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ABSTRACT

The objective of this study was to evaluate water loss and chemical composition of cactus
pear genotypes submitted to post-harvest storage periods. The experimental design adopted
was a the completely randomized, in a 3 x 5 factorial arrangement, with three cactus pear
genotypes and five storage periods, and ten replications. The cactus pear genotypes [Doce,
Baiana and Orelha de Elefante Mexicana (OEM)] were harvested after 2 years of cultivation
under rainfed conditions, and stored in a ventilated shed (0, 15, 30, 45 and 60 days). The
genotype Baiana showed greater water reduction in the stored cladodes when compared
to the other genotypes. All cactus pear genotypes showed reduction in crude protein and
carbohydrates in the storage period of 60 days. There were no losses of nutrients, dry matter
and ether extract during the storage periods for the genotype Doce. There was increase in
the fiber content of the cladodes of all stored genotypes. During the storage period of the
cladodes of all genotypes, there was reduction in the contents of Ca, Mg and Cu. The cactus
pear genotypes Doce and OEM can be stored for up to 60 days after harvest.
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RESUMEN

El objetivo de este estudio fue evaluar la pérdida de agua y la composicion quimica de
las variedades de pera de cactus forraje sometidas a periodos de almacenamiento poste-
riores a la cosecha. El disefio experimental adoptado fue un disefio completamente al azar,
en un arreglo factorial 3 x 5, que consistia en tres variedades de pera de cactus forrajero y
cinco periodos de almacenamiento, con diez repeticiones. Las variedades de pera de cactus
forrajero [Doce, Baiana y Orelha de Elefante Mexicana(OEM)] se cosecharon después de
2 afios de siembra en condiciones de secano y se almacenaron en un cobertizo ventilado
(0, 15, 30, 45 y 60 dias). El genotipo Baiana mostré una mayor reduccion de agua en los
cladodios almacenados en relacidon con otros genotipos. Todos los genotipos de pera de
cactus mostraron una reducciéon en proteinas crudas y carbohidratos en el periodo de
almacenamiento de 60 dias. No hubo pérdidas de nutrientes, materia seca y extracto de
éter durante el periodo de almacenamiento para el genotipo Doce. Hubo un aumento en
el contenido de fibra en los cladodios para todos los genotipos almacenados. Durante el
periodo de almacenamiento para cladodios de todos los genotipos, hubo una reduccién en
el contenido de Ca, Mg y Cu. Las variedades de pera de cactus Doce y OEM se pueden alma-
cenar hasta 60 dias después de la cosecha.

Palabras clave
conservacion e forraje e Nopalea acochinillifera e Opuntia tuna

INTRODUCTION

The cactus pear is an important resource for animal feeding due to its rusticity and
production potential even with low water availability, especially in the semi-arid region
of Brazil, as this plant presents high forage supply capacity when compared to the native
vegetation of the caatinga (14), mainly during the dry season.

When dealing with historical aspects of cactus pear, the literature points to Mexico as its
origin point (7). The cactus pear species most used as forage belong mainly to the genera
Opuntia and Nopalea (10), which present variable chemical composition according to the
period of the year, plant age, cladode order, genotype, fertilization management, cultivation
spacing, and other factors (6). Itis of a forage that has low contents of dry matter (63.7 gkg),
crude protein (54.2 g kg!), neutral detergent fiber (283.0 g kg') and acid detergent fiber
(209.3 g kg') (4). However, it is rich in non-fibrous carbohydrates (473.6 g kg!) and total
digestible nutrients, presenting high water content, and high animal acceptability. The cactus
pear is also rich in vitamins A, complex B and C, and minerals such as calcium, magnesium,
sodium, potassium, and 17 types of amino acids (13, 17).

Cactus pear is also considered a strategic forage reserve and, depending on the needs
of the producer and climatic conditions, the harvest frequency may vary. Depending on
the crop structure, the cactus pear can be harvested manually and transported by animal
traction to its place of use. In general, this operation is carried out daily, increasing
production costs (23). Another factor that jeopardizes the harvest is the lack of pattern
of the orchard, hindering management practices, such as fertilization. Also, direct grazing
might compromise its cultivation, due to damages caused to the plants by the animals (3).

Post-harvest storage may be an alternative to lower the costs of harvesting and
transportation of the material, however the storage must be done in a shady or covered
place as long as it is ventilated. However, few information is available in the literature on
post-harvest storage of cactus pear genotypes and its effects on the nutritional value and
animal performance. It was hypothesized that the cactus pear genotypes stored for up to
60 days post-harvest would not present changes in their chemical and mineral composition
enough to reduce their quality. Thus, the objective was to evaluate water loss and chemical
composition of the cactus pear genotypes Doce, Baiana and Orelha de Elefante Mexicana
submitted to up to 60 days of storage post-harvest.
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MATERIAL AND METHODS

Experimental site

The experiment was carried out at the Experimental Farm Alvorada of Gurguéia, which
belongs to the Federal University of Piaui (UFPI), in Alvorada of Gurguéia, Piaui, Brazil. The
city of Alvorada of Gurguéia is located at latitude 08°25’28” South and longitude 43°46’38”
West, at an altitude of 281 m. The region has a semi-arid climate, with a dry period of
approximately eight months (1).

Experimental design

The experimental design adopted was the completely randomized, in a 3 x 5 factorial
arrangement, with three genotypes of cactus pear (Doce, Baiana and Orelha de Elefante
Mexicana) and five storage periods (0, 15, 30, 45 and 60 days), in ten replications.

Planting and fertilization

Before planting the cactus pear genotypes, a soil sample was collected for analysis and
chemical characterization of the 0-20-cm layer, which was carried out at the Soil Analysis
Center of the UFPI, Bom Jesus, Piaui, Brazil. It was not necessary to perform soil correction
based on soil base saturation and crop requirement. The basic fertilization consisted of the
application of 50 kg ha! of nitrogen as urea (45% N), 50 kg ha' of potassium as potassium
chloride (48% K,0) and 30 kg ha™ of phosphorus as single superphosphate (18% P,0,).

The spacing used for the cultivation of the cactus pear genotypes was 1.5m x 0.1m, in
a density of 66,133 plants ha!. Three genotypes of cactus pear were planted in December
2013: Nopalea cochinillifera, genotypes Doce and Baiana, and Opuntia tuna, genotype
Orelha de Elefante Mexicana (OEM). After 2 years of cultivation under rainfed conditions,
the harvest was performed on December 6%, 2015. The cactus pear was harvested manually,
using a 14-inches Tramontina® knife preserving a residual cladode area (23), and stored
in a ventilated shed on wooden pallets, with a height of approximately 10 cm from the floor,
storing 200 cladodes from each genotype, thus providing a random choice, for a period of
up to 60 days of post-harvest.

Quantification of water loss

After harvesting, ten cladodes of each genotype were selected and separated for weighing,
which were alwas the same cladodes to be weighed according to the storage periods. In
order to measure the amount of water lost by the catus pear genotypes, it was used a digital
electronic scale, with capacity of 1 g to 5 kg, model Sf-400 UNICASA®. The calculation of
water loss was made through the difference between the weight of the current period and
the previous period.

The cladodes of the cactus pear genotypes were subjected to natural drying due to the
conditions of rainfall (mm), air relative humidity (%) and room temperature (°C). The
accumulated precipitation during the entire experimental period was 387 mm. The maximum
and minimum values of air relative humidity were 93.5% and 33%, respectively. The
maximum temperature values ranged from 25.6°C to 38.4°C, and the minimum temperature
values ranged from 19.2°C and 24.2°C.

Chemical composition

Ten cladodes of each genotype and each treatment (0, 15, 30, 45 and 60 days of storage)
were randomly collected in plastic bags, duly identified and taken to the Animal Nutrition
Laboratory of the UFPI, where they were chopped, weighed and taken to a forced ventilation
oven at a temperature of 65°C until reaching constant weight. Later, the pre-dried samples
were ground in a “Thomas Wiley” stationary mill, model SP-32 SPLAPOR® with a 1.0-mm
mesh sieve, and packed in containers with covers for chemical analysis. The contents of dry
matter (DM) (Method n°® 934.01), mineral matter (MM) (Method n°® 930.05), crude protein
(CP) (Method n° 981.10) and ether extract (EE) (Method n° 920.29) were determined (2).
In the analysis for the determination of neutral detergent fiber (NDF) and acid detergent
fiber (ADF), it was adopted a methodology with modifications proposed by the Ankon
device manual of the Ankon Technology Corporation (25). Lignin was determined on the
ADF residue with 72% sulfuric acid (25). For the estimation of total carbohydrates (TCHO)
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the following equation was used: TCHO = 100 - (%CP + %EE + %MM) (24). The non-fiber
carbohydrates (NFC) were estimated through the equation: NFC = 100 - %MM - %CP - %EE
- %NDF (11).

Mineral composition

In the analysis of mineral composition, after nitric-perchloric digestion, the phosphorus
(P) contents were determined by UV /VIS spectrophotometry at 660nm, by reading the blue
color intensity of the phosphomolybdic complex produced by the reduction of molybdate
with ascorbic acid in a spectrophotometer model IL-592 EVEN®. Whereas the contents of
potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn), sodium
(Na) and copper (Cu) were determined by atomic absorption spectrophotometry (AAS), in a
spectrophotometer model AA240FS VARIAN® (20), in the Soil Analysis Center of the UFPL

Statistical analysis

The results were submitted to analysis of variance and regression analysis (storage
period), by the Scott-Knott test (cactus pear genotypes), at a level of 5% of significance,
using the software SISVAR version 5.0 developed by the Federal University of Lavras (8).

RESULTS

Quantification of water loss

Regarding the analysis of water loss of the stored cladodes, there was no effect
(P=0.2589) of the interaction between the factors genotypes and storage periods (figure 1).
It was observed a significant difference between the cactus pear genotypes for water loss
(P=0.0004), in which the genotype Baiana presented the highest water loss (0.218 g).
There was a linear reduction (P=0.018) of water loss in all genotypes as the storage period
advanced, with wate loss being observed only after 15 days os post-harvest.
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Figure 1. Water loss of the cactus pear genotypes during post-harvest storage periods.
Figura 1. La pérdida de agua de las variedades de pera de cactus durante los periodos de
almacenamiento posteriores a la cosecha.
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Chemical composition

It was observed significant effect (P<0.05) of the interaction between cactos pear
genotypes and storage periods on the variables dry matter, crude protein, ether extract,
mineral matter, organic matter and non-fiber carbohydrates (table 1).

Table 1. Chemical composition of cactus pear genotypes submitted to different
storage periods.

Tabla 1. Composicién quimica de las variedades de pera de cactus forraje sometidas a
diferentes periodos de almacenamiento.

Genotype Storage periods (days) Mean P-value
o | 15 | 30 | 45 | 60
Dry Matter (DM) (g kg?)
Doce 124.56A | 122.50A | 135.33A | 105.37A | 124.93A 122.54 0.1683™
Baiana 113.97B | 114.13A | 110.47B | 102.70A | 103.80B 109.01 0.0106*
OEM? 104.87B 117.27A 118.77B 108.93A 102.77B 110.52 0.2890"
Mean 114.47 117.97 121.52 105.67 110.50
Crude Protein (CP)!
Doce 34.77C 34.40C 34.63B 32.43B 32.60B 33.77 0.0100*
Baiana 40.97B 36.60B 35.80B 34.20B 33.50B 36.21 <0.0001*
OEM? 52.57A 52.37A 55.83A 54.33A 56.00A 54.22 0.0006*
Mean 42.77 41.12 42.09 40.32 40.70
Ether Extract (EE)!
Doce 14.30B 14.20B 13.17B 11.67B 16.03A 14.05 0.4384"
Baiana 17.37A 17.40A 21.43A 15.10A 16.13A 17.49 0.1790"
OEM? 11.90B 13.80B 10.83B 15.60A 16.90A 13.63 0.0061*
Mean 14.52 15.13 15.14 14.12 16.36
Mineral Matter (MM)*
Doce 128.80A 159.20A 150.60B 161.17A 156.77B 151.31 <0.0001*
Baiana 133.20A | 135.37B | 154.07B | 165.40A | 161.60A 149.93 <0.0001*
OEM? 114.67B | 129.97C | 167.60A | 161.07A | 152.67B 145.19 | <0.0001*
Mean 125.56 141.51 157.42 162.54 157.01
Organic Matter (OM)*
Doce 871.20B | 840.80C | 849.40A | 838.83A | 843.23A 848.69 | <0.0001*
Baiana 866.80B | 864.63B | 845.93A | 834.60A | 838.40B 850.07 | <0.0001*
OEM? 885.37A 870.07A 832.40B 838.97A 847.37A 854.83 <0.0001*
Mean 874.45 858.50 842.58 837.47 843.00
Total Carbohydrates (TCHO)*
Doce 822.13A | 792.20B | 801.67A | 794.70A | 793.77A 800.89 | <0.0001*
Baiana 808.47B 810.63A 788.73B 785.23B 788.80A 796.37 <0.0001*
OEM? 820.87A | 803.90A | 765.73C | 769.00C | 775.30B 786.96 | <0.0001*
Mean 817.16 802.24 785.38 782.98 785.96
Non-Fiber Carbohydrates (NFC)*

Doce 597.47 561.93 547.63 516.00 530.60 550.73A -
Baiana 554.37 562.70 517.33 508.33 524.17 533.38B -
OEM? 562.93 549.57 504.93 495.57 505.57 523.71C -
Mean 568.47 551.37 535.94 520.50 505.06 <0.0001*

Regarding the DM content, only the genotype Baiana had significant effect (P=0.0106) of
the storage periods, presenting the highest contentat 15 days (114.13 gkg'), and decreasing
over time (table 1). Regarding the CP content, a linear increase (P=0.0006) was observed
for the genotype OEM, and linear decrease for the genotypes Doce and Baiana (table 1).The
genotype OEM also presented the highest CP contents (54.2 + 0.07 g kg™) in all storage
periods and a linear increase in the EE content (P=0.0061).

There was a linear increase in MM (P<0.0001) and decrese in OM, TCHO and NFC
variables in the different storage periods (table 1). The genotype OEM presented the lowest
levels of MM except for 30 days of storage (167.60 + 0.17 g kg'). The increase in the MM
content in this period can be explained by the wearing of OM caused by higher temperatures
up to 29 days during the entire studied period.
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Regarding the chemical composition of the cell wall, there was a significant difference
between the cactus pear genotypes for NDF, ADF and lignin (table 2). The different storage
periods caused these variabes to present a linear increase. The genotype Doce presented
the lowest levels of NDF and ADF (250.15 + 0.64 gkg'and 203.40 + 0.61 g kg™, respectively).
The genotype OEM presented the highest lignin contents when compared to the others
(48.37 £ 0.35 gkg?). There was no significant difference between the cactus pear genotypes
for hemicellulose and cellulose (table 2). Nevertheless, hemicellulose presented a linear
increase (P=0.0016) in the storage periods.

Table 2. Chemical composition of the cell wall of cactus pear submitted to different
storage periods.

Tabla 2. Composicidon quimica de la pared celular de la pera del cactus forrajero sometida
a diferentes periodos de almacenamiento.

Genotype Storage periods (days) Mean P-value
o | 15 | 30 | 45 | 60
Neutral Detergent Fiber (NDF)*
Doce 224.63 230.30 254.03 278.70 263.10 250.15B -
Baiana 254.07 24797 271.40 276.93 264.63 263.00A -
OEM? 257.97 254.30 260.80 273.43 269.73 263.25A -
Mean 245.56 244.19 262.08 276.36 265.82 <0.0001*
Acid Detergent Fiber (ADF)*
Doce 189.67 197.53 211.53 213.23 205.03 203.40B -
Baiana 197.47 209.20 216.03 211.93 208.67 208.66B -
OEM? 213.07 221.53 210.57 222.87 221.97 218.00A -
Mean 200.07 209.42 212.71 216.01 211.89 0.0108*
Lignin*
Doce 42.07 36.33 35.77 48.03 41.73 40.79B -
Baiana 35.83 37.93 37.10 41.80 33.50 37.23B -
OEM? 40.90 47.07 47.97 53.53 52.37 48.37A -
Mean 39.60 40.44 40.28 47.79 42.53 0.0496*
Hemicellulose!
Doce 34.9 32.7 42.5 65.4 58.0 46.7A -
Baiana 56.5 38.7 55.3 65.0 55.9 54.3A -
OEM? 44.8 32.7 50.2 50.6 47.7 45.2A -
Mean 40.2 44.5 48.7 53.0 57.2 0.0016*
Cellulose!’
Doce 147.6 161.2 175.7 165.1 163.3 162.6A -
Baiana 161.6 171.3 178.9 170.1 175.1 171.4A -
OEM? 172.1 174.4 162.5 169.3 169.6 169.6A -
Mean 160.4 169.0 172.4 168.2 169.3 -

Mineral composition

As for the composition of macro and micronutrients of the cactus pear genotypes in
the different storage periods, there was effect (P<0.05) of the the storage periods on the
studied variables, exception for potassium (K). Regarding the isolated effects of the cactus
pear genotypes, potassium (K), calcium (Ca), manganese (Mn) and sodium (Na) did not
have significant effect (table 3, page XXX).

The Mg content statistically differed among genotypes, where OEM presented the
highest content in comparison to the genotypes Doce and Baiana (4.83 * 0.32 g kg!) (table
3, page XXX). In addition, it presented linear reduction (P=0.0005) in the storage periods.
There was a significant difference between the genotypes for Cu and Zn. The Cu contents
presented linear reduction and Zn presented linear increase, in the sorage periods. However,
the genotype Doce had no effect (P=0.9531) on Zn in the post-harvest storage periods (table
3, page XXX).
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Table 3. Composition of macronutrients and micronutrients of cactus pear genotypes
submitted to different storage periods.

Tabla 3. Composicién de macronutrientes y micronutrientes de las variedades de pera de
cactus forraje sometidas a diferentes periodos de almacenamiento.

Genotype Storage periods (days) Mean P-value
0 | 15 | 30 | 45 | 60
Calcium (Ca) (g kg')!
Doce 26.55 34.51 31.46 26.45 27.63 29.32A -
Baiana 29.14 32.70 29.73 28.14 26.64 29.27A -
OEM? 29.18 31.81 26.22 26.52 18.45 26.43A -
Mean 28.29 33.00 29.14 27.04 24.24 0.0016*
Phosphorus (P) (g kg*)*
Doce 0.55 0.82 0.77 0.90 0.86 0.78B -
Baiana 0.92 0.89 1.14 0.93 0.85 0.94A -
OEM? 0.87 0.92 1.07 0.96 1.19 1.00A -
Mean 0.78 0.87 0.99 0.93 0.97 0.0130*
Magnesium (Mg) (g kg*)*
Doce 2.97 3.92 3.26 3.47 2.84 3.29B -
Baiana 4.28 3.84 3.35 3.03 3.31 3.56B -
OEM? 5.42 5.12 4.98 4.80 3.83 4.83A -
Mean 435 412 3.89 3.66 3.43 0.0005*
Sodium (Na) (g kg*)*
Doce 0.04 0.04 0.06 0.07 0.03 0.05A -
Baiana 0.03 0.04 0.04 0.05 0.02 0.04A -
OEM? 0.03 0.05 0.05 0.05 0.03 0.04A -
Mean 0.03 0.04 0.05 0.06 0.03 0.9945"
Potassium (K) (g kg)*
Doce 20.17 28.36 24.55 28.94 25.46 25.50 -
'gkg" on DM basis; Baiana 28.02 23.30 28.28 26.02 29.33 26.99 -
“0EM: Orelha de OEM? 24.67 27.52 28.87 2245 29.17 26.53 -
Elefante Mexicana;
P-value: linear Mean 24.29 26.39 27.23 25.81 27.99 -
regression for the Copper (Cu) (mg kg')!
storage periods, Doce 9.98A 5.39B 5.07A 7.07A 2.21A 5.94 | 0.0090*
*significant at 5%; Baiana 6.11A | 14.70A 9.56A 5.18A 1.92A 749 | 0.0011*
"snon-significant at
50; Means followed OEM? 10.11A | 14.05A 7.18A 7.18A 6.54A 8.98 | 0.0077*
by different uppercase Mean 8.73 11.38 7.27 6.42 3.56 -
letter.s i.n the cqlumns Iron (Fe) (mg kg)!
are statistically different Doce 1678 | 1430 | 2499 3263 | 2297 | 2233B :
Y (P<0.05). Baiana 14.28 15.62 21.26 24.74 15.49 18.29B -
1g kg en base DM; OEM? 35.75 48.03 40.19 49.94 34.38 41.66A -
20EM: Oreja de elefante Mean 22.27 25.98 28.82 35.77 24.28 0.1208"
mexicano; Valor Zinc (Zn) (mg kg)!
P: regresion lineal Doce 14.75A 8.84A 4.71B 15.68A | 11.48B 11.09 | 0.9531"
para los periodos de
almacenamiento, * Baiana 8.10B 6.03A 5.11B 11.45A | 12.64B 8.68 | 0.0077*
significativo al 5%; OEM? 11.56A 6.67A | 14.08A 13.84A | 19.01A 13.03 | 0.0002*
hasta e?g%g:ﬁfj&‘;g Mean 11.47 7.18 7.97 13.66 14.38
seguiélas de letras Manganese (Mn) (mg kg")'
mayisculas diferentes Doce 73.75 60.17 78.58 13258 | 157.00 100.42A -
en las columnas, difieren Baiana 71.50 66.00 80.50 135.75 117.50 94.25A -
estadisticamente segtin OEM? 37.67 72.75 118.17 129.2 | 145.41 100.68A -
la prueba de Sc(‘fft;gg‘;;t Mean 6097 | 6631 | 9242 | 13258 | 13997 <0.0001*

For Fe, there was no effect (P=0.1208) of the storage periods. The cactus pear
genotypes presented significant differences, with OEM showing the highest content
(41.66 £ 4.73 mg kg') in all storage periods. Initially, the Mn content did not present
significant difference between the genotypes, but the mean values along the storage periods
showed linear increase (P<0.05), with concentration effect of this nutrient caused by the
water loss.



Varieties cactus submitted to post-harvest storage periods

Di1scuUSSION

The loss of water (figure 1, page XXX) in the genotype Baiana is related to the respiratory
activities through plant evapotranspiration. Plants with crassulacean acid metabolism
(CAM) avoid water loss through evaporation by keeping the stomata closed during the day
(12), thus reducing gas exchange. However, after harvesting, if opened, the stomata can no
longer close. The stomatal opening throughout the entire storage period was confirmed
by the emergence of new sprouts of the cactus pear genotypes, mainly in the Nopalea
genus ones. The opening of the stomata may increase immediately after harvest (9). With
stomata open, the vapor pressure deficit between the forage and the air is high, but thanks
to their structural and functional characteristics, cacti are able to consume and lose the
minimum water amount they store (18), even with the stomata opened. The increase in
ambient temperature promotes an exponential increase in respiration, since the higher the
temperature, the greater the metabolic activity of the tissues (15).

Research testing the effect of the post-harvest storage period on DM content and
chemical composition of the cactus pear, did not find significant difference between the
genotypes Gigante and Redonda up to 16 days of storage (19), but for the genotype Doce,
the period of 12 days presented higher contents than day 0.

The water loss resulted in a concentration of CP in OEM (table 1, page XXX) due to the
respiratory activity of the plant, which results in a decrease in the soluble carbohydrate
contents, while CP concentrations are not affected by respiration, increasing in proportional
terms. That cactus pear from the Opuntia genus presented higher CP content than Nopalea,
ranging from 54.2 to 52.1 gkg* for Gigante and Redonda, respectively, and 43.1 g kg for Doce
(4). Differently from the present study, researchers did not find statistical difference for EE
up to 21 days of storage post-harvest in OEM (23). Among the genotypes, Baiana presented
the highest levels of EE up to 45 days. As lipids are the most susceptible constituents to
chemical degradation and directly influence the drying and preservability of the stored
product, this similarly justifies the highest water and DM losses in this genotype (16).

The decrease in carbohydrates is attributed to the shoots that appeared during the
post-harvest storage period, due to the dilution effect, caused by the increase in new
cladodes, which are poor in structural carbohydrates (22). As in hay making, unfavorable
environmental conditions lead to the loss of soluble carbohydrates through continuous
cellular respiration, and when the cladodes are stored with moisture content higher than
the recommended levels (between 150 and 180 g kg! of DM), they easily heat up and result
in increased levels of NDF, ADF and lignin (5). The increase in MM content in this period
can be explained by the wearing of OM caused by higher temperatures up to 30 days during
the entire study period.

When considering the plant development stage, there is an increase in the contents of
structural compounds, such as hemicellulose, cellulose and lignin and consequent decrease
in cellular content (table 2, page XXX). Researchers reported higher lignin contents in
the genotypes Gigante and Redonda in comparison to Doce, and did not find significant
differences for hemicellulose and cellulose contents, in Gigante, Redonda and Miuda in
different crop densities (4). Put Silva et al. (2017) found a significant difference of crude
fiber in genotype Doce between the periods 0 and 12 days of storage, with contents of 123.4
and 96.5 g kg, but not differing from the other periods (4, 8 and 16 days).

The water loss over time may have led to the concentration of P contents, (table 3,
page XXX) since the genotypes Baiana and OEM lost more water and presented the highest
concentrations of P (0.94 and 1.00 g kg™, respectively). The reduction in the Ca content over
time may be related to the emergence of shoots in the post-harvest storage. In addition, Ca
influences the structure and strength of the cell wall. Reserchers found levels of Ca of 17.0
and 28.2 g kg! and P of 0.7 and 0.8 g kg! in cactus pear Gigante at 390 and 620 days after
planting, respectively, in the treatment without fertilization, which are values very similar
to those found in the present study (21).

Sprouts over the storage period may have influenced the decrease in Mg (table 3, page
XXX) since it is rapidly transferred to young plants. In contrast, there was no difference
for K and Na contents in the studied genotypes, nor for the post-harvest storage periods.
Studies evaluating the mineral composition in the harvest of cactus pear cladodes under
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different spacing and chemical fertilization, also did not find significant difference for K
and Na (21). Santos et al. (1992) noted that differences in the Fe content can be explained
by the interactions of Fe with other nutrients, notably phosphorus, zinc, molybdenum and
copper, which are common. There is little information available in the literature on macro
and micronutrient contents in cactus pear and its effects on production, especially when it
comes to storage for long post-harvest periods. In general, the reduction in some minerals
during post-harvest storage may be due to the action of microorganisms, which degrade
part of the constituents over time.

CONCLUSIONS

The cactus pear genotypes Doce and Orelha de Elefante Mexicana (OEM) can be
stored for a period up to 60 days after harvest, with minimum losses of water content and
maintainance of a stable chemical composition, mainly regaring to the variables dry matter,
crude protein, ether extract, sodium and potassium.

REFERENCES

1. Alvares, C. A;; Stape, |. L.; Sentelhas, P. C.; Goncalves, ]. L. M.; Sparovek, G. 2013. Képpen'’s climate
classification map for Brazil. Meteorol Z. 22(7): 11-728. https://dx.doi.org/10.1127 /0941-
2948/2013/0507

2. AOAC. 1990. Official methods of analysis. 17" ed. Association of Official Analytical Chemists.
Gaithersburg, USA.

3. Carvalho, C. B. M,; Edvan, R. L; Carvalho, M. L. A. M.; Reis, A. L. A.; Nascimento, R. R. 2018. Uso de
cacticeas na alimentacdo animal e seu armazenamento apds colheita. Archivos Zootecnia.
67(259): 440-446. https://doi.org/10.21071/az.v67i259.3803

4. Cavalcante, L. A. D.; Santos, G. R. A;; Silva, L. M.; Fagundes, J. L.; Silva, M. A. 2014. Respostas de
genoétipos de palma forrageira a diferentes densidades de cultivo. Pesquisa Agropecuaria
Tropical. 44(4): 424-4334. https://doi.org/10.1590/51983-40632014000400010

5. Coblentz, W. K.; Hoffman, P. C. 2009. Effects of spontaneous heating on fiber composition,
fiber digestibility, and in situ disappearance kinetics of neutral detergent fiber for
alfafaorchargrass hays. Jornal Dairy Scince. 92(6):2875-2895. https://doi.org/10.3168/
jds.2008-1921

6. Dubeux-Junior, J. C. B.; Aradjo-Filho, ]. T.; Santos M. V. F; Lira, M. A,; Santos, D. C.; Pessoa, R. A. S. 2010.
Adubacdo mineral no crescimento e composi¢cdo mineral da palma forrageira - Clone IPA-
20. Revista Brasileira Ciéncia Agrarias. 5(1):129-135.

7. Ervin, G. N. 2012. Indian fig cactos (Opuntia ficus-indica (L.) Miller) in the Americas: An uncertain
history. Haseltonia. 6(17): 70-81.

8. Ferreira, D. F. 2011. Sisvar: computer statistical analysis system. Ciéncia Agrotecnica. 35: 1039-1042.

9. MacDonald, A. D; Clarck, E. A. 1987. Water and quality loss during field drying of hay. Advances in
Agronomy. 41(17): 407-437. https://doi.org/10.1016/S0065-2113(08)60810-X

10. Macedo, A. ]. S.; Santos, E. M,; Oliveira, J. S.; Perazzo, A. F. 2017. Produc¢do de silagem na forma de
racdo a base de palma: Revisdo de Literatura. Revista Electronica Veterinaria. 18(9): 1-11.

11. Mertens, D. R. 1994. Regulation of forage intake. In: Forage quality, evaluation and utilization. p. 450-
493. Fahey-Junior GC, Collins M, Mertens DR, LE Moser (Eds.) American Society of Agronomy.
Crop Science Society American, and Soil Science Society of America. Madison. EUA.

12. Moreira, C. 1994. Fotossintese. Revista Ciéncia Elementar X. 1(7): 1-5.

13. Nunes, C. S. 2011. Usos e aplica¢des da palma forrageira como uma grande fonte de economia para
o semidrido nordestino. Revista Verde. 6(1): 58-66.

14. Oliveira, E T; Souto, J. S,; Silva, R. P; Andrade-Filho, F. C.; Pereira-Jtnior, E. B. 2010. Palma forrageira:
Adaptacdo e importancia para os ecossistemas aridos e semiaridos. Revista Verde. 5(4): 27-37.

15. Pereira, A. R. 1989. Aspectos fisiolégicos da produtividade vegetal. Revista Brasileira Fisiologia
Vegetal. 1(3): 139-142.

16. Ramirez Ordoiies, SS.; Meza Villalbazo, V. M.; Trejo Cérdoba, A.; Hernandez Bautista, ].; Villalobos
Villalobos, G. 2019. Chemical composition and in situ ruminal disappearance of sorghum
silages grown in the mexican humid tropic. Revista de la Facultad de Ciencias Agrarias.
Universidad Nacional de Cuyo. Mendoza. Argentina. 51(2): 353-366.

17. Reyes-Gutiérrez, . A.; Montafiez-Valdez, O. D.; Guerra-Medina, C. E.; Ley de Coss, A. 2020. Effect of
protein source on in situ digestibility of sugarcane silage-based diets. Revista de la Facultad
de Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 52(1): 344-352.

18. Rizzini, C. T. 1987. Cactaceas: Os segredos da sobrevivéncia. Revista Ciéncia Hoje. 5: 30-37.

19. Santos, M. V. E; Lira, M. A, Farias, I; Burity, H. A.; Tavares-Filho, J. ]. 1992. Efeito do periodo de
armazenamento pos-colheita sobre o teor de matéria seca e composicdo quimica das
palmas forrageiras, Pesquisa Agropécuaria Brasileira. 27(6): 777-783.



Varieties cactus submitted to post-harvest storage periods

20. Silva, F. C. 2009. Manual de andlises quimicas de solos, plantas e fertilizantes. 2 ed. rev. ampl.
Embrapa informacdo Tecnoldgica. Brasilia.

21. Silva, J. A.; Bonomo, P; Donato, S. L. R;; Pires, A. J. V; Silva, E F; Donato, P. E. R. 2012. Composi¢do
mineral em cladédios de palma forrageira sob diferentes espagamentos e adubagdes
quimica. Revista Brasileira Ciéncia Agrarias. 7: 866-875.

22. Silva, J. A;; Bonomo, P; Donato, S. L. R;; Pires, A. ]. V; Silva, F. E; Donato, P. E. R. 2013. Composi¢do
bromatoldgica de palma forrageira cultivada em diferentes espagos e adubag¢des quimicas.
Revista Brasileira Ciéncia Agrarias. 89(2): 442-350.

23.Silva, T. D. S.; Melo, A. A. S. D; Ferreira, M. D. A,; Oliveira, J. C. V. D.; Santo, D. C. D; Silva, R. C.; Inacio
J. G. 2017. Acceptability by Girolando heifers and nutritional value of erect prickly pear
stored for different periods. Pesquisa Agropecuaria Brasileira. 52(9): 761-767. https://
doi.org/10.1590/s0100-204x2017000900008.

24. Sniffen, C. J.; O’ Connor, J. D; Van Soest, P. T; Fox, D. G.; Russell, ]. B. 1992. A net carbohydrate and
protein system for evaluating cattle diets: II. Carbohydrate and protein availability. ] Anim
Sci. 70(3): 3562-3577.

25. Van Soest, P. ]; Robertson, ]. B.; Lewis, B. A. 1991. Methods for dietary fiber, neutral detergent fiber,
and nonstarch polysaccharides in relation to animal nutrition. J Dairy Sci. 74(4): 3583-359.



