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Abstract: Scientific and technological management 1s now imperative for regional and national development,
especially, in sectors with social and economic importance. For this reason, this study presents a study of
technological surveillance for the agroindustrial sector based on search equations mn the Scopus database.
Likewise, a plan was defined to carry out the study which contemplates four stages: scientific production,
outstanding researchers m scientific production, countries with the largest number of publications and
outstanding institutions with scientific production. Finally, the growing trend in research related to the utility
of by products and properties of products of agricultural origin was evidenced during the studied decade.
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INTRODUCTION

The dynamics of mternational trade has been relevant
in determining the productive structures of economic
sectors in the vast majority of countries, causing the
different productive sectors to constantly rethink at a
competiive pace and develop dynamic competences,
especially, when there is a significant number of medium
and small companies that need to advance technologically
(Vargas, 2015). In this regard, recent experiences suggest
that a successful way of reacting to this environment 1s to
mcrease investments m R and D for the improvement of
products and processes (Sandino-Vargas, 2014).

During the rise of new teclmologies, trends such as
technological surveillance have been 1mposed as
competitiveness strategies to a large extent justified by
the volume of relevant information necessary for decision
makmg (Andrade et al., 2015: Palop and Vicente, 1999,
Ramirez-Calvo et al., 2013).

Recognizing the potential value of bibliometric
analysis (Daim et al., 2006, Lee et al, 2017) many
researchers have focused their studies on tools such as
datamining (Lee ef al, 2014) and patent analysis
(Lee et al., 2009).

Technological surveillance (here in after referred to
as TS) can be defined as the systematic and organized
process of searching, capturing and analyzing information
of a technological, commercial, competitive and normative
nature nationally and internationally which allows

anticipation to clarify the actions through the decisions,
passing before by the appropriation and reaching a
collective or orgamizational learming (Du Toit, 2013;
Anonymous, 2014).

The application of this methodological model has its
foundation and onigin in the prospective models that
allow the 1dentification of factors of change which will
have a direct impact on the strategic planning process.
This will define the desired scenario for a company or
termtory.

The TS 1s born from the need of organizations to
observe their environment and to have the capacity to
respond to the changes that occur and that generally
affect them. In other words, it 1s the systematic and
organized effort by the company to observe, capture,
analyze, accurately disseminate and retrieve information
about the facts of the economic, technological, social or
comimercial environment, relevant to it for being able to
imply an opportunity or threat i order to be able to make
decisions with less risk and be able to anticipate changes
(Pere and Maspons, 2001 ; Du Teit, 2013; Villarroel et al.,
2015).

Although, there are different types of teclmological
surveillance, the present study centers on the advances
in scientific and technological production, given that TS
15 focused on advances m the state of the art and
technology available and emerging m any business
sector. This allows to identify technologies in decline and
guarantee the processes of technology transfer, just as
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the area of research and development allows to establish
the inventive and patentability level of an innovation
(Anonymous, 2014).

Thus, the sector can organize surveillance around the
information on current and/or potential competitors and
of those substitute products, performing an analysis and
momtoring of the destination of their investments,
products, distribution circuits, response times, type of
clients and degree of satisfaction, organization and
financial capacity. The value chain of the sector and its
participation m said value chain (Porter and
Cunmingham, 2005). Taking this in consideration, it
becomes relevant to know the scientific trends related to
agro-industry taking into account that it constitutes a
national productive commitment on which the Colombian
economy depends and which in recent years has made
enormous  efforts to implement technology-based
developments that allow it to reorient its productive chain
towards products with added value. Therefore, aspects
such as scientific production, prominent researchers in
scientific production, countries with a greater number of
publications and outstanding institutions with scientific
production will be studied in this study.

MATERIALS AND METHODS

For the realization of technological surveillance
studies, there are several procedures described by
recognized researchers. The methodology used for the
development of this study is explained (Garcia et al., 2016;
Gimenez-Toledo and Roman, 2001).

Construction of the search matrix: The construction of
the search matrix 1s oriented towards the defmition of the
scope of the study. This i3 developed jointly by experts
and researchers who due to their knowledge and
experience, provide key elements to take into account in
the development of the search matrix.

Identification of the tools to be used: The mam databases
that contain information related to the research topic were
defined and accessed for the elaboration of this study
using.

Scopus

The largest database of citations and abstracts of
peer-reviewed literature: Scientific journals, books and
conference proceedings. It has mtelligent tools to track,
analyze and visualize research, offering an overview of the
global production of research in the fields of science,
technology, medicine, social sciences as well as thearts
and humamties.

Construction of the equations through the use of
operators: In the construction of the search equations,
both the thesaurus and the Boolean operators were taken
1nto account, estimating a construction of three equations
for searching scientific studies and another three for
searching for patents. The operators allowed to focus the
exploration, linking search terms and defining the
relationship between them.

The search equation was (((TITLE-ABS-KEY
(agromdustria ) ) or (TITLE-ABS-KEY (agro-industnia)) or
(TITLE-ABS-KEY (agroindustry)) or (TITLE-ABS-KEY
(agro-industrial)) or (TITLE-ABS-KEY (agro-industry)) or
(TITLE-ABS-KEY (agribusiness )) or (TITLE-ABS-KEY
(agri-food industry)) or (TITLE-ABS-KEY (agroaliment™)))
or (TITLE-ABS-KEY (“agri-food sector”))or (TITLE-ABS-
KEY (agro-foed))) AND PUBYEAR>2004

Information analysis: The teclmology surveillance
software used to process the information was Matheo
Analyzer. With it, it was possible to obtain accurate
manipulation of the flat files exported from each of the
databases. The software uses an interface that allows a
better visualization and manipulation of the data obtained
by generating exchange relationships for data groups.

RESULTS AND DISCUSSION

Scientific production: The results obtained through
the developed search equation show for the period
2005-2016, a total of 7,858 knowledge products related to
the area of study and scientific production with a growing
trend for the agro-industrial sector (Fig. 1).

The knowledge products include 6,819 scientific
articles, 717 documents derived from conferences and 322
book chapters. The related areas of knowledge include
agriculture and biological sciences with 3,873 documents,
social sciences with 1,799, environmental sciences
with 1,426, business management and accounting,
biochemistry and molecular genetics with 760. From these
thematic areas, the following research trends that mark the
evolution of the sector were obtained (Fig. 2).

For the field of agriculture and biclogical sciences,
the three mam sub-areas of research are fermentation,
food safety and enzymatic activity. The first one
highlights the production of biodiesel, ethanol or
bioethanol from lignocellulose derived from sugarcane
processing plants or other crops. Tts main research focus
is the development of low-cost equipment as the limitation
of lignocellulose processing 15 the lack of technology
accessible to medium and small producers. Another
aspect is the recovery of waste based on enzymatic
fermentation, ultrasound with Aspergillus japonicus PI01
and Bacillus subtilis NX-2.
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Fig. 1: Scientific production for the agro-industrial sector (2005-2015)
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Fig. 2: Research trends for agriculture and life sciences

Faced with food security, research in the area
of traceability is based on ICT solutions for the
agro-industrial sector with more quantity and quality of
mnformation, wmproving consumer expectations in terms
of food safety and product quality. In the case of the
sub-area of value chams, the research focuses on the
satisfaction of the final consumer and his perception of
value in the agro-industrial product consumed. In the
same way, the focus is on the study of small-scale
production and fragmentation of markets that breaks the
value chains.

As for the subarea of enzymatic activity, recovery of
solid waste and sludge through hydrolytic enzymes is
observed which allow the removal of fats and oils for
recovery through other low-cost after-treatment applied
to agroindustrial waste.
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Fig. 3: Research trends for the environmental science
subject area

For the environmental sciences area, two sub-areas of
research are highlighted: biomass, sustainability and
liquid waste management (Fig. 3). In terms of
biomass, the biogas sub-area focuses on anaerobic
digestion with the application of algae through the
evaluation of the biochemical potential of methane to
increase its yield.

Regarding bioplastics, the focus of research 1s the
production of “bioplastic” polyhydroxyalkanoate. This
polymer has the property of degradability, based on the
waste treatment of the paper industry and the acidification
through bacteria in different stages of the waste.
Biodegradation is oriented to the kinetic modeling
of waste biodigestion and biodegradation by
microorganisms such as Burkholderia cepacia and
halophilic orgamsms.
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Fig. 4: Research trends for biochemistty and molecular
genetics

For the sustamability sub-area, the evaluation of life
cycles 1s oriented towards the evaluation of value chains
and the supply of agroindustrial products for the
identification of critical points of environmental impact
that should be intervened mn order to improve the
productivity and sustamability of the productive
processes.

Lastly, in the sub-area of liquid waste management,
the research of microalgae and bacteria for the production
of biofuels through the aggregation of microalgae
biomass and Chlorella sorokiniana batteries stands out.
The combined treatment facilitates the elimination of lipid
load of liquid waste.

It 1s estimated that the production of algae is ten
times higher than the plants cultivated on land and
presents independence from land for cultivation. The
biomass of algae 15 rich mn lipids, protemns and starch
which can be converted mto energy using thermal,
biochemical and esterification of fat acids to produce
biodiesel and even could be used for the production of
second generation biofuels such as methane.

Regarding the thematic area of biochemistry and
molecular genetics (Fig. 4), two sub-areas of research
stand out: pharmaceutical and enzymatic synthesis. For
the pharmaceutical sub-area, the research focuses on the
1dentification and characterization of active ingredients of
agricultural raw materials and agroindustrial waste for the
production of cosmetic products, among the active
principles are phenols and carotenoids of mainly coffee
and antioxidant polyphenols of avocado pericarp, among
others.

Research in medical formulation is aimed at obtaining
phenolic acids such as caffeic acid, p-coumaric acid and
ferulic acid by different routes. The assays were
performed using eruloyl esterase derived from Aspergillus
niger. The waste used to obtain these principles with
pharmaceutical potential were coffee pulp, apple pulp and
wheat straw.
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Fig. 5: Outstanding researchers in the agroindustrial
sector (2005-2015)

For the enzyme synthesis sub-area, there is special
interest n obtaining Xylanase from agroindustrial waste,
by means of microorganisms such as 4spergillus niger,
Aspergillus orizae, Aspergillus japonica, Penicilliuim
canescens, Talaromyces and Bacillus circulans. The
Kylanases belong to the pentosanas, a group of enzymes
that decompose components of the matrix of the cell wall
of plants and is used in bakery mainly as a baking enzyme
to improve dough qualities (workability, stability) and to
optimize the product (stabilization of the bark and
volume).

Qutstanding researchers in scientific production: The
scientific production related to the agroindustnal
sector (Fig. 5) 18 led by the scientist Carlos Ricardo
Soccol from the Federal University of Parana with 33
publications related to agro-mdustry. His main area of
research iz  biochemistry and molecular genetics
(Medina et al., 2015; Costa et al, 2015; Pereira et al., 2015,
Medina-Macedo et al., 2015, Moreira et al, 2015,
Liguori et al., 2015).

The second researcher with the most publications 1s
Ashok Pandey from the biotechnology division of the
National TInterdisciplinary Tnstitute of Science and
Technology in Thiruvananthapuram, India, co-researcher
of Soccol in some publications. His research has focused
on the evaluation of fermentation methods and obtaming
antioxidants (Khare et of., 2015; Prabisha et al., 2015;
Sajitha et al., 2015, Sajna et al,, 2015; Sindhu et al., 2015,
Varsha et al., 2015, Vivek et al., 2016).

Finally, the scientist Ludwig Theuvsen, from the
Department of Agricultural Economics and Rural
Development of the Gottingen University in Germany
has 21 publications. His specific area of research 1s the
agroindustrial value chains (Gollisch andTheuvsen, 2015;
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Fig. 6: Countries with scientific production for the agro-industrial sector (2005-2015)

University of Sao Paulo

Wageningen University

Paulista State University

Brazilian Agriculture Research Company., EMBRAPA
State University of Campinas

Fedral University of Rio Grande do Sul

Universitites

Federal University of Vicosa
Federal University of Parana
Michigan State University

Federal University of Ceara
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Guenther-Lubbers et al, 2016, Heise and Theuvsen,
2015a, b; Naether and Theuvsen, 2015; Schulte and
Theuvsen, 2015).

Finally, nationally, Piedad Ganan R. stands out from
the University Pontificial Bolivarian a Medellin with 6
publications and is particularly involved in obtaining
nanofibers and nanocomposites from agroindustrial
waste (Andrade ef al., 2015; Alvarez-Lopez et al., 2014;
Castro et al., 201 5a, b; Correa ef al., 2015; Montoya ef al.,
2014; Osorio et al., 2014).

Countries with the highest number of publications:
Among the countries with the highest number of related
publications, Brazil, the United States and Ttaly stand
out. In the case of Brazil, the 1,169 publications are
directly related to Empresa Brasileira de Pesquisa
Agropecuaria-Embrapa, the Umversity of Sao Paulo-USP
and the State University Paulista-UNESP (Fig. 6).

In the case of the United States with 833 publications,
publications related to Michigan State University, Purdue
University and Comell University stand out. Regarding

Values

the linkage and networking m the case of the Urnited
States, there are 34 publications with Canadian
researchers. Finally, Colombia appears in the 16th place
with 108 publications during the period 2005-2015.

OQutstanding institutions with scientific production: The
University of Sao Paulo, the University of Wageningen
and the Sao Paulo State Umversity are the main
wnstitutions related to scientific production. As can be
seen, 80% of the institutions in the top 10 are from Brazil,
one is from the Netherlands and the other from the United
States. The National University of Colombia is ranked
17th with 36 publications (Fig. 7).

CONCLUSION

From the results of this research, it can be concluded
that the scientific production related to the agroindustry
is concentrated in developed countries such as the United
States, Italy, Spain, Great Britamn, Germany, Canada,
among others. However, Brazilis the undisputed leader as
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representative of the emerging countries along with Tndia,
located in the 5th place. There is also a highly growmng
trend in scientific production in the period studied which
exceeds the barrier of 1,000 products for 2015 with an
incremental dynamic for 2016.

Facing the fields of research in agro-industry, three
major areas of research stand out: agriculture and
biological sciences, environmental sciences and chemistry
and molecular genetics. For the area of agriculture and
biological sciences, the three main sub-areas of research
are fermentation, food safety and enzymatic activity. For
the area of environmental sciences, two sub-areas of
highlighted: biomass, liquid waste
sustainability and management Regarding the area of
biochemistry and molecular genetics, two sub-areas of

research are

research stand out: pharmaceutical and enzymatic
synthesis. Tn general, the usefulness of byproducts and
compounds of agricultural products for industrial use are
widely researched with a high level of complexity and
specialization.

Regarding the most productive researchers in the
different areas of research, it should be noted that of the
three researchers that accumulate the most scientific
products, two correspond to emerging countries such as
Brazil and India while the third corresponds to
Germany. The above seems to correspond to the high
potential producer of raw materials of agricultural origin of
the two leading countries mentioned which are rapidly
seeking the incursion of added values.
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