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  aBStraCt 

  Thirty-two multiparous Holstein cows were used to 
investigate the effects of chromium-l-methionine (Cr-
Met) supplementation and dietary grain source on 
performance and lactation during the periparturient 
period. Cows were fed a total mixed ration consisting of 
either a barley-based diet (BBD) or a corn-based diet 
(CBD) from 21 d before anticipated calving through 
28 d after calving. The Cr-Met was supplemented at 
dosages of 0 or 0.08 mg of Cr/kg of metabolic body 
weight. The study was designed as a randomized com-
plete block design with 2 (Cr-Met levels) × 2 (grain 
sources) factorial arrangement. There was no Cr effect 
on prepartum dry matter intake (DMI) or postpartum 
DMI, body weight (BW), net energy balance, and 
whole tract apparent digestibility of nutrients. Prepar-
tum DMI as a percentage of BW tended to increase 
with Cr-Met. Supplemental Cr-Met tended to increase 
milk yield whereas milk protein percentage decreased. 
Pre- and postpartum DMI, BW, net energy balance, 
milk yield, and milk composition were not affected by 
substituting ground barley with ground corn. The ad-
dition of Cr-Met increased prepartum DMI and tended 
to increase postpartum DMI of the BBD but not the 
CBD. The change in prepartum DMI was smaller when 
the BBD was supplemented with Cr-Met but remained 
unchanged when the CBD was supplemented with Cr-
Met. Yields of crude protein and total solids in milk 
and prepartum digestibility of DM and organic matter 
tended to increase when Cr-Met was added to the BBD 
but remained unchanged when added to the CBD. Peri-
parturient cows failed to respond to the grain source of 
the diet, whereas they showed greater response in milk 
yield to diets supplemented with Cr-Met. In conclusion, 
the present results demonstrate that the beneficial ef-
fect of Cr-Met supplementation during the periparturi-
ent period to improve feed intake may depend on the 
grain source of the diet. 
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  IntrODuCtIOn 

  The transition period, 3 wk before until 3 wk af-
ter calving, is crucial for cow health and production 
(Grummer, 1995). The nutritional demands of the fetus 
increase considerably during late gestation whereas feed 
consumption declines during the last 3 wk of gestation 
(Hayirli et al., 2002), resulting in decreased nutrient 
intake. Reduced feed intake may potentiate negative 
nutrient balance and make dairy cows less efficient 
at adapting to the physiological changes of gestation. 
Moreover, Grummer et al. (2004) proposed that the 
most important signal for initiating adipose tissue lipol-
ysis may be the magnitude of intake depression rather 
than the level of DMI during the prepartum period. 

  Various additives are used in transition dairy cow 
rations to minimize metabolic problems. Among these, 
Cr supplementation has been used during pregnancy, 
lactation, and other times of stress. Chromium is bio-
logically active as part of a biomolecule called chromod-
ulin, which is part of an insulin-signaling pathway, and 
appears to affect carbohydrate and lipid metabolism via 
the action of insulin (Davis et al., 1997; Davis and Vin-
cent, 1997). Increases in pre- and postpartum DMI have 
been reported with increasing chromium-l-methionine 
(Cr-Met) supplementation during the periparturient 
period (Hayirli et al., 2001; Smith et al., 2005). Several 
groups (Besong et al., 1996; Yang et al., 1996; Hayirli et 
al., 2001; Smith et al., 2005) have reported greater milk 
production as a result of Cr supplementation whereas 
others (Subiyatno et al., 1996; Pechova et al., 2002) 
have not observed this response. 

  Feeding diets containing higher NFC content has 
also been suggested for the transition period in order 
to stimulate ruminal papillae development, increase 
potential absorptive capacity of the rumen epithelium, 
and facilitate ruminal microbial adaptations to higher 
postpartum NFC levels. The fermentability of NFC in 
diets fed to prepartum and early postpartum dairy cows 
has also been investigated (Dann et al., 1999). One way 
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to change ruminal carbohydrate fermentability is by 
substituting ground barley with ground corn. Eighty 
to 90% of barley starch and 55 to 70% of corn starch 
is digested in the rumen (Nocek and Tamminga, 1991), 
resulting in a greater proportion of corn starch reaching 
the small intestine relative to barley. Previous reports 
have demonstrated the energetic benefit of starch di-
gestion in the small intestine compared with starch 
digestion and absorption of the resulting VFA in the 
rumen (Owens et al., 1986; Boss and Bowman, 1996), 
but evidence is still scant for an energetic or produc-
tion benefit in lactating animals. There are ambiguous 
results concerning the relationship between corn- and 
barley-based diets (CBD and BBD, respectively) and 
DMI and milk yield in the literature (Mc Carthy et al., 
1989; Grings et al., 1992; Khorasani et al., 1994; Casper 
et al., 1999).

Recently, Smith et al. (2005) investigated whether 
peripartal performance is affected by carbohydrate 
source and Cr supplementation. However, it is unknown 
whether productive performance and DMI are affected 
by Cr supplementation and substituting barley grain 
with corn throughout the transition period.

The current study was designed to investigate the 
effects of Cr supplementation and dietary grain source 
(barley vs. corn) on performance and lactation during 
the periparturient period.

MATERIALS AND METHODS

Animals, Diets, and Treatments

Thirty-two nonlactating, multiparous Holstein cows 
in late gestation were housed in individual tie-stalls 
from 4 wk before anticipated calving date through 4 wk 
after parturition. Cows were assigned to 1 of 4 treat-
ment groups in a 2 × 2 factorial arrangement of grain 
source and Cr level: BBD or CBD with or without Cr 
supplementation.

Cows were fed TMR (Table 1), according to NRC 
(2001) recommendations, once daily prepartum and 
twice daily postpartum ad libitum and had free access 
to water. Starting 21 d before calving, cows also re-
ceived 0 or 0.08 mg of Cr/kg of BW0.75 as Cr-Met [10% 
Cr and 90% Met (wt/wt); MicroPlex 1000, Zinpro, Inc., 
Eden Prairie, MN] once daily, top dressed with 200 g 
of ground barley for the BBD or with the same amount 
of corn for the CBD; postpartum cows received 0 or 
0.08 mg of Cr/kg of BW0.75 as Cr-Met, top dressed, in 
2 equal allocations in the morning and afternoon feed-
ings. The amount of Cr-Met offered to cows during the 
prepartum period was based on their BW as measured 
on d 22 before expected calving. Postpartum Cr-Met 
supplementation was adjusted based on a cow’s BW on 

the day after calving. Because Cr requirements of dairy 
cows are not known (NRC, 2001), the dosage of Cr used 
in this study was chosen based on previous literature 
(Hayirli et al., 2001; Smith et al., 2005).

Sample Collection and Analyses

Amounts of TMR offered and orts were recorded dai-
ly for individual cows and daily DMI was determined. 
The DM contents of roughages and concentrates were 
determined on a weekly basis during the experiment in 
order to maintain the desired dietary forage:concentrate 
ratio. Monthly composite samples of forages and con-
centrates were prepared from the individual weekly 
samples. Feces were sampled for 5 d after 2 wk of 
feeding the experimental diets. The samples were dried 
at 55°C for 48 h, ground using a Wiley mill (Wiley’s 
pulverizer for laboratory, Ogaw Seiki Co., Ltd., Tokyo, 
Japan) to pass a 1-mm screen, and stored at −20°C 
until analysis. Monthly composite feed samples were 
analyzed for CP (method 988.05; AOAC, 1990), NDF 
(using heat-resistant α-amylase without sodium sulfite; 
Van Soest et al., 1991), ADF (method 973.18; AOAC, 
1990), ether extract (method 920.39; AOAC, 1990), 
ash (method 942.05; AOAC, 1990), and acid-insoluble 
ash (Van Keulen and Young, 1977; Table 1 and Table 
2). Acid-insoluble ash was used as an internal marker 
to determine the coefficient of total-tract apparent 
digestibility. The DM, OM, CP, NDF, ADF, and acid-
insoluble ash levels of the fecal samples were also deter-
mined. Blood samples were collected approximately 2.5 
h after the morning feeding via the coccygeal vein using 
heparinized vacuum tubes (Becton Dickinson, Franklin 
Lakes, NJ) on d 22 before the expected calving date, 
immediately after parturition, and on d 21 postpartum. 
The blood metabolite and hormone data are not pre-
sented herein.

After parturition, cows were milked 3 times daily in 
the milking parlor and yields were recorded at each 
milking. Milk samples were collected weekly from 3 
consecutive milkings (i.e., cows were milked 3 times 
daily and produced 3 samples/d per week) and pre-
served using potassium dichromate. Milk samples were 
analyzed for fat, protein, lactose, and total solid by an 
automated near-infrared spectroscopy analyzer (Milko-
Scan, 134 BN, Foss Electric, Hillerød, Denmark).

Body weights were measured on d 22 before expected 
calving date and on d 1, 7, 21, and 28 postpartum. 
Postpartum net energy balance (NEB) for each cow 
was calculated, based on NRC (2001), with the follow-
ing formula: NEB = (DMI × NEL diet) − [(0.08 × 
BW0.75) + (0.0929 × fat + 0.0563 × protein + 0.0395 
× lactose) × milk yield)].
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Statistical Analyses

Cows were blocked according to expected calving 
dates and then were assigned randomly to 1 of 4 treat-
ments. The first week of the experiment was an adapta-
tion period. The adaptation period values for DMI and 
BW were used as covariates for analysis of covariance 
applied to their corresponding measurements during 
the experimental period. Daily DMI and milk yield val-
ues were used during statistical analysis. However, they 
were reduced to weekly means in order to calculate en-

ergy balance and yields of milk components. Analysis of 
covariance was conducted using the MIXED procedure 
of SAS Institute (1999), using repeated measures with 
first-order autoregressive covariance structure in time. 
The model included the effects of Cr-Met supplemen-
tation, grain source, interaction of Cr-Met and grain 
source, day, and 2- and 3-way interactions of main ef-
fects with day. Results are presented as least squares 
means and standard error of the mean. A threshold of 
significance was set at P ≤ 0.05; trends were declared 
at 0.05 < P < 0.15.
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Table 1. Ingredient and nutrient composition (DM basis) of prepartum and postpartum diets, including a 
barley-based diet (BBD) and a corn-based diet (CBD) 

Item

Prepartum diet Postpartum diet

BBD CBD BBD CBD

Ingredient, %
  Alfalfa hay 22.0 22.0 24.8 24.8
  Corn silage 28.6 28.6 18.9 18.9
  Wheat straw 7.2 7.2 — —
  Coarse ground barley 20.6 — 27.8 —
  Coarse ground corn — 20.6 — 27.8
  Whole linted cottonseed 1.9 1.9 3.0 3.0
  Cottonseed meal 6.1 6.1 4.9 4.9
  Soybean meal 8.0 8.0 14.9 14.9
  Fat supplement — — 2.2 2.2
  Calcium carbonate 1.4 1.4 1.0 1.0
  Sodium bicarbonate — — 1.0 1.0
  Vitamin and mineral mix 11 4.2 4.2 — —
  Vitamin and mineral mix 22 — — 1.5 1.5
Chemical composition
  NEL,

3 Mcal/kg 1.49 1.52 1.67 1.70
  DM 45.5 44.9 58.7 59.4
  OM 89.0 89.2 91.3 91.0
  CP 14.9 14.3 16.9 16.5
  NDF 41.9 39.0 34.2 32.1
  ADF 26.2 25.1 21.9 21.0
  NFC4 36.4 38.7 38.0 40.6
  Ether extract 2.30 2.49 4.50 5.10
  Ca3 1.60 1.59 1.27 1.26
  P3 0.40 0.39    0.38 0.37

1Contained (DM basis): 15.2% Ca, 2.44% Mg, 10.46% Cl, 0.04% K, 0.82% Na, 3.5% S, 1,400 mg/kg Fe, 288.2 
mg/kg of Mn, 302.5 mg/kg of Cu, 12.7 mg/kg of I, 504 mg/kg of Zn, 150 kIU/kg of vitamin A, 50 kIU/kg of 
vitamin D3, 2,000 IU/kg of vitamin E.
2Contained: 12% Ca, 2% P, 2.05% Mg, 18.6% Na, 0.3% S, 1,250 mg/kg of Fe, 2,250 mg/kg of Mn, 7,700 mg/kg 
of Zn, 14 mg/kg of Co, 1,250 mg/kg of Cu, 56 mg/kg of I, 10 mg/kg of Se, 250 kIU/kg of vitamin A, 50 kIU/
kg of vitamin D3, 1.5 kIU/kg of vitamin E.
3Calculated according to NRC (2001).
4NFC calculated as 100 − (% NDF + % CP + % ether extract + % ash) (NRC, 2001).

Table 2. Chemical composition (% of DM) of the forages 

Item

Alfalfa Corn silage

Mean SEM Mean SEM

DM, % 91.8 0.53 23.4 0.64
OM 89.5 0.74 90.2 0.22
CP 15.6 0.51 8.51 0.45
NDF 51.9 1.17 54.5 1.66
ADF 39.9 1.17 34.4 1.13



RESULTS

Chromium Effect

During the prepartum period, DMI expressed as kilo-
gram per day was not affected by Cr-Met supplementa-
tion (Table 3; Figure 1); however, there was a trend for 
increased daily DMI, expressed as a percentage of BW 
(P = 0.09), in cows fed the Cr-Met supplemented diets 

(Table 3). The change in DMI as a percentage of BW 
from 19 d until 1 d before parturition was not affected 
by Cr-Met supplementation (Table 3). No differences 
resulting from Cr-Met supplementation were observed 
in postpartum DMI when expressed either as kilogram 
per day and percentage of BW (Table 3; Figure 1). 
Body weights and postpartum calculated NEB were not 
affected by Cr-Met supplementation (Table 3). There 
was a trend (P = 0.10) for the percentage change in 
BW to decrease with Cr-Met supplementation during 
the postpartum period.

Table 4 shows the effects of Cr-Met supplementation 
on milk yield and milk composition. A tendency (P = 
0.08; Figure 2) was observed for increased milk yield in 
cows fed Cr-Met-supplemented diets. Milk protein con-
centration decreased (P < 0.05) with Cr-Met supple-
mentation; however, no significant effect on other milk 
constituents was observed. No changes in total-tract 
apparent digestibility of DM, OM, CP, NDF, and ADF 
with Cr-Met supplementation were observed during the 
trial.

Grain Effect

Prepartum and postpartum DMI expressed as kilo-
gram per day and as a percentage of BW (Table 3; Fig-
ure 1) and the change in DMI as a percentage of BW 
from d 19 until d 1 before parturition were not affected 
by source of grain (Table 3). After parturition, BW, the 
percentage change in BW, postpartum calculated NEB 
(Table 3), and milk yield and composition (Table 4; 
Figure 2) were not affected by source of dietary grain.

Journal of Dairy Science Vol. 92 No. 11, 2009

Sadri et al.5414

Table 3. Effects of Cr supplementation and substituting barley grain with corn during the periparturient period on DMI, BW, and net energy 
balance (NEB) in dairy cows 

Item

Treatment1

SEM

P-value2Cr (−) Cr (+)

BBD CBD BBD CBD Cr G Cr × G

Prepartum
  DMI, kg/d 11.6 12.1 12.7 11.9 0.35 0.17 0.67 0.05
  DMI, % of BW 1.62 1.67 1.80 1.70 0.06 0.09 0.70 0.22
  Change in DMI,3 % of BW −29.4 −20.2 −12.5 −31.3 8.56 0.75 0.59 0.12
Postpartum
  DMI, kg/d 16.9 18.3 18.4 17.8 0.59 0.37 0.53 0.10
  DMI, % of BW 2.59 2.92 2.82 2.78 0.15 0.74 0.33 0.22
  BW, kg 664.4 664.6 665.6 652.7 7.21 0.47 0.36 0.36
  BW change,4 % −9.60 −10.9 −7.60 −6.10 1.92 0.10 0.96 0.48
  NEB,5 Mcal/d −8.20 −6.60 −8.40 −7.70 1.62 0.69 0.47 0.79

1Treatments: Cr (−) = without supplemental Cr; Cr (+) = with supplemental Cr; BBD = barley-based diet; CBD = corn-based diet.
2Statistical comparisons: Cr effects = Cr (+) vs. Cr (−); G effects = BBD vs. CBD; Cr × G effects = Cr by G interaction.
3Change in DMI expressed as percentage of BW from d 19 through d 1 before parturition.
4BW change was from d 1 to d 30 postpartum.
5NEB calculated based on NRC (2001). Postpartum NEB = (DMI × NEL diet) − [(0.08 × BW 0.75) + (0.0929 × fat + 0.0563 × protein + 
0.0395 × lactose) × milk yield)].

Figure 1. Daily prepartum and postpartum DMI for cows fed a 
barley-based diet (BBD), a corn-based diet (CBD), a barley-based 
diet supplemented with Cr-Met (BBDCr), and a corn-based diet sup-
plemented with Cr-Met (CBDCr). Values are least squares means. 
During the prepartum period, the P-value for 3-way interactions be-
tween treatments and day was 0.64 and pooled SEM was 0.35. During 
the postpartum period, the P-value for 3-way interactions between 
treatments and day was 0.36 and pooled SEM was 0.59.



Total-tract apparent digestibility of the measured 
nutrients was higher for prepartum cows fed the CBD 
compared with those fed the BBD (P < 0.05; Table 
5).Total-tract apparent DM, OM, and CP digestibili-
ties were higher (P < 0.05) for postpartum cows fed 
the BBD compared with those fed the CBD. There was 
also a trend for increased postpartum NDF and ADF 
digestibilities (P = 0.09 and P = 0.08, respectively) in 
the BBD (Table 5).

Chromium by Grain Interaction

An interaction of Cr and grain was observed for pre-
partum DMI as kg/d (P = 0.05). The DMI increased 

when Cr-Met was added to the BBD but remained 
unchanged when Cr-Met was added to the CBD (Table 
3). A trend was observed for an interaction between Cr 
and grain for the change in DMI as a percentage of BW 
from 19 d before parturition until 1 d before parturition 
(P = 0.12). The change in DMI was smaller when Cr-
Met was added to the BBD but remained unchanged 
when Cr-Met was added to the CBD (Table 3). There 
was a trend for an interaction between Cr and grain 
for postpartum DMI as kilograms per day (P = 0.10). 
The DMI increased when the BBD was supplemented 
with Cr-Met but remained unchanged when the CBD 
supplemented with Cr-Met was fed (Table 3). No Cr by 
grain interaction was observed in DMI as a percentage 
of BW over the course of the experiment. No Cr by 
grain interactions were observed in BW, the percentage 
change in BW, and postpartum calculated NEB dur-
ing the postpartum period (Table 3). No Cr by grain 
interactions (Table 4) were observed for milk yield and 
composition except for milk CP (P = 0.09) and total 
solid yields (P = 0.10). Yields of CP and total solids 
in milk increased when the BBD was supplemented 
with Cr-Met but remained unchanged when the CBD 
was supplemented with Cr-Met (Table 4). There were 
no 3-way interactions between treatments and day on 
pre- and postpartum DMI, BW, NEB, milk yield, and 
milk composition. A trend (P = 0.14) for 3-way interac-
tions was observed only for the percentage of milk total 
solids.

During the prepartum period, there were trends for 
the interactions between Cr and grain for total-tract 
apparent DM and OM digestibilities (P < 0.15). Total-
tract apparent digestibility of DM and OM increased 
when Cr-Met was added to the BBD but were un-
changed when Cr-Met was added to the CBD (Table 
5).
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Table 4. Effects of Cr supplementation and substituting barley grain with corn during the periparturient period on milk yield and milk 
composition in dairy cows 

Item

Treatment1

SEM

P-value2Cr (−) Cr (+)

BBD CBD BBD CBD Cr G Cr × G

Milk, kg/d 34.3 34.9 37.7 35.2 1.04 0.08 0.37 0.16
4% FCM, kg/d 36.1 38.2 40.5 38.2 1.56 0.17 0.98 0.17
Fat, % 4.50 4.73 4.66 4.73 0.35 0.83 0.66 0.82
Fat, kg/d 1.50 1.62 1.70 1.61 0.09 0.29 0.84 0.25
CP, % 3.05 3.19 3.00 2.98 0.06 0.03 0.35 0.15
CP, kg/d 1.01 1.11 1.10 1.03 0.05 0.90 0.78 0.09
Lactose, % 4.94 4.89 4.95 4.74 0.11 0.54 0.25 0.49
Lactose, kg/d 1.66 1.71 1.84 1.67 0.08 0.43 0.44 0.21
Total solid, % 12.8 13.1 12.8 12.7 0.36 0.67 0.84 0.60
Total solid, kg/d 4.28 4.53   4.73 4.40 0.17 0.34 0.80 0.10

1Treatments: Cr (−) = without supplemental Cr; Cr (+) = with supplemental Cr; BBD = barley-based diet; CBD = corn-based diet.
2Statistical comparisons: Cr effects = Cr (+) vs. Cr (−); G effects = BBD vs. CBD; Cr × G effects = Cr by G interaction.

Figure 2. Milk yield during the postpartum period for cows fed a 
barley-based diet (BBD), a corn-based diet (CBD), a barley-based diet 
supplemented with Cr-Met (BBDCr), and a corn-based diet supple-
mented with Cr-Met (CBDCr). Values are least squares means; the 
P-value for 3-way interactions between treatments and day was 0.88 
and pooled SEM was 1.04.



DISCUSSION
The chemical composition of prepartum and postpar-

tum diets is presented in Table 1. The NFC content in 
the diet increased and NDF content decreased slightly 
as corn grain was substituted for barley as a result 
of the relatively high NFC and low NDF contents of 
corn compared with that of barley. It seems that the 
observed responses in this experiment were partially 
affected by differences in NDF and NFC concentrations 
in the BBD and CBD.

Studies regarding Cr supplementation in dairy cow 
nutrition have yielded contrasting results. Yang et 
al. (1996) reported increased DMI in response to Cr 
supplementation in primiparous cows during early lac-
tation. Subsequently, Hayirli et al. (2001) reported that 
increasing Cr-Met supplementation during the peripar-
turient period caused linear and quadratic increases 
in the pre- and postpartum DMI, respectively. These 
findings along with the unknown mechanisms of Cr ac-
tion stimulated nutritionists to do further research in 
this field. Hayirli et al. (2001) suggested that the linear 
increase in DMI as a result of the increased Cr-Met in-
take during the periparturient period may be explained 
by an outweighing of a potential Cr deficiency. Con-
versely, Smith et al. (2005) reported a linear increase in 
DMI resulting from increased Cr-Met supplementation 
only during the postpartum period but not during the 
prepartum period. Therefore, additional research is 
required to determine whether the favorable responses 
to Cr supplementation in some experiments were a 
result of compensation for a potential Cr deficiency or 
of other factors related to the physiological mode of 
action of Cr. Chromium, as a part of chromodulin, is 
part of an insulin-potentiating pathway that can affect 

carbohydrate and lipid metabolism via the action of 
insulin (Davis et al., 1997; Davis and Vincent, 1997). 
The contrasting results are likely a result of differences 
in the Cr status of the animals, degree of stress, the 
amount and bioavailability of Cr in the basal diet, and 
in the supplemental Cr source (Kegley et al., 2000).

Grummer et al. (2004) suggested that the most im-
portant signal for initiating adipose tissue lipolysis may 
be the magnitude of intake depression rather than the 
level of DMI during the prepartum period. In the pres-
ent study, Cr-Met supplementation did not affect the 
change in DMI, expressed as a percentage of BW, from 
d 19 through d 1 before parturition, which confirmed 
results reported by Smith et al. (2005) indicating that 
Cr-Met supplementation was not effective on the de-
cline pattern of prepartum DMI.

In the present experiment, there was no effect of Cr-
Met supplementation on BW; this is similar to the results 
reported by Hayirli et al. (2001), who showed that BW 
was not affected by increasing Cr-Met supplementation 
during the postpartum period. In contrast, Smith et al. 
(2005) reported that administering increasing amounts 
of Cr-Met linearly increased postpartum BW. There 
was no effect of Cr-Met supplementation on calculated 
NEB during the postpartum period, which agrees with 
the results reported by Smith et al. (2005). The lack 
of significant effect of Cr-Met supplementation on BW 
and calculated NEB may confirm the earlier conclusion 
stating that effects of Cr-Met administration on actual 
energy balance are minimal (Smith et al., 2005).

In the present experiment, the tendency for higher 
milk production by cows supplemented with Cr is in 
agreement with previously reported results (Besong et 
al., 1996; Yang et al., 1996; Hayirli et al., 2001; Smith 
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Table 5. Effects of Cr supplementation and substituting barley grain with corn during the periparturient period on total-tract digestibility of 
nutrients in dairy cows 

Digestibility, %

Treatment1

SEM

P-value2Cr (−) Cr (+)

BBD CBD BBD CBD Cr G Cr × G

Prepartum
  DM 58.0 65.0 60.4 64.6 0.84 0.26 <0.01 0.12
  OM 60.6 67.1 63.1 66.9 0.87 0.20 <0.01 0.13
  CP 62.3 67.2 64.1 66.6 0.83 0.50 <0.01 0.17
  NDF 46.8 54.4 47.6 54.7 1.42 0.70 <0.01 0.87
  ADF 45.1 53.1 46.0 52.4 1.77 0.97 <0.01 0.65
Postpartum
  DM 70.7 68.6 72.2 68.9 0.87 0.32 <0.01 0.52
  OM 72.0 69.5 73.1 70.1 0.86 0.34 <0.01 0.79
  CP 73.0 69.4 74.1 70.4 0.90 0.26 <0.01 0.99
  NDF 57.6 54.8 59.2 56.1 1.55 0.35 0.09 0.94
  ADF 54.5 51.3   56.8 52.3 1.99 0.40 0.08 0.75

1Treatments: Cr (−) = without supplemental Cr; Cr (+) = with supplemental Cr; BBD = barley-based diet; CBD = corn-based diet.
2Statistical comparisons: Cr effects = Cr (+) vs. Cr (−); G effects = BBD vs. CBD; Cr × G effects = Cr by G interaction.



et al., 2005). Others (Subiyatno et al., 1996; Pechova 
et al., 2002) have not observed this response on milk 
production.

The source of carbohydrate, its degradability in the 
rumen, and its availability in the lower digestive tract 
are crucial factors in ruminant energy intake. Allen 
(2000) compiled results from 10 experiments in which 
the site of starch digestion varied; differences in rumi-
nally degraded starch as a percentage of total starch 
had no effect on DMI in 7 out of 10 comparisons, and 
the response was not associated with the ruminal starch 
degradability of the diet. The feeding frequency, the 
forage source, the starch source and its processing, and 
the availability of N substrates for microbial growth 
have been suggested as factors affecting the extent to 
which the site of starch digestion influences DM intake 
in lactating dairy cows (Reynolds et al., 1997). In the 
present experiment, only the source of dietary starch 
was different between diets; however, prepartum and 
postpartum DMI were not affected by this substitu-
tion.

In the present study, milk production was not af-
fected by the source of grain in the diets. This result 
is in agreement with previous experiments conducted 
with dairy cows (Grings et al., 1992; Khorasani et al., 
1994), and is in contrast with McCarthy et al. (1989) 
and Casper et al. (1999), who reported greater milk 
production by cows fed corn-based diets than by those 
fed barley-based diets. In a review of published stud-
ies, Nocek and Tamminga (1991) concluded that milk 
yield and milk composition were not influenced by the 
site of starch digestion; however, increased milk protein 
yield as a result of increased microbial protein synthesis 
with greater starch fermentation in the rumen has been 
reported (Theurer et al., 1999). The same milk protein 
content among treatments suggests that substituting 
ground barley with ground corn had little effect on 
rumen microbial protein synthesis and intestinal AA 
availability, and that AA delivery to the mammary 
gland was not different among treatments. Another 
factor, milk fat content, was unaffected by substituting 
ground barley with ground corn, as has been reported 
in other studies (Grings et al., 1992; Khorasani et al., 
1994, 2001; Casper et al., 1999). However, higher milk 
fat percentage has been observed by others (DePeters 
and Taylor, 1985; Weiss et al., 1989) who fed corn-
based diets instead of barley-based diets to the cows. 
These differential effects can probably be explained by 
differences in the inclusion rate of barley or corn in the 
diet, as marked effects were observed at higher portions 
of grain (Khorasani et al., 2001).

During the prepartum period, total-tract apparent 
digestibility of measured nutrients was lower for cows 
fed the BBD compared with cows fed the CBD. A more 

pronounced effect on rumen ecology from rapidly de-
gradable starch sources such as barley, compared with 
less degradable starch sources such as corn, has already 
been reported (Ørskov, 1976). However, the BBD had 
more NDF and less NFC than the CBD, which may 
have contributed to the lower digestibility of the BBD 
in the prepartum period. Conversely, the BBD had 
higher nutrient digestibility compared with the CBD 
during the postpartum period. Reasons for the increase 
in nutrient digestibility of the BBD in the postpartum 
period are unknown. It seems, however, that the lower 
proportion of forage in the postpartum period compared 
with that in the prepartum period may have played 
a role and concealed the differences in NDF content 
between the diets. Less of the NDF was from forage in 
the postpartum period, whereas much more of the NDF 
was from forage in the prepartum period and therefore 
may have had a greater effect on nutrient digestibil-
ity. Khorasani et al. (2001) found a minimal effect of 
substituting barley with corn on digestibility of DM, 
OM, and NDF, except in the case of CP, which was 
less for cows fed a corn-based diet than for those fed a 
barley-based diet. McCarthy et al. (1989) reported that 
total-tract digestibility of NDF was higher for cows fed 
a corn-based diet than those fed a barley-based diet, 
even though total-tract digestibility of ADF was not 
different between sources of grains. A recent report 
from Reynolds (2006) indicated that in the studies in 
which barley grain is substituted for corn grain, the 
forage source in the diets plays a critical role in the 
negative effect of rapidly degradable barley starch on 
fiber digestion. This might explain some discrepancies 
among experiments and confirm conflict between the 
forage and carbohydrate source in rumen fermentation 
and the bypass of the forage and carbohydrate source.

An interesting finding of the present study was the 
increased DMI in periparturient cows fed the BBD 
supplemented with Cr-Met. The mechanisms by which 
Cr-Met increased feed intake remain unclear. However, 
it is known that Cr is part of an insulin-potentiating 
pathway and there is limited evidence that insulin has 
a stimulatory effect on ruminal papillae development 
(Sakata et al., 1980). Greater ruminal papillae develop-
ment can improve VFA absorption and stabilize the ru-
minal environment (Allen, 1997), hence a greater DMI 
can be observed particularly when a rapidly ferment-
able starch source is fed. Therefore, we infer that higher 
feed intake in cows fed the BBD supplemented with 
Cr-Met may be the result of a greater VFA absorption 
capacity. That no change in DMI of the CBD after 
Cr-Met supplementation was observed suggests that 
Cr-Met was more effective in diets based on rapidly 
degradable starch sources (barley) than diets based on 
slowly degradable starch sources (corn).
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CONCLUSIONS
Supplementation with Cr-Met during the periparturi-

ent period can increase milk yield whereas milk protein 
content decreases. Our data indicate that neither DMI 
nor productive performance are affected by substituting 
barley grain with corn. Finally, the data indicate that 
the beneficial effect of Cr-Met supplementation during 
the periparturient period in order to improve feed intake 
may depend on the grain source of the diet, which was 
shown in improvement of pre- and postpartum DMI in 
cows fed the BBD supplemented with Cr-Met.
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