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INTRODUCTION 

 

Some studies report that, as a result of drastic climate 

change, the animals in the northern region of México have 

periods of 90 to 100 d 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 design strategic programs of dietary 

supplementation. However, these evaluations may be 

complemented with studies of digestion and ruminal 

fermentation and minerals content, to more precisely 

establish dietary supplementation needs. The rangelands in 

semiarid environments tend to vary greatly in quality and 

quantity of forages, which subsequently affects diet 

composition and selectivity of grazing cattle (Obiedat et al., 

2002). These changes may be accompanied by decreases in 

chemical composition, ruminal ammonia (NH3N) and total 

volatile fatty acid (VFA) concentrations. The disappearance 

of digesta from the gastrointestinal tract in ruminants is a 

function of the competing processes of ruminal digestion 

and passage of undigested residues (Van Soest, 1994). 

Studies directed toward evaluation of rates of passage and 

ruminal degradability in ruminants grazing native 

rangelands should provide insight into the mechanism 

controlling voluntary intake in such animals (McCollum et 

al., 1985). Ruminal degradability has been used often to 

estimate nutritive quality of different grass species (Murillo 

et al., 2003; Jancík, 2010). Determination of in vitro gas 

production also provides information on fermentation 

kinetics of the forage consumed by ruminants. The in vitro 

gas production has been widely used to estimate the 

nutritive quality of different classes of forages (Njidda, 

2010). Grazing beef cattle also require a number of minerals 
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for optimal growth and reproduction. According to 

McDowell (1992) the most critical minerals for grazing 

cattle are: Ca, P, Na, Co, Cu, Se and Zn. During disease 

status mineral requirements of cattle may be affected by 

immune system response. High concentrations of Zn have 

been shown to be beneficial to the ruminant ś health during 

disease; and Zn, Cu, Se and Iron seem to be necessary for 

inmunocompetence (NRC, 2000). Knowledge of mineral 

content of the diet selected by grazing cattle is necessary in 

order to design supplementation strategies under range 

conditions. Although the chemical composition of the diet 

in grazing cattle is widely known, there is very little 

information about mineral content, in situ degradability and 

rumen fermentation in vitro and in vivo of the diet 

consumed by grazing cattle in native rangelands. This study 

was conducted to determine and compare, seasonally, 

across two consecutive years, the chemical composition, in 

vitro gas production and ruminal fermentation and 

degradation patterns of diets consumed by grazing steers. 

 

MATERIAL AND METHODS 

 

Area of the study and climatic conditions 

The study was carried out during two consecutive years 

(2004 and 2005) in a medium-sized shrub-grassland located 

at the east of the city of Durango, Mexico (24 22 N, 104 

32 W), at an altitude of about 1938 m above sea, which has 

a dry temperate (BS1k) climate with average annual 

temperature and rainfall of 17.5C and 450 mm, 

respectively. Rainfall in 2004 was 547.5 mm, and 2005 was 

drier than normal with 238.0 mm. 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, the 

vegetation cover was estimated by using minimum area 

sampling with nested points. 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 (cat 

claw); plus a wide variety of annual herbs. The pasture had 

not been grazed the previous years and forage availability 

was never limiting during any of the sampling periods. 

 

Animals and sample collection periods  

After of an initial 23 d adaptation period of animals 

under study, eight sampling periods, each 11 d long were 

conducted: (1) January 2 to 12, (2) February 4 to 14, (3) 

April 13 to 23, (4) May 15 to 25, (5) July 20 to 30, (6) 

August 11 to 21, (7) October 12 to 23 and (8) November 20 

to 30. The first two collection periods were considered to be 

in winter; 3 and 4, spring; 5 and 6, summer; and 7 and 8, 

fall. During each sampling period, four steers with 

esophageal cannulae and four heifers with rumen cannulae 

grazed freely. Surgery was performed on the steers and 

heifers according to procedures approved by the University 

of Durango Laboratory Care Advisory Committee. 

 

Chemical composition 

Diet samples were collected with the esophageal 

cannulated steers, during the first 4 d of each sampling 

period (Holecheck et al., 1982). Collections were made at 

0700 h when steers were grazing most intensely. Steers 

were fitted with screen wire bottom collection bags and 

allowed to graze for 30 to 45 min periods. The sample from 

each steer was drained through 40 mm screen to remove 

saliva, mixed and divided into four subsamples. The 

subsamples were used for the determination of chemical 

composition, ruminal degradability, in vitro gas production 

and mineral contents. Esophageal samples were dried at 

60C for 48 h and ground through a 1 mm screen in a Wiley 

mill. Dry matter (DM), CP, OM (AOAC, 1997), NDF (Van 

Soest et al., 1991) and IVDMD (Daisy II ANKOM 

Technology, Macedon NY, USA) were determined. We 

estimated ME content with the formulas used by Waterman 

et al. (2007): digestible energy (DE; Mcal/kg) = (0.039 

(OMD %))-0.10; ME (Mcal/kg) = DE (Mcal/kg)0.82. 

Where: OMD is the organic matter degradability obtained 

after 48 h incubation in the rumen.  

 

Mineral content  

Esophageal samples were incinerated in a muffle oven 

at 600C during 5 h. The ashes obtained were digested in a 

solution HCl-HNO3 and concentrations of Ca, Mg, Na, Cu 

Mn, Zn, and Se were determined by atomic absorption 

spectrophotometry; whereas, P content was quantified by 

ultraviolet-visible spectrophotometry (Cherney, 2000). 

 

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 rumen fistulated heifers 

fed with alfalfa hay. Forty milliliters of this mixture were 

introduced in each syringe for incubation. 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 proposed by McDonald (1981): GP(t)
 
= a+bx 

(1-e
-c(t-L)

). Where: GP(t) is the gas produced at time t, ‘a’ is 

gas produced by the soluble fraction, ‘b’ is gas produced by 
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the insoluble but slowly fermenting fraction, ‘c’ is constant 

gas production rate, ‘t’ is time of fermentation and ‘L’ is lag 

time. 

 

Ruminal fermentation, in situ degradability and passage 

rate  

At 12:00 h on d 5 and 6 of a sampling period, ruminal 

liquid samples were extracted from the rumen of cannulated 

heifers. Approximately 100 ml of whole ruminal liquid was 

extracted from each heifer and the pH measured 

immediately with a combination electrode. The collected 

ruminal content was strained through four layers of 

cheesecloth and divided into two subsamples. The first 

subsample (10 ml) was acidified with 0.3 ml of 50% H2SO4 

and frozen immediately at -40C and later analyzed for 

NH3N; the second subsample, (10 ml) was acidified with 

2.5 ml of 25% metaphosporic acid and frozen at -40C for 

later VFA analysis (Galyean, 1997). On days 7, 8, 9 and 10 

of a sampling period, in situ degradability of the DM and 

NDF during grazing of ruminally cannulated heifers was 

determined. Duplicate polyester bags (1020; pore size of 

5010 m; Ankom, Spencerport, NY, USA), that contained 

10 g of sample ground to 2 mm were suspended in the 

rumen for 0, 3, 6, 9, 15, 24, 36, 48, 72, 96 h. After removal, 

bags were rinsed in cold tap water until effluent was clear, 

after which bags were dried at 60C for 48 h in a forced-air 

over and weighed. We determined degradability of DM at 

time “0” by immersing the bags containing 10 g of sample 

in the rumen for 1 min and then washing them as described 

above. The residues obtained from each incubation time, 

were dried at 60C for 48 h and analyzed for DM and NDF. 

The rumen degradation parameters of DM, and NDF were 

calculated using the model of Orskov and Shand (1997): 

Deg(t)
 
= a+b(1-exp

-ct
). Where: Deg(t) is disappearance of 

DM and NDF at time t; ‘a’  is soluble fraction of the DM 

and NDF at the initiation of incubation (time 0), ‘b’ is 

fraction of DM and NDF degradable in the rumen, ‘c’ is 

rate constant of degradation of ‘b’, and ‘t’ is time of 

incubation. Using parameters obtained from this model, we 

estimated the fractions ‘A’ and ‘B’ of NDF. The fraction ‘A’ 

represents particles of the diet that were lost as a result of 

washing bags (time 0) and ‘B’ is the insoluble yet 

fermentable fraction defined as B = (a+b)-A (Khazaal et al., 

1995). On d 11 of sampling period and before initiating 

grazing, we removed all ruminal content in each heifer and 

placed them in black polyethylene bags, weighed them, 

took 0.5 kg samples and immediately reintroduced the 

contents into the rumen of the heifer from which it came. 

Acid insoluble ash (AIA) was determined in diet sample as 

well as in samples of ruminal content. The ruminal passage 

rate (Kp) was determined dividing AIA content in the diet 

by total AIA in the ruminal content (Ogden et al., 2005). At 

once, the effective ruminal degradability of DM (EDDM), 

and NDF (EDNDF) were calculated according to 

McDonald (1981): ED = a+b(c/c+kp)). Where: kp is 

ruminal passage rate calculated in this study. 

 

Statistical methods 

Data were analyzed as a repeated measurements design 

using MIXED procedure of SAS (2003). The model 

included effects for year, season, month and their 

interactions. Month was included as repeated effect, and 

animal within yearseason was the subject for analysis. The 

variation between animals was specified by the RANDOM 

statement as animal within yearseason. Individual animal 

was the experimental unit in all analyses. Least squares 

means and standard error of mean (SEM) were calculated 

and statistically separated by the PDIFF options of SAS 

(2003). Autoregressive Order 1 was used as the covariance 

structure, because it was better fitting structure, based on 

comparison of covariance structures with Akaike and 

Bayesian information criterions (Littell et al., 1998). The 

curves of in situ degradability and in vitro gas production 

were adjusted using NLIN procedure of SAS (2003). 

 

RESULTS AND DISCUSSION 

 

Chemical composition 

No yearseason, yearmonth, seasonmonth and year 

seasonmonth interactions (p>0.05) were observed for CP, 

NDF, IVDMD and ME values. However, the CP, NDF, 

IVDMD and ME values were different among years 

(p<0.01; Table 1). The NDF content was 8% higher in 2005 

than in 2004, while CP content was 20% higher in 2004. 

These differences in chemical composition of diets may be 

induced by registered rainfall in the two years of study 

(Cline et al., 2009). The CP, IVDMD and ME values were 

greater in summer and fall as compared to winter and spring 

(p<0.01); while NDF content was higher in spring and 

winter as compared to summer and fall (p<0.01). An 80 

g/kg CP level is considered as an adequate forage quality 

for grazing ruminants (NRC, 2000). Therefore, except for 

spring and winter, the CP content can be considered to be 

high nutritive quality for grazing cattle. The value obtained 

for ME in the spring (1.8 Mcal/Kg DM) indicated that the 

energy requirements for maintenance of growing beef cattle 

(2.0 Mcal/Kg DM; NRC, 2000) would not satisfied. Chávez 

and González (2009) reported that nutritive quality of the 

diet of grazing cattle in northern Mexico is higher in 

summer and fall versus winter and spring and attributing the 

differences to the phenology of rangelands’ plants. 

Consequently, these variables were also higher in the 

months of summer (July and August) and fall (October and 

November) than in the months of spring (April and May) 

and winter (January and February) (p<0.01). 
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Mineral content 

The mineral content of diet is shown in Table 2. No year 

season, yearmonth, seasonmonth and yearseason 

month interactions were observed for the macro and trace 

mineral evaluated in this study (p>0.05). However, the 

values of Ca, P, Mg, Na, Zn, and Cu were greater in 2004 

versus 2005 (p<0.05). Similarly, the Ca, P, Mg, Na, Zn, and 

Cu content of diet selected was higher in summer compared  

to winter and spring (p<0.05). Overall, the Ca, P, Mg, Na, 

Zn and Cu content were higher in August; and lowest in 

May (p<0.05). Nevertheless, Se value was greater in 2005 

than 2004 (p<0.05) and higher in spring as compared with 

summer, fall and winter (p<0.05). With the exception of P, 

the diet consumed for cattle throughout the years, seasons 

and months had appropriate amounts of Ca, Na, Mg, Zn, Se, 

and Co to meet requirements of beef cattle grazing native 

rangelands. Under conditions similar to those of our study, 

Arthington and Swenson (2004) found differences between 

seasons in contents of Ca, P, Na, Mg, Zn, and Cu. 

According to McDowell (2003) and Haenlein and Ramirez 

(2007) these differences in the mineral content of diets may 

be attributed to the interaction of a number of factors 

including soil, plant species, yield, pasture management, 

climate (temperature and rainfall) and stages of maturity. A 

sizable amount on the total Ca, Cu and Zn is associated 

with the NDF fraction (Van Soest, 1994). The association of 

certain minerals with fiber or other insoluble plant 

components could also decrease the rate and extent of 

Table 2. Mineral content of the diet consumed by grazing steers 

 Ca P Mg Na Zn Se Cu 

------------------------------------ g/kg DM --------------------------  ------------------------ mg/kg DM ----------------------- 

Year (Y)        

2004 5.8a 1.3a 3.6a 1.5a 36.7a 0.82b  13a 

2005 4.7b 1.1a 2.6b 1.3a 32.2b 0.93a 12b 

SEM 1.63 0.16 0.80 0.028 5.4 0.09 4.6 

Season (S)        

Spring 4.2b 1.1b 2.1b 1.1c 31.9c 0.96a  10b 

Summer 6.4a 1.4a 3.8a 1.8a 39.0a 0.58d 15a 

Fall 5.6a 1.2ab 3.5a 1.5ab 36.0ab 0.70c 14a 

Winter 4.7a 1.2ab 2.6b 1.3bc 34.1bc 0.86b  10b 

SEM 1.64 0.58 0.41 0.010 4.3 0.10 3.77 

Month (M)        

January 4.8d 1.3bc 2.7c 1.4bc 34.6c 0.88b 12c 

February 4.6de 1.2bc 2.5cd 1.2cd 33.7c 0.84b 11cd 

April 4.3eh 1.2bc 2.2de 1.2cd 32.6cd 0.95a  10d 

May 4.1h 1.1c 2.1e 1.1d 31.2d 0.97a  10d 

July 6.3ab 1.4ab 3.7a 1.7ab 38.3a 0.61d 14b 

August 6.6a 1.5a 3.9a 1.9a  39.7a  0.55e 16a 

October 5.7bc 1.3ab 3.6ab 1.5b 36.3b 0.71c  14b 

November 5.5c 1.2bc 3.4b 1.5b 35.8b 0.69c  14b 

SEM 1.52 0.20 0.93 0.019 3.7 0.23 4.1 

Effects p< p< p< p< p< p< p< 

Y * * * * * * * 

S * * * * * * * 

M * * * * * * * 
abcdefgh Means with different superscripts, within column, are different. SEM = Standard error of mean. * p<0.05. 

Table 1. Chemical composition of the diet consumed by grazing 

steers 

 CP NDF IVDMD ME 

Mcal/kg DM ----------------- g/kg DM ----------- 

Year (Y)     

2004  117.6a 699.3b 642.6a 2.3a 

2005 96.2b 756.0a 601.0b 1.9b 

SEM 2.1 2.2 1.1 1.4 

Season (S)     

Spring 54.7d 745.3a 565.6d 1.8c 

Summer 127.2a 670.6d 664.7a 2.4a 

Fall 112.1b 693.0c 619.6b 2.3a 

Winter 62.6c 737.2b 581.6c 2.0b 

SEM 1.6 2.1 1.3 1.1 

Month (M)     

January 64.2e 739.2c 574.3e 2.0c 

Febraury 61.1f 735.3d 589.0f 2.0c 

April 56.4g 744.5b 568.0g 1.9c 

May 53.0h 746.1a 563.3h 1.8c 

July 126.1b 673.0g 663.7b 2.3b 

August 128.4a 668.3h 665.8a 2.5a 

October 113.0c 687.8f 621.0c 2.3b 

November 111.3d 698.3e 618.2d 2.2b 

SEM 2.3 1.6 1.2 1.8 

Effects p< p< p< p< 

Y  ** ** ** ** 

S  ** ** ** ** 

M  ** ** ** ** 
abcdefgh Means with different superscripts, within column, are different. 

SEM = Standard error of mean. ** p<0.01. 
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mineral release from forages in the ruminant 

gastrointestinal tract (Salisbury and Ross, 1994). 

 

In vitro gas production 

The parameters of in vitro gas production are shown in 

Table 3. No yearseason, yearmonth, seasonmonth and 

yearseasonmonth interactions (p>0.05) were observed for 

parameters of in vitro gas production. Values of ‘a’, ‘b’ and 

‘c’ were different between years; the highest values were 

registered during 2004 (p<0.01). 

Nevertheless, the values of the lag time were greater in 

2005 than in 2004 (p<0.01). The gas produced by the 

soluble fraction (a) and gas produced by the insoluble but 

slowly fermentable fraction (b), were greater in summer and 

fall as compared to winter and spring (p<0.01). The highest 

gas production rate was obtained in summer (5.0 ml/h) and 

the lowest in spring (2.1 h
-1

) (p<0.01). The duration of lag 

time (L) was higher in spring and the lowest in summer 

(p<0.01). The highest values of “a”, “b” and “c” appeared 

in August and the lowest in May (p<0.05). 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 the contribution of fat to 

gas production is negligible. The variations observed 

between years, seasons and months in the lag time may be 

explicated by the neutral detergent fiber and lignin content 

of the diet consumed by grazing cattle, which delay the 

onset of degradation of nutrients in the rumen (Fievez et al., 

2005). 

 

Ruminal fermentation 

The ruminal fermentation patterns are shown in Table 4. 

No yearseason, yearmonth, seasonmonth and year 

seasonmonth interactions were detected (p>0.05). The pH 

value was lower in summer as compared to fall, winter and 

spring (p<0.05). The ruminal NH3N concentration was 

greater in 2004 vs 2005 (p<0.05); while NH3N 

concentration was higher in summer and fall (p<0.01). The 

highest values of NH3N appeared in August and the lowest 

in May (p<0.05). Other researchers have observed 

decreases in ruminal NH3N concentrations when diet CP 

content decreases with advancing rangelands maturity (Park 

et al., 1994). The ruminal NH3N concentrations of steers 

were greater than the 5 mg/dl concentration suggested for 

microbial growth and more than the 1 to 2 mg/dl 

concentration proposed by Petersen (1987) as necessary for 

optimal degradation of fiber. The total VFA concentration 

was affected by years (p<0.05) and seasons (p<0.01). 

Acetate concentration was greater in 2005 than 2004 

(p<0.05). Acetate concentration did not differ among spring, 

fall and winter (p>0.05); however, lowest concentration was 

observed during summer (p<0.05). The highest acetate 

concentration was observed in May and the lowest in 

August (p<0.05). Acetate is considered to be reflective of 

cell wall fermentation, and increased acetate levels are 

normally associated with declining forage quality (Van 

Soest, 1994). The propionate concentration was affected by 

years (p<0.05) and seasons (p<0.01), with the highest 

values in 2004 and summer and the lowest in 2005 and 

other seasons of year. The highest propionate concentration 

was observed in August and the lowest in May (p<0.05). 

Propionate concentration is associated with soluble 

carbohydrate ruminal fermentation during periods of active 

rangelands growth (McCollum et al., 1985). Butyrate 

concentration was greater in 2005 than 2004 (p<0.05). 

Butyrate concentration did not differ between summer and 

fall (p>0.05); however, lowest concentration was during 

summer as compared with other seasons of year (p<0.01). 

The highest butyrate concentration was observed in May 

and the lowest in August (p<0.05). McCollum et al. (1985) 

reported somewhat lower for the butyrate concentration for 

steers grazing in summer and early August. Similar results 

to this study with respect to the ruminal fermentation 

Table 3. In vitro gas production of the diet consumed by grazing 

steers 

 A B c L 

--------- ml/200 mg DM -------- ml/h h 

Year (Y)     

2004 4.4a 99.0a 3.5a 2.2b 

2005 3.2b 88.1b 2.6b 3.4a 

SEM 1.2 2.4 2.2 2.0 

Season (S)     

Spring 2.7c 74.1d 2.1d 3.9a 

Summer 6.4a 99.4a 5.0a 1.7d 

Fall 4.3b 97.2b 3.7b 2.6c 

Winter 3.3c 80.8c 2.7c 3.3b 

SEM 0.98 1.5 3.8 1.6 

Month (M)     

January 3.4c  81.6c  2.8cd 3.3bc 

February 3.3c 80.1c 2.6de  3.4b 

April 3.1c  75.7d  2.4e 3.6b 

May 2.4d  72.5e  1.9f  4.2a  

July 6.2a  98.2b 4.9ab 1.8e 

August 6.6a 102.6a 5.2a 1.6e 

October 4.6b  96.6b 4.2b 2.9cd 

November 4.0b 96.3b 3.3c 2.4d 

SEM 0.49 2.2 3.7 1.0 

Effects p< p< p< p< 

Y ** ** ** ** 

S ** ** ** ** 

M * * * * 
abcdef Means with different superscripts, within column, are different. 

SEM = Standard error of mean. * p<0.05; ** p<0.01. 
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patterns in grazing cattle were reported by Choat et al. 

(2003). 

 

In situ ruminal degradability of dry matter 

The parameters of in situ degradability and effective 

degradability of dry matter are shown in Table 5. No year 

season, yearmonth, seasonmonth and yearseason 

month interactions (p>0.05) were observed for ‘a’, ‘b’, ‘c’ 

and ‘DMD’. Values of ‘a’, ‘b’, ‘c’, and ‘EDDM’ were 

greater in 2004 vs 2005 (p<0.05). The ‘a’, ‘b’, ‘c’, and 

‘EDDM’ values were affected by season of the year 

(p<0.01). Under similar conditions to this study, Reyes 

(2006) found differences between seasons in values of ‘a’, 

‘b’, ‘c’, ‘EDDM’. Our highest values of ‘a’, ‘b’, ‘c’, and 

‘EDDM’ appeared in August and the lowest in May 

(p<0.05). Average values of ‘a’ (209 g/kg DM), ‘b’ (333 

g/kg DM), ‘c’ (0.039 h
-1

) and ‘EDMD’ (401 g/kg DM) 

reported by Ramírez et al. (2001) in nine grasslands in 

northeastern Mexico are lower than those obtained in this 

study for the month of August. Also, Obeidat et al. (2002) 

reported lower values of ‘b’ for the months of February 

(482 g) and May (398 g) than our findings. Ramírez et al. 

(2004) suggested that weather conditions are the cause of 

these differences, since temperature and rainfall have a 

direct effect on degradability of dry matter in grasslands of 

northern Mexico. 

 

In situ ruminal degradability of neutral detergent fiber 

The parameters of in situ degradability and effective 

degradability of neutral detergent fiber are shown in Table 6. 

No yearseason, yearmonth, seasonmonth and year 

seasonmonth interactions (p>0.05) were observed for ‘a’, 

‘b’, ‘c’ and ‘EDNDF’. Losses of NDF due to washing 

(fraction A), degradable fraction (B), rate of degradation (c), 

as well as EDNDF were different between years (p<0.05). 

Small portions of NDF that were partitioned in fraction A 

could be associated, in part, with losses of small particles of 

the diet through pores in the bags more than with 

solubilization of components of the cell wall (Ogden et al., 

2005). Values of ‘A’, ‘B’, ‘c’, and ‘EDNDF’ were different 

between seasons (p<0.01). Under conditions similar to 

those of our study. Fredrickson et al. (1993) reported higher 

NDF degradability parameters in summer compared to 

spring. Constant NDF degradation rates were faster in 

summer (0.037 h
-1

) and fall (0.031 h
-1

) compared to winter 

(0.025 h
-1

) and spring (0.019 h
-1

), but all were lower than 

rates reported by Funk et al. (1987; 0.042 h
-1

). However, 

values for rate of degradation of NDF obtained by Caton et 

Table 4. Ruminal fermentation patterns of the diet consumed by grazing steers 

 
pH 

NH3N 

(mg/dl) 

VFA 

(mM) 

Acetate Propionate Butyrate 

-------------------- mol/100 mol ----------------------- 

Year (Y)       

2004 6.6a 12.7a 69.6a 63.7b 15.6a 6.3b 

2005 6.8a 6.3b 66.2b 65.2a 13.4b 6.6a 

SEM 0.11 0.53 3.6 1.6 1.1 2.4 

Season (S)       

Spring 6.7a 4.6d 67.0d 65.5a 12.0d 7.1a 

Summer 6.3b 12.4a 71.7a 62.7b 16.9a 4.5b 

Fall 6.6a 11.0b 69.4b 64.4a 15.3b 5.6b 

Winter 6.8a 5.2c 68.2c 65.3a 13.5c 6.9a 

SEM 0.77 0.93 3.1 1.9 2.3 3.6 

Month (M)       

January 6.9a 5.3d  68.8cd  65.2a 13.8c  6.8a 

February 6.8a 5.2d 67.7de 65.5a 13.2c 7.1a 

April 6.7a 5.1d  67.2de  65.3a 12.4d  7.0a 

May 6.7a 4.8d  66.8e 65.7a 11.7d 7.3a 

July 6.4bc 10.6c 70.8b 63.2b 16.7a 4.6b 

August 6.2c 14.2a 72.6a 62.3b 17.2a 4.4b 

October 6.6ab 12.3b 69.5c 64.1a 15.5b 5.3b 

November 6.6ab 9.8c 69.3c 64.8a 15.2b 5.9b 

SEM 0.51 0.86 2.3 3.1 1.6 2.9 

Effects p< p< p< p< p< p< 

Y NS * * * * * 

S * ** ** * ** ** 

M * * * * * * 
abcde Means with different superscripts, within column, are different. SEM = Standard error of mean. * p<0.05; ** p<0.01. 
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al. (1988) (0.031 h
-1

) and Barton et al. (1992) (0.022 h
-1

) are 

similar to our findings for spring, fall and winter. 

Values of the parameters (A, B, c, and EDNDF) were 

greater in August vs May (p<0.05). Gelvin et al. (2004) 

reported lower values for NDF degradation rate in August 

and October (0.019 h
-1

 and 0.011 h
-1

, respectively). The 

differences observed between years and seasons in the 

parameters of NDF may be a result of different lignin 

content in the diet consumed by cattle (Juárez et al., 2004). 

 

CONCLUSIONS 

 

This study showed that drought induced by season 

results in a decrement of the nutritive quality of the diet 

because of the decreasing CP and increasing of NDF 

contents. These changes are accompanied by decreases in 

the mineral content, in situ degradability, in vitro gas 

production and ruminal fermentation of diet grazing cattle. 

Protein and energy supplementation might b> beneficial for 

cattle grazing during spring and winter. The Se content 

increases with maturity of rangelands plants. With the 

exception of Se, in the summer the mineral content was 

higher, compared to fall, spring and winter. Ca, Mg, Na, Zn, 

Se, and Cu supplied by the diet, meet the requirements of 

grazing native rangelands cattle; while P content was 

deficient in both years and seasons. Our study provides new 

knowledge which can be used to make more precise the 

formulation of supplements that grazing cattle need to 

improve their productive and reproductive performance. 

Our study also provides new knowledge on the NDF 

fraction in the diet of grazing steers regarding the loss of 

particulates due to bag washing. This fraction is associated 

with high contents of lignocellulosic matter, which makes it 

a good indicator of nutritive quality of the diet selected by 

grazing cattle. 
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 a B c 

h-1 
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