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Abstract: The profitability of a developmental project dede on effective use of available
resources. That is normally referred to as appatgiiecision making that requires a computation
of a feasible option among several options to detez the optimal choice. To do that (get the
optimal choice) a mathematical technique calledeemProgramming was used in this study to
provide the cost minimisation option (feed ratiohie feed ration that was computed is the least
cost feeding strategy (cheapest feed ration thattsnéhe dietary requirements of cattle)
appropriate for the custom feeding programme runthmy National Agricultural Marketing
Council (NAMC). The custom feeding programme, ld@mmercial feedlots, keep animals in a
zero grazing and unlike the commercial feedloteptsc even older animals. Noteworthy is that
the cost of feed constitute the biggest input usethe custom feeding programme (more than
60% share of total cost of all input used). Themfaninimising the cost of buying feed is very
important to the NAMC and all stakeholders involvegurchasing of feed. The optimal solution
indicates that the least or cheapest feed wouldtbesNAMC R4.71c/kg which is a combination
of VM and MB. The most expensive feed to add inrtiten would be Lucerne and yellow maize
meal. The feasible solution has surpluses of e&ttheaequired nutrients.
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Introduction

he profitability or sustainability of a business @evelopmental project depends on the effective afse

available resources (Mehdipoor, Sadr-ol-ashraafkKafbaasi, 2006). Commercial sector focuses intitie

in either reducing costs or maximising profits (enercial feedlots).The marketing challenges and rothe
challenges facing smallholder farmers (high tratiea costs) continue to keep these farmers ap#igphery of
mainstream business. In South Africa feedlots playmportant role in the formal livestock industmyd in 2004
had the handling capacity between 400 000 to 420daftle. The turnover stood at 3.6 times meartiag) toughly
1.4 million cattle work their way through the feetdl into the formal slaughter. Considering 1.9 inill total
slaughters during the same period, this represamsit 75 percent. It is essential that the Soutticéf feedlots
achieve maximum efficiency in transforming graiioirmeat. South Africa seeks to transform a weangr a
slaughter able animal with an efficiency ratio @ Kg of grain to one kg of meat. This study wagituted to come

up with a least cost feeding ration (R4.71 consistif two feeds) of the custom feeding programmenfavailable
feed rations.

Marketing challenges facing smallholder farmers inSouth Africa

Jordaan & Grove 2014; Emongor, Louw, Kirsten & Maale2004; Gong, Parton, Zhou & Cox, 2004 argue that
performance (in terms of market access) of smallfrolarmers remains poor in spite of all governmedfarts. The
argument for the failure of smallholder farmers banattributed to, among other aspects, the betaliaspects of
these farmers towards government incentives. Tiganaent by Jordaan et al (2014) is a developmemh fthe
argument that transaction costs are the biggesebé&aced by smallholder farmers in accessingdn@mal markets in
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South Africa. However, Musemwa et al (2007) arduet remote location of most emerging cattle farnoenspled
with poor road networks, result in high transaaiocosts reducing the price that traders are peeptr pay for the
cattle. Makhura (2001) and Nkhori (2004) note #hatn if emerging farmers are in areas with good tikages, the
distance from the formal markets tends to influen@esaction costs.

It is clear that formal and informal institutionabpects and their role in marketing and economi@ldpment
revolve around transaction costs, market infornmafiows and the institutional environment. Varioesearchers
affirm that emerging farmers in rural economieskladequate market information and contractualngeeents;
lack lobbies in the legal environment; and are eentily receptive to changes (Delgado, 1999; KhadnalP001).
These factors result in high transaction costs,céeamerging farmers’ face difficulties in accessiagd

participating in formal markets remains. The ussmft markets may not be as rewarding to the faragrformal
markets are, mainly due to traders’ opportunisébdyiour. In addition, spot markets are becomisg |gopular in
the liberalized environment (Kachingwe, 2009; Jaglwema & Machete, 2007).

In many instance a blanket approach is used ineadirg the fundamental question of whether or metférmal
market remains the best way in all situation. Tét@nality arguments that selling decisions modt#pends on the
returns farmers accrue from selling a product terain market seems to be neglected in many icetaand the
approach is that formal markets are the ultimatal)gdhe experiences by Ntombela et al (2013) ef ¢hstom
feeding programme may present a challenge to theecdional view. For instance, communal farmerseirec
higher prices for their old animals in the inforrmahrkets as opposed to what they would get fromfoheal
market. There is an undeniable fact that changssasons means changes in the conditions of lslestoned by
smallholder farmers with winter being the challengbf seasons. The weather conditions accompankimdirst
rains also determine the extent of losses smakndatrmers find themselves in during a particukeery The custom
feeding programme has proven to be a great buff@inat the challenging seasons of the year to farmvbo have
access to the facilities. The commercial feed Eive a different purpose of conditioning and sgllyounger
animals.

Formal feedlots as a market channel

Feedlots play an important role livestock industnd in 2004, South Africa had a handling capaciyween
400 000 to 420 000 cattle (Grant et al., 2004). fthaover was 3.6 times meaning that roughly 1.H4ioni beef
cattle moved through the feedlots into the forntalighter. Normally, purchasing a weaner at 220likg (veight),
the feedlots seek to double the mass of such anahin 100 -110 days to bring it up to a 220 kgcaas. The South
African Feedlot Association (SAFA) argues that #lverage American cow takes 24 kg of feed to adg dfkneat.
This means two years and three months to getthidslaughter house. Meanwhile, the average SofribaA cow
makes it in 12-14 months (Grant et al., 2004). Mslatightering in South Africa is done through adiedt It is
important to outline that there are about six catieg of abattoirs in South Africa ranging from & E. Level A
abattoirs can slaughter up to 1000 animals a degy have a state vet and the meat is graded oh sighel B
abattoirs have a capacity of slaughtering up to &ditnals a day. While Level C abattoirs have thgaciy to
slaughter up to 8 animals a day.

The class A and B abattoirs account for 80 peroérall slaughtered cattle. The larger abattoirs inpeeasingly
integrating forward and backward into the valueirlisach as feedlots and deboning/butchering (Getat., 2004).
Some of the larger abattoirs still slaughter aiparof their production on contract for other comigs, but most of
them are now taking ownership of the animals tarobtheir through-put. The economics of slaughtgriis quite
tight and there is very little margin for error. hérefore, by integrating backwards to supply, thatt@irs can
control the prices and negotiate best prices withweaner producers to get direct delivery to tfesdlots. The
forward integration requires greater quality cohtas they are now producing finished product thetytare
transporting in boxes and primal cuts instead atasses. However, it also requires more efficieatketing
approach such as arranging contracts with buyens means more rigorous quality control standardsh sas
Hazard Analysis and Critical Control Points (HACGI) Global Gap programmes and/or retail orientetes for
example Woolworths.

Custom feeding programme

In rural areas across the country poor or remotasalivestock farming forms the backbone of agtirel
Livestock is an important if not their biggest puotive asset for many households. This is agaimsbackground
that about 40% (and more for goats) of all cattieSouth Africa are owned by communal and/or emergin
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(‘developing’) farmers Van Zyl, McCrindle and Graaendated. Nationally, only about 5% of cattle odrizy

developing farmers find their way to the marketrgwgear (under clear traceability rules), compaiedearly 20%
of the animals owned by commercial farmers. Comrakfarmers market two to three times more anintlai

developing farmers and realize gross margins pad lieat are three to four times greater smallhdiaieners. The
complexities and the non availability of readilystitict information as well as high transaction sosithin the
developing sector make it is a challenge for amgnfdive intervention. Livestock production and mepecifically
livestock marketing represent a major untappedc®of income for many of the country’s poor houdetdhat
own these animals. If smallholder farmers couldéase their annual off-take rate from 5% to only, 8vould

reduce the need for 10 000 to 35 000 tonnes speuiat cuts that are imported every year.

However, the challenges of doing so on a sustdieeais are formidable and widely recognized: a &ohitesource
base, production systems that are not geared pomdsto the market and inadequate access to thieetn&dany
attempts have been made to overcome these challengestly focusing on production issues such astgen
improvement, husbandry practices and disease dohtrmany instances, significant progress has beade, but
has failed to raise the off-take rate noticeablye Tesearch conducted by ComMark Trust (?) indicHtat, relative
to commercial farmers, emerging and/or communahéas in the Eastern Cape Province were earninde&sr
income from their livestock assets. The Umzimvulad Reat Project (URMP) commenced in beginning di&0
with the primary objective of using the experiemga@ned from the ECRMP to assist farmers in the edlfiNzo
District Municipality (ANDM) to take full advantagef these opportunities. Where it appears that réicpéar
market is not generating the benefits for poor botds that could be expected, the structure ametifining of the
market are researched to understand why this ocands pilot interventions are designed and implestent
accordingly.

In terms of the market for red meat in South Afrittee research revealed that higher marketing qustsead of
cattle, distrust of formal markets, poor herd st and high rates of stock theft reduce the dtyaaf animals
owned by emerging/communal farmers that reach fommarkets, i.e. registered abattoirs and auctidiiben
emerging/communal farmers do sell through formatkets, the poor condition of the cattle, i.e. pbealth and/or
poor age characteristics, generally result in load@ghg and low prices per kilogram. The common egtion from
the bulk of the buyers is that the developing seicteest nothing or very little on their livestocks a result of these
factors the income generation of small scale fasmsrvery low. During dry spells (winter and drotigthe
marketing rate is totally eclipsed my mortalitieslahus the developing farmers derive very littnf an enterprise
that has the capacity to feed the country. Theremuilt of this under-development is that SA corggto import
meat and thus the communal livestock is trappexthe “dead asset” doldrums.

The programme was inherited by the NAMC when thgpsa from Commark came to an end. Interestinghgre
since the programme has seen major expansion wttieirEastern Cape and recently moved to KwaZulwalNat
Limpopo, and Northern Cape and received major fugpdioost from the Department of Rural Developmert a
Land Reform. In partnership with a number of mypadities and municipal agencies together with Rrowl
Departments the future of the programme has stéotetdape up well. Sustainability of the progranisnene of the
major challenges and its cost effectiveness has blesely monitored and engagements of importakeiolders
bear the necessary results (feed manufacturesiagree direct purchasing of fee®ince feed purchases constitute
the biggest input share by value (and even volumelpse look at the ways on finding the least catbn is
important. The use of a mathematical techniqueotmpute this was done (see the methodology desuariptithe
sections to follow). Before getting to describe tethodology an outline of the factors that inflcenhe cattle’s
nutrient requirement are briefly explained.

Factors that affect cattle nutrition

The nutrient requirements of each of the diffeiettle breeds are determined by a number of fadtotis regard,
the Angus Education Center (undated) argues ttie cautrition is influenced by both: biological @&rcological
factors. This means, a clear understanding of tfeeters can help in outlining the nutritional régments. It need
to be noted that, in this study it is very diffitth be sure of the nutrient requirements of thilecén the custom
feeding programme as their genetically make upoiswell defined. The lack of a proper definitiondarecord
keeping of the genetic makeup of the communal hestiwith the free movement of bulls of differenédds mating
with cows that came from the same environment. Témstance the animals have to a number of natural
eventualities have led to the general treatmerdlassification of them as Nguni animals knowing #ofact that
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cross breeding within the animals blood line mayehaccurred. Nonetheless, factors affecting cattlgient
requirement include, among others, breed type,tgenenimal size, animal age, cattle conditiogedtive system
functions.

Methodology used - Linear programming

The development and evolution of linear programndag be traced back to the World War II, even thodgring
that time it was kept as a secret. After the waouad 1947) industries started to use it. Lineargmmming is
traced back to George Dantzig who published itspksm method, followed by the development of theotlyeof
duality by John von Neumann, and lastly Leonid Kamtich applied similar techniques won the Noble®in
1957. In 1984 Narendra Karmarkar introduced a neterior-point method for solving linear-programming
problems. From there linear programming has contisly been applied by the researchers and poligisas
improve operation or decision making. With the depment and evolution having been briefly outlineoh
explanation of the concept becomes paramount. Limgramming can be defined as a mathematicahigah for
determining the best allocation of a firm’s limitegsources to achieve optimum goal. The term (tinea
programming) covers a whole range of mathematieahrtiques aimed at optimizing performance in teohs
combinations of resources (Lucey, 1996).

An optimum solution is a solution that fulfils batfe constraints of the problem and the set objedt be met. The
term “linear”, as stated by Akingbade (1996), ireplproportionality, which means that the elemeamta situation
are so connected that they appear as straightwliven graphed. While the “programming” indicates sloéution

method which can be carried out by an iterativeeg@ss in which a researcher advances from one @oltdibetter
solution until a final solution is reached whicmpat be improved upon. This final solution is tedribe optimal
solution of the LP problem. Linear Programming dendescribed as is a mathematical technique thad for

optimization (maximise or minimise) of a linear @lilwn, within a given (subject) set of linear coasits (Martine,

1983).

The linear model consists of the following compaseA set ofdecision variables- this is what is not known when
the problem is started normally represent whattmanontrolled or adjusted. The aim is to get that kalue for the
problem at hand. In general, there are quantitiescan control to improve your objective which sldocompletely
describe the set of decisions to be madeoBjective function - is a mathematical expression or linear functbn
variables which is to be optimized that combines tariables to express the desired goal. This isravfit is
specified whether the aim is to minimise cost onimize profit. A set ofconstraints - are a mathematical
expressions that combine variables to expressittits lof the possible solutioariable bound - only rarely are
the variables in an optimization problem allowedake any form from minus infinite to positive iniie (this is not
applicable in this case). Therefore, Fagoyinbo &bégle (2010) argues that a linear programming @robinay be
stated in the following for:

The objective Function (cost minimisation)

Z=CXy+CXo+ CXguovnnnn CXp (objective fUNCtion).......o.vvv e (D)
- Z — Least Cost Ration (Ration Cost)
- X — Feed Type

- C — Feed Price/Cost

In this study the equation can be expressed integals as (this includes all the feeds that wectuded and their
market prices):

MIN = 6.0 * VM + 5.40 * VSB + 5.30 * VS80 + 5.90MFC + 4.70 * MB + 5.40 * FSB300 + 5.30 * FSB460 +2
* Lucerne + 5.3 * Ymaize;

Subject to the linear constraints as follows
A11X1 + AlZXZ + A13X3 oo Alan (E Orz) b]_ ...................................................................... (2)

Ao X1+ ApXo + ApsXs + ... Ao Xn ((E OrE) b2 ........................................................................ (3)
X1, X0 Xamrrrronn. X ((S 0P Q1o (4)
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- A — Nutrients (such as Crude Protein)
- B (1 or 2) — Minimum amount of each nutrient reqdifor optimal growth or fattening

Example of Crude Protein is as follows:

Crude Protein = 100 * VM + 300 * VSB + 800 * VS80460 * MFC + 330 * MB + 300 * FaSB300 + 115 *
FaSB460 + 20 * Lucerne + 8 * Ymaize >=1.9

From the above equations it can be seen that Hrer@o-negative constraints: linear objective fiomchas to be
optimised (in the case of this article minimisedrious linear constraints or available inputs, aod negative
constraints.

The Importance of Linear Programming - Many real world problems lend themselves to linpargramming
modelling. These include but not limited to mantfieging, finance (investment), and agriculture. Tdwput
generated from linear programming packages provigesful “what if” analysis.Advantages - The linear
programming technique helps to make the best pessge of available productive resources (suclinae, tabour,
machines etc)Disadvantages -Linear programming is applicable only to problemBeve the constraints and
objective function are linear i.e., where they barexpressed as equations which represent stiaight In real life
situations, when constraints or objective functiame not linear, this technique cannot be usedtoFasuch as
uncertainty, weather conditions etc. are not talkéo considerationAssumptions of the linear programming
model - The parameter values are known witkrtainty. The objective function and constraints exhitminstant
returns to scale.There areno interactionsbetween the decision variables (the additivity egstion). The
Continuityassumption: Variables can take on any value wigiven feasible range.

Materials and Methods

LINGO was used in programming the problem to comevith an optimal solution. The dataset used f@g gtudy
was collected as from feeds that are sold by a eurob feed companies, available nutrient analy$isame
feeds/stock and the price information was colledteth the retail environment. Information regardiig nutrient
requirements of different groups in this was gatefrom feed nutrient composition (available mogtiythe feed
label and accessed through the feed manufactweiisites). There are over seven (9) feeds fromiwducoptimal
solution had to be drawn from, namely, VM (R6.00/RgSB (R5.40/kg), VS80 (R5.30/kg), MFC (R5.90/kly)B
33 (R4.70/kg), FSB 300 (R5.40/kg), FSB 460 (R5.3Qxcene (R2.20/kg), and Yellow maize meal (R5.30)e
price information was gathered from the outlets #ehl these products mostly around the EasterreCap

- Nutrient composition was collected from feed lab@vailable in all used feed manufacturers)

- Feed price information was collected through inesigathered from suppliers of these feeds (mostly
around the Eastern Cape

- Minimum nutrient requirements of cattle - Univéysaf Oklahoma and Lalman, undated

- Maximum tolerance levels - University of Oklahommald_alman, undated

Analysis of the results

All the necessary check of a linear programmingitsmh was done. The optimal solution was found ¢oR#.71
while the total infeasibilities stood at zero (O)his means no constraints or variable bound walated and was
also observed that LINGO took 1 iteration to salve model. Then having looked at the feasibilitytted LINGO
output or result and decision to analyse three napo variables was done. Therefore, the analygsigdes on three
important areas: the objective function followedtbg reduced costs and the slack/surplus.

Obijective function analysisprovides a clear indication the possible minimurstig of feeding an animal in the
programme with the required nutrients. IndicatedTable 1, the minimum amount possible to feed beef cattle
stands aR4.71 The programme out of the nine (9) feeds chosensbation of VM feed and MB accounting for
0.11gram and 0.99 grams to constitute a kilogramcesthis is not practical, in purchasing termdtleaonsuming

10 kg/day would cost the NAMC abo®47.10.This implies in the feed purchasing, of the 10kquired 9 kg
should be MB while 1kg needs to be VM. In shorg tlost effective feeding or feed purchases woultstitnite
10% of VM and 90% MB.
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Table 1: Feeds that constitute the least cost feedingrrditiokg, 10kg and %)

Feeds used KG makeup kg/day per cattle Percentagkase
VM 0.11 1 10%
MB 0.99 9 90%
Totals 1.11 10 100%
Cost /kg and 10kg) R4.71 R47.10

Source: LINGO output and own calculation

Reduced cost analysis provides an analysis about the cost implicatiomoluding in the ration any of the unused
feeds. This can be put as the amount of penaltyvamdd pay from introducing a unit of unused fe@dble 2
clearly indicates the reduced associated with éduteing unused feeds. The means for that introdueingSB,
VS80, FSB300 and FSB460 to the feasible ration diintrease the total cost/kg by R0.70c, R0.60cy®Dand
R0.60c respectively. This means introducing thesalsifeeds individually would not increase the ltatst/kg
much. However introducing Lucerne and yellow maizeals/feeds individually would lead to R2.20c ar&l3Rc
from the original increase in the feasible solutidhis means introducing these two feed would iaseethe cost of
feeding the animals in the program.

Table 2: List of feeds that are excluded from the feasibt®n and the associated costs of inclusion

Unused Feeds Reduced Costs
VM 0.00
VSB 0.7C
VS8C 0.6C
MB 0.00
MFC 1.2C
FSB30( 0.7¢C
FSB460 0.60
Lucerne 2.2
Yellow Maize 5.3C

Source: LINGO output

Slack or surplus analysis Hooks at how close (in terms of nutrients) is tléuson from meeting/satisfying the
constraints as equality. Since the constraintshis $tudy was to get the minimum nutrients or gredbat the
minimum (>) then the values in Table 3 are surpluses. If€rakt can be seen that none of the constrainewer
violated (such as having the minimum requiremeRHS exceeding the sum nutrients in all availabéele- LHS).
The surplus values indicate the amount of eachiemiti the feasible solution by which it exceeé thinimum
daily nutrient requirement. In Table 3 for examgts, crude protein there surplus of 3.25.54g/kg, shhme for all
other nutrients presented in Table 3. What neebetdooked at are the highest tolerance levels of ed these
nutrients so as to ensure that the feed ratiomdiedd the correct feed.

Table 3: Nutrient Surpluses

Nutrients Surplus/Slack | Dual Price Required nutrient | Maximum tolerable
Unit (RHS) levels
Cruce Proteil g/kg 325.54 0.00 1.9C
Uree g/kg 88.98 0.00 1.90
Crude Fibn g/kg 116.78 0.00 3.0C
Moisture g/kg 106.04 0.00 14.4( -
Fal g/kg 0.12 0.00 0.01
Calciun g/kg 44.57 0.00 0.0¢ -
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Nutrients Surplus/Slack | Dual Price Required nutrient | Maximum tolerable

Unit (RHS) levels

Manganese ppm 279.33 0.00 20.00 1000

Copper ppm 56.92 0.00 10.00 100

Cobalt ppm 1.89 0.00 0.10 10

Iron ppm 298.61 0.00 50.00 1000

lodine ppm 2.82 0.00 0.50 50

Zink ppm 200 0.00 30.00 500

Vitamin A IU/kg 4833.33 0.00 26000.00 None

Source: LINGO output; Lalman (undated)

Conclusions

Effective use of resources is one of the most itgmbrfactors of a business or development projEcere are
available mathematical tools that can be used @ ftrmulating the most feasible decision. Southio&fs
emerging/smallholder farmers have been on the Ipenjpof mainstream market for a long time and many
government interventions have not produced thereltsbutcomes. Feedloting (in a customised way) thas
potential of assisting in reducing animal lossewiinter and assist in marketing the livestock afsth farmers. This
study was initiated to put together a feasible t(gase) feed ration that has the required nutriequirements. The
objective function or the minimum possible amouwgitcper kilogram of feed is R4.71 (this meant R@7alday to
feed animals that consumes 10kg/day) which includiés (10%) and MB (90%). This means using the market
prices and the nutrient content of the availabledéethose two are the cheapest while meeting allntitrient
requirements. The inclusion of Lucerne and yellowizea meal are the most costly of the unused feedthe
feasible ration there are surpluses of each oftitéents. This surplus need to be checked agéiestolerance
levels.
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