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A reliable and effective national testing infrastructure is necessary to provide proof of compliance with 
market requirements so as to support trade. The study critically examined six key elements of the 
testing infrastructure in six testing laboratories to determine their capacity to test dairy products. A 
comparative analysis of the laboratories was conducted using the Simple Additive Weighting technique 
to identify a Centre of Excellence. Consequently, Laboratory L6 was identified and recommended as a 
Centre of Excellence for dairy products testing in Uganda having scored 97% against a national average 
of 78%.This implied that there was credible testing from at least one laboratory which had the capacity 
to conduct all the tests but also with a well-developed quality assurance system. 
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INTRODUCTION  
 
As Uganda seeks to expand her dairy exports, the 
capacity of available testing facilities to meet the 
expectations of the market continues to be stretched. 
Uganda’s milk quality is at risk of being challenged owing 
to the lack of a good dairy testing laboratory. To 
demonstrate that there is sufficient analytical capability 
and capacity to determine the quality and safety of milk 
products, there is need to assess the effectiveness of the 
current testing infrastructure.   

The Simple Additive Weighting(SAW) is one of the 
methods that helps decision-makers toprefer a choice 
compared to other choices (Shakouri et al., 2014) based 
on weighted averages.The SAW technique has for 
example been used by Afshari et al. (2010) in selection of 
personnel, where the alternative with the highest score 
was selected as the preferred one. In this research, SAW 
was used to determine to what degree the dairy testing 
laboratories assessedfulfilled the requirements as 
measured against the elements of the testing 
infrastructure and to  rank  them  accordingly.  The  study  
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conducted a comparative analysis of the selected 
laboratories and recommends a Centre of Excellence in 
dairy products testing in Uganda that can give credible 
results in order to facilitate trade. 
 
 
METHODOLOGY  
 
Description of the population 
 
Internal laboratories attached to dairy processing 
companies formed part of the population for the study.  
National food control laboratories involved in testing of 
dairy products were also identified from the government 
regulatory laboratories and one private laboratory.  
 
 
Sampling strategy for laboratories selected for the 
study  
 
Stratification was done to enable selection of laboratories 
from both the dairy processing industries (internal/in-
house laboratories) but also from the national food 
control laboratories (external laboratories). Three 
laboratories were selected from each  stratum,  making  a  
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Table 1. Objective, Criteria and Alternatives to guide the SAW Process. 
 

Objective – Selection of a Centre of Excellence (CoE) for Dairy Products Testing 

Criteria (Elements of a Credible Testing Infrastructure) Alternatives 
(Laboratories) 

A Parameters Tested (Number of tests done on product)  L1 

B Laboratory Accommodation (Space, environment, safety, separation)  L2 

C Equipment (Availability, performance, maintenance, calibration)  L3 

D Test Methods & Materials (standard, validated)  L4 

E Personnel (Education, experience, training, number)  L5 

F Quality Assurance Measures (Accreditation, Proficiency testing)  L6 

 
 
 
sample size of six laboratories considered for the study. 
The laboratories were coded as L1, L2, L3 and L4, L5, L6 
for the internal and external laboratories respectively.  
 
 
Data collection methods 
 
Physical assessment  
 
A checklist was developed highlighting the details of the 
key elements of the testing infrastructure (Table 1) basing 
on the requirements of the international standard 
ISO_IEC 17025.  

The selected laboratories were physically visited to 
assess their facilities and verify their capacity to 
test/analyse quality and safety parameters for dairy 
products.  
The data received from the six laboratories using the 
checklists was coded in order not to identify the 
laboratories by name. This would help avoid bias of the 
experts and reduce subjectivity. 

 

 
Simple additive weighting (SAW) technique  
 
In this study, focus group discussions were held with key 
informants, selected on the basis of purposiveness, who 
were professionals in analytical and food sciences with 
supervisory status and decision making responsibilities 
relating to food testing. Since focus group discussion is a 
participatory technique, Mors et al. (2013) asserts that 
interaction among participants yields high-quality 
opinions as theyare expected to express and justify their 
point of view to each other.The focus group discussion 
method has, among others, been used by Stang and 
Anderson (2013) to assess the use of proficiency testing 
as a tool to improve quality in laboratories.  

The participants were briefed about the purpose of the 
study to prepare them for the exercise and oriented in the 
use of SAW technique. The focus group discussion was 
guided by a pre-developed tool intended to achieve two 
specific objectives: to rank the elements of the testing 
infrastructure in order of importance basing on their 

knowledge and experience; and to assess the 
laboratories against the elements using the data from the 
survey.  

A 6 × 6 pairwise comparison matrix the elements/ 
criteriain Table 1 was constructed using Thomas Saaty’s 
(1980) 1 - 9 scale of pairwise comparisons (Table 2) to 
compare each criterion with each other, one by one. For 
each comparison, the respondents decided which of the 
two elements was more important, and then assigned a 
score to show how much more important it was. The 
reciprocity rule was applied to complete the table of 
relative importance.  

The pair wise comparison matrix was then normalized 
by dividing each element in the table by the column total 
and the priority vectors (row averages/weights) obtained.  

A consistency test was then carried out to validate the 
opinion of the experts. The random index in Table 3 was 
used to determine the consistency ratio.  

A Likert-type scale of scores from 1 to 5 was adopted 
to score and rank compliance of the laboratories selected 
for the study to the elements/criteria highlighted in Table 
1. For this scoring, five (5) denoted full compliance and 
one (1) no compliance. Partial compliance was also 
categorized based on the state of the elements that were 
evaluated as illustrated in Table 4.  

The respondents indicated how strongly they agreed 
with the compliance of the different testing laboratories 
(L1, L2, L3, L4, L5 and L6) to the elements of the testing 
infrastructure in Table 1. The respondents were required 
to give justification for the scores given. The scores of the 
respondents were then harmonized into one set of 
results.  

The average weights given to the different laboratories 
by the respondents based on their performance against 
each element were then entered in a 6 × 6 decision 
matrix. A normalized decision matrix was obtained by 
dividing the values in each column by the maximum value 
in the respective column.  

Each laboratory, Aiwas evaluated using the formula:  
 

 i= 1,…..6 (laboratories), j = 1, 

…..6(elements) 



                                                                             Byansi et al           215 
 
 
 

Table 2. Saaty’s 1-9 Scale of Pairwise Comparisons 
 

Intensity of importance  Definition  

1 Equal importance  

3 Moderate more important  

5 Strongly more important  

7 Very strongly more important  

9 Absolutely (extremely) more important  

2,4,6,8 Intermediate values  

 
 

Table 3. Random Index for Different Matrix Sizes (n) 

 

n 1 2 3 4 5 6 7 8 9 10 

RCI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 

 
 

Table 4. Likert Scale used for rating the compliance of the laboratories to selected elements  

 

Level of compliance 1 2 3 4 5 

Definition Non-
compliant 

Low 
compliance 

Moderate 
compliance 

Almost totally 
complaint 

Full 
compliance 

 
 

Table 5. A Comparison Matrix for the Elements/Criteria 

 

Criteria  A B C D E F 

A 1.00 7.00 0.33 3.00 3.00 5.00 

B 0.14 1.00 0.14 0.20 0.20 0.33 

C 3.00 7.00 1.00 3.00 3.00 5.00 

D 0.33 5.00 0.33 1.00 0.33 3.00 

E 0.33 5.00 0.33 3.00 1.00 3.00 

F 0.20 3.00 0.20 0.33 0.33 1.00 

Total  5.00 28.00 2.33 10.53 7.86 17.33 

 
 

Where  is the score of the i
th
laboratory with respect to 

the j
th 

element, wiis the weighted criteria. 
Microsoft Excel software was used to ease 

computations..  
Finally, the evaluation indices wereranked to find the 

best alternative. According to Wang (2015), the greater 
the evaluation index, the better the alternative.The 
laboratory with the highest score was recommended as 
the Center of Excellence (CoE) for dairy products testing 
in Uganda.  
 
 
RESULTSAND DISCUSSION 
 
Conducting the Pairwise Ranking 
 
The 6 × 6 pairwise comparison matrix in Table 5 indicates 
the relative importance of the criterion in the columns 
compared to the criterion in the rows. For example, A is 
very strongly more important than B (A=7B). The  

reciprocity rule applies ( ).  

The normalized comparison matrix (Table 6) was then 
obtained by dividing each element by the column total. 
This was followed with calculation of the Priority vector 
(PV) or Eigen vector by computing the row averages. The 
results are indicated in Table 6.  
 
 
Conducting the consistency test 
 

The consistency test was required to validate the expert 
knowledge, hence the reliability of the weights of criteria. 
The Weighted Sum Matrix (WSM) was found by 
multiplying the pairwise comparison matrix and the 
priority vector (weights). The results are indicated in 
Table 7.  
The row totals of the weighted sum matrix for each 
element (Table 7) were divided by their respective priority 
vector weight (Table 8).  The average of  this value gives 
λmax, the Maximum Eigen value.  
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Table 6. Normalised Comparison Matrix of the Elements and Priority Vector (PV) 
 

Criteria  A B C D E F   PV 

A 0.200 0.250 0.142 0.285 0.382 0.289   0.258 

B 0.028 0.036 0.060 0.019 0.025 0.019  0.031 

C 0.600 0.250 0.429 0.285 0.382 0.289  0.372 

D 0.066 0.179 0.142 0.095 0.042 0.173  0.116 

E 0.066 0.179 0.142 0.285 0.127 0.173  0.162 

F 0.040 0.107 0.086 0.031 0.042 0.058   0.061 

 
 

Table 7. Weighted Sum Matrix (WSM) or Judgement Matrix and Totals.  

 

Criteria  A B C D E F   Total  

A 0.258 0.217 0.123 0.348 0.486 0.305  1.737 

B 0.036 0.031 0.052 0.023 0.032 0.02  0.195 

C 0.774 0.217 0.372 0.348 0.486 0.305  2.502 

D 0.085 0.155 0.123 0.116 0.053 0.183  0.715 

E 0.085 0.155 0.123 0.348 0.162 0.183  1.056 

F 0.052 0.093 0.074 0.038 0.053 0.061   0.372 

 
 

Table 8. Calculating λmax 

 

WSM   PV     

1.737 
 

0.258 
 

6.732 

0.195  0.031  6.288 

2.502 / 0.372 = 6.726 

0.715  0.116  6.164 

1.056  0.162  6.518 

0.372   0.061   6.094 

    38.521 

 

    

 
 

Table 9. Scores of the Performance of the Laboratories against the Elements. 

 

  A B C D E F 

L1 3 4 3 4 4 2 

L2 2 2 3 4 3 2 

L3 2 4 3 4 3 2 

L4 3 3 3 4 4 2 

L5 4 4 4 4 5 4 

L6 5 4 4 4 4 4 

Max 5 4 4 4 5 4 

 
 
 
 
To judge consistency, the Consistency Ratio, (CR) was 
obtained using the formula:  
 

  

where,  CI is the Consistency Index and  
            RI, the Random Index 
 
 
Consistency Index, CI is calculated using the formula:  



                                                                                 Byansi et al           217 
 
 
 

Table 10. The Normalized Decision Matrix of Laboratories vs. Elements 
 

  A B C D E F 

L1 0.60 1.00 0.75 1.00 0.80 0.50 

L2 0.40 0.50 0.75 1.00 0.60 0.50 

L3 0.40 1.00 0.75 1.00 0.60 0.50 

L4 0.60 0.75 0.75 1.00 0.80 0.50 

L5 0.80 1.00 1.00 1.00 1.00 1.00 

L6 1.00 1.00 1.00 1.00 0.80 1.00 

Weights 0.258 0.031 0.372 0.116 0.162 0.061 

        
 
 

Table 11. Calculating the Scores of Each Laboratory against the Weighted Criteria 
 

  A B C D E F Score 

L1 0.15 0.03 0.28 0.12 0.13 0.03 0.74 

L2 0.10 0.02 0.28 0.12 0.10 0.03 0.64 

L3 0.10 0.03 0.28 0.12 0.10 0.03 0.66 

L4 0.15 0.02 0.28 0.12 0.13 0.03 0.73 

L5 0.21 0.03 0.37 0.12 0.16 0.06 0.95 

L6 0.26 0.03 0.37 0.12 0.13 0.06 0.97 

 
 
 

,   

Where  n is the matrix size and  
                     λmax denotes the maximum Eigen 
value 
Hence,  

  

  

 
The Random Index, RI for n = 6 is 1.24 (from Table 3)  
 
Therefore,   

     

 

 
Since the consistency ratio of 0.068 (6.8%) was less than 
0.10 (10%), the opinion of the respondents was deemed 
sufficient and therefore acceptable according to Afshari et 
al., (2010). Hence there was consistency inthe judgment 
of the experts and the weights were reliable.  
 
 
The decision matrix 
 
A 6 X 6 decision matrix was constructed for the 
sixlaboratories and the six elements under study. The 
values in Table 9are representative of the consensus or 
the average scores given by the respondents to the 
different laboratories based on their performance against 
each element.  

The normalized decision matrix (Table 10) was obtained 
by dividing the values in each column by the maximum 
value in the respective column.  

The normalized value of the criteria (elements) for the 
alternatives (laboratories)was multiplied with the 
importance of the criteria (elements). 
 
 
Evaluating the alternatives 
 
Multiplying the matrix by the weights of the elements 
gave the relative score of each laboratory. The results 
are in Table 11.  

The scores in Table 11 give a comparative analysis of 
the six laboratories. The relative score in the last column 
is an index of the compliance of the laboratory to the 
elements of the testing infrastructure. The rank order 
determined by the evaluation indices is L6> L5> L1> L4> 
L3> L2. 

Therefore, using the SAW method, the best laboratory 
(with the highest rating of 0.97) is L6 followed very 
closely by L5 (with 0.95) then L1, L4, L3 and L2 
respectively. The scores of the laboratories against the 
elements of the testing infrastructure are justified in the 
narrative summary in Table 12 (the information was 
obtained from the physical survey checklists).  
 
 

Conclusion  
 
The key elements of the testing infrastructure made use  
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Table 12. Laboratories Ranked by Relative Score/Percentage with Narrative Summary 

 

Rank Lab 
Code 

% Score Narrative Summary to Justify Score  

1 L6 97% i. Laboratory has capacity to test all the parameters identified in the study (100%) in dairy products and could provide 
complete results;  

ii. Laboratory is accredited and participates in proficiency testing schemes;  

iii. Personnel with knowledge and skills to perform the work (at least a Bachelor’s degree in chemistry or food science);  

iv. Laboratory has state of the art equipment like HPLC, AAS, GC, etc; 

v. Laboratory uses standard methods but not revalidated;  

vi. Laboratory capacity is underutilized;  

vii. Laboratory had a short turnaround time of 10 working days, but comparably charging a higher price for testing services;  

viii. Poor equipment maintenance of testing equipment;  

ix. No Laboratory Information Management System (LIMS).  

2 L5 95% i. Laboratory can test almost all the parameters (96%) in dairy products;   

ii. Over 10 analysts with close to 50% having post graduate qualifications and had stayed for averagely over 5 years in 
lab;  

iii. Some personnel have attended specialized training in dairy testing; 

iv. Laboratory is accredited and participates in proficiency testing; 

v. Use of state of the art equipment including the HPLC, AAS, GC, ICP, etc;  

vi. Use of standard methods but not revalidated and no measurement uncertainty;  

vii. However, the space is limiting given the number of samples received of dairy products but also many other samples of 
different products;  

viii. Laboratory is in rented facility;  

ix. Had a long turnaround time for results (1-3 months);  

x. Poor maintenance of equipment;  

xi. No Laboratory Information Management System (LIMS).  

3 L1 74% i. Laboratory can test at least 75% of the parameters within scope of products produced;  

ii. Laboratory ranks best in terms of accommodation;  

iii. Personnel had adequate experience in the dairy industry;  

iv. Laboratory not accredited and does not participate in proficiency testing;  

v. Inadequate testing equipment to conduct required tests;  

vi. Poor maintenance of testing equipment;  

vii. Test methods not revalidated and no measurement uncertainty;  

viii.  No Laboratory Information Management System (LIMS).   

4 L4 73% i. Laboratory can test most of the parameters (79%);  

ii. Uses standard methods but not revalidated and no measurement uncertainty;  

iii. Personnel had at least a Bachelor’s degree and some had attended dairy specific training; over 4 personnel involved in 
testing;  

iv. However, lab was neither accredited nor participating in proficiency testing;  

v. Inadequate laboratory space andwas occupying small rented facility;  

vi. Inadequate testing equipment to conduct required tests;  

vii. Calibration for testing equipment was not traceable;  

viii. Poor maintenance of testing equipment;  

ix. Laboratory does not have capacity to test chemical contaminants;  

x. Relatively low cost for testing services;  

xi. Long turnaround times for delivery of results;  

xii.  No Laboratory Information Management System (LIMS).  

5 L3 66% i. Has capacity to test at least 58% of the parameters for products produced;  

ii. Laboratory personnel were graduates;  

iii. Standard methods used but not revalidated and no measurement uncertainty;  

iv. Lab was neither accredited nor participating in proficiency testing;  

v. Inadequate equipment for conducting the required tests;  

vi. Inadequate laboratory space;  

vii. No Laboratory Information Management System (LIMS).  
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Table 12. Contd. 
 

6 L2 64% i. Laboratory could only conduct 63% of the tests, mainly routine parameters for the 
products produced;  

ii. Standard methods used but not revalidated and no measurement uncertainty;  

iii. Inadequate equipment for conducting the required tests;  

iv. No capacity to conduct tests on chemical contaminants;  

v. Personnel were averagely Bachelor’s degree holders (graduates);  

vi. Laboratory occupies adequate space for testing;  

vii. Lab was neither accredited nor participating in proficiency testing;  

viii. No Laboratory Information Management System (LIMS).  

 
 
 
of the Simple Additive Weighting (SAW) technique ideal 
to reflect the preference of the respondents. From the 
study findings, the laboratory recommended as the 
Centre of Excellence (CoE) for dairy products testing in 
Uganda is L6 with a high score of 97%. The implication is 
that this laboratory could offer credible testing and 
provide proof of compliance with standard requirements 
so as to support trade and competitiveness.  
 
 
Limitation 
 
Subjectivity of the multi-criteria decision making tools. 
Further research in the area could adopt use of 
regression analysis to determine whether the results are 
comparable.  
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