
American Journal of Operational Research 2020, 10(2): 39-43 

DOI: 10.5923/j.ajor.20201002.03 

 

Application of Linear Programming on the Profit 

Maximization of Nigerian Bottling Company 

P. N. Ezra
1,*

, A. V. Oladugba
1
, F. O. Ohanuba

1
, N. O. Igwe

2
, C. A. Okonta

2
 

1Department of Statistics, University of Nigeria, Nsukka 
2Department of Maths / Statistics, Akanu Ibiam Federal Polytechnic, Unwana 

 

Abstract  Nigerian Bottling Company is into production and selling of such products as Orijin Bitter Large bottle, Orijin 

Bitter Sachet, Harp, Dubic Malt, Small Stout, Medium Stout, and Mac-dowels Large Spirit. Production has to do with 

transforming raw materials into products in order to maximize a Company’s revenue. It has been the quest of Nigerian 

Bottling Company to have a structured process with documented steps and measurable results so as to establish a trend for the 

profit making of the business. In view of this, in this study, linear programming model was used to allocate raw materials 

(resources) to the production of the above mentioned Company’s products so as to know the right product mix that actually 

maximizes the Company’s profit and in what capacities. Data collected on these known products were analysed using 

simplex algorithm of linear programming with the help of Tora Software and the result showed that 1,732 crates of Dubic 

Malt with the objective coefficient (490), 144 cartons of Orijin bitter sachets with the objective coefficient (370) and 8,227 

crates of Mac-dowel Spirit with the objective coefficient (1000) sold in a day yielded a profit of ₦9,129,117.24. Also, 

sensitivity analysis was carried out to know the maximum and minimum unit profits (i.e, the objective function cost 

coefficients) of the concerned products and the resource quantities within which the maximum profit of the Company should 

be maintained. The result of the sensitivity analysis also revealed the shadow price (dual price) which is the cost of acquiring 

an additional resource in case the Company has any of such needs. Based on the results obtained from this research, it is 

recommended that Nigerian Bottling Company should invest more in the production of those products that maximize their 

profit. 
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1. Introduction 

Every business organization seeks the best way to go 

about their business in order to maximize profit with their 

available limited resources. Optimal production planning 

and care are therefore required in order to sustain the optimal 

profit making and existence of such organization: See [9] 

and [11]. Production planning in this regard has to do with 

putting in place various activities and measures in order to 

ensure optimal production that satisfies customers’ demands, 

considering the fact that the real world resources such as 

material, money, manpower, space and time are limited: See 

[7], [8] [12] and [14]. Every company has a number of 

product lines which consist of the product mix that such a 

company deals on. Product-mix determination is very 

important as it helps a given company to focus its production 

on relevant products that enhance profit making. 

Nevertheless, a company may be tempted to add more 
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product lines in their quest to have more customers; thereby 

entering into the risk of including such products that appeal 

only to a fraction of its customer base. Considering the   

fact that different products require different amounts of 

production resources having different costs and revenues   

at different stages of production, there is need for a 

mathematical technique that can determine the product mix 

that will maximize the total profit: See [5] and [14]. This 

mathematical technique is called “Linear Programming (LP) 

model.” 

Linear Programming also called linear optimization is    

a technique for the optimization of a linear objective  

function, subject to linear inequality and sometimes equality 

constraints: See [2], [3] and [4]. It is an operational research 

technique used to allocate limited production resources for a 

firm’s best practices: See [1], [3] and [12]. This calls for 

model formulation which is very important as it represents a 

real life situation or system for competent decision analysis: 

See [2], [3] and [7]. Most times, production mix problems 

reach complexity when for instance about five (5) or more 

products of the same department are involved and this makes 

algebraic solution difficult and cumbersome. A procedure 
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for solving any large problem of such nature is the simplex 

method (tableau) which uses iterative procedures in solving 

linear programming problems: See [4]. The manual solution 

of a linear programming model using the simplex method 

can be lengthy and tedious but can be quicker and accurate 

when computer (TORA software or any other software that 

can handle LP) is used.  

[11] used LP model to schedule drivers in a transport 

co-operation so as to determine the minimum number of 

drivers needed for each shift in a day in order to reduce   

the amount spent for the reserved drivers. [15] considered 

linear programming model as a quantitative decision making 

tool needed for proper optimization of product mix in an 

apparel industry. [8] used big M and dual simplex methods 

as alternative methods of finding solutions to linear 

programming that can reduce the number of iteration and 

also save valuable time. [1] used the simplex algorithm of 

linear programming for the optimal allocation of raw 

materials for the production of different sizes of bread in    

a bakery industry. [14] discovered that intercept values  

could be used to find out the equality constraints among the 

inequality constraints in order to achieve optimal solutions 

while solving linear programming problems. [10] used 

simplex method of linear programming to determine which 

bread size contributed the highest to the profit maximization 

of the company. Sensitivity analysis was also carried out to 

determine the minimum and maximum cost coefficients of 

the bread sizes within which the company’s optimal profit 

could be maintained. 

The purpose of this research is to determine how      

the limited resources (raw materials) of Nigeria Bottling 

Company could be allocated in order to maximize profit. It is 

aimed at determining the product(s) that contribute(s) 

maximally to such profit. The data on which this is based are 

quantities of raw materials available in stock, cost and selling 

prices and also the profits from crates of each product. The 

profit constitutes the objective function while raw materials 

available in stock are used as constraints.  

In every optimization problem, due to the limited nature of 

resources, it is always of interest not only to obtain an 

optimal solution of the problem but also to find how stable 

that optimal solution would be, assuming there changes 

either the objective function’s cost coefficient or the right 

hand side resource constraint. In view of this, we carried out 

sensitivity analysis so as to determine the quantities of the 

variables (the company’s products) that would give the 

optimal solution, the range of values of such variables within 

which the optimal solution should not deteriorate and also 

the shadow price (also known as the dual price) which is the 

price for acquiring an additional unit of each resource (in 

case the company runs short of any) for optimal production.  

2. Material and Methodology 

2.1. Material  

Table 1.  Quantity of raw materials available 

Raw materials  Quantity Available 

Concentrates  433 units 

Sugar  967kg 

Water  81,000 litres 

Alcohol  879 litres 

Table 2.  Quantity of raw materials needed to produce a crate of each 
product 

Brand Concentrate Sugar Water Alcohol 

Orijin Bitter (Large Bottle) 0.014 0.017 7.820 0.077 

Orijin Bitter (Sachet) 0.014 0.017 7.820 0.077 

Harp 0.024 0.035 7.671 0.056 

Dubic Malt 0.031 0.270 6.539 0.000 

Small Stout 0.023 0.007 8.602 0.048 

Medium Stout 0.023 0.007 8.602 0.048 

Mac-Dowels (Large Spirit) 0.053 0.000 8.053 0.086 

Table 3.  Products and their prices (in naira) per crate 

Product 
Average cost 

price 

Average 

selling Price 

Profit 

Contribution 

Orijin Bitter 

Large Bottle 
3,550 3,880 330 

Orijin Bitter 

Satchet 
6,310 6,800 490 

Harp 2,000 2,300 300 

Dubic Malt 

Bottle 
1,550 1,920 370 

Small Stout 4,300 4,685 385 

Medium Stout 3,600 4,050 450 

Mac-dowels 

Large Spirit 
14,000 15,000 1,000 

2.2. Methodology 

2.2.1. Linear Programming Model 

In order to grant the quest of the Nigerian Bottling 

Company on establishing a structured process with 

documented steps and measurable results in allocating their 

raw materials for optimal production that will enhance the 

profit making of the business, the maximization linear 

programming model given below has been considered the 

most efficient. 

Maximize Z = 𝐶𝑇x              (1) 

Subject to Ax ≤ b 

x ≥ 0 

The function, Z = CTx which represents the profit to be 

maximized is called the objective function. The inequalities 

Ax ≤ b and x ≥ 0 are the functional and non-negative 

constraints respectively, which specify the feasible region 

within which the objective function is optimized. 

x = (x1, x2,…,xn) represents the vector of variables (to be 

determined), CT = (C1, C2, …, Cn) is the vector of the cost 

coefficients of the objective function, b = (b1, b2, …, bm) is 
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the vector of the right hand side (RHS) constraints 

(resources), A = (aij) is a (known) matrix of the constraint 

coefficients.  

The above model in a standard form is as given below:  

Max Z = C1x1 + C2x2 + C3x3 + …+ Cnxn 

S.t 

 a11x1 + a12x2 + … + a1nxn + xn+1 = b1 

 a21x1 + a22x2 + … + a2nxn + xn+2 = b2 

 . . . . … . . . . . .                                  (2) 

 . . . . . .. . . . . . . 

 . . . . … . . . . . . 

 Am1x1 + am2x2 + … + amnxn + xn+m = bm  

 

For this study, xi, i = 1,2,…,n represents the number of 

crates needed of each of the company’s products; Ci is the 

per unit (crate) profit of Product i; aij is the amount of 

resource j needed for the production of one crate of product i 

and bj, j = 1,2,…,m is the total quantity of resource j 

available.  

The decision variables, xi, i = 1,2,…,n are as defined 

below: 

 x1 = Crate of Orijin Bitter (Large Bottle) 

 x2 = Crate of Dubic Malt (Bottle) 

 x3 = Crate of Harp 

 x4 =Carton of Orijin Bitter (Sachet) 

 x5 = Crate of Small Stout 

 x6  = Crate of Medium Stout 

 x7= Crate of Mac-dowels (Large Spirit) 

3. Data Analysis 

In order to achieve the purpose of this study which is to 

obtain the best product mix that will lead to maximization of 

the Company’s profit, simplex method procedures outlined 

in Section 2 were applied to the data presented in Tables 1, 2, 

and 3. The models consist of the objective function and the 

constraints as shown by (2).  

For the profit maximization of the concerned company, 

the LP model was formulated using the data values in Tables 

1, 2, and 3 as follows:  

 

Max. Z =330x1 +490x2 +300x3 +370x4 +385x5 +450x6 +1000x7 

  S.t   0.01x1 + 0.01x2 + 0.02x3 + 0.03x4 + 0.02x5 + 0.02x6 + 0.05x7 ≤ 433 

          0.02x1 + 0.02x2 + 0.04x3 + 0.27x4 + 0.01x5 + 0.01x6 + 0.00x7 ≤ 967 

          7.82x1 + 7.82x2 + 7.67x3 + 8.54x4 + 8.60x5 + 8.60x6 + 8.05x7 ≤ 81000 

          0.08x1 + 0.08x2 + 0.06x3 + 0.00x4 + 0.05x5 + 0.05x6 + 0.09x7 ≤ 879 

 Xi ≥ 0, for i = 1, 2, 3, …, 7 

The problem in standard form is as shown below: 

Max. Z =330x1 +490x2 +300x3 +370x4 +385x5 +450x6 +1000x7 

    S.t   0.01x1 + 0.01x2 + 0.02x3 + 0.03x4 + 0.02x5 + 0.02x6 + 0.05x7 + x8 = 433 

          0.02x1 + 0.02x2 + 0.04x3 + 0.27x4 + 0.01x5 + 0.01x6 + 0.00x7 + 0x8  + x9  = 967 

          7.82x1 + 7.82x2 + 7.67x3 + 8.54x4 + 8.60x5 + 8.60x6 + 8.05x7 + 0x8 + 0x9 + x10  = 81000 

          0.08x1 + 0.08x2 + 0.06x3 + 0.00x4 + 0.05x5 + 0.05x6 + 0.09x7 + 0x8 + 0x9 +0 x10 +x11= 879 

 Xi ≥ 0, for i = 1, 2, 3… 11 

Where x8, x9, x10 and x11 are the added slack variables. 

 

Table 4.  Results of the Primal analysis 

Variable Value 

 𝑋1  0.00 

 𝑋2  1731.66 

 𝑋3  0.00 

 𝑋4  143.76 

 𝑋5 0.00 

 𝑋6  0.00 

 𝑋7  8227.41 

 Objective value (Max) = 9,129,117.24 

3.1. Sensitivity Analysis 

In this section, sensitivity analysis was carried out to know 

the extent to which any of the input data (that is, the per unit 

profit of any of the products (variables) or the available 

resources) of the company can change without affecting the 

optimal solution. The result of the sensitivity analysis also 

showed the dual prices also known as the shadow prices to 

enable the company know the cost of acquiring an additional 

unit of any of their resources in case there is need for that.  

In carrying out sensitivity analysis using the dual variables, 

the dual problem was formulated from the original (primal) 

problem above as follows: 
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 Min Y =433y1 +967y2 +81000y3 +879y4  

 Subject to 

 0.01y1 + 0.02y2 + 7.82y3 + 0.08y4 ≥ 330 

 0.01y1 + 0.02y2 + 7.82y3 + 0.08y4 ≥ 490 

 0.02y1 + 0.04y2 + 7.67y3 + 0.06y4 ≥ 300 

 0.03y1 + 0.27y2 + 8.54y3 + 0.00y4 ≥ 370 

 0.02y1 + 0.01y2 + 8.60y3 + 0.05y4 ≥ 385 

 0.02y1 + 0.01y2 + 8.60y3 + 0.05y4 ≥ 450 

 0.05y1 + 0.00y2 + 8.05y3 + 0.09y4 ≥ 1000 

where yis ≥ 0, for i=1,2,…,4 are the dual variables. 

The problem in standard form is as shown below: 

 Min Y =433y1 +967y2 +81000y3 +879y4  

 Subject to 

 0.01y1 + 0.02y2 + 7.82y3 + 0.08y4 –y5 ═330 

 0.01y1 + 0.02y2 + 7.82y3 +0.08y4 +0y5–y6 ═ 490 

 0.02y1 + 0.04y2 + 7.67y3 + 0.06y4 +0y5 + 0y6 –y7 ═ 300 

 0.03y1 + 0.27y2 + 8.54y3 + 0.00y4 +0y5 +0y6 +0y7 – y8 ═ 

370  

 0.02y1 + 0.01y2 + 8.60y3 + 0.05y4 + 0y5 + 0y6 +0y7 + 0y8 

–y9 ═ 385 

 0.02y1 + 0.01y2 + 8.6y3 + 0.05y4 +0y5 + 0y6 + 0y7 + 0y8 + 

0y9 –y10 ═ 450 

 0.05y1 + 0.00y2 + 8.05y3 + 0.09y4 + 0y5 + 0y6 + 0y7 + 0y8 

+ 0y9 + 0y10 –y11 ═ 1000 

 yis ≥ 0, for i=1,2,…,11 are the dual variables signifying 

the dual prices 

where y5, y6, y7…y11 are the added surplus variables.  

The analyses (accomplished in 10 iterations) were done 

using Tora Software. 

Table 5.  Results of the dual analysis 

Variable Value 

 𝑦1  11628.41 

 𝑦2  0.00 

 𝑦3  2.48 

 𝑦4  4429.39 

Objective value (Min) = 9,129,415.34 

Table 6.  Result of Sensitivity Analysis showing the mini. and max. limits for Objective coefficients and RHS 

CurrentObj 

coefficient 

Min.Obj 

coefficient 

Max.Obj 

coefficient 

Reduced 

cost 

Current 

RHS 

Min. 

RHS 

Max. 

RHS 

Dual 

Price 

330 - 490.00 160 433 365.04 496.69 11628.41 

490 464.07 917.68 0 967 73.45 Infinity 0 

300 - 517.32 217.32 81,000 79689.06 109348.92 2,48 

370 347.42 773.25 0 879 65.11 892.09 4429.39 

385 - 475.33 90.33     

450 - 475.33 25.33     

1,000 518.86 1029.17 0     

 

4. Result Discussion and Conclusions 

In this research, the major aims were to decide how the 

limited resources of Nigeria Bottling Company would be 

allocated in order to maximize profit and also determine the 

right product mix that would maximize such profit. From the 

result of the analysis, it was discovered that Dubic Malt, 

Orijin bitter sachet and Mac-dowel Spirit contributed 

maximally to the profit of the company. Their production 

quantities on daily basis should be 1,732, 144 and 8,227 

crates respectively yielding the total profit of ₦9,129,117.24.  

Also, the dual problem formulated from the original 

(primal) problem was used to conduct sensitivity analysis in 

order to determine the feasibility of the already obtained 

optimal solution above. The result of the sensitivity analysis 

presented in Table 6, showed the various reduced costs (that 

is, the ranges of increments) of the objective cost coefficients 

of the involved variables and the shadow prices of the RHS 

resource constraints within which the solution remains 

optimal. The result of the sensitivity analysis also revealed 

the shadow price (dual price) which is the cost of acquiring 

an additional resource in case the Company has any of   

such needs. Finally, based on the results obtained from this 

research, it is recommended that Nigerian Bottling Company 

should focus more on producing those products that 

maximize their profit. 
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