mature leaves of the corn. The apparent recovery of 
C18:3n-3 and C18:2n-6 from ration into milk were 8 T
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and 13%, respectively. However, the transfer efficiency 
did not change with the maturity of the corn silages. 
The variation in odd- and branched-chain FA in milk 
can be used to identify shifts in the rumen microbial 
population, as these FA are predominantly of bacte-
rial origin. The decrease in odd chain-iso and total 
odd- and branched-chain FA content in milk fat with 
advancing maturity of corn silages can be related to 
the decrease in NDF and increase in starch intake with 
maturation. The increase in starch:NDF ratio in the 
diet decreases the relative abundance of cellulolytic 
bacteria containing large amounts of iso-FA, compared 
with amylolytic bacteria (Vlaeminck et al., 2006a,b). 
The changes in carbohydrate composition during matu-
ration, however, did probably not alter the hydrogena-
tion of dietary PUFA. A plausible explanation for this 
effect is the relatively small variation in starch:NDF 
ratio due to maturation from DM content 300 to 420 
g/kg of FW. A large variation in starch:NDF ratio oc-
curs early during the grain-filling period, with the DM 
content ranging from 250 to 320 g/kg of FW (Cone et 
al., 2008). The present study did not include early har-
vested corn. Concentrate type significantly influenced 
the composition of milk trans FA. With the exception 
of C18:2 cis-9,trans-11, which can also be produced via 
Δ9-stearoyl-CoA desaturase in the mammary gland 
(Corl et al., 2002; Piperova et al., 2002), the variation 
in the contents of trans isomers of C18:1 and C18:2 
in milk between the 2 types of concentrates directly 
reflect the changes in ruminal biohydrogenation of 
dietary PUFA. Large amounts of PUFA or rapidly 
degradable carbohydrates in the diet can shift rumen 
biohydrogenation of PUFA toward the production of 
more trans FA, in particular the trans-10 isomer (Grii-
nari et al., 1998; Shingfield et al., 2005; Nielsen et al., 
2006). In the present study, the intake of C18:2n-6 and 
C18:3n-3 was higher when the LC concentrate was fed, 
yet the amount of trans FA in milk were higher with 
the HC concentrate. This indicates that the alteration 
in milk trans FA composition was mainly related to 
the variation in carbohydrate degradation between the 
2 concentrates. Diets that provide large amounts of 
readily degradable carbohydrates usually shift the bio-
hydrogenation of dietary PUFA toward trans isomers 
by changing bacterial population (Griinari et al., 1998; 
Jurjanz et al., 2004).

The increase in medium chain saturated FA (C12–
C16:0) and decrease in C18:0 and C18:1 cis-9 with 
advancing lactation is consistent with earlier findings 
(Kay et al., 2005; Garnsworthy et al., 2006; Stoop et 
al., 2009). High-producing dairy cows are usually in 
a negative energy balance during early lactation and 
mobilize considerable amounts of body fat (Palmquist 
et al., 1993), containing C18:0 and C18:1 cis-9 as the 

predominant FA (Christie, 1981). This can explain the 
decrease in C18:0 by 4.5 and C18:1cis-9 by 14.0 g/100 
g of FA between wk 3 and 10 of lactation. Moreover, a 
high uptake of long-chain FA inhibits de novo lipogen-
esis, particularly of the medium-chain saturated FA.

CONCLUSIONS

Increasing corn harvest maturity (crop DM content 
300 to 420 g/kg of FM) at ensilaging did not affect the 
DMI, milk yield, and BCS, but decreased the content 
of C18:3n-3 and total n-3 and increased the n-6:n-3 
ratio in milk fat of dairy cows. The combination of corn 
silage and an HC concentrate increased the content 
of all C18:1 trans isomers, C18:2 cis-9,trans-11, C18:2 
trans-10,cis-12, and total trans FA in milk fat com-
pared with an LC concentrate. Milk FA composition 
was significantly influenced by stage of lactation. The 
content of C12:0, C14:0, and C16:0 and total saturated 
FA increased, whereas the content of C18:0, C18:1-cis 
total, and total cis-MUFA decreased with advancing 
lactation.
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