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EDITORIAL

New perspectives...

The Agri-Food sciences, together with Applied Ecology and Tourism Industry
make it possible for the “ecoagritouristic” domain to move to another research level in
Transilvania University of Bra�•ov. Is relevant that, in addition to the BIOATLAS
International Conference, which became well known in the last years in over 30
countries from several continents, in 2015 It was organized another large-scale
International Conference: 3rd NEEFOOD Congress Brasov, Romania.

The third edition of the NEEFOOD Congress (North and East European Congress on
Food) was organized in Brasov between 20 and 23 May. The event involved the participation
of significant international institutions, as EEFOST, IUFOST, GHI, EHEDG, ELSEVIER.

Over 200 participants were presented with the opportunity to get updated on the state
of the art of national and international research on food, from multiple perspectives: ecology
and biodiversity, public and health promoting policies, management, specific regulations, IT
applications, and modern technologies employed in the food industry.

The congress included four other events meant to introduce the activities of several
important scientific bodies: The European Hygienic Engineering & Design Group Seminar
(EHEDG), The Global Harmonization Initiative (GHI) Seminar, The Sixth Symposium on
Ethnopharmacology, The NUTritional LABeling Study in Black Sea Region Countries
Seminar.

We note with joy that this event coincided with the jubilee of the Journal of
EcoAgriTourism, which after 10 years of activity publishes valuable scientific articles as
a result the Journal is indexed in International Data Base since 2009.

Hence, there are serious prerequisites for new step toward advanced research.
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Global Harmonization Initiative - GHI

In an attempt to eliminate hurdles,a network of scientific organizations has launched a
global initiativeto facilitate harmonization of food safety regulations and legislation. The
objective is to discuss, globally, the scientific issues that buttress the decisions made by
individual governments and international regulatory bodies in order to achieve global
scientific consensus on such issues. The Global Harmonization Initiative (GHI) Working
Group anticipates that elimination of the regulatory differences will make it more attractive
for the private sector to invest in food safety R&D, consequently strengthening the
competitiveness of each nation's food industry and of the industries supplying the food sector.
Harmonizing global regulations will facilitate the application of new technologies,
encouraging the food industry to invest in such technologiesto ensure better safety and
quality for consumers!

Background
Founded in 2004 as a joint activity of the US-based Institute of Food Technologists (IFT)

International  Division  and  the  European  Federation  of  Food  Science  and  Technology
(EFFoST), the Global Harmonization Initiative (GHI) is a network of scientific organizations
and individual scientists working together to promote harmonization of global food safety
regulations and legislation.

Drivers for Global Harmonization of Food Safety Legislation
There is no question that the more the avenues of global trade widen, the higher the

probability of “traffic jams” in worldwide commerce. Barriers to trade in the form of
differing—and sometimes, conflicting—country-by-country import/export rules and
requirements, can and do make it difficult for food businesses to get traction in overseas
markets. Food safety concerns are frequently cited by individual nations as underpinning the
justification for their legislative acts and rulemaking—and for erecting trade barriers and
other measures that have the impact of curtailing free trade. Unfortunately, in some cases, the
science used to inform and bolster food safety policymaking is insufficient, inconsistent or
contradictory, creating a roadblock to the promulgation of laws that have a clear and evident
benefit to protecting public health. Differences between countries in food safety regulations
and laws also trigger a red light to the advances offered by science and technology. Though
many food companies throughout the world have contributed significantly to research and
development (R&D) efforts and costs of food safety technology, industry is understandably
hesitant to apply newly-developed capabilities on an international scale in an uncertain, maze-
like regulatory environment.

Goals
With support and participation of its individual members and member organizations, the

GHI's Working Group has conducted a series of meetings at which members have formulated
approaches to critically (re-)evaluate the scientific evidence used to underpin existing global
regulations in the areas of product composition, processing operations, and technologies or
measures designed to prevent food borne illness.

For more information about the Global Harmonization Initiative and its efforts to feed
people and fuel innovation through harmonization of science-based global food safety
regulations, please visit us online atwww.globalharmonization.net.
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MEDICINAL FLORA AND CONSERVATION ISSUES OF PLANT
RESOURCES OF “�ŽÂPOVA” RESERVATION IN

REPUBLIC OF MOLDOVA

GHENDOV V., CIOCARLAN N., IZVERSCAIA T.

Abstract: The research was conducted in order to identify and document the medicinal
flora, including rare and threatened species, in the Landscape reservation “�´âpova”. The
spontaneous vascular flora in studied area comprises 571 species of higher plants of 332
genera and 81 families. Among them, 279 plant species contain a wide variety of chemical
compounds making them important from pharmacological viewpoint;85 of them belonging
to 36 families and 75 genera are commonly used to treat different ailments. There were 38
rare species revealed in the floristic composition, protected in Republic of Moldova, 29
species are included in the Red Book of Romania. Others 17 species are protected in
Ukraine. Four species are threatened on European level and included in the European Red
List of plants.

Key words:medicinal flora, conservation status, “�´âpova” reservation;

1. Introduction

The protection of medicinal plant resources
was  not  identified  as  a  major  concern  of
conservation organizations until 1984 [9].
Medicinal plants are an essential part of primary
healthcare in most of the world and its
continuous unregulated harvest in many
developing countries is viewed with alarm the
rapidly increasing loss. The Global Biodiversity
Strategy recognized the importance of
conserving medicinal plant biodiversity [20].

Medicinal plants are both a source of income
and a source of affordable healthcare. In
Republic of Moldova as a developing country, in
some areas local healthcare needs are satisfied
primarily using raw materials from medicinal
plants. The collection of medicinal plants must
be guided by an accurate knowledge of the
biology of the species concerned, and steps must
be taken to avoid over-exploitation, and the
collection of rare or otherwise endangered
species [13]. The conservation status of plants is
one of most widely used indicators for assessing
the condition of ecosystems and their
biodiversity. It also provides an important tool in
establishing priorities for species conservation.

At the global scale, the best source of
information on the conservation status of plants
is theIUCN Red List of Threatened Species [11,
12]. The Red List is designed to determine the
relative risk of extinction, with the main purpose
of cataloguing and highlighting those taxa that

are facing a higher risk of extinction. It provides
taxonomic, conservation status and distribution
information on taxa that have been evaluated
using  IUCN  Red  List  Categories  and  Criteria:
Version 3.1 [10]. The breeding of medicinal
plants with desirable agronomic and therapeutic
chemical derivatives makes it possible to
conserve and selectively utilize highly valuable
in-situ germplasm andex-situ germplasm  in
botanic gardens, and in field seed banks.

Cultivation allows production of uniform
materials whose properties can be standardized
and from which crude drugs can be obtained
unadulterated. Data on plants held in botanic
gardens is most readily accessible and a useful
starting point. However, the knowledge and
collaboration with farmers and traditional health
practitioners would be very helpful in
identifying, implementing and managing future
medicinal plant cultivation. Many medicinal
plants grow well on marginal, remote and
degraded lands with low monetary inputs.

Intensive studies are needed on selected
medicinal plants in order to determine optimum
environmental requirements for sustainable
production.

2. Methods

The research was conducted during 2007-
2013 in the Landscape reservation “�Žâpova”
situated  in  central  part  of  Moldova  (Orhei
district). All selected plant species are native to
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local flora and the taxonomy followed by the
recent taxonomical literature [2, 3, 8, 15, 16, 19].
Voucher specimens of the plants are lodged in
the Herbarium of Botanical Garden (Institute) of
ASM (Chisinau). The present account includes
all the taxa that are listed under: Environmental
legislation of the Republic of Moldova (1996-
1998) [14]; The Red Book of the Republic of
Moldova (2nd edition) [18]; Red Data Book of
Ukraine [17]; Red Book of vascular plants of
Romania [7]; European Red List of Vascular
Plants [1]; The Annexes of the Habitats Directive
[6]; Bern Convention [5]; under The Convention
on International Trade in Endangered Species of
Wild Fauna and Flora [4].

3. Results and discussions

The flora of the Republic of Moldova
comprises over 1820 species inhabiting one of
the most fragmented landscape in Eastern Europe
with only a tiny fraction of its land surface that
can be considered as wilderness [8, 15, 16].
Landscape reservation “�Žâpova” is a protected
area of national interest (mixed type nature
reserve: flora, fauna, geological and landscape),
located in Orhei district in vicinity of �Žâpova
village, territory in administration of Orhei
forestry and “Lalova” agricultural enterprise.

The spontaneous higher vascular flora in
studied area comprises 571 species, belonging to
332 genera and 81 families, most of which
(70.22%) are forest and grassland (steppe) plants.
The field investigations and the survey of the
scientific references allowed identifying 279
plant species in the area that contain a wide
variety of chemical compounds making them
very important from pharmacological point of
view. The most representative families are
Asteraceae (44 sp.),Lamiaceae (25), Rosaceae
(16), Fabaceae (16)  and Brassicaceae (15
species). In fact, only 85 of them belonging to 36
families and 75 genera are commonly used to
treat different ailments. Most of themare
herbaceous, mainly perennial plants. The raw
materials are used in many different forms: fresh,
powdered, infusions, decoctions, tincture etc. In
the most of the cases the vegetal matter is used as
infusion. The most important medicinal
properties of species in the area are anti-
inflammatory, astringent, expectorant, diuretic,
cholagogue, hypotensive, cicatrizing. The vast
majority of them are mainly used for the diseases
related to digestive system followed by urinary

and respiratory disorders.Eleven genera (Salvia,
Artemisia, Mentha, Geum, Ajuga, Teucrium,
Plantago, Thymus, Potentilla, Lamium, Prunella)
are widely represented and distributed in study
area. Among species with high frequency and
abundance that can be harvested and valorized
without damaging their natural populations are
following: Ajuga reptans, Mentha longifolia,
Lamium purpureum, Salvia aethiopis, S.
nemorosa, Scutellaria altissima, Stachys annua,
Potentilla reptans, Teucrium chamaedrys,
Thymus marschallianus, Taraxacum officinalis
etc. Some of them(Arctium lappa, Aristolochia
clematitis, Artemisia annua, Capsella bursa-
pastoris, Chelidonium majus, Cichorium intybus,
Crataegus monogyna, Equisetum arvens,
Fraxinus excelsior, Geum urbanum, Humulus
lupulus, Lamium amplexicaule, L. purpureum,
Matricaria recutita, Plantago lanceolata,
Polygonum aviculare, Rosa canina, Sambucus
nigra, Taraxacum officinale, Urtica dioica etc.)
showed wide distribution, frequently occurring
as weeds around human settlements and
considered as important medicinal plant resource
for  traditional  use.  There  were  38  rare  species
revealed in the floristic composition, protected in
Moldova at the national level, 29 species are
included in the Red Book of Romania. Others 17
species are protected in Ukraine. Notable is the
presence of four species threatened on European
level and included in the European Red List of
plants –Angelica palustris, Koeleria moldavica,
Lilium martagon and Schivereckia podolica.
Some rare and threatened therapeutically
important species (Asparagus officinalis,
Astragalus glycyphyllos, Dryopteris filix-mas,
Fragaria vesca, Galanthus nivalis, Helichrysum
arenarium, Lilium martagon, Primula veris,
Veratrum nigrum) are cultivated in ex-situ
conditions in the Botanical Garden (I) of ASM in
order to protect them and to observe their
reproductive behavior and accumulate
experience on their agro technology. In table 1
the rare medicinal plants are given in
alphabetical order, each with the indication of the
list (or lists) which it is included as follows:
Environmental Legislation of the Republic of
Moldova  –  ELRM;  The  Red  Book  of  the
Republic of Moldova (2nd edition) – RBRM; Red
Data Book of Ukraine – RDBU; Red Book of
vascular plants of Romania – RBVPR; IUCN
Red  List  Category  (Europe)  –  IUCN-EU;  The
Annexes of the Habitats Directive – HD;
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Convention on the Conservation of European
Wildlife and Natural Habitats (Bern Convention)
– BC; under The Convention on International

Trade in Endangered Species of Wild Fauna and
Flora – CITES; limit of natural distribution and
therapeutic effects.

Table 1.Threatened medicinal species in “�´âpova” reservation

�‹
Latin name

Rare in Black
Sea region

Rare on
Europaean lavel

Li
m

it 
of

 n
at

ur
al

di
st

ri
bu

tio
n

Medicinal properties

E
LR

M

R
B

R
M

R
D

B
U

R
B

V
P

R

IU
C

N
-E

U

H
D

B
C

C
IT

E
S

1. Amygdalus nanaL.
(Rosaceae)

+ simulates respiration and
improves digestion

2. Asparagus officinalisL.
(Asparagaceae)

+ + antispasmodic, cardiac,
diuretic, demulcent

3. Asparagus tenuifoliusLam.
(Asparagaceae)

+ + young shoots used as
vegetable

4. Asparagus verticillatusL.
(Asparagaceae)

+ + young shoots used as
vegetable

5. Asplenium ruta-muraria L.
(Aspleniaceae)

+ astringent, ophthalmic,
emmenagogue

6. Asplenium trichomanesL.
(Aspleniaceae)

+ expectorant, laxative,
emmenagogue

7. Astragalus glycyphyllosL.
(Fabaceae)

N anti-asthmatic, cardiotnic

8. Carpinus betulusL.
(Betulaceae)

S-E haemostatic, ophthalmic

9. Cystopteris fragilis(L.)
Bernh. (Athyriaceae)

+ anthelmintic

10. Dentaria bulbiferaL.
(Brassicaceae)

S nervous affections,
epilepsy

11. Dryopteris filix-mas(L.)
Schott (Dryopteridaceae)

+ S anti-inflammatory, anti-
rheumatic, antiviral

12. Fragaria vescaL. (Rosaceae) + S antidiarrheal, astringent,
diuretic, laxative

13. Fritillaria montanaHoppe
(Liliaceae)

+ + + N-E source of alkaloids

14. Galanthus nivalisL.
(Amaryllidaceae)

+ + + + + + N emmenagogue

15. Helianthemum nummularium
(L.) Mill. ( Cistaceae)

S used inBach flower
remedies, ingredient in
Rescue remedy

16. Helichrysum arenarium(L.)
Moench (Asteraceae)

+ cholagogue, diuretic,
stomachic, skin

17. Lilium martagonL.
(Liliaceae)

+ + S cardiac, expectorant,
diuretic, emollient,

18. Polygala sibiricaL.
(Polygalaceae)

+ + analgesic, expectorant,
hemolytic, kidney

19. PopulustremulaL.
(Salicaceae)

S anti-inflammatory,
febrifuge, stimulant

20. Primula verisL.
(Primulaceae)

+ anti-anxiety, sedative,
antispasmodic

21. Scorzonera austriacaWilld.
(Asteraceae)

+ + young leaves and roots
used as a vegetable

22. Sorbus torminalis(L.) Crantz
(Rosaceae)

+ + E anti-rheumatic,
hypoglycemic
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Conclusions

Out of the total of 571 vascular plants, a
number of 279 species have been documented for
medicinal use with the most representative
families: Asteraceae (44 sp.), Lamiaceae (25),
Rosaceae (16), Fabaceae (16) andBrassicaceae
(15 species). And only 85 of them, belonging to
36 families and 75 genera, are commonly used to
treat different ailments. There were 38 rare
species revealed in the floristic composition,
protected in Moldova at the national level, 29
species are included in the Red Book of Romania
and others 17 species are protected in Ukraine.
Four species (Angelica palustris, Koeleria
moldavica, Lilium martagon, Schivereckia
podolica) are threatened on European level and
included in the European Red List of plants. Nine
rare and threatened medicinal species (Asparagus
officinalis, Astragalus glycyphyllos, Dryopteris
filix-mas, Fragaria vesca, Galanthus nivalis,
Helichrysum arenarium, Lilium martagon,
Primula veris, Veratrum nigrum) were included
in ex-situ collections of the Botanical Garden
(Institute) of ASM in order to preserve them and
accumulate experience on their behavior in
culture conditions.
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MOUNTAIN MODULIZATION PROCESS, AS BIOECONOMIC
REVITALIZATION ELEMENT IN THE ROMANIAN CARPATHIANS

R. GRUIA 1

Abstract:The paper proposes to describe a mechanism of systemic evolution of eco zone
diversity from the Romanian Carpathians by applying the process of modulization, in
relation both with the history past of Dacia terracing, and especially with the future of
mountain economy. Based on the Theory of Eco emergent Integronics, the analyses is made
in idea of the principles of the dynamics of modulization, which makes possible the
achievement of modules through integronic and emergent restructure. In this context, in the
study there is analyzed and described the mountain module, as a structural entity of
complex and hyper complex systems of the mountain zone, itself representing the basic
”cell” of the dynamics of systemic integration necessary in generating socio-economic
viability. There are applied the principles of integronic management and of multifunctional
agriculture and there is analyzed the manner and place in which the dynamics of eco
emergent integronic manifests itself (synergic, synchronic, syncretic and emergent), so that
it may result a series of solutions concerning the re-balance between mountain ecosystem
components (forests, pastures, husbandry, water, rural space etc.). The module may be
methodologically regarded as a territorial "bioreactor" (the analyses of raw materials, of
processed products and of wastes), so that the new acquired modular systemic structure
may be quantified, also eMergetically and respectively, there may be established the
module typology and efficacy.

Keywords:bio-ecomy,Carpathianeco zones, emergence, integronics,mountain module,
landscape management.
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1. Introduction

The concept of systemic evolution has been
approached for a long time. For instance, in the
theory of dissipative structures Ilya Prigogine (in
the years after 1960) affirms that, for complex
dynamic systems, disequilibrium represents the
necessary condition for development (or system
growth), i.e. systems far from balance. The
phrase „far from equilibrium” is, in fact, the
equivalent for non linearity. Dissipative
structures spread their own energy in order to re-
create themselves in new organization forms, in
conditions of disorder and confrontation with
amplification of noise level. These systems owe
inner properties to reconfigure themselves so that
they may exploit new information. Thus, open
systems exchange energy, matter or information
with their environments and, when pushed “far-
from-equilibrium”, create new structures and a
new order.
 Aspects concerning systemic evolution are
diversified through several directions, such as:

analyses of evolution modality of complex
systems (linear or non linear evolution), analyses
of emergent interrelations of the matter
(Substance, Energy, Information), morphologic
analyses of systemic substances (of the forms)
through the study of complexity, analyses of
functioning in dynamic equilibrium of complex
systems (for example of ecosystems),
respectively of control mechanisms (regulation
and self regulation) etc., indicated references by
Gruia (2002b),  Gruia and Gaceu (2003).

Restructure dynamics may be approached in
the bioeconomic model based on modulization
process and indicates important elements of
systemic evolution, with application at mountain
complex systems. We remind in this direction the
most important characteristics of a complex
system, properties that are involved under a form
or another in the process that we are speaking
about: (a) a complex system is not a whole made
of parts, but a whole made of other wholes; (b)
then system components locally interact: any
component does not directly react with all the
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others, but only with the neighboring ones; (c)
the global behavior of the system is well defined
and is independent from the component internal
structure.
 In this context it becomes possible the
modulization dynamics of the mountain zones,
the achieved ”module”  representing another
whole that locally interact, independently of
global behavior and, of course, well defined (well
delimited, parameterized, monitored and
controlled). Thecomplex system modulization
theory indicate references by Gruia (2010a)
represents an assembly of hypothesis, laws and
concepts, organized in a logic approach, which
describe and explain the systemic process of
modulization and its result, respectively of the
system restructuration and resizing through
emergent integration.
 The modulization process has as work basis the
theory of eco emergent integronics, indicate
references by Gruia (2009a), which briefly
applies the principle of emergent integration
(synergic, synchronic, syncretic and emergent),
in direct relation with eco-energetic analyses and
concept (eMergetic). Here, theemergy of a form
of energy defines available energy of a
transformation or a system, indicate references by
Pillet and Odum (1987), which constitutes one of
the methodological principles of the theory
applications. Starting from these theoretical
aspects, the modulization process, through the
concept of emergent integronics and, respectively
theprinciple of emergent integration, approaches
substance, energy and information (S,E,I) flows
that cross systems from the perspective of the
eco-energetic analyses, of cogeneration and
eMergetic sustainability.
 It is thus defined the model of restructuration
(of change) and the type of functioning of the
system modulization process, having as
applications of interest especially the more
difficult to analyze systems, namely complex
systems and with dissipative structures, among
which we mention ecosystems, agri-ecosystems
and environment-economy systems, indicate
references by Gruia (1998, 2002a), Szabo et al.
(2005).
 From what has been mentioned it is observed
that the basic objective of this paper is linked to
the elucidation of themodulization process
applied to the mountain zones and to the
understanding of the running directions, either at
„macro” level, or at „micro” level, in relation
with the type of modulized subsystem of the
analyzed complex system,module resulting  by

integronic restructuration and emergent
integration, having the systemic evolution as a
result.
 In our opinion, as framework solutions, we
consider two to be essential: on one hand,
superior valorization of the mountain area
through macro-modules, where maybe pedo
climate and, implicitly, temperatures may
become optimal for agriculture in the perspective
of climate changes, and, on the other hand,
agriculture in controlled environment and space
of micro-modular type. For both variants, we are
sure that the optimization of the activity will be
linked to themodulization process.

2. Material and Method

The approached method proposes to apply the
theory of complex system modulizationin order
to  decipher systemic evolution, mainly aiming to
elucidate the mechanisms of efficient ”piloting”
(integronic management) of subsystems or of the
whole typologically restructured system as a
”module”. There are approached scientific and
methodological aspects that sustain this
approach: the emergence theory, the general
theory of integration, the concept of ecologic
modernization and others. The method puts into
evidence ”the modulization process”, sustained
by the concept of emergent integration and
integronic restructuration, then it describes a
series of aspects concerning ecologic emergency
through systemic eco-modulization, based on the
general theory of the integration of ecologic
emergency or of eco emergent integronics.
Methodologically, speaking about newly
introduced terms/notions, indicate references by
Gruia (2002, 2009), there is imposed a good
understanding of the used notions: bioeconomics,
modulization, integronic restructuring, macro-
modulization, micro-modulization and others.

3. Results and Discussions

 On the basis of complex system modulization
mentioned before, it may be explained a model of
the passing process towards superior forms of
organization of complex and hyper complex
systems form mountain zones, in order to put into
evidence and holistically quantify new forms of
organization, in the idea of optimally „piloting”
the respective systems, indicate references by
Gruia (1995,1998). The idea of link between the
integration manners, of change of hierarchic
structures and of new forms materializes itself by
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the dualism „integration-emergency” indicate
references by Bunge (1984),  Constantinescu
(1986) and others.
 In essence there are three reference moments
that contribute to the modulization process: (a)
the mechanism of flowing (as for example
energy flow on principles linked to Constructal
law, indicate references by Bejan (2000), i.e. „in
order that a system may survive in time, its
configuration must evolve so that it offers the
best access for the currents that flow through it“,
(b) the integration mechanism, based on the
general theory of integration and on the basis of
the principle of emergent integration,  i.e.  in  the
situation when a system is also regulated from a
functional point of view is organized, then the
system isintegrated; on the contrary, when the
system functioning is disorganized, then the
system is disintegrated and (c) therestructuring
mechanism, respectively the approach from a
new perspective of a module phenomena and
processes,  as  well  as  the  potentiality  of  the
interrelations between the system elements, in
order to put into evidence and quantify these
new, superior phenomena of organization
”mountain modular unities”, i.e. simplified
systems in detectable perimeters, with flows and
monitored and controllable flows.
 As it has been precised, the modulization
process refers to the idea of ”passing” from a
dimension into another one at systemic level,
achieving, from bioeconomics i.e.eco-economic
perspective, mountain modules by formation,
restructuration and concentration, both from
spatial point of view (material, substance) and
energetic and informational one. The
modulization dynamics is ascendingly put into
evidence by organization, concentration and
clearer and clearer delimitation of the area and
perimeter of the given system, concomitantly
with the related externalities, from material,
ecologic, human and financial nature. It imposes
thus themodularization action, respectively the
action to modulize (itself) and its result, being in
concordance with the idea of ”dimensioning” and
”redefining”. In the second step there is
concretized the notion of ”modulization” , which
represents the action of the structuring process
and its result, respectively of resizing and
emergent integration, through the flowing
phenomenon, of integration and integronic
restructuring of complex systems, with an ever
better delimited perimetering, face to the initial
non homogeneous estate similar to a complex and
diffuse mosaic, having the growth in

concentration, in performances, in visibility and
controllability towards a new quality of superior
order as an effect.
 Under this context it must be mentioned, within
the modulization process, that there
concomitantly increase both the quantity and the
quality of information from the system, i.e. the
complex system becomes better organized and, as
a rule, more simplified, but more labile and
dependent on energy. As it is known,complexity
is defined as the number of „links" and
interactions that may be established between
system subunits, which may be also represented
as the number of retroactions (feed-backs) that
may be established between the mentioned
elements. The modulization dynamics we are
referring to has, through the concept, a reduced
number of interactions and retroactions, when we
refer to production fields of ecologic, biologic
and technique, technique and economic nature, as
for example are mountain modules or different
types of ecosystems.
 Therefore, the model of the modulization
process may be better understood in its dynamics
if we refer to ecosystems and to their "eco-
modulization". The higher is the ecosystem
anthropization degree, the more evidently
manifests the modulization process. A prime
effect is, for example, the restructuring
concomitantly with the systemperimeter
delimitation and highlight, through emergent
resizing and integration, indicate references by
Gruia (2009b).  On this idea, the mechanisms a
complex or hyper complex mountain system goes
through in the development of the modulization
process have as a result the apparition of a
perfectly controlled module, with high
production capacity and in dynamic equilibrium,
based on the mechanisms of eco emergent
integronics in synergic, synchronic, syncretic and
emergent connection. The starting point in
defining the architecture of a mountain module
too  is  represented  by  the  basic  situation  and  its
characteristics given by the achievement of the
diagnosis of the given system.

3.1. Synthetic data of diagnose of the mountain
zone from Romania, as a landmark  in the
modulization process

Without entering into details, we consider it
useful to stock take several data concerning the
Carpathian Mountains, indicate references by
Rey (2008), in order to have a starting landmark
for the expected modulization process:
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�¾ Relief - fretful, with about 300 depressions;
proportion of the mountain zone: 37,9 %
(from the national territory)

Mountain surface:  90.240 km² (37,9% after
NordRegio), 74.000 km² (32%) official
delimitation Romania/2004.
�¾ Climate: temperate-continental
�¾ Mountain population: 3.600.000 inh. (15,

4%)
�¾ Human settlements: 824 localities (744

communes, 80 towns and municipalities, with
3560 villages) and about 950.000 homestead
(815.000 agric active).

�¾ Territorial fund: 7.325.600 ha (about 2, 9
mil. ha agric and 4 mil. ha forestry vegetation
– from which 1.280.000 ha natural pastures
and 938.000 ha meadows).  53000 ha arable
land; for a homestead, the average surface
varies after the altitude: 2,5 ha at 600-700 m
and 3,5-4,5 ha at over 800 m.

�¾ Husbandry: Over 1,4 million inhabitants are
animal breeders (about 40 % of the mountain
population).
Cattle: 750.000 heads (2004).
Sheep: 1.998.000 heads
Face to 1990 – there are dramatic losses of
effectives : about 35% at cattle and about 50%
at sheep (with zones of 80%).

�¾ Management of mountain zone has had
during the last two decades more negative
than positive aspects, which imposes to find
solutions in order torevitalize this area.
Population income: from agriculture (30-
40%), pluri activity and social assistance.

From what has beenpresented it is observed
the complexity of the Carpathian Mountains, but
also the possibility to imagine mountain modules
of a large typological and functional variety, in
order to increase the socio-economic
attractiveness of the mountain zones. But in order
to fix certain principles of  the approach, a series
of specifications is necessary.

As a historic evolution, it is known the fact
that, until 1990, mountain agriculture had been
marginalized from political reasons (being a non
collectivized zone). In fact, the homesteads
hadn’t been modernized (stables, mechanization
and others); mountain husbandry was, as a rule,
practiced with mediocre animal races, the
teaching system had remained misfit and
scientific research almost absent. After the year
1990 there has begun excessive exploitation of
the forests and mining (which had been

substantially reduced), mineral waters, small
industries, handicraft, tourism and services
outline mountain economy. There have been
registered massive losses of jobs after 1990,
which represents a cause of the migration of the
labor force in different European countries.
Sanitary assistance and teaching system are
assured – at a general level. Rural mountain
teaching system is not adapted at the specificity
of the mountain agri-environment. Without
exaggerating, one may speak about a
demographic catastrophe of the mountain zones
in Romania.

Among thecauses that impose revitalization
by moudulization processes, for the increase of
the mountain zone attractiveness, one may
remind  the  fact  that,  after  the  year  2000,  it  is
registered the exodus of the mountain rural youth
and agricultural abandon, in an alarming growth,
and certain previewed measures after the
adherence at the EU are a lot insufficient to stop
or attenuate the installed demographic erosion.
The result is the non profitability, derisory prices
for milk and meat, under monopole conditions.
The deviation from the economy of animal
breeding in the immediate damage of forest, and,
on the other hand, excessive forest cut (for a
rapid profit or lack of alternatives for existence)
have led to large flooding, landslides,
accentuations of climate changes, dramatic
reductions of cattle and sheep effectives and
others.

Pursuant to these causes there may be
synthesized a series of consequences upon the
environment: -contribution in pronounced loss of
organic fertilizers from ruminants; -alarming
qualitative degradations of the  pasture and
grassland flora with high fodder value; -grievous
impairment of high social utility biodiversity; -
invasion of plants without fodder value.
Exaggerations in the name of biodiversity by
protecting certain plants – asNardus species,
forest moss, fern and others; - excessive
multiplication of certain wild animals that
produce damage in agriculture and mountain
husbandry: bears, wolves, wild boars.

As a gratifying aspect, after the year 1990 and
especially after the year 2000, mountain tourism
and agro tourism have been in positive evolution,
but  it  is  worrying  the  fact  that  agricultural  and
cultural traditions, significant though in the
mountain zone, are in pronounced degradation
and alienation from authenticity.

Concerning theenergeticand industrial field
from the mountain zone, the impact upon the
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Fig.1. Place of mountain modules ("specialized cells") in
the structures of the CarpathianMountains

environment is considerable. Industry needs raw
materials, from where the construction of certain
transportation network (railway, highway,
underground or air, pipes for oil or natural gases,
electric cables etc.).

Supported thus in its development, industry
has territorially expanded, independently from
energetic sources or from those of raw materials,
bringing on huge transformations in the
geographic scene of the mountain area, so that: -
mining brings big modifications of the scene, and
digging galleries may cause landfall that seem to
be incisions in land; - depositions of blank that
stand in the proximity of mines often bring
significant modifications to the scene, these ones
taking hill dimensions; - mines in the open (in
quarries), with stripping of nonproductive above
strata, which may become tens of meters thick,
radically change the aspect of places, destroying
first the fertile soil; - modern industry is the
result of a radical transformation of old crafts
industry, boosted by mechanization, by new
energetic sources; - geographic scenery changes
are due to the fact that almost all industrial
branches consume much water, from where the
necessity of adduction through pipes or of
creation of new large reservoirs nearby; -
hydropower waterfalls that turn the water power
into energy, modify sceneries and influence
ecosystems; - development of new general
activities of man with consequences that in

different manners affect the most varied
ecosystems (deforestations, illegal hunting and
fishing etc), which also lead to scenery and
expected mountain modules modification.

Under this context it imposes to find solutions
in order to bioeconomically revitalize the
mountain zone from  Romania,  a  model  being
linked to the modulization of this area.

3.2. Dynamics of mountain ecosystemic and
eco-economic modulization

The change of mountain sceneries and
ecosystems becomes inevitable if there is pursued
the increase of socio-economic attractiveness.
But it is very important the way how these
changes are made, i.e. with an ever more reduced
impact or even without destroying the natural
environment and all its components.
 Mountain modules we are describing are
essentially structural elements of mountain
ecosystems, as a kind of „cell with different
functional typologies and specializations in an
organism", i.e. modules in a whole represented
by the mountain zone (fig.1).

Without entering into details, we specify an
application of the modulization process, namely
in case of environment-economy systems specific
to the mountain zone. Anthropogenic ecosystems
have a simplified structure, with increased
energetic support in order to maintain
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equilibrium under the conditions of achieving the
objective for which they have been created, i.e. a
high productivity, indicate references by Gaceu
and Gruia (2003) i.e. Though they structurally
differ, man, by profoundly knowing natural
ecosystems, he may permanently improve the
structure of his own ecosystems through modules
he imagines.

Thus an eloquent example is represented by
modular agriculture,  indicate  references  by
Gruia (2010b), i.e. agro-ecosystem modulization
and, more precisely, of their economic
expression, respectively of the eco-farms, of the
unities of non destructive alimentary processing
or of trade of agro-alimentary bio-eco-products,
restructuration with high potential for the agro-
alimentary eco-economic system of the decades
to come.
 Otherwise said, it results that integronic
restructuring is a process whose dynamics
differently evolves in function of the
modulization levelor degree.

This aspect becomes more evident in case of
mountain ecosystems and of related agro
ecosystems, having an eco-economic support. We
are first referring to the level of large agro
ecosystems, concretized byeco-farmsas well as
large production agro-modules, with not very
well shaped perimeter; indicate references by
Gruia (1998). Then we refer to the modulization
of certain ”mini-ecosystems” of the type of
certain relatively smallagri-modules, with well
shaped perimeter, being in fact question about
production modules in totally controlled by man
space and environment, aspects widely described
by the model of modular agriculture.
 From what has been specified it results the eco-
economic importance of the mountain
modulization process in the dynamics of complex
systems,  as  well  as  the  fact  that  this  process
constitutes in itself a necessary instrument in the
management of Manmade ecosystems, especially
on the principles of integronic management, i.e.
in harmonious piloting of all components, having
as a result their effective management.

The generic awareness of the modulization
process means an important step for the
productive activity in the future, especially if we
take into account climate, ecologic, economic
and social provocations, i.e. the transition from
the green economy to the blue economy, by
obtaining mountain eco-bio-products, as an
expression of the eco-economy specific to the
sustainable development of the 21st century.

3.3. Mountain modules

The mountain landscape, formed of specific
ecosystems, is the environment that differs
through an own grouping of component elements
(relief, climate, waters, soil, vegetation, fauna
etc.) and which, together withanthropogenic
elementscompile themountain module.

THE MOUNTAIN MODULE constitutes and
combines structural elements of the mountain
ecosystem in dynamic equilibrium, or those of an
environment-economy system, a bioeconomy
with harmonious contribution, with ecologic and
economic efficacy between its components
represented by forests, pastures, husbandry,
agricultural cultures, water, small production and
service sphere, rural space and local community.

At the conceptualization of mountain
modules, the element that influences the scenery
aspect  is  represented  by  the  relief,  though
vegetation or human habitations have a more
visible character. That is why we will analyze
mountain modules in function of altitude
gradient.

In order to achieve mountain modules, man
uses a series of methods and techniques: of
production, of organization, of orientation, of
education etc. In order to correctly understand
human relations (therefore also with agriculture,
with ecologic tourism, with plants, with animals,
etc), it is very important that people get an
adequate, solid and multilateral education.
The mountain area becomes a strategic
provocation for the next decades. In the year
2000, The European Union decided, through the
Lisbon strategy, to make the old continent
become the most competitive and dynamic
economy of the world, taking into account the
globalization process. In this global strategy, it is
certain that themountain, with its specific
agriculture and alimentation, with the zone
attractiveness through tourism, little industry,
biodiversity, cultural and spiritual elements,
should have a privileged place. It is previewed
that in about four decades there will be doubled
the world demand of food and water, under the
conditions of climate and socio-politic changes.
That is why there must be found an eco-bio-geo-
economicmodelcapable to bring its contribution
to problem solving. The model we are describing
enters on this direction, the mountain probably
being one of the world salvation reserves. In this
direction, for Romania, the Carpathian Mountains
should be the priority. If for the authorities the
idea  is  to  be  discussed,  for  the  specialists  it  is
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about a big provocation. That is why the
mountain zone modulization becomes opportune.

Therefore, the model will have to cover all
activities possible to go on in mountain zones and
to respond to a series of large objectives (table 1).

Table 1. Frame objectives for the mountain models
Crt. MAJOR OBJECTIVES SPECIFICATION

1 Assurance of mountain zone
attractiveness

Mountain modules will have to contain, in different combinations,
the agro-husbandry production, food processing, culinary
production, mountain tourism and leisure, small industry and
natural richness valorization (ex. hydro energy), specific
transportation and telecommunications, education, culture, health
system, environment protection etc.

2 Assurance of alimentary
security of human population
from mountain zones

Agriculturalists, as applicants of the new modular model, will have
to emphasize both provocation concerning quantity, assuring
providing regularity with a large scale of mountain products, and
quality, guarantying consumers to respect sanitary traceability and
security norms.

3 Integration of the model in
national and worldwide
market, taking into account
the competition of the big
mountain world powers

Mountain modules from the Carpathians will have to sustain
originality and tradition in the ever fiercer competition. For
instance mountain agriculture and gastronomy, developing their
competitiveness, must be able to cover more and more alimentary
needs of the tourist chain.

4 Contribution of the model to
the struggle against climate
changes and to the
environment improvement

Climate changes induce the idea of deforestation of large zones
where the climate is very hot, with an ever more intense recovery of
the regions at the 45 parallel and, at the same time, at medium
towards high altitude. There become important the modules of the
hill, plateau, pre mountain and mountain zone, from the
Carpathians, with ambitious objectives in order to find solutions to
counter the climate heating. It is taken into account to preserve
natural resources as a condition of the perennial of the mountain
zone attractiveness.

5 Participation at territorial
arrangement

The new bioeconomic and socio-economic models of the mountain
zone, especially with agricultural modules integrated in the scenery
and territorial management, must contribute to keep jobs at local
level, as well as to maintain economic activity in isolated
geographic zones (as for example the high and alpine mountain
ones).

Taking into account that agriculturer-
entrepreneurs live from their work and the needs
of the world market show that this is possible, it
is necessary that new models sustain and be
capable of certain necessary interventions. We
are referring to a series of actual aspects which
must be taken into account, namely structural
difficulties of the sheep breeding sector, milk in
difficult zones and mountain agriculture. A basic
example in the modulization of high altitude
zones is represented by themountain agri-
module, because it becomes efficient to
understand the development of agriculture and
alimentation onproductionmodules.

3.4. Mountain agri-modules

The mountain agri-module  represents  the
conventional measureunit for the determination

of the proportions of a complex bioeconomic
system of mountain environment-agriculture-
alimentation type or of high altitude
agroecosystems type and which assure the
execution of their production function in dynamic
equilibrium, through own structure and
regulation and self regulation  mechanisms.

We consider that, for the mountain agri-
module, the offered models ofsustainable
agriculture represent „the launching ramp” in an
evolution of the mountain agriculture. These
modules will in principle aim to eliminate the
actual imbalances and to achieve an agreement
between environment and economy, between the
activity developed by man in the agri-food field
and the sustaining of this technical-economic
activity by the natural surrounding environment
through the so-called „externalities” (goods and
services of the environment „labor”), indicate
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references by Hall et al. (1995), Matsuda and
Kuboca (1983), Odum (1983), Pillet and Odum
(1987).

 Eco-emergent integronics, at conceptual
bioeconomic level, leads towards understanding
certain totally new forms of agriculture, such as
modular agriculture model are, indicate

references by Gruia (2010b). Thus, there may be
imagined mountain agri-modules of different
types (table 2), including as complex systems of
food production, having  as  entrance  data  in  the
system, dynamic conditions of climate and
demographic change expected for the decades to
come.

Table 2. Classification elements of mountain agri-modules
Crt. CRITERION CLASSIFICATION OBS.
1 After altitude Mountain modules at

medium altitude
500-1600 m

Mountain modules athigh
altitude

1600-2500 m

2 After the
control degree

Uncontrolled mountain
modules

- practically classic mountain agro ecosystems,
depending on natural climate and on bad weather (cow
eco-farms, sheep farms and related sheepfolds etc.)

Semi-controlledmountain
modules

- systems that presuppose the presence of earth and soil
biocenoses in spaces of greenhouse type, solariums,
production halls

Totally controlled
mountain modules

- agro-modules from high or alpine mountain zones
without practicable land, but with water, energy
(especially electric) and culture environment
dependence
- modules of energetic and industrial type

3 After the
production
type

Mountain agri-modules - of vegetal production and/or of mushroom
production, especially from horticulture field
- of animal production, regularly with species of small
animals, poultry, pigs, other species in the future as
well
-of mixed production, as for example: vegetal,
husbandry, fish, plus food  processing

Industrial mountain
modules

- of alimentary industry
- of energetic industry
- of raw material industry

4 After the
module size

Mountain micro-modules - with potentiality to develop and transform peasant
households in micro-enterprises

Medium mountain
modules

- important economic level,  regularly through
integration on horizontal

Mountain macro-modules - large efficiency and efficacy, on wide natural areas,
with good production conditions, regularly through
horizontal and vertical integration (primary agro-
husbandry production, energetic, industrial and
processing production, marketing)

From the typological multitude of the
mountain modules presented in the above table,
we will exemplify in figure 2 an industrial
mountain  module on the direction of food

processing indicate references by Rey (2011),
that  may  represent  a  model  for  different  sub
regions or mountain eco-zones.
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a.                                                                                  b.

Fig.2. Mountain module model industrial associative platform
for eco-bio-mountain products type

a. principle scheme: A – cheese factory; B – vegetal processing factory;
C – slaughterhouse and meat processing; D –refrigerant storehouse; E – regional

storehouse; F - annexes, social, utilities; G – shops and offices; H – Water pools; I –
ways of access; J - parking; K – green spaces; L – washing station and auto disinfection;

b. model - overview.

In principle the mountain modules will have
to be complex systems of the mountain micro-
module type, energetically autonomous on solar
and wind basis, capable or recycle rain and used
water, to transform waste and manure in natural
fertilizers, to organize a culture rotation in order
to allow earth regenerate without chemical
fertilizers. Also there must be imagined agro
husbandry technologies on short circuits, with a

maximal simplification of the system of
agricultural machinery, of means of
transportation, rethink sanitary systems etc. It is
also essential the GIS integration indicate
references by Krause et al. (2005) and
applications of IT modular development, and as
an example may be given the principle scheme
from figure 3 indicate references by Reynolds
and Acock (1997), Porter et al. (1999).

Fig.3. Schematic of an overview of the modular structure

Stipulated modules will put into value the
mountain agri-food potential taking into account
a  series  of pragmatic conditions:   -
SEPARATION from other products, from non
mountain zones; - ORGANIZATION of
producers in valorization associations, with own
capacities of transformation and marketing;  -
correct, motivating PRICES, for milk and meat –
raw material; -PROMOTION “local brand” at the
level of mountain pools for eco-bio-mountain
products; - technologicREORINTATION that

may be brought to the mountain zone and farm
modernization – with accent on animal and
product hygiene; -DVELOPMENT of positive
externalities and of montanology technique,
economic, sociologic research and specialist
formation; - LEGISLATION by protective legal
support and specific organization for agro-
husbandry economy and mountain environment; -
agro-forest constant dynamicEQUILIBRIUM
and benefic cooperation of both fields.
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3.5. Integronic management of mountain
modules

 The Earth could feed only 1,5 billion people,
i.e. only 25% from all the planet inhabitants! In
this  context,  to  approach issues  referring  to  “the
share of natural in the economy” and, implicitly,
of ecosystempiloting, especially ofintegronic
managementindicate references byGruia (2006)
with applications in agro-ecosystems case or in
the eco-farms one are of a stringent actuality.
 Mountain modules mostly apply the
management of principle of the green economy,
which presupposes creation and modification of
public policies and settlements necessary to
sustain initiatives and affairs oriented towards the
reduction of pollutant emissions in the
environment. In spite of the progress registered in
this  field,  we  begin  to  be  aware  thatGreen
Economy is  only  a  step  in  the  direction  of  the
transformation of social-economic development
paradigms. This new paradigm is theBlue
Economy, indicate references by Pauli (2009).

Integrated sustainable management applied  to
the new paradigm makes affairs that function on
the principles of Blue Economy render possible
the covering of everybody basic needs, but
without non rationally exploiting natural
resources and, at the same time, under conditions
not to give up a certain living standard and
modern services. The Blue Economy model is the
one ofcircular economy that leads to efficiency
and efficacy, based on the principle that says that
“Blue Economy favors the transition from an
economy based on the product to an economy
based on the system”.
 If management has represented the basic
activity for economic explosion specific to
postindustrial society, understanding a long term
equilibrium of the transition towards „metabolic”
society (biologic-informational) based on green
economy converted towards Blue Economy can
be guaranteed only by anew model, that we have
been promoting for a certain time, namely the
management integronicone indicate references
by Gruia (2013).This approach is applied in the
bioeconomic context of the idea that structural
levels take into account, in different integration
degrees S, E and I in piloting complex systems,
in a process in synchronic and syncretic
dynamics, in essence based on emergent and
synergic integration. Thus, the management of
the mountain module cannot and must not be
reduced to substance (S) or matters, but will have
to be reconsidered in being more comprehensive,

by more evident opening towards energy (E) and
information (I), indicate references by Soran and
�Œerban (1988), Stancovici (1983), Witcomb
(1972). Piloting in this case will not be only
economically more efficient, but will become
effective in relation with the system, indicate
references by Ayres and Kneese (1969),
Constantinescu (1986), Gruia (2000, 2001),
Gruia and P� �stârnac (1991).   Thus, the first  step
is made towards understanding theproduction
modules as complex systems, including mountain
agri-modules of ”mini-ecosystem” type of food
production in controlled environment and space,
when in mountain environment appear major
pedo climate modifications.
As targets of the integronic management applied
at mountain modules we remark the functioning
direction on principles of sustainable
development and of the environment protection,
on the basis of reprojecting technologies and
integrated politics. The module may be
methodologically regarded as a territorial
"bioreactor" (the analyses of raw materials, of
processed products and of wastes), so that the
modular systemic structure newly acquired to be
quantified, including eMergetic and, respectively,
to be typologically established and module
efficacy. In this direction it may be underlined
the role of the environment labor in economic
processes and to take it into consideration in
management together with human labor, when in
parameterization the mountain module emergetic
parameters are used that synthesize the real
economic process and the sustainability of
complex systems indicate references by Gruia
(2001), as a basis of the strategy of the integronic
management. Among these parameters we
mention: the degree of energy concentration, the
monergy, the macro-price of energetic
externalities, real labor, systemic efficacy,
sustainability coefficient and others. The
coordination of all theoretic elements and of
practical aspects in the expected module may
trigger theemergentintegration necessary to the
passing to a superior level of organization, to a
management which has as a result the increase of
the eco-bioproduct (alimentary and non-
alimentary) quality from the mountain zone.

Conclusions

 The generic awareness of the modulization
process means an important step for the
productive activity in the future, especially if we
take into account climate, ecologic, economic
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and social provocations, i.e. the additional
transition from Green economy to Blue economy,
with the obtaining of alimentary and non-
alimentary mountain eco-bio-products, as an
bioeconomic expression of the eco-economy
specific to the sustainable development of the
21st century.
 The mountain module represents structural
components of mountain ecosystems in dynamic
equilibrium, or of the Environment-Economy
Systems, with harmonious relation, with ecologic
efficacy and economic efficiency between its
elements formed by forests, pastures, husbandry,
agricultural cultures, water, small production and
service sphere, rural space and local community
and others, as a sort of "cells with functional
specializations", i.e. modules in a whole
represented by the mountain zone.
 The bioeonomic level i.e. technologic and
socio-economic model of the mountain modules
has  in  view  the  fact  that  there  are  complex
systems with different typology, energetically
autonomous (including on solar and wind basis),
capable to recycle rain and used water, to
transform waste and manure in natural fertilizers,
to organize culture  rotation in order to allow
earth to regenerate without chemical fertilizers;
also it must be imagined industrial or agri-
husbandry technologies on short circuits, with
maximal simplification of agricultural machine
system, of the means of transportation, but also to
rethink sanitary systems, GIS integration and
utilization of the applications of IT modular
development.
 The mountain module may be regarded from
bioeconomical point of wiew, as a territorial
"bioreactor" (analyses of raw materials, of
processed products and of wastes), so that newly
acquired modular systemic structure be
quantified, including eMergetically and,
respectively, be established module typology and
efficacy, which may underline the role of
environment labor in economic processes and to
take it into consideration in management together
with human labor and in quantification through
emergetic parameters: degrees of concentration
of energy, monergy, energetic externality macro-
price, real labor, systemic efficacy, sustainability
coefficient and others.

References

1. Ayres, R.U., Kneese, A.U., 1969. Production,
consumption and Externalities, American
Economic Review, no.3, pg.59;

2. Bejan, A., 2000: Shape and Structure, from
Engineering to Nature – Cambridge University
Press.
3. Bunge, M., 1984: �ùtiin� ���� �úi filozofie, Editura
Politic�� Bucure�úti, 246-278, 296-318.
4. Constantinescu, P., 1986: Sisteme ierarhizate,
Editura Academiei RSR, Bucure�úti, 12-15, 56;
5. Gruia, R.,1995: Cercet��ri privind pilotajul
ecosistemelor zooproductive, teza doctorat
USAMV,  Bucure�úti
6. Gruia, R., 1998: Managementul eco-fermelor,
Editura Ceres Bucure�úti, 36-68, 74-86, 126-159;
7. Gruia, R., 2000. Conceptul de sustenabilitate
emergetic��, Simpozionul  “Managementul
mediului urban �úi industrial în contextul integr��rii
europene”, Universitatea Transilvania Bra�úov, 29
sept.,pag.15-18;
8. Gruia, R., 2001. Parameters of the emergetic
sustainability applied in the management  of the
ecosystems, CIOSTA – CIGR V Congress,
Cracow, Poland;
9. Gruia, R., 2002: Ecoemergetic Theory in
sustainable development, Editura Universit��� ii
Transilvania  Brasov,  ISBN 973-635-022-3.
10. Gruia, R., 2002 a: Study concerning the
relation between energy and information in the
management of the agroecosystems, Proceedings
International Conference Energy efficiency and
Agricultural Engineering, Rousse, Bulgaria,
Aprilie 4-6;
11. Gruia, R., 2002 b: The concept of
cogeneration in the sustainable development.
Applications at the agro-alimentary sysrem,
Proceedings 5-th International Conference of
Food Science held, University of Szeged,
Hungary, Oct. 24-25;
12. Gruia, R., (2009 a), Theory of Ecoemergent
Integronics (General Theory of Ecological
Emergence Integration), The 2nd International
Conference on Environmental and Geological
Sciences and Engineering – WSEAS,
Proceedings ISSN: 1790-2769, ISBN: 978-960-
474-119-9, Transilvania University of Brasov,
Romania, September 24-26, 168-172.
13. Gruia,R.,2009 b: Solu� ii la schimb��rile
climatice: Agricultura modular��, comunic. �Žtiin�•.
La Sesiunea anual��  de comunic��ri Institutul
Na�•ional de Cercetare Dezvoltare pentru Cartof �•i
Sfecl�� de zah��r , Bra�•ov, 9 dec.2009.
14. Gruia, R., (2010 a): Theory of complex
systems modulization, Environmental
Engineering and management Journal, Gheorghe
Asachi Technical University Iasi, ISSN 1582-
9596, Vol.9, nr.12, 1623-1628.



Journal of EcoAgriTourism                                    Biodiversity                                             Vol. 11, no. 1    2015

20

15. Gruia, R., (2010 b): Modular agriculture –
paradigm of globalization dynamics within the
context of climatic and scientific changes,
Environmental Engineering and Management
Journal, Gheorghe Asachi Technical University
Iasi, ISSN 1582-9596, Vol.9, nr.12,  1601-
1606.
16. Gruia, R. (2013):Bazele managementului �úi
direc� iile viitoare de evolu� ie, Editura Lux Libris,
Bra�•ov, ISBN: 978-973-131-230-9, 140-143.
17. Gruia, R., Gaceu, L., 2003: Studiu preliminar
privind modelarea sistemelor M-E,  A 6-a Conf.
Na� .  BIOTASAS, Bra�úov 31 mai, 157-159;
Gruia, R., P��stârnac, N., 1991. Ferma de animale
tratat� � ca  ecosistem  zooproductiv,  Ed.  Ceres,
Bucure�úti;
18. Gaceu, L., Gruia, R., 2003: Utilizarea
func� iilor de transfer în teoria ecoemergetic�� , cu
aplica� ii în agroecosisteme, A 6-a Conferin� ��
Na� ional�� BIOTASAS, Bra�úov,mai, 160-165;
19. Hall,  C.A.S.  et  al.,  1995:  Maximum  Power,
the Ideas of Applications of H.T.Odum,
University  Press of Colorado (Chapter 17, 21, 22
–  Broat, LC, Olsen SB, Brown MT, et  al.)
20. Krause, P., Kralisch, S. and  Flugel, W.-A.,
2005: Model integration and development of
modular modelling systems, Advances in
Geosciences European Geosciences Union ©
2005 Author(s). This work is licensed under a
Creative Commons License, SRef-ID:  1680-
7359/adgeo/2005, 4, 1–2.
21. Matsuda, S., Kuboca, H., 1983. Energy
Consumption in Agriculture, Energy
Development in Japan, Tokyo, nr.5, 273-286;
Odum, E.P., 1983. Basic Ecology.Saunders
College Publishing, Philadelphia PA, U.S.A.;
22. Pillet,  G.,  Odum  T.H.,  1987:  E3-Energie,
Ecologie, Economie, Georg Editeur Geneve,
Suisse;

23. Porter, C.H., Braga, R., Jones, J.W., 1999:
An Approach for Modular Crop Model
Development, Agricultural and Biological
Engineering Department, University of Florida,
Gainesville, Florida, Research Report No 99-
0701, August, 3, 2-13.
24. Rey,R., 2008: Studiu comparat al strategiilor
europene  privind zonele montane, cu referire
special�� la zona Carpa� ilor române�úti, Academia
Român��, Sec� ia de �útiin� e economice, juridice �úi
sociologie, Institutul Na� ional de Cercet��ri
Economice, Centrul român de economie
comparat���� �úi consens, (cod 01.2007-2008),
Sintez�� –referat/2008, Oct.15.
25. Rey,R., 2011:  Mediul montan în rela� ie cu
eco-sanogeneza studiu de caz: Carpa� ii României,
Seminar Ziua Mondial�� a mediului, Academia
Romn�� - INCE-CBAS, iunie 14.
26. Reynolds, J.F. and B. Acock. 1997.
Modularity and genericness in plant and
ecosystem models. Ecological Modeling 94: 7-
16.
27. Soran, V., �ùerban, M.E., 1988. Bioeconomia
– o nou���� �útiin� �� de grani� ��, Ed. �ùtiin� ific���� �úi
Enciclopedic��, Bucure�úti;
28. Stancovici, V., 1980:  Filosofia integr��rii,
Editura Politic�� Bucure�úti, 115-124, 167-189,
236-247;
29. Stancovici, V., 1983:  Filozofia informatiei,
in Inteligenta artificiala si robotica, Editura
Academiei Bucuresti, 315-354
30. Szabo, F.S., M��tie�ú, V., Teu� an, V., 2005:
About the integreted design Process in
Mechatronics, Confer. �ùtiin� ific�� Univ. Petru
Maior Tg. Mure�ú10-11 Nov., p.370-372.
31. Witcomb, D., 1972. Externalities and
Welfare, Columbia University Press, New York.



Journal of EcoAgriTourism                                        CalitaTerra                                           Vol. 11, no. 1    2015

21

DEVELOPMENT OF INNOVATIVE BIODEGRADABLE PACKAGING
SYSTEM TO IMPROVE SHELF LIFE, QUALITY AND SAFETY OF

FRESH PRODUCTS

L. MOLDOVAN 1,  G. PANTEA2

Abstract: Currently smart packaging technology depends on package based indicators.
Recent developments in ‘Thermomorphic adhesives’ could be utilized in the development of
package based indicators that utilize the third dimension and addition of a feedback system,
improve the traceability of packed products.
At present current package based feedback systems send information back to the computer
terminal, for example state of the art in relation to this type of technology is a temperature
profile recorder that can be analyzed on a computer terminal. A possible evolutionary
method from this current state may involve a sensor mechanism that identifies a long
time/temp lag or in a batch, or in the room it is being stored in. The new RFDI technologies
enable modern labeling systems for food packaging. Active and intelligent packaging have
many advantages than the common used methods:
• Reduce product wastage, monitor atmosphere, temperature or food inside a pack.
Nanotechnology using different means of indicators like varnish or coatings for plastics
materials to indicate time, temperature inside the package.
• Active and intelligent packaging is often applied using existing techniques:
labeling or pick & place. New products, such as nano-coatings, anti-microbial solutions,
tags for all kinds of applications and particularly printed electronics will require new
equipments functionalities.

Sustainability of the new packaging methods consists in:
• Extended shelf life of the packed product;
• Improvements of the equipment for the food packaging;
• Guaranteeing packaging quality and a better preservation of the product.
Product presentation and information are key factors, brands are mostly defined by their
packaging methods.

Keywords:active packaging, food safety, food traceability, intelligent packaging
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1. Importance of packaging in improving
shelf life of the products

 Packaging plays a vital role in any modern
integrated product supply system. It does not
only protect product integrity and properties from

the production line to the consumer: impact on
health and safety), but also facilities production,
distribution and storage. Packaging technology is
currently making huge strides in the development
and application of new products and processes.

MPDERN PACKAGING
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NEW
PACKAGING
CONCEPTS

ECO-FRIENDLY
PACKAGING
SOLUTIONS

BIODEGRADABLE
PACKAGING

FOOD/PACKAGING
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Packaging is an integral part of food processing
and preservation and influence the product shelf-
life. The packaging material can affect the
product by physical and chemical modifications
because of the particles migration into the
aliments.
 In  the  case  of  the  food,  it  is  essential  to
maintain the quality and safety of the food during
the transportation and storage, and extend the
shelf-life of the product. The container is the
responsible for protecting the food from the
medium, preserving it from physical, chemical
and microbiological factors such as: oxygen,
moisture, light or microbial contamination that
could affect the quality of the product.
 The modern packaging equipments enable
realization of different types of packaging,
ensuring the main characteristics needed by the
food packaging sector:

�¾ Collective packaging (more products in a
single pack);

�¾ Portioned packaging (a single use pack);
�¾ Packaging in recipient;
�¾ Aerosol packaging (under pressure

packaging);
�¾ Vacuum packaging;
�¾ Packaging in controlled atmosphere  (the

material is impermeable to gases);
�¾ Modified atmosphere packaging (use of

N2, CO2, O2 to realize the modified
atmosphere, the protective gas is in
accordance with the packed product);

�¾ Skin packaging (food products like
cheese, meat, etc);

�¾ Aseptic packaging (a sterilized product is
introduced in a sterilized package);

�¾ Contractible films packaging (skin
packaging is obtained under vacuum and
its aim is to realize permeability to
oxygen);

�¾ Extensible films (there are similar to
contractible films without using tunnels);

 In selecting the packaging material there are
taken in consideration the materials
characteristics and its made an analyze of their
importance.

Factors in selecting packaging materials
 In selecting the packaging materials there are
many factors which influence this decision,
product sensibility;

�™ The characteristics of the packed
product: nature, size, mass, etc;

�™ The transportation and the storage
conditions;

�™ The packaging method;
�™ The market factors: distribution time,

package size, cost;
�™ The economic factors: cost of the

product, biodegradability, recyclability.
 One of the most important packaging method is
the intelligent packaging, which offers many
advantages: improve food safety, extends shelf
life of the products, freshness indicator,
communicate with the consumers using different
indicators for temperature, duration of storage,
etc.).
 Active Packaging: incorporates components
that wood release or absorb substances into or
from the packed food or the environment
surrounding the food.
 Intelligent Packaging: monitor the condition
of packaged food or the environment surrounding
the food (regulation (EC) No 1935/2004).
 Active and intelligent packaging (Smart
Packaging)
• Brand owners keep to protect their brands &
reduce product wastage, have explored
‘intelligent or active’ packaging. Smart labels, for
instance to monitor atmosphere, temperature or
food inside a pack. Next stage is nano technology
with ink or coatings for plastics materials.  RFID
Tags & inks are another way brand owners
“protect” their products in store;
• Active and intelligent packaging is often
applied using existing techniques (Egg: labeling
or  pick  &  place).  According  to  Active  &
Intelligent Packaging Association, new products,
such as nano-coatings, anti-microbial solutions,
tags for all kinds of applications and particularly
printed electronics will require new machine
functionalities.
 The intelligent packaging method use:
freshness indicators, spoilage indicators,
tampering indicators, temperature and time
indicators.
 Increasing use of senses in intelligent
packaging
Currently existing smart packaging technology
depends on sight based indicators. This precludes
any benefit to blind, visually or mentally
impaired individuals. Recent developments in
‘Thermomorphic adhesives’ could be utilized in
the development of package based indicators that
utilize the third dimension and the sense of touch.
In a different developmental direction and linking
in with the addition of feedback, potential exists
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for numerous consumer packaging feedback
products. Controllability

 At present current package based feedback
systems send information back to the computer
terminal, for example state of the art in relation to
this type of technology is a temperature profile
recorder that can be analyzed on a computer
terminal. A possible evolutionary jump from this
current state may involve a sensor mechanism
that identifies a long time/temp lag and activates
a cooling device either in the pack, or in a batch,
or in the room it is being stored in.

Sustainability
• Good business sense - using less energy, raw
materials, water etc. goes straight to the bottom
line, still key as food manufacturers try to meet
their Courtauld commitments (UK) & corporate
sustainability & responsibility targets
• Most quick wins already made, future gains
often small incremental improvements to
machinery in the future
• Guaranteeing packaging quality & minimizing
costly re-work is particularly critical.

�ƒ Packaging is the ‘enabler’ for shopping
as we know it today – ssupermarkets
could not exist without it

�ƒ Product wastage in the supply chain is
now minimal

�ƒ Product presentation and information are
key

�ƒ Brands are mostly defined by their
Packaging system

�ƒ Many markets owe their existence to
developments in packaging

2. Factors influencing the packaging quality
european legislation regarding packaging

 Food contact legislation for the packaging
material or for separate components of composite
packaging material: EU Directive 89/109/EEC
regarding ``materials which come into contact
with foodstuffs``, EC 10/2011, CEN standards
related to the essential requirements are:

EN13427, EN13428, EN13429, EN13430,
EN13431, EN13432,
PACKAGE DESIGN. Sustainable methods for
food packaging
 Changing and more complex lifestyles have
also strongly influenced packaging design.
Pre-cut, pre-portioned, smaller, ready to consume
products are increasingly popular, reflecting the
importance of convenience to today's customers.
Blister packs, microwaveable packs, zippered
pouches, contoured shapes and carry handles on
outer packs are just some examples of this trend.
 Logistics: Key logistics changes to the
packaging industry will see increased customer
choice, faster product delivery, increased
manufacturing and inventory controls and
increased supply chain management efficiency.
In the very near future many packaging
customers will have online access to their
suppliers manufacturing logistics systems, as we
will to theirs.
 This will enable relatively seamless progress
from initiation of product requirement, through to
order placement, manufacturing, delivery,
invoicing and distribution.
 New technology: Smarter packaging
companies around the world are already
using  new technology to take costs out of their
own systems. And they're using Internet links to
improve their relationships and performance with
customers.
 And it's in our type of industry—business to
business—that will see the biggest impact of
computer technology and e-commerce. It's those
packaging companies who don't get proactive
about their Internet strategies who will find
themselves being passed over by their customers.
 The preliminary model is an attempt of linking
existing models in product design and
development together.
 The right side is the issues related to the value
chain; where the product is produced and
distributed, the packaging/product is developed
in cooperation, and the sender of the product. On
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the left side the need of the end user and the
commercial communication are integrated.

 Product design in accordance with the
environment protection (eco-design). Eco-design
is an approach to design of a product with special
consideration for the environmental impacts of
the product during its whole lifecycle.
Package design with extruded materials
 In the manufacture of conventional packages,
the need of adequate gas and vapor barrier,
mechanical strength, seal ability, printing, etc. is
resolved by designing multilayer structures. In
active packaging, the release of the agent can be
controlled by a suitable design of the packaging
structure. This design is dependent on the type of
agent, the type of polymer matrix, but overall, on
the packaging requirements of the food product.
 When the active extruded film presents ad-
equate antimicrobial activity and provides the
rest of packaging requirements of the packaged
product, the active packaging system may be
constituted by a monolayer film of the active
material but this is not the general case. If the
active agent is toxic as occurs with some active
systems, it cannot be in direct contact with food
or be released into food.
 The package design must include a functional
or protective layer to limit the migration of
potentially hazardous compounds. When the
agent  is  volatile,  it  can  be  released  into  the
environment resulting in a loss of agent and a
reduction of activity. The lamination or co
extrusion of the active layer to a structural mono
or multilayer film can solved the packaging
design.
 In all active systems based on the release of the
agent, the activity of this system is controlled by
the extent of the agent released to the food and to
the internal and external atmospheres, which is

characterized by the partition equilibrium of the
agent in the diverse components of the
food/package/environment system and by the
diffusion rate of the agent in the diverse
polymeric matrices.
 The exchange of the agent within such a
complex system is very difficult to determine
experimentally and the use of mathematical
models based on numerical approximations such
as the finite difference or finite element methods
can provide predictions on the release behavior of
such complex structure and help in the design
optimization.

3. Environmental Impacts

 Choice of packaging type is made on the basis
of a series of trade -offs between many factors,
particularly between the amount of packaging
and likely product wastage.
 Nowadays the utilization of the eco-efficient
materials  are  on  the  first  plane  for  the  most
producers of packaging materials. The
importance of thebiodegradable materials are
underlined in the following paragraph:
 a) The modern packaging implies the usage of
the biodegradable materials for the packaging
which have a positive impact on the environment;
 b) The packaging materials from the new
generation enable the grow of the shelf life of the
food at the retailers and also enable the usage of
the packaging methods which implies the
traceability in the food chain;
 c) The new generation of food packaging
materials ensures the grow of the quality and of
the food safety and also the consumers trust;
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 d) The recycle of the packaging materials it is
an important issue for all packaging materials
manufactures for a better utilization of the bio-
mass resources;
Does the package thickness matter?
 Packaging materials differ in thickness. The
thinner the packaging material, the less landfill
space  it  will  take  up.  Thin  plastics  can  be  very
strong. Some manufacturers have addressed the
packaging dilemma by switching to strong, thin
materials for wrapping such items as disposable
diapers and dinner napkins. However, the use of
thinner plastics in food packaging can reduce
safety and protection from contaminants,
punctures, and tampering.
 Plastic food containers cannot be recycled to
make new food containers for sanitation reasons.

For biodegradable plastic there are made
researches at national and international level to
analyze the different compositions, compostable
materials being made from different resources:
bio-materials with biodegradable polymers,
adding additives to improve different properties
needed in the packaging process: seal ability, fat
resistance, strength to exterior factors, drop
resistance, etc.
 Many of the European projects are dealing with
improving the characteristics of the new
packaging materials to extend the shelf life of the
packed product, to enable a larger products to be
used with these materials. These biodegradable
materials needs to have the same main
characteristics as the classical ones, not to
modified the properties of the packed product.

4. Traceability of Products on the Food
Chain

One  of  the  most  discussed  theme  is  the
traceability of the packed products, being
developed new methods to assure it on the

entire alimentary chain, from manufacturer to
different market suppliers.
In  the  new  technologies  there  are  used
electronic systems that can be attached to the
package indicating different characteristics
like temperature, time of storage, duration of
delivery, etc. (www.sustainpack.eu ).

Single dot Vitsab’sCheckPoint™brand
labels: (1) distribution temperature
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monitoring of cartons or pallets of product,
and (2) distribution or consumer package

unit.

(Packaging/Brody, Inc.)       (NAFISPACK project)

These new systems includes complicated
software design, an example is
TRACKSOFT system.

 The traceability systems have a cost, but non-
having them it is a more loosing fact for the
producers, customers, delivery companies, etc.
 The main dates to be provided are: the batch
number of the raw materials, the manufacturer
ID, the biodegradability of the materials, some
systems provide a feedback, etc.
In traceability systems a major role is played by
the labels that can contain also indicators to
provide information for the customers, branding
and identification of the products.

Systems used as traceability systems:
�xEuropean Article Numbering (EAN)
�xHouse - system TÜV Rheinland Cert GmbH
�xUniform Code Council (UCC)
�xBarcodes
�xTwo-Dimensional Coding
�xRFID
�xPaper using Forms

 While technological advancements, in general
are well received, their applicability and
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appropriateness to the level of need and
capacities of would-be adopters have to be taken
into account.
 In the case of packaging machinery, availability
and  purchase  may  not  be  a  problem,  but  after
sales services and maintenance could be a
limiting factor later on.
 A major factor is the recyclability of the
packaging material, this means that there are
different ways to collect, reuse of the waste from
the packaging materials, technologic possibilities
to re-manufacture other items, etc.
 Using modern traceability systems it is easy to
identify:
-All stages involved in the fabrication of a

product;
-The origin of the ingredients and components;
-The ingredient and the raw material suppliers;

-The places where the products and ingredients
are warehoused;

-The equipment used in the production or
manipulation of the products;

-The production, distribution and sales batch
numbers.

 Thus, the traceability systems improve the
quality, the service and the global efficiency of
you company. An example is TEMPIX system
which indicates the freshness of the product.
Packaging  equipments

The packaging systems include sustainable
food packaging equipments, that have the
possibilities to realize all the necessary features:
packaging, labeling, traceability on the food
chain,  etc.  An  example  of  such  a  system  is
described in the European project PicknPack
(www.picknpack.eu ), coordinated by
(Wageningen UR, Netherland).

Schematic diagram showing a complete sealing and monitoring system




































































































































