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Abstract In production systems of prickly pear fruit

and prickly pear cactus, significant amounts of pruned

material, which could be used as an ingredient in animal

feeding, is generated. The aim of this study was to

measure the nutrient content, fermentation kinetics and

in vitro digestibility of eleven cultivars of cladodes of

prickly pear cactus. The fermentation was measured

indirectly using the gas production technique, where

500 mg of DM substrate (prickly pear cactus cultivars)

were placed in amber glass flasks of 125 mL with

90 mL of ruminal inoculum under a continuous flow of

CO2.Flaskswerehermeticallywrappedupwith a rubber

stopper and ametal ring, andwere placed in awater bath

at 39 �C. The fermentation gas pressure was measured

using a monometer at 0, 2, 4, 6, 8, 12, 16, 20, 24, 32, 38,

50 and 72 h incubation. Results show that the chemical

composition ranged between (g kg-1 DM): 64 and

160 g kg-1 dry matter (DM), 137–293 g kg-1 DM

ash, 52–101 g kg-1 DM crude protein, 3–22 g kg-1

DM ether extract, 251–393 neutral detergent fiber and

132–192 acid detergent fiber. The gas volume was

different (p\ 0.05) among cultivars, with the Red

Vigor cultivar having the largest volume at 378 mL g-1

DM.Thehighest volumeof gaswas producedduring the

first 24 h in on average 67 % of the total produced. The

in vitro DMdigestibility displayed values of up to 82 %

in the Roja Pelota cultivar. It can be concluded that the

cladodes of prickly pear cactus from different cultivars

can be used in animal feed for its good rumen

fermentation characteristics.

Keywords Fermentation � Gas production �
Chemical composition � Prickly pear

Introduction

The prickly pear cactus (Opuntia spp.) is an endemic

cactus of Americas with 258 identified species, a

hundred of which are located in Mexico (Rodriguez

et al. 2009). This plant grows in water-scarce regions,

high temperatures and poor soils (Fuentes-Rodrı́guez

1997; Luttge 2004; DeWaal et al. 2006). In arid areas of

northern Mexico, the prickly pear cactus is used for

animal feed as a source of fodder, energy and water

(Andrade-Montemayor et al. 2011); while in the central

region ofMexico it is used in the intensive production of
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prickly pear fruit and tender prickly pear cactus for

human consumption. In addition, a lesser amount of

slightly lignified prickly pear cactus is used as animal

fodder (Felker et al. 2006). The prickly pear cactus

farming production inMexicoCity, the states ofMexico

and Puebla represents 37 % of the total Mexican

production (SIAP 2010). In these farming systems,

trimming of cladodes is a common practice where large

quantities of waste are generated, if which are handled

correctly can be a source of organic matter, however,

without proper management can represents a source of

contamination, pests and diseases (CONAZA 1994).

Nevertheless, because of its digestible nutrients content,

trimming waste of prickly pear cactus can be used in the

intensive feeding of ruminants. It has been shown that it

is possible to include 17 to 25 % of dried and milled

prickly pear cactus forage, totallymixed rations to fatten

ovine and achieve a similar growthperformance to those

viewed with commercial diets, therefore the use of

prickly pear cactus is a viable strategy for the producer

(Aguilar-Yáñez et al. 2011; Muciño-Castillo et al.

2014). However, the animal response depends more on

the nutritional quality of the ingredients in the diet, and

the prickly pear cactus nutrient content can vary

(Granados and Castañeda 1996).

To date there are no studies of the nutrient content

of trimmed cladodes waste and its fermentation by

microbial inoculum from the rumen of ovine. There-

fore the aim of this study was to measure the nutrient

content, fermentation kinetics and in vitro digestibility

of cladodes waste from eleven prickly pear cactus

cultivars grown in San Sebastian Villanueva, Acat-

zingo, Puebla, Mexico.

Materials and methods

Vegetal material

DuringMarch2013, elevencultivars ofpricklypear cactus

were studied, ten samples of trimmed material between 1

to 3 years to cultivate were randomly taken from produc-

ers’ plots from the San Sebastian Villanueva, Acatzingo,

Puebla, located 19�0303700 NorthLatitude, 97�4205800 west
longitude and 2232 m above sea level, with temperature

and annual rainfall of 17.9 �C and 674 mm, and cambisol

being the dominant soil type (Garcı́a 1988).

The used cultivars of prickly pear fruit were:

(Opuntia ficus-indica cv. Rojo vigor), (Opuntia

joconostle), (Opuntia ficus-indica cv. Villanueva),

(Opuntia ficus-indica cv. Sangre de Cristo), (Opuntia

ficus-indica cv. Burrona), (Opuntia ficus-indica cv.

Cristalina), (Opuntia ficus-indica cv. Roja San Mar-

tin), (Opuntia ficus-indica cv. Ceniza Roja), (Opuntia

ficus-indica cv. Roja Pelota) and cultivars for prickly

pear cactus were (Opuntia ficus-indica cv. Atlixco)

and (Opuntia ficus-indica cv. Milpa Alta).

Chemical analysis

Fresh cladodes of each prickly pear cactus cultivar

were cut into thin slices, dried at 65 �C in a forced air

oven until a constant weight was obtained and milled

to 1 mm (Thomas Wiley� Mini-Mill, Texcoco,

México). A composite sample of each prickly pear

cactus was used to measure the content of crude

protein (CP), ash (A), ether extract (EE) (AOAC

1990); neutral detergent fiber (NDF) and acid deter-

gent fiber (ADF) (Van Soest et al. 1991). Atomic

absorption method was used to detect the contents of

Ca, Mg, Na, K, Cu, Fe, Zn and Mn (A Analyst 700,

Perkin-Elmer, Texcoco, México. 1996; AOAC 1990),

and P by colorimetry (UV/VIS Lambda 2 spectrometer

model Perkin Elmer, Texcoco, México; AOAC 1990).

The contents of total carbohydrates (TC: Sniffen et al.

1992), Non-fibrous carbohydrates (NFC: NRC 2001)

and hemicelluloses (HC) were calculated.

Fermentation and in vitro digestibility

The fermentation wasmeasured indirectly using the gas

production technique (Menke and Steingass 1988;

Theodorou et al. 1994), where 500 mg of DM substrate

(prickly pear cactus cultivars) were placed in 125 mL

amber glass flasks with 90 mL of ruminal inoculum

under a continuous flow of CO2. Flasks were hermet-

icallywrapped upwith a rubber stopper and ametal ring,

and were placed in a water bath at 39 �C. The

fermentation gas pressure was measured with a

monometer (0–1 kg cm2;METRON� 51100, Texcoco,

México) at 0, 2, 4, 6, 8, 12, 16, 20, 24, 32, 38, 50 and 72 h

incubation. Measured pressures were converted into

volume with the V regression model (mL) = [P

(kg cm2) ? 0.0495]/0.0185, this model was obtained

bymeasuring the pressure generated by known volumes

of gas injected into the flasks under the same handling

conditions. The fractional gas volume was calculated

(mL g-1 DM) for time intervals of 0 to 8 (Fv0–8), 8 to 24
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(Fv8–24) and 24 to 50 (Fv24–50) hours of incubation. The

accumulated volume for each measured time was also

measured and used to estimate the maximum volume

(Mv;mL g-1 DM), the gas production rate (S; mL h-1)

and the phase lag (L; h) of gas production, which were

adjusted with the logistic model Vo = Mv/

(1 ? e(2-4 * S * (TL)) (Pitt et al. 1999). The in vitro dry

matter digestibility (IVDMD) was calculated by the

difference between the weight of the starting matter

before and after incubation for 72 h of incubation, and

the potential emission rate of fermentation gases

(PERFG), was calculated by dividing the maximum

volumeof gas production fromevery cultivar divided by

its in vitro dry matter digestibility value.

The rumen inoculumwas obtained from three ovine

with rumen cannula fed with silage and corn stubble

(70:30 DM). At the moment of sampling of ruminal

fluid, the ovine were fasted for 12 h. Rumen contents

were filtered through four layers of gauze and mixed

with a mineral solution reduced to a 1: 9 (v/v). The

mineral solution contained: K2HPO4 (0.45 g L-1),

KH2PO4 (0.45 g L-1), (NH4)2 SO4 (0.45 g L-1), NaCl

(0.90 g L-1), MgSO4 (0.18 g L-1), CaCl2 (0.12 g

L-1), Na2CO3 (4 g L-1), the reducing solution

contained: NaOH (0.8 ml L-1), Na2S (0.2 g L -1),

L-cysteine (0.2 g L-1) and 1 drop of rezarzurina

(Cobos and Yokoyama 1995).

Statistical analysis

It was used a completely randomized design, using the

SAS GLM procedure, and the means comparison test

was done with LSMEANS, used only for Mv, S, L,

Fv0–8, Fv8–24, Fv24–50, IVDMD72 and PERFG variables,

when there were differences test Tukey was used.

Results

The nutrient contents of the eleven trimmed cladodes

of prickly pear cactus cultivars are shown in Table 1.

In general, the cladodes had a low content of DM and a

high content of ashes. The prickly pear cactus

cladodes are characterized for containing a low

amount of CP, the CP in the Roja San Martin, Atlixco

and Cristalina cultivars, varied between 90 and

100 g kg-1 DM, the other cultivars had a lower

content than between 90 and 60 g kg-1 DM. The EE

was lower than 18 g kg-1 DM and NDF was low with

a range between 251 to 383 g kg-1 DM; conse-

quently, the ADF was low (\193 g kg-1 DM) for all

the cultivars. Due to the low ADF, the hemicellulose

represents a high proportion of NDF which varied

between 36 to 65 %. The cultivars with the highest

proportion of hemicellulose in the NDF were Rojo

Table 1 Chemical composition (g kg-1 DM) of cladodes pruning of cactus cultivars

Cultivars Component

DM Ash CP EE NDF ADF TC NFC HC

g kg-1 WM g kg-1 MS

Roja Vigor 160.00 137.03 86.29 12.80 379.50 161.83 763.88 384.38 217.67

Xoconostle 111.11 224.31 75.61 22.15 393.24 192.15 677.93 284.69 201.09

Villanueva 86.96 237.47 68.08 18.90 312.90 152.99 675.55 362.65 159.91

Sangre de Cristo 113.64 215.9 58.18 8.20 290.08 174.63 717.72 427.64 115.45

Milpa Alta 90.91 229.19 67.21 5.70 299.43 188.97 697.90 398.47 110.46

Burrona 113.64 278.18 52.48 3.00 383.27 133.40 666.34 283.07 249.87

Atlixco 69.44 286.8 96.16 10.95 288.87 178.15 606.09 317.22 110.72

Cristalina 64.81 293.61 89.01 18.60 251.88 155.87 598.78 346.90 96.01

Roja San Martin 75.76 268.05 101.77 11.20 277.36 134.72 618.98 341.62 142.64

Ceniza Roja 125.00 241.21 66.06 8.50 264.62 132.38 684.23 419.61 132.24

Roja Pelota 125.00 251.92 70.98 8.60 285.17 153.82 668.50 383.33 131.35

CV 27.78 17.97 20.82 50.92 16.11 13.46 7.29 13.83 33.09

SD 28.70 43.54 15.74 5.95 50.19 21.53 48.93 49.67 50.17

DM dry matter, CP crude protein, EE ether extract, NDF neutral detergent fiber, ADF acid detergent fiber, CT total carbohydrates,

NFC non-fibrous structural carbohydrates, HC hemicellulose, CV coefficient of variation, SD standard deviation, WM wet matter
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Vigor (57 %) and Burrona (65 %). The total carbo-

hydrates in the cultivars presenting values between

598 and 763 g kg-1 DM, the content of non-fibrous

carbohydrates cultivars ranged between 283 and

427 g kg-1 DM and represent a 46 % average from

the total carbohydrates.

The variability in the mineral content of cladodes

was also wide (Table 2). Among the macrominerals,

Ca, K and Mg were those found in greater concentra-

tions; with contents ranging from 11 to 41, 18 to 45 and

18 to 8 g kg-1 DM respectively; the ones with the least

amount were P and Nawith values from 0.9 to 2 and 0.1

to 0.4 g kg-1 DM. The microminerals with the most

cladodes were the Mg with values from 65 to 227, Zn

from 20 to 358 and Fe from 28 to 91 mg kg-1 DM, Cu

presented low amounts with 2 and 9 mg kg-1 DM.

The values of the variables for the fermentation

kinetics of gas production (Mv, Fv0–8, Fv8–24, Fv24–50,

S and L), in vitro digestibility and the potential

emission rate of gas are shown in Table 3. There were

Table 2 Mineral

concentrations (g kg-1

DM) of cladodes of prickly

pear cultivars pruning

CV coefficient of variation,

SD standard deviation

Cultivars P Ca Mg K Na Cu Fe Zn Mn

g kg-1 DM mg kg-1 DM

Roja Vigor 1.61 19.53 16.18 29.57 0.25 2.38 91.88 54.01 220.18

Xoconostle 1.06 24.18 14.63 34.61 0.27 4.78 46.27 109.56 144.30

Villanueva 2.48 26.31 10.54 45.18 0.46 2.32 60.15 59.19 128.38

Sangre de Cristo 0.99 33.56 14.60 28.32 0.16 7.11 30.59 65.04 131.08

Milpa Alta 1.14 27.23 16.90 23.29 0.16 14.20 28.65 75.68 65.31

Burrona 1.89 32.29 18.36 18.43 0.41 9.31 75.34 95.06 80.57

Atlixco 1.01 30.74 17.64 32.36 0.22 4.49 58.43 71.88 196.40

Cristalina 2.76 35.43 9.95 43.58 0.25 2.33 60.34 358.14 232.60

Roja San Martin 1.16 31.94 15.18 37.20 0.24 2.46 63.18 20.45 124.09

Ceniza Roja 1.24 40.10 13.24 29.47 0.27 3.59 77.11 329.15 227.14

Roja Pelota 1.27 13.13 8.23 18.20 0.23 4.79 46.36 52.49 145.42

CV 40.66 26.66 23.43 30.19 34.82 70.47 33.31 97.52 37.38

SD 0.61 7.62 3.31 9.41 0.09 3.70 19.33 114.42 57.63

Table 3 Variables of gas production and fermentation kinetics (Mv, Vf0–8, Vf8–24, Vf24–50, S and L), in vitro digestibility and

potential emission rate of fermentation gases in cladodes pruning of cultivars of prickly pear cactus

Cultivars Mv Fv0–8 Fv8–24 Fv24–50 S (mL h-1) L (h) IVDMD (%) PERFG (mL g-1 DMD)

mL g-1 DM

Roja Vigor 378.33a 132.63ab 167.03a 84.91a 0.0400abc 2.83a 76.19bc 496.99a

Xoconostle 289.90b 102.60ab 129.22b 63.93ab 0.0406abc 2.72a 75.55bc 384.08b

Villanueva 305.03b 134.25a 123.02bc 59.10b 0.0456a 1.85abc 78.46ab 388.84b

Sangre de Cristo 266.33b 102.79ab 99.66bcde 65.49ab 0.0353bc 0.86bcd 72.30 cd 369.07b

Milpa Alta 244.40b 93.91b 83.09de 65.39ab 0.0320c 0.28d 69.82d 350.12b

Burrona 254.93b 111.53ab 93.96cde 55.27b 0.0410abc 0.94bcd 71.58 cd 356.32b

Atlixco 241.20b 86.54b 97.29 cde 59.10b 0.0356bc 1.82abc 69.76d 347.34b

Cristalina 244.80b 105.49ab 90.44de 53.60b 0.0383abc 0.79 cd 72.47b 339.44b

Roja San Martı́n 235.13b 97.12b 98.72bcde 45.43b 0.0426ab 1.86abc 72.94bcd 322.04b

Ceniza Roja 248.00b 111.65ab 80.91e 56.22b 0.0360bc 0.00d 73.69bcd 336.70b

Roja Pelota 271.77b 101.92ab 112.94bcd 61.36b 0.0400abc 1.99ab 82.78a 328.30b

SEM 14.29 6.38 6.15 4.49 0.0017 0.22 3.21 20.06

Mv maximum volume a 72 h of incubation; Vf0–8, accumulate volume of 0 to 8 h ; Fv8–24, accumulate volume of 8 to 24 h; Fv24–50,

accumulate volume of 24 to 50 h; S rate of gas production; L time lag; IVDMD in vitro dry matter digestibility; PERFG potential

emission rate of fermentation gases; DMD dry matter digested. SEM pooled standard error of the mean; Means in the same

column with different letters are different (p\ 0.05)
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differences among cultivars of (p\ 0.05). The Rojo

Vigor cultivar had the maximum volume of gas

production (Mv), higher than (p\ 0.05;

378 mL g-1), regarding the other ten cultivars, which

had an Mv between 235 and 305 mL g-1.

Regarding the volume of gas accumulated in the first

eight hours of incubation (Fv0–8) the Milpa Alta,

Atlixco and Roja San Martin cultivars produced the

least volume (p\ 0.05) in comparison with the

Villanueva Cultivar. The volume of gas between eight

and 24 h (Fv8–24), was more diversity, the Ceniza Roja,

Cristalina and Milpa Alta cultivars the ones which

produced less Fv8–24 (p\ 0.05) regarding: Xoconostle,

Villanueva, and Rojo Vigor cultivars. In the volume of

gas between 24 to 50 h of incubation, the cultivars of

lower Fv24–50 (p\ 0.05) were the Burrona, Atlixco,

Cristalina, Rojo San Martin, Ceniza Roja and Roja

Pelota cultivars (61 mL g-1 DM), in comparison with

the Rojo Vigor (84 mL g-1 DM). Regarding the gas

production rate, the Villanueva cultivar had the highest

rate (0.0456 h-1; p\ 0.05) of gas production (S) in

comparison with Milpa Alta, Sangre de Cristo, Atlixco

and Ceniza Roja. The lag phase (L) was short as this

was the same to or less than 2.83 h.

Regarding the in vitro dry matter digestibility

(IVDMD) a variation between 69 and 82 % was

observed. The potential emission rate of fermentation

gases (mL g-1 digested DM), ranged between 322 and

496 mL g-1 DM, the Roja Vigor cultivar, with the

highest emission rate, was 29 % higher than the

average of the other cultivars.

Discussion

Chemical composition

The composition of the prickly pear cactus varies in

relation to the factors to which it is exposed (Granados

and Castañeda 1996), some of them can be the cultivar,

ripeness, humidity, composition of nutrients in the soil,

fertilization and agronomic practices (Dubeux et al.

2006). The evaluated cultivars showed low levels of

DM and EE, similar to those reported by Batista et al.

(2003, 2009) and Pinos-Rodrı́guez et al. (2010) and in

Gigante cultivars, IPA-20 Algeria and forage, respec-

tively. The protein showed low values similar to those

reported by Tegegne et al. (2007) and Tegegne (2001),

under conditions without fertilization, however, this

nutrient can be affected by soil moisture and fertiliza-

tion as showed by Pinos-Rodrı́guez et al. (2010), when

evaluated the effect of irrigation and fertilization in the

cladodes composition at different ages, finding a linear

relationship between age and protein content, as age

increases the protein content decreases. The reported

values are moderate and go from 18 to 10 % at 30 and

90 days respectively, compared to the protein content

in alfalfa and corn.

Regarding its fiber fractions (NDF and ADF),

Pinos-Rodrı́guez et al. (2010) found a linear relation-

ship, as the prickly pear cactus ripens the fiber

increases too. The NDF and ADF values obtained in

this study for prickly pear cactus cultivars were similar

to those reported by other authors (Gebremariam et al.

2006; Batista et al. 2009; Costa et al. 2009; Barbosa

et al. 2012). The hemicellulose content calculated in

this study varied in ranges from 96 to 249 g kg-1 DM,

similar values to those reported in studies of Batista

et al. (2003) and Abidi et al. (2009) where the

estimated difference between NDF and ADF values

were in average 102 and 123 respectively.

The total carbohydrate content was an average of

670 g kg-1 DM, lower values than those reported by

Batista et al. (2003),who foundanaverageof 751 g kg-1

DM of total carbohydrates in three prickly pear cactus

cultivars. Silva et al. (2011) mentioned that the prickly

pear cactus stands out because of a high content of non-

fibrous carbohydrates, with a 49.7 % higher value than

sorghumgrains.MeanwhileBatista et al. (2003) reported

that the carbohydrate fraction of medium and rapid

fermentation constitutes as 19 and 42 % respectively of

the total, due tohighcontent of these components and low

levels of lignin, the prickly pear cactus can be considered

as a good source of fermentable carbohydrates for

ruminants (Batista et al. 2009).

The ash content ranged between 137 to 293 g kg-1

DM, in the studied cultivars was lower than that

reported by Ben Salem et al. (2002) for the Inermis

cultivar and superior to that found by Rodrı́guez-

Garcı́a et al. (2007) for the Redonda cultivar. The

amount of minerals in the prickly pear cactus can be

determined by the mineral content of the soil (Nobel,

2002). The water deficiency and high levels of

minerals in the soil make the prickly pear cactus

accumulate high amounts of Ca (Nobel 2002).

McConn and Nakata (2004) found 18 g kg-1 DM,

Rodrı́guez-Garcı́a et al. (2007) reported values

between 15 to 37 g kg-1 DM, according to the

Agroforest Syst (2017) 91:749–756 753

123

Author's personal copy



ripening state of the cladode; and Batista et al. (2003)

70 g kg-1 DM, of Ca. This last value was much higher

than the one found in this study (13–40 g kg-1 DM).

The Ca is an essential mineral in animal nutrition;

however, even though the prickly pear cactus cultivars

had high content of Ca, this does not ensure that they

are a source of calcium since it is found in oxalate

crystals (McConn and Nakata 2004), with low avail-

ability (Ben Salem et al. 2002). On the other hand,

Rodrı́guez-Garcı́a et al. (2007) indicated that the

content of calcium oxalates decrease as cladode age

progresses, this can occurred for pruned cladodes, as

the ones used in this study.

The P with ranges from 0.9 to 2.7 g kg-1 DM was

lower than those reported by Batista et al. (2003) with

average values of 5.6 in three varieties of prickly pear

cactus, and it remains within the values reported by

Tegegne (2002) of 2.3 g kg-1 DM and Rodrı́guez-

Garcı́a et al. (2007) of 1.8 g kg-1 DM, who found that

contrary to the case of Ca, while the cladodes age

increases P concentration decreases.

TheK content rangedbetween 18 and 45 g kg-1DM

which is lower than those reported by McConn and

Nakata (2004), in cladodes ofdifferent ages.Kafkafiand

Xu (1999) mentioned that the K level varied in different

organs of the plants, focusing in flowers and fruits and

that is decreased as the cladodes age progresses on

flowers and fruits and this decreases as the cladodes age

advances. Tegenge (2002) reported K values of

1.7 g kg-1 DM well below those found in this study.

Meanwhile, the Mg content ranged from 8 to

18 g kg-1 DM in this study was higher in some

cultivars to those reported by McConn and Nakata

(2004) of 10 g kg-1 DM and Rodrı́guez-Garcı́a et al.

(2007) of 6 g kg-1 DM, meanwhile Na in prickly pear

cactus cladodes is low (Ben Salem et al. 2002).

Tegenge (2002) reported Na values of 0.5 g kg-1 DM,

higher than what was found in this study, Rodrı́guez-

Garcı́a et al. (2007) mentioned that the Na content in

the prickly pear cactus is in function of its age. The

content of Cu, Fe, Zn and Mg, agrees with those

reported by Batista et al. (2003), except for some

values of Zn of 20 to 358 mg kg-1 DM and Mn 65 to

220 mg kg-1 DM were higher in the current study.

Gas production and in vitro digestibility

Regarding to the released gas as a product of the

fermentation of the components of the prickly pear

cactus, in this research the maximum values presented

had ranges from 235 to 378 mL g-1 DM at 72 h of

incubation, similar to those reported by Abidi et al.

(2009) with 290 mL g-1 DM when a variety of thorny

prickly pear cactus was evaluated. The average of gas

production during the first eight hours of incubationwas

107 ml g-1 DM in this study, meanwhile Batista et al.

(2003) and Abidi et al. (2009) report lower values with

87and75 mL g-1DMduring thefirst 8 hof incubation.

The average produced gas in 24 h was 106 mL g-1

DM, a higher value than that found by Batista et al.

(2003; 72 mL g-1 DM), but the values were lower than

those found by Abidi et al. (2009) with 134.5 mL g-1

DM. Ben Salem et al. (2002) mentioned that the highest

gas production occurred during the first 24 h of

incubation without significant increases in the remain-

ing time, which agrees with the data of this study, where

67 % of the total gas production occurs during the first

24 h of incubation. At 48 h of incubation the production

of gas decreases with only 16 % of the total volume of

gas, on average from hour 24 to 50 h only 60 mL g-1

DM was produced, however, the values were higher

than those reported by Batista et al. (2003; 35 mL g-1

DM), Abidi et al. (2009; 39 mL g-1 DM) and Ben

Salem et al. (2002; 15.5 mL g-1 DM). The degradation

rate was lower than that reported by Çürek and Özen

(2004), with 0.067 h-1. The average of lag time was

1.45 h, higher than those reportedbyBatista et al. (2003;

0.63 h and 2009; 0.13 h). The IVDMD fluctuated in

ranges from 69 to 82 %, values which agree with Çürek

and Özen (2004; 64 %), Tegegne (2002; 69 %), Araújo

et al. (2008; 78 %), Blakenship et al. (1982; 65 %), and

Batista et al. (2009; 70 %). The highdegradability of the

prickly pear cactus is due to the amount of nonstructural

carbohydrates (on average 68 %) and low lignin

content.

Conclusion

The nutrient content varied among cultivars, low

contents of dry matter, high in ashes, moderate in

crude protein and fibers were found. During the first

24 h, the cultivars presented more than 50 % of the

total gas produced, and in some cases digestibility

higer than 80 %. It can be concluded that the cladodes

of prickly pear cactus from different cultivars can be

used in animal feed because of their good rumen

fermentation characteristics.
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Garcı́a JC, Álvarez G, Jasso Y (2010) Effects of cladode

age on biomass yield and nutritional value of intensively

produced spineless cactus for ruminants. S Afr J Anim Sci

40:245–250

Pitt RE, Cross TL, Pell AN, Shofield P, Doane PH (1999) Use of

in vitro gas production models in ruminal kinetics. Math

Biosci 159:145–163
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