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 Recent studies show the benefits of lean manufacturing implementation in agri-food 
industries to improve operational and environmental performance. However, only a 
restricted number of studies have addressed the implementation of lean practices in food 
companies located in developing countries. This study aims to assess the current 
implementation status of lean practices in Moroccan agri-food companies, particularly 
small and medium-sized enterprises, and to examine their impact on operational and 
environmental performance. Responses from 45 agri-food companies were collected through 
a questionnaire. The results show that the degree of implementation of lean practices in the 
Moroccan food industry is generally average. On the other hand, some lean practices are 
implemented more frequently compared to others., e.g. customer involvement, employee 
involvement, supplier involvement and total productive maintenance are the most 
implemented. On the other hand, pull and setup are not used very much. The findings also 
demonstrate the positive impact of lean practices on both operational and environmental 
performance. 
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1. Introduction  

The term "lean" was initially coined in 1988 by [1] to 
characterize the Toyota production system. Subsequently, in 1990, 
[2] defined lean manufacturing as a system that achieves 
equivalent outputs while utilizing fewer inputs, resulting in 
increased value for the end-user. This particular definition 
highlights the importance of waste identification and elimination 
[3]. Empirical studies have consistently demonstrated that lean 
manufacturing has positive impacts on productivity, quality, and 
both customer and employee satisfaction [4], [5]. 

Numerous studies in the literature have demonstrated the 
advantages of lean implementation, which can take the form of 
quantitative improvements, like production cycle time, inventory, 
defects, and waste, or qualitative benefits like customer 
satisfaction, good communication, and job satisfaction [6]. These 
findings are consistent with previous research by [7] and [8], which 
established a positive association between lean implementation 
and operational performance. Additional studies, conducted by [9] 
and [10], have also provided evidence of the advantages of lean 
implementation on operational performance. The literature 
suggests that lean implementation not only leads to improved 

operational performance [9], [10], but also helps companies 
achieve their environmental objectives [11]. 

Numerous studies have explored the suitability of 
implementing lean manufacturing in the food industry. [12], [13], 
while others have chosen to ignore the agri-food sector due to the 
challenges related to the seasonal variability and storages issues 
[14]. 

Various studies have been conducted on lean implementation 
in agri-food companies of developed countries, whereas, few 
research has focused on the context of developing countries. This 
study aims to bridge this gap by examining the extent of lean 
practice implementation in agri-food companies in a developing 
country, such as Morocco. It also examines the effects of lean 
practices on the operational and environmental performance of 
these companies. The primary objective is to assess the current 
status of lean practices in Moroccan agri-food companies, 
particularly small and medium-sized enterprises, and evaluate 
their impact on operational and environmental performance. 
Responses from 45 agri-food companies were collected through a 
questionnaire. This study addresses the effect of control variables 
such as firm size [15]–[17], location and the existence of the lean 
project. Finally, according to the author's knowledge, this study is 
the first attempt assessing the impact of lean practices on 
operational and environmental performance in Moroccan 
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agribusiness and analyze the present status of implementation of 
lean manufacturing practices among food Moroccan agri-food 
companies (small and medium-sized). Except for [18], who 
explored an empirical study in Moroccan agri-food firms to 
determine the principles of lean adopted by these firms. What 
makes this study limited is the fact that they chose a sample of only 
nine companies. 

The study endeavors to provide answers to the following two 
research questions:  

1. To what extent are lean practices implemented in agri-food 
companies in Morocco?  

2. What is the influence of lean practices implementation on 
operational and environmental performance? 

The paper follows the following structure: Section 2 provides 
a comprehensive literature review. Section 3 outlines the 
conceptual framework utilized in the study. The research 
methodology is detailed in Section 4. The study's findings are 
summarized in Section 4. The implications of these results are 
discussed in Section 5, and the paper concludes with final 
conclusions in the last section. 

2. Theoretical background 
2.1. Lean manufacturing  

The success initially attained by Toyota, followed by various 
organizations worldwide, has prompted numerous companies to 
embark on lean projects [19]. Presently, lean has gained popularity 
not only in developed countries but also in select developing 
nations [20], [21]. However, each organization implements lean 
practices based on its unique circumstances, making it impossible 
to follow a single, standardized recipe for guaranteed success [22]. 

Lean manufacturing is a business philosophy that focuses on 
optimizing customer value while minimizing waste across various 
areas of operation. This includes addressing issues such as 
overproduction, waiting time, defects, overprocessing, excess 
inventory, unnecessary motion, and underutilized talent. In the 
agri-food sector, Lean principles have been applied to various 
aspects of food production, from farm to table. A study conducted 
by [23] that found that Lean principles can be applied effectively 
in the agri-food sector to improve processes such as supply chain 
management, production planning, and process flow. In [24], the 
author summarized into different principles: defining value, 
defining the value chain, flow and standardization. 

Studies have consistently demonstrated that the adoption of 
Lean principles yields favorable outcomes in terms of both 
operational and environmental performance. In [23], the author 
found that Lean principles can improve supply chain management, 
production planning, and process flow, leading to increased 
efficiency and reduced waste in the agri-food sector. Another study 
by [13] found that Lean implementation can help agri-food 
businesses reduce costs and improve quality, leading to increased 
competitiveness.  

Numerous studies have provided robust evidence indicating that 
Lean practices have a significant and positive impact on multiple 
dimensions of operational performance [24], [25].  

Several studies have identified and adopted five key 
operational performance indicators as outlined [12], [15]. These 
indicators encompass reduced inventory [26], improved quality 
[26], [27], increased productivity [3], [28], shortened cycle time 
[28], [29], and enhanced delivery time [30], [31]. In addition, the 
adoption of Lean principles can indeed contribute to improved 
environmental performance, given its emphasis on waste reduction 
and minimizing negative environmental impacts. A study 
conducted by [32] investigated the influence of the five core Lean 
methods on four environmental performance measures. (material 
utilization, energy consumption, non-product outputs, and 
pollutants released). They found that TPM and JAT had a 
significant impact on environmental performance. However, 
continuous improvement only had an effect on material utilization. 
In [33], the author found that Lean implementation in the meat 
processing industry reduced waste and improved production 
efficiency, leading to reduced energy use and decreased 
greenhouse gas emissions. These findings suggest that Lean 
implementation can have a positive impact on both operational and 
environmental performance in a variety of industries. 

2.2. Implementing lean practices in the agri-food companies 

The agri-food industry holds a vital position within the 
Moroccan economy [18], [34]. The agri-food industry, recognized 
as a significant pillar of the national economy [35], is distinguished 
by its diverse agricultural activities, expanding export markets, and 
potential for sustainable development. Despite the important 
position of this sector, most companies face several challenges: 
operational, financial, commercial, and technological [18]. The 
agri-food industry necessitates a multifaceted production process, 
dealing with a diverse range of products characterized by varying 
levels of perishability. This industry also faces challenges 
associated with production time variations and the need to meet 
diverse customer demands. 

Current literature emphasizes the significance of 
implementing lean manufacturing practices in the food industry as 
a means to improve operational efficiencies [36]–[39]. However, 
the implementation of lean practices in the agri-food sector 
presents unique challenges, primarily due to seasonal variations, 
large-scale production, processing complexities, and issues related 
to storage. It is important to recognize that lean principles and 
tools, initially developed for mass production of non-perishable 
goods, may not have universal applicability across all industries, 
including the food industry [40]. 

Numerous studies have explored the adaptability of lean 
manufacturing principles in the context of the food industry [12], 
[13]. However, some studies have overlooked the agri-food sector 
due to its unique challenges associated with seasonal variability 
and storage issues [41]. Nevertheless, research conducted by [10] 
and [42] has demonstrated the substantial benefits that lean 
manufacturing can bring to the food industry. Again, lean can help 
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agri-food companies reduce non-value-added time, reduce waste, 
and increase the percentage of operational value-added activities 
[10], [42]. 

Over the years, there has been a noticeable surge in research 
focusing on lean practices within the agri-food industry. This 
increasing trend can be attributed to the growing recognition of 
the importance of waste reduction and the expanding population 
within the agri-food supply chain [43], [44]. However, limited 
research has provided tangible evidence of the actual impact 
resulting from the implementation of lean practices  [45] with few 
exceptions such as output projections derived from modeling-
based [46]. Most studies in this domain have predominantly relied 
on case studies, action research, or perception-based impact 
evaluations, which possess limited generalizability in assessing 
the effects [38]. According to [47], a significant proportion of 
studies conducted in the food industry are based on case studies, 
with only a limited number relying on empirical surveys [48]. 
Consequently, the results pertaining to the application of lean 
manufacturing in the food sector remain somewhat contentious. 
In [49], the author demonstrated how the VSM technique can be 
applied to Finnish food plants. In a study conducted by [50], a 
case study approach was employed to examine medium-sized 
cookie companies. The results indicated that the application of 
lean techniques such as 5S, kaizen, changeover, and TPM (Total 
Productive Maintenance) led to improvements in equipment 
availability, reduction in material waste, and enhancements in 
overall product quality. 
 

The objective of this research is to assess the level of 
implementation of lean practices in agri-food companies within 
developing countries, with a specific focus on Moroccan 
companies. The study uses a conceptual model of lean 
manufacturing by [3] that covers both internal and external 
practices. The ten key components of lean manufacturing 
identified by Shah and Ward cover supplier engagement, customer 
involvement, and internal company issues. Operational 
performance is measured using [48], while environmental 
performance is assessed using various sources, including [51]–
[56]. 

3. Development of the conceptual model 

Scholarly journals have recently published many articles on 
the impacts of lean practices on operational and environmental 
performance. The literature review identifies commonly 
associated practices between lean practices and performance 
metrics. The lean conceptual model, presented in Table 1, is based 
on this review and divided into three levels: concepts, strategies, 
and practices. The model incorporates sections from different 
literature models and studies. 

4. Methodology 

This study was conducted in Morocco, within agri-food 
companies. The sectors of activity chosen in this study are canned 
goods: fish, capers, jams, olives, and tomatoes. A questionnaire 
was designed to measure the implementation of lean practices and 
their impact on operational and environmental performance. Prior 
to its administration, the questionnaire underwent testing and 
validation by three managers and two academics to ensure its 

reliability and validity. The questionnaire has five sections. The 
first section is reserved for general information about the company. 
The second section concerns the implementation of lean practice. 
The third section is used to extract the respondents' perceptions 
regarding implementing these practices on performance. A 
manager in the Ministry of Industry was contacted to obtain the 
database of Moroccan companies. 

A total of 230 companies operating in the agri-food sector 
received the questionnaire for participation in the study. A total of 
45 respondents answered the questionnaire. 

The Likert scale that was adopted in this questionnaire had 5 
points. The companies were requested to indicate the extent of lean 
practice implementation within their respective organizations. (1= 
Not implemented, 5= Strongly implemented). 

5. Results 

5.1. Descriptive analysis  

In this study, 45 Moroccan companies participated, with 72% 
confirming the implementation of a lean project in their respective 
companies, while 28% reported not having a lean project. The 
majority of the participating companies were small and medium-
sized enterprises (70%), with the fish industry representing 33% 
and the fruits and vegetables industry representing 27% of the 
sectors. The companies' distribution across regions was relatively 
equal, with 31% from the north, 34% from the center, and 35% 
from the south regions (Figure 1). Regarding the work experience 
of the respondents, notable percentages include 22% with 10 years 
of experience, 16% with 6 years of experience, and 13% with 16 
years of experience. Figure 1 demonstrates that Logistics with 
29%, Quality with 24%, and Production with 16% were the three 
departments that significantly participated in the study. 

5.2. Implementation level of lean practices 

In response to the initial inquiry, a descriptive analysis was 
performed to evaluate the extent of adoption of all Lean practices 
(as presented in Table 2). 

The results show that the implementation of Lean practices in 
Moroccan agri-food firms is relatively moderate, with an average 
score of 3.15. Nevertheless, the questionnaire data reveals a 
considerable variation in the implementation level of each practice. 
Specifically, practices associated with preventive maintenance, 
employees, customers, suppliers, and flow are highly implemented 
in Moroccan agri-food companies, while practices belonging to the 
categories of Pull, Setup, and SPC are less widely adopted. 

Three non-parametric tests were administered to examine if 
there were any differences in the responses and to assess the scores 
of each variable outlined in Table 3. The initial test utilized in this 
study was the Friedman test, which aimed to assess the perceived 
differences in the levels of implementation of lean practices. The 
findings indicate that there is a noteworthy distinction in the level 
of implementation of certain practices : Pull, supplier involvement, 
setup and TPM,  as depicted in Table 2, with p-values less than 
0.05. 
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Figure 1: Descriptive analysis 
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Table 1:  Conceptual model for lean implementation 
 

Concepts Strategies Pratiques References 

Lean 

Waste reduction  

5S 

[57], [58] 

Reduction in the size of product batches 
Reduction of excess inventory 

Reducing scrap rate 
Layout of the workshop in order to optimize the 

process sequences 

Balancing of 
production lines 

Balancing of production lines 

[57], [58] 
Stabilization of the rate of production machines 

Elimination of bottlenecks 
Synchronization of the production line rhythm 

according to customer demand 

Pull  

Pull production system 
[48], [58], 

[59] 
Use of the Kanban 

Production at one station is governed by the 
demand emanating from the subsequent station. 

Flow 

The products are categorized into families based 
on their similar processing requirements [48], [58], 

[59] The factory layout is determined by the product 
families. 

Setup  

Reduced changeover time 

[58], [59] 
The production cycle time is closely monitored to 

ensure a swift response to customer requests 
Use of techniques such as SMED (Single Minute 
Exchange of Die(s)) to reduce changeover time 

SPC 

SPC (Statistical Process Control) 

[57], [58] 

Ishikawa diagram 
Use of visual tools (Control charts...) 

Statistical techniques to reduce variance in 
processes 

Process capability analysis prior to product 
launch 

Total Preventive 
Maintenance  

Preventive maintenance plan 
 

[48], [58], 
[59] 

Time is set aside each day to plan activities 
related to equipment maintenance 

Equipment maintenance checklists are posted 
regularly in our workshops 

Employee 
involvement  

Workshop employees are trained to perform 
several functions 

[48], [58], 
[59] 

Workshop employees play a crucial role in 
problem-solving teams. 

Shop floor employees participate in process and 
product improvement efforts 

Supplier 
involvement  

We maintain regular and close contact with our 
suppliers. 

[58], [59] 
Our primary suppliers follow a just-in-time 

delivery approach, providing goods to the factory 
as needed. 

We are proactively working to minimize the 
number of suppliers in each category. 

Customer 
Involvement  

Our customers provide us with feedback 
regarding the quality and delivery performance of 

our products. [58], [59] We deliver to our major customers just-in-time 
Our customers frequently share market demand 

with our sales department 
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Our customers are directly engaged in shaping 
our product offerings. 

Performance 

Operational 
performance 

Reduction of the production cycle time 

[48] 

Reduction in delivery time 
Increasing productivity 

Reduction of customer complaints 
Production cost reduction 

Product Quality Improvement 
Scrap Rate Reduction 

Environmental 
performance 

Reducing of consumption of hazardous/toxic 
materials [52] 

Minimization of air emissions. [51]–[53], 
[55] 

Minimization of water consumption [51]–[53], 
[55] 

Minimization of solid waste [52]  
Reduction of environmental accidents [52], [55] 

Reducing CO2 emissions from transportation [55] 
Decrease of cost for energy consumption [52] 

Decrease food wastes [54] 
 

Table 2: Implementation of lean practices in Moroccan agri-food companies 
 

Abbreviation Section Practices Mean 

S1 Waste reduction 5S 2.96 
Reduction in the size of product batches 3.07 
Reduction of excess inventory 3.14 
Reducing scrap rate 3.25 
Layout of the workshop in order to optimize the process sequences 3.11 

S2 Balancing of 
production lines 

Balancing of production lines 3.46 
Stabilization of the rate of production machines 3.29 
Elimination of bottlenecks 3.11 
Synchronization of the production line rhythm according to customer demand 3.43 

S3 Pull Pull production system 2.96 
Use of the Kanban 2 
Production at one station is governed by the demand emanating from the 
subsequent station. 

2.89 

S4 Flow The products are categorized into families based on their similar processing 
requirements 

3.54 

The factory layout is determined by the product families. 3.07 
S5 Setup Reduced changeover time 2.68 

The production cycle time is closely monitored to ensure a swift response to 
customer requests. 

3.32 

Use of techniques such as SMED (Single Minute Exchange of Die(s)) to 
reduce changeover time 

2.21 

S6 SPC SPC (Statistical Process Control) 2.54 
Ishikawa diagram 2.93 
Use of visual tools (Control charts...) 2.68 
Statistical techniques to reduce variance in processes 2.68 
Process capability analysis prior to product launch 3.21 

S7 Preventive maintenance plan 3.57 
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Total 
Preventive 

Maintenance 

Time is set aside each day to plan activities related to equipment maintenance 3.32 
Equipment maintenance checklists are posted regularly in our workshops 3.14 

S8 Employee 
involvement 

Workshop employees are trained to perform several functions 3.54 
Workshop employees play a crucial role in problem-solving teams 3.46 
Shop floor employees participate in process and product improvement efforts 3.25 

S9 Supplier 
involvement 

We are frequently in close contact with our suppliers 4 
Our primary suppliers follow a just-in-time delivery approach, providing 
goods to the factory as needed. 

3.39 

We are proactively working to minimize the number of suppliers in each 
category 

2.68 

S10 Customer 
involvement 

Our customers provide us with feedback regarding the quality and delivery 
performance of our products. 

3.71 

We deliver to our major customers just-in-time 3.75 
Our customers frequently share market demand with our sales department 3.57 
Our customers are directly engaged in shaping our product offerings. 3.5 

 

Wilcoxon test  is  a second test which aimed to compare 
the levels of utilization of diverse lean practices. The results 
suggest that there is a considerable contrast among the lean 
practices linked to Pull, statistical process control, Flow, Setup, 
and supplier involvement. However, there is no substantial 
variation observed in the other practices, with p-values greater than 
0.05. 

As part of this study, an inferential analysis was carried out to 
investigate the relationship between the control variables (presence 
of a lean project and company size) and the execution of lean 
practices in agri-food enterprises. The Kruskal-Wallis test indicate 
that a significant contrast exists between the companies that have 
a lean project and those that do not, in terms of the practices related 
to Pull, employee involvement, and TPM with p-values less than 
0.05. However, the analysis did not find any significant difference 
in the degree of implementation of lean practices between small 
and mid-size companies. The p-values obtained were greater than 
0.05, indicating that the observed differences were not statistically 
significant. 

5.3. Impact of lean practices on performance 

To address the second research question, survey participants 
were asked to rate the impact of implementing lean practices on 
both operational performance (e.g., reduction in delivery time, 
increased productivity, reduction in production cycle time) and 
environmental performance (e.g., reduced water consumption, 
food waste reduction, solid waste reduction) using a Likert scale 
ranging from 1 to 5. In this scale, 1 indicated no effect, 2 
represented a minor effect, 3 denoted a neutral response, 4 
indicated a moderate effect, and 5 signified a major effect. The 
results of this analysis can be found in Table 4 and reveal that the 
implementation of lean practices significantly affects several 
aspects of operational performance, such as reducing production 
costs, enhancing product quality, and increasing productivity. 
Additionally, the results show that lean practices substantially 

impact environmental performance, particularly in reducing water 
consumption, energy consumption cost, and solid waste. 

Table 3: The results of Friedman test 

Section  Chi-
Square df Asymp.Sig. 

S1 2.330 4 0.703 
S2 8.348 3 0.023 
S3 23.952 2 <0.01 
S4 10.010 1 <0.01 
S5 15.662 2 <0.01 
S6 7.164 4 0.086 
S7 5.128 2 0.37 
S8 2.402 2 0.311 
S9 22.611 2 <0.01 

S10 6.211 3 0.063 
Table 4: The performance of lean practices 

Section Code Mea
n 

Operational 
performance 

Reduction of the production cycle 
time 3.82 

Reduction in delivery time 3.82 
Increasing productivity 3.96 
Reduction of customer complaints 3.79 
Production cost reduction 4 
Product Quality Improvement 4 
Scrap Rate Reduction 3.89 

Environmental 
performance 

Reduction of hazardous/toxic material 
consumption 3.5 

Minimization of atmospheric 
emissions (CO2 and other gases) 3.36 

Minimization of water consumption 3.82 
Solid waste reduction 3.68 
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Reduction of environmental accidents 3.61 
Reducing CO2 emissions from 
transportation 3.36 

Lowering the cost of energy 
consumption 3.79 

Food Waste Reduction 3.5 

6. Discussion 

The significance of this study's findings lies in their 
evaluation and discussion specifically within the context of 
Moroccan agri-food companies. The results indicate that the 
majority of these companies have already adopted some form of 
lean practices. The most commonly implemented practices in this 
sector include those related to suppliers, customers, employees, 
and preventive maintenance. This aligns with the findings of [12], 
who studied the utilization of lean practices in European food 
SMEs, except that they observed a lower implementation of 
employee-related practices. However, this study also found a 
difference compared to [48], in Moroccan companies, the flow-
related practices are more widely adopted, whereas European 
SMEs implement these practices less frequently. On the other 
hand, both this study and the results of [48] show that the pull 
practices have low implementation. 

It appears that some lean practices associated with Pull are 
challenging to implement in food companies. The results suggest 
that this is largely due to the limited use of Kanban. The reason 
for this weakness could be attributed to the difficulty in predicting 
demand within the agri-food sector. The limited utilization of 
Kanban emerged as a prominent factor contributing to this 
difficulty, which can be linked to the inherent unpredictability of 
demand in the agri-food sector [56]. For instance, weather 
conditions greatly influence the demand for certain products, with 
a sunny afternoon witnessing a significant surge compared to a 
rainy afternoon [48]. 

Furthermore, the results indicate a low adoption of techniques 
aimed at reducing setup time. This finding can be explained by 
the intricate nature of production processes, involving diverse 
materials and compositions. It appears paradoxical that despite the 
inherent characteristics of the food sector, such as perishability 
and short production cycles [48], some lean practices face 
challenges in implementation within this industry. 

This study demonstrates the substantial impact of lean 
practices on both environmental and operational performance, 
with notable effects such as reduced production costs, enhanced 
product quality, decreased water consumption, and lower energy 
consumption costs. One hypothesis could focus on the potential 
impact of lean practices on cost reduction and efficiency in 
Moroccan agri-food companies. It could be posited that by 
implementing lean principles such as waste reduction, just-in-
time production, and continuous improvement, these companies 
can achieve significant cost savings and enhance overall 
operational performance. Other hypothesis could be proposed that 
by adopting lean methodologies, agri-food companies can 

enhance product quality, safety, and compliance with regulatory 
standards. 

A key challenge lies in reconciling lean practices with the 
specific requirements of the agri-food sector, which deals with 
perishable goods, complex supply chains, and stringent food 
safety regulations. The active involvement of governmental 
agencies and industry associations in promoting lean practices can 
provide the necessary resources, knowledge-sharing platforms, 
and incentives to facilitate its adoption. However, certain barriers 
may impede the effective implementation of lean practices in 
Moroccan agri-food companies. These can include resistance to 
change, insufficient awareness or comprehension of lean 
principles, and inadequate investment in technology and 
infrastructure. 

7. Conclusion 

This study offers an overview of the growth of the agri-food 
industry, with a concentrate on identifying the most commonly 
implemented lean practices in Moroccan companies and how they 
can improve operational and environmental performance in the 
sector. However, it should be noted that the extent of this study is 
restricted to the lean practices of agri-food companies. Despite 
this limitation, the results provide valuable insights for company 
managers by giving them an understanding of the level of lean 
practice adoption in the Moroccan agribusiness sector and their 
effects on operational and environmental performance. This paper 
offers valuable practical implications for managers by presenting 
an overview of the present status of implementing lean 
manufacturing in food processing SMEs. While one limitation of 
this study is its focus on a limited sample of food companies in 
Morocco, it nonetheless serves as a foundation for future 
empirical research in this domain. Given the significance of the 
food sector in the forthcoming years, further exploration and 
investigation in this area are essential to enhance our 
understanding and application of lean practices in the industry. 
Future research could expand the study to cover agribusinesses in 
other developing countries, in order to generalize the findings. 
The results of this study have the potential to inform the creation 
of a tool to assess lean practices in the Moroccan agri-food 
companies. 
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