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Abstract

Ozonated-mesquite was compared with cottonseed hulls as the
fiber base in supplemental rations fed to growing steers under
range conditions. Average daily gains of steers fed the 2 rations for
the 2 winter feeding periods were similar. Similarities in concentra-
tions of acetic, propionic, and butyric acids, and acetic:propionic
acid ratios between rations indicated no alterations in production
of these acids as affected by composition or physical form of the
ozonated-mesquite. Therefore, ozonated-mesquite appears to be
equal in value to cottonseed hulls as a roughage base in supplemen-
tal rations fed to range steers.

Mesquite (Prosopis glandulosa) is a rangeland pest that infests
millions of acres in the arid Southwest. Attempts to control this
woody perennial have included mechanical, pyric, biological, and
chemical means. While these methods are effective in managing
mesquite, they exclude the use of the tremendous quantity of fiber
available in this plant. It has been recently realized that this plant is
an untapped reservoir for industrial use or livestock feed. If harv-
esting and processing becomes economical, all avenues for disposal
of the lignocellulose from mesquite should be investigated.

Lignocellulose residues, including wood pulp, have been the
focus of livestock feeding experiments for many years. Research
has dealt with corn and milo residues (Bolsen et al. 1977, Ward
1978); cereal and grass straws (Durham and Hinman [979, Church
and Champe 1980); soybean residues (Miller et al. 1979); cotton
by-products (Arndt et al. 1980); and wood and wood by-products
(Dinius and Bond 1975, Lemieux and Wilson 1979).

Many chemical treatments have been applied to increase cellu-
lose digestibility. Some of these included sodium hydroxide (Hen-
drix and Karn 1976); ammonia (Paterson et al. 1979a); and calcium
hydroxide (Paterson et al. 1979b) on crop residues, and sodium
hydroxide (Miliett et al. 1970); sulfur dioxide (Sherrod et al. 1978);
sulphuric acid (Keith and Daniels 1976); irradiation (Kitts et al.
1969); and ozonization (Schuerch 1963) on wood and wood by-
products. Ozonization of mesquite appears to increase cellulose
digestion (R.W. Tock, unpublished data; Weakley and Owens
1975).

While most research has been limited to trials in vitro or in vivo
with confined animals in drylot, few studies have attempted to
evaluate crop or wood residues in supplemental rations for live-
stock on dry perennial rangeland. The objective of this study was to
compare ozonated mesquite with cottonseed hulls as the fiber base
in winter supplemental rations for growing range steers. The sup-
plemental rations tested were similar to the range cubes commonly
fed to range cattle.
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Study Area

The study area was on 75 ha of native range on the Texas Tech
University campus. The soils are deep sandy and clay loams, well
drained, and have deep root zones. Slopes range from 0-3%
(USDA 1979). The pasture was in poor-fair range condition and
had dense infestations of mesquite, Mimosa sp. and broom snake-
weed (Xanthocephalum sarothrae). Major grasses were blue
grama (Bouteloua gracilis)and buffalograss (Buchloe dactyloides).

Methods

Whole mesquite trees (>>2.5 m tall) were mechanically harvested
with the Texas Tech University Brush Combine No. 1V (Ulich
1983) from rangeland on the campus during the summer of 1980.
The combine reduced the entire above-ground plant to 1.2-1.5-cm
chips. Chips, after air-drying 7-9 days to a moisture content of
5-10%, were hammermilled through a 6-mm screen. The mesquite
meal was ozoned in a continuously stirred tank reactor for 2 hours.
Ozonization was accomplished by adding 60% water, by volume,
to approximately 20.4 kg of mesquite meal in the reactor and
passing 03 through the mixture. Evidently, water swells the wood
lumen allowing 0z access to the lignin before attacking the holocel-
luloses. After ozonization, the meal was dried in a forced-air oven
at 60°C for 12 hours.

Rations were formulated to provide 25%, by weight, of a fiber
base either of cottonseed hulls (control ration) or ozonated mes-
quite (mesquite ration) (Table 1). Nutrient balancing, particularly

Table 1. Ingredients (%) used in rations fed to steers as a supplement to
range forage.

Ingredient Control Mesquite
Sorghum 47.2 432
Fiber 25.0! 25.02
Cottonseed meal 16.0 20.0
Nutri-binder? 10.0 10.0
Calcium carbonate 0.8 0.8
Sodium sulphate 0.5 0.5
Trace mineral 0.5 0.5
Vitamins* + +

!Cottonseed hulls

2Processed mesquite pulp

*Protein (8%), fat (2%), crude fiber (3%), ash (3%)

4Vitamin A (50 g/ton @ 60,000 1u/g), vitamin D (1.75 Ib/ton @ 200,000 1u/Ib),
vitamin E (30 g/ton @ 125,00 Iu/Ib)

crude protein, was accomplished by adding cottonseed meal or
sorghum grain. Crude protein contents were 16.2 and 14.8% for the
control and mesquite rations, respectively, in 1980-81 and 15.0and
14.3%in 1981-82. A complete nutrient and mineral analysis of the
rations was reported by Bryant et al. (1982).

Rations were fed to steers from January through March in 1981
and from November through March in 1981-82. Individual steers
were limited to a mesquite or control ration by a Calan Broadbent
feeding system (American Calan Inc., Route 4, Northwood, N. H.
03261). This system consisted of an electronic key worn around the
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Table 2. Average daily gain (kg/day) of steers supplemented under range conditions with mesquite and control rations.

1981 1981-82
Ration N Feb. Mar. Mean N Nov. Dec. Jan. Feb. Mar. Mean
Mesquite 6 0.20a 0.12a 0.16a 7 0.4la 0.34a 0.58a -0.31a 0.13a 0.23a
Control 6 0.22a 0.13a 0.17a 6 0.30a 0.36a 0.28b -0.70b 0.37b 0.23a

*Means in the same column with the same superscript are not different ( 7>0.05).

neck of a steer which allowed it access to only one feeding bin. The
average weight of steers was 250 kg during both winter feeding
periods.

The supplement feeding rate in 1981 was 1.8 kg/day. The initial
rate in 1981-82 was 0.9 kg/day. This rate was increased to 1.8
kg/day on 23 December 1981, and then to 3.6 kg/day on 5 Febru-
ary 1982. The adjustments were necessary because of a depletionin
native forage. During both feeding trials, steers were supplemented
at 3-day intervals. Steers were weighed approximately every 30
days and average daily weight gain (ADG) was determined.

Four steers receiving the mesquite and 4 receiving the control
ration were fistulated for the collection of reticulo-rumen fluids
during the 1981-82 feeding period. Approximatley 50 ml of rumen
fluids were collected from each steer at the end of November and
every 2 weeks thereafter through March. Steers were fasted for 2
hours prior to collection of fluids. Immediately after collection,
fluids were placed in a freezer at ~-10°C and stored there until
subsequent analysis. The Vane Dome chromatographic method
(AACC Standard Method 04-23) was used to quantify percentage
concentrations of acetic, propionic, and butyric volatile fatty acids
(VFA) in the reticulo-rumen fluids. Percentage concentrations of
these VFA’s were the average of two sub-samples of each collection
of reticulo-rumen fluids. Fluids were analyzed only for acetic,
butyric, and propionic because they are the most important VFA
by-products of rumen fermentation, contributing 90 to 96% of the
digestible energy supplied by VFA’s (Wilson 1971).

Because of unequal sample sizes, significant differences in ADG
were established with the Duncan’s multiple range test. VFA con-
centration means were compared with the ¢ test to determine if
significant differences occurred between steers fed the mesquite
and control rations.

Results and Discussion

There was no difference (7>0.05) in the ADG of steers fed the
mesquite or control rations, 0.16 vs. 0.17 kg, respectively, in
1980-81 and 0.23 vs. 0.23 kg in 1981-82, when averaged for 2
winter feeding trials (Table 2). The ADG of control steers was
slightly higher during each weighing interval in the 1981 feeding

trial. Significant differences (P<0.05) were determined in the ADG
between ration treatment in the January, February, and March
weighing intervals in 1982, but one ration did not consistantly
produce the higher ADG. The monthly differences in ADG are
believed to be associated with the depletion of available native
forage that occurred during this period. To compensate for the
shortage in available forage, the supplemental feeding rate was
eventually increased by a factor of 4 by the end of the second winter
trial. In March, the increased feeding rate allowed steers on both
rations to again gain weight, although the steers on the control
ration gained at a significantly (P<0.05) higher rate. The lower
performance of steers on both rations because of limited available
forage indicated more of the rations should have been fed under
these stress conditions. If forage supply is adequate and a higher
level of performance is desired, rations could be mixed to supply
more crude protein and energy.

Rumen concentrations of acetic, propionic, and butyric acids
and acetic:propionic (A:P) ratio were not different (P>0.05)
between ration treatments (Table 3). The VFA concentrations are
similar to those reported by Olten et al. (1966), for steers receivinga
pelleted corn-soy, molasses ration. Topps et al. (1965) reported
higher acetic and lower propionic and butyric acid concentrations
than those in our study for steers on winter grassland with a
carbohydrate plus protein supplement.

The VFA concentrations in the reticulo-rumen fluid are strongly
influenced by diet composition and physical form (Newland et al.
1962, Wood and Rhodes 1962, Weiss et al. 1967). The similar levels
of major VFA’s between ration treatment suggest that ozone-
treated mesquite fiber is comparable to cottonseed hulls as a fiber
base in supplemental diets. Further, the relatively low A:P ratio
and high concentration of butyric acid indicated the mesquite
ration was as efficiently converted to energy as the ration with
cottonseed hulls; both rations were apparently converted to energy
based on data from Blaxter (1962), Armstrong and Blaxter (1957),
and Tonroy and Perry (1974).

Our data suggest ozone-treated mesquite is comparable in value
to cottonseed hulls as a fiber base in supplemental rations fed to
growing range steers. These results should not be extrapolated to

Table 3. Concentrations (molar %) of major volatile fatty acids from fistulated steers supplemented under range conditions with mesquite and control

rations during the 1981-82 winter feeding period.

Date
Ration N Volatile fatty acid 11-27-81 1-4-82 1-19-82 2-10-82 3-2-82 3-15-83 Mean
Mesquite 4 Acetic acid 50.2! 47.0 434 414 443 38.0 4.1
Control 4 Acetic acid 47.7 45.1 48.3 423 40.0 44.0 44.6
Mesquite 4 Propionic acid 26.0 26.6 355 34.0 30.2 27.0 299
Control 4 Propionic acid 26.6 31.2 27.6 35.6 29.1 28.5 29.8
Mesquite 4 Butryic acid 18.1 233 16.8 21.4 20.3 25.0 20.8
Control 4 Butryic acid 20.3 20.8 19.7 19.9 225 18.1 20.2
Mesquite 4 A:P? 1.9 1.8 1.5 1.3 1.5 1.4 1.6
Control 4 A:P 1.8 1.5 1.8 1.2 1.4 1.8 1.6

IThere were no significant differences ( 7>>0.05) between rations for similar volatile fatty acids concentrations or A:P ratios within dates.

2A:P = ratio of acetic to propionic acids.
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range cows in a reproductive physiological status (gestation/lacta-
tion). Suitability of ozonated mesquite as a supplement to produc-
ing cows needs further investigation. The use of mesquite as a
ration base could provide an economical use of its fiber by helping
offset the costs associated with its removal from infested grasslands.
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