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Abstract: The objective of this study was to evaluate the seasonal dynamic of the nutritive quality,
rate passage and in vitro gas production in the diet of grazing steers. Study was carried during 2004
and 2005. For the statistical analysis a repeated measure design was used. We didn’t found significant
differences on organic matter (OM) diet’s between years and seasons (P>0.05), but we found
differences in crude protein (CP) content, true in vitro digestibility dry matter (TIVDDM), and
metabolizable energy (ME) between years (P<0.05). The higher values were obtained in 2004.
However, neutral detergent fiber (NDF) content was 8% higher in 2005 that in 2004, while CP content
was 20% higher in 2004. The CP content, TIVDDM, and ME were higher in summer and fall as
compared to winter and spring (P<0.05). The passage rate (Kp) was 53.5 % higher in 2004 that in
2005 (P<0.05); while diet Kp was higher in summer and fall compared to winter and spring (P<0.05).
The gas produced by the soluble fraction a gas produced by the insoluble but slowly fermenting
fraction b and constant gas production rate c were different between years, with the highest values in
2004 and the lowest in 2005 (P<0.01). However, the values of the lag time L were greater in 2005 that
2004 (P< 0.01). The values of a and b were greater in summer and fall as compared to winter and
spring (P<0.01). The value of c were affected by season of the year (P<0.01), with the highest values
in summer (4.5%h-1) and the lowest in winter (2.3%h-1). The duration of L was greater in spring and
the lowest in summers (P< 0.01). We conclude that seasonal weather changes affected in the diet
selected by grazing steers.
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INTRODUCTION

Some studies report that, as a result of drastic climate change, the animals in the region of north of Mexico
have periods of 90 to 100 days of favorable grazing conditions and if the number of days is reduced, the
survival of these animals may be in jeopardy (González, et al. 2007). Under long-term drought conditions, the
evaluation of nutritive quality of the diet selected by grazing cattle across seasons is essential to establishing
strategic programs of dietary supplementation (Klopfenstein, et al. 2001). However, these evaluations may be
complemented by analyses of ruminal digestion and in vitro gas production of diet of grazing ruminants to
establish dietary supplementation needs. The disappearance of digesta from the gastrointestinal tract of ruminant
is a function of the competing processes of digestion and passage of undigested residues (Van Soest, 1994).
Studies directed toward evaluation of rates of passage in ruminants grazing native rangelands should provide
insight into the mechanism controlling voluntary intake in such animals (McCollum and Galyean, 1985).
Moreover, the in vitro gas production method is widely used to evaluate the nutritive value of different classes
of forages (Getachew, et al. 2002). The gas production technique is more efficient the other in vitro techniques
in determining the quality nutritive of feeds (Adesogan, et al. 2005). The objective of this work was examined
seasonal changes in nutritive quality, rate passage and in the in vitro gas production of the diet selected by
grazing steers during two consecutive years.

MATERIALS AND METHODS

Study area. The study was carried during two consecutive years (2004 and 2005) in a medium-sized shrub-
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grassland east of the city of Durango, Mexico (24° 22’ N, 104° 32’ W, at an altitude of about 1938 m above
sea level), which has a dry temperate (BS1k) climate with average annual temperature and rainfall of 17.5°C
and 450 mm, respectively. Rainfall in 2004 was above average at 547.5 mm and 2005 was drier than normal
at 238.0 mm (Table, 1).The study area covers 2,000 ha (6 ha/AU) with an average of forage biomass of 1,796
kg of DM/ha. During the two years of the study, we estimated vegetation cover using minimum area sampling
with nested points (Franco, et al. 1985). Dominant grass species included Melinis repens Willd (rose natal
grass), Chloris virgata (feather fingergrass), Bouteloua gracilis (blue grama), Aristida adscensionis (sixweeks
threeawn) and Andropogon barbinodis (cane bluestem); bushes: Acacia tortuosa (poponax), Prosopis juliflora
(mezquite), Opuntia spp (prickly pears and chollas), Mimosa biuncifera (mimosa); plus a wide variety of annual
herbs.

Animals and Collection of Diet Samples:
We used four steers with fistulated in the esophagus and three heifers cannulated of the rumen both with

a live weight of 350 ± 3 kg. Surgery was performed on the steers and heifers according to procedures approved
by the University of Durango Laboratory Care Advisory Committee. We collected diet samples with the steers
fistulated of esophagus on four consecutive days at 07:00 during a 45-minute period (Karn, 2000), eight times
annually: (1) Jan 2-5, (2) Feb 4-7, (3) Apr 13-16, (4) May 15-18, (5) Jul 20-23, (6) Aug 11-14, (7) Oct 12-15
and (8) Nov 20-23. The first two collection periods were considered to be in winter; 3 and 4, spring; 5 and 6,
summer; and 7 and 8, fall. Collection periods were conducted at these times to reflect phenological changes in
the plant community.

Nutritive Quality of Diet:
Esophageal samples were dried at 60oC for 48 h and ground through a 2 mm screen in a Wiley mill. Dry

matter (DM), CP, and, organic matter (OM) contents, were determined by standard procedures (AOAC, 1999),
and the NDF with procedures proposed by Van Soest et al. 1991. The TIVDDM of diets was estimates using
techniques of ANKOM, 2008. We estimated ME content with the formulas used by Waterman et al. 2007:
digestible energy (DE; Mcal/kg) = [0.039 x (OMD g %)] – 0.10; ME (Mcal(kg) = DE (Mcal/kg) x 0.82. Where
OMD g is the organic matter degradability obtained after 48 h incubation in the rumen.

Rate of passage (Kp):
We used three heifers with a live weight of 350 ± 3 kg surgically fitted with rumen canula. These heifers

were in the study area during all experimental period beside the steers that were fistulated in the esophagus.
Upon concluding periods collection of diet samples and before initiating grazing, we removed all ruminal
contents in each heifer and placed them in black polyethylene bags, weighed them, we took 0.5 kg samples and
immediately reintroduced the contents into the rumen of the heifer from which it came. We determined the acid-
insoluble ash (AIA) in samples of ruminal contents and determined Kp by dividing AIA content in the diet
consumed by the steers by total AIA in the ruminal content (Ogden, et al. 2005).

In Vitro Gas Production:
The in vitro gas production was carried out using the method proposed by Menke and Steingass, 1988.

Approximately 500 mg of sample of diet ground to 1 mm, were placed in triplicate in 100 ml calibrated glass
syringes. Buffer and mineral solutions were added in a 2:1 ratio to rumen liquid collected from two fistulated
heifers fed with alfalfa hay. Forty milliliters of this mixture were introduced in each syringe for incubation.
Alfalfa hay whose gas production was known was used control. Syringes were shaken gently at each reading
and the gas volume was recorded at 0, 3, 6, 9, 15, 24, 36, 48, 72 and 96 h of incubation. Data obtained of gas
production were adjusted at the model P= a+b*(1-e-c*(t-L)) proposed by McDonald, 1981; where P is the amount
of gas produced by in time t; a is the gas produced by the soluble fraction; b the gas produced by the insoluble
but slowly fermenting fraction; c is the constant gas production rate and L the lag time.

Statistical analysis:
Data over month were analyzed as a repeated measure (split-split plot) design using the MIXED procedure

of SAS (2003). The model included fixed effects for years, season and years x season interaction. The repeated
effects was month and steers within years x season was used as the error term for the split-split plot.
Autoregressive Order 1 was used as the covariance structure, because it was better fitting structure, based on
comparison of covariance structures with Akaike and Bayesiano information criterions (Littell, et al. 1998). The
comparison of means between years and season was performed using the LSMEANS (least squares means)
statement of MIXED procedure of SAS, 2003.
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RESULTS AND DISCUSSION

Nutritive Quality and Rate of Passage:
There was not year x season interaction for OM, PC, NDF, TIVDDM and ME (P>0.05; Table, 2). Neither,

we find significant differences in OM in the diet over years and seasons of this study (P>0.05), but we found
differences in CP content, TIVDDM, ME and Kp between years (P<0.05). The higher values were registered
in 2004. However, NDF content was 8% higher in 2005 that in 2004, while CP content was 20% higher in
2004. These differences may be result of registered rainfall during the experimental period (Cline, et al. 2009).
CP, TIVDDM, and ME content were higher in summer and fall (P<0.05). Grings et al. 2004 and Olson et al.
2002 report similar results across seasons. Also, Chávez and González, 2009 report that nutritive quality of the
diet of grazing cattle in northern Mexico is higher in summer and fall versus winter and spring and they
attribute the differences to the phenology of grasslands. Consequently, these variables were also higher in the
months of summer (July and August) and fall (October and November) that in the months of spring (April and
May) and winter (January and February) (P<0.05). There was not year x season interaction for Kp (P>0.05)
(Table, 2). Likewise, the diet Kp was higher in summer and fall compared to winter and spring (P<0.05).
Haugen et al. 2006 report higher Kp values for spring (4.3%h-1) than those we obtained, but similar values for
summer (3.7%h-1). McCollum et al. 1985 report a Kp of 3.9%h-1 near the end of summer, which is higher to
our findings.  Differences in dietary fiber content can explain, in part, differences in Kp that we found between
seasons of the year (Pereira, et al. 2002).

In Vitro Gas Production:
Values of a, b and c were different between years, the highest values were registered during 2004 and the

lowest in 2005 (P<0.01; Table, 3). Nevertheless, the values of the lag time were greater in 2005 that 2004
(P<0.01). The gas produced by the soluble fraction a and gas produced by the insoluble but slowly fermenting
fraction b; were greater in summer and fall as compared to winter and spring (P<0.01). The constant gas
production rate c were affected by season of the year (P<0.01), the highest values were obtained in summer
(4.5%h-1) and the lowest in winter (2.3%h-1). The duration of lag time L was higher in spring and the lowest
in summers (P< 0.01). To our knowledge, there are not peer-reviewed articles that detail information about in
vitro gas production of diets by grazing steers in native range. However, the differences between years and
seasons in values of a, b and c may be attributed to concentration of soluble carbohydrates in diet selected by
grazing cattle (La O, et al. 2008). Akinfemi et al. 2009, suggested that gas production from protein fermentation
is relatively small as compared to carbohydrate fermentation while contribution of fat to gas production is
negligible. The variations observed between years and season in the lag time may be explicated by the neutral
fiber detergent and lignin content of the diet consumed by grazing cattle, to delay the onset of degradation of
nutrients in the rumen (Fievez, et al. 2005).

In conclusion, the results from this study indicate that drought induced by spring and winter results in
decreased diet quality nutritive because to the decreased of CP and increase of NDF. This change was
accompanied by decreased digestibility diet, rate passage and in vitro gas production. The protein
supplementation and energy might be beneficial for cattle grazing during spring and winter. Further, optimal
type and level of protein and energy supplementation under spring drought condition have yet to be determined.
The in vitro gas production can be used to determine the quality nutritive across of the seasons of year and
identify deficiencies in the energy content of diet consumed by grazing cattle. Finally, our results allow us to
conclude that nutritive quality, rate passage and in vitro gas production the diet selected by free-grazing steers
were affected by seasonal weather changes.

Table 1: Temperature and total rainfall by month during 2004 and 2005 
Years

----------------------------------------------------------------------------------------------------------------------------------------------------
2004 2005

Month Temp. 0C R.F mm Temp. 0C R.F mm
January 10.6 59.5 13.3 1.6
February 12. 2 0.8 13.7 1.3
March 16.8 6.1 15.1 0.7
April 18.6 0.6 20.9 0
May 22.4 3.2 22.3 0.5
June 21.7 80.0 25.6 5.4
July 21.2 70.9 22.2 96.8
August 20.4 152.0 20.8 66.4
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Table 1: Continue
September 19.1 159.6 21.0 61.0
October 18.8 14.1 20.8 2.1
November 13.7 0.67 15.5 2.2
December 12.4 0 13.1 0
Total 17.3 547 18.6 238.0
Source: meteorological station located 10 Km from the study area.. R.F. Rain fall

Table 2: Least squares means for nutritive quality and rate passage in the diet of grazing steers.
OM (% DM) CP(%DM) NDF (% DM) TIVDDM (% DM) ME (Mcal/Kg) Kp (%h-1)

Years
2004 88.2 11.7a 69.9b 64.2a 2.4a 2.8a

2005 87.7 9.6b 75.6a 60.1b 2.1b 1.3b

SEM 2.2 2.1 1.1 1.3 1.1 1.6
P< 0.41 * * * * *
Season
Spring 87.9 6.2b 74.0b 57.1b 2.1b 1.4b

Summer 88.3 11.9a 67.5a 65.5a 2.5a 3.0a

Fall 88.8 11.2a 68.5a 64.2a 2.4a 2.5a

Winter 89.0 5.9b 73.7b 57.3b 2.0b 1.5b

SEM 1.2 0.99 1.1 0.98 0.87 1.1
P< 0.93 * * * * *
Year x Season
P< 0.26 0.71 0.52 0.18 0.73 0.22
abMeans with different superscripts, within column, are significantly different (p < 0.05).
SEM: Standard error of mean.
*(p < 0.05)

Table 3: Least squares means for parameters of in vitro gas production in the diet of grazing steers. 
a (ml/gDM) b (ml/gDM) c (%h-1 ) L (h)

Year
2004 4.4a 99.0a 3.5a 2.2b

2005 3.2b 88.1b 2.6b 3.4a

SEM 1.6 2.4 2.2 1.8
p< ** ** ** **
Season
Spring 3.2b 79.9c 2.5c 3.9a

Summer 4.9a 99.4a 4.5a 2.3b

Fall 4.8a 97.2a 4.0b 2.6b

Winter 2.9b 77.0b 2.3d 3.3c

SEM 3.3 1.5 3.8 1.6
p< ** ** ** **
Years x Season
p< 0.23 0.15 0.37 0.18
abcdMeans with different superscripts, within column, are significantly different (p < 0.05).
SEM: Standard error of mean.
**(p < 0.01)
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