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Abstract— The dairy production chain is a complex system made up of several links, where the basic product is milk production. This
study aimed to characterize the dairy production chain in the Department of Cérdoba in Colombia. The dairy chain analysis included identifying
its links, actors, and the interrelationship between them. The primary information was obtained through observation visits and the application
of a survey with a representative sample of actors from the productive chain, while the secondary information corresponded to institutional
documents. The sample size was 53 suppliers of goods and services, 162 production units, four collection centers, 38 industrial organizations,
12 distributors, and 77 consumers, and the results were analyzed using descriptive statistics. The study's findings identified that the dairy
production chain is comprised of links in the primary sector, transformation, intermediation, and final consumer, which also interact with
government actors, academics, and agents of society. Most organizations comply with regulations, exchange capital and information, and
perceive knowledge facilitators and competitiveness variables of the chain with high qualifications, while the use of ICTs was perceived
negatively. The conclusion is that despite the existence of relationships between the links in the chain, there is a significant opportunity to
improve the strengthening of these links and the application of technological and communication tools to improve their indicators.
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I.  INTRODUCTION

Business integration mechanisms allow the organization of productive systems and their technological and economic strengthening while
building social interaction links. The literature reports different forms of business integration, such as clusters [1]-[3], supply chains [4]-[7],
technology parks [8], [9], and business networks [10], [11], among others.

Agri-food chains are a mechanism for business integration, where the production and distribution of agricultural products are mainly aimed
at human nutrition [12]. In addition, product and information flow occur simultaneously, and they differ from other chains due to the biological
nature and perishability of their raw materials and products, restrictions in terms of safety, health, and environmental preservation, and the
cultural component of their management environment, primarily linked to the rural setting, among other reasons [13].

The dairy production chain in Colombia consists of a complex system of several links, where the primary product is the production of milk
from cattle in specialized or dual-purpose systems [14]. This research will diagnose the production chain in the Department of Cérdoba, located
in the Colombian Caribbean region.

Il. THEORETICAL FRAMEWORK

The integration mechanism depends on a country's economy, level of development, social composition, and geographic location, among
other reasons. Therefore, successful cases in one region do not ensure adequate functioning in different contexts [15]. For example, in Brazil,
the production chain approach was useful for analyzing and understanding the complex macro-processes of production and determining the
performance of systems and untapped opportunities in production, administrative and technological processes [16].

Production chains are considered a form of business integration that, through cooperative structures, allow economic and technological
strengthening and promote the consolidation of the social fabric [17], [18]. Therefore, these chains have been considered relevant for the
organization of the Colombian agricultural sector, but they are not the only forms of business integration. There are other structures and various
authors who have proposed the following approaches in recent years: clusters [1]-[3], supply chains [4]-[7], technology parks [8], [9], business
networks [10], [11], chaebol [19], kibbutz [20], among others, which can coexist and together provide particular elements in each of the sectors
to which they belong [15].

Definitions given to a production chain [10] include the one that conceives it as a system comprised of the harmonious interaction between
different participants, who directly or indirectly participate in the production and consumption of products and services. [21]-[39]. Others
indicate that production chains are sets of social actors, represented by agricultural production systems, suppliers of services and inputs, the
processing industry, distributors, and end consumers. And in Colombia, through Law 811, chain organizations have been defined as the set of
technically and economically linked activities, from processing an agricultural product to its final marketing [22].

Production chains are a variant of the competitiveness approach proposed by Porter, which arose from work carried out by [23] for [24] and
is therefore not equivalent to the concept of the value chain or supply chain [17]. This approach integrates key concepts related to agglomerations
and collaborative inter-agent work in a productive, economic and social process; since the higher level of externalization and dynamism of the
environment means that companies can no longer compete as individual entities but need to compete as value chains [5].

Production chains identify actors and activities that define their structure and functioning. Elements that comprise a production chain are
the links, segments, flows, and organizational environments, which are differentiated, interacting structures that contribute to constructing a
common objective [17]. The links are made up of actors involved in chain activities; the segments are groups of homogeneous actors within the
same link; and the flows make it possible to understand the relationships between links and segments, thus increasing understanding of the chain

[15].

1. METHODOLOGY OR PROCEDURES

A descriptive study consisted of compiling institutional documents from primary information sources, observation visits, and the application
of a survey in each of the links identified in the production chain to diagnose the structure of the dairy production chain in Cérdoba in Colombia,
located at the following geographical coordinates: 09° 26' 16" and 07° 22' 05" north latitude and between 74° 47' 43" and 76° 30' 01" west
longitude.

The surveys were applied to the corporate personnel and main leaders of the organizations selected in each link. The structured personal
interview [38] was used as the interrogation procedure to restrict the space of expression of the respondents and simplify the statistical analysis.
The study population consisted of the organizations that make up the links of the production chain. The sample consisted of a representative
number of companies selected in each of the links, according to the suggestions of [25]. Table 1 shows the characteristics of the sampling carried
out in each of the links of the production chain.

Table 1: Dairy chain sampling characteristics.

Supplier Farm Collection Ind. Retailers Consum.
Population 149 5814 6 58 -- --
Calculated sample 84 197 6 51 14 100
Real sample 53 162 4 38 12 77
Error (%) 7 7 5 5 5 5
Confidence level (%) 95 95 95 95 95 95
Sampling method?* Prob. Prob. Prob. Prob No Prob. No Prob.

Source: Prepared by the authors.



A panel of experts with recognized experience in the subject was enquired to construct the survey questionnaires. The validation of the
questionnaires was carried out through fieldwork in each link of the chain and with the concept of experts. The reliability of the questionnaire
was measured using the most frequently used method, Cronbach's alpha [26]. The surveys included an identification section with general data
on the respondent, a section describing the organizations of each link, and others with the perception of knowledge management [40] and
competitiveness. Ordinal scale, list, and commentary questions were considered. The results of the surveys were recorded in a spreadsheet and
then analyzed and processed using R and Spad statistical software.

IV.  RESULTS ANALYSIS AND INTERPRETATION

The characterization of the Cérdoba dairy production chain results from the description and analysis of its links, obtained through surveys,
observation visits, and the collection of documents. The reliability of the questionnaires determined by Cronbach's alpha yielded a value of 0.86,
indicating an adequate internal consistency of the questionnaire. On the other hand, the dimensionality of the questionnaire measured through
the KMO Test and Barlett's Test revealed values of 0.814 and 2022.43, respectively, which allows concluding the adequacy of the data to the
analysis model proposed.

Identification of actors and links in the chain.

Milk production in Cdrdoba is carried out under the dual-purpose system, which represents 22% of the registered farms in the Department
[27]. The Department had a cattle inventory of 2,126,190 head of animals and a daily production of 652,323 liters of milk in 2019 [28]. The
dual-purpose system in the Department has an important influence on the economy of small and medium producers, who use the high capital
turnover derived from the sale of milk to cover business administration expenses, and periodically sell weaned and discarded animals for
capitalization or other purposes [29].

The following links were identified in the dairy production chain in Cérdoba: suppliers of goods and services, production units, collection
centers, processing industry, retailers, and consumers. Figure 1 shows the representation of the dairy chain in Cdrdoba, presenting a model that
can be categorized as conceptual since it is an abstract representation of reality that records the characteristics of the production chain, illustrating
its concept and structure. The model shows the production chain comprised of the different links in the sector, governmental and academic
actors, and agents of society [30]-[32].

Organizational Environment: Government support organizations, private sector, registered laboratories, livestock breeders, cooperatives and small
industry organizations.

) Productive Collection
Suppliers S Transporters Centers Industry Retailers Consumers

Institutional Environmental: Support and promotion laws, Law 101/93, Law 395, Law 814, Law 911, Conpes 3376

Figure 1: Dairy production chain model.
Source: Prepared by the authors.

The concept of a production chain is more than just a link between the actors of a production sector since it involves actors from the State
and academia and their interrelationships. These interrelationships are important for building the social fabric, solving the problems of
sustainability of the production sector [33], and achieving successful agricultural development.

In the Cérdoba dairy chain, the presence of primary production sector associations in addition to the links was identified. These associations
include Ganacor, Ganabas, Ganaltos, Asogan, Cogasa; territorial government entities, such as the departmental and municipal Health
Secretariats; and Economic Development and Competitiveness Secretariat. Additionally, inspection, surveillance and control entities,
represented by INVIMA, educational institutions, including the University of Cordoba, the Pontifical Bolivarian University, and SENA, among
others; and trade associations such as the Chamber of Commerce of Monteria, which have a direct and indirect influence on the functioning of
the production chain [34].

In some of them, such as the primary and processing sectors, the exchange of information is adequate. Still, there are opportunities to
improve the interrelationship between the chain’s actors to improve their indicators.

Suppliers of goods and services.

Suppliers include agricultural warehouses that provide veterinary drugs, agricultural inputs, supplies, technical assistance, and advice to
livestock farmers. Farmers were distributed in the main municipalities of the Department and had an average of 15 years of experience, four
permanent workers, and most of them (83%) were legally constituted as sole proprietorships (Table 2). Most of the interviewees had managerial
functions (90%), had an average of more than ten years of experience in the sale of goods and services to the agricultural sector, and 59% had
professional training with degrees in veterinary medicine, animal husbandry, agricultural engineering, agricultural administration, among other
professions. All of the companies had public utilities such as electricity and drinking water, 96% had telephone and internet services, but only
10% had a website to show their services.

Production units.

According to the 2019 census, 56,918 agricultural production units were in the Department of Cérdoba [28]. According to the Colombian
Federation of Cattle Breeders, 22% of the farms are dedicated to dual-purpose cattle production, and the rest to fattening and breeding [36].



Eighty-seven percent of those interviewed in the production units had a managerial role, with a predominant level of secondary education
(31%) and technological studies (24%), which suggests an adequate level of formal education for the tasks to be performed. These figures
contrast with those reported by Fedegan [35], which highlights that the level of education in rural areas is 27% complete primary school, 7%
complete secondary school, and 3% have advanced training. The average number of years in livestock production activities was 21, representing
a considerable time of experience acquisition, which, as indicated by Arceo [36], constitutes the main intangible asset of the companies since
tacit knowledge is developed based on observation, imitation, and practice. Sixteen percent of the interviewees have access to the internet from
their workplace, which is comparable to 20% of those who have access to the primary sector of the supply chain of the Venezuelan corn-
producing industry [13].

Table 2: Characteristics of the links.

Variable Supplier Farms Collection Industry
Activity (years) 145+8.0 19.6 +15 8.5 +10.0 120+ 10
Permanent Workers 3.64+£29 3.8+94 38+27 16.6 + 40
Temporary workers 0.53+2.0 25+33 0.0+0.0 19+32
Leader's Experience 114+6.9 15.3+94 6.0+5.7 9.3+79
Regulatory Compliance (%) 100 95.7 100 97.4
Registration Information (%) 100 61.7 100 85

Source: Prepared by the authors.

The use of the productive units for cattle activities represented 61%, and the rest of the land was used for agriculture and cattle raising; in
the farms with cattle raising activities, 96% of the farms used a dual-purpose system, thus showing the predominant method of exploitation in
the region studied. Regarding public services, 84% of the productive units had electricity, 36% had drinking water, and 19% had telephone and
internet, indicating low levels of computer tools in this link.

Figure 2 shows the description of the productive units in terms of land extension, showing that 70% of the producers interviewed own less
than 50 ha. This figure coincides with the one reported by Fedegan [27], which established that 71% of the farmers in Cérdoba are small
producers, with landholdings of less than 50 ha, and with Vega et al. [29], where 61% of the producers had farms of less than 50 ha. However,
it contrasts with those reported in the recent National Agricultural Survey, which indicates that 89% of the Agricultural Production Units have
a maximum extension of 50 ha [28].
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Figure 2: Extension of productive units.
Source: Prepared by the authors.

The inventory of males and females in the production units indicates that 87% of the farmers interviewed have less than 50 heads of males
and 69% have less than 50 heads of females. Regarding the predominant breeds in the production units interviewed, the Brahman breed was
found to be dominant (66%), followed by Gyr (12%) and Romosinuan Creole breeds (8%). Similarly, some production units were found with
buffalo farms of the Murrah breed. According to data from the National Agricultural Survey, at least 95% of the national herd has zebu genetics,
indicating that zebu breeds such as Brahman, Guzerat, Gyr, and their crosses in the low tropical regions predominate.

Fifty percent of the milk from the production units goes to informal cheese producers, 30% to the processing industry, 16% is disposed of
on the farm for self-consumption, and the remaining 7% is taken to a collection center. Fedegan has established that of the 6,520 million
liters/year produced in the country, 41% went to informal channels, 47% took the route of collection or formal processors, and 8% consisted of
on-farm self-consumption [35].

Collection centers.

The collection centers are the sites where the milk is stored as raw material. Some of these centers belong to producers' cooperatives, and
most of them are owned by the processing companies. All of the respondents in the collection centers performed administrative functions, and
half of them had professional training. The interviewees had an average of 20 years of experience in milk collection activities, and 75% indicated
having and using the internet in their workplace, which shows that most of the companies have adopted tools for the organization of their
activities. The collection centers had electricity, potable water, and telephone services; on average, they had four permanent workers,
cooperatives, joint-stock companies, producer associations, and sole proprietorships according to their legal form. All companies are familiar
with and apply Good Manufacturing Practices, use physical accounting records for milk collection, and prepare management reports.



Industry.

The industry link comprises establishments that include sanitization, pulverization, and dairy derivatives processing plants, where milk is
modified or transformed to make it suitable for human consumption. Most of the interviewees performed administrative functions, had basic
secondary education, and reported using ICTs in their daily activities. Dairy processors are incorporated as sole proprietorships, simplified joint-
stock companies (SAS), and Corporations. Most industries have an average of 17 workers, have access to public services, and make their
business visible through a website.

The products produced by the companies interviewed are mainly marketed regionally and nationally, and a small percentage export dairy
products such as cheese, arequipe, and fermented milk products to the United States. All companies reported having been audited by the
oversight and control entities, most of which obtained a conditional favorable concept.

Retailers.

The marketing or distribution activities are carried out by intermediaries, wholesalers, or retailers, who make the encounter between the
supply of products and their demand, receive the title of ownership of the products, and deliver them to the final consumer. Most of the retailers
interviewed perform administrative functions and have a professional level of schooling, and have an average of almost ten years of experience.
Dairy marketing companies have an average of 30 workers; most operate as sole proprietorships and have all public services. In terms of the
product line they distribute, 80% of those interviewed sell pasteurized, UHT, and lactose-free liquid milk, 50% sell cheese of different types
and presentations, coastal, pasta filata, matured, and a smaller proportion of respondents distribute arequipes, desserts, powdered milk, and milk
beverages.

Consumers.

Consumers are the link that makes final use of dairy products [41], and because of their income, they are classified into three segments:
high, medium, and low-income consumers. Consumers were surveyed in all department regions, concentrating on the main municipal capitals,
where most inhabitants live. Surveys were applied where people buy the products, such as in supermarkets, stores, and distribution points. Sixty
percent of the respondents were women, and 52% were between 20 and 40 years of age, while 74.1% said they belonged to strata 2 and 3, and
most of them had professional training.

Concerning dairy consumption, it was observed that the dairy product most consumed by those interviewed was liquid milk in its different
lines (raw, pasteurized, UHT and lactose-free) and presentations, followed by cheese and fermented milk. The majority of consumers say they
consume coastal cheese, and there is less culture of consumption of matured cheese. Regarding the place and frequency of purchase of dairy
products, it can be noted that more than 80% purchased their products in neighborhood stores, 65% in supermarkets, and 26% in wholesale and
retail distribution points. More than half purchased daily, and 25% bought weekly regarding the purchase frequency.

Perception of knowledge management and competitiveness of the dairy production chain.

The analysis of the descriptive statistics of knowledge management and competitiveness in the dairy production chain is detailed in Table

3.
Table 3: Descriptive statistics of the knowledge management of the production chain.
Variable Mean Standard Deviation Minimum | Maximum
Organizational Culture 4.27 0.73 1.00 5.00
Leadership 3.50 0.65 1.00 5.00
Organizational Learning 3.94 0.95 1.00 5.00
Attitudes 3.99 0.91 1.00 5.00
Organizational Structure 3.15 0.75 1.00 5.00
Organizational Strategy 3.70 1.02 1.00 5.00
ICT 1.75 1.12 1.00 5.00
Knowledge Creation 3.01 0.96 1.00 5.00
Knowledge Storage and Transfer 3.37 0.91 1.00 5.00
Productivity 3.42 1.02 1.00 5.00
Economic Profitability 3.39 0.93 1.00 5.00
Success Indicator 4.09 0.99 1.00 5.00
Product Quality 4.27 1.00 1.00 5.00

Source: Prepared by the authors.

It can be inferred that all the actors in the links of the production chain perceive a high rating (>4) facilitating elements of knowledge
management such as organizational culture and attitudes and competitiveness variables, such as the global indicator of success and product
quality [37]. On the other hand, ICT was assigned low scores (<2), while the rest of the variables were rated with medium scores. Similar results
were found in evaluating knowledge management in the maize agri-food chain in Venezuela [13].

V. SOLUTION PROPOSALS OR IMPROVEMENTS

Among the proposals for making the dairy production chain in Cérdoba more dynamic is the strengthening of associative structures,
continuous training for the chain's actors [41], the application of ICTs, and the formalization of the chain's information and capital exchange
relationships, which will allow for the solution of its problems and the improvement of its indicators.



VI. CONCLUSIONS

In the dairy production chain in Cordoba, links were identified in the primary sector, processing, intermediation, consumers, and
governmental, academic, and social actors. The organizations in the chain comply with current regulations and exchange capital and information
flows. The actors have a good perception (>4) of the elements that facilitate the management of the chain's knowledge and competitiveness
variables but a negative perception (<2) of the use of ICTs, which is why actions are needed to make the chain more dynamic and provide
solutions to the sector's problems.

Analyzing the different segments of the production chain makes it possible to recognize the strengths and weaknesses of each one because
it is necessary to strengthen them individually so that each link provides support to the entire chain. Finally, the research contributes to the
academic community and will serve as a basis for future research and the sector's organizational activities.
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