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Abstract: In an attempt to improve free-range beef cattle herds and explore the economic viability
of utilizing Opuntia ficus-indica (spineless cactus) cladodes as 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 32 heifers aged 24-months, weighing on
average 172.2+27.1 kg, with each dietary treatment replicated to 8 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 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 con-
version ratio than those fed cactus diets. However, the final body weight gains, slaughter and car-
cass weights, rib-eye muscle area and meat pHas min and 24n 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 R278.6 and R296.9, 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; spine-
less cactus diets

1. Introduction

The new generation of consumers select beef products not only based on eating qual-
ity and price, but also considers the “ethical quality” involving production process attrib-
utes such as production system, environmental impact, food safety and animal welfare
issues [23)]. This has increased consumer awareness of genetically and chemically modi-
fied foods [12]. Certain consumers perceive that non-conventionally produced beef such
as free-range has more taste and nutritional value than conventionally produced beef
[19,14]. Free-range beef cattle refers to a free movement of animals in the rangeland to
feed on grasses as their sole diet, with limited grain-based supplement and are never given
routine antibiotics and/or growth hormones [33].

The demand for beef as animal protein is projected to increase dramatically in re-
sponse to a rise in human population [33, 30]. Recently, there has been expanding middle-
class of consumers with high affinity for animal-protein produced from non-conventional
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systems [13,16]. In South Africa, the rural development initiatives have long been promot-
ing rearing of indigenous breeds, with an objective to stimulate free-range beef farmer’s
participation in mainstream commercial beef supply chain [15]. This implies that the
whole beef supply chain in Southern Africa has to be actively integrated in implementing
strategies that will enhance beef production systems to meet the changing consumer ex-
pectations. This presents an opportunity for formal marketing of beef from commercially-
orientated cattle producers who manage the perceived safe and environmentally consid-
erate extensive beef production system [32]. The need for beef from indigenous cattle
breeds to compete well in the formal markets underscores the necessity to assess and im-
prove meat production potential by ensuring appropriate nutrition in free-range beef sec-
tor. Nutrition is the most important factor limiting animal performance in free-range beef
production system [9].

The use of non-genetically modified local forage resources for beef cattle feeding may
be a viable alternative to concentrates and fodder crops [11, 17]. Conventional feeds are,
according to Keady et al. [10], expensive accounting as much as 75% of the total production
costs. Thus, it is essential to derive cost-effective strategies that reduce feeding costs with-
out compromising animal performance [10]. Amongst others, indigenous leguminous
browse trees and spineless cactus (Opuntia ficus-indica) are available to supplement poor
quality grasses, more so during forage scarcity [15,28].

The spineless cactus is an excellent energy source, rich in non-fibrous carbohydrates
(61.7%) and exhibits high DM digestibility [27]. It also contains significant levels of cal-
cium, potassium and magnesium [22, 26]. Its high water content is regarded as an alter-
native water supply for ruminants in drought-prone and water-limited areas [21]. 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
[4]. Amongst others, 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 [3].

Despite a long way gone by animal nutritionists to ascertain spineless cactus as an
alternative feed for ruminants, its economic value and impact on meat characteristics are
yet to be evaluated [28]. 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 cac-
tus 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 sup-
plementary feed on growth performance and carcass characteristics of Nguni cattle heif-
ers, 2) the profitability of feeding cactus diets and 3) to conduct economic projections of
feeding with cactus diets for drought scenario.

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 of South Af-
rica. ARC — AP lies under the coordinates: latitude 25° 53' 59.6" S and longitude 28° 12'
51.6" E at an altitude that varies from 1 400 to 1 800 m above sea level, with a mean altitude
of 1 512 m [34]. The area is characterized by mean annual rainfall of 670 mm per year [34]
and mean maximum annual temperature of 22.6 °C and the area is subject to larger vari-
ation in temperature than coastal areas with most rain falling in the summer season.

2.2. Feed preparation

Natural pasture grass hay and herbaceous legume hay


https://doi.org/10.20944/preprints202205.0394.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2022 doi:10.20944/preprints202205.0394.v1

Natural pasture grass (Eragrostis tef) and herbaceous legume (Lucerne, Medicago sa-
tiva) were harvested separately (April, 2018) from ARC Roodeplaat farm, Pretoria (25.6°

15" 477 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.

2.3. Preparation of spineless prickly pear cactus (Opuntia ficus-indica)

Cladodes of O. ficus-indica were collected from 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 ele-
vated platform covered with 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.

2.4. Diet formulation

The inclusion levels of ingredients and chemical composition of the experimental di-
ets is presented in Table 1. Diets were formulated using Large Ruminant Nutrition System
(LRNS) v1.0.33 of Cornell and Texas A and M (Texas University, USA) to supply 150
g/kg DM crude protein and metabolizable energy of 10.5 M]/kg DM to support an average
daily gain of 0.64 kg/day. The six dietary ingredients were used to formulate four respec-
tive 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 feed-
lot 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.

The treatment diets were formulated to be iso-energetic and iso-nitrogenous. The
natural feedstuffs comprised of natural pasture hay (E. fef), irrigated pasture hay (M. sa-
tiva) and yellow maize as crop-based energy and protein supplements and two different
inclusion levels (10 and 20%) of cactus (O. ficus-indica). Each animal was fed according to
the National Research Council to meet daily feed requirements [20].
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Table 1. The inclusion levels of ingredients and chemical composition of the experimental diets.

Diets
Proportions, kg (500 kg) 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

Soy bean OCM (40% CP) 0 10 20 10

Cactus 0 64.63 129.27 0

Molasses 50 50 50 50

Chemical composition, % DM

Dry matter 90.22 89.43 89.08 90.51
Crude protein 11.33 10.27 11.35 13.03
Fat (Ether Extract) 2.84 2.66 2.32 2.90
Fibre (Crude fibre) 10.12 7.56 7.67 7.84
Starch 34.32 33.61 30.28 36.77
Ash 2.65 3.56 5.29 2.52
Nitrogen free extract (NFE) 63.28 65.38 62.45 64.22
ME (MJ/kg DM) 9.35 9.47 7.28 10.02
Neutral detergent fibre (NDF) 30.51 31.55 32.61 29.71
Acid detergent fibre (ADF) 12.94 19.20 19.96 9.74
Acid detergent lignin (ADL) 512 3.19 3.14 8.83
In-vitro NDF digestibility(%), 12 hrs 36.93 41.51 43.28 38.86
In-vitro NDF digestibility(%), 24 hrs 50.47 57.66 66.47 66.22
In-vitro NDF digestibility(%), 48 hrs 64.42 72.05 72.35 78.71

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.

ME = Metabolisable Energy (M]/kg DM)

IVNDEFd = In vitro NDF digestibility.

OCM = Oil cake meal

2.5. Chemical analyses of experimental diets

Subsamples (n = 6) from each experimental diet were pooled and analysed using Du-
mas method (Leco FP-528; Leco Corporation, St., Joseph, MI, USA) to determine N con-

tent. 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 ac-
cording to the methods of AOAC [39] to determine ash content of each sample.

The neutral detergent fibre (NDF) and acid detergent fibre (ADF) were analysed us-
ing the semi-automated equipment for fibre analysis (ANKOM Technology,

ANKOM?200/220 fipre analyser, using alfa-amylase). The acid detergent lignin (ADL) was
determined as described by Van Soest fiber analysis [35]. The fibre values were expressed
exclusive of residual ash content. Dietary starch was analyzed according to Hall [36]
method. To determine 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 0.5g feed samples were inoculated with rumen fluid and incubated at 39°C
for 48 hours in Ankom Daisy" incubator [38], following the Tilley and Terry [37] tech-
nique. The in-vitro digestibility of NDF was determined for 12, 24 and 48 hr incubation
periods.

2.6. Experimental design and animal management
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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 they were reared without the use of hormonal growth promoters (HGPs) and
antibiotics. The heifers were individually housed in pens measuring 2x4 m fitted with
feeding and water troughs. Eight animals were randomly assigned to each of the follow-
ing 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 com-
mercial protein source) in a completely randomized design (CRD).

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 (08HO0O 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.

2.7. Animal production performance
2.7.1. Daily feed intake, feed conversion ratio and body condition score

Daily feed intake (DFI) 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, Japan) every Tuesday morning. An-
imals were weighed individually using a digital scale (Sasco Africa, South Africa) fort-
nightly 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:

Finish weight-Start weight

ADG (Kg/day) =

Days on feed

The FCR was calculated using the following formula:

Daily feed intake
FCR = =2
Average daily gain

Body condition scores (BCS) were assessed fortnightly repeatedly to evaluate muscle
and fat condition of the animals independent of the 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)

2.7.2. Slaughter procedure and carcass measurements

All the animals were slaughtered in December 2018. Animals were weighed 24 hours
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 ac-
cess 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 [2] 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 111 rib of the right side and
recorded. The warm carcass weight was recorded 1 hour 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
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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).

2.7.3. 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. 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 com-
puted 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.

Table 2. Mineral contents of experimental dietary treatments for cattle feeding.

Feed Ingredients Diets
Minerals 1 2 3 4 5 6 DI D2 D3 D4 SEM
Macro minerals, g/kg DM
Phosphorous 0.12 0.16 0.30 0.72 0.14 0.80 0.26 0.25 0.28 0.28 0.04
Potassium 1.03 1.77 0.39 2.38 2.10 1.92 0.71 0.83 1.08 0.67 1.02
Calcium 0.25 0.80 0.05 0.21 10.5 2.35 0.27 0.74 1.33 0.29 1.04
Magnesium 0.10 0.29 0.12 0.30 2.24 0.40 0.14 0.32 0.47 0.14 0.10
Micro minerals, mg/kg DM
Sodium 176 624 0.01 37.0 113 1919 3378 1379 1720 1962 5.04
Iron 98.4 85.6 37.0 86.4 430 909 202 273 275 321 3.04
Manganese 61.1 26.1 5.00 36.6 756 276 48.0 91.1 141 58.0 2.36
Copper 4.00 7.77 2.00 11.3 7.44 86.4 7.72 10.8 14.9 10.6 1.34
Zinc 17.6 25.8 21.0 50.3 56.7 248 39.7 39.9 514 46.0 2.97
Boron 4.09 25.7 0.00 46.9 37.0 4.86 4.14 9.05 13.9 4.08 1.91
Aluminium 82.0 51.0 0.00 15.0 510 700 120 170 220 100 2.98

Feed Ingredients: 1= Grass hay (E. tef); 2 = Lucerne (M. sativa); 3 = Yellow maize; 4 = Soy bean (OCM); 5 = Cactus; 6= Molasses. D1 =
Control diet with no commercial ingredients; D2 =10% Cactus diet (natural pasture hay + irrigated pasture hay + crop-based energy
and protein supplements + 10% Cactus); D3 = 20% Cactus diet (natural pasture hay + irrigated pasture hay + crop-based energy and
protein supplements + 20% Cactus); D4 = Commercial diet.

DM = Dry matter

2.7.4. 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 con-
taining 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).
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Table 3. Feed ingredients prices (R/kg) used for spineless cactus feed formulation for drought and
current scenarios.

Feed component Current (R/kg) Drought (R/kg)
Grass hay (E. tef) 1.20 4.70
Lucerne 2.75 3.50
Maize (milled) 2.20 4.80
Soybean OCM (40% CP) 5.60 5.60
Cladodes (prickly pear) - 0.60
Molatek SB 100 4.80 4.80

2.8. Statistical analysis

The univariate analysis was conducted in SAS [29] to assess normality and homosce-
dasticity 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, re-
spectively. 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:

Yijkl =u+Bi+ALj + Tr + BT + Eijki

Where Yik = dependent response variable; 1 = overall mean; fi = fixed effect of the it
treatment diets, i = 1, 2, 3, 4; A3j = covariates (e.g. pre-treatment weight of jt animal on ith
diet), j=1, 2, 3...32; Tk = effect of the k*» time (weeks, withk =1, 2, 3 ...7), BT} = interac-
tion between time and treatment diet and ej = the random error associated with jt
covariate and it treatment diet. However, the time (as between-subject factor) had no ef-
fect 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 a < 5% using Scheffe
Post-hoc analysis. We further generated linear regression models between final body
weight gain (FBW) and ADG, DMI and FCR using SIGMA 13.0 statistics.

3. Results
3.1. Animal growth performance

The treatments had no significant effect (P > 0.05) on FBW (Table 4). In contrast, the
treatments had significant effect (P <0.05) on DMI and ADG (Table 4). Heifers fed 10 and
20% cactus diets had lower ADG (0.7+0.08 to 0.8+0.16 kg/day) than those fed control
(1.1+0.19 kg/day) and commercial diets (1.1+0.17 kg/day). Likewise, the DMI was lowest
for the heifers fed 10% cactus (6.5+1.7 kg/day) and 20% cactus diets (6.0+0.9 kg/day) rela-
tive to those fed control (7.3+1.2 kg/day) and commercial diets (7.5+1.2 kg/day). The die-
tary treatments significantly affected FCR (P < 0.05), with heifers fed 20% cactus diet hav-
ing poor FCR than those fed control and commercial diets (Table 4). On the other hand,
FCR was comparable (P > 0.05) between heifers fed 10% cactus diet and those fed control
and commercial diets.
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Table 4. Slaughter and carcass characteristics of Nguni heifers fed spineless cactus diets.

Diets
Variable Control diet 10% cactus diet 20% cactus diet Commercial diet  Sign
Starting weight, kg 173.5 £ 24.27 169.6 £28.72 173.6 £26.99 171.8 £28.41 NS
Slaughter weight, kg 269.3 +37.56 243.38 +37.55 239.0 +30.33 270.8 +32.89 NS
Warm carcass weight 145.1 £22.87 135.4 +24.68 126.8 +20.24 147.8 £20.71 NS
Cold carcass weight 142.6 +£22.33 132.7 £ 24.45 124.3 +20.06 145.3 +20.36 NS
Warm dressing % 53.8 +1.38a0 55.4 +1.882 52.9 +2.14b 54.5 +1.61a0 *
Cold dressing % 52.9 + 1.362> 54.3 +1.832 51.8 +2.16° 53.6 + 1.5820 *
PH inital 45 min 6.07 +0.070 6.06 +0.099 6.10+0.111 6.05+0.339 NS
PH uttimate 24 hr 5.40 +0.073 5.53 +0.169 5.51+0.081 5.48 +0.121 NS
Fat thickness, mm 2.3+0.532 2.1+0.35° 2.1+0.32> 2.4 +0.46 *
Conformation 2.9+0.35 2.6 +0.52a 2.3 +0.46° 3.0 +0.002 *
Rib-eye muscle Area (mm?) 4119.3 + 560.50 4412.3 + 978.89 4140.6 + 691.60 5069.5 +749.92 NS
Final BW gain 269.3 +37.56 253.38 +37.55 249.0 +30.33 270.8 +32.89 NS
DMI 7.3+1.222 6.5+1.73b 6.0 +0.93b 7.5+1.222 *
ADG 1.1+0.19 0.8+0.16v 0.73 +0.08> 1.1+0.17= o
FCR 6.8 +0.42> 7.8 +1.024b 8.6 +1.51a 6.9 +0.92b **

abe Means within a row with different superscript letters differ at P<0.05; **P<0.01; ***P<0.001.

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.

There was a strong linear relationship between FBW and DMI for cactus diets (2 =
0.50-0.75, P < 0.05) and non-cactus diets (2= 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 (2 =0.72, P <0.01) and 10% cactus diets (1> = 0.54, P <0.05).
The relationships were weak to non-existent between FCR and FBW (Figure 1).
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Figure 1. The relationships between final body weight (FBW) and average daily gain (ADG), dry
matter intake (DMI) and feed conversion ratio (FCR) of heifers fed cactus, commercial and control
diets.

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 slaughter weight,
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 com-
mercial 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 (2.1 mm) was comparable (P > 0.05), but heifers fed control (2.3 mm) and com-
mercial (2.4 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 com-
pared to those fed control and commercial diets, but comparable to those fed 20% cactus
diets (Table 4).

3.2. 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 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 R42.5-76.5
and R55.0-89.0 than in control and commercial diets, respectively. However, the
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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 commercial diet (R616.6), but total variable costs were concurrently high, leading to
low returns of R260.1 for commercial diet compared to 10% cactus (R278.6) and 20% cactus
diets (R296.9).

Table 5. Gross margins [cost(R)/animal] for Nguni heifers fed cactus containing diets.

Parameter Diets Sign
Control diet 10% Cactus diet ~ 20% Cactus diet =~ Commercial diet
Animal purchasing cost 188.7 +10.80 188.5+10.91 189.3 +11.21 189.4 +11.01 ns
Feeding costs

PPC cladode harvesting - 32.32 +1.40° 64.63 +2.012 - o
Grass hay (E. tef) 35.0 + 0.90* 10.0 £ 0.50° 5.0 +0.09¢ 65.0 +1.107 >
Lucerne 40.0 £ 0.642 37.5£0.55> 40.0+0.702 -— o

Maize (milled) 375.0 £ 61.222 332.5 £ 41.54° 298.5 + 50.98¢ 387.5 £ 22.612 *
Soybean OCM (40% CP) - 10.0 £ 0.39» 20.0 +0.422 10.0 £0.51° *

Molatek SB 100 50.0+0.0 50.0+0.0 50.0+0.0 50.0+0.0 ns

Management cost 11.3 +0.28 11.2 +0.38 11.3+0.29 11.3+0.29 ns
Total variable costs 350.0 + 61.60P 331.1 + 48.81 312.4 + 44.92¢ 356.6 + 68.012 o
Total revenue 597.7 £ 90.12¢ 609.7 + 160.22° 609.3 £ 191.42b 616.6 + 150.352 *
Gross margins 247.7 + 21.06¢ 278.6 + 21.102 296.9 + 21.122 260.1 + 20.16> *

abc Means with different superscripts within a row are different *-(P<0.05); **-(P<0.01); **-(P<0.001); 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

Cost effectiveness for drought scenario

Feed ingredient costs (R/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 20% cactus diet relative to 10% cactus diet. Ap-
parently, the maize prices are projected to rise almost two-fold higher during drought
scenario compared to 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 18.53 and 18.06 R/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 (32.20 R/kg/day/animal) than other diets. The 10% cactus diet consistently had
higher average gain/return of daily weight (34.08 R/kg/day/animal) compared to other
diets.
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Table 6. Projected feed ingredient costs (R/kg) and economic returns from cactus diets for current
and drought scenarios.

Scenario
Current (R/kg) Draught (R/kg)
Feed component Control 10% Cactus 20%  Commercial Control 10% Cactus 20% Cactus Commerci
(kg) diet diet  Cactus diet diet diet diet diet al diet
Grass hay (E. tef) 0.08 0.02 0.012 0.15 0.33 0.09 0.05 0.59
Lucerne 0.22 0.21 0.22 - 0.28 0.26 0.28 -
Maize (milled) 1.65 1.51 1.25 1.71 3.60 3.29 2.74 3.72
Soybean OCM (40% 0.11 0.22 0.11 0.11 0.22 0.11
CP)
Cladodes (prickly 0.00 0.00 0.06 0.12
pear)
Molatek SB 100 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48
_ Total cost 243 233 219 245 4.69 430 3.89 4.90
ingredient incl.
DMI (kg/day) 7.29 6.52 6.02 7.50 7.29 6.52 6.02 7.50
R/kg/day 17.71 15.19 13.18 18.37 34.19 28.04 23.42 36.75
ADG. 1.06 0.82 0.73 1.1 1.06 0.82 0.73 1.1
(kg/day/animal)
R/kg/day/animal 16.71 18.53 18.06 16.70 32.25 34.20 32.08 33.41

4. Discussion
4.1. Effects of spineless cactus inclusion in cattle diets on growth performance

Although the final body weight gain was statistically similar between four dietary
treatments, heifers fed commercial and control diets had larger final body weight (Table
4). For all diets, the FBW correlated strongly linear with DMI and weakly with FCR (Fig-
ure 1), suggesting that FBW was probably explained largely by the quantity of feed con-
sumed. This was also reflected by numerically higher final body weight on heifers fed
commercial and control diets, which attained 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 [18]. Morshedy et al. [18]
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 [7,31].
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 [18] and had higher NDF and ADF contents, it is
highly likely that degradation of the cactus material during digestion was low, resulting
in low average daily gain and final body weight gain.

4.2. Effects of spineless cactus inclusion in cattle diets on carcass characteristics

Statistically, the pre- and slaughter weights, and carcass (both cold and warm)
weights did not differ between diets, but numerically, heifers fed commercial and control
diets attained greater weights than those fed cactus diets (Table 4), resembling the
responses of the final body weight gains. Higher carcass weights for commercial and
control diets relative to cactus diets observed in this study disagrees with de Lima et al.
[4] who recorded higher carcass weight for sheep fed cactus containing diets. The
differences between this study and that of de Lima et al. [4] could be due to differences in
animal types, feed rations and cactus inclusion levels. In the current study, low carcass
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weights for heifers fed cactus diets was due to lower DMI compared to commercial and
control diets.

Interestingly, heifers fed 20% cactus diet exhibited numerically higher dressing
percentages (DPs), although statistically, they were comparable to those fed commercial
and control diets (Table 4). Thus, given that heifers fed commercial and control diets had
higher DM, it is more likely that their gut fill was, on 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 [8]. Of the meat quality param-
eters, 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 [8], the fat thickness for all diets indicated that
slaughtered heifers met the market standards.

4.3. 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 other
causes, 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 reduction in input costs. Inclusion of cac-
tus in cattle diets did not reduce only 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 animal performance. Reducing maize in the cactus diets is according to Pinos-
Rodriguez et al. [24] and Atti et al. [1], scientifically justifiable because cactus cladodes
have high energy levels that can compensate for energy required from maize. In this
study, despite 47-50 kg reduction in maize inclusion in 10% cactus diet relative to control
and commercial diets, metabolizable energy (ME) remained similar between these diets
(Table 1). Despite the temporal decline in yellow maize prices by 4.6% locally as a result
of low global prices and stronger exchange rate, in a long-term the yellow maize prices
will rise dramatically [25].

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 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. [5] and Balduino da Silva et al. [6]
where sheep fed diets containing spineless cactus attained higher economic returns/body
gains than non-cactus diets. The trend changed for drought scenario where 20% cactus
inclusion level resulted in lower average gain/return. Thus, in the midst of hiking yellow
maize prices, more so during drought, spineless cactus at 10% inclusion level is a cost-
effective strategy to sustain animal performance and ensure higher economic returns.

5. Conclusion

In terms of animal growth performance and carcass quality, cactus 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 re-
turns 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 drought scenario indicated that feeding costs are likely to rise dramatically
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and that 10% cactus inclusion will be the most economically viable option to reduce feed-
ing costs. Thus, the farmers who cannot afford buying the commercial diets may need to
consider using 10% cactus diets.
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