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ABSTRACT

The objective of this study is to evaluate the bromatological composition, carbohydrate fractionation, in vitro
digestibility and gas production of varieties of forage cactus of the genus Opuntia, associated with different
phenological phases. The experiment was conducted in a completely randomized design in a 5 x 3 factorial
arrangement consisting of five forage cactus varieties of the genus Opuntia ((IPA-20 (Opuntia ficus-indica Mill),
Gigante (Opuntia ficus-indica Mill), Erect Prickly Pear (EPP) (Opuntia stricta Haw), African Prickly Pear (APP)
(Opuntia undulata) and F-08 (Opuntia atropes Rose)). and three phenological phases (young, intermediate and
mature). The concentrations of neutral detergent fiber and the C ratio of carbohydrates were lower in the Erect
Prickly Pear (EPP) variety, in this same variety, a higher proportion of pectin was observed along with the giant
variety and higher in vitro digestibility, with similar digestibility for the African Prickly Pear (APP) and F-08. The
concentration of total carbohydrates was higher in the IPA-20 variety since the gas production adjusted by the
bicompartmental model was higher for APP. Was observed in all varieties greater concentration of neutral
detergent fiber and the C fraction of the carbohydrates in the mature cladodes. In vitro digestibility of mature
phase was also superior in all varieties except APP. The Erect Prickly Pear and African Prickly Pear varieties
present best nutritional value for feeding ruminants and mature phase is the least relevant.

1. Introduction

concentration of non-fiber carbohydrates: approximately 585.5 g/kg
expressed as dry matter (DM) and total digestible nutrients (TDN)

In arid and Semiarid regions, where there are long periods of
drought with high temperatures resulting in low forage production and
availability to animals (Rodrigues et al., 2016), forage cactus stands out
due to the photosynthetic process called CAM (Crassulacean acid me-
chanism). It provides cactus with the ability to adapt to water stresses,
heat and solar radiation, which are common features in these places
(Abidi et al., 2009; Donato et al., 2014).

These plants belong to the family Cactaceae, composed of about 130
genera, with approximately 1.500 species, being 300 of the genus
Opuntia Mill (Mohamed-Yasseen et al., 1996). In Brazil, this forage re-
source stands out as animal feed, especially during periods of drought.

Forage cactus is considered an energetic food due to the high
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reaching 800.0 g/kg DM (Silva and Sampaio, 2015). It also presents
high concentrations of minerals, especially calcium (52.6-70.2 g/kg
DM), potassium (4.4-19.0 g/kg DM) and phosphorus (1.8-2.1 g/kg
DM) (Abidi et al., 2009; Cordova-Torres et al., 2015). On the other
hand, it has low dry matter contents (120.0-144.0 g/kg, expressed as
natural matter (NM), acid detergent fiber (160.0-189.0 g/kg DM),
neutral detergent fiber (257.0-284.0 g/kg DM) (Batista et al., 2003;
Silva et al., 2017; Barros et al., 2018) and crude protein (33.0-63.0 g/
kg DM) (Batista et al., 2009; Cordova-Torres et al., 2015; Moraes et al.,
2019).

In view of the limitations of Brazilian Semiarid regions, with cli-
matic adversities such as irregular and unstable rainfalls for most of the
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year and deficiency in forage production, there is a need for more de-
tailed studies of forage resources adapted to such conditions, such as
forage cactus, with the purpose of optimizing and using nutrients from
plants by animals.

The objective of this study is to evaluate the chemical-bromatolo-
gical composition, the fractions of carbohydrates and the kinetics of in
vitro fermentation of forage palm varieties of the genus Opuntia in the
function of different phenological phases.

2. Materials and methods

The samples were collected in August 2016 at the Experimental
Station of the Instituto Agronémico de Pernambuco (IPA), located in
the city of Arcoverde, PE, at - 8.433333° and —37.05°, altitude
680.7 m, average temperature 24.9 = 10.53 °C, RU 79.6 * 11.95%,
wind speed of 3.1 *= 0.8 m/s, mean annual rainfall of 1058.8 mm,
Moxoté Sertao micro-region (INMET, 2017).

The varieties of forage cactus used were: IPA-20 (Opuntia ficus-in-
dica Mill), Gigante (Opuntia ficus-indica Mill), Erect Prickly Pear (EPP)
(Opuntia stricta Haw), African Prickly Pear (APP) (Opuntia undulata)
and F-08 (Opuntia atropes Rose). Four plants of similar size were se-
lected from each variety of forage cactus mentioned above. Cladodes
were selected from each plant at different phenological phases: young
phase (cladodes located at the distal or lateral extremities of the plant,
bright green and expanding), intermediate phase (cladodes located in
the median part of the plant, dark green) and mature phase (cladodes
located just above the cladode base, light whitish color, fully ex-
panded). After collection, the samples were processed and pre-dried in
a forced-air ventilation oven to maintain a constant weight, then
weighed and ground in a knife mill with 2 mm and 1 mm sieves. They
were identified and packed in plastic pots.

The analyses of dry matter (DM) (930.15), organic matter (OM)
(942.05), mineral matter (942.05), crude protein (CP) (954.01) and
ether extract (EE) (Soxhlet) (920.39) were performed according to the
methodology described by the Association of Official Analytical
Chemists (AOAC, 1990).

Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were
determined according to the methodology of Van Soest et al. (1991),
adapted by Senger et al. (2008). Acid-digested lignin (ADL) was de-
termined according to the methodology of Van Soest et al. (1991). We
estimated hemicellulose (HEM) by the equation HEM = NDF - ADF,
and cellulose by the equation CEL = ADF - ADL. Total carbohydrates
(TC) were estimated according to Sniffen et al. (1992). Non-fiber car-
bohydrates (NFC), which correspond to the fractions A + B1, were
obtained by the difference between TC and NDF.

The C fraction corresponding to indigestible NDF was determined
according to the methodology of Valente et al. (2011). The B2 fraction,
which corresponds to the available fraction of fiber, was estimated by
the difference between NDF and the C fraction. The extraction of pectin
was performed according to the methodology of Zanella and Taranto
(2015). The determination of in vitro digestibility of DM (IVDDM) was
performed according to the technique of Tilley and Terry (1963),
adapted from Holden (1999), where the incubation procedure was
performed for 48 h; then, 6 M hydrochloric acid and pepsin 1:10,000
were added.

The determination of in vitro gas production was conducted ac-
cording to Theodorou et al. (1994). The readings were measured at 2, 4,
6, 8,10, 12,15, 18,21, 24,30, 36,42 and 48 h after incubation. Pressure
data (psi = pressure per square inch) were converted in to the volume
of gas (V) by the equation V = 5.1612P-0.3017, R2 = 0.9873, gener-
ated in the Production Laboratory (LPG) of the Federal University of
Agreste of Pernambuco, UFAPE, from 937 observations.

Cumulative gas production data were adjusted by the bicompart-
mental model suggested by Schofield et al. (1994) using PROC
NLMIXED in SAS®.
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where V, is the maximum total volume of produced gas, Vg (mL/g of
DM incubated) is the maximum volume of gas for the fast digestion
fraction (NFC), Vg, (mL/g) is the maximum volume of gas for the slow
digestion fraction (FC), kg; (h) is the rate of degradation of fast diges-
tion fraction (NFC), kg2 (h) is the rate of degradation of the slow di-
gestion fraction, A (Lag time) is the duration of initial digestion events
common to both phases, and t (h) is the fermentation time.

The experiment was conducted in a 5 X 3 factorial arrangement
(five varieties of forage cactus and three phenological phases) with four
replications. We analyzed in vitro fermentation kinetics data using the
mixed non-linear procedure, where fermentation parameters were
generated from data observed at different incubation times in vitro. All
data were submitted to analysis of variance using the general proce-
dures of linear models, and the averages were compared by Tukey test
considering a = 0.05 using the software Statistical Analysis System
(SAS®).

3. Results

There was no difference (P > 0.05) in the concentrations of the dry
matter (DM), ether extract (EE), crude protein (CP) and humidity be-
tween varieties and phenological phases (Table 1).

There was a significant difference (P < 0.05) in MM between the
varieties in cladodes at the mature phase. The lowest proportion 82.8 g/
kg DM was presented by IPA-20, which differed from APP (117.5 g/kg
DM) and Gigante (111.5 g/kg DM). In F-08, there was an the effect of
phenological phase (P < 0.05), which had 133.5 g/kg DM for young
phase cladodes and 130.5 g/kg DM for intermediate phase cladodes
(Table 1).

There was a difference (P < 0.05) between the varieties as for
mineral matter (MM) only in cladode sat the mature phase. The lowest
proportion, 82.8 g/kg DM, was presented by the IPA-20 variety, which
differed from APP and Gigante varieties, presenting MM of 117.5 and
111.5 g/kg DM, respectively. When evaluating the effects of phenolo-
gical phases, there was a difference (P < 0.05) only for the F-08
variety, which presented 133.5 g/kg DM for young phase cladodes and
130.5 g/kg DM for intermediate phase cladodes (Table 1).

There was a difference (P < 0.05) in the pectin concentration per
g/kg of DM (Table 2), with lower values of 98.0 and 133.7 g/kg DM for
the cladodes of Gigante forage cactus at the intermediate and mature
phases, respectively. These values differed from those of the Erect
Prickly Pear (EPP), which presented 180.1 and 210.1 g/kg DM for the
cladodes at the same phases, respectively.

There was a difference (P < 0.05) between the varieties as for
neutral detergent fiber (NDF). The EPP presented lower concentrations
in cladodes at the young and intermediate phases, whereas the mature
phase presented concentrations similar to the African Prickly Pear
(APP), IPA-20 and F-O8varieties.

As for NDF, by variety, there was a difference (P < 0.05) for ma-
ture phase cladodes to the intermediate and young phenological re-
garding the varieties EPP, IPA-20, and F-08. For the APP, the lowest
value was for cladodes at the young phase, which differed (P < 0.05)
from the other phases. For Gigante variety, there was a difference be-
tween all phenological phases (Table 2).

For concentration of hemicellulose, there was a difference
(P < 0.05) between the varieties (Table 2), so that the highest con-
centration for young phase cladodes was 114.1 g/kg DM for the forage
cactus F-08. However, there was no difference (P > 0.05) for the
varieties IPA-20, Gigante and APP at the same phases. At the inter-
mediate phase the EPP presented a lower value (P < 0.05) in relation
to the other varieties.

Concerning acid detergent fiber (ADF) between varieties, there was
a difference (P < 0.05) between the cladodes of EPP pear and Gigante
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Table 1
Chemical composition of forage cacti varieties of the genus Opuntia in function of different phenological phases.

Phenological phases Varieties SEM P-value
EPP APP Gigante IPA-20 F-08

Dry Matter (g/kg Natural Matter)

Young 90.9 113.5 95.2 99.8 109.1 4.9 0.60

Intermediate 92.8 97.7 93.1 98.4 98.0 3.5 0.90

Mature 106.9 113.7 105.2 114.7 111.8 2.9 0.80

SEM 4.4 8.6 3.2 3.8 4.2

P-value 0.30 0.70 0.30 0.10 0.40

Organic Matter (g/kg Dry Matter)

Young 889.2 882.6 888.8 904.5 866.5B 4.7 0.10

Intermediate 880.0 892.3 897.7 906.1 869.5AB 4.7 0.08

Mature 892.4 ab 882.5b 888.5 ab 917.2a 898.0abA 3.8 0.04

SEM 5.3 5.8 5.4 2.5 5.8

P-value 0.70 0.70 0.80 0.07 0.03

Crude protein (g/kg dry matter)

Young 56.5 59.3 47.5 42.6 44.3 2.5 0.10

Intermediate 55.7 56.7 51.4 48.0 48.5 2.0 0.60

Mature 47.3 52.2 50.1 45.5 47.0 1.4 0.60

SEM 4.0 2.1 1.0 2.6 1.2

P-value 0.6 0.4 0.3 0.7 0.4

Ether Extract (g/kg Dry Matter)

Young 16.7 15.5 17.4 18.4 14.9 0.6 0.40

Intermediate 15.5 15.9 15.0 17.4 17.2 0.6 0.60

Mature 14.1 13.8 15.2 15.2 14.7 0.6 0.90

SEM 0.6 1.0 0.8 0.6 0.8

P-value 0.30 0.70 0.50 0.08 0.40

Mineral Matter (g/kg Dry Matter)

Young 110.8 117.4 111.2 95.5 133.5A 4.7 0.10

Intermediate 120.0 107.7 102.3 93.9 130.5AB 4.7 0.08

Mature 107.6 ab 117.5a 111.5a 82.8b 102.0abB 4.0 0.04

MSE 5.3 5.8 5.4 2.5 5.8

P-value 0.70 0.70 0.80 0.07 0.03

EPP = erect prickly pear; APP = African prickly pear; SEM: standard error of mean; Means followed by lowercase letters differ in the rows and capital letters in

columns (P < 0.05).

varieties at the young and intermediate phases. At the mature phase,
the forage cactus IPA-20 presented higher concentrations than the EPP
and APP varieties. For the values of ADF by variety, there was a dif-
ference (P < 0.05) for the forage cactus F-08, IPA-20 and EPP in
cladodes at the mature phase in relation to the intermediate and young
phases (Table 2).

For acid digested lignin (ADL), there were differences between the
varieties (P < 0.05). In cladodes at young and intermediate phases, the
EPP and APP varieties showed lower concentrations when compared to
others. At the mature phase, greater concentrations were observed for
the cladodes of the IPA-20 forage cactus compared to the EPP pear and
APP. When analyzing the ADL by variety, the EPP presented a differ-
ence (P < 0.05), so that the young and intermediate phases of cla-
dodes had lower concentrations than at the mature phase. For the IPA-
20 variety, the highest concentration (P < 0.05) was observed for
cladodes at the mature phase, and the lowest concentration occurred at
the intermediate phenophase (Table 2).

In relation to carbohydrate fractions (Table 3), there was a differ-
ence (P < 0.05) in the total carbohydrate concentration (TC). For the
IPA-20 variety, it presented the highest concentration (840.7 g/kg DM);
the F-08 presented the lowest concentration (803.8 g/kg DM) for in-
termediate phase cladodes, however, they did not differ from others. In
cladodes at the mature phase, the IPA-20 variety had a concentration of
856.6 g/kg DM, which was higher (P < 0.05) than the 816.5 g/kg DM
identified for the APP. For the TC concentration, by variety, there was a
difference (P < 0.05) for EPP. A lower value (812.4 g/kg DM) was
identified for cladodes at the young phase, which differs from the other
phases, with 336.0 g/kg DM at the intermediate phase and 831.6 g/kg
DM at the mature phase. It did not differentiate between themselves
(P > 0.05).

The NFC (g/kg DM) differed among cladodes of all varieties
(P < 0.05) at the young and intermediate phases. The EPP had

665.7 g/kg DM and 663.4 g/kg DM, respectively. It differed from the
other varieties at the same phases. However, the mature phase showed
similar concentrations to those of APP, IPA-20, and F-08 (Table 3).

For the NFC concentration, the EPP and the F-08 presented a dif-
ference (P < 0.05) for cladodes at the mature phase in comparison to
the others. For the APP and IPA-20 varieties, there was a difference
(P < 0.05) at the mature and young phases, the latter being higher for
both varieties. By analyzing Gigante forage cactus, there is a difference
(P < 0.05) for cladodes at all phenological phases, with a concentra-
tion of 507.0, 496.1 and 425 g/kg DM for young, intermediate and
mature phases, respectively (Table 3).

For the fractions A + B1 (g/kg TC) corresponding to fast-decaying
carbohydrates, a difference (P < 0.05) was obtained for cladodes of
the EPP, with 819.5 g/kg TC at the young phase and 793.6 g/kg TC at
the intermediate phase, concentrations higher than those of all other
varieties at the same phases. For the concentrations of these fractions by
variety, there was a difference (P < 0.05) for cladodes of EPP, APP,
IPA-20, and F-08 at the mature phase in relation to the others, which
presented a lower concentration. However, for the Gigante variety, all
phases differed from each other (P < 0.05), with 681.6 g/kg TC for
young phase cladodes, 599.4 g/kg TC for intermediate phase cladodes
and 504.7 g/kg TC for mature phase cladodes (Table 3).

For the fraction B2 (g/kg TC), there was a statistical difference for
young phase cladodes of the F-08 variety it presented the highest value
279.3 g/kg TC, IPA-20 with an intermediate value (208.0 g/kg TC), and
EPP with the lowest value (125.9 g/kg TC). Att the intermediate phase,
the was a difference in the variety of EPP in relation to the others. In
contrast, at the mature phase, cladodes of the EPP and Gigante pear
varieties did not differ from each other (P > 0.05), but differed from
the others (P < 0.05). As for the fraction B2 (g/kg TC), a difference
(P < 0.05) was observed between cladodes at the mature and young
phases of African and Gigante prickly pear. For EPP, the difference
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Table 2
Fiber compounds of forage cacti varieties of the genus Opuntia in function of different phenological phases.

Phenological phases Varieties SEM P- value
EPP APP Gigante IPA-20 F-08

Pectin (g/kg dry matter)

Young 212.8 203.9 128.0 136.0 139.3 13.6 0.10

Intermediate 180.1a 185.4a 98.0b 144.3 ab 132.5 ab 10.2 0.02

Mature 210.1a 153.5 ab 133.7b 169.9 ab 174.5 ab 8.6 0.05

SEM 15.7 9.2 8.4 13.4 11.8

P-value 0.70 0.06 0.20 0.60 0.30

Neutral detergent fiber (g/kg Dry Matter)

Young 146.7bB 220.0 aB 266.2 aC 245.0 aB 255.7 aB 11.4 < 0.01

Intermediate 172.6bB 289.4aAB 331.4 aB 301.8 aB 300.9 aB 14.3 < 0.01

Mature 310.7bA 360.3abA 417.5 aA 374.7abA 389.6abA 11.4 0.02

SEM 24.4 19.9 20.4 18.2 18.1

P-value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Hemicellulose (g/kg Dry Matter)

Young 17.7bB 116.2 aB 107.5 aB 99.6 aB 114.a 9.1 < 0.01

Intermediate 45.29bB 157.9aAB 159.4 aB 142.2aAB 142.4a 125 < 0.01

Mature 143.7A 185.9A 216.6A 175.5A 162.9 9.4 0.10

SEM 19.6 12.0 15.4 12.8 8.8

P-value < 0.01 0.04 < 0.01 0.03 0.06

Acid detergent fiber (g/kg Dry Matter)

Young 129.0bB 123.8b 158.aB 145.4bB 141.5abB 3.9 0.02

Intermediate 127.4bB 131.4 ab 172.0aAB 159.6abB 158.5abB 5.6 0.03

Mature 167.0bA 174.4b 200.9abA 199.1 aA 226.7abA 6.7 0.02

SEM 6.6 10.4 6.9 8.2 11.7

P-value < 0.01 0.09 0.02 < 0.01 < 0.01

Cellulose (g/kg Dry Matter)

Young 122.4B 114.0 131.4B 121.3 121.7B 2.7 0.40

Intermediate 119.4B 120.5 141.4B 137.3 138.1B 4.4 0.40

Mature 151.7bA 158.1 ab 172.0abA 163.1 ab 203.9 aA 6.2 0.04

SEM 5.5 9.3 6.4 7.7 11.2

P-value 0.01 0.10 < 0.01 0.07 < 0.01

Acid digested lignin (g/kg dry matter)

Young 6.6 cB 9.7¢c 27.2a 24.1abAB 19.9b 1.9 < 0.01

Intermediate 8.0 cB 10.9¢ 30.3a 22.3bB 20.5b 2.0 < 0.01

Mature 15.4bA 16.3b 28.9 ab 36.0 aA 22.8 ab 2.2 < 0.01

SEM 1.3 1.4 1.4 2.5 1.0

P-value < 0.01 0.10 0.70 0.03 0.50

EPP = erect prickly pear; APP = African prickly pear; SEM: standard error of mean; Means followed by lowercase letters differ in the rows and capital letters in

columns (P < 0.05).

(P < 0.05) was for the mature phase in relation to the others (Table 3).

For the concentration of C fraction (g/kg TC), there was a difference
(P < 0.05) for the IPA-20 forage cactus cladodes at the young and
intermediate phases in relation to the EPP, APP, and F-08; however, it
did not differ (P > 0.05) from the Gigante variety. There was a dif-
ference (P < 0.05) for the C fraction by variety, with higher con-
centrations for mature phase cladodes, which differed from the young
and intermediate phases, but did not differ from each other, however in
the young and intermediate phases the APP and F-08 varieties had the
lowest concentration of the C fraction (Table 3).

In relation to the parameters of in vitro gas production (Table 4), a
difference (P < 0.05) was observed between the varieties as for the
total volume of gas produced (Vtl) for cladodes of APP, which pre-
sented higher volumes than the EPP and IPA-20. As for the volume of
gas per variety, there was a difference (P < 0.05) for cladodes of the
Gigante forage cactus, where the highest volume was 323.6 mL/gDM
for the young phase.

For total production, adjusted by the bicompartmental model (Vt2),
the IPA-20 and EPP varieties presented lower volumes (P < 0.05)
compared to the APP for cladodes at intermediate and mature phases
(Table 4). For the volume of gas produced by the degradation of the
fraction A + B1 of the Cornell System (NFC) of fast fermentation (Vf1),
there was a difference (P < 0.05) between the varieties. The F-08
forage cactus cladodes, attheyoungphase,presentedavolumeof223.1mL/
gDMthanAPPvariety, which presented 189.1 mL/gDM (Table 4).

For the rate of degradation of the fast digestion fraction (Kd1), there
was a difference (P < 0.05) among varieties. The APP presented lower

gas volumes in relation to the IPA-20 and F-08 cladodes at the young
and intermediate phases. When analyzing the rate of degradation by
variety, there was a difference (P < 0.05) for the giant variety, with
the highest volume for young cladodes; however, the intermediate and
mature phases did not differ from each other (P > 0.05). We observed
difference (P < 0.05) for the [PA-20 variety, with a lower volume at
the mature phase, but no difference was observed between the young
and intermediate phases (Table 4).

For the volume of gas produced by the degradation of the fraction
B2 of the Cornell System (FC), with a slow degradation, the APP pre-
sented a higher volume (P < 0.05) in relation to the other varieties for
cladodes at the intermediate phase. By analyzing the volume of gas
produced by variety, the forage cactus IPA-20 and F-08 presented vo-
lume of gas produced at the mature phase and did not differ from the
intermediate phase in both varieties (Table 4).

For in vitro true digestibility parameters (Table 4), there was no
difference (P > 0.05) between cladodes of EPP, APP and F-08 at the
young and intermediary phases. However, they presented difference
(P < 0.05) for the Gigante and the IPA-20 at the same phases. Re-
garding in vitro true digestibility by variety, there was a difference
(P < 0.05) for mature phase cladodes with a lower digestibility in
relation to the other phases for the EPP, IPA-20, and F-08.

4. Discussion

In general, forage cactus has a low dry matter (DM) concentration,
and the values found for cladodes of the varieties in this research
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Concentrations of total carbohydrates (TC) and neutral detergent fiber (NFC) and carbohydrates fractions of forage cactus varieties of the genus Opuntia in function of

different phenological phases.

Phenological phases Varieties SEM P- value
EPP APP Gigante IPA-20 F-08

TC (g/kg Dry Matter)

Young 812.4B 807.7 836.1 843.6 807.4 5.7 0.10

Intermediate 836.0abA 819.7 ab 827.5 ab 840.7a 803.8b 4.3 0.04

Mature 831.6abAB 816.5b 843.3 ab 856.6a 836.38 ab 4.2 0.02

SEM 4.3 7.7 3.6 4.0 6.6

P-value 0.04 0.80 0.20 0.20 0.07

NFC (g/kg Dry Matter)

Young 665.7 aA 567.7bA 570.0bA 598.6bA 551.7bA 11.0 < 0.01

Intermediate 663.4 aA 530.3bAB 496.1bB 538.9bAB 502.9bA 15.7 < 0.01

Mature 520.9 aB 456.1abB 425.8bC 481.9abB 446.8abB 11.4 0.04

SEM 23.6 17.7 19.9 17.1 14.6

P-value < 0.01 0.01 < 0.01 < 0.01 < 0.01

Fractions of total carbohydrates

A + B1 (g/kg TC)

Young 819.5 aA 702.2bA 681.6bA 709.4bA 683.3 * 16.2bA 12.7 < 0.01

Intermediate 793.6 aA 646.8bA 599.4bB 641.0bA 625.5bA 17.7 < 0.01

Mature 626.1B 558.1B 504.7C 562.5B 534.5B 13.4 0.06

MSE 29.2 20.1 24.0 20.8 20.0

P-value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

B2 (g/kg TC)

Young 125.9 cB 247.5abB 242.1abB 208.0b 279.3a 12.8 < 0.01

Intermediate 142.3bB 293.7aAB 313.7aAB 260.0a 322.4a 17.1 < 0.01

Mature 257.4bA 327.8abA 364.4bA 275.5 ab 328.9 ab 13.1 0.04

MSE 21.4 13.3 18.1 14.2 10.5

P-value < 0.01 0.02 < 0.01 0.10 0.10

C (g/kg TO)

Young 54.6bcB 50.2 cB 76.3abB 82.5 aB 37.4 cB 4.4 < 0.01

Intermediate 64.1bcB 59.5 cB 86.8abB 99.0 aB 52.1 cB 4.7 < 0.01

Mature 116.5A 114.1A 130.8A 161.9A 136.6A 7.7 0.30

MSE 8.9 11.5 8.6 11.6 14.3

P-value < 0.01 0.03 < 0.01 < 0.01 < 0.01

EPP = erect prickly pear; APP = African prickly pear; SEM: standard error of mean; Means followed by lowercase letters differ in the rows and capital letters in

columns (P < 0.05).

(Table 1) corroborate those identified for Opuntia genus, which were
105.5-127.3 g/kg of natural matter (Pessoa et al., 2009; Silva et al.,
2017). Due to the low concentrations of DM in forage cactus, when
there is a large supply of this food to animals, meeting the DM re-
quirements can be compromised. On the other hand, this characteristic
represents a great contribution of water to the animals via cactus
(Vieira et al., 2008; Costa et al., 2012; Cardoso et al., 2019), a limiting
factor in Semiarid regions (Dubeux Junior et al., 2010).

The crude protein (CP) concentrations found in cladodes of all
varieties (Table 1) are considered low. For the growth and development
of ruminal microorganisms, which are responsible for the degradation
of slow-digesting nutrients, the diet should contain concentrations of
around 60.0-70.0 g/kg DM (Reis et al., 2004; Silva et al., 2011). As an
alternative to low CP concentrations urea can be used, since micro-
organisms use urea when the presence of readily fermentable energy in
the rumen occurs for the formation of microbial protein (Wanderley
et al., 2012).

For mineral matter (MM), a decrease in concentrations as the plant
developed, for the F- 08 variety. However, despite the difference, the
forage cactus presented high concentrations of MM in its cladodes,
which, according to Melo et al. (2003), is related to the high con-
centration of mineral macroelements in its composition.

There were differences in pectin concentrations (g/kg DM) among
the varieties in (Table 2). It is important to note that pectin is a
structural compound of the cell wall of plants, together with other
compounds such as cellulose and hemicellulose, but it has a high so-
lubility and, consequently, contributes to increase the digestibility of
dry matter and neutral detergent fiber (Hall and Akinyode, 2000;
Ramos et al., 2013). Foods with a high pectin content have great po-
tential to be used in ruminant diets because they have a high energy

density, they have a desirable type of fermentation without the pro-
duction of lactic acid, helping to maintain a favorable ruminal en-
vironment (Muller and Prado, 2005).

The highest neutral detergent fiber (NDF) concentrations (Table 2)
for the mature phase of the varieties may be related to the high ma-
turity of cladodes at this phase compared to the others. This is because
the maturation of the plant implies an increase of the cellular wall,
cellulose and hemicellulose, which constitute the NDF. This occurs at
the expense of organic molecules, which participate in metabolic pro-
cesses by depositing non-nitrogenous organic molecules (cellulose,
hemicellulose, lignin), causing a reduction in the concentration of ni-
trogen compounds (Van Soest, 1994; Velasquez et al., 2010).

In work conducted by Batista et al. (2003) and Batista et al. (2009),
values obtained for NDF of varieties of the genus Opuntia ranged from
241.0 to 284.0 g/kg DM, while Cordova-Torres et al. (2015) identified a
variation of 420-489 g/kg DM for varieties of the same genus. There-
fore, the concentrations of NDF in cladodes at the young and inter-
mediate phases in this research resemble those of the authors men-
tioned. Concentrations at the mature phase are higher, which is
possibly related to the complete development of the cladode and con-
sequently a high concentration of fiber.

In a study developed by Mokoboki and Sebola (2017) in South
Africa, varieties of the genus Opuntia had lower concentrations of HEM
for almost all the varieties studied in this work (Table 2) regardless of
phenological phase: Opuntia algerian (6.03 g/kg DM), Opuntia morado
(10.45 g/kg DM), Opuntia american giant (7.40 g/kg DM), Opuntia
roetan (10.76 g/kg DM) and Opuntia crossx (7.40 g/kg DM). Such dif-
ferences are possibly related to the varieties themselves, milder tem-
peratures and the soil of the region.

The acid detergent fiber (ADF) concentrations in cladodes of the
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Table 4

Kinetics of in vitro gas production and in vitro true dry matter digestibility of forage cactus of the genus Opuntia in function of different phenological phases.
Phenological phases Varieties SEM P- value

EPP APP Gigante IPA-20 F-08

Total volume of gas produced (mL/gDM)
Young 302.8 320.9 323.6A 286.1 307.5 4.9 0.09
Intermediate 286.7b 326.5a 301.6abB 285.9b 300.4 ab 4.6 0.02
Mature 282.5b 327.9a 301.8abB 274.5b 276.4b 5.5 < 0.01
MSE 4.7 6.8 3.4 3.8 6.3
P-value 0.20 0.90 < 0.01 0.40 0.09
Total production adjusted by the bi-compartment model (mL/gDM)
Young 300.5 ab 313.2 ab 320.2 aA 280.0b 300.9 ab 4.6 0.04
Intermediate 285.4b 325.3a 298.9abB 280.6b 294.2 ab 4.7 0.01
Mature 279.8b 326.0a 299.5abB 270.1b 271.3b 5.8 < 0.01
MSE 4.6 6.5 3.2 3.6 6.1
P-value 0.20 0.70 < 0.01 0.40 0.10
Volume of gas produced by the degradation of NFC (mL/gDM)
Young 200.2abA 189.1b 214.9abA 199.0abA 223.1 aA 4.0 0.04
Intermediate 186.8AB 196.2 193.4B 193.0A 205.6A 3.2 0.50
Mature 181.4B 180.7 186.2B 171.3B 165.5B 3.0 0.20
MSE 3.4 5.5 4.3 4.5 8.6
P-value 0.04 0.6 < 0.01 0.01 < 0.01
Rate of degradation of the fast digestion fraction (/h)
Young 0.15bc 0.12c 0.14 cA 0.18 aA 0.18 ab 0.007 < 0.01
Intermediate 0.14 ab 0.12c 0.13bcB 0.16abAB 0.17a 0.006 < 0.01
Mature 0.13 ab 0.11b 0.12abB 0.14abB 0.14a 0.004 0.02
MSE 0.03 0.003 0.003 0.008 0.008
P-value 0.20 0.70 0.02 0.03 0.10
Lag time (h)
Young 3.8bc 3.7bc 3.2¢ 5.1a 4.6 ab 0.2 < 0.01
Intermediate 3.9bc 3.8bc 3.4c 4.9a 4.5 ab 0.1 < 0.01
Mature 3.8 3.7 3.4 5.2 3.5 0.2 0.08
MSE 0.08 0.2 0.08 0.08 0.3
P-value 0.90 0.90 0.50 0.60 0.30
Volume of gas produced by the degradation of FC (mL/gDM)
Young 100.3bc 124.1a 105.2 ab 81.0 cB 77.8 cB 4.4 < 0.01
Intermediate 98.6b 129.0a 105.5b 87.6bAB 88.6bAB 3.8 <0.01
Mature 98.5b 145.4a 113.3 ab 98.9bA 105.7bA 5.0 < 0.01
MSE 2.8 5.9 1.8 3.1 4.3
P-value 0.90 0.30 0.10 0.04 0.01
Rate of degradation of the slow digestion fraction (/h)
Young 0.04b 0.04b 0.04b 0.04b 0.05a 0.001 0.03
Intermediate 0.04 0.04 0.04 0.04 0.04 0.001 0.10
Mature 0.04 0.04 0.04 0.04 0.04 0.0007 0.05
MSE 0.001 0.001 0.001 0.001 0.001
P-value 0.10 0.70 0.70 0.70 0.30
In vitro true digestibility (g/kg DM)
Young 912.4 aA 904.3a 871.3bA 874.2bA 911.0 aA 4.9 < 0.01
Intermediate 903.9 aA 908.9a 862.1bA 856.1bA 906.2 aA 6.1 < 0.01
Mature 852.4B 858.7 820.3B 798.0B 826.1B 7.8 0.07
MSE 8.7 11.0 8.1 10.7 12.5
P-value < 0.01 0.10 < 0.01 < 0.01 < 0.01

EPP = erect prickly pear; APP = African prickly pear; NFC = non-fiber carbohydrates; FC = fiber carbohydrates; SEM: standard error of mean; Means followed by

lowercase letters differ in the rows and capital letters in columns (P < 0.05).

Gigante variety (Table 2), independent of the phenological phase, are
relatively similar to those obtained by Torres et al. (2009), who iden-
tified 16.87% of ADF for the same variety. However, the highest con-
centrations of ADF, at the mature phase of EPP, Gigante and F-08
should be related to the greater maturity of the cladodes at this phase.

In research developed by Vilela et al. (2010) on the Gigante variety,
the concentrations obtained from acid digested lignin (ADL) were
30.2 g/kg DM, values close to those identified in this research (Table 2)
for cladodes of the same variety. Batista et al. (2003) found an ADL of
14.0 g/kg DM for the Gigante forage cactus and 17.0 g/kg DM for the
IPA-20 variety. These results only contribute to the affirmation that
plants have a chemical composition that may vary according to species,
age, soil conditions, among other factors. According to Melo et al.
(2006), as the plant develops, there is a great reduction in protein
concentrations and an increase of fibers associated with the increase of
lignin. The latter forms a barrier, which makes it impossible for the
adhesion of microorganisms and the enzymatic hydrolysis of cellulose

and hemicellulose, causing a limitation in the digestibility of food.

A high concentration of total carbohydrates (TC) was observed for
all varieties at all phenological phases (Table 3). In a study conducted
by Urbiola et al. (2011) on Opuntia sp. at different ages at 40, 50, 60,
70, 80, 90, 100, 115 and 135 days, the authors observed a significant
increase in carbohydrate concentrations: from 40.92 g/kg at 40 days to
60.77 g/kg at 135 days. These results corroborate with those of this
study, evidencing that, in addition to the difference between the phe-
nological phases and between varieties, the age of plants in other re-
searches influenced the concentration of TC.

For NFC concentrations, the EPP presented higher proportions in
cladodes at the young and intermediate phases compared to all other
varieties of the study. This is related to the low concentrations of NDF,
ADF, and LIG (Table 2). As for the lower NFC values at the mature
phase, the high concentrations of fiber fractions at this phase were also
closely related due to the higher maturity of cladodes (Table 2).

In this study, the NFC contents of cladodes decreased during the
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course of vegetative development. According to Balsalobre et al.
(2003), the maturity of plants changes the cell wall and in counterpart
decreases the concentration of NFC, which interferes with the avail-
ability of fast degradation energy for the microorganisms of the rumen
in forage plants.

The high concentrations of the A + B1 fraction in the cladodes of
the EPP and APP varieties (Table 3) may be associated with the high
pectin ratios in the dry matter (Table 2). According to Santos et al.
(2019), foods with high concentrations of the A + B1 fraction are ex-
cellent energy sources for ruminal microorganisms, resulting in greater
microbial growth.

The varieties with higher concentrations of the fraction B2 in the
cladodes at all phases (Table 3) can maximize microbial growth, with
greater activity of microorganisms that use fibrous carbohydrates. The
higher values of the C fraction at the mature phase may result in a
decrease in the digestibility of these cladodes. According to Van Soest
(1994), the C fraction promotes less energy availability of food due to
its indigestible characteristic, promoting less potential intake per unit of
time.

The highest volumes of in vitro gas observed for cladodes of APP
(Table 4) may be associated with a low concentration of the indigestible
fraction (C fraction), and with greater availability of fast and slow di-
gestion carbohydrates. On the other hand, gas volumes for the Gigante
forage cactus, higher concentrations were, cladodes at the young phase,
are related to the higher concentration of NFC at this phase in com-
parison with theothers. The lowest gas volumes adjusted by the bi-
compartmental model (Vt2) in cladodes of IPA-20 (Table 4) may be
related to the high concentration of C fraction (Table 3), which de-
creases the concentrations of digestible carbohydrates.

The volume of gas produced by NFC degradation (Table 4) in the F-
08 forage cactus was probably due to the low concentration of the C
fraction. Of all varieties studied and for the cladodes at the mentioned
phase, this variety presented the lowest C fraction value (Table 3).
Besides, most of the fractions TC and NFC are concentrated in this
phase.

The highest in vitro true dry matter digestibility (Table 4) in cla-
dodes of the EPP and APP varieties may be related to the lowest values
of ADF. According to Van Soest (1994) the lower the concentrations of
ADF in food, the higher the digestibility of the food. This is also related
to the lower lignification of the cell wall.

In general, there was a high digestibility of dry matter in cladodes of
the varieties at all phases, which is related in large part to the high
concentrations of soluble carbohydrates in their tissues. These results
are similar to those reported by Batista et al. (2003), who obtained an
average digestibility of 814.0 g/kg DM and 806 g/kg DM for Gigante
and IPA-20, respectively.

5. Conclusion

Due to the higher values of pectin, non-fibrous carbohydrates, gas
production adjusted by the bicompartmental model and digestibility,
the erect prickly pear varieties and the Prickly Pear African best nu-
tritional value for feeding ruminants in relation to the Gigante, IPA-20
and F-08 varieties. Mature phase is the least relevant.
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