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Abstract: Given the severe droughts caused by global warming, smallholder beef cattle farmers
are faced with serious forage and feed scarcity. This becomes worse for resource-poor farmers
who cannot afford commercial feeds. It is therefore crucial to assess the use of low-cost alternative
feed resources to supplement free-range beef cattle and ensure sustainable livestock production
in ways that stimulate free-range beef farmers’ participation in mainstream beef market. In an
attempt to improve free-range beef cattle herds and explore the economic viability of utilizing
Opuntia ficus-indica (spineless cactus) cladodes as a supplementary feed, we investigated the impact
of cactus diets on animal growth performance and carcass characteristics of Nguni cattle heifers.
Four dietary treatments were randomly assigned to thirty-two heifers aged 24 months, weighing, on
average, 172.20± 27.10 kg, with each dietary treatment replicated to eight individually penned heifers
for 90 days. The dietary treatments were control diet (pasture-based energy + protein sources), 10%
cactus diet, 20% cactus diet and commercial diet (crop-based energy and commercial protein source).
The energy concentration of the control diet was 9.35 MJ/Kg DM and the cactus was included on dry
matter basis during formulation of compound diets. Thus, cactus was administered in a dry rather
than wet form. The animals were confined in feeding pens 24/7 without access to pasture, with feed
and water provided ad libitum. The heifers fed commercial and control diets attained significantly
(p < 0.05) higher dry matter intake, average daily gains, fat thickness, carcass conformation scores and
lower feed conversion ratio than those fed cactus diets. However, the final body weight gains and
carcass weights, rib-eye muscle area and meat pH45min and 24h were comparable (p > 0.05) between
heifers fed cactus diets and those fed commercial and control diets. The 10 and 20% cactus diets had
greater gross margins (p < 0.05) of $17.47 and $18.62, respectively, than the other diets, due largely to
reduced total variable costs. The comparability of carcass traits of heifers fed cactus diets and those
fed non-cactus diets as well as higher economic returns from cactus inclusion warrants the use of
cactus diets, particularly during drought when commercial feed prices rise.

Keywords: animal growth performance; carcass traits; economic returns; Nguni cattle heifers;
spineless cactus diets

Agriculture 2022, 12, 1023. https://doi.org/10.3390/agriculture12071023 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture12071023
https://doi.org/10.3390/agriculture12071023
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0001-6855-688X
https://orcid.org/0000-0002-1789-662X
https://orcid.org/0000-0002-9164-2206
https://doi.org/10.3390/agriculture12071023
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture12071023?type=check_update&version=1


Agriculture 2022, 12, 1023 2 of 13

1. Introduction

The new generation of consumers select beef products not only based on eating quality
and price, but also considers the “ethical quality”, involving production process attributes,
such as production system, environmental impact, food safety and animal welfare issues [1].
This has increased consumer awareness of genetically and chemically modified foods [2].
Certain consumers perceive that non-conventionally produced beef, such as free-range, has
more taste and nutritional value than conventionally produced beef [3,4]. Free-range beef
cattle refers to the free movement of animals in the rangeland to feed on grasses as their
sole diet, with limited grain-based supplement and who are never given routine antibiotics
and/or growth hormones [5].

The demand for beef as an animal protein is projected to increase dramatically in
response to a rise in human population [5,6]. Recently, there has been an expanding middle-
class of consumers with high affinity for animal protein produced from non-conventional
systems [7,8]. In South Africa, the rural development initiatives have long been promoting
the rearing of indigenous breeds, with an objective to stimulate free-range beef farmers’ par-
ticipation in the mainstream commercial beef supply chain [9]. This implies that the whole
beef supply chain in Southern Africa has to be actively integrated in implementing strate-
gies that will enhance beef production systems to meet the changing consumer expectations.
This presents an opportunity for the formal marketing of beef from commercially-orientated
cattle producers who manage the perceived safe and environmentally considerate extensive
beef production system [10]. The need for beef from indigenous cattle breeds to compete
well in the formal markets underscores the necessity to assess and improve meat production
potential by ensuring appropriate animal feeding in free-range beef sector. Feed scarcity
is the most important factor limiting animal performance in free-range beef production
system [11].

Given the current extreme climate change, characterized by recurrent droughts, freely
available local feed resources that have high nutritive value and moisture content may
be a viable alternative to concentrates and fodder crops [12,13]. Conventional feeds are,
according to Keady et al. [14], expensive, accounting for as much as 75% of the total produc-
tion costs. Thus, it is essential to derive cost-effective strategies that reduce feeding costs
without compromising animal performance [14]. Amongst others, indigenous leguminous
browse trees and spineless cactus (Opuntia ficus-indica) are available to supplement poor
quality grasses, more so during forage scarcity [9,15].

The spineless cactus is an excellent energy source, rich in non-fibrous carbohydrates
(61.7%) and exhibits high DM digestibility [16]. It also contains significant levels of calcium,
potassium and magnesium [17,18]. Its high water content is regarded as an alternative
water supply for ruminants in drought-prone and water-limited areas [19]. It is, however,
recommended that spineless cactus be fed to ruminants as a mixed ration with other
feed stuffs to account for deficiency of other essential nutrients, e.g., crude protein [20].
Amongst other ingredients, a mixed ration of spineless cactus and protein sources, e.g.,
soya bean may improve feed quality, subsequently improving animal growth performance
and meat quality [21].

In the past, animal nutritionists have ascertained the spineless cactus to be an alterna-
tive feed for ruminants; however, its economic value and impact on meat characteristics
are yet to be evaluated [15]. Thus, the rarely asked questions that this study answers are:
(1) does feeding spineless cactus at varying inclusion levels improve growth performance
and carcass characteristics of free-ranging beef cattle?; (2) At what level of inclusion of
cactus do the animal growth performance and carcass characteristics improve?; and (3) is it
economically viable to use cactus as a supplementary feed for free-range beef production?

The objectives of this study were to determine: (1) the effect of cactus diets as a
supplementary feed on growth performance and carcass characteristics of Nguni cattle
heifers, (2) the profitability of feeding cactus diets and (3) to conduct economic projections
of feeding with cactus diets for drought scenarios.
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2. Materials and Methods
2.1. Study Site Description

The trial was conducted at the Agricultural Research Council—Animal Production (ARC-
AP) cattle feedlot and abattoir, in Pretoria-Irene, Gauteng Province, South Africa. ARC-AP lies
at the following coordinates: latitude 25◦53′59.6′′ S and longitude 28◦12′51.6′′ E, at an altitude
that varies from 1400 to 1800 m above sea level, with a mean altitude of 1 512 m [22]. The area
is characterized by mean annual rainfall of 670 mm per year [22] and mean maximum annual
temperature of 22.6 ◦C, and the area is subject to larger variation in temperature than coastal
areas with most rain falling in the summer season.

2.2. Feed Preparation
2.2.1. Natural Pasture Grass Hay and Herbaceous Legume Hay

Natural pasture grass (Eragrostis tef ) and herbaceous legume (Lucerne, Medicago sativa)
were harvested separately (April 2018) from ARC Roodeplaat farm, Pretoria (25.6◦15′47′′ S
28.3◦64′35′′ E) near the end of the wet season (autumn) at the flowering and seed-setting
stage. This stage is a period that provides high biomass without much effect on quality.
The grass and herbaceous legume were then field-cured into hay after four days on the
farm. The grass and herbaceous legume hays were then separately milled to approximately
25 mm lengths, bagged and stored in well-ventilated dry shade prior to diet formulation.

2.2.2. Preparation of Spineless Prickly Pear Cactus (Opuntia ficus-indica)

Cladodes of O. ficus-indica were collected from the Waterkloof cactus farm, 20 km
West of Bloemfontein, Free State Province, SA. The cactus cladodes were chopped into
strips of approximately 25 mm using a cladode shredder and dried in direct sunlight on an
elevated platform covered with a shade net for about four-to-five days to achieve a DM
content of about 700 to 850 g DM/kg. The dry cactus cladode strips were collected and
coarsely ground in a hammer mill (pass through a 20 mm sieve), bagged and stored in a
well-ventilated dry shade prior to diet mixing.

2.3. Diet Formulation

The inclusion levels of ingredients and chemical composition of the experimental diets
is presented in Tables 1 and 2. Diets were formulated using Large Ruminant Nutrition
System (LRNS), v1.0.33, of Cornell and Texas A and M (Texas University, Austin, TX,
USA) to supply 150 g/kg DM crude protein and metabolizable energy of 10.5 MJ/kg DM
to support an average daily gain of 0.64 kg/day. The six dietary ingredients were used
to formulate four respective treatment diets with two of the diets containing two cactus
inclusion levels (10% and 20%), and they were thoroughly mixed in required quantities
using a 500 kg feed mixer. Each diet was mixed separately, bagged and stored in a cool,
dry and well-ventilated feedlot farm storage prior to feeding from September to December
2018. Feed samples were collected from each batch of a mixed diet and pooled for later
chemical analyses (Table S1).

Table 1. The inclusion levels of ingredients in the experimental diets.

Proportions, Kg (500 kg)
Diets

Control Diet 10% Cactus 20% Cactus Commercial Diet

Grass hay (E. tef ) 35 10 5 62.5
Lucerne hay 40 37.87 40.2 0
Yellow maize 375 327.5 255.53 377.5

Soybean OCM (40% CP) 0 10 20 10
Cactus 0 64.63 129.27 0

Molasses 50 50 50 50

Control diet with no commercial ingredients; 10% Cactus diet: natural pasture hay + irrigated pasture hay +
crop-based energy and protein supplements + 10% Cactus; 20% Cactus diet: natural pasture hay + irrigated
pasture hay + crop-based energy and protein supplements + 20% Cactus; Commercial diet. OCM = Oil cake meal.
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Table 2. The chemical composition of the ingredients used in formulation of experimental diets.

Nutrient Contents (%, DM)
Ingredients

Cactus Lucerne Yellow Maize Soybean Grass Hay (Tef ) Molasses

Dry matter 88.35 90.30 91.00 88.00 91.10 85.00
Crude protein 7.90 16.40 10.00 52.90 8.30 5.80

Fat (Ether Extract) 2.20 2.10 4.30 1.70 4.50 3.00
Starch 7.80 1.20 72.10 11.30 3.00 -
Ash 9.85 13.80 1.10 4.21 8.10 8.2

ME (MJ/kg DM) 9.20 8.40 13.60 12.70 8.42 10.9
Neutral detergent fibre (NDF) 32.00 38.40 20.00 14.91 78.12 9

Acid detergent fibre (ADF) 26.50 34.90 11.40 12.20 42.43 -
Acid detergent lignin (ADL) 12.60 10.50 2.40 5.21 15.2 -

ME = Metabolisable Energy (MJ/kg DM).

The treatment diets were formulated to be iso-energetic and iso-nitrogenous. The
natural feedstuffs comprised of natural pasture hay (E. tef ), irrigated pasture hay (M. sativa)
and yellow maize as crop-based energy and protein supplements and two different inclu-
sion levels (10 and 20%) of cactus (O. ficus-indica). Each animal was fed according to the
National Research Council to meet daily feed requirements [23].

2.4. Chemical Analyses of Experimental Diets

Subsamples (n = 6) from each experimental diet were pooled and analyzed using
Dumas method (Leco FP-528; Leco Corporation, St. Joseph, MI, USA) to determine N
content. Prior to each session, EDTA was used to standardize the Leco. CP was determined
by multiplying the N content by 6.25. Organic matter (OM) content was determined by
combustion of samples at 550 ◦C for six hours in a muffle furnace according to the methods
of AOAC [24] to determine the ash content of each sample.

The neutral detergent fibre (NDF) and acid detergent fibre (ADF) were analyzed using
the semi-automated equipment for fibre analysis (ANKOM Technology, ANKOM200/220

fibre analyzer, using alfa-amylase). The acid detergent lignin (ADL) was determined as
described by Van Soest fiber analysis [25]. The fibre values were expressed exclusive of
residual ash content. Dietary starch was analyzed according to the Hall [26] method. To de-
termine the in vitro digestibility of NDF, ruminal fluid was extracted from two cannulated
Holstein Friesian cows (body weight = 449.4 ± 4.23 kg), grazing in cultivated pastures. The
0.5 g feed samples were inoculated with rumen fluid and incubated at 39 ◦C for 48 h in an
Ankom Daisy, II. Incubator [27], following the Tilley and Terry [28] technique. The mineral
contents of the dietary treatments are reported in Table 2. The in vitro digestibility of NDF
was determined for 12, 24 and 48 h incubation periods.

2.5. Experimental Design and Animal Management

Thirty-two Nguni heifers (Bos indicus) aged 24 months with an average weight of
172.2 ± 27.1 kg were selected from ARC Loskoop farm. All the heifers were ear-tagged
for easy identification. The animals were dewormed and dipped once at the beginning of
the trial and had been reared without the use of hormonal growth promoters (HGPs) and
antibiotics. The heifers were individually housed in pens measuring 2 × 4 m fitted with
feeding and water troughs. Eight animals were randomly assigned to each of the following
four dietary treatments: control diet (with pasture-based energy + protein sources), 10%
cactus diet, 20% cactus diet and commercial diet (with crop-based energy and commercial
protein source) in a completely randomized design (CRD).

The sample size of the animals used for this feeding trial was determined using the
following formula:

n =
N

1 + N(e)2

where n = sample size, n = population size and e = level of statistical precision.
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The animals were allowed 21 days to adapt to their respective treatment diets prior
to the 90-day feeding trial. They were fed at the same time every day (08H00 am) and
constantly checked during the day to add more feed for animals that had finished their feed.
Dietary treatments were offered to the animals ad libitum as total mixed rations (TMR) to
minimize selective feeding. The animals had free access to clean drinking water every day.

2.6. Animal Production Performance
Dry matter Intake, Feed Conversion Ratio and Body Condition Score

Dry matter intake (DMI) of the animals on each treatment diet were calculated as
the difference between feed offered and refusals over a week period. Feed residues
were weighed using a digital scale (Teraoka Seiko Co., Ltd., Tokyo, Japan) every Tues-
day morning. Animals were weighed individually using a digital scale (Sasco Africa,
South Africa) fortnightly and repeatedly to evaluate the body weight gain. The average
daily gain (ADG, Kg/day) between the initial weight and slaughter weight was calculated
for each animal.

The ADG (Kg/day) was computed using the following formula:

ADG (Kg/day) =
Finish weight− Start weight

Days on feed

ADG (Kg/day) =
Finish weight− Start weight

Days on feed

The feed conversion ratio (FCR) was calculated using the following formula:

FCR =
Dry matter intake
Average daily gain

Body condition scores (BCS) were assessed fortnightly and repeatedly to evaluate
muscle and fat condition of the animals independent of body weight. The following body
parts: tail head, hip and shoulder bones, back and brisket, ribs and body outline were used
to evaluate body condition scores (BCS) of each animal. The animals were palpated to
estimate BCS using a 5-point scale (1—very thin and/to 5—too fat).

2.7. Slaughter Procedure and Carcass Measurements

All the animals were slaughtered in December 2018. Animals were weighed 24 h
before slaughter and walked to the ARC-AP Irene abattoir the afternoon before slaughter
day. At the abattoir, the animals were deprived of feed overnight, but they had a full
access to water. The animals were slaughtered and dressed following standard commercial
procedures. After dressing, the warm carcasses were assessed for carcass attributes by
certified beef classifiers. The carcass fatness was graded on a fat-code scale of 0–6 (0 = no
visual fat cover, 1 = very lean, 2 = lean, 3 = medium, 4 = fat, 5 = over-fat, and 6 = excessively
over-fat). Anonymous [29] was used as conformation scale of 1–5 (with 1= very flat carcass,
2 = flat carcass, 3 = medium carcass, 4 = round carcass, and 5 = very round carcass).

After splitting the carcasses, M. longissimus thoracis et lumborum (LTL) temperature and
pH were recorded at 45 min after evisceration at the 11th rib of the right side and recorded.
The warm carcass weight was recorded 1 h after slaughtering. Following the overnight chill
(2 ◦C), at approximately 24 h post-mortem, muscle final pH, side weight and temperature
were recorded. The rib-eye muscle area was measured by tracing the LTL eye muscle area
between the 10th and 11th thoracic vertebrae. The surface area of the eye muscle was then
determined by video image analysis (VIA, Kontron, Germany).

3. Cost–Benefit Analyses

The cost–benefit analyses were used in this study to determine economic viability
for each diet. This was undertaken to compare costs with benefits and determine returns.
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The costs and benefits of the experimental diets, therefore, were determined by gross
margin analysis.

The gross margin analysis was employed for the study to determine the economic
viability and cost effectiveness of each diet and also acceptable returns of supplementing
with O. ficus-indica cladodes. The total variable costs and the value of animal on sale were
used to carry out gross margin analysis. Total variable costs (TVC) for each treatment
diet were calculated as costs directly related to the production of animals including the
cost of purchasing animals, feeding costs and management costs. Total revenue (TR) was
computed as the value for total estimated income earned from each animal from selling the
carcasses and non-carcass components (inclusive of hides and offal). The gross margin was
obtained by subtracting the TVC from TR.

Cost Effectiveness—A Drought Scenario for Spineless Cactus Cladodes

When considering the use of O. ficus-indica as a drought feed, it is imperative that
its price and the price of other complimentary commodities, time, animal weight gains
and final body weight be taken into consideration when determining its economic value
for cost effectiveness. In this study, we conducted economic projections of feeding cactus
containing diets for drought scenario using 2015–2016 drought commodity prices of cactus
cladodes (Table 3). The drought scenario was mirrored against the current scenario (no
drought period).

Table 3. Feed ingredients prices (USD/kg DM) used for spineless cactus feed formulation for drought
and current scenarios.

Feed Component Current (USD/kg DM) Drought (USD/kg DM)

Grass hay (E. tef ) 0.08 0.30

Lucerne 0.17 0.22

Maize (milled) 0.14 0.30

Soybean OCM (40% CP) — 0.35

Cladodes (prickly pear) 0.35 0.04

Molatek SB 100 0.30 0.30

4. Statistical Analysis

The univariate analysis was conducted in SAS [30] to assess normality and ho-
moscedasticity of data using Kolmogorov–Smirnoff and Levene’s tests, respectively, and
the data met both assumptions. The repeated measures analysis of variance (RMANOVA)
was conducted using General Linear Model (GLM) procedures of SAS to determine the
fixed effects of dietary treatments and time (weeks) as between- and within-subject factors,
respectively. The pre-treatment measurements (e.g., animal weights) were added in the
model as covariates. The GLM model used in this study was as follows:

Yijk = µ + βi + λj + Tk + βTik + εijkl

where Yijk = dependent response variable; µ = overall mean; βi = fixed effect of the ith
treatment diets, i = 1, 2, 3, 4; λj = covariates (e.g., pre-treatment weight of jth animal
on ith diet), j = 1, 2, 3 . . . 32; Tk = effect of the kth time (weeks, with k = 1, 2, 3 . . . 8);
βTik = interaction between time and treatment diet and eij = the random error associated
with jth covariate and ith treatment diet. However, the time (as within-subject factor) had
no effect on all animal performance and carcass characteristics; thus, we report only the
main effects of the treatment diets.

Significant differences between treatment diets were declared at α ≤ 5% using the
Scheffe post hoc analysis. We further generated linear regression models between final
body weight gain (FBW) and ADG and DMI and FCR using SIGMA 13.0 statistics.
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5. Results
5.1. Animal Growth Performance

The treatments had no significant effect (p > 0.05) on FBW (Table 4). In contrast,
the treatments had a significant effect (p < 0.05) on DMI and ADG (Table 4). Heifers fed
10 and 20% cactus diets had lower ADG (0.70 ± 0.08 to 0.80 ± 0.16 kg/day) than those
fed control (1.10 ± 0.19 kg/day) and commercial diets (1.10 ± 0.17 kg/day). Likewise, the
DMI was lowest for the heifers fed 10% cactus (6.50 ± 1.70 kg/day) and 20% cactus diets
(6.00 ± 0.90 kg/day) relative to those fed control (7.30 ± 1.20 kg/day) and commercial
diets (7.50 ± 1.20 kg/day). The dietary treatments significantly affected FCR (p < 0.05),
with heifers fed 10 and 20% cactus diet exhibiting similar FCR, which was significantly
higher than those fed control and commercial diets (Table 4). On the other hand, FCR was
comparable (p > 0.05) between heifers fed control and commercial diets.

Table 4. Slaughter and carcass characteristics of Nguni heifers fed spineless cactus diets.

Variable
Diets

Control Diet 10% Cactus Diet 20% Cactus Diet Commercial Diet Sign

Starting weight (Kg) 173.50 ± 24.27 169.60 ± 28.72 173.60 ± 26.99 171.80 ± 28.41 NS
Warm carcass weight (Kg) 145.10 ± 22.87 135.40 ± 24.68 126.80 ± 20.24 147.80 ± 20.71 NS
Cold carcass weight (Kg) 142.60 ± 22.33 132.70 ± 24.45 124.30 ± 20.06 145.30 ± 20.36 NS

Warm dressing % 53.80 ± 1.38 ab 55.40 ± 1.88 a 52.90 ± 2.14 b 54.50 ± 1.61 ab *
Cold dressing % 52.90 ± 1.36 ab 54.30 ± 1.83 a 51.80 ± 2.16 b 53.60 ± 1.58 ab *
pH initial 45 min 6.07 ± 0.07 6.06 ± 0.10 6.10 ± 0.11 6.05 ± 0.34 NS
pH ultimate 24 h 5.40 ± 0.07 5.53 ± 0.17 5.51 ± 0.08 5.48 ± 0.12 NS

Fat thickness (mm) 2.30 ± 0.53 a 2.10± 0.35 b 2.10 ± 0.32 b 2.40 ± 0.46 a *
Conformation 2.90 ± 0.35 a 2.60 ± 0.52 ab 2.30 ± 0.46 b 3.00 ± 0.00 a *

Rib-eye muscle Area (mm2) 4119.30 ± 560.50 4412.30 ± 978.89 4140.60 ± 691.60 5069.50 ± 749.92 NS

FBW (Kg) 269.30 ± 37.56 253.38 ± 37.55 249.00 ± 30.33 270.80 ± 32.89 NS
DMI (Kg DM/day) 7.30 ± 1.22 a 6.50 ± 1.73 b 6.00 ± 0.93 b 7.50 ± 1.22 a *

ADG (Kg/day/animal) 1.10 ± 0.19 a 0.80 ± 0.16 b 0.73 ± 0.08 b 1.10 ± 0.17 a ***
FCR 6.64 ± 0.42 b 8.13 ± 1.02 a 8.22 ± 1.51 a 6.82 ± 0.92 b **

ab Means within a row with different superscript letters differ at * p < 0.05; ** p < 0.01; *** p < 0.001. Commer-
cial diet; Control diet with no commercial ingredients; 10% Cactus: natural pasture hay + irrigated pasture
hay + crop-based energy and protein supplements + 10% Cactus; 20% Cactus: natural pasture hay + irrigated
pasture hay + crop-based energy and protein supplements + 20% Cactus.

There was a strong linear relationship between FBW and DMI for cactus diets
(r2 = 0.50−0.75, p < 0.05) and non-cactus diets (r2 = 0.72−0.86, p < 0.01, Figure 1). Likewise,
the FBW increased linearly with ADG (r2 = 0.26−0.72) but the relationships were weaker
and insignificant except for control (r2 = 0.72, p < 0.01) and 10% cactus diets (r2 = 0.54,
p < 0.05). The relationships were weak to non-existent between FCR and FBW (Figure 1).

5.2. Carcass Characteristics

Effects of the treatment diets on slaughter and carcass characteristics are presented
in Table 4. The dietary treatments had no significant effect (p > 0.05) on warm and cold
carcass weight, meat pH and rib-eye muscle area. The cold and warm dressing percentages
did not differ between heifers fed 10% cactus diet, control and commercial diets. However,
the cold and warm carcass dressing percentages were lower for heifers fed 20% cactus
diet than those fed 10% cactus diet. The fat thickness of heifers fed cactus diets (2.10 mm)
was comparable (p > 0.05), but heifers fed control (2.30 mm) and commercial (2.40 mm)
diets had a significantly higher fat thickness than those fed 10% cactus diet. The carcass
conformation scores were lowest for heifers fed 20% cactus diet compared to those fed
control and commercial diets but comparable to those fed 10% cactus diets (Table 4).
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5.3. Cost-Benefit Analyses

Means of the total variable costs, total revenue and gross margins are presented in
Table 5. The total feeding costs were higher (p < 0.01) for the commercial diet and lower
for the cactus diets, with the 20% cactus diet being the least costly. In particular, the costs
for yellow maize inclusion in 10 and 20% cactus diets were on average lower by USD
2.67–4.80 and USD 3.45–5.58 than in control and commercial diets, respectively. However,
the harvesting costs of cactus cladodes and soybean inclusion were two-fold higher for
20% cactus diet than 10% cactus diet. Total revenue was relatively higher (p < 0.05) for
heifers fed the commercial diet (USD 38.67) but total variable costs were concurrently high,
leading to the low returns of USD 16.31 for commercial diet compared to the 10% cactus
(USD 17.47) and 20% cactus diets (USD 18.62).
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Table 5. Gross margins [cost(USD)/animal] for Nguni heifers fed cactus containing diets.

Parameter
Diets Sign

Control Diet 10% Cactus Diet 20% Cactus Diet Commercial Diet

Animal purchasing cost 11.86 ± 0.68 11.84 ± 0.69 11.89 ± 0.70 11.89 ± 0.69 ns

Feeding costs

PPC cladode harvesting — 2.03 ± 0.0 4.06 ± 0.13 a — **

Grass hay (E. tef ) 2.20 ± 0.06 ab 0.63 ± 0.03 b 0.31 ± 0.01 c 4.08 ± 0.07 a **

Lucerne 2.5 ± 0.04 a 2.36 ± 0.04 b 2.51 ± 0.05 a — **

Maize (milled) 23.56 ± 3.85 a 20.89 ± 2.61 18.75 ± 3.20 c 24.35 ± 1.42 a **

Soybean OCM (40% CP) — 0.63 ± 0.0.03 b 1.26 ± 0.03 a 0.63 ± 0.03 b **

Molatek SB 100 3.14 ± 0.0 3.14 ± 0.0 3.14 ± 0.0 3.14 ± 0.0 ns

Management cost 0.71 ± 0.02 0.70 ± 0.02 0.71 ± 0.02 0.71 ± 0.02 ns

Total variable costs 20.73 ± 3.87 b 20.80 ± 3.07 ab 19.63 ± 2.82 c 22.40 ± 4.27 a **

Total revenue 37.55 ± 5.66 c 38.31 ± 10.07 b 38.28 ± 12.03 b 38.74 ± 9.45 a *

Gross margins 15.56 ± 1.32 c 17.60 ± 1.33 a 18.64 ± 1.33 a 16.34 ± 1.27 b *
abc Means with different superscripts within a row are different *-(p < 0.05); **-(p < 0.01); ns: not significant;
—: not applicable; Commercial diet; Control diet with no commercial ingredients; 10% Cactus: natural pasture
hay + irrigated pasture hay + crop-based energy and protein supplements + 10% Cactus; 20% Cactus: natural
pasture hay + irrigated pasture hay + crop-based energy and protein supplements + 20% Cactus. OCM: Oil
cake meal.

5.4. Cost Effectiveness for Drought Scenario

Feed ingredient costs (USD/kg) and economic returns from dietary treatments during
current and drought scenarios is presented in Table 6. The inclusion of cactus in the cattle
diet formulations significantly influenced the cost of ingredients’ inclusion levels. For both
current (i.e., no drought) and drought scenarios, total costs of ingredients were lower for
both cactus inclusion levels, more so for the 20% cactus diet relative to 10% cactus diet. It
has been suggested that the maize prices are projected to rise almost two-fold higher during
drought scenarios compared to the current scenario. The grass hay prices for drought
scenario tripled the current prices. In the current scenario, the heifers fed 10 and 20% cactus
diets attained higher average gain/return of daily weight of 1.16 and 1.13 USD/kg/day,
respectively and both had greater returns than control and commercial diets. The trend
changed for drought scenario, with 20% cactus diet attaining lower average gain/return of
daily weight (2.02 USD/kg/day/animal) than other diets. The 10% cactus diet consistently
had higher average gain/return of daily weight (2.14 USD/kg/day/animal) compared to
other diets.

Table 6. Projected feed ingredient costs (USD/kg) and economic returns from cactus diets for current
and drought scenarios.

Scenario

Current (USD/kg) Draught (USD/kg)

Feed Component (kg) Control
Diet

10% Cactus
Diet

20% Cactus
Diet

Commercial
Diet

Control
Diet

10%
Cactus

Diet

20%
Cactus

Diet

Commercial
Diet

Grass hay (E. tef ) 0.005 0.001 0.001 0.009 0.021 0.006 0.003 0.037
Lucerne 0.014 0.013 0.014 — 0.018 0.016 0.018 —

Maize (milled) 0.100 0.095 0.078 0.110 0.230 0.210 0.170 0.230
Soybean OCM (40% CP) — 0.007 0.014 0.007 — 0.007 0.014 0.007
Cladodes (prickly pear) — 0.000 0.000 — — 0.004 0.008 —

Molatek SB 100 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030

Total cost ingredient incl. 0.150 0.150 0.140 0.150 0.290 0.27 0.240 0.310
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Table 6. Cont.

Scenario

Current (USD/kg) Draught (USD/kg)

Feed Component (kg) Control
Diet

10% Cactus
Diet

20% Cactus
Diet

Commercial
Diet

Control
Diet

10%
Cactus

Diet

20%
Cactus

Diet

Commercial
Diet

DMI (kg/day) 0.460 0.410 0.380 0.470 0.460 0.410 0.380 0.470
USD/kg/day 1.111 0.950 0.830 1.150 2.140 1.760 1.470 2.300

ADG (kg/day/animal) 0.066 0.051 0.046 0.069 0.066 0.051 0.046 0.069
USD/kg/day/animal 1.050 1.160 1.130 1.050 2.020 2.140 2.010 2.100

6. Discussion
6.1. Effects of Spineless Cactus Inclusion in Cattle Diets on Growth Performance

The final body weight gain was statistically similar between four dietary treatments,
suggesting that cactus diets are potential alternative feeds for free-range beef cattle (Table 4).
For all diets, the FBW correlated strongly linear with DMI and weakly with FCR (Figure 1),
suggesting that FBW was probably explained largely by the quantity of feed consumed.
This was also reflected by higher ADG on heifers fed commercial and control diets, which
attained a higher DMI compared to those fed cactus diets. The observed low DMI and ADG
for heifers fed cactus diets could be attributed to polyphenols, such as condensed tannins,
phytates and oxalates [31]. Morshedy et al. [31] also reported a low DMI of cactus diets
relative to non-cactus feeds in sheep fed 5 and 10 g/head/day. In general, cactus possesses
an astringent taste at first consumption and when included in large amounts tends to
reduce feed palatability, thereby reducing DMI [32,33]. In this study, low acceptability
of cactus diets was reflected on similar BCS between week 1 and 2 for heifers fed 20%
cactus diet (Figure S1). The observed higher FCR for heifers fed cactus diets was due
probably to higher fibre content in these diets. Because cactus cladodes contain secondary
compounds [31], it is highly likely that the degradation of the cactus material during
digestion was low, resulting in low average daily gain and final body weight gain.

6.2. Effects of Spineless Cactus Inclusion in Cattle Diets on Carcass Characteristics

Statistically, the carcass (both cold and warm) weights did not differ between diets,
resembling the responses of the final body weight gains. The similar responses of heifers
fed cactus diets and those fed commercial and control diets observed in this study disagrees
with de Lima et al. [20], who recorded higher carcass weight for sheep fed cactus containing
diets. The differences between this study and that of de Lima et al. [20] could be due to
differences in animal types, feed rations and cactus inclusion levels. In the current study,
the low pre-slaughter weight for heifers fed cactus diets was due to lower DMI compared
to commercial and control diets.

Interestingly, heifers fed 10 and 20% cactus diet exhibited similar dressing percentages
(DPs) with those fed commercial and control diets (Table 4). Thus, given that heifers fed
commercial and control diets had higher DMI, it is more likely that their gut fill was, on a
relative basis, higher than that of heifers fed cactus diets. The fat thickness of 2.1–2.4 mm
for heifers fed cactus diets and non-cactus diets indicated that the animals for all diets were
lean according to the meat classification scheme adopted by du Plessis and Hoffman [34].
Of the meat quality parameters, subcutaneous fat is important for reducing cold shortening,
thereby maintaining high meat tenderness and juiciness. Although the meat was declared
lean in this study, according to du Plessis and Hoffman [34], the fat thickness for all diets
indicated that slaughtered heifers met the market standards.

6.3. Economic Implications of Spineless Cactus Inclusion in Cattle Diets

Despite higher total revenue generated by commercial feeds, the gross margin was
negated by high feeding costs (Table 5). Thus, conventional feeds are more costly, and
this may limit their affordability by resource-limited free-range beef farmers. Amongst
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other factors, high inclusion levels of yellow maize appear to be a primary driver of higher
feed costs, making it economically non-viable to rely on commercial feeds. Interestingly,
cactus diets attained high gross margins (Table 5), with 20% cactus diet having higher
gross margin than other diets, propelled ostensibly by a reduction in input costs. The
inclusion of cactus in cattle diets did not only reduce maize inclusion but also grass hay
by 4- and 7-fold lower for 10 and 20% cactus diets, respectively, relative to control diet.
This significantly reduced total variable costs for cactus diets, making it more profitably
to include cactus cladodes in cattle diets. These results are a milestone for financially
disadvantaged beef farmers who intend to improve their cattle herds at low input costs
without compromising their animals’ performance. Reducing maize in the cactus diets is,
according to Pinos-Rodríguez et al. [35] and Atti et al. [36], scientifically justifiable because
cactus cladodes have high energy levels that can compensate for energy required from
maize. In this study, despite a 47–50 kg reduction in maize inclusion in the 10% cactus
diet relative to the control and commercial diets, the metabolisable energy (ME) remained
similar between these diets (data not presented). Despite the temporal decline in yellow
maize prices by 4.6% locally as a result of low global prices and a stronger exchange rate,
in the long-term, yellow maize prices will rise dramatically [37].

Our economic projections also indicated the doubling and tripling in maize and grass
hay prices, respectively, during drought relative to the current scenario (Table 6). In this
study, however, the cactus diets, particularly the 10% inclusion level, tended to reduce inclu-
sion costs of these ingredients and increased the average gain/return during drought sce-
nario. The same was true in the study by De Waal et al. [38] and Balduíno da Silva et al. [39],
where sheep fed diets containing spineless cactus attained higher economic returns/body
gains than non-cactus diets. The trend changed for the drought scenario where a 20% cactus
inclusion level resulted in lower average gain/return. Thus, during drought when prices
of yellow maize hike and demand for drinking water increases, spineless cactus at 10%
inclusion level will be a cost-effective strategy to sustain animal performance and ensure
higher economic returns.

7. Conclusions

In terms of animal growth performance and carcass quality, cactus combined diets
were not beneficial relative to commercial and control diets. However, the inclusion
of spineless cactus in the cattle diets reduced the inclusion of maize, leading to higher
economic returns than commercial and control diets. Spineless cactus inclusion in the
diets appears to be the most cost-effective alternative strategy to reduce total variable costs
without serious negative effects on animal growth performance and beef carcass quality.
Our economic projections for a drought scenario indicated that feeding costs are likely to
rise dramatically and that 10% cactus inclusion will be the most economically viable option
to reduce feeding costs. Thus, the farmers who cannot afford to buy the commercial diets
may need to consider using 10% cactus diets.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/agriculture12071023/s1, Figure S1: Body condition score over
time of cattle fed cactus and non-cactus diets; Table S1: Mineral contents of experimental dietary
treatments for cattle feeding.

Author Contributions: Conceptualization, A.N., T.J.T., N.R.M., C.M., E.R., P.E.S., K.D. and V.M.;
methodology, A.N., T.J.T., N.R.M., C.M., E.R., P.E.S., K.D. and V.M.; validation, A.N.; investigation,
A.N., M.M., T.J.T., N.R.M., C.M., E.R., P.E.S., K.D. and V.M.; data curation, A.N., M.M.; writing—
original draft preparation, A.N.; writing—review and editing, A.N., M.M., T.J.T., N.R.M., C.M., E.R.,
P.E.S., K.D. and V.M.; supervision, T.J.T., N.R.M., C.M. and V.M. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was supported by the Agricultural Research Council (ARC) of South Africa,
Australian Centre for International Agricultural Research (ACIAR; number: LS/2016/276), Depart-

https://www.mdpi.com/article/10.3390/agriculture12071023/s1
https://www.mdpi.com/article/10.3390/agriculture12071023/s1


Agriculture 2022, 12, 1023 12 of 13

ment of Agriculture Fisheries and Forestry (DAFF) and National Research Foundation (NRF, number:
118595) of South Africa.

Institutional Review Board Statement: Permission to conduct the study was applied for through
the Agricultural Research Council—Animal Production (ARC-AP) Ethical Clearance Committees
and approved by the Committee of Animal Care and obtained from the Ethical Clearance Committee
(Ethics Ref Number: APIEC 18/17).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data used in this research will be made available on request and
discussion with the main researcher and corresponding author.

Acknowledgments: Authors would like to thank the ARC staff for assistance on animal feeding trials
and animal handling. The post-graduate students of the University of Fort Hare are also appreciated
for assisting throughout the course of the study.

Conflicts of Interest: The authors declare that there is no competing interest associated with
this work.

References
1. Nyamushamba, G.B.; Mapiye, C.; Tada, O.; Halimani, T.E.; Muchenje, V. Conservation of indigenous cattle genetic resources

in Southern Africa’s smallholder areas: Turning threats into opportunities—A review. Asian-Australas. J. Anim. Sci. 2016, 30,
603–621. [CrossRef] [PubMed]

2. Lebret, B.; Meunier-Salaün, M.C.; Foury, A.; Mormède, P.; Dransfield, E.; Dourmad, J.Y. Influence of rearing conditions on
performance, behavioral, and physiological responses of pigs to preslaughter handling, carcass traits, and meat quality. J. Anim.
Sci. 2006, 84, 2436–2447. [CrossRef] [PubMed]

3. Muchenje, V.; Dzama, K.; Chimonyo, M.; Raats, J.G.; Strydom, P.E. Meat quality of Nguni, Bosmara and Aberdeen Angus steers
raised on natural pasture in the Eastern Cape, South Africa. Meat Sci. 2008, 79, 20–28. [CrossRef] [PubMed]

4. Mapiye, C.; Chimonyo, M.; Marufu, M.C.; Dzama, K. Utility of Acacia karroo for beef production in the smallholder farming areas:
A review. Anim. Feed Sci. Technol. 2011, 164, 135–146. [CrossRef]

5. Webb, E.; Erasmus, L.J. The effect of production system and management practices on the quality of meat products from ruminant
livestock. S. Afr. J. Anim. Sci. 2013, 43, 413. [CrossRef]

6. Strydom, P.; Frylinck, L.; Van Heerden, S.; Hope-Jones, M.; Hugo, A.; Webb, E.C.; Moholisa, E.; Liebenberg, B.; Sehoole, O. Sources
of variation in quality of South African beef: Case studies in relation to the red meat classification system. S. Afr. J. Anim. Sci.
1970, 45, 289–301. [CrossRef]

7. Loureiro, M.L.; Umberger, W.J. A choice experiment model for beef: What US consumer responses tell us about relative preferences
for food safety, country-of-origin labeling and traceability. Food Policy 2007, 32, 496–514. [CrossRef]

8. Marandure, T.; Mapiye, C.; Makombe, G.; Dzama, K. Indicator-based sustainability assessment of the smallholder beef cattle
production system in South Africa. Agroecol. Sustain. Food Syst. 2016, 41, 3–29. [CrossRef]

9. Chimonyo, C.M.M.; Dzama, K.; Muchenje, V.; Strydom, P.E. Meat quality of Nguni steers supplemented with Acacia karroo
leaf-meal. Meat Sci. 2010, 84, 621–627.

10. Thornton, P.K.; Herrero, M. Climate change adaptation in mixed crop–livestock systems in developing countries. Glob. Food Secur.
2014, 3, 99–107. [CrossRef]

11. Graeub, B.E.; Chappell, M.J.; Wittman, H.; Ledermann, S.; Kerr, R.B.; Gemmill-Herren, B. The State of Family Farms in the World.
World Dev. 2016, 87, 1–15. [CrossRef]

12. Khanyile, M.; Ndou, S.; Chimonyo, M. Influence of Acacia tortilis leaf meal-based diets on growth performance of pigs. Livest.
Sci. 2014, 167, 211–218. [CrossRef]

13. Mlambo, V.; Mapiye, C. Towards household food and nutrition security in semi-arid areas: What role for condensed tannin-rich
ruminant feedstuffs? Food Res. Int. 2015, 76, 953–961. [CrossRef]

14. Keady, S.; Keane, M.; Waters, S.; Wylie, A.; O’Riordan, E.; Keogh, K.; Kenny, D. Effect of dietary restriction and compensatory
growth on performance, carcass characteristics, and metabolic hormone concentrations in Angus and Belgian Blue steers. Animal
2021, 15, 100215. [CrossRef]

15. Shiningavamwe, K.L. Prickly pear cladodes (Opuntia ficus-indica) as an alternative feed source for livestock. Spotlight Agric. 2010,
177, ISSN 1562-5192.1–2.

16. Lopéz-Garcia, J.J.; Fuentes-Rodríguez, J.M.; Rodríguez, R.A. Producción y uso de Opuntia como forraje en el centronorte de México;
Food and Agriculture Organization of the United Nations: Rome, Italy, 2003; pp. 39–40.

17. Nefzaoui, A.; Ben Salem, H. Forage, fodder and animal nutrition. In Cacti, Biology and Uses; Nobel, P.S., Ed.; University of
California Press: Berkeley, CA, USA, 2002; Chapter 12, p. 280.

http://doi.org/10.5713/ajas.16.0024
http://www.ncbi.nlm.nih.gov/pubmed/27004814
http://doi.org/10.2527/jas.2005-689
http://www.ncbi.nlm.nih.gov/pubmed/16908648
http://doi.org/10.1016/j.meatsci.2007.07.026
http://www.ncbi.nlm.nih.gov/pubmed/22062594
http://doi.org/10.1016/j.anifeedsci.2011.01.006
http://doi.org/10.4314/sajas.v43i3.12
http://doi.org/10.4314/sajas.v45i3.7
http://doi.org/10.1016/j.foodpol.2006.11.006
http://doi.org/10.1080/21683565.2016.1231152
http://doi.org/10.1016/j.gfs.2014.02.002
http://doi.org/10.1016/j.worlddev.2015.05.012
http://doi.org/10.1016/j.livsci.2014.04.016
http://doi.org/10.1016/j.foodres.2015.04.011
http://doi.org/10.1016/j.animal.2021.100215


Agriculture 2022, 12, 1023 13 of 13

18. Santos, A.O.A.; Batista, A.M.V.; Mustafa, A.; Amorim, G.L.; Guim, A.; Moraes, A.C.; De Lucena, R.B.; De Andrade, R. Effects of
Bermuda grass hay and soybean hulls inclusion on performance of sheep fed cactus-based diets. Trop. Anim. Health Prod. 2010, 42,
487–494. [CrossRef]

19. Nefzaoui, A. Use of cactus as feed: Review of the international experience. In Improved Utilization of Cactus Pear for Food, Feed,
Oil and Water Conservation and Other Products in Africa, Proceedings of International Workshop, Mekelle, Ethiopia, 19–21 October 2009;
Nefzaoui, A., Inglese, P., Belay, T., Eds.; Cactusnet: Mekelle, Ethiopia, 2010; pp. 93–100.

20. de Lima, A.S.; Silva, J.F.D.S.; Souza, M.T.D.C.; Vieira, M.S.B.; Praxedes, R.F.; Ribeiro, J.D.S.; Cardoso, D.B.; Rangel, A.H.D.N.; de
Carvalho, F.F.R.; Júnior, D.M.D.L. Carcass characteristics and meat quality of lambs fed with cassava foliage hay and spineless
cactus. Anim. Sci. J. 2021, 92, e13519. [CrossRef]

21. Ben Salem, H.; Abidi, S. Recent advances on the potential use of opuntia spp. In livestock feeding. Acta Hortic. 2009, 317–326.
[CrossRef]

22. Department of Environmental Affairs (DEA). National Climate Change Response Strategy Green Paper; Department of Environmental
Affairs (DEA): Pretoria, South Africa, 2010.

23. National Research Council (NRC), Board on Agriculture and Natural Resources. Nutrient Requirements of Beef Cattle, 8th revised ed.;
The National Academies Press: Washington, DC, USA, 2016.

24. AOAC. Official Method of Analysis, 16th ed.; Association of Official Analytical: Washington, DC, USA, 2002.
25. Van Soest, P.J.; Robertson, J.B.; Lewis, B.A. Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in

relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583–3597. [CrossRef]
26. Hall, M.B. Determination of Starch, Including Maltooligosaccharides, in Animal Feeds: Comparison of Methods and a Method

Recommended for AOAC Collaborative Study. J. AOAC Int. 2009, 92, 42–49. [CrossRef]
27. Ammar, H.; López, S.; Bochi, O.; Garc´ıa, R.; Ranilla, M.J. Composition and in vitro digestibility of leaves and stems of grasses

and legumes harvested from permanent mountain meadows at different maturity stages. J. Anim. Feed Sci. 1999, 8, 599–610.
[CrossRef]

28. Tilley, J.M.A.; Terry, R.A. A two-stage technique for the in vitro digestion of forage crops. J. Br. Grassl. Soc. 1963, 18, 104–111.
[CrossRef]

29. Anonymous. Government Notice No. R.55 of 30 January 2015. Regulations regarding the classification and marking of meat
intended for sale in the republic of South Africa. In Government Gazette of the Republic of South Africa; 2015. Available online:
https://www.gov.za/sites/default/files/gcis_document/201501/38431reg10358gon55.pdf (accessed on 20 March 2022).

30. Statistical Analysis System (SAS). SAS User’s Guide: Statistics. SAS for Windows. Release 9.2; Statistical Analysis System Institute
Inc.: Cary, NC, USA, 2009.

31. Morshedy, S.A.; Mohsen, A.E.A.; Basyony, M.M.; Almeer, R.; Abdel-Daim, M.M.; El-Gindy, Y.M. Effect of Prickly Pear Cactus Peel
Supplementation on Milk Production, Nutrient Digestibility and Rumen Fermentation of Sheep and the Maternal Effects on
Growth and Physiological Performance of Suckling Offspring. Animals 2020, 10, 1476. [CrossRef] [PubMed]

32. De Wit, M.; Nel, P.; Osthoff, G.; Labuschagne, M.T. The Effect of Variety and Location on Cactus Pear (Opuntia ficus-indica) Fruit
Quality. Plant Foods Hum. Nutr. 2010, 65, 136–145. [CrossRef] [PubMed]

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

34. Du Plessis, I.; Hoffman, L. Effect of chronological age of beef steers of different maturity types on their growth and carcass
characteristics when finished on natural pastures in the arid sub-tropics of South Africa. S. Afr. J. Anim. Sci. 2004, 34, 1–12.
[CrossRef]

35. Pinos-Rodríguez, J.M.; Gonzalez, S.S.; Badillo, B.; García-López, J.C.; Aguirre-Rivera, J.R.; Infante, S. Chemical composition and
ruminal in vitro degradation of Agave salmiana Otto ex. Salm-Dick fresh or silage. J. Appl. Anim. Res. 2008, 33, 45–48. [CrossRef]

36. Atti, N.; Mahouachi, M.; Rouissi, H. The effect of spineless cactus (Opuntia ficus-indica f. inermis) supplementation on growth,
carcass, meat quality and fatty acid composition of male goat kids. Meat Sci. 2006, 73, 229–235. [CrossRef]

37. Rautenbach, A.; Louw, M. Firm global agricultural prices–local prices follow suit. In Agri Trends: Grains and Oilseed Report; Absa
Bank: Gauteng, South Africa, 2021; pp. 1–5.

38. De Waal, H.O.; Combrinck, W.J.; Schwalbach, L.M.J.; Menezes, C.M.D.; Da, C.; Shiningavamwe, K.L. Recent advances to include
sun-dried and coarsely ground Opuntia ficus-indica cladodes in balanced diets for sheep in South Africa and Namibia. Anim. Feed
Sci. Technol. 2015, 1067, 167–172.

39. Balduíno da Silva, K.B.; de Oliveira, J.S.; Santos, E.M.; Ramos, J.D.F.; Cartaxo, F.Q.; Givisiez, P.N.; Souza, A.F.D.N.; Cruz, G.F.D.L.;
Neto, J.C.; Alves, J.P.; et al. Cactus Pear as Roughage Source Feeding Confined Lambs: Performance, Carcass Characteristics, and
Economic Analysis. Agronomy 2021, 11, 625. [CrossRef]

http://doi.org/10.1007/s11250-009-9448-y
http://doi.org/10.1111/asj.13519
http://doi.org/10.17660/ActaHortic.2009.811.43
http://doi.org/10.3168/jds.S0022-0302(91)78551-2
http://doi.org/10.1093/jaoac/92.1.42
http://doi.org/10.22358/jafs/69184/1999
http://doi.org/10.1111/j.1365-2494.1963.tb00335.x
https://www.gov.za/sites/default/files/gcis_document/201501/38431reg10358gon55.pdf
http://doi.org/10.3390/ani10091476
http://www.ncbi.nlm.nih.gov/pubmed/32842624
http://doi.org/10.1007/s11130-010-0163-7
http://www.ncbi.nlm.nih.gov/pubmed/20464635
http://doi.org/10.1016/j.smallrumres.2006.10.004
http://doi.org/10.4314/sajas.v34i1.3803
http://doi.org/10.1080/09712119.2008.9706894
http://doi.org/10.1016/j.meatsci.2005.11.018
http://doi.org/10.3390/agronomy11040625

	Introduction 
	Materials and Methods 
	Study Site Description 
	Feed Preparation 
	Natural Pasture Grass Hay and Herbaceous Legume Hay 
	Preparation of Spineless Prickly Pear Cactus (Opuntia ficus-indica) 

	Diet Formulation 
	Chemical Analyses of Experimental Diets 
	Experimental Design and Animal Management 
	Animal Production Performance 
	Slaughter Procedure and Carcass Measurements 

	Cost–Benefit Analyses 
	Statistical Analysis 
	Results 
	Animal Growth Performance 
	Carcass Characteristics 
	Cost-Benefit Analyses 
	Cost Effectiveness for Drought Scenario 

	Discussion 
	Effects of Spineless Cactus Inclusion in Cattle Diets on Growth Performance 
	Effects of Spineless Cactus Inclusion in Cattle Diets on Carcass Characteristics 
	Economic Implications of Spineless Cactus Inclusion in Cattle Diets 

	Conclusions 
	References

