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Abstract. This article aims to provide a tool to diagnose the supply chain man-

agement from a performance reference model allowing evaluating the links indi-

vidually and the supply chain as a whole, taking as case study the mango pulp 

supply chain at local level in Santiago de Cuba in Cuba. The reference model 

considers a territorial approach to rural development that do not have a special-

ized logistics system. The identification and better understanding of the obstacles 

that limit the supply chain is the great importance both for the definition of public 

policies and for awareness and making sustainable decisions of companies oper-

ating in the sector. 
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1 Introduction 

The Agriculture is ceasing to be an area isolated by force of industrialization and close 

relationships between several production units when concentrated in a specific territory. 

It increase and retain value added farmer production in rural areas [1, 2, 3] due to the 

use of local culture, valuing women's work and recognition of local knowledge through 

selection, washing, sorting, storage, preservation, processing, packaging, transport and 

marketing fruits [4]. Correa and Gomez [5] raised that the supply chain has become a 

key concept because consider business processes, people, organization, technology and 

physical infrastructure for enterprises.  

The Management Supply Chain is a systemic approach that aims integrating the var-

ious direct and indirect actor in a chain, in order to gain competitive advantages, 

through cooperation with other companies that are part of the same competitive envi-

ronment [6]. However, it could be defined "as a methodology developed to align all 

production activities in a synchronized manner in order to reduce costs, minimize cy-

cles and maximize the value perceived by the end customer through the breaking of 

barriers between departments and areas" [7]. With the expansion of the concept of man-

agement, demand was raised for the development of models as a reference guide to 

assess performance, integrating concepts into a unified instrument, forming a systemic 

structure of management [8, 9]. Acevedo et al. [10] add that the reference models can 
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identify strengths and weaknesses, barriers and opportunities offered by the environ-

ment in order to develop and implement a strategic plan for development. However, the 

other barriers to define a reference model are the internal strategy of each company that 

is not necessarily linked to the interests of the whole chain, the influence of the stronger 

actors’ strategy upon the rests and the involvement of various members in various 

chains, difficulty implementation a single strategy [11].  

Some authors attribute the lack of academic publications on real cases due to the 

diversity of companies, indirect stakeholders in the chain and the complexity observed 

in logistics processes given by interactions numbers, strategic alliances and contracts  

[2, 11, 12]. Already, Seuring [13] and [3] attribute this to the complexity that arises 

when different actors establish a business with shared objectives, conflict between par-

ticipants, lack of appropriate measures that reduce customer expectations and chain op-

timization.  

This article aims to provide a tool to diagnose the supply chain management from a 

performance reference model for evaluating the links individually and the supply chain 

as a whole, taking as case study the mango pulp supply chain at local level in Santiago 

de Cuba in Cuba. 

2 Method 

2.1 Supply Chain Case Study 

The supply chain at local level, under study, was selected in the Santiago de Cuba prov-

ince during 2012 mango season. The area designated for pulp mango production in 

monoculture regimen is the 130 ha with about 13 years old, an annual production of 

1300 t. Nine associated producers compose the primary producers with 71 workers 

where 70% live on the property. The pulp industry processes daily 2 t of mango pulp 

hot filled into 3 liter cans. The 38 workers support this activity. The main input suppli-

ers are the same that provide the provincial level, so this study does not take into ac-

count the focal company. The chain receives support from government organizations 

such as research institutes, Ministry of Agriculture, Logistics Group, among others. The 

logistics system consists in transportation of the fresh fruit to the pulp industry and the 

pulp distribution in the local markets (4 points of sales, and 10 mobile sellers), by two 

independent companies. According with [3], this is a common situation in local supply 

chains, where a partnership between producers and transporters prevails, ensuring in-

puts and services. The price of the mango pulp can of 210 Cuban pesos is high in com-

parison with the 300 pesos of national population average wage. The chain begins with 

the fruit sale price of 2,180 Cuban Pesos per tons in the primary sector and ends on the 

market with 40,000 Cuban pesos per ton of pulp. Figure 1 shows the map of supply 

chain at local level. Each actors work as an independent company, connected by mate-

rial, financial and information flow. The inter-business cooperation is developed in the 

framework of commodity-money relations between actors, and lack of other types of 

collaboration.  
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Fig. 1. Energy system diagram of the mango supply chain. 

2.2 Performance Reference Model 

The bases of reference model proposed for the assessment of supply chain at local level 

was adapted from the Model of Value Networks. The proposed model took into account 

the local conditions with small family farms that do not have a focal firm or a special-

ized logistics system. With this model is possible to assess each actors of the chain 

independently and inter-related, identifying those key points where could be improve 

competitiveness [9, 14]. 

The modules were selected from meetings, applying a participatory methodology, 

with direct and indirect actors of supply chain where were identified: infrastructure, 

technology, logistics, economics, environmental management and support programs 

and not only focusing on the logistics issues. The criteria for defining aspect was the 

relationship of technical and economic performance variables most relevant and which 

were common for companies into the chain [9]. The tool is a flexible questionnaire, 

which could be applied in all actors of the supply chain. Table 1. 

Table 1. Reference model for performance evaluation 

Modulo Indicators Descriptor 

1.Infrastructure Location 1.1 It is located in a place where there is a pro-

ductive organization. 

1.2 Accessibility 

Installation  1.3 Water and electricity supply facilities 

1.4 Site requirements. 

1.5 Sanitary conditions 

1.6 Lighting conditions 

1.7 Licenses 

2.Human Capital  Gender 2.1 Female, Male 

Educational 

level 

2.2 Elemental, medium, university 



Social security 2.3 Accessibility to social security  (low 2 

points, high 5 points) 

2.4 Accessibility to public services 

Exude 2.5 Low: 5 points High: 2 points 

Attention to 

HR 

2.6 Good: 5 points  Bad: 0 points 

Salary 2.7 High: 5 points Low: 0 points 

3. Technology State 3.1 Regimen Automatic/Semi automatic/ 

Manual  

3.2 Equipment (adequate 5) 

3.3 Consumption of resource (High 2, Me-

dium 3 low 5) 

3.4 Maintenance (Adequate 5) 

3.5 Innovation 

4. Logistic Logistic ser-

vice 

4.1 Service quality 

4.2 Price (Adequate 5) 

4.3 Costs (Low 5) 

4.4 Availability of raw materials and supplies 

locally from national sources (Over 50%, 

5) 

4.5 Delivery cycle (Adequate 5) 

4.6 Reliability 

4.7 Flexibility 

4.8 Contract 

Information 

system and 

communica-

tion 

4.9 Exchange of information 

4.10 Frequency 

4.11 Reliability 

4.12 Technology 

5. Economy 

  

  

  

  

  

Economic in-

dicators 

5.1 Costs 

5.2 Price 

5.3 Yield 

5.4 Income 

5.5 Efficiency 

5.6 Productivity 

6. Environmental 

management 

  

  

  

  

6.1 Environmental action plan 

6.2 Waste treatment  

6.3 Reuse of resorce 

6.4 Use of renewable resources 

7.Supporting 

Programme 

  7.1 Training 

7.2 Management systems implemented 

QSM, ESM, SSSM and others 

7.3 Cleaner Production Management, Inte-

grated Programme, GMP, GMM green lo-

gistic, others 



7.4 Linking with national and international 

projects 

7.5 Credit support programs 

7.6 Certifications 

 

2.3 Data Processing 

The questionnaire was applied for each direct actors but the quantity of interviewed 

was statistically representative at the 95,0% confidence level. The Likert scale was used 

to numerically evaluate the responses of excellent = 5; good = 4, regular = 3, bad=2 or 

very bad = 1 [15]. It was calculated the average for each indicators and respective mod-

ule. The quantitative evaluation of each actor's performance is the average of all mod-

ules. The results was showed at matrix to visualize the behavior of each direct actors of 

the supply chain and also gives a rating of the behavior of each indicator involved in 

the performance of the supply chain as a whole system. The average of performance of 

the actors and the average of the modules of the supply chain have the same result and 

it represent the qualification of the chain as a system. 

The weakness of actors were considered the aspects evaluated with 1 and up 3 points, 

and strengths of system with 4 and 5 points [10, 15]. The results with values between 3 

and 5 was considered as the fulfillment of the basic indicators. 

3 Result and Discussion 

3.1 Analysis of Direct Actors of Supply Chain 

 
Table 2 shows the results obtained by tabulating the questionnaires from actors of 

supply chain. The matrix allows viewing that the supply chain has problem with tech-

nology (2.8), logistics aspects (2.8), environmental management (2.5) and supporting 

program (1.9) for a general qualification of 2.9 points. These results indicate the need 

for an internal strategy for performance improvement of each direct actors, and public 

policy to establish a local development program. 

 

Table 2. Evaluation matrix of supply chain at the local level 

Module Primary 

producer 

Fruit trans-

port 

Pulp pro-

cessing 

Pulp 

trans-

port 

Market Supply 

chain 

Infrastructure 3,6 2,2 3,6 2,2 4,0 3,4 

Human capital 4,1 3,0 4,4 3,0 4,1 3,9 

Technology 2,5 2,8 2,3 2,8 3,8 2,9 

Economy 3,2 3,0 3,0 3,0 3,2 3,1 

Logistic 2,0 2,8 3,4 2,8 3,0 2,7 

Environmental 

management 2,3 2,0 3,2 2,0 2,0 2,4 



Supporting pro-

gram 2,3 2,0 2,3 2,0 1,0 1,9 

Average 2,9     2,4                3,4  2,4 3,0 2,9 

Primary Producers. The results show that the primary producer needs deep internal 

improvements to increase performance in technology (2.5), logistics (2.0) and support 

program (2.5). Figure 2. The level of mechanization for pruning, fertilizing and har-

vesting is low due to using obsolete equipment and there is not local company that 

provides spare parts or perform equipment maintenance. The aspect of innovation was 

assessed as bad because it have not technology to add value to production as selection 

and washing fruit. The economic indicators was evaluated as regular due to low yield 

of 10t/ha compared with similar system of 20 t/ha, and high cost which shows that the 

current model of agricultural economy is characterized by little use of natural resources, 

the use of chemical fertilizers and great presence of labor. The assessment for this actor 

show that 41.3% of the aspect were evaluated as reasonable, 32.6% as bad, 10.9% as 

good, 8,7% as excellent and 6.5% as very bad which compliance of 57.4% of the basic 

indicators. The general assessment was 3 points. The most critical modules were tech-

nology, environment management, supporting programs and logistics system affected 

by the delivery planning, centralization, instability, low availability of inputs and un-

appropriated information communication, as well as high prices of service delivery and 

problems with hiring companies.  

 

Fig. 2. Results of performance evaluation of Primary Producers 

Pulp Processing. The pulp-processing actor needs to improve the production technol-

ogy (2.3 points) and support programs (2.0 points). Figure 3.The obsolete technology, 

lack of automation in the process, high energy and water consumption influences in the 

number of hired workers. It is reflected in economic indicators such as production costs, 

efficiency and low yield. The infrastructure conditions were evaluated with 3.6 points 

due to the situation of roads, lack of space and lighting. The support programs was 

evaluated with 2.5 points and only the aspect of training received regular evaluation. 

The precariousness of technology and infrastructure, as well as difficulty in acquiring 

credits and financing limits the ability of management systems certification, which de-

pend on these resources. The overall evaluation was 3.2 point with 64.4% of compli-

ance of the basic indicators. 45.7% of the aspects were assessed as regular, 19.6% as 
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bad, 21.8% as good, 10.9% as excellent and 2.2% as very bad. The supporting programs 

and the technology were the most critical modules.  

 

Fig. 3. Results of performance evaluation of pulp processing 

 

Distributors and Transporters. The infrastructure module was evaluates inappropri-

ate for both the road conditions (mountain) makes it difficult to access collection points 

of fruits and pulps and trucks are not suitable increasing the risk of production loss and 

quality of fruit. Compared with the previous links, the human resources module was 

evaluated with 3.0 points because employees are not paid for production; it has a fixed 

salary, and working conditions that are not appropriate. This factor causes instability, 

increases the exodus of workers, and affects the logistical costs of the rest of the actors. 

According to Bourlakis [3] and Grimm et al. [4], the link between small producers and 

consumers are complex chains of collection and distribution which producers have been 

traditionally submitted, and contributed to the decline profitability. The rating for each 

module was as follows: 41.3% of the descriptors were assessed as regular, 47.8% as 

bad, 2.17% was evaluated as good, 6.5% as excellent and 2.2% as very bad for an over-

all assessment of 2.8 point. The most critical modules were the technology, infrastruc-

ture, logistics, environment and supporting programs. Indicating a compliance of 56.8% 

of the basic indicators. Figure 4 shows the evaluation of this actor. 

 

 
 

Fig. 4. Results of performance evaluation of distributing and transporting actors 
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Market. This actor bases its operation on mobile outlets appropriated to the local en-

vironment because do not require refrigeration to preserve the pulp of mango. One fac-

tor that affects product sales is an informal market that can set prices for products ac-

cording to the quality levels, the season and demand. The critical aspects for this actor 

are the information and communication system. This actor evaluated as very bad the 

module of supporting programs because it is not offered programs or funding to develop 

marketing. 

The 32.6% of the descriptors were assessed as regular, 10.86% as bad, 23.9% as 

good, 15 21% as excellent and 17.4% as very bad. Most critical modules were the sup-

porting programs and systems of information and communication. The overall assess-

ment was of 3 point indicating a compliance of 60% of basic indicators. Figure 5 shows 

results of performance evaluation of sales actors. 

 

 

Fig. 5. Results of performance evaluation of sales actors 

3.2 Analysis the Supply Chain as a Whole System 

One of the strengths of this supply chain is the infrastructure and humans resource be-

cause is located in an area where there is a production base, with experience in mango 

cultivation, with favorable climatic conditions and organizational structures such as co-

operatives to help manage the primary producer. The inclusion of women to labor, free 

access to medical and educational services and laws that guarantee the social security 

of members of the chains it was also appointed however, the exodus is indicating that 

the concrete measures to ensure the stability of labor actions could be done.  

The technology module is a weakness in all actors and the whole supply chain. All 

actors have problem to introduce innovation in the production process where only pro-

cessing actor adds value but still quite limited. It confirms that supply chains at local 

level lose opportunities to participate effectively in global value chains or other prem-

ises due to not being properly equipped.  

The other module that is evaluated as ruin was the logistic. De Oliveira et al. [9] 

identified in studies a low degree of implementation in small and medium enterprises 

(SMEs) which have not investment capacity and an organizational structure to facilitate 

the implementation of TIC, however, it can provide potential benefits such as reduced 

cycle times, reduced inventories, minimize the whip effect, and improve the effective-

ness of distribution channels. 
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In the national context in addition to the elements of macroeconomic policy there 

are other factors such as institutional aspects, given the fragility of both public and 

private organizations and sectorial vision limiting and difficult coordination. Producers 

tend to organize themselves into cooperatives but they could not capitalize to invest in 

processing. It have not appropriated mechanism for institutional support allowing ac-

cess to financing channels. The main obstacles to access to credit by the direct chain 

actors is the disinterest from financial agents due to small value transactions, required 

guarantees and necessary documentation cost.   

The other problem is the absence of environmental action plan and supporting pro-

grame in all actors. Van Hoof et al. [6] showed that companies arising from small econ-

omies scale with improved environmental performance and cost reduction are those 

with higher levels of collaboration capabilities and involves the assimilation and trans-

fer of knowledge and changes organizational. In the other hand, according to Bourlakis 

[3] practices and implementation of development programs and audits are slow and 

expensive for these companies. However, better management will improve the eco-

nomic, environmental and social performance of local supply chains supported by 

Quality Management System, Hazard Analysis and Critical Control Point Systems, 

Health and safety, environmental management systems, among others. 

However, this scenario could be different if some cleaner production practices were 

implemented. To improve the performance of primary producers, 25% of chemical fer-

tilizers were replaced by compost made from agricultural waste and solid waste from 

the small industry; new ones built from pruning residues replaced fruit containers; im-

provements in harvest organization allowed 50% reduction in labor force and 25% in 

fuels consumption. The use of animal traction when the efficient use of vehicles is lim-

ited and the poor state of the roads is also a viable option besides keeping animals on 

the property. The replacement of 50% of transportation by animal traction was consid-

ered to both producers-industry and distribution transportation. This action allows re-

ducing in the same proportion the transportation machinery, labor and fuel consump-

tion. New routes were organized prioritizing the most distant selling points and allow-

ing direct purchase by the mobile sellers at the processing industry.  

The application of good management practices, such as reorganization of production 

and technological flows, allowed to rise up the 75% processing installed capacity and 

to reduce the processing period from 5 to 3 months without any investment. An extra 

payment to primary producers supplying fruit directly to industry increased the produc-

tion yield from 2.3 to 1.9 t of fruit / t of pulp. Additionally, the use of rain water for 

pulp cans cooling, its reuse in cleaning activities, the recirculation of water in the fruit 

washing machine were performed to reduce water consumption. The cleaner production 

and management training programs allowed increasing knowledge and motivation in 

finding sustainable solutions. The measures allowed savings of 50% water, 25% elec-

tricity and 40% wood. The labor force was reduced by 25 % but was relocated to sup-

port services to the mango crop. Two points of sale were built with more simple struc-

tures, suitable for rural areas, because the mango pulp could be preserved without re-

frigeration. 



4 Conclusion 

The model to evaluate the sustainable performance of supply chain allowed to measure 

scope of the supply chain. The identification and better understanding of the obstacles 

that limit the development of the supply chain have a great importance for both the 

refinement of public policies and for awareness and decision-making of companies op-

erating in the sector. In this case, the supply chain studied should be designed to in-

crease the autonomy of producers; restructure the existing system; modify the storage 

and distribution system, incentives for technological innovation and added value, adopt 

new and sound environmental technologies; proper management of resources; reducing 

input costs, and reducing the intermediation between actors. This study also confirm 

the critical factors identified by [2, 4, 16, 17] among others authors about performance 

of supply chain at local level. However, other studies should be made and analysis other 

supply chains to validate the proposed model for performance evaluation of supply 

chain at local level. The advantage to use this model is it allowed the comparison be-

tween the actors, identify their strengths and weaknesses as well as enables them to 

connect in an integrated system in order to accompany the indicators and changes in 

strategy at local level into a single matrix for decision-making from vision and percep-

tion of the actors.  

Note that three pillars of sustainability also were addressed in the analysis and it was 

considering social aspects absent in the most article as multiculturalism, gender, ability, 

exodus, access to services public and social security as well as institutional and organ-

izational environment to support these local economies,   
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