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Abstract— The objective of the article is to show how 
quality tools help the management of the supply chain in 
the agricultural sector, in this way quality management 
of the supply chain will improve operating results in 
companies that produce asparagus. The company is 
located in Trujillo, Peru; where the managers of each 
area were interviewed to determine the practices that 
will be used in the agribusiness sector. Through the 
review of the literature, the practices that will be used are 
supplier relationship management, operations 
management, and human resources management, the 
right design and application of these practices will 
achieve improvements in operational results. The 
proposed model, Supply Chain Quality Management, is 
an innovative method that will have a positive impact on 
the agribusiness supply chain. In addition, quality 
management in the supply chain is an unusual topic to 
find in research. Finally, asparagus is a high 
consumption vegetable and this study provides a great 
value in increasing economic indicators and 
competitiveness within the industry 

Keywords—Asparagus, Quality management, Supply chain 
management, Agribusiness, Supply Chain Quality 
Mnagement. 

1.  Introduction  
 

Peru achieved the first place among the five main 
export countries of green asparagus, producing 390 
million tons of asparagus. Agriculture represents 5.8% 
of Peruvian exports and 24.2% of the active population 
is employed in that sector, making Peru an important 
country worldwide for the production of agricultural 
products [1]. Our research will conduct a study on the 
main waste that exists along the food supply chain to 

propose various improvements that help optimize 
operational and logistical results [2].  

The food supply chain of fresh products has special 
characteristics, especially in the quality of the product, 
such as fruits or vegetables, due to the continuous 
deterioration over time [8], [51]. The objective is to 
mitigate the waste to increase competitiveness with the 
help of quality tools, for which an innovative model of 
SCQM in the asparagus industry is proposed. 

 

2. Research Methodology 

The research methodology is integrated in five steps; in 
which they explain the individual steps of the research 
process. To ensure validity and reliability, a proposed 
process model used for similar research objectives [9], 
is shown in the following figure:

 
 
 

 
 

3. Literature review  

In total, 74 articles have been found for this 
research. The publications are dated from 2012 until 
2018. Based on the literature review, it has been 
established that the search string body of the text 
should contain the word “quality”, “supply chain 
management”. 

Figure 1. Research Methodology,  
Source: Adapted from [29], [56] 
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It was determined that the researches were going to 
be carried out on the following bases: Emerald Insight, 
Taylor & Francis, Science Direct, Inderscience, 
Springer, Wiley, Scopus, Elsevier, Proquest, IEEE, 
among others. As is showed in the figure 2. 

 

 
 
 

 
 

 
Regarding the journals, the articles have been 

published in Journal of Cleaner Production, 
International Journal of Quality & Reliability 
Management, The TQM Journal, Supply Chain 
Management: An International Journal, among others. 
Table 1 shows the magazines used and their 
abbreviations in descending order and in figure 3 the 
number of publications per journal. 

 

 

Journal Abbreviation 

Journal of Cleaner Production JCP 

International Journal of Quality & 
Reliability Management 

IJQRM 
 

The TQM Journal The TQM Journal 

Supply Chain Management: An 
International Journal 

SCM: An International 
Journal 

International Journal of Production 
Economics 

IJPE 
 

International Journal of Physical 
Distribution & Logistics Management 

International Journal of 
PD & LM 

International Journal of Operations & 
Production Management 

International Journal of 
O & PM 

International Journal of Lean Six 
Sigma 

International Journal of 
LSS 

Food Quality and Preference Food Quality and 
Preference 

British Food Journal British Food Journal 

International Journal of Quality and 
Innovation 

International Journal of 
Q&I 

Journal Abbreviation 
International Journal of Postharvest 
Technology and Innovation 

International Journal of 
PTI 

Agribusiness Agribusiness 

International Journal of Supply Chain 
Management 

International Journal of 
SCM 

Journal of Supply Chain Management Journal of SCM 

 
 
 

 

 
 

 
 

     The review of the literature was carried out to 
define the theoretical framework of SCQM, 
showed in figure 4,  and, therefore, to use it in 
companies producing asparagus. The concepts that 
were used to review the literature are presented 
below. It starts from the management of the supply 
chain to the integration with the strategies of 
quality management [54].  

 

 

 

 

 

Figure 2. Amount of Publications per Database, 
Source: Based on Own Study 

 

Figure 3. Amount of Publications per Journal, Source: 
 Based on Own Study 

Figure 4. Theorical Framework of SCQM, Source: 
Adapted from [17], [57], [58]. 

 

Table 1. Top journals used for the research Literature 
Review, Source: Adapted from [17], [57], [58] 
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Quality Management Strategies (QM) 

Three main quality management strategies were 
chosen because they improve logistics and operational 
processes and reduce errors [21]; they also focus on 
waste disposal and implement techniques and tools to 
improve processes to achieve customer satisfaction 
[13], which are: Lean Manufacturing (LM), Six Sigma 
(SS) and Total Quality Management (TQM) [28]. 

 

3.1.1 Lean Manufacturing (LM) 
 

It is considered one of the most widespread 
production systems. It was developed for the first time 
at Toyota, where the production was very repetitive 
[3]. It is responsible for reducing waste and variability 
in processes, adding more value to customers and 
providing improvements in operational performance 
[4]. In addition, three pillars of Lean Manufacturing 
practices were identified, which are: the participation 
of suppliers and their impact on the company, quality, 
cost and delivery goal and internal problems of the 
company that includes continuous flow, just in time 
(pull), preventive maintenance [5]. 

On the other hand, to correct the waste in the 
processes, techniques and tools were created that are 
currently used in all companies [6].  

In a general approach see Table 2, LM practices 
and principles aimed at reducing waste and variability 
in processes, adding more value to customers and 
providing improvements in operational performance 
[7]. 

a) Poka-Yoke 
Poka-yoke is a mechanism to detect errors and 

defects, which inspects 100% of the pieces, by using 
processes or design features to avoid errors or the 
negative impact of errors [8]. 

The Poka-yoke goal is to create a concept that 
allows a process without failure. It focuses on 
processes that are controlled by human work, because 
it is considered to have high potential for fails [9], [10]. 

 
b) Control Visual 

Visual control [11] is a support for performance, 
organization of the workplace and continuous 
improvement. One type of research that takes visual 
control is the use of a method or tool such as; color 
coding, various production control boards or the 

extensive role of visual control in the design of cellular 
production systems [12].  

On the other hand, it is mentioned that visual 
control is a device of communication to use in the 
work environment that tells us at a glance how work 
should be done [13]. 

c) 5s 
The tool is based on the integral maintenance of the 

company, which aims to help improve the work area 
environment by eliminating everything that does not 
generate value [10]. The steps are the following [14]: 

 
• Seiri: separate objects that are necessary in the 

right place. In order to increase the productivity 
of workers. 

• Seiton: organize the work environment, so that 
each object has a unique and exclusive place 
where it should be after using it. 

• Seiso: assign responsibility to each worker in 
their place of work, take care of tools and 
machinery, to avoid duplication of activities, 
losses and damages of materials and products. 

• Seiketsu: Maintain the environment and clean 
machinery in order to avoid damage to the health 
of workers. 

• Shitsuke: Continue the improvements with each 
S constantly, provided that each worker knows 
their function. 
 

 

 

Authors 
Lean Tools 

Poka-
Yoke 

Visual 
Control 5s 

Kattman et. al (2012) [12] X X  

Marcineková et. al (2015) 
[14]  X X 

Pötters et. al (2018) [10] X  X 

Saurin et. al (2012) [8] X   

Zhou (2016) [15] X X X 

 
 

3.1.2 Six Sigma (SS) 
 

The Six Sigma methodology [16] is considered as 
one of the most important for improvement both for 
quality and process management [17]. In addition, the 
focus is on the client and their needs, thanks to its 
structured and systematic methodology known as 
DMAIC [18]. On the other hand, the variability of 

Table 2. Lean tools applied, Source: Adapted 
from [3], [11], [15] 
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measurement systems (R & R studies) is one of the 
most addressed tools in Six Sigma [19]. 

a) DMAIC: 
• Define: the team is defined, the role of the 

members, the scope and the limit of the research, 
as well as the expectations and requirements of 
the client. 

• Measure: measurement factors that want to 
improve. It is possible to map the process, collect 
data and determine the capacity of the process. 

• Analyze: the causes of the problem are 
determined, in this way you can compare and 
prioritize the causes with the greatest 
opportunity for correction. 

• Implement: techniques and tools are used to 
improve the quantity of quality problems.  

• Control: establish controls to improve quality 
standards, monitor performance and improve the 
continuity of the process. 

 
b) R&R Gage: 

It is helpful and easy for the level of work to 
apply the method because the R & R 
measurement is well known in quality assurance 
[20], and the study is included in various 
conventional statistical software such as Minitab 
[21]. On the other hand, this measurement 
statistically isolates different types of variation in 
the measurement process [22], such as:  
 

• Repeatability: equipment variation. 
• Reproducibility: variation of the 

evaluator, one may tend to interpret a 
caliber differently than others.  

• Can be applied to any type of 
measurements: attribute or variables, 
indeterminate or determined. 

 
 

3.1.3 Total Quality Management (TQM) 
 

Total Quality Management is a methodology used 
in the industry to increase competitiveness [12]. 
Likewise, it can be defined as an integrated effort to 
achieve and maintain high quality products based on 
the maintenance of continuous processes [39]. In 
addition, the improvement and prevention of errors, in 
all levels and functions of the organization, with the 
aim of reaching and even exceeding the client's 
expectations [59]. 

Several case studies and investigations have provided 
evidence that supports the success of TQM in terms of 
financial results, operational performance, and 
customer and worker satisfaction [14]. 

According to the table 3. The two most important best 
practices for TQM are SRM and HRM.  

 

 

Authors 
TQM Practices 

SRM HRM CRM PM QMC 
Bastas (2018) 
 [23]  X X X   

Bisalyaputra  
(2018) [24]  X  X   

Bouranta 
(2018) [25] 

X X  X X 

Quang (2016) 
 [26] X X   X 

Psomas (2014) 
[27] X X X X  

Seow (2012) 
 [28] X  X   

Yogesh (2015) 
[9]  X  X  

Young (2014) 
 [29] 

X X    

Total 7 6 4 3 2 

3.2 The Six T´s in food supply chain quality 
management 

 
The concept of 6Ts was adopted by Roth [30] 

which are associated with the quality of the product in 
order to achieve the best practices for the supply chain 
management [31]. Each of the T's are related to the 
phases of the DMAIC as described below: 

• Traceability: the ability to trace a product 
through identification along the supply chain, 
which is directly related to the definition phase 
as an input and in the improvement phase 
[32],[33]. 

• Transparency: to assure responsible practice in 
companies and protect responsibility throughout 
the supply chain. The transparency of procedures 
and regulations is essential for the analysis, 
improvement and control phase [34]. 

• Testability: ability to detect an attribute of a 
product, must be a result, because the tests must 
be implemented to allow measurement at each 
necessary point in the supply chain. It refers to 
the measurement and improvement phase [35]. 

• Time: working with food products, their quality 
is time dependent, having a correct control is 

Table 3.  TQM practices, Source: Adapted from [3], [11], [15]. 
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essential. Because of this, this point refers to the 
control phase [36]. 

• Trust:  It is facilitated when the farmer and the 
markets share similar objectives [37].  

• Training: process of developing knowledge, 
skills and attitudes with respect to international 
standards of quality, safety and best practices. 
The team must be trained to develop the research 
so the training is an output of the definition phase 
and it is essential in the control phase [38]. 

 

3.3 Integration of quality management with 
the supply chain 

 
3.3.1 Supply Chain Management 

(SCM) 
The supply chain facilitates the integration 

between the customer base, the distribution network 
and the internal activities of the companies [32]. 
Therefore, supply chain practices influence the 
performance of the organization, the performance of 
sustainability and the way in which the parties related 
to the companies perceive it. In addition, the correct 
management of the supply chain generates a series of 
competitive advantages, since it covers: the 
management of suppliers, the management of 
customers, the management of inventories, 
distribution, development and design of a new 
product, among others [26], [27]. In addition to direct 
customers influencing changes in the supply chain, 
there are also new announcements on sustainability 
[23]. 

By incorporating the practices, higher levels of 
customer satisfaction can be achieved through 
improved collaboration within the network and higher 
performance processes [23].  

 

3.3.2 Supply Chain Quality 
Management (SCQM) 

Supply Chain Quality Management is an emerging 
research area, which integrates the practices of Supply 
Chain Management and Quality Management [71], to 
achieve higher levels of customer satisfaction through 
better collaboration within the companies of the 
network, processes of higher performance and 
information flow to organizations, for higher quality 
products and services [26], [20]. According to the 
SCQM theory, see Table 4, the internal dimension 
comes from Quality Management; while the external 

comes from the context of the management of the 
supply chain [38]. 

Supply Chain Quality Management is a system 
based in the approach of performance improvement 
[39] that integrates supply chain partners with a 
creating value and achieving satisfaction for 
intermediate and final customers.  

 

 

 
4. Case study 

4.1 Current situation 
 

The company is an agricultural producer, is located 
in Trujillo, Peru, and has 130 hectares, of which 35 are 
used for the production of green asparagus. The 
company has 25 farmers, which vary according to the 
season they are in. The company has a production 
volume of 490,000 kg. According to the interview, the 
main customer is Damper, which is one of the main 
exporters of Peru and local markets. 

 
4.2 Scope of the research 

 
According to the models of supply chain mapping, 

the scope of the research starts from the end supplier 
to end customer, however, due to the limit of the 
information obtained by the company, it was decided 
to reduce the chain's reach to direct interaction with 
suppliers and their main customers, see Figure 5. 

 
This research is focused on analyzing the process 

from the supply of inputs to the distribution of the 
products to the main client. The processing of the 
products, the marketing to the retailers and the 
relationship with the customers will be detailed at a 
macro level to generate the context. With this scope, it 

SCQM 
Autor Description 

Bastas et. al 
(2018) [23] 

Integration of quality and supply chain 
management were established including 
performance improvements and integration 
increasing the effect of both methodologies. 

Huo et. al (2014) 
[40] 

Consists of internal, supplier, and customer 
integration for quality improvement, and develop 
a model that specifies the relationships 

Manzini et. al 
(2014) [41] 

Apply an original assessment of quality, safety 
and environmental effects due to the international 
distribution of food products via different 
container solutions. 

Siddh et. al (2017) 
[42] 

Issues related to supply chain quality as well as 
performance measurement (with respect to entity 
of analysis, level of analysis and element of 
exchange).  

Table 4.  SCQM comparative table, Source: Adapted from [26],[13],[72] 
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is expected to comply with the integration of quality 
management practices throughout the supply chain. 

 
 

 
 
 
 
 

4.2.1 Supply Chain mapping 
 

There are five stages in the food supply chain 
consisting of the farmer, supplier, processor, 
distributor and retailer [43], these are conceptualized 
and formulated to prove the relationship between 
stages. The results affirmed that value addition these 
stages are positively related [44].  The following 
illustration shows the supply chain of green asparagus 
production. This also includes the traceability of the 
waste generated throughout the SC, in order to identify 
them easily. As shown in the following Figure 6, the 
main entities in the asparagus supply chain are: 

a) Source: The supply chain starts from tier 1 
suppliers with seed, agrochemicals, fertilizer, 
insecticides, irrigation system, water, crates, 
pumps and harvest tools which are all needed to 
start asparagus production which takes place in 
tier 2 suppliers. The inputs that are stored are 
seeds, agrochemicals, insecticides and 
fertilizers. 

 
b) Asparagus production: There are 35 hectares for 

asparagus production. The production begins with 
the sowing process. During the sowing, the study 
of the soils and the preparation of the land is 
carried out, and then the amount of seeds that are 
estimated to be planted is removed from the store. 
The sowing usually lasts a year, since in parallel 
the land is fertilized and protected to make way 
for the farming. During this process, the asparagus 
are in full development, so it is necessary to use 
the irrigation system, fertilizers and 
agrochemicals to not affect their quality and 
finally prepare for the harvest. This process is the 
most significant, so it generates value to the final 
product. During the harvest, the farmers cut the 
turions and place them in plastic boxes to be taken 
to the storage area, where they are weighed. The 

harvest is done twice a day for about a month and 
a half. Finally, the post-harvest is carried out, it is 
the stage of healing those asparagus that are 
growing crooked and were not harvested.  

 
c) Distribution: The distribution of asparagus in 

boxes occurs through the collection trucks that 
arrive at the field twice a day. This is due to the 
fact that they are perishable products and there is 
a risk of malfunctions, shoot growth, among 
other consequences. The main customer is 
Damper with 87% distribution and local markets 
with 13% distribution. The main exporter of Peru 
is responsible for processing asparagus for export 
to different countries, such as the United States, 
Spain, the Netherlands, among others. These are 
responsible for distributing to retailers and 
markets to reach the final consumer. 

 
 

 
 
 
 

 
The quality of food products depends on both 
harvesting and processing, as well as logistics, 
transport and packaging processes [41]. 

 
A study by the Food and Agriculture Organization of 
the United Nations (FAO) estimated the waste of 
various agricultural food products. The percentages in 
fruits and vegetables are presented in Table 5. 

 
 
 

 

 

Figure 5. Scope of the research, Source: Adapted from 
[9], [60]. 

 

Figure 6. Asparagus supply chain , Source:Adapted from 
 [61], [62]. 

 

Table 5.  Percentage of estimated waste for each group in each process, 
Source:Adapted from [63]. 
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4.3 Model of SCQM 
 

With respect to the review of the literature, the 
theoretical model of SCQM refers to quality 
integration in supply chain management [6]. When 
integrating quality, different tools were considered 
that are suitable for companies that have all their 
integrated processes in order to reach all the actors 
involved [29]. 

 
On the side of supply chain management, the 

relationship with suppliers (SRM) is based on the 
establishment of selections, controls and follow-ups 
that guarantee a good relationship with each supplier 
[45], operations management (OM) provides the 
traceability of each of the suppliers, processes and 
evaluates options for improvement and human 
resources management (HRM) for the alignment of the 
personnel with the new structure of the company. 

 
On the other hand, the Quality provides the 

methodology of the 6T’s supported by DMAIC of Six 
Sigma (SS) and Lean Manufacturing Tools (LM) with 
the aim of having an integrated process, mapped, 
instructed and correctly controlled as shown in the 
next figure. 

 

 

 

. 

4.3.1 The Internal Integration 
 

Throughout the trips that were made to the hectares 
and in cooperation with the farmers, each of the 
processes of the supply chain was mapped, in each 
of them the different causes that generate the waste 
in the chain were identified. These causes are related 
to supply, labor, methodology and control, for 
example, infected seeds and asparagus, failure to 
comply with the requirements related to the size and 
thickness of the asparagus, uncured asparagus, 
beaten asparagus and poor management by farmers. 

As shown, these causes are directly related to the 
management of the processes, the quality of the 
asparagus and the management of the human factor. 
Therefore, the following practices were considered: 
SRM, OM and HRM. 

 
 
 

 
4.3.2 Supply Relationship Management 

(SRM) 
 

It is an important factor that influences the 
development of quality, so that companies interact 
with suppliers to mutually improve their 
organizational processes, such as asset management, 
purchasing, material handling, inventory 
management, among others [45], [56]. 
Most organizations rely on supplier participation in the 
development of a new product to increase their 
innovative capabilities and quality products [52]. 
 

 
 

 
a)    Purchasing Strategies: An analysis is 

carried out to determine the classification 
of the products to be able to carry out the 

Authors Tools / 
Practices 

Results 

[45],[46],[4
7],[20] SRM 

• Increase in the satisfaction of services and 
purchases of goods. 

• Increase in satisfaction among suppliers. 
• Decrease in costs to serve customers. 

[10],[8], 
[9], [48], 
[49] 

Poka-
Yoke 

• Decrease in reprocessing (52.3%). 
• Decrease in delivery time (62.4%). 

[13], [11], 
[12] 

Visual 
Control 

• Saved 9 operators for the operation of 
waste management, saving 23% of labor. 

• Reduction of 12 routes: 28 routes to 16 
routes. 

 
 
[20],[22], 
[50] 
 

R&R 
Gage 

• The capacity of the measurement system 
satisfies the required criteria, as well as 
the confidence interval.  

• It is adequate to monitor the process, 
according to the criteria Cg, Cgk, PTR 
and DR. 

[51], [52], 
[53] HRM 

• The indicators are acceptable. Therefore, 
the model is accepted.  

• The time of foundation of the companies 
was controlled, since a long stay in the 
company can lead to a high SCI. 

• HRM / SCI exhibits different patterns in 
different countries and industries. 

Figure 7. Proposal of a SCQM Model for Companies 
Producing Asparagus, Source: Adapted from 

 [17], [26], [64]. 
 

Figure 8.  Process of Implementation of Supplier  
Relationship Management for Asparagus, Source: Based on  Own Study. 

 

Table 6.  Tools/techniques results, Source: Based on 
 Own Study. 
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strategies, giving priority to the key 
products. 

 
b)    Supplier Selection: Implies the 

following criteria: commitment to 
quality, price / sensitivity negotiation, 
ease of delivery and order flexibility. 
These criteria will establish the choice of 
suppliers that contribute to efficiently 
manage the procurement of inputs. Also, 
analyze the business, financial, technical, 
security and environmental aspects 
implemented. 

 
c)    Collaboration with Suppliers: The 

internal participation of suppliers is the 
basis for the relationship between the 
supplier and the company and thus form 
an alliance where both must obtain 
benefits; Therefore, functions and 
benefits should be cooperated through a 
method where suppliers can help 
improve some processes, increase the 
quality of processes, reduce costs and 
delivery times. In addition, include 
specific clauses that the provider must 
comply with. 

 
d) Evaluation and development of 

suppliers: For this point, procedures 
are established for the evaluation of the 
selected suppliers according to the 
strategic products obtained in the 
analysis of the first stage. The 
evaluation determines if the suppliers 
that entered the process can continue 
fulfilling the function of providing 
inputs to the company. 

 
 
 

4.3.3 Operations Management 
 

a) Process Coordination: It 
consists in the identification of mutual 
synchronization between the different 
processes of the defined scope. You can 
visualize which are the critical processes and 
the capacity base to prevent problems. 

 
 
 
 

 
 
 
As shown in the figure 10, the process of 
implementing the Poka Yoke tool consists of 
four stages. 
 

 
 

 
 
 
Identification of the Error: This stage is to 
identify which is the error that the product or 
service owns throughout the process. 
 
Trace to the source of error: evaluate ideas on 
different simple and low budget solutions to avoid 
this error. 
 
Implementation: We proceed to test the error-
proof tool for a certain time to evaluate its 
performance. At this stage it is necessary to carry 
out training on the use of the tool for farmers. 
 
Continuous improvement: we proceed to work 
with the PDCA method. The cycle is repeated 
when the error is found and solution options are 
proposed, then the best option is selected. The data 
of the processes are collected with the tool and 
finally analyzed to find improvements. 

 
b) Visual Control: According to [22], visual 
control is any communication device used in the 
work environment that tells us at a glance how 
work should be done. Visual control limits guide 
human response in terms of height, size, volume, 
weight, width and length. The Poka Yoke tool has 
been made integrating the visual control as support 
for the measurement. 
 

Figure 9.  Process Coordination for the Supply Chain,  
Source: Adapted from  [5]. 

Figure 10.  Poka Yoke Tool Implementation Process, 
 Source: Adapted from [9]. 
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c) Measure system analyses (msa): According to 
[66] the measurement analysis system aims to 
ensure that the measured values are correct and 
relevant to the process in which they are used. 
Within this system, you will find the Gage R & R 
Xbar-R tool. R & R Xbar-R: This method estimates 
the repeatability, that is, the variation of 
measurement and reproducibility, which refers to 
the variation of the operator. To develop this 
method, it is necessary to follow the following 
process. For implementation, the following phases 
are followed [55]. 
 

 

  

Collet Data: In this phase it refers to the data 
collection that is taken according to the size of the 
bakery sample. Transparency in information is a 
fundamental part in the collection of these. 
 
Get Variables: Having defined the data, we proceed 
to obtain the average of the measurements as the range 
of these. In the case of repeatability, farmers are taken 
as the base. On the other hand, for the reproducibility 
the product is taken as a basis. 
 
Get Control Limits: With the support of statistical 
tables A2, D2 and D4, the formulas for variability for 
both repeatability and producibility are used to obtain 
the limits for the control chart. 
 
Graph: With the control limits defined correctly, the 
corresponding graph for R is made for both 
repeatability and reproducibility. 
 
Analyze: Finally, the graphs were analyzed to 
evaluate the measurement system in practice. 

 
4.3.4 Human Resources Management 

(HRM) 
 
According to [36] it will allow the skills and 
motivation of employees to develop through training 
and will result in greater productivity and improve the 
level of communication among all workers in the 
company [24]. HRM seeks the integration of farmers 
to improve the process by training them in relation to 

the Poka Yoke error-proof tool [4]. As shown in Figure 
12, training and development of farmers is carried out.  

 

 
 
 
Subsequently, we proceed to evaluate the performance 
of each one of them to finally recognize their work and 
incentivize them economically, in this way 
productivity will increase. 
          
The 5s tool, serves as support for staff training and thus 
solve the cause of lack of training for the development 
of their functions. The implementation will be carried 
out in the following manner in the company, see the 
Figure 13 below: 
  
 

 
 
 

 
 

Audit 5S: Quantitative aspects all those involved are 
informed about the results of the inspections carried 
out in the company with the purpose of informing the 
current state of the company. 

 

Training and information on 5S tool: Training will 
be given to the workers on the 5S tools, their 
application, benefits and importance for the 
improvement of the company. 

 

Creation of working groups and definition of 
schedules responsibilities and functions: Work 
teams will be created for a better development of the 
processes, as well as defining the responsibilities of 

Figure 11.  Implementation of R&R, Source: Adapted 
 from [50]. 

Figure 12.  System of Human Resources Management 
for Asparagus, Source: Adapted from [53], [51]. 

Figure 13.  Process of implementation of 5S for 
Asparagus, Source: Adapted from [14],[56]. 
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each worker according to the functions and tools that 
they use. Finally, timetables will be made for a better 
organization. 

 

Implementation: it proceeds to classify and discard 
the work tools that serve and those that do not, then 
they are organized according to a selection and 
classification already established.  
 
The work environment, machinery and tools that are 
used are cleaned. Hygiene and visualization is 
important to keep the 3s running daily. Finally, with 
discipline and commitment, workers are expected to 
comply with the procedures and thus commit 
themselves. 

 
5. Numerical Results 

The validation was carried out through the MSA R & 
R analysis in the Minitab 18 program and a simulation 
modeled in the Arena Simulation Software - Version 
14.70.00 System Requirement program through an HP 
Elite book 840 G3 computer. 

Through a statistical analysis of both the current 
situation and the situation in which it applies to 
improvement with the support of the Minitab program. 
In a sample of 20 shoots Warehouse of asparagus, with 
data obtained 2 months prior to the run, the correct cut 
by the farmers was evident, since all the shoots were 
within 18 and 23 centimeters respectively, which 
represents the compliance with the quality standards 
required by the client. This measurement system is 
directly related to harvesting and distribution. 

With respect to the simulation, the processes of the 
scope, supply, sowing, cultivation, harvest, post-
harvest and distribution were established. In each 
stage, the number of farmers participating and the 
average time in minutes with constant distribution 
were determined. The unit of measurement was made 
based on the bags of seeds that enter the production 
process, as it passes through the different stages of the 
process the percentage of waste they have was 
established to finally place a counter of the asparagus 
produced. The model was run for an amount of ten 
months. 

Figure 14 shows the results obtained from the 
simulation carried out in the Arena Simulation 
program for the scope of the present investigation, 
which ranges from supply to distribution. These values 
refer to the percentage amount (%) of the waste along 
the supply chain. It should be noted that the types of 

waste have been unified by having a criterion to the 
process of the chain to which they belong, as shown in 
Figure 12, the results are positive, since they reflect the 
reduction of waste in each of the processes. 

In the supply stage, it was reduced to 8.9%, thanks 
to the good relationship and selection of suppliers. In 
the warehouse the waste was reduced to 0.25% due to 
the implementation of the 5S in the company. On the 
other hand, the waste generated in the crop was 
reduced to 0.08% and the waste in the harvest was 
6.56% due to the new measurement system and the 
quality control in the collection. Finally, the amount of 
waste generated in the post-harvest and distribution 
stage respectively was reduced to 0.01% and 1.87%. 

 

 

 

  

 

 

 

 

 

 

 

 
 According the Figure 15, when comparing the 
results with the average of waste collected by the FAO 
in South America, there is evidence of improvement. 
Even the results in current state are improved, it is 
necessary monitoring the new system proposed, in 
order to consider other variables not studied, or 
influence from other elements no managed directly; 
sourcing or external environment. 

 

 

 
 

Figure 14. Percentage Results of Waste along the  
Supply Chain, Source: Adapted from [65] 

Figure 15. Results for the Research of Waste, Source:  
Based on [3], [44]. 
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As is showed in Figure 16, within a more specific 
point, the total production of asparagus is 14% higher 
than that of 2017. This is because the total waste was 
reduced by 8%, which guarantees the increase of 
production.  

  

 

In addition, there is evidence of improvements in 
order fulfillment, which increase to 82% compared to 
65% compliance in 2017. These improvements result 
in an increase in the company's profitability by 21%. 

6. Conclusions 

A harmony between the three practices is proposed 
in the SCQM model in the asparagus supply chain in 
Trujillo Region, La Libertad. The methodological 
framework is based on three best practices applicable 
to the stakeholders of the conflicting objectives. 
Between them; Supplier Relationship Management 
(SRM), Operations Management (OM) and Human 
Resources Management (HRM). The correct 
management of suppliers contribute efficiently and 
effectively to the optimal development of the company 
[54].  

The results show improvements in the relationship 
and selection of suppliers, the generation of waste in 
the sowing, cultivation, harvest and post-harvest 
processes; the preparation of farmers, fulfillment of 
orders, compliance with quality requirements and the 
profitability of the company. In addition, it is essential 
to understand that customer satisfaction is the key to 
success [55]. 

 
7. Limitations  

Our present study has some limitations. However, 
these are considered for future directions in a new 
investigation. 

This case study has optimized the production of 
asparagus focusing on the relationship with suppliers 
and the reduction of waste along the chain. However, 
there are factors that are far from the scope of the 
research because they cannot be developed with the 
tools under study. Example, climatic changes, soil 
fertility, insect pests and sudden changes in 
temperature. 

8. Future research 

The present case study has the potential to generate 
a positive impact in the asparagus sector, for the 
supply, sowing, harvesting, post-harvest and 
distribution processes. However, the entire supply 
chain was not investigated, so for future research it is 
planned to cover the processing of products, 
distribution to retailers and final customers. 

For future research the option of using the cold 
chain will be evaluated in order to have a better control 
and an optimal follow-up along the supply chain. 

References 
 

[1] I. Vázquez-Rowe, R. Kahhat, I. Quispe, and M. 
Bentín, “Environmental profile of green 
asparagus production in a hyper-arid zone in 
coastal Peru,” J. Clean. Prod., vol. 112, pp. 
2505–2517, Jan. 2016. 

[2] L. Macheka, R. T. Ngadze, F. A. Manditsera, J. 
Mubaiwa, and R. Musundire, “Identifying 
causes of mechanical defects and critical control 
points in fruit supply chains: an overview of a 
banana supply chain,” Int. J. Postharvest 
Technol. Innov., vol. 3, no. 2, pp. 109–122, 2013. 

[3] J. Bhamu and K. Singh Sangwan, “Lean 
manufacturing: literature review and research 
issues,” Int. J. Oper. Prod. Manag., vol. 34, no. 
7, pp. 876–940, Jul. 2014. 

[4] R. Abu, H., Bahjat, A. & Sweis, “Lean Supply 
Chain Management Practices and Performance: 
Empirical Evidence from Manufacturing 
Companies,” Int. J. Supply Chain Manag., vol. 
7, no. 1, pp. 1–15, 2018. 

[5] M. Dora, M. Kumar, D. Van Goubergen, A. 
Molnar, and X. Gellynck, “Operational 
performance and critical success factors of lean 
manufacturing in European food processing 
SMEs,” Trends Food Sci. Technol., vol. 31, no. 
2, pp. 156–164, Jun. 2013. 

[6] E. G. Satolo, L. E. de S. Hiraga, G. A. Goes, and 
W. L. Lourenzani, “Lean production in 
agribusiness organizations: multiple case studies 
in a developing country,” Int. J. Lean Six Sigma, 
vol. 8, no. 3, pp. 335–358, Aug. 2017. 

[7] G. L. Tortorella, R. Miorando, and G. Marodin, 
“Lean supply chain management: Empirical 
research on practices, contexts and 
performance,” Int. J. Prod. Econ., vol. 193, pp. 
98–112, Nov. 2017. 

[8] T. A. Saurin, J. L. D. Ribeiro, and G. Vidor, “A 
framework for assessing poka-yoke devices,” J. 
Manuf. Syst., vol. 31, no. 3, pp. 358–366, Jul. 
2012. 

[9] Niranjan and Y. Sharma, “Implementation of 
poka-yoke in Indian manufacturing industry by: 
enablers, barriers and questionnaire based 

Figure 16. General Results, Source: Adapted from 
[43]. 



Int. J Sup. Chain. Mgt    Vol. 9, No. 1, February 2020 
 
 

309 

survey,” Int. J. R&D Eng. Sci. Manag., vol. 1, 
pp. 147–155, 2015. 

[10] P. Pötters, R. Schmitt, and B. Leyendecker, 
“Effectivity of quality methods used on the shop 
floor of a serial production – how important is 
Poka Yoke?,” Total Qual. Manag. Bus. Excell., 
vol. 29, no. 9–10, pp. 1200–1212, Jul. 2018. 

[11] A. Tezel, L. Koskela, and P. Tzortzopoulos, 
“Visual management in production 
management: a literature synthesis,” J. Manuf. 
Technol. Manag., vol. 27, no. 6, pp. 766–799, 
Jul. 2016. 

[12] B. Kattman, T. P. Corbin, L. E. Moore, and L. 
Walsh, “Visual workplace practices positively 
impact business processes,” Benchmarking An 
Int. J., vol. 19, no. 3, pp. 412–430, May 2012. 

[13] N. Dat Minh, N. Danh Nguyen, and P. Kien 
Cuong, “Applying Lean Tools and Principles to 
Improve Sustainability of Waste Management: A 
Case Study,” 2018. 

[14] K. Marcineková and A. Sujová, “The Influence 
of the Process Control Level on the Enterprises’ 
ROE,” Procedia Econ. Financ., vol. 34, pp. 290–
295, Jan. 2015. 

[15] B. Zhou, “Lean principles, practices, and 
impacts: a study on small and medium-sized 
enterprises (SMEs),” Ann. Oper. Res., vol. 241, 
no. 1–2, pp. 457–474, Jun. 2016. 

[16] A. Raid, “Six Sigma Application to Food and 
Beverage Testing Services,” J. Eng. Appl. Sci., 
vol. 12, no. 4, pp. 819–824, 2017. 

[17] P. Jirasukprasert, J. Arturo Garza-Reyes, V. 
Kumar, and M. K. Lim, “A Six Sigma and 
DMAIC application for the reduction of defects 
in a rubber gloves manufacturing process,” Int. 
J. Lean Six Sigma, vol. 5, no. 1, pp. 2–21, Feb. 
2014. 

[18] M. Krotov and S. Mathrani, “A Six Sigma 
Approach Towards Improving Quality 
Management in Manufacturing of Nutritional 
Products,” IEEE Trans. Eng. Manag., pp. 1–5, 
2017. 

[19] C. Svensson, J. Antony, M. Ba-Essa, M. Bakhsh, 
and S. Albliwi, “A Lean Six Sigma program in 
higher education,” Int. J. Qual. Reliab. Manag., 
vol. 32, no. 9, pp. 951–969, Oct. 2015. 

[20] C. Ha, “Reliability of Assessment for Supplier 
Selection Using Gauge R&amp;R Study,” J. Ind. 
Intell. Inf., vol. 3, no. 4, pp. 347–351, 2015. 

[21] S. K. Al-Qudah, “A Study of the AIAG 
Measurement System Analysis (MSA) Method 
for Quality Control,” J. Manag. Eng. Integr., vol. 
10, no. 2, pp. 68–80, 2017. 

[22] B. J. Singh, D. Khanduja, and E. A. Singh, 
“Demystifying MSA: a structured approach for 
Indian foundry SMEs,” Int. J. Qual. Innov., vol. 
1, no. 3, p. 217, 2011. 

[23] A. Bastas and K. Liyanage, “Sustainable supply 
chain quality management: A systematic 
review,” J. Clean. Prod., vol. 181, pp. 726–744, 

Apr. 2018. 
[24] K. Bisalyaputra, “The TQM integration in 

procurement function performance,” in 2018 5th 
International Conference on Industrial 
Engineering and Applications (ICIEA), 2018, 
pp. 378–381. 

[25] N. Bouranta, E. L. Psomas, and A. Pantouvakis, 
“Identifying the critical determinants of TQM 
and their impact on company performance,” 
TQM J., vol. 29, no. 1, pp. 147–166, Jan. 2017. 

[26] H. T. Quang, P. Sampaio, M. S. Carvalho, A. C. 
Fernandes, D. T. Binh An, and E. Vilhenac, “An 
extensive structural model of supply chain 
quality management and firm performance,” Int. 
J. Qual. Reliab. Manag., vol. 33, no. 4, pp. 444–
464, Apr. 2016. 

[27] E. Psomas, F. Vouzas, and D. Kafetzopoulos, 
“Quality management benefits through the ‘soft’ 
and ‘hard’ aspect of TQM in food companies,” 
TQM J., vol. 26, no. 5, pp. 431–444, Aug. 2014. 

[28] A. Chavez and C. Seow, “Managing Food 
Quality Risk in Global Supply Chain: A Risk 
Management Framework Regular Paper,” Int. J. 
Eng. Bus. Manag., vol. 4, no. 1, pp. 1–8, 2012. 

[29] P. Beske, A. Land, and S. Seuring, “Sustainable 
supply chain management practices and dynamic 
capabilities in the food industry: A critical 
analysis of the literature,” Int. J. Prod. Econ., 
vol. 152, pp. 131–143, Jun. 2014. 

[30] A. V. Roth, A. A. Tsay, M. E. Pullman, and J. V. 
Gray, “Unraveling the food supply chain: 
Strategic insights from China and the 2007 
recalls,” J. Supply Chain Manag., 2008. 

[31] C. Chen, J. Zhang, and T. Delaurentis, “Quality 
control in food supply chain management: An 
analytical model and case study of the 
adulterated milk incident in China,” Int. J. Prod. 
Econ., vol. 152, pp. 188–199, Jun. 2014. 

[32] M. M. Aung and Y. S. Chang, “Traceability in a 
food supply chain: Safety and quality 
perspectives,” Food Control, vol. 39, pp. 172–
184, May 2014. 

[33] M. F. Suarez-Barraza, J.-Á. Miguel-Davila, and 
C. F. Vasquez-García, “Supply chain value 
stream mapping: a new tool of operation 
management,” Int. J. Qual. Reliab. Manag., vol. 
33, no. 4, pp. 518–534, Apr. 2016. 

[34] S. Gold and P. Heikkurinen, “Transparency 
fallacy: Unintended consequences of stakeholder 
claims on responsibility in supply chains,” 
Accounting, Audit. Account. J., vol. 31, no. 1, pp. 
318–337, Jan. 2018. 

[35]  luai Jraisat, “A network perspective and value 
added tasks: the case of agri-food value chain,” 
Asia Pacific J. Mark. Logist., vol. 28, no. 2, pp. 
350–365, Apr. 2016. 

[36] D. Besik and A. Nagurney, “Quality in 
competitive fresh produce supply chains with 
application to farmers’ markets,” Socioecon. 
Plann. Sci., vol. 60, pp. 62–76, 2017. 



Int. J Sup. Chain. Mgt    Vol. 9, No. 1, February 2020 
 
 

310 

[37] P. J. Batt, “Building trust between growers and 
market agents,” Supply Chain Manag. An Int. J., 
vol. 8, no. 1, pp. 65–78, Mar. 2003. 

[38] M. Schuster and M. Maertens, “Do private 
standards benefit workers in horticultural export 
chains in Peru?,” J. Clean. Prod., vol. 112, pp. 
2392–2406, Jan. 2016. 

[39] A. Siomos, “The quality of asparagus as affected 
by preharvest factors,” Sci. Hortic. 
(Amsterdam)., vol. 233, pp. 510–519, 2018. 

[40] B. Huo, X. Zhao, and F. Lai, “Supply chain 
quality integration: Antecedents and 
consequences,” IEEE Trans. Eng. Manag., vol. 
61, no. 1, pp. 38–51, 2014. 

[41] R. Manzini et al., “Sustainability and quality in 
the food supply chain. A case study of shipment 
of edible oils,” Br. Food J., vol. 116, no. 12, pp. 
2069–2090, Nov. 2014. 

[42] M. M. Siddh, G. Soni, R. Jain, M. K. Sharma, 
and V. Yadav, “Agri-fresh food supply chain 
quality (AFSCQ): a literature review,” Ind. 
Manag. Data Syst., vol. 117, no. 9, pp. 2015–
2044, Oct. 2017. 

[43] Shashi, R. Singh, and A. Shabani, “Value-
Adding Practices in Food Supply Chain: 
Evidence from Indian Food Industry,” 
Agribusiness, vol. 33, no. 1, pp. 116–130, Jan. 
2017. 

[44] G. Migliore, G. Schifani, and L. Cembalo, 
“Opening the black box of food quality in the 
short supply chain: Effects of conventions of 
quality on consumer choice,” Food Qual. 
Prefer., 2015. 

[45] S. Nazari-Shirkouhi, A. Keramati, and K. 
Rezaie, “Investigating the effects of customer 
relationship management and supplier 
relationship management on new product 
development,” Teh. Vjesn. - Tech. Gaz., vol. 22, 
no. 1, pp. 191–200, 2015. 

[46] D. M. Lambert and M. A. Schwieterman, 
“Supplier relationship management as a macro 
business process,” Supply Chain Manag. An Int. 
J., vol. 17, no. 3, pp. 337–352, Apr. 2012. 

[47] L. K. Pothal, S. Tripathy, and S. Satapathy, 
“Supplier Relationship Management towards 
Quality Management System of Indian 
automotive manufacturing industry - A Total 
Interpretive Structural Modeling approach,” IOP 
Conf. Ser. Mater. Sci. Eng., vol. 377, no. 1, p. 
012145, Jun. 2018. 

[48] M. Dudek-Burlikowska and D. Szewieczek, 
“Quality estimation methods used in product life 
cycle,” J. Achiev. Mater. Manuf. Eng., vol. 24, 
no. 2, pp. 203–206, 2007. 

[49] S. Kumar, D. Heustis, and J. M. Graham, “The 
future of traceability within the U.S. food 
industry supply chain: a business case,” Int. J. 
Product. Perform. Manag., vol. 64, no. 1, pp. 
129–146, Jan. 2015. 

[50] A. Płuciennik, M. Stolarczyk, M. Bzówka, A. 

Raczyńska, T. Magdziarz, and A. Góra, 
“BALCONY: an R package for MSA and 
functional compartments of protein variability 
analysis,” BMC Bioinformatics, vol. 19, no. 1, p. 
300, Dec. 2018. 

[51] B. Huo, Z. Han, H. Chen, and X. Zhao, “The 
effect of high-involvement human resource 
management practices on supply chain 
integration,” Int. J. Phys. Distrib. Logist. 
Manag., vol. 45, no. 8, pp. 716–746, Sep. 2015. 

[52] M. J. Donate, I. Peña, and J. D. Sánchez de 
Pablo, “HRM practices for human and social 
capital development: effects on innovation 
capabilities,” Int. J. Hum. Resour. Manag., vol. 
27, no. 9, pp. 928–953, May 2016. 

[53] S. L. Albrecht, A. B. Bakker, J. A. Gruman, W. 
H. Macey, and A. M. Saks, “Employee 
engagement, human resource management 
practices and competitive advantage,” J. Organ. 
Eff. People Perform., vol. 2, no. 1, pp. 7–35, 
Mar. 2015. 

[54] E. Hartmann, D. Kerkfeld, and M. Henke, “Top 
and bottom line relevance of purchasing and 
supply management,” J. Purch. Supply Manag., 
vol. 18, no. 1, pp. 22–34, Mar. 2012. 

[55] S. Huan, K. Sunil, S. Heoran, and G. Wang, “A 
review and analysis of supply chain operations 
reference (SCOR) model,” Supply Chain Manag. 
An Int. J., vol. 9, no. 1, pp. 23–29, 2014. 

[56] S. Brooks, A. Leaver, M. Spence, C. T. Elliott, 
and M. Dean, “Pragmatic engagement in a low 
trust supply chain: Beef farmers’ perceptions of 
power, trust and agency,” Compet. Chang., vol. 
21, no. 2, pp. 114–131, 2017. 

[57] A. C. Fernandes, P. Sampaio, M. Sameiro, and 
H. Q. Truong, “Supply chain management and 
quality management integration,” Int. J. Qual. 
Reliab. Manag., vol. 34, no. 1, pp. 53–67, Jan. 
2017. 

[58] N. El Benni et al., “Product attributes and 
consumer attitudes affecting the preferences for 
infant milk formula in China – A latent class 
approach,” Food Qual. Prefer., vol. 71, pp. 25–
33, Jan. 2019. 

[59] M. M. Blanke, “Reducing ethylene levels along 
the food supply chain: A key to reducing food 
waste?,” J. Sci. Food Agric., vol. 94, no. 12, pp. 
2357–2361, 2014. 

[60] G. P. Cachon and M. A. Lariviere, “Supply 
Chain Coordination with Revenue-Sharing 
Contracts: Strengths and Limitations,” Manage. 
Sci., vol. 51, no. 1, pp. 30–44, Jan. 2005. 

[61] L. Chabada, H. C. Dreyer, A. Romsdal, and D. J. 
Powell, “Sustainable food supply chains: 
Towards a framework for waste identification,” 
in IFIP Advances in Information and 
Communication Technology, 2013, pp. 208–215. 

[62] R. Bhattacharjee, P. & Singhal, “Asparagus: 
Production, Quality, and Processing,” Veg. Veg. 
Process., vol. 2, pp. 493–508, 2018. 



Int. J Sup. Chain. Mgt    Vol. 9, No. 1, February 2020 
 
 

311 

[63] M. Kummu, H. de Moel, M. Porkka, S. Siebert, 
O. Varis, and P. J. Ward, “Lost food, wasted 
resources: Global food supply chain losses and 
their impacts on freshwater, cropland, and 
fertiliser use,” Sci. Total Environ., vol. 438, pp. 
477–489, Nov. 2012. 

[64] K. Liljestrand, “Logistics solutions for reducing 
food waste,” Int. J. Phys. Distrib. Logist. 
Manag., vol. 47, no. 4, pp. 318–339, May 2017. 

[65] M. de Keizer, R. Akkerman, M. Grunow, J. M. 
Bloemhof, R. Haijema, and J. G. A. J. van der 
Vorst, “Logistics network design for perishable 
products with heterogeneous quality decay,” 
Eur. J. Oper. Res., vol. 262, no. 2, pp. 535–549, 
2017. 

[66] M. M. Alam, “Mango Supply Chain and Value 
Chain Analysis from Farm to Market,” Int. J. 
Supply Chain Manag., vol. 7, no. 4, pp. 7–12, 
2018. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


