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Simple Summary

We previously demonstrated the ability to predict feeder calf production based on visual
phenotypic classification of production profile (PP), and how this can be applied in a
commercial feedlot to match the nutritional needs of animals through precision livestock
feeding. This paper demonstrates the feasibility of implementing precision livestock
feeding based on phenotypic traits (PP 2 = average, PP 3 = below average, and PP 1 = above
average production potential), as measured using an economic feedlot model. The profit
maximization reformulation of feedlot diets based on the production potential (PP), and
therefore the nutritional needs of individual incoming feeder calves, holds the key to the
future financial sustainability of cattle feedlots.

Abstract

Incoming feeder calf production potential can be predicted based on phenotypic appear-
ance, and nutrient supply can be optimized to match each animal’s specific production
profile. Tailoring the supply, quality, and quantity of nutrients to the requirements for
maximum profit could further support the economic pillar of sustainable livestock farming.
Feeder calves (n = 104) were categorized into the production profiles (PP 1; PP 2; PP 3).
Within each PP category, the allocated pens were subsequently randomized into three diets
(high-, medium-, and low-production diets). Economic important traits were measured,
and a deterministic model was created to evaluate economic implications. There was a
significant interaction between the incoming feeder calf production profile and diet on
the profit margin, with the PP 2 calves being most profitable when fed on the medium-
production diet (profit margin = 4.81%). This was in stark contrast of the profit made by
PP 2 calves fed on the low- or high-production diets (profit margin = 0.21% and —2.97%,
respectively). PP 3 calves made a loss on all diets; however, this loss was reduced by 14%
when fed on the low- compared to the medium-production diet (profit margin = —1.45%
and —1.68%, respectively). PP 1 calves were profitable on all three diets although the mar-
gin was highest on the medium-production diet. In conclusion, the medium-production
diet, representing the current industry norm in South Africa, is financially suitable for
feeding calves with average production potential (PP 2), whereas the loss made by calves
with low production potential (PP 3) can be reduced by adjusting the feed formulation for
low production. More work is required to formulate diets that will maximize the profit
made by calves with above average production potential (PP 1).

Keywords: animal production; precision livestock feeding; phenotypic production traits;
production profiling; cattle feedlot; economic returns
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1. Introduction

South Africa is estimated to have a cattle population of 13.3 million, made up of
5.69 million cattle owned by 240,000 small scale farmers and about 3 million subsistence
farmers, with the balance owned by approximately 22,000 commercial livestock farmers [1].
Because most feedlots have some commercial interest in a particular abattoir, the feedlot
industry is primarily responsible for the increased vertical integration of the red meat
value chain and the beef supply chain [2]. Carcass auctions at the major urban abattoirs
were used to determine prices in the formal markets prior to the deregulation of South
Africa’s red meat sector [3]. Since deregulation, market forces based on supply and demand
have shaped prices [3]. Historically in South Africa, feeder calves typically arrived in the
feedlot weighing between 200 and 220 kg and remained for approximately 100 days on
feed [1], during which time they acquired an additional 100 kg, bringing their final carcass
weight to between 220 and 225 kg [1]. In 2017, the approximate feedlot entry weight was
253 kg, with an exit weight after a feeding period of 135 days of approximately 465 kg
resulting in a carcass weight of around 272 kg [4]. A number of factors, including improved
management, nutrition, the use of growth enhancers and beta-agonists, management,
and consumer demand outpacing supply, have contributed to the increase in beef feedlot
productivity during the past 20 years [4-8]. Beef production in South Africa, however,
remains under pressure due to various factors, such as biosecurity breaks and disease
outbreaks, fluctuating feed costs, high interest rates, and inflation affecting consumer
buying power [9]. The per capita domestic consumption of beef in South Africa declined
over the past two decades, resulting in the country becoming a net exporter of beef, with
the net export of beef being projected to grow from around 4% to around 7% of total
production in the next decade. This contributes to a positive outlook for the South African
beef industry in the medium term [9].

Short term variation in profitability of beef feedlots is largely caused by variation in
feed costs and the price of feeder calves [10]. In South Africa intensive feedlots provide
the biggest market for primary producers to sell their weaners to. It is estimated that
75-85% of the total weaners produced in South Africa are taken up by feedlots [4]. Many
factors influence the performance and profitability of an individual feedlot calf [11-13].
Therefore, for beef feedlots to maintain their profitability, new methods and strategies to
increase production efficiency must be sought, specifically by reducing the cost of gain
per individual calf [9,14,15]. Feedlots add value to the feeder calf by converting feed into
carcass. Feedlots attempt to achieve this at the best possible feed conversion ratio (FCR)
and over the shortest possible feeding time (days on feed or DOF).

Quantitative measures are used to describe growth [16]. An animal’s growth can be
assessed using measurable anthropometric characteristics other than weight [16]. For a
long time, linear assessments of bone size have been employed to forecast an animal’s
future growth performance [17]. The sorting of calves at the end of the backgrounding
phase can be improved by taking direct measurements of hip height, body weight, upper
arm thickness, and other factors [17]. The shortfalls of linear measurements and their
execution have been described previously [17]. The production profile (PP) classification
system developed for receiving feeder calves (before the feedlot phase) is a crucial addition
to mitigating the financial risks for the feedlot on an individual animal basis [17]. This
novel PP classification method predicts feedlot growth performance before the feedlot
phase commences.

The PP classification results have shown that by predicting feeder calves’ live and
carcass performance when entering the feedlot, the growth efficiency per PP class can be
optimized by providing the relevant nutrients [9,18].
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Price margin, feed margin, and other costs determine a feedlot’s profit [12,19]. A
feedlot’s profit margin is influenced by a number of factors, including pricing margin,
feed margin, management, feed cost, feeder purchase price, and selling price, which is
typically expressed as carcass price [1]. The point in a feedlot where the total income per
kilogram of beef sold matches the total input cost per kilogram of beef produced is known
as the breakeven point [3]. Purchase price, feed cost, yard cost, and marketing costs are all
considered input costs, whereas revenue costs include money from beef, offal, hide, and
other sources [3,14].

The price margin (calf purchase price vs. meat price) and the feeding margin (feed
costs to produce 1 kg of meat vs. the price of 1 kg of meat) are key economic margins in the
feedlot [4,12]. The profit or loss that the feedlot experiences as a result of a change in the
value between the time that the animal is purchased (cost price) and when it is sold (sale
price) is known as the price margin [1]. The difference between the buy and sale prices,
which is affected by changes in the price of beef as well as improvements in carcass quality
brought about by feeding, is included in the price margin [1]. The calf price should be less
than 55% [3], but it is currently closer to 60% when represented as a percentage of the beef
price (calf price per kilogram of live weight supplied to the feedlot divided by the beef
price achieved). It is important to note that this serves as a guideline only. The weaners’
purchase price is influenced by supply and demand, but it also depends on global meat
trends and the current and anticipated grain prices [3]. The feedlot industry is a high-risk
enterprise, where the PP classification and feeding to the production group can add value.
It is significant to note that South Africa is the only country in the world where the price of
the final carcass is unknown when the weaner is purchased [1]. The most desired economic
situation for a beef feedlot is where cattle diets are formulated to a maximum profit (in
contrast to least cost or maximum weight gain diet formulation). A mathematical model for
the profit-maximizing of cattle diets was developed, demonstrating the differences between
net energy requirements to achieve maximum profit, maximum growth or least-cost, in the
formulation [20]. In fact, the net energy required for maximum profit formulation appears
to lie somewhere between that for least-cost and that for maximum growth [20]. Their study,
like other similar studies investigating the efficiency of diet formulation systems, was based
on the group average, which represents animals with varying production potential within
the group. Such models as this can be used as a basis for developing profit-maximizing
diets that are best suited for the predetermined growth potential of subsets of animals
within a feeder calf population using production profiling, or even on an individual animal
basis in future [20].

This study investigates whether the subsequent precision feeding unlocks the eco-
nomic value of the PP classes by optimizing the carcass feed cost of gain (CFCOG) per
PP classification, which might then lead to better margins over feed cost and improved
economic viability of beef feedlots. The objective of the study is to determine if miti-
gating procurement strategies can influence the value and cost of carcass gain through
precision feeding.

2. Materials and Methods

The experimental design was described previously [21-23]. Feeder calves were cate-
gorized into the four production profiles (PP 1; PP 2+; PP 2—; PP 3) after being weighed
and individually identified at the original commercial feedlot [16]. In brief, PP 2 represents
the average feeder calf in terms of production potential based on phenotypic appearance
(muscling), with PP 2+ and PP 2— being those calves above and below the average, re-
spectively. PP 3 represents calves with the lowest production potential, based on a lack
of muscling and bone structure to achieve optimal carcass development. PP 1, on the
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other hand, represents calves with the highest production potential: these are calves with
exceptional muscling and a structural frame (bone development) that supports maximum
carcass gain [17]. On arrival at the experimental farm, each of the 4 PP classifications
consisted of 27 animals that were randomly allocated into 36 pens in total after ranking
based on weight. There were three pens for solitary animals and six pens with four inmates
each for each PP category [21]. Using a random number created in Microsoft Excel (MS
Office), the allotted pens within each PP category were then divided into three diets: a
low-production diet (LPD: 13%CP; 10.6 MJ/kg ME), a medium-production diet represent-
ing the norm in South African beef feedlots (MPD: 14%CP; 11.3 MJ/kg ME), and a high-
production diet (HPD: 15%CP; 12.0 MJ/kg ME) [21]. After 142 days of feeding, feeder
calves were slaughtered.

Prior to analysis, data of PP 2+ and PP 2— were combined in order to represent the
entire cohort of animals that are considered to represent the average feeder calf, following
which, animal production data (Table 1) were used to enter into a deterministic break-even
model of beef feedlot profitability, Oklahoma State University [19]. The above model
was adapted to determine cost on a carcass basis, rather than live weight, since beef is
traded on a carcass basis and not on a live weight basis [21]. This was achieved using the
methodology described by us previously [24], whereby live entry-weight is converted to
carcass weight at feedlot entry using the following formula: CW = 0.694 x SBW — 38.43 kg,
where CW = calculated carcass weight at feedlot entry and SBW = shrunk body weight at
feedlot entry [24]. Following this conversion of the live entry weight to the carcass weight
at feedlot entry, all other relevant parameters in the Oklahoma State University feedlot
profitability model were adjusted to a carcass basis [19,24].

The value of precision feeding calves to their potential (based on PP classification)
and the potential economic impact is further investigated using the above-mentioned
deterministic brake-even model. Detailed economical modeling of beef feedlots has been
described [14]; however, in this study, all other variable costs (sanitary management,
identification management, taxes), and all semi-fixed-, fixed- and remuneration costs were
the same for the different study cohorts; therefore, only the feed costs and animal purchase
costs were modeled. The combination of feeder calf purchase cost and feed costs has been
reported to represent about 85% to 90% of total costs [4,14]. The calf purchase cost was
calculated on a carcass basis [21] using the same South African Rand (R)-value per kg for
all animals (R57.12/kg), plus 10% interest over the feeding period (Table 2). The intake
(kg feed) multiplied by the monetary value of the diet (R/kg) over the 142-day feeding
period was calculated to represent the feed cost (Table 2). The feed costs included in the
model were the actual costs incurred by the experimental facility and were higher than
the industry norm (Table 1). Interest on 50% of the feed costs was added to determine the
final feed costs, as is the practice of cattle feedlot farmers because of frequent feed supply
purchasing [14]. The carcass income was the value of the carcass, which was calculated as
the carcass exit weight (kg) multiplied by the carcass price (R55.00/kg for all carcasses)
(Table 2).
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Table 1. Experimental and financial data used to populate the deterministic financial model.
Diet Low-Production Diet (LPD) Medium-Production Diet (MPD) High-Production Diet (HPD)
Production Profile
(PP) classification * 3 2 1 2 2 1 3 2 1
n 9 17 8 9 16 9 9 18 9
Mean entry Weight 199.2 212.7 224.6 200.0 211.7 229.4 205.1 215.8 2254
(95% CI) (kg) (186.1-212.3)  (204.1-221.3)  (212.6-236.7)  (181.4-218.6) = (200.2-223.2)  (213.3-245.6)  (187.4-222.8)  (207.4-224.3)  (212.0-239.0)
Mean carcass weight 231.1 269.2 285.8 252.6 285.2 301.1 258.7 294.0 319.1
(95% CI) (kg) (220.7-241.5)  (255.1-283.4)  (267.6-304.0)  (232.7-272.5) = (270.0-300.5) (286.8-315.3)  (241.2-276.2)  (280.0-306.0)  9305.1-333.1)
hﬁ‘ﬁ Ca;?fls(sgg;eg‘%e 0.84 1.04 1.10 1.00 1.16 1.19 1.01 1.20 1.33
y g(kg /) ° (0.79-0.90) (0.96-1.13) (1.01-1.20) (0.92-1.06) (1.08-1.24) (1.10-1.27) (0.91-1.10) (1.13-1.28) (1.27-1.40)
Mean carcass feed
conversion ratio 10.62 10.29 9.82 9.81 9.04 9.18 9.40 8.59 8.03
(95% CI) (kg /kg) (9.69-11.55) (9.67-10.90) (9.75-9.89) (9.20-10.42) (8.63-9.45) (8.36-10.00) (7.34-11.49) (8.17-9.01) (7.53-8.54)
l\ﬁfﬁe}){;gy/ fg‘?i;l 8.69 10.74 11.19 9.70 10.28 11.03 8.81 10.35 10.69
(kg/ d)o (7.09-10.28) (9.64-11.85) (10.03-12.36) (9.51-9.89) (9.71-10.85) (10.35-11.71) (8.48-9.14) (9.65-11.05) (9.95-11.43)
Mean carcass gain 119.5 148.3 156.6 140.5 165.0 168.5 143.0 170.8 189.3
(95% CI) (kg) (111.5-127.5)  (136.8-159.8)  (143.3-169.8)  (130.6-150.3)  (153.3-176.7)  (156.7-180.3)  (129.1-156.9)  (160.4-181.3)  (179.8-198.8)
Diet cost ** (ZAR/kg) 4.73 5.10 6.10

* Production Profile (PP) 3 represents feeder calves with low production potential based on phenotype. Production Profile (PP) 2 is a combination of PP 2+ and PP 2— data, representing
all feeder calves with average production potential. Production Profile (PP) 1 represents feeder calves with high production potential based on phenotype. ** ZAR = South African Rand



Animals 2025, 15, 1900

60of 11

Table 2. Results of the deterministic financial model adapted from https:/ /extension.okstate.edu/fact-sheets/program-to-estimate-feedlot-breakeven-purchase-
price-beflcalc.html (accessed on 3 March 2025) based on actual experimental data.

Low-Production Diet

Medium-Production Diet

High-Production Diet

Production Profile

(PP) * PP 3 PP 2 PP 1 PP 3 PP2 PP 1 PP 3 PP 2 PP 1
A: Purchase 6926.17 7395.57 7809.33 6953.99 7360.80 7976.22 7131.31 7503.35 7837.14
cost ** (ZAR)
B: Feeding 5951.52 7355.50 7663.69 7152.96 7580.66 8133.73 7772.01 9130.75 9430.51
cost ** (ZAR)
C: Carcass cost per 12,897.56 14,775.63 15,498.61 14,130.83 14,966.77 16,137.11 14,929.28 16,664.41 17,299.15
animal ** (ZAR)
D: Carcass income 12,710.50 14,806.00 15,719.00 13,893.00 15,686.00 16,560.50 14,228.50 16,170.00 17,550.00
per animal ** (ZAR)
E: Carcass feed cost
of gain ** 49.80 49.60 48.94 50.91 45.94 4827 54.35 53.46 49.82
(ZAR/kg carcass)
F: Profit/loss per
. ~187.06 30.37 220.39 —237.83 719.23 423.39 —700.78 —494.41 251.35
animal ** (ZAR)
G: Profit margin (%) —1.45% 0.21% 1.42% —1.68% 4.81% 2.62% —4.69% —2.97% 1.45%

A =Live entry weight ** ZAR 33.25/kg + 11.75% interest over the feeding period of 142 days (Red Meat Industry Services https:/ /rmis.co.za/prices/; South African Reserve Bank https://
www.resbank.co.za/en/home/what-we-do/statistics / key-statistics /selected-historical-rates (accessed on 3 March 2025)); B = (Mean daily feed intake (kg) * Feed cost/kg) + 50% [14];
C = A + B; D = Carcass weight (kg) * R55.00/kg (Reference: Red Meat Industry Services https://rmis.co.za/prices/ accessed on 3 March 2025); E = B + Carcass gain (kg) over the
feeding period (Table 1); F =D — C; G = E + C (%). * Production Profile (PP) 3 represents feeder calves with low production potential based on phenotype. Production Profile (PP) 2 is a

combination of PP 2+ and PP 2— data, representing all feeder calves with average production potential. Production Profile (PP) 1 represents feeder calves with high production potential
based on phenotype. ** ZAR = South African Rand.
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3. Results

This research demonstrates the value of the improved production parameters of the
PP 1 calf (Table 1). Feeding the production profiled (PP) feeder calf to its potential has
further increased the value in terms of income per carcass. The PP 1 calf had the highest
income on all three diets; however, the profit of the PP 1 calf fed on HPD was lower due to
a 13.74% higher feed cost. The PP 3 feeder calves fed the LPD had the lowest total cost and
the lowest total income, resulting in an overall loss.

This research further demonstrated the value, both in monetary terms and in policy
terms, of feeding the PP 3 calf on a LPD. The PP 3 calf had the smallest financial loss when
fed the LPD, a 14% improvement in profit margin over the PP 3 calf fed the current feedlot
norm (MPD).

The entry weight of the feeder calves differed between PP classes (Table 1), and
PP 1 being the heaviest resulted in PP 1 having the highest purchase cost and PP 3 having
the lowest. The diet cost was the highest for HPD and the lowest for LPD (Table 1). In
this study, we had the data to calculate the actual CFCOG. We looked at the feed cost
incurred to produce 1 kg of carcass. The lowest CFCOG of R45.94 was seen in the PP 2 on
the MPD (representing a commercial feedlot ration). Considering the respective intakes
and comparing the PP within the three different diets, PP 3 had the lowest feed cost, and
PP 1 had the highest, irrespective of the diet fed. Feeding the same MPD to the PP 1 feeder
calves resulted in the next lowest CFCOG of R48.27.

The economically important production parameters were the best for PP 1 (Table 1)
and supported PP 1’s highest income per diet fed. The higher total income was, however,
not enough to realize the highest profit on a per-diet basis in the case of PP 1. The highest
profit was realized by the PP 2 animals (representing the average animal) on the medium-
production diet (MPD, being the average diet). The PP 3 calves had the highest profit when
fed the LPD and made a loss on the HPD. The PP 1 calves realized the highest profit when
fed the MPD, when comparing them on the different diets (Table 2).

4. Discussion
4.1. Precision Feeding to the Production Potential (PP Classification) in Feedlots

It is clear that in the intensive beef production system, the growth performance
of cattle is of economic importance [12,25], being influenced by the plane of nutrition,
hormonal status, and the environment [21,26]. Performance by feedlot animals and the
importance of daily gain and dietary energetics are described and are in line with this
research [24]. Maximum growth rate may not always be the most lucrative, but high growth
rates are chosen because of the earlier marketing weight that is achieved as compared to
slow growth [27,28].

Frame and muscle scores [21,23,29] have been shown to affect the days on feed in
addition to carcass composition [29], as is evident from the additional muscle produced
by especially the PP 1 class animal in this research over the same period (DOF), more
effectively (higher CADG), and in a more efficient (lower CFCOG) way.

Decision-making in feedlots should consider the variation in production potential (PP)
caused by the cattle’s prior environment and genetic potential [30]. The establishment of
PP classification is a key mitigator for the possible production variation risk. Cattle can be
sorted into homogeneous groups before entering the feedlot using direct measures of body
size and condition [31] and now also PP classification. The feedlot will benefit financially
as a result of groups of cattle having more uniform feed efficiencies (CFCR) and endpoint
carcass features [32]. Furthermore, PP classification enables the feedlot to challenge-feed
the feeder calves with better production potential (PP 1) to unlock the superior economic
carcass production parameters and their value.
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4.2. The Economic Impact of Precision Feeding Feeder Calves to Their Predetermined Production
Potential (PP) Under South African Market Conditions

The feed cost of gain (maximum profit reformulation) holds the key to unlocking the
value of the PP 1 calf fed on a cost-effective diet that is better suited to the animal’s superior
production potential. The application of the value in procurement strategy needs further
research into the price margin per PP category. It is clear that PP 1 has more value than
PP 3, but for it to be incorporated into a buying strategy, more research is needed, using
stochastic modeling based on more data (animal performance as well as economic data)
representing more than just the current feeding scenario.

The economic model is in line with and further supports the findings of a previous
study [17], i.e., that an animal with poor production profile cannot be fed to perform
economically better than its inherent potential, and a better strategy seems to be to establish
a diet that limits the financial losses of such an animal.

The difference between a feedlot’s profit or loss from live weight gain and the cost of
feed is known as the feed margin [1]. Realizing targeted growth rates and taking action
to obtain the best feed price will guarantee a positive feed margin [1]. The relationship
between supply and demand determines feed pricing. Weather is the most significant of
the many factors that affect supply. Feedlot operators have little influence on the feed price
but can improve the efficiency of growth and the feed-carcass gain ratio, as shown in this
research. Once again, part of the PP classification research showed a direct effect (PP 1
fed the HPD in Experiment 2). Repeatedly, the PP 1 outperformed the other PP classes
in the measured production parameters. The degree observed is dependent on the diet
fed (Table 2). It is reasonable to say that the PP 1 should positively affect the feed margin
by being more efficient, i.e., by using less feed to gain 1 kg of carcass; however, this will
require improved profit-maximizing reformulation of the diet to suit the superior growth
potential of PP 1 feeder calves [20].

The monetary value of producing one kg of beef, carcass feed cost of gain, is a sup-
ported financial measurement that is used for feedlot decision-making [14,27,33]. The
demonstration of the lowest CFCOG in the PP2 on the MPD further supports the argument
that in the South African Feedlot industry, feedlot diets are optimized to meet the nutri-
tional requirements of the average feeder calf. The finding that PP1 feeder calves have the
second lowest CFCOG can potentially be explained by the fact that the growth potential of
the PP 1 calves did not match the MPD, as was the case for the PP 2 calves, seeing that the
PP 1 calves had higher feed intakes than the PP 2 (+0.75 kg) without achieving a higher
growth rate, resulting in higher CFCOG (Table 2). The PP 3 classification feeder calves
fed on the same MPD had a CFCOG of R 50.91. Fed the same MPD, this is at least R4.97
more feed cost to gain 1 kg of carcass and indicates that this is not economically sustainable.
Comparing it to a commercial feedlot, the MPD is a reasonable-to-good match when fed to
PP 1 and PP 2 calves, respectively, but not to the PP 3 calves.

The diet cost of the HPD that supported the PP 1 classified feeder calves in achieving
better growth parameters was too high, resulting in an increased CFCOG (R49.82). The
high diet costs of feeding the HPD to PP 1 in this scenario proved to be less cost-effective
than feeding the MPD, as well as the LPD to the PP 1. The PP 1 feeder calf had a lower
CFCOG (R48.94) on the LPD than on the HPD, despite eating less HPD and having better
growth on the HPD. To unlock the relevance of the HPD further, reformulation is necessary,
to use the better growth potential, but at a lower CFCOG.

Feeding the PP 3 feeder calves more cost-effectively is another point deserving our
attention. The lower growth potential is one of the major factors contributing to the high
CFCOG. The poorer growth potential could not be completely offset by a cheaper ration in
terms of overall profit; however, the LPD being about 6% cheaper than the MPD resulted
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in better CFCOG for the PP 3 animals when compared to PP 3 animals fed on MPD. In
addition to the lower feed cost, PP 3 had a lower intake on the LPD, contributing to the
better CFCOG. Ideally, as with the HPD, reformulation for improved CFCOG could result
in feeding PP 3 calves profitably.

The absence of precision feeding in the South African feedlot is a constraint to sus-
tainable beef production. This study demonstrates the importance of determining which
animal has the lowest CFCR and the greatest CADG. Feedlot economics may be enhanced
by providing these individuals with the nutrients that promote CADG and CFCR. In the
intensive feed sector, feeding to the production potential is relevant when the cost of those
nutrients is cost-effectively matched to the relative growth potential. Precision cattle farm-
ing’s economic pillar is supported by precision feeding, which improves the value of gain
and lowers CFCOG [34].

Once the most cost-effective match is established, feeder calves’ purchase price can
be adapted, based on a cost-effective response to the rations that support that PP classes.
For example, knowing that a PP 3 has the poorest CADG and CFCR, and thus that it
influences CFCOG, is essential information for the purchase price. Precision feeding
improves the value of gain, decreases CFCOG, and thus supports the economic pillar of
precision livestock farming [34]. Where a feedlot feeds to the average (MPD), and as shown,
PP 1 and PP 2 are good matches to that diet based on the CFCOG, PP 3 can be purchased at
a lower unit price, to make up for the poorer CFCOG. This is if formulating and feeding
another diet for PP 3 is no option.

The cost of purchase and feed was not low enough to offset the lower income generated
from production (CADG; CFCR). Earlier observations that PP 3 feeder calves cannot be
fed into profit is further supported by an increasing loss when fed the MPD and HPD.
When the PP feeder calf was fed the LPD, it resulted in a reduction of 49.6% of the loss
incurred compared to the PP 3 feeder calf fed the MPD, as is the norm. Although a p-value
cannot be assigned to this, due to the magnitude of change, this is likely to be significant
and repeatable in other datasets. The precision feeding of a reformulated diet resulted
in a reduction in the overall loss. For the PP 3 feeder calf to become profitable, further
reformulation for profit maximization is called for [20,35], which could address the feed
cost of gain.

The application of classifying feeder calves into PP and subsequently feeding them to
their growth potential, in a cost-effective way, is feasible in the South African Feedlots. The
model is a theoretical calculation that supports and is in line with the measured economic
growth parameters. The model further illustrates the possible value and, at the same
time, points out the importance of weight (entry weight) at the time of purchase. This is
important to note when establishing procurement strategy protocols, which need to be
investigated in further studies [36]. This model should be validated by obtaining more data
and using a stochastic financial model to consider variability in the input variables as well
as financial/market factors.

5. Conclusions

The South African feedlot industry can benefit financially from precision feeding based
on production profiling of feeder calves. This deterministic financial model confirmed that
the current diet formulated for a commercial cattle feedlot is most profitable in the case of
incoming feeder calves with an average production potential (PP 2). Calves with a better
production potential (PP 1) did indeed realize better production, but this did not result in
improved financial outcomes.

However, in this study, the financial loss incurred by incoming feeder calves with a
low potential of production (PP 3) was limited by 14% when fed on a low-production diet,
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which confirms that the profit maximization reformulation of diets holds the key to the
future financial sustainability of cattle feedlots.
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