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Simple Summary: The question of sustainability of animal nutrition has become a popular topic.
The gains made by recycling safe, yet otherwise valueless, by-products and wastes from human food
and fiber production (green feeds) may lessen the competition between humans and animals for crops
and decrease the environmental impact of food production. In this context, prickly pear by-product,
which results from Opuntia ficus-indica (L.) Mill. fruits processed for juice extraction, could be an
optimum by-product to ruminant feeding. This study evaluates the nutritional characteristics and
its stability during storage using potassium metabisulfite as a preservative agent. This preliminary
investigation showed this by-product could represent, for its chemical composition, an interesting
and suitable feeding source to be used to increase the environmental and economic sustainability
of ruminant livestock. On the basis of the results, the use of preservative was able to slightly slow
down the early phase of the acidification process and limit the presence of spoilage microorganisms
after a three-week storage period. The high content of soluble sugars in the prickly pear by-product
suggests that a likely storage technique could be ensiling the mass with straw.

Abstract: In Sicily, the current increasing cultivation of Opuntia ficus-indica corresponds to an availability
of prickly pear by-product (PPB) that results from fruit processing for juice extraction. This investigation
aims to evaluate the nutritional traits of PPB for ruminant feeding and its stability during a 21-day
outdoor storage, using potassium metabisulfite (PMB) as a preservative agent, added to the PPB mass
at different doses (0, 50, 100, and 150 g/kg). The fractioning of PPB showed that it included 28% of
peel and pulp and 72% of seeds on a dry matter (DM) basis. On the whole, this by-product was low in
crude protein (5.32% DM), high in fiber content (51.38%, 41.15% and 14.64% DM for NDFom, ADFom
and ADL respectively), non-fiber carbohydrates (NFC, 29.68% DM), and soluble sugars (13.3% DM),
with a moderate level of net energy for lactation (4.59 MJ/kg DM). Storage was the main factor of
alteration of PPB chemical composition with the exception of ether extract. A decline of NFC and
soluble sugars, due to microbial fermentation, was observed with all PMB treatments, especially
during the first week of storage, probably due to evolution of both coccus (M17) and rod LAB (MRS),
which increased their loads at the seventh day of storage.

Keywords: prickly pear by-product; chemical composition; storage

1. Introduction

The Cactaceae family, with about 1600 species, is cultivated worldwide for fruits, forage, fodder,
and even as a vegetable. Cacti are well adapted to arid and semi-arid regions where food and fodder
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crops are limited, and are naturalized in several areas over the world, including the Mediterranean
basin, Middle East, South Africa, Australia, and India [1].

Among many species of the Cactaceae producing edible fruits, those of the genus Opuntia have
the most relevant role in agriculture. In particular, Opuntia ficus-indica (L.) Mill, commonly known
as prickly pear, is cultivated for fruit production on all continents except Antarctica. The prickly
pear produces sweet, nutritionally rich edible fruits, and its tender cladodes are used as a fresh green
vegetable and salad [2]. In some countries, different parts of the plant are utilized in both food and cosmetic
industries [3]. A growing interest in Opuntia spp. crops is also related to the use of its biomass for biofuel
production [4-6]. Several publications from the United Nation’s Food and Agricultural Organization
(FAO) summarize investigations into localization and use of Opuntia as forage resource and its feeding
quality for livestock [7-9]. In this regard, prickly pear provides an excellent and cheap alternative feed
to supplement livestock diets [10-13] due to its efficiency in converting water to dry matter (DM.) In fact,
during periods of drought, ranchers allow cattle and sheep to eat the pads, after burning off the spines,
as a resource of both food and water [14-17]. When sheep fed with spineless cactus exceeded 300 g/d
dry matter, their drinking water intake approached zero [18,19].The more recent studies investigating
the effects of Opuntia forage on rumen digestion, weight gain and other physiological traits in cattle,
sheep, or goats showed that the animals fed diets in which Opuntia forage was supplemented with
protein-rich feeds improved their health status and reproductive performance [20]. However, the use
of Opuntia in combination with other feed sources can be opportune to also reduce forage crop demand
for ruminants in dry-land areas [20]. Moreover, the prickly pear cladodes resulted in being highly
palatable and digestible for both wild and domesticated rabbits [21].

Indeed, prickly pear represents a digestible energy-balanced feed [22] being moderately high in
sugars, starch, ether extract, crude protein, amino acids, and fiber [1,23], and provides the animals’
requirements for vitamins and calcium [24].

With regard to prickly pear fruit, it shows high levels of betalains, total carotenoids, 3-carotene,
ascorbic acid, and is one of the best sources in total phenolic compounds [25,26]. The nutritional
and health benefits of prickly pear fruit are related to its antioxidant properties due to ascorbic
acid, polyphenols, especially flavonoid compounds (e.g., kaempferol, quercetin, and isorhamnetin),
and the mixture of yellow betaxanthin and red betacyanin pigments [27]. Meanwhile, the free radical
scavenging activity of the red cactus pears was related to the concentration of total phenolic compounds
and ascorbic acid [28].

In Sicily (Italy), the current growing cultivation of Opuntia ficus-indica corresponds to an increasing
availability of a prickly pear by-product (PPB) in which residues from fruits processed for juice
extraction, comprising of peel, pulp, and seeds. This by-product, available only recently in a large
amount, is little known and studied, but could be a very interesting source for ruminant nutrition.

Actually, in livestock farms, the PPB is stored only by keeping it in uncovered heaps placed
outdoors, and gradually administered to the animals in this fresh status. However, the high sugar
content of the PPB quickly grafts bacterial fermentations, requiring the use of a fermentative stabilizer.
For this purpose, a natural stabilizer, such as potassium metabisulfite (PMB), could be effective to
control the growth of spoilage microorganisms [29]. Thus, PPB was added with different doses of
potassium metabisulfite (50 g, 100 g, and 150 g/100 kg PPB), established to remain strongly below
the LDsq (lethal dosage to kill 50% of a population of test animals, that is 2 g/kg of body weight),
and to have a very low risk to reach the maximum amount recommended by WHO for human
consumers (0.7 mg/kg of body weight).

The aim of this preliminary study was to evaluate the nutritional characteristics of PPB for
ruminants feeding and its stability during a 21-day outdoor storage with increasing amounts of
potassium metabisulfite to prevent spoilage.
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2. Material and Methods

At the end of August, an amount of 80 kg of PPB was taken directly from the prickly pear
juice extraction industry, in the province of Palermo in Sicily, and transferred in the experimental
laboratories of Department of Agricultural, Food, and Forest Science at the University of Palermo.
After arrival, a sample was taken for pH measurement, chemical analysis, and evaluation of seeds,
pulp, and peel proportions.

The 80 kg of PPB was partitioned into four parts of 20 kg, and each part was treated with a different
PMB doses, as follows: T0, control, without PMB; T50, with PMB addition at dose of 50 g/100 kg
of PPB; T100, with PMB addition at dose of 100 g/100 kg of PPB; T150, with PMB addition at dose
of 150/100 kg of PPB. The powdered PMB was well mixed to allow a uniform distribution in the
whole mass. Then each treated PPB mass was divided into two heaps, used as replicates. The eight
uncovered heaps of 10 kg were placed outdoors on a breathable plastic sheet, simulating the usual
storage technique of this by-product in livestock farms.

Samples of PPB were taken from each uncovered heap at days 1, 3, 7, 14, and 21 to measure pH
and determine the chemical composition, and at days 1, 7, and 21 to determine the microbiological
profile. Measurements of pH in PPB samples were performed directly with the HI 9025 142 pH meter
equipped with a spear electrode FC 200 (Hanna Instruments Inc., Woonsocket, RI, USA).

2.1. Chemical Parameters

The PPB samples were analysed according to the procedures of the AOAC [30] to determine
dry matter (DM, 934.01), ether extract (EE, 920.39), crude protein (CP, 2001.11), and ash (942.05).
The fiber fractions NDF (NDFom, 2002.04), ADF (ADFom, 973.18) and ADL (973.18) were determined
in accordance with AOAC [30] and Van Soest et al. [31], and expressed exclusive of residual ash.
Non-fiber carbohydrate (NFC) content was calculated as (100 — [CP + EE + ash + NDFom]). The net
energy for lactation (NEr, M]J/kg DM) of feeds was estimated using relationships from the Institut
National de la Recherche Agronomique (INRA) system [32].

The soluble sugars analysis was performed by colorimetric estimation following the anthrone
method [33] and using a HACH DR/4000U spectrophotometer (HACH, Loveland, CO, USA) to read
the absorbance at 640 nm.

2.2. Microbiological Analysis

A total of 30 g of each PPB sample was weighed into sterile stomacher bags and homogenized with
270 mL Saline Peptone Solution in a stomacher (Type 400; Seward London, UK). Decimal dilutions were
prepared with the same diluent and 1 mL of each suspensions were plated and incubated as follows:

e Total mesophilic microorganisms on plate count agar (PCA), incubated aerobically at 30 °C for
72 h [34];

e  Enterobacteriaceae on Violet Red bile glucose agar (VRBGA) incubated aerobically for 24 h at
37°C[35];

e  Coliforms on Violet Red bile agar (VRBA) incubated at 37 °C for 24 h [36];

e Escherichia coli 3-glucuronidase positive on Tryptone Bile X-Gluc agar (TBX) incubated aerobically
for 24 h at 44 °C [37];

e  Coagulase-positive Staphylococci on Baird Parker with RPF supplement, incubated aerobically for
24-48 h at 37 °C [38];

e  Sulfite reducing anaerobes on Iron sulfite agar (ISA) incubated at 37 °C for 24 h [39];

e  Molds on Dichloran Rose Bengal chloramphenicol agar (DRBC) incubated aerobically for five
days at 25 °C.

Detection of Salmonella spp. and L. monocytogenes was carried out by an enzyme-linked fluorescent
assay (ELFA) in an automatic system VIDAS (bioMerieux, Marcy-1'Etoile, France). In particular, 25 g of
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each sample were weighed into sterile stomacher bags and homogenized with 225 mL of enrichment
broth for each pathogen:

e  Detection of Salmonella spp. consisted in enrichment buffered peptone water (BPW) with Salmonella
supplement incubated at 41.5 °C for 18-24 h and a subsequent step performed by VIDAS UP (SPT).

e  Detection of L. monocytogenes consisted in enrichment in LMX broth with LMX supplement
incubated at 37 °C for 26-30 h and then a subsequent step performed by VIDAS L. monocytogenes
Xpress (LMX).

Enumeration of lactic acid bacteria (LAB) was carried out as follows: mesophilic and thermophilic
rod-shaped LAB on de Man-Rogosa-Sharpe (MRS) agar acidified with 5 M lactic acid to pH 5.4
incubated anaerobically at 30 and 44 °C for 48 h, respectively, using the AnaeroGen AN25 (Oxoid,
Milan, Italy) in jars closed hermetically; mesophilic and thermophilic coccus-shaped LAB on Medium 17
(M17) agar incubated aerobically for 48 h at 30 and 44 °C, respectively [40].

2.3. Statistical Analysis

Statistical analysis was carried out using the GLM procedure in SAS 9.2 software [41]. In the
ANOVA model, the treatment with PMB (T0, T50, T100, and T150) and storage time (1, 3, 7, 14,
and 21 days for chemical parameters, and 1, 7, and 21 days form microbiological data) were fixed
factors; the interaction between treatment and storage was also considered, and the related means were
reported in the tables only when such interaction was significant. When a significant effect (p < 0.05)
was detected, Tukey’s test was used for means comparisons. Before statistical analysis, microbiological
loads were transformed into logarithmic form (logjy).

3. Results and Discussion

The fractioning of PPB showed that it included 28% of peel and pulp (PP) and 72% of seeds
on a DM basis. The seed composition was higher in ether extract and NDF, and comparable for
DM and crude protein than those of PP and PPB. On the whole, this new by-product resulted in
lower moisture and protein contents (Table 1) if compared to another fresh by-product available in
Sicily for ruminant feeding, such as fresh lemon pulp, in which Todaro et al. [42] detected levels of
19.2% and 11.5% for DM and protein, respectively. Instead, the fiber fractions of PPB showed higher
values than those observed in the fresh lemon by-product, which exhibited 39.0%, 23.9% and 7.7% of
NDEF, ADF, and ADL, respectively [42]; these differences can be attributed to the presence of pectin,
which determines an overestimation of the ADFom content and, consequently, an underestimation of
hemicelluloses, and can be related also to the very high presence of seeds, which characterizes this
particular fruit and its by-product, and contributes to increasing its lignin content. However, Ozcan
and Al Juhaimi [43] report that fatty acids composition of prickly pear seeds is characterized by 61%
linoleic acid and 25% oleic acid. Due to their high fiber content, the net energy for lactation of PPB and
its components showed modest values, especially if compared to those of citrus by-products reported
by Bampidis and Robinson [44], ranging from 7.2 to 7.7 MJ/kg DM, probably due to the higher lignin
content of PPB. The pH value of fresh PPB resulted quite comparable than that of other fresh citrus
by-products [44].

In Sicily, the availability of PPB occurs in a period of poor natural feeding resources, so this product
rich in water and digestible fiber can represent an important dietary component for the nutrition of
small ruminants. Commonly, the farming use of PPB implies that the fresh by-product is stored in
heaps outdoors until it is entirely consumed; in these conditions, it is necessary to evaluate its stability
during storage, from both a chemical and a microbiological point of view. Table 2 reports the variations
of PPB chemical composition during 21 days of storage, in relation to increasing levels of PMB utilized
to modulate fermentative processes.
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Table 1. Chemical composition of prickly pear by-product (PPB) and its fractions.

Items PPB Peel and Pulp (28%) Seeds (72%)
Dry matter (%) 30.45 30.87 30.56
Crude protein (%DM) 1 5.32 5.00 5.75
Ether extract (%DM) 5.04 3.60 8.54
NDFom (%DM) 2 51.38 41.50 73.27
ADFom (%DM) 3 41.15 34.50 57.25
ADL (%DM) # 14.64 5.13 21.37
NFC (%DM) ° 29.68 30.41 9.18
Ash (%DM) 8.58 19.49 3.26
NEL (MJ/kg DM) © 459 5.04 441
pH 5.00 5.01 5.02

1 DM: dry matter. 2 NDFom: neutral detergent fiber assayed with a heat stable amylase and expressed exclusive
of residual ash. > ADFom: acid detergent fiber expressed exclusive of residual ash. + ADL: acid detergent lignin.
5 NFC: non-fiber carbohydrates = 100 — (CP + ether extract + ash + NDFom). ¢ NEy : net energy for milk production
according to INRA (2018).

The statistical analysis showed that the storage time was the main factor of alteration of
PPB chemical composition. Indeed, during storage, all chemical components exhibited significant
modifications, with the exception of ether extract. On the whole, the storage time was responsible for
the decline in NFC and soluble sugars, principally due to fermentation of sugars, which corresponded
to an increasing trend recorded for DM, crude protein, fiber fractions, and ash. It can be noted that
the decline involving NFC and sugars occurred quickly during the first week of storage and then it
stopped; at the same time, the pH values, after a gradual reduction during the first week, probably as
a consequence of the production of lactic acid from sugars fermentation, showed a substantial rise
at day 21, presumably due to a deacidification following the use of acid lactic for microbial growth.
Moreover, protein, NFC, soluble sugars, and pH were significantly affected by the interaction between
PBM treatment and storage time. The least square means of these interactions, are reported in Table 2.
The increase of protein over time was less consistent in the treatments with 100 and 150 g/kg of PMB,
and at 21 days of storage the higher and lower protein levels were recorded without any treatment and
using the maximum PMB dose, respectively. Moreover, the NFC decline occurred until day 7 with
all PMB treatments. Nevertheless, at the third day the NFC values of samples treated with 100 and
150 g/kg of PMB were significantly higher (p < 0.05) than the T0 and T50 theses, indicating a probable
effect of the highest PMB doses in slowing the initial phase of fermentation; however, such treatments
lost this their effect already at day 7. An analogous trend was observed on soluble sugars (Table 2),
confirming that the highest PMB doses (100 and 150 g/kg), utilized to preserve the product, had a
certain efficacy in modulating the fermentation only for the first three days of storage. On the basis of
these trends of fermentative processes, the decline of pH until day 7 of storage, and its subsequent raise
occurred with all PMB treatments. Additionally, for this parameter, significant differences (p < 0.05),
following the use of different PMB doses, were observed on the third day of sampling, when T100 and
T150 thesis showed higher pH values than T0 and T50, in line with the trend recorded for NFC and
soluble sugars. Moreover, at 21st day, the pH value recorded without any PMB treatment resulted
statistically higher (p < 0.01) than those of the other PPB heaps treated with different PMB doses,
indicating a greater deacidification. This latter result can be explained by the reduction of lactic acid,
used to support a more rapid microbial growth favored in the untreated PPB heaps, and also proved
by the high protein level detected with T0 at 21 days, since microbes are mainly composed of protein,
as suggested by Wizna et al. [45].
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Table 2. Chemical composition of prickly pear by-product (PPB) during storage and in relation to treatments with potassium metabisulfite (PMB) (least square means).

1 pMB Storage (Days) p-Value
Items SEM ©
Treatment 1 3 7 14 21 Treatment (T)  Storage (S) TXS
Dry matter (DM) % 30.05 AC 29.14 BC 28.36 BC 31.52 A 32.26 A 0.608 4 * ns
Crude protein % DM 532 6.06 6.65 7.02 7.45 0.258 * ek *
TO 5324 6.33 AC 7.47 B, 6.80 BC 8218,
T50 5324 6.958 6.52 B 7.86 ¢ 7.48 €
T100 5324 5134 6.518 6.59 B 7.65
T150 5324 5.84 AC 6.10 Bny 6.84B 6.47 B,

Ether extract % DM 5.04 4.60 5.08 4.29 4.63 0.262 ns ns ns
NDFom 2 % DM 51.38 B 58.48 BC 65.60 A 64.68 A 62.03 AC 1.256 ns ns
ADFom 3 % DM 41.154 47.868B 50.63 B 48.848B 48918 0.844 ns ns

ADL 4 % DM 14.64 A 15.93 AC 17.89 B 17.18 BC 18.05B 0.511 ns # ns
Ash % DM 7.812 8.8342 8.862 9.152b 10.08 P 0.941 ns * ns
NFC? % DM 30.45 22.03 13.82 14.85 15.80 0.413 ns o
TO 30.454 20.96 B, 15.53 € 1145€ 1534 €
T50 30.45 4 21.66 B, 13.65 € 14.96 € 13.94€
T100 30454 24555, 10.64 € 1611€ 1591 ¢
T150 30454 25.96 8, 1544 € 16.89 € 18.01¢
Soluble sugars % DM 13.34 16.82 9.66 9.52 8.91 0.906 ns ot *
TO0 13.34 A 12.86 B, 10.11 € 10.08 € 9.10€
T50 13.34 4 1429 B, 9.33€C 9.29C 9.22€
T100 13344 20.98 B, 9.54C 9.37°¢ 8.62°¢
T150 13344 19.15 B, 9.67 ¢ 9.37¢ 8.68 ¢
pH 5.01 427 407 4.70 6.23 0.209 ns
TO 5.014 3.86 B, 3808 5024 6.90 €
T50 5.014 4.058, 4058 4388 5.97 Cy
T100 5014 4428, 4218 4558 5.67 Cy
T150 5.014a 473 Ab, 4238 4.84 Ab 5.97 Cy

170, T50, T100, and T150: treated with 0, 50, 100, and 150 g PBM per 100 kg of PPB. 2 NDFom: neutral detergent fiber assayed with a heat stable amylase and expressed exclusive of residual
ash. > ADFom: acid detergent fiber expressed exclusive of residual ash. * ADL: acid detergent lignin. 3> NFC: non-fiber carbohydrates: 100 — (CP + ether extract + ash + NDFom). ¢ SEM:
standard error of mean. *** p < 0.001; ** p < 0.01; * p < 0.05; ns: p > 0.05. On the row, values with different superscript letters are significant A,B,C: p < 0.01; a,b: p < 0.05. On the column,
values with different subscript letters are significant X,Y,Z: p < 0.01; x,y,z: p < 0.05.
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The reduction of the sugar content and pH value in the PPB samples during the first week of
storage seems to be linked to the development of the microorganisms active in the sugar fermentation
(Table 3). This relationship was confirmed by the evolution of both coccus (M17) and rod LAB (MRS),
responsible of fermentation processes, which increased their loads at day 7 of storage, and then slightly
decreased. Additionally, the total mesophilic count (PCA) showed an increase up to the seventh day
with all treatments but, successively, its load increased again with TO and T50 theses, and remained
stable with the highest PMB doses, determining the significance of the interaction. Indeed, at 21st
day, higher bacterial loads were found in correspondence to lower PMB doses (T0 and T50) (p < 0.01).
The interaction between PMB treatment and storage time affected also the loads of coliforms (VRBA)
and Enterobacteriaceae (VRBGA), which, at the seventh day, were found only in the untreated samples,
confirming the efficacy of PMB in the control of the growth of spoilage microorganisms, as reported by
Rana et al. ([29]. However, at the 21st day, VRBA and VRBGA were found again in all samples, although
with lower loads for PPB samples treated with 100 and 150 g/kg of PMB, indicating an effect of the higher
PMB doses in restraining the coliforms and Enterobacteriaceae development after a three-week storage.
Accordingly, the lowering of coliforms and Enterobacteriaceae, together with that of total mesophilic
bacteria, detected at 21 days using the maximum PMB dose can be considered responsible of the
reduction of PPB protein level. Other spoilage microorganisms, as Escherichia coli, coagulase-positive
Staphylococci, sulfite-reducing anaerobes and molds were not found in PPB samples because they
were below the detection limit; moreover, pathogenic microorganisms, as Listeria monocytogenes and
Salmonella spp. were not detected.

Table 3. Microbiological evolution of prickly pear by-product (PPB) during storage and in relation to
treatments with potassium metabisulfite (PMB) (Least Square Means).

Items 1 pMB Storage (Days) SEM 7 p-Value
Treatment 1 7 21 Treatment (T) Storage(S) T xS
M17 30°C 2 Log CFU/g  7.152 7.97b 6.912 0.237 ns * ns
M17 44°C 2 Log CFU/g  5.604 7.69 B 6.01 4 0.395 ns o ns
MRS 30°C 3 Log CFU/g 7234 8128 5.92¢€ 0.173 ns ok ns
MRS 44°C 3 Log CFU/g 5524 8.058 5.07 € 0.118 ns ok ns
PCA* Log CFU/g 523 7.30 6.24 0.344 ns ** **
TO 52342 6204 8308y
T50 52342 62640 8308y
T100 5237 6267 6640y
T150 5.232 626°  597by
VRBGA ° Log CFU/g  5.11 421 481 0.661 ns * *
TO 5117 5407 5627
T50 5117 <1.00°, 5483
T100 5112 <1.00b, 3.18¢
T150 5117 <1.00b, 254¢
VRBA © Log CFU/g 5.08 3.74 4.18 0.574 ns * *
TO 5082 4523 5082
T50 508%  <1.00°,  5.08%
T100 5087 <1005, 267¢
T150 5087 <1006, 215

170, T50, T100, and T150: treated with 0, 50, 100, and 150 g PBM per 100 kg of PPB. 2 M17, agar for coccus lactic
acid bacteria (LAB); > MRS, de Man-Rogosa—Sharpe agar for rod LAB; 4 Total mesophilic microorganisms on plate
count agar (PCA); 5 Violet Red bile glucose agar for Enterobacteriaceae (VRBGA); 6 Coliforms on Violet Red bile
agar (VRBA); 7 SEM: standard error of mean. *** p < 0.001; ** p < 0.01; * p < 0.05; ns: p > 0.05. On the row, values
with different superscript letters are significant A,B,C: p < 0.01; a,b,c: p < 0.05. On the column, values with different
subscript letters are significant X,Y: p < 0.01; x,y: p < 0.05.

These preliminary results seem to be promising. However, the conservation method operated
by farmers needs to be improved, in order to stabilize the mass and preserve the nutritional value
and safety of this by-product. Thus, further investigations are required to check and set up other
and effective methods to preserve the PPB safety during storage; in this regard, the high content of
soluble sugars in the PPB suggests that a likely storage technique could be ensiling the mass with



Animals 2020, 10, 949 8 of 10

straw, also considering that PPB and wheat straw are available contemporarily at the end of summer.
Moreover, other studies may be made on this feeding resource in order to evaluate its antioxidant
properties derived from its high polyphenol content that can be beneficial to livestock animals and
consumers of their products. However, it is also appropriate to evaluate the daily dose of use of PPB,
since by-products from fruit processing with high polyphenol content may contain anti-nutritional
factors [46] able to modulate the rumen microbiota composition by negatively affecting some species
of fibrolytic bacteria and ciliate protozoa [47].

4. Conclusions

This preliminary investigation showed as PPB could represent, for its chemical composition,
an interesting and suitable feeding source to be used to increase the environmental and economic
sustainability of ruminant livestock. On the basis of the results, the use of PMB as a preservative agent
added to the PPB mass at doses of 100 and 150 g/kg was able to slightly slower down the early phase
of the acidification process and limit the presence of coliforms and Enterobacteriaceae after a three-week
storage period. Further investigations have to be performed to improve the method to preserve the
PPB mass during storage, and verify the production responses in ruminant species.

Author Contributions: Conceptualization, methodology, data curation: M.T.,, M.L.S., and A.B.; data analysis,
formal analysis: M.T., M.A. and A.B.; laboratory analysis: EM., M.L.S., C.C., LM,; investigation: A.B., M.T., M.A.
and A.D.G.; writing—original draft preparation: M.T. and A.B. All authors were involved in developing, writing,
and commenting on the manuscript. All authors read and approved the final manuscript.

Funding: This work was supported by FFR University of Palermo Project [grant numbers. Cod. 2018-ATE].

Conflicts of Interest: The authors declare no conflict of interest

References

1. Osuna-Martinez, U.; Reyes-Esparza, J.; Rodriguez-Fragoso, L. Cactus (Opuntia ficus indica): A review on its
antioxidants properties and potential pharmacological use in chronic diseases. Nat. Prod. Chem. Res. 2014, 2, 153.

2. Reyes-Agtiero, ].A.; Aguirre-Rivera, J.R.; Hernandez, M.H. Systematic notes and detailed description of
Opuntia ficus-indica (L.) Mill. (Cactaceae). Agrociencia 2005, 39, 395-408.

3. Inglese, P; Basile, F.; Schirra, M. Cactus pear fruit production. In Cacti: Biology and Uses; Univ of California
Press: Berkeley, CA, USA, 2002; pp. 163-179.

4. Cushman, ].C; Davis, S.C.; Yang, X.; Borland, A.M. Development and use of bioenergy. J. Exper. Bot. 2015,
66, 4177-4193. [CrossRef] [PubMed]

5. Mason, PM.; Glover, K.; Smith, ].A.C.; Willis, K.J.; Woods, J.; Thompson, LP. The potential of CAM crops as a
globally significant bioenergy resource: Moving from ‘fuel or food” to ‘fuel and more food’. Energy Environ. Sci.
2015, 8, 2320-2329. [CrossRef]

6. Do Nascimento Santos, T.; Dutra, E.D.; Gomes do Prado, A.; Leite, F.C.B.; de Souza, R.D.ER.; dos Santos, D.C.;
Moraes, C.A.; Simoes, D.A.; de Morais, M.A.; Menezes, R.S.C. Potential for biofuels from the biomass of
prickly pear cladodes: Challenges for bioethanol and biogas production in dry areas. Biomass Bioenergy 2016,
85, 215-222. [CrossRef]

7. FAO. Cactus (Opuntia spp.) as Forage; FAO: Rome, Italy, 2001.

. FAO. Agro-Industrial Utilization of Cactus Pear; FAO: Rome, Italy, 2013.

9.  FAO and ICARDA. Crop Ecology, Cultivation and Uses of Cactus Pear; FAO and ICARDA: Rome, Italy, 2017.

10. Feugang, ].M.; Konarski, P.; Zou, D.; Stintzing, F.C.; Zou, C. Nutritional and medicinal use of Cactus pear
(Opuntia spp.) cladodes and fruits. Front. Biosci. 2006, 11, 2574-2589. [CrossRef] [PubMed]

11. Bouzoubai, Z.; Essoukrati, Y.; Tahrouch, S.; Hatimi, A.; Gharby, S.; Harhar, H. Phytochemical study of prickly
pear from Southern Morocco. J. Saudi Soc. Agric. Sci. 2016, 15, 155-161. [CrossRef]

12. De Oliveira, J.P.F; De Andrade Ferreira, M.; Alves, AM.S.V.; De Melo, A.C.C.; De Andrade, I.B.;
Suassuna, J.M.A.; De Lima, S.J. Spineless cactus as a replacement for sugarcane in the diets of finishing lambs.
Trop. Anim. Health Prod. 2017, 49, 139-144. [CrossRef]


http://dx.doi.org/10.1093/jxb/erv087
http://www.ncbi.nlm.nih.gov/pubmed/25873672
http://dx.doi.org/10.1039/C5EE00242G
http://dx.doi.org/10.1016/j.biombioe.2015.12.005
http://dx.doi.org/10.2741/1992
http://www.ncbi.nlm.nih.gov/pubmed/16720335
http://dx.doi.org/10.1016/j.jssas.2014.09.002
http://dx.doi.org/10.1007/s11250-016-1170-y

Animals 2020, 10, 949 90f 10

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

Cardosoa, D.B.; De Carvalhoa, FER.; de Medeirosb, G.R.; Guima, A.; Cabralc, A.M.D.; Verasd, RM.L,;
Dos Santosa, K.C.; Dantasb, L.C.N.; Nascimento, A.G.D. Levels of inclusion of spineless cactus
(Nopalea cochenillifera Salm Dyck) in the diet of lambs. Anim. Feed Sci. Technol. 2019, 247, 23-31. [CrossRef]
Shoop, M.C.; Alford, E.J.; Mayland, H.E. Plains prickly pear is a good forage for cattle. . Range Manag. 1977,
30, 12-17. [CrossRef]

Guevara, ].C.; Suassuna, P; Felker, P. Opuntia forage production systems: Status and prospects for rangeland
applications. Rangel. Ecol. Manag. 2009, 62, 428-434. [CrossRef]

Guevara, ].C.; Felker, P; Balzarini, M.G.; Paez, S.A.; Estevez, O.R; Paez, M.N.; Antunez, ].C. Productivity,
cold hardiness and forage quality of spineless progeny of the Opuntia ficus indica 1281 x O. lindheimerii 1250
cross in Mendoza plain, Argentina. J. Prof. Assoc. Cactus Dev. 2011, 13, 48-62.

Cordova-Torres, A.V.; Costa, R.G.; Medeiros, A.N.; Araujo Filho, ].T.; Ramos, A.O.; Alves, N.D. Performance
of sheep fed forage cactus with total water restriction. Rev. Bra. Satide E 2017, 18, 369-377. [CrossRef]
Salem, H.B.; Nefzaoui, A.; Abdouli, H.; @rskov, E.R. Effect of increasing level of spineless cactus (Opuntia ficus
indica var. inermis) on intake and digestion by sheep given straw-based diets. Anim. Sci. 1996, 62, 293-299.
[CrossRef]

Tegegne, F; Kijora, C.; Peters, K.J. Study on the optimal level of cactus pear (Opuntia ficus indica) supplementation
to sheep and its contribution as source of water. Small Rum. Res. 2007, 72, 157-164. [CrossRef]

Mayer, J.A.; Cushman, J.C. Nutritional and mineral content of prickly pear cactus: A highly water-use
efficient forage, fodder and food species. J. Agron. Crop Sci. 2019, 205, 625-634. [CrossRef]

Zeedan, KH.I; EL-Neney, B.A.; Abd EL-Latif, A.I,; Awadien, N.B.; Ebeid, T.A. Effect of using residues prickly
pear as a source of dietary feedstuffs on productive performance, biological traits and immune response of
rabbit. 1- Prickly pear cladodes. EQypt Poult. Sci. ]. 2015, 35, 923-943.

Nobel, P.S.; Bobich, E.G. Environmental biology. In Cacti, Biology and Uses; Nobel, P.S., Ed.; University of
California Press: Los Angeles, CA, USA, 2002; Volume 5, pp. 7-74.

Bhatt, M.R.; Nagar, P.S. Evaluation of physicochemical property and fatty acid composition of Opuntia
elatior seed oil. |. Prof. Assoc. Cactus Dev. 2013, 15, 13-19.

Rodriguez-Garcia, M.E.; De Lira, C.; Hernandez-Becerra, E.; Cornejo-Villegad, M.A.; Palacios-Fonseca, A.].;
Rojas Molina, I.; Reynoso, R.; Quintero, L.C.; Del Real, A.; Zepeda, A.; et al. Physicochemical characterization
of Nopal pads (Opuntia ficus indica) and dry vacuum nopal powder as a function of the maturation. Plant Food
Hum. Nutr. 2007, 62, 107-112. [CrossRef]

Ramadan, M.F.; Morsel, J.T. Recovered lipids from prickly pear [Opuntia ficus-indica (L.) Mill] peel: A good
source of polyunsaturated fatty acids, natural antioxidant vitamins and sterols. Food Chem. 2003, 83, 447-456.
[CrossRef]

Yahia, E.M.; Mondragon-Jacobo, C. Nutritional components and anti-oxidant capacity of ten cultivars and
lines of cactus pear fruit (Opuntia spp.). Food Res. Int. 2011, 44, 2311-2318. [CrossRef]

Zenteno-Ramirez, G.; Juarez-Flores, B.I; Aguirre-Rivera, J.R.; Monreal-Montes, M.; Garcia, ].M.;
Serratosa, M.P.; Varo Santos, M.A.; Ortiz Pérez, M.D.; Rendon-Huerta, J.A. Juices of prickly pear fruits
(Opuntia spp.) as functional foods. Ital. . Food Sci. 2018, 30, 614-627.

Sumaya-Martinez, M.T.; Cruz-Jaime, S.; Madrigal-Santillan, E.; Garcia-Paredes, J.D.; Carifio-Cortés, R.;
Cruz-Cansino, N.; Valadez-Vega, C.; Martinez-Cardenas, L.; Alanis-Garcia, E. Betalain, acid ascorbic,
phenolic contents and antioxidant properties of purple, red, yellow and white cactus pears. Int. J. Mol. Sci.
2011, 12, 6452-6468. [CrossRef] [PubMed]

Rana, G.K;; Singh, Y.; Ansari, F. Food Additives. In Innovative Approaches in Agriculture and Environmental
Development; Chhatarpal, S., Ed.; JPS Scientific Publications: Tamil Nadu, India, 2019; p. 269.

AOAC. Official Methods of Analysis, 18th ed.; AOAC International: Rockville, MD, USA, 2005.

Van Soest, PJ.; Robertson, J.B.; Lewis, B.A. Methods for dietary fibre, neutral detergent fibre, and no starch
polysaccharides in relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583-3597. [CrossRef]

INRA. INRA Feeding System for Ruminants; Wageningen Academic Publishers: Wageningen, The Netherlands,
2018; p. 640.

Yemm, E.W.; Willis, A.J. The estimation of carbohydrates in plant extracts by anthrone. Biochemical 1954, 157,
508-514. [CrossRef]


http://dx.doi.org/10.1016/j.anifeedsci.2018.10.016
http://dx.doi.org/10.2307/3897325
http://dx.doi.org/10.2111/08-226.1
http://dx.doi.org/10.1590/s1519-99402017000200015
http://dx.doi.org/10.1017/S1357729800014600
http://dx.doi.org/10.1016/j.smallrumres.2006.10.004
http://dx.doi.org/10.1111/jac.12353
http://dx.doi.org/10.1007/s11130-007-0049-5
http://dx.doi.org/10.1016/S0308-8146(03)00128-6
http://dx.doi.org/10.1016/j.foodres.2011.02.042
http://dx.doi.org/10.3390/ijms12106452
http://www.ncbi.nlm.nih.gov/pubmed/22072899
http://dx.doi.org/10.3168/jds.S0022-0302(91)78551-2
http://dx.doi.org/10.1042/bj0570508

Animals 2020, 10, 949 10 of 10

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

ISO 4833-1. Microbiology of the food chain—Horizontal method for the enumeration of microorganisms.
In Part 1: Colony Count at 30 Degrees C by the Pour Plate Technique; International Standardization Organization:
Geneva, Switzerland, 2013.

ISO 21528-2. Microbiology of the food chain—Horizontal method for the detection and enumeration of
Enterobacteriaceae. In Part 2: Colony-Count Technique; International Standardization Organization: Geneva,
Switzerland, 2017.

ISO 4832. Microbiology of food and animal feeding stuffs. Horizontal method for the enumeration of coliforms.
In Colony-Count Technigue; International Standardization Organization: Geneva, Switzerland, 2006.

ISO 16649; Microbiology of Food and Animal Feeding Stuffs—Horizontal Method for the Enumeration of
Beta-Glucuronidase—DPositive Escherichia Coli—Part 2: Colony-Count Technique at 44 Degrees C Using 5-Bromo-4-Chloro-
3-Indolyl Beta-D- Glucuronide; International Standardization Organization: Geneva, Switzerland, 2010.

ISO 6888-2:1999/Amd 1. Microbiology of food and animal feeding stuffs-horizontal method for the
enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species). In Part 2:
Technique Using Rabbit Plasma Fibrinogen Agar Medium; International Standardization Organization: Geneva,
Switzerland, 2003.

ISO 15213. Microbiology of food and animal feeding stuffs. In Horizontal Method for the Enumeration of
Sulphite-Reducing Bacteria Growing under Anaerobic Conditions; International Standardization Organization:
Geneva, Switzerland, 2003.

Aureli, P; Fiore, A.; Scalfaro, C.; Franciosa, G. Microbiological and molecular methods for analysis of
probiotic based food supplements for human consumption. Rapp. Istisan 2008, 8, 63.

SAS. 'SAS/STAT Qualification Tools User’s Guide (Version 9.2); Statistical Analysis System. Institute Inc.: Cary,
NC, USA, 2010.

Todaro, M.; Alabiso, M.; Scatassa, M.L.; Di Grigoli, A.; Mazza, F.; Maniaci, G.; Bonanno, A. Effect of the
inclusion of fresh lemon pulp in the diet of lactating ewes on the properties of milk and cheese. Anim. Feed
Sci. Technol. 2017, 225, 213-223. [CrossRef]

Ozcan, M.M.; Al Juhaimi, EY. Nutritive value and chemical composition of prickly pear seeds (Opuntia ficus
indica L.) growing in Turkey. Int. J. Food Sci. Nutr. 2011, 62, 533-536. [CrossRef]

Bampidis, V.A.; Robinson, P.H. Citrus by-products as ruminant feeds: A review. Anim. Feed Sci. Technol.
2006, 128, 175-217. [CrossRef]

Wizna, H.A; Rizal, Y,; Dharma, A.; Kompiang., LP. Improving the quality of tapioca by-products (onggok) as
poultry feed through fermentation by Bacillus amyloliquefaciens. Pak. . Nutr. 2009, 8, 1636-1640.

Correddu, F; Lunesu, M.E; Buffa, G.; Atzori, A.S.; Nudda, A.; Battacone, G.; Pulina, G. Can Agro-Industrial
By-Products Rich in Polyphenols be Advantageously Used in the Feeding and Nutrition of Dairy Small
Ruminants? Animals 2020, 10, 131. [CrossRef] [PubMed]

Vasta, V.; Daghio, M.; Cappucci, A.; Buccioni, A.; Serra, A.; Viti, C.; Mele, M. Invited review: Plant polyphenols
and rumen microbiota responsible for fatty acid biohydrogenation, fiber digestion, and methane emission:
Experimental evidence and methodological approaches. J. Dairy Sci. 2019, 102, 3781-3804. [CrossRef]
[PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.anifeedsci.2017.02.003
http://dx.doi.org/10.3109/09637486.2011.552569
http://dx.doi.org/10.1016/j.anifeedsci.2005.12.002
http://dx.doi.org/10.3390/ani10010131
http://www.ncbi.nlm.nih.gov/pubmed/31947543
http://dx.doi.org/10.3168/jds.2018-14985
http://www.ncbi.nlm.nih.gov/pubmed/30904293
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Chemical Parameters 
	Microbiological Analysis 
	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	References

