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Abstract: The objective of this study was to evaluate the annual and seasonal changes on in sifu degradability
of dry matter, crude protein and neutral detergent fiber in the diet of grazing steers. For the statistical analysis
a fixed effects model was used. Sigmficant effects of years were observed in soluble fractions a, degradable b,
degradation rate ¢ of the Dry Matter (DM) and Crude Protein (CP) (p<0.05). Also was observed effects between
years in the Potential Degradability of Dry Matter (PDDM), Potential Degradability of the Crude Protein (PDCP)
and Potential Degradability of the Neutral Detergent Fiber (PDNDF) as well as in the Effective Degradability
of Dry Matter (EDDM), Effective Degradability of Crude Protemn (EDCP) and Effective Degradability of Neutral
Detergent Fiber (EDNDF) (p<<0.05). The values of a, b, ¢ of DM and CP as well as the PDDM, PDCP, EDDM and
EDCP of the diet in summer and in fall were higher than those observed in winter and spring (p<10.05). Soluble
fraction A and degradable B as well as values of ¢ of the Neutral Detergent neutral (NDF) in summer and fall
were equal but different from those observed in winter and spring (p<<0.05) wiule the PDNDF and EDNDF were
different between seasons (p<t0.05). We conclude that annual and seasonal weather changes affected in situ

degradability of DM, NDF and CP in the diet selected by grazing steers.
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INTRODUCTION

In Northern Mexico as 1n other regions with similar
agro-ecological characteristics, the extreme drought
and overgrazing have contributed to grasslands
degradation and as a consequence, the undernourishment
of grazing livestock. Some studies report that as a
result of drastic climate change, ammals in these regions
have a period of 90-100 days of favorable grazing
conditions and if the number of days is reduced, the
survival of these ammals may be in jeopardy. Under
long-term  drought conditions, the  evaluation of
nutritional quality of the diet selected by free-grazing
bovines across seasons is essential to establishing
strategic programs of dietary supplementation.

Moreover, these studies must be complemented by
analyses of ruminal degradability of dietary nutrients in
order to more precisely establish dietary supplementation
needs. Ruminal degradability has been used often to
estimate nutritive quality of cultivated forage (Huntington
and Burns, 2008) and of irrigated prairies (Madero, 2000)

in different cuts and states of maturity. Nonetheless, there
is little information about ruminal degradability of the
principal nutritional fractions of the diet consumed by
grazing steers n native rangelands. Consequently, the aim
of this study was to examined annual and seasonal
changes on in situ degradability of DM, CP and NDF of
the diet selected by grazing steers.

MATERIALS AND METHODS

Study area: The study was carried durmg two
comsecutive years (2004 and 2005) m a medium-sized
shrub-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 (BSk) clinate 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 .
The study area covers 2,000 ha (6 ha/AT) with an
average of forage biomass of 1,796 kg of DM ha™.

During the 2 years of the study, we estimated
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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 (6 weeks threeawn)
and Andropogon barbinodis (cane bluestem); bushes:
Acacia tortuosa (poponex), Frosopis juliflora (mezquite),
Opuntia sp. (prickly pears chollas), Mimosa
biuncifera (mimosa) and plus a wide variety of annual

herbs.

and

Animals and collection of diet samples: We used four
steers with fistulated in the esophagus and three
heifers canmulated of the rumen both with a live weight of
35043 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 durng
a 45 min period (Karn, 2000), eight times anmually:
Janmuary 2-5, February 4-7, April 13-16, May 15-18, July
20-23, August 11-14, October 12-15 and Novemeber 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.

In situ degradability and rate of passage (Kp): We
determined i situ degradability of the DM, NDF and CP
n the heifers during grazing by incubating 10x20 cm bags
with a pore size of 27x47 um that contained 10 g of sample
ground to 2 mm in the rumen, repeated twice for each time
and anmimal at mtervals of 3, 6, 9, 15, 24, 36, 48, 72, 96 and
0 h. After incubation, bags were removed from the rumen
and rinsed with cold tap water, until the rinse water
remained clear. Then, they were dried at 60°C for 48 h and
then weighed. We determined degradability of DM at time
0 h by immersing the bags containing 10 g of sample in
the rumen for 1 min and then washing them as described
above (Ellis et al, 2005). We corrected degradability of CP
by subtracting CP linked to acid detergent fiber (N-ADFx
6.25) from (Klopfenstein et al., 2001).

The esophageal samples as well as the residues
obtained from each mcubation time, were dried at 60°C for
48 h and by standard procedures was analized for DM, CP
(AOAC, 1999)and NDF (Van Soest ef al., 1991). Using the
model proposed by Orskov and Shand (1997), we
estimated parameters a (soluble fraction of the DM, CP
and NDF), b (degradable fraction of the DM, CP and
NDF), ¢ (constant degradation rate of b) and the PDDM,
PDNDF and PDCP. Using parameters obtained from these
calculations, we estimated the fractions A and B of NDF.
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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 = (at+h)-A
(Khazaal et al., 1995). Upon concluding periods of
incubation of bags in the rumen 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.
We determined Acid-Tnsoluble Ash (ATA) in samples the
diet as well as in samples of ruminal contents according to
Van Soest ef al. (1991). We determined Kp dividing ATA
content in the diet consumed by the steers by total ATA
in the rummal content (Ogden ef al., 2005). At once,
inserted the Kp into the model (at+b*c)/(c+Kp) proposed
by the AFRC (Agricultural and Food Research Council),
1993 for estimation of EDDM, EDNDF and EDCP.

Statistical analysis: For the statistical analysis a fixed
effects model was used. We used the options LSMEANS,
STDERR and adjust = SCHEFFE, in GLM of SAS (2003) to
calculate least squares means, their standard errors and to
predict differences between means.

RESULTS AND DISCUSSION

In situ ruminal degradability of DM: Values ofa, b, ¢, of
the DM and PDDM and EDDM were greater in 2004
versus 2005 (p<0.05; Table 1). We cite weather conditions
as the cause of these differences given that temperature
and rainfall have a direct effect on degradability of dry
matter in grasslands of northern Mexico (Ramirez et al.,
2004). We did not find differences in values of a-¢ of the
DM and PDDM and EDDM between summer and fall
(p=0.05) but values for these seasons were different from

Table 1: Least squares means (fstandard error) for parameters of in situ
degradability and effective degradability of dry matter in the diet
of grazing steers

PDDM EDDM
Factors a (%) b (%) c%%h™h (%) (%)
Year
2004 20,7207  62.5£0.5% 4.3£0.2° 83.24+06° 60.2+0.5°
2005 18.2+0.7%  59.5+£0.5" 3.1+0.2° 79.1£0,6° 56.8£0.9
Season
Spring 18.9+0.4" 58.1+1.2° 1.8+0.6° T7.0+1.3° 51.5+0.4°
Summer 22.0+41.17 63408 4.6£0.2° 81.5+1.1° 60.9+0.%°
Fall 21,2204 62408 3.9:0.9° 83.4+1.1* 58.8+1.07
Winter 18.6£0.9  57.6£0.9 1.8+0.5° 76.2+0.8 49, 70,7
Month
January 17.7+1.20  56.2+1.6) 1.6:0.7 73.941.5° 48.7+1,2
February 19.6+1.3  39.1+1.6¢  2.0+0.6° 78.7+1.5¢ 50.7+0,%¢
April 19.1+1.1°  38.2+1.3% 1.9+0.% 77.3+1.1% 52606
May 18.8+1.1° 58.0=1.6° 1.8+1.1°8  76.8+L7 50.440,2¢
July 21.24£0.9  63.0£1.2¢ 4.4+£1.0¢ 84.241.7 60.4+1,12
August 22.8£1.4  63.8£0.¢ 4.9+£0.6° 86.6+1.1° 61.5£0,%°
October 22.3£0.9°  63.2+1.0° 4.6£0.3° 85.5£1.0°°  60.8+0,8
November  20.2+1.0°  61.7+1.4* 3.2+04° 81.9+1.0¥ 56.7+1,2

e feans with different letters in columns for year, season and month are
statistically different (p<<0.03)
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those found in winter and spring (p<0.05). Under
conditions similar to those of the study, Reyes et al.
(2006) found differences between seasons in values of
a-c¢, of the DM and PDDM. Seascnal differences in
parameters of in situ degradability of DM may be
attributed to protein, fiber and lignin contents of the diet
selected by study ammals (Baumont ef af., 2000).

The highest values of a-c, of the DM, PDDM and
EDDM  appeared in August and the lowest in
Tanuary (p<0.03). Average values of a (20.9%), b (33.3%),
¢ (3.9% h™") and EDDM (40.1%) reported by Ramirez ef af.
(2004) in mne grasslands in northeastern Mexico are lower
than those we obtained for the month of August.

Also, Obeidat et al. (2002) report lower values of b for
the months of February (48.2%) and May (39.8%) than the
findings. These discrepancies between studies are most
likely a result of the different plant communities and
climate zones in which the investigations took place.

In situ ruminal degradability of CP: Values of a-c of the
CP, PDCP and EDCP were greater in 2004 versus 2005
(p<0.05) (Table 2). Fractions a and b and the rate of
degradation of protein ¢ were greater in summer and fall as
compared to winter and spring (p<0.05). Numerous
studies report similar results and attribute differences
between years and seasons to the level of lignification in
the grazing area which mmpedes access of microbial
proteases to protein soluble m the diet (Hirschfeld et al.,
1996; Foster et al., 2007).

The PDCP and EDCP were affected by season of the
year (p<0.05) with the highest values of PDCP in summer
(82.2%) and the lowest m winter (73.8%) while the
highest EDCP occurred in fall (63.2%) and the lowest in

Table 2: Least squares means (+ standard error) for parameters of in situ
degradability and effective degradability of crude protein in the diet
of grazing steers

spring (58.2%) (p<<0.05). Such differences may be a result
of potentially degradable and soluble protein content in
the diet selected in the two studies (Atkmson et af., 2010).
The values of a, b, ¢ of the CP, PDCP and EDCP for
August were higher than those observed in other months
of the year (p=10.05).

Values of a (40.4%), b (37.4%) and PDCP (77.7%)
reported by Caton et al. (1993) for the month of August
were higher than the values, although their rate of protein
degradation (5.4% h™") agrees with the finding for the
month of August (5.3% h™). Johnson er al. (1998)
suggest that differences between parameters of ruminal
CP degradation may be a result of differences in methods
of estimation of soluble protein a in the diet.

In situ raminal degradability of NDF: Losses of NDF due
to washing (fraction a), degradable fraction b, rate of
degradation ¢, as well as PDNDF and EDNDF were
different between years (p<t0.05) (Table 3). 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 so than with solubilization
of components of the cell wall (Ogden et al., 2005).
Consequently, differences observed between years in
fraction a, PDNDF and EDNDF may be a result of different
lignin content in the diet consumed by study animals
(Tuarez et al., 2004).

Values of a, b and ¢ in sumnmer and fall differed from
those for winter and spring (p<0.05) while PDNDF and
EDNDF varied between seasons (p<<0.05) with the highest
values in summer (PDNDF: 56.9%, EDNDF: 35.5%) and the
lowest in winter (PDNDF: 39.5%, EDNDF: 24.3%). Under
conditions similar to those of the study, Fredrickson et al.

Table 3: Least squares means (= standard error) for fractions of in situ
degradability and effective degradability of neutral detergent fiber
in the diet of grazing steers

PDCP EDCP PDNDF EDNDF
Factors a (%) b (%) ¢ (% hh) (%) (%) Factors a (%) b (%) ¢ (% hh) (%) (%)
Year Year
2004 34.9+0.8 472402 42407 82.1£1.1*  62.5+1.6 2004 7.9£0.6 424408 2.7x0.2*  503+1.3 334409
2005 288+0.8  414+0.F 3.1+07  T0.2+1.1°  57.0+1.6 20035 412068 38.6+0.8  23x0.20  427x148  26.6+0.9
Season Season
Spring 30304 447417 2.9+04  75.0£1.2°  58.2+04° Spring 3240 37.8+0.8° 2.2+0.% 41.0£1.1° 261409
Summer  34.240.8  48.0:11° 478020 822414 60.2£0.8 Summer  9.6£0.2° 47303 3.650.2  56.9+£14° 3554120
Fall 33.040.5 46.9+0.9° 4.1+04  80.0+1.1°  63.6+0.6° Fall 77408 46904 3.1x09"  54.6x0.8" 33.7+14
Winter 307402 431412 2.9:0.6F 73809 622404 Winter 30L0.6F 365809 22407 3954120 24.3k0.7°
Month Month
January  20.6:1.2° 40.7£1.1° 2340.8  70.3+120  55.641.2° January  2.5+£1.1F 3324140 1.7£L1° 357413 21317
February 31.9+0.% 455409 362040 77417 62.241.1% February  3.5€1.19  39.8+1.20 2712 43.3£1.1% 273409
April 309+1.1° 45307 3.24:020  76.2+1.3° 624411 April 344118 3744118 24409 408H0.F  27.0£LI°
May 207£0.7  44.1+1.30  2.7+04%  73.8+14°  58.0=1.3 May 3.1£1.37  382+08%  2.1+0.5% 41314 253408
Tuly 33.8+0.3  47.241.6° 42409 8SLOL1I°  62.5+1.0° July 87+0.% 43809  3.6:1.2° 525:0.8 341412
August 34.6+1.1° 48.8+1.1° 5.3+0.3 834415  64.3+1.3 August 10.5£0.8°  50.8t1.2°  3.7+1.4*  61.3x1.1°  36.9+0.5°
October  33.9+1.4° 47.741.2% 4.4503% 8l6&kl® 63.0£1.2% October  7.8£1.1° 47114  3.2+1.1° 549413 32.9041.0°
November 32.2+1.1° 46.2+1.8 3806  784+1.1° 61409 November 7.6+1.3  46.8+1.1°  3.0+0.8° 544308  34.6+1.6

edefhfeans with different letters in columns for year, season and month are
statisticalty different (p<0.05)
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el feans with different letters in columns for vear, season and month are
statistically different (p<<0.03)
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(1993) reported higher NDF degradability parameters in
summer compared to winter. Constant NDF degradation
rates were faster in summer (3.6% h™") and fall (3.1% h™)
compared to winter (2.2% h™") and spring (2.2% h™") but
all were lower than rates reported by (Funk ef al., 1987)
(4.2% h™"). However, values for rate of degradation of
NDF c obtained by Caton ef al. (1988) (3.1% h™") and
Barton ef al. (1992) ( 2.2% h™") are similar to the findings
for spring, fall and winter. Values of a, b, ¢, PDNDF and
EDNDF were greater in August vs January (p<<0.05).

Gelvin et al. (2004) report lower values than we found
for NDF degradation rate in August and October (1.9 and
1.1% h™', respectively). The observed differences
between seasons and months with respect to NDF
degradability parameters may be associated with an
increase in indigestible fractions in the diet selected by
study ammals (Steg ef al., 1994).

CONCLUSION

The study provides new knowledge of the NDF
fraction in the diet of grazing steers that is lost of
particulates due to bag washing (fraction a). This fraction
1s assoclated with high contents of lignocellulosic matter
which makes it a good indicator of nutritive quality of the
diet selected by free-grazing ruminants across seasons of
the year.

Although, the values of the soluble fraction of
protein a across years, seasons and months were within
acceptable ranges for the assimilation of ammoniacal
nitrogen resulting from the fermentation of soluble protein
by ruminal microorgamsms, Effective Degradability of
Crude Protein (EDCP) in the diet, indicates low quantities
of bypass protein. Bypass protein supplementation is
essential to covermg metabolizable protein needs of
free-grazing cattle. The results allow us to conclude that
in situ degradability of DM, NDF and CP in the diet
selected by free-grazing steerss were affected by annual
and seasonal weather changes.
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