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ABSTRACT 
Recently, some research studies have found a relationship between radiofrequency 

electromagnetic fields (EMF) emitted by a mobile phone and oxidative stress. Plants display a highly 
varied developmental and biochemical responses related to stress adaptation. A common response to 
most stressors is an increased production of reactive oxygen species (ROS) because stress conditions 

disturb cellular homeostasis between generation and neutralization of these highly reactive 
molecules. If not scavenged, ROS can damage plants by oxidizing membrane lipids, proteins, 
photosynthetic pigments, nucleic acids. ROS can also act as signaling molecules and trigger a range 
of cellular responses important for stress tolerance. The strong control of ROS level in cells is 
achieved by the antioxidant defense system including various antioxidant enzymes. 

The aim of our work was to investigate the effect of mobile phone radiation on parameters of 
oxidative stress: malondialdehyde (MDA) and hydrogen peroxide (H2O2) content in wheat leaves 
(Triticum aestivum). Whole plants were exposed for 1 hour to EM radiation from GSM mobile phone 
(carrier frequency 902 MHz, 2 W pulse output power) at 20 cm distance from the antenna. 

Concentrations of MDA and H2O2 in leaves were measured immediately after the end of the exposure 
and 1, 2 and 24 hours later. Our results showed that there were no alterations in MDA levels after the 
one hour exposure to 900 MHz EMF during the investigated period. Weak, but statistically significant 
decrease in H2O2 concentration was observed at 1st and 2nd hour after the treatment. 

These data showed that 1 hour exposure to 900 MHz EMF did not induce oxidative stress in 
wheat at investigated parameters. Further researches on additional parameters of oxidative stress 
are needed to estimate the possible oxidative effects of mobile phone radiation on plants. 

 

 
Plants display a highly varied developmental and biochemical responses 

related to stress adaptation. Reactive oxygen species (ROS) are mostly byproducts 

of the regular cellular metabolism, but they may be generated through the 
disruption of electron transport systems during stress conditions. The main sites of 

ROS production in the plant cell during abiotic stress are the organelles with highly 

oxidizing metabolic activities or with sustained electron flows: chloroplasts, 

mitochondria and microbodies. 
A common response to most stressors is an increased production of ROS because 

stress conditions disturb cellular homeostasis between generation and 
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neutralization of these highly reactive molecules. If not scavenged, ROS can 

damage plants by oxidizing membrane lipids, proteins, photosynthetic pigments, 
nucleic acids. ROS are major damaging factors to the photosynthetic machinery 

under environmental stress conditions, e.g. high light, low temperature, high salt 

and drought. ROS can also act as signaling molecules and trigger a range of 
cellular responses important for stress tolerance. The strong control of ROS level in 

cells is achieved by the antioxidant defense system including various antioxidant 

enzymes. 

Recently, some research studies have found a relationship between 
radiofrequency electromagnetic fields (RF EMF) emitted by a mobile phone and 

oxidative stress. Most of them were carried out with animals and investigated 

malondialdehyde (MDA) level and activity of antioxidant enzymes.  
RF EMF of cellular phones may affect biological systems by increasing free 

radicals, which enhance lipid peroxidation, and by changing the antioxidase 

activities of human blood thus leading to oxidative stress [9]. These results indicate 
that acute exposure to RF EMF of commercially available cellular phones may 

modulate the oxidative stress by enhancing lipid peroxidation and reducing the 

activity of superoxide dismutase and glutathione peroxidase, which are free radical 

scavengers.  
Irmak et al. found that the exposure to EMF from cellular telephone had no 

significant effect on the antioxidant enzyme level in the brains of rabbits [5]. 

However, the serum superoxide dismutase activity increased, and the serum nitric 
oxide levels decreased in electromagnetic field exposed animals compared to the 

sham exposure group. This finding may indicate the possible role of increased 

oxidative stress in the pathophysiology of adverse effects of EMR. 

Exposure to mobile phone device (900 MHz, 30 min/day for 10 days) 
produced changes in antioxidant status in kidney: significant decrease in activities 

of antioxidant enzymes catalase, superoxide dismutase and glutathione peroxidase 

in renal tissue. Tissue level of markers of oxidative stress-induced renal 
impairment: malondialdehyde (index of lipid peroxidation) and urine N-acetyl-ɓ-

D-glucosaminidase levels (marker of renal tubular damage), were higher than these 

of the control group [10].  
Meral et al. investigated effects of 900-MHz EMF emitted from cellular 

phone on parameters of oxidative stress in guinea pigs (brain tissue and blood 

malondialdehyde, glutathione, retinol (vitamin A), vitamin D3 and tocopherol 

(vitamin E) levels, and catalase activity). They concluded that EMF might produce 
oxidative stress. However, more studies are needed to demonstrate whether these 

effects are harmful or/and affect the neural functions [7]. 

Some authors investigated oxidative effects of mobile phone radiation on 
plants. Tkalec et al. showed that non-thermal exposure to investigated RF EMF 

(400 MHz, 900 MHz and 1.9 GHz) induced oxidative stress in duckweed as well as 

unspecific stress responses, especially of antioxidant enzymes [15, 16]. Observed 
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effects markedly depended on the exposure parameters (field frequency, strength, 

modulation and exposure time). Enhanced lipid peroxidation and H2O2 content 
accompanied by diminished antioxidant enzymes activity caused by exposure to 

investigated EMFs, especially at 900 MHz, indicate that oxidative stress could 

partly be due to changed activities of antioxidant enzymes.  
Some authors investigated responses of tomato plants (Lycopersicon 

esculentum Mill. VFN8) to exposure to low level 900 MHz EMF and provide 

evidence that they perceive and respond to EMF as an injurious treatment (wound). 

High frequency EMF is an environmental stimulus that affects gene expression, 
transcription, translation and calcium and energy charge in tomato plants. Low 

amplitude, short duration, 900 MHz EMF evoked accumulation of the stress-

related transcript (mRNA). This accumulation was rapid (peaking 5-15 min after 
exposure), strong (3.5-fold), and was similar to that evoked by injurious stimuli [3, 

11, 17]. 

Sharma et al. showed that cell phone EMF (8.55 ÕW cm
ī2

; 900 MHz; for İ, 
1, 2, and 4 h) significantly inhibited the germination (at Ó2 h), and radicle and 

plumule growths (Ó1 h) in Vigna radiata (mung bean) in a time-dependent manner 

[12]. Cell phone EMF enhanced MDA content (indicating lipid peroxidation), and 

increased H2O2 accumulation and root oxidizability in mung bean roots, thereby 
inducing oxidative stress and cellular damage. In response to EMF, there was a 

significant upregulation in the activities of scavenging enzymes, such as 

superoxide dismutases, ascorbate peroxidases, guaiacol peroxidases, catalases and 
glutathione reductases, in mung bean roots. Authors considered that the observed 

higher activities of antioxidant enzymes may be due to their induction as secondary 

defensive mechanism against oxidative stress caused by cell phone radiations. 

They concluded that cell phone EMF inhibits root growth of mung bean by 
inducing ROS-generated oxidative stress despite increased activities of antioxidant 

enzymes. 

The aim of our work was to investigate the effect of mobile phone radiation 
on parameters of oxidative stress: malondialdehyde and hydrogen peroxide content 

in wheat leaves (Triticum aestivum). 
 

1. MATERIALS  AND METHODS 

Plant material 
Dry wheat seeds (50 g) were soaked in distilled water and put for imbibition 

in dark for 24 hours at temperature 25 Üʉ. Swelling seeds were rolled in filter paper 

and put in distilled water to germinate (in dark, 25Üʉ) for 72 hours. Wheat plants 
(Triticum aestivum) were grown in Knop liquid nutrient medium in a growing 

chamber at controlled temperature (23ï24ÁC), light (30ï40 mol m
ï2

s
ï1

), humidity 
(60ï65%) and photoperiod 12/12 h. Plants were exposed to 900 MHz EMF at 7

th
 

day after planting (rolling in paper) of the seeds.  
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Electromagnetic field exposure 

The exposure was performed by GSM mobile phone type NSM-3, which 
was connected to a personal computer through an interface cable. The mobile 

phone was programmed via special software to emit carrier frequency 902 MHz 

(60th uplink channel of GSM900). The signal included standard GSM modulation. 
GSM signal was pulsed. The duration of the pulses was 577 microseconds that 

corresponded to one time slot of TDMA frame. The TDMA frame in GSM systems 

has a duration 4.615 milliseconds. Discontinuous transmission mode (DTX) was 

off during all exposures. Mobile phone pulse output power was 2 W.  
Whole plants were exposed for 1 hour to EM radiation from GSM mobile 

phone at 20 cm distance from the antenna. Concentrations of malondialdehyde 

(MDA) and hydrogen peroxide (H2O2) in leaves were measured immediately after 
the end of the exposure and 1, 2 and 24 hours later. At the same time control plants 

were kept at the same conditions, but without exposure. 

Malondialdehyde and hydrogen peroxide determination 
Leaves (300 mg) were homogenized in 3 ml 0.1% trichloroacetic acid (TCA, 

4ÜC) and centrifuged at 15000g for 20 min. Mixture of 0.5 ml supernatant, 0.5 ml 

PO4
3ī

 buffer (pH 7.6) and 1 ml 1 M KI was used for determination of H2O2 content. 

The absorbance of the solution was read at 390 nm after 1 hour dark incubation. 
The amount of H2O2 was determined using Ů = 0.28 ÕM

ī1
 cm

ī1
, and expressed as 

mol g
ī1

 fresh weight (FW). 
Mixture of 0.5 ml supernatant, 0.5 ml PO4

3ī
 buffer (pH 7.6) and 1 ml 0.5% 

thiobarbituric acid (TBA, solution in 20% TCA) was heated in boiling water bath 

for 30 min and immediately cooled in ice. The absorbance was read at 532 nm. The 
MDA content was calculated using molar extinction coefficient Ů = 155 000 

M
ī1

cm
ī1

 and expressed as nmol g
ī1

 FW. 

Statistical analysis 
The presented data are averages and standard deviations calculated of 8 

measurements for each term. The Student t-test was used to estimate the 

statistically significant differences between the control and exposed samples. 
 

2. RESULTS AND DISCUSSIONS 

Hydrogen peroxide is a weak oxidant attacking mainly thiols. Reaction of 

H2O2 with transition metal ions yields hydroxyl radical, the most reactive species 

occurring in vivo. Hydroxyl radical reacts rapidly with biomolecules of all classes, 
including nucleic acids, free nucleotides, proteins, lipids and carbohydrates. ROS 

inflict oxidative damage which may cause DNA mutations, protein inactivation and 

cell death [2]. However, a concurrent view has been formulated, according to 

which the persistence of ROS in cells indicates that ROS production was 
evolutionarily selected in order to perform some useful role(s) in cellular 

metabolism as participants and modifiers of signaling pathways, essential for the 

proper development and proliferation of cells, may have mitogenic effects and can 
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mimic and amplify the action of growth factors. Therefore, continuous formation 

and removal of ROS in our body is not only a threat but also a means of conveying 
information. H2O2 and/or superoxide are the best candidates for signaling purposes 

among reactive oxygen species. There are some arguments for signaling role of 

H2O2: enzyme controlled production and removal, low reactivity thus some 
selectivity of reactions, easy penetration through membranes, and an argument 

against: also non-enzymatic formation [2]. Another arguments for particularly 

important signaling role of H2O2 are its unique biochemical properties: H2O2 is 

ubiquitously present in the biological system with a relatively long half-life; and 
more importantly H2O2 is soluble in both lipid and aqueous environments and, 

thus, capable of reaching its cellular targets when applied extracellularly [8, 13]. 

As H2O2 is an important signaling molecule and a toxic byproduct of cell 
metabolism, its cellular levels are under tight control, and their maintenance has 

hallmarks of homeostatic regulation. The cell can sense sublethal doses of H2O2 

and activate peroxide-detoxifying mechanisms; alternatively, upon different cell 
death stimuli various H2O2 -producing mechanisms can be activated, and as a result 

of this H2O2 production a self-destructive programmed cell death is triggered [4]. 

H2O2 generated by various environmental and developmental stimuli can act as a 

signaling molecule that regulates plant development, stress adaptation, and 
programmed cell death [1]. H2O2 acts as signaling molecule acting as ROS at 

higher concentrations and providing defense against stresses at lower 

concentrations [14].  
 

Fig 1- Alterations in H2O2 levels in 

wheat leaves after 1 hour exposure to 

900 MHz radiation 

 

Weak, but statistically 
significant decrease in H2O2 

concentration was observed at 1
st
 

and 2
nd

 hour after the one hour 

treatment with cell phone EMF 
(Fig.1). Slight increase at 24

th
 

hour after the end of exposure is not statistically significant. There is some 

inconformity with the results of Sharma et al. [12], which found increased 
accumulation of H2O2 in mung bean roots in all exposure durations, even after 0.5 

hour exposure to 900 MHz EMF. 
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ROS degrade polyunsaturated lipids, forming malondialdehyde. 

Uncontrolled lipid peroxidation is a toxic process resulting in the deterioration of 
biological membranes. Malondialdehyde is a naturally occurring product of lipid 

peroxidation and prostaglandin biosynthesis that is mutagenic and carcinogenic [6]. 

MDA is one of the many reactive electrophile species that cause toxic stress in 
cells and form covalent protein adducts. The production of this aldehyde is used as 

a biomarker to measure the level of oxidative stress in an organism. MDA and 

other "thiobarbituric reactive substances" (TBARS) condense with two equivalents 

of thiobarbituric acid to give a fluorescent red derivative that can be assayed 
spectrophotometrically. 

Our results showed that there were no alterations in MDA levels after one 

hour exposure to 900 MHz EMF during the investigated period (Fig. 2). These 
results are in conformity with the results of Sharma et al. [12], which observed 

significant increase the MDA amount in mung bean roots (measured 48 h after 

EMF exposure) in response to Ó2 h exposure to cell phone EMF, but no effect after 
shorter exposure times (0.5 and 1 hour).  

 
 
Fig 2 - Alterations in MDA levels in 

wheat leaves after 1 hour exposure to 

900 MHz radiation 

 

 

 

 

 

 

 
3. CONCLUSIONS 

Our data showed that one hour exposure to 900 MHz EMF did not induce 

oxidative stress in wheat Triticum aestivum at investigated parameters ï MDA and 
H2O2 levels in leaves. These results are not in conformity with the results of other 

authors, indicated ROS generation in response to cell phone EMF probably because 

of differences in objects (different species) and EMF parameters (exposure time, 
intensities, time elapsed after exposure, etc). Further researches on additional 

parameters of oxidative stress are needed to estimate the possible oxidative effects 

of mobile phone radiation on plants. 
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ABSTRACT 

 
The paper presents the biosynthesis of bacterial xylanase through biotechnology, by using 

the microorganism Bacillus brevis ICCF 500 on an inducing substrate of vegetable waste. 
The agricultural wastes are energy sources wich can be recovered by enzymatic strategies. 

The enzymatic treatment of lignocellulosic substrates resulting from vegetable wastes has been an 

alternative to the harmful chemical procedures. 
 Xylan is a major component of vegetable hemicelluloses wich, in combination with 
pentosanes and polygalacturonic acid, makes up the complex structure of hemicellulose. Because of 
its complex structure the biodegradation of xylan requires the xylanase action , wich can be produced 
by a high number of microorganisms from Fungi Cls.and Bacteria Cls. 
 The main typical characteristic of the microorganism Bacillus brevis was its capacity to 
produce xylanase on diverse vegetable wastes. Xylanolytic enzymes are hemicellulases that catalyze 
the hydrolysis of xylan, which is usually associated with the cellulose and lignin components of plant 

cell walls. The xylan degrading enzymes produced by the bacterial source Bacillus brevis ICCF 500 
are able to use lignocellulosic solid substrates as a carbon source, e.g. corn meal, corn cob, wheat 
bran, cellulose, sawdust and any other vegetable waste. 
 This biological process is a non-polluting one, utilizing waste rich in cellulose, 
hemicelluloses and xylans. 

 
 

The latter half of 20th century has seen an unprecedented expansion in our 

knowledge and use of enzymes in a broad range of basic research and industrial 

applications. 

Enzymes are the catalytic cornerstone of metabolism, and as such are the 
focus of intense worldwide research, not only in the biological community, but also 

with process designers/engineers, chemical engineers, and researchers working in 

other scientific fields. 
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Lignocellulose is the major component of biomass, comprising around half 

of the plant matter produced by photosynthesis (also called photomass) and 
representing the most abundant renewable organic resource in soil.  

It consists of three types of polymers, cellulose, hemicellulose and lignin 

that are strongly intermeshed and chemically bonded by non-covalent forces and 
by covalent crosslinkages. Only a small amount of the cellulose, hemicellulose and 

lignin produced as by-products in agriculture or forestry is used, the rest being 

considered waste. 

The major hemicellulose polymer in cereals and hardwood is xylan. Xylan 
consists of a ɓ-1,4-linked D-xylose backbone and can be substituted with different 

side-groups such as L-arabinose, D-galactose, acetyl, feruloyl and p-coumaroyl and 

glucuronic acid residues . 
Biodegradation of xylan, requires action of several enzymes, among wich 

xylanase plays a key role. Xylanase (E.C. 3.2.1.8.) belong to the pentosanases a 

group of enzymes that break down components of the cell wall matrix of plants 
(fibre). 

A wide variety of microorganisms (including bacteria, yeast and 

filamentous fungi) are known to produce xylanases, that are involved in the 

hydrolysis of xylan. To satisfy the industrial need for xylanases, it is imperative to 
explore new microbial strains for the production of xylanolytic enzymes. 

Biotehnological uses and potential applications of xylanases include 

bioconversion of lignocellulose material to fermentative products, clarification of 
juices, and improvements of consistency of beer and the digestibillity of animal 

feedstock. One of the major potential applications of xylanases involves the pulp 

and paper industry. Xylanase is the key enzyme for xylan depolymerization and 

cleaves internal glycosidic bonds at random or at specific positions of the xylan 
backbone into small oligomers.  

  

1. MATERIAL AND METHOD  
 

Bacillus brevis ICCF 500 was isolated from a maceration extract of linen 
fibers. After a long stage of isolations and purifications, colonies with specific 

phenotypic characteristics of this species (correlated characters with Bergey 

Manual) were selected. 

The main typical characteristic of this sporulated bacillus was its capacity 
to produce xylanase on diverse vegetable wastes.  

Culture media 

1. Malt extract nutritional agar medium.The cultures maintained under laboratory 

conditions on such medium, consist the preinoculum  for future biosynthesis 

works. 
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2. The liquid medium for the vegetative growth contains glucose, corn extract and 

mineral salts. The inoculum is maintained for 24h at 30
0
C on a rotative shaker 

(220 rpm). 

3. Biosynthesis medium with different carbon sources. 

The inoculated microorganism (10% w/v) passes from vegetative culture phase to 

sporulated phase consuming the carbon source by breaking the lingo-cellulosic 

bound in plant fibers. 

The cultivating conditions are aerobic (necessary shaking and aeration for 500 ml 

Erlenmayer flasks with 100 ml medium is provided), the optimum pH is 

alkaline (7,5-8,5) , temperature is  maintained at 30 ï 32
o
C. 

Enzymatic assays. Xylanase activity was assayed by detection of reducing 
sugars using the dinitrosalicylic acid (DNS) method (Miller, 1959). 

The substrate ( 50 mg xylan) will be suspended in 10 ml buffer ( pH= 5,8) 

and heated on a boilling water bath for 5 min. 
The reaction mixture containing 200 ɛl xylan suspension and 20 Õl of 

enzyme solution was incubated at 55
0
C for 5 min and then the reaction was 

terminated by adding 100 ɛl DNS reagent. The contents were placed in a boiling 

water bath for 10 min and then cooled to room temperature. The absorbance was 
measured at 530 nm against a blank in a spectrophotometer. 

One unit of xylanase activity was defined as the amount of enzyme 

catalysing the release of 1 ɛmol of reducing sugar equivalent to xylose per minute 
under the specified assay conditions. Al l the experiments were carried out 

independently in triplicate and the presented results are mean of the three values. 

Determination of protein. Determining the protein for the working samples 

is based on the method established by Warburg and Christian, which consists of 
differential measurements of optical densities at 280 nm and 260 nm. 

Specific activity (U/mg protein) is defined as being the ratio between  the 

enzymatic activity and  the protein quantity. 

 
2. RESULTS AND DISCUSSIONS 

 

The xylanase produced by Bacillus brevis ICCF 500 can break the xylan 

chains, a component in the plant cellular wall. The enzyme quantity is produced 

based on the plant fibers structure that the biosynthesis medium is consisted of , 

leading to different performances for the tested carbon sources in xylanase 

biosynthesis (wheat bran, corn meal, cereal straw, corn cob, cellulose, sawdust). 
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Tabel 1 - Xylanase biosynthesis  on different carbon sources with Bacillus 

brevis    ICCF 500; each set of values represents  two culture stages  

(24 and 48h) 

 

Carbon 

sources 

Time of 

cultivation 
(24 and 

48 h) 

Final  

pH 

Cell 

growth ï 
expressed 

as optical 

density at 

570 nm 

 

Enzymatic 

Activity 
(UI/ml) 

Protein 

( mg) 

Specific 

Activity 
(UI/mg 

protein) 

Wheat bran 24 h 

48 h 

8,15 

8,3 

40,2 

42 

21,28 

25,92 

16,6 

17,2 

1,28 

1,506 

Corn meal 24 h 

48 h 

7,5 

8,1 

33,7 

43,5 

6,68 

48,03 

10,1 

17,25 

0,66 

2,78 

Cereal 

straw 

24 h 

48 h 

8,3 

8,5 

7,5 

8,2 

12,82 

13,51 

38,8 

36,6 

0,33 

0,36 

Corn cob 24 h 

48 h 

9,1 

9,2 

27,5 

30,2 

7,09 

15,39 

31 

56,4 

0,22 

0,27 

Hardwood 

sawdust 

24 h 

48 h 

7,15 

7,15 

22,5 

31,4 

11,38 

21,67 

17,6 

69 

0,64 

0,31 

Pine 

sawdust 

24 h 

48 h 

8 

8,85 

5,1 

7,2 

1,33 

18,41 

6,1 

59,7 

0,21 

0,30 

Cellulose 24 h 
48 h 

8,5 
8,3 

6 
10,2 

22,84 
26,33 

14,4 
14,1 

1,58 
1,86 

Bark of oak 

sawdust 

24 h 

48 h 

6,8 

6,85 

11,4 

21,25 

2,98 

5,46 

12,8 

15,8 

0,23 

0,34 

 

 

 

 

 

 

 

 

Fig. 1 - Xylanase 

biosynthesis performance 

with different  carbon 
sources 
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Fig. 2 - Specific activity of 

xylanase with different 

carbon sources 

 

 

 

 

 

 

3. CONCLUSIONS 

Eviews program which has proved a linear evolution during the time in 
direct correlation with the temperature (similar to the Gompertz model). 

The primary model of the DON production, showed a maximum 

production of mycotoxin at 26
 o
C; on this temperature level the maximum amount 

of DON was reached in the 17
th
 day of incubation (from 89ppb after 24 hours 

incubation to 741 ppb).   

Regarding the OTA production, the maximum amount of toxin was 
reached on 23

 o
C after 17 days of incubation. The maxium measured level was 

24033 ppt. 

Further investigation for the OTA and DON gene expression will be 

performed by RT-RT-PCR, taking into consideration also the water activity 
influence. 
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To give consumers a guarantee on animal nutrition it requires the existence of reliable methods 
for the characterization of meat and milk.  

For the analysis of meat, milk and animal tissues origin, potential markers for feed can be used 
(biomarkers of plants, markers of geographic origin of milk and meat). Diet and animal habitats  
influences the isotopic composition of water and fat entering the composition in animal products or 
tissue. The animal nutrition determines the composition of fat and in particular the ratio of 
unsaturated and saturated fatty acids.  Using nuclear magnetic resonance (NMR) to identify the type 
of milk in nutrition, the relative ratio of saturated, unsaturated and polyunsaturated fatty acids can be 

determinated. Another method of determining the type of food and geographical origin is the IRMS 
(isotope ratio mass spectrometry). Traces of stable isotopes in animal tissues or products reflects the 
composition of stable isotopes of the feed, modified by the animal's metabolism. It has been shown 
recently that using NIRS (near infrared reflectance spectroscopy) to spectrally characterize meat,  the 
difference between beef samples originating from two types of feeding system can be made (feed 
based only on grazing versus feeding based on silos of corn). 

As traceability refers to all processes down to origins, it is necessary to obtain information on 
animal identification, geographic and native origin, which are often important considerations in the 

quality labeling and in food adulteration prevention. 

 

 Traceability is an important component of quality policy in agriculture. It's 
defined by international standard ISO 8402 as "the ability to track the history, 

application or location of an entity by means of recordings. This definition covers 

the case of origin, tracing its origins and how to achieve product (process tracing).  
 Origin traceability refers to the identification of animal origin, geographic 

and native origin, which are often important considerations in quality,labeling such 
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as products with protected denomination of origin (PDO) and Label Rouge (red 

label).  
 Process traceability refers to the production systems, including ways of 

feeding, production, preservation and any falsification of products.  

 

TRACEABILITY APPROACHES  

 To obtain information on ruminant animal nutrition, investigation is needed 

in four major approaches:  

biomarkers of plants, that  are comprise directly from food composition (direct 
markers) (1);  

metabolic markers derived from animal metabolism (indirect markers) (2);  

physical markers (3) and global approaches (4).  
  (1) Plant biomarkers are compounds that are synthesized by animals and 

whose presence in food of animal origin is due to 100% of the type of food. 

Pigments carotenoids and terpenic secondary metabolites are examples of such 
compounds. These micronutrients are stored in animal fat after absorption, as are 

found in milk and meat. Soluble micronutrients in water, such as phenolic 

compounds were recently shown to be useful to distinguish types of milk obtained 

from cows fed differently.  
  (2) Fatty acid composition of meat and milk is a useful source of 

information relevant to the animal diet. Ruminal microorganisms hydrogenate 

dietary lipids resulting in increased saturated fatty acids in animal tissue, compared 
with the profile of food. However some unsaturated fatty acids "may escape" 

hydrogenation and thus the system can strongly affect tissue fatty acid composition 

of rumen and products. Grass lipids contain high proportions of unsaturated 

linoleic acid, a compound that is not synthesized by animals.  
 Food based on grass contains high proportions of linoleic acid. So animals 

raised on pasture have higher amounts of linoleic acid in fat content than animals 

stall fed.  
  (3) Diet and where animals are kept influences the isotopic composition of 

water and fat entering the composition of fats in products or animal tissue. Animal 

nutrition determine the composition of fat and in particular the ratio of unsaturated 
and saturated fatty acids. Using nuclear magnetic resonance (NMR) to identify the 

type of milk in nutrition, the relative ratio of saturated, unsaturates and 

polyunsaturates fatty acids can be determinated.  

 Another method of determining the type of food and geographical origin is 
the IRMS (isotope ratio mass spectrometry). Traces of stable isotopes in animal 

tissues or products of stable isotopes reflect the composition of the feed, modified 

by the  animal's metabolism.  
 Determination of geographical origin was performed by measuring the 

reports of stable isotopes of oxygen in the water from milk, and by measuring 
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levels of nitrogen and carbon isotopes in samples of milk or meat products in 

different regions of Europe. 
 (4) It has been shown recently that using NIRS (near infrared reflectance 

spectroscopy) to spectraly characterize meat, the difference between beef samples 

originating from two types of feeding system (feed based only on grazing versus 
feeding based on silos of corn) can be made. 

 

 MODERN METHODS FOR FOOD TRACEABILITY ESTABLISHING  

 Nuclear magnetic resonance spectroscopy 
 Nuclear magnetic resonance (NMR) is a technique used for the 

determination of structure of organic molecules and biomolecules in a solution. 

The covalent structure, the stereochemistry, and the conformation are available by 
techniques that measure direct distances (between hydrogens) and bond dihedral 

angles. Specific NMR signals can be identified and assigned to each hydrogen 

(and/or carbon, nitrogen) in the molecule. NMR takes advantage of the magnetic 
properties of the nucleus to sense the proximity of electronegative atoms, double 

bonds, and other magnetic nuclei nearby in the molecular structure. About one half 

of a micromole of a pure molecule in 0.5 mL of solvent is required for this 

nondestructive test. Precise structural information down to each atom and bond in 
the molecule can be obtained. Uniform labeling (13C, 15N) permits the study of 

large biomolecules, such as proteins and nucleic acids, up to 30 kD and beyond. 

  
 

 

 

 
 

 

 
 

 

 
 
Fig 1 - NMR Hardware 

  

  
Compared to other analytical techniques, NMR is quite insensitive. For molecules 

of the size of most drugs and natural products (100ï600 Da), about a milligram of 

pure material is required, compared to less than 1 ɛg for mass spectrometry. The 

intensity of NMR signals is directly proportional to concentration, so NMR ñsees 
allò and ñtells all,ò even giving multiple signals for stereoisomers or slowly 

interconverting conformations. This complexity is very rich in information, but it 
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makes mixtures very difficult to analyze. Finally, the NMR instrument is quite 

expensive (from US $200,000 to more than $5 million depending on the magnet 
strength) and can only analyze one sample at a time, with some experiments 

requiring a few minutes and the most complex ones requiring up to 4 days to 

acquire the data.An NMR spectrometer consists of a superconducting magnet, a 
probe, a radio transmitter, a radio receiver, an analog-to-digital converter (ADC), 

and a computer (see fig.1.) . The magnet consists of a closed loop (ñsolenoidò) of 

superconducting Nb/Ti alloy wire immersed in a bath of liquid helium. A large 

current flows effortlessly around the loop, creating a strong continuous magnetic 
field with no external power supply. The probe is basically a coil of wire 

positioned around the sample that alternately transmits and receives radio 

frequency signals. The computer directs the transmitter to send a high-power and 
very short duration pulse of radio frequency to the probe coil. Immediately after the 

pulse, the weak signal (FID) received by the probe coil is amplified, converted to 

an audio frequency signal, and sampled at regular intervals of time by theADCto 
produce a digital FID signal, which is really just a list of numbers. The computer 

determines the timing and intensity of pulses output by the transmitter and receives 

and processes the digital information supplied by the ADC. After the computer 

performs the Fourier transform, the resulting spectrum can be displayed on the 
computer monitor and plotted on paper with a digital plotter. 

 As far as nuclear magnetic resonance applications are concernd , 

measuring deuterium content of ethanol from various products can be applied to 
discriminate botanical and synthetic origins of ethanol or other alcoholic beverages 

like spirt drinks or beers. Beetroot sugar shows a lower deuterium content than 

cane sugar, as the deuterium content of a sugar is partly transferred to the ethanol 

produced by its fermentation. The determination of the addition of sugar to sugar-
containing products like musts, fruit juices, honeys, maple syrup, etc. can also be 

performed by NMR analysis of the ethanol obtained after controlled fermentation. 

  Another example is raspberry ketone (RSK), the main compound that gives 
the raspberry aroma, widely used in the food industry. Because of  the fact that the 

amount of this compound found in the raspberry fruit itself is very low, an 

alternative source is necessary in order to meet demand. NMR provides a means of 
distinguishing between ñnaturalò raspberry ketone and other raspberry ketone 

obtained in different ñnon-naturalò ways. 

 Isotope ratio mass spectrometry 

 The principle of operation of IRMS (isotope ratio mass spectrometry) is 
that charged atoms and molecules are separated in a mass spectrometer on the basis 

of their mass-to-charge ratio (m/Z). Then, the relative abundance of the ions is 

determined by measuring the currents produced by the spatially separated ion 
beams. 

In use of carbon stable isotope ration analysis in food authenticity control, 

photosynthetic CO2 assimilation pathways are of primary importance. The 
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detection of commercial C4 cane and corn derived sugar syrups in C3 agricultural 

products are thus facilitated. Nitrogen isotope ratios have had limited application in 
authenticity studies, however, ŭ

15
Nă values can provide an insight into the use of 

synthetic fertilizers. Consequently, nitrate-assimilating vegetables that have been 

exposed to artificial fertilizers may possess low ŭ
15

Nă values relative to untreated 
or ñorganicò vegetables. In addition, 

15
N signatures of agricultural practices may 

provide supplementary information in geographical origin assignment and diet 

reconstruction. In a similar way, assimilatory sulfate reduction does not produce 

significant fractionation, such that organic sulfur is clearly related to its source. 
Therefore, the soil or sulphate fertilizer from which it is derived can provide useful 

geographical origin information (e.g., dairy and meat products with protected 

designation of origin). 
 Both 18O and 2H are valuable isotopic probes for both geographical and 

botanical origin discrimination. Fractionation associated with the global 

hydrological cycle, local climatic conditions, evaporation, condensation, 
transpiration and metabolism ultimately give rise to useful characteristic isotopic 

signatures for empirical origin determinations. In particular the ŭ2Hă value of the 

non-exchangeable hydrogen atoms in carbohydrate are used to detect the addition 

of C3 beet sugar syrups to other C3 products, such as fruit juice.  
 Measurements of the natural variation in stable isotope abundance were 

first applied to food quality control by Bricout and Merlivat in 1971. They 

determined the deuterium content of orange juice water to distinguish between 
fresh and ground water reconstituted concentrate. 

 In apple the following ranges have been determined for each sugar (as 

fructose, glucose and sucrose account for over 95% of the soluble solids in apple): 

Fructose, 5.7 to 7.5%w/w; glucose, 2.2 to 3.1%w/w and sucrose 1.1 to 3.2%w/w. 
The adulteration of apple juice can be made with moderate amounts of high 

fructose corn syrup (HFCS) ð a commercial sugar syrup containing about 50% 

glucose and 40% fructose. Apple trees, utilize the C3 pathway to fix CO2 wile the 
corn plant adopts the C4 pathway, so the possibility of using stable carbon isotope 

ratio analysis (SCIRA) in the detection of added HFCS exists. 

 Honey is another example of a commodity relatively expensive that can be 
extended with cheaper sources of sugar, in particular HFCS, which closely 

resembles the carbohydrate composition of honey (glucose and fructose in 

approximately equal amounts). As the nectar collected by bees to make honey is 

mostly derived from C3 flora, the possibility of detecting HFCS derived from the 
C4 corn plant can be possible. 

 

Near Infrared Spectroscopy 
Spectroscopy studies the interaction between photons of radiation and molecules. 

When radiation is directed at a food sample, it will absorb the radiation at specific 

wavelengths depending on its particular chemical composition. If it is known that a 
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particular molecule absorbs radiation at a particular frequency, measuring 

absorption at various frequencies will give information about the molecular 
structure of a compound.  

 Near infrared (NIR) radiation (750 to 2500nm) interacts with organic 

matter, and the absorption spectrum is rich in chemical and physical information of 
organic molecules. In order to extract valuable information on the chemical 

properties of samples, it is necessary to mathematically process spectral data by 

chemometric tools. 

 The basic principles of NIR spectroscopy involve the production, recording 
and interpretation of spectra arising from the interaction of electromagnetic 

radiation with the organic matter. 

 A NIR spectrometer instrument mainly consists of light source, beam 
splitter system (wavelength selector), sample holder, optical detector, and data 

processing analyzed system. 

 
 

 
Fig 2 - NIR Systems 6500, NIR Systems Inc., 

Maryland, USA 

 
 Using this approach, radiation 

passes through a liquid sample of well-

defined thickness, bounces off a gold-plated 

metal plate at the back of the sample cell, 
passes through the sample once again and 

then into the instrument for detection. This 

produces high quality spectra from relatively small volumes. Since sample 
temperature can have a significant effect on spectral absorbances and peak 

wavelengths, they are placed in a water bath at 25oC for 30 minutes until they have 

equilibrated to the temperature of the bath. Samples will be scanned between 400 
and 2498 nm in 2 nm increments. WinISI (v. 1.05) software (ISI International, Port 

Matilda, USA) is used for spectrophotometer control and spectral file 

manipulation. 

 NIR spectroscopy has several advantages over other analytical techniques: 
rapidity of analysis, no use of chemicals, minimal or no samples preparation, easily 

applicable in different work environments (on/in/at line applications). On the other 

hand, NIR spectroscopy has some disadvantages: low ability to predict compounds 
at low concentration (<0.1%), necessity of accurate analysis as reference, 

development of calibration models required high trained personnel, need of a large 

and up-to-date calibration data set (often difficult to obtain), difficulties to transfer 
calibration among instruments, initial high financial investments. 
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 In the feed industry, NIR spectroscopy is used for: feed composition, 

digestibility (in vivo, in vitro, in situ), traceability assessment (to avoid possible 
frauds). As far as animal products are concerned, NIR spectroscopy has been used 

to determine the main composition of meat, milk, fish, cheese, eggs. Furthermore, 

it was also used to predict some physical properties (tenderness, WHC (Water 
Holding Capacity), drip loss, colour and pH in meat; coagulation ability in milk; 

freshness, flavour and other sensorial parameters in cheese). Interesting 

applications of NIR spectroscopy regard issues like: determination of animal 

productsô authenticity and the detection of adulteration (in order to prevent frauds), 
discrimination PDO (Protected Designation of Origin) and PGI (Protected 

Geographical Indication) from other non traditional products, detect handling 

aspects (freezing, thawing or fresh). There is a growing interest in the evaluation of 
animal products quality directly on-line to have a continuous control of the 

production process. 
 

CONCLUSIONS 
 As economic fraud spreads worldwide despite the proliferation of 
regulations regarding the quality and labeling of food, the need of reliable methods 

for the characterization of agricultural products has become a necessity. 

 NMR provides a spectroscopic methodology for non-destructive 
assessment of heterogeneous systems (such as coffee beans and grains). 

Applications are very important and can be applied to the design of new non-

destructive methods to trace quality in food products. However, NMR is not a yet a 

common analytical tool used by food control analysts, having the reason that the 
cost of purchasing and maintaining NMR equipment is very high and also that the 

precision for quantitative determination is not comparable to that attained by mass 

spectrometry.  
 Isotope ratio mass spectrometry has developed into a powerful analytical 

tool in food authentication. It can supply evidence of food adulteration that cannot 

be obtained using other analytical techniques. Its limitations are derived from the 
natural variation in isotopic composition of premium products themselves. 

 In animal production NIR analysis is a suitable tool to implement frequent 

controls during the entire production chain (from harvest to feed formulation in the 

case of feed industries, from slaughter house to retailing for meat and meat 
products field, and from milking to cheese ripening in the case of dairy sector). 

NIR spectroscopy has also a potential role in increasing consumer confidence by 

confirming integrity of food, particularly in the areas of authenticity of both raw 
ingredients and final products. 

 The Directives (EEC) No 88/388 of the European Council and No 2000/13 

of the European Parliament and of the Council related to flavorings for use in 
foodstuffs and to foodstuffs labeling, respectively, aim to protect the consumer by 

requiring detailed labeling which gives the exact nature and characteristics of the 
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food product. As the term "natural flavoring" may only be used for flavoring 

substances or preparations, which are obtained from vegetable or animal materials 
by appropriate processes (distillation, solvent extraction, enzymatic or 

microbiological processes), the precise control of food products is becoming 

increasingly important since the difference in price between labeled food products 
(i.e. with a defined geographical origin and/or botanical source) and non- labeled 

ones is substantial. 
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ABSTRACT 
Ensuring an acceptable level of food quality and safety is necessary to protect consumers and 

facilitate trade. These objectives can be achieved by implementing and monitoring quality assurance 
throughout the total food chain when necessary and possible. Anyone involved in the food chain, from 
farmer to consumer, has the responsibility to maintain safe food taking necessary precautions so that 
they are protected from hazards responsible of food borne diseases. These actions will prevent and 
reduce food losses important especially for areas where food security is threatened. 

The research presented in this paper is aiming to establish the way organic farms affect the 
quality and safety of cow's milk. Having set this target samples of cow's milk from organic farms were 
examined compared with those derived from conventional farms from the physico-chemical and 
microbiological point of view: pH, titrated acidity, content of dry soluble substance, total aerobic 
plate count and the number of E. coli/coliforms. 

The results showed that from the physico-chemical point of view, the indicators of milk samples 
from the organic farms registered increased values when compared with milk samples from the 
conventional farm, while from the microbiological point of view, the microbial load of milk samples 
from the organic farms was lower when compared with milk samples from the conventional farm. 

 
Food depreciation and spoilage are the result of the action and characteristics of 

microbiological, chemical and/or physical factors affecting their quality. Not only 

external or intrinsically modifiers factors adversely affect food quality, but also a 
number of other factors related to the initial contamination of the product or the 

contamination off the route between production or harvesting and consumption, the 

action of some substances added uncontrolled in the product (food additives, 

processing aids) or inadvertent ingress in or on the product of some substances 
hazardous to human health, etc. 

To achieve food safety is necessary to implement food quality standards that 

meet best the purpose of protecting and promoting consumer health. Food 
production and consumption is a central concern of any society and has many 

economical and social consequences, and in many cases environmental 

consequences. Although human health problems have always prevail in a society, 
this aspect should be considered also when establish agro-food policies and 

legislation. In addition, the environmental status and quality can affect food quality 

in various stages of the food chain. Therefore, environmental policies play a major 

role in achieving safe foods for consumers. 
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Agro-food sector is of major importance for the whole European economy, with 

annual production worth 600 billion which represents almost 15% of total 
industrial production of goods. A survey of the international situation has shown 

that the EU is the largest producer of food products and beverages, 30% of the 

companies being SMEs. Food exports raised to a value of approximately 50 billion, 
hence the great economic importance of this sector in Europe and the need for food 

safety to be of essential interest to society in general and in particular for public 

authorities and producers. 

Implementing quality assurance measures begin to the farm level by applying 
good agricultural and good veterinary practices. When these good practices are 

correctly applied, foodstuffs are protected from the early production stages against 

contamination with foreign materials (dust, dirt, stones, degradation matters, etc.), 
toxic chemicals and environmental contaminants (heavy metals, industrial 

chemicals), agricultural chemical residues in excessive quantities (pesticides, 

fertilizers, medicines and other chemicals), contamination or damages due to the 
action of insects, moulds, pathogenic bacteria, viruses and any alteration 

organisms, crops damage and diseases with consequences on human health. 

 The purpose of the present paper was to establish the way organic farming affect 

the quality and safety of cow's milk. 
 

1. MATERIALS AND METHOD S 

Cow's milk samples (table 1) from organic farms were examined compared with 

those derived from conventional farms from the physico-chemical and 
microbiological point of view: pH, titrated acidity, content of dry soluble 

substance, total aerobic plate count and the number of E. coli/coliforms. 

pH was determined with a pH meter type Inolab 720 with automatic temperature 
compensator (range of pH: 0.00 to 14.00; accuracy: Ñ 0.01). 

The acidity of milk samples was determined by titration in the presence of 

indicators with an automatic titrator type TITRONIC BASIC, equipped with 

magnetic stirrer and cylinder with the capacity of 20 ml, made of borosilicate, with 
automatic filling (determination field: 00,00 ï 99,99 ml, accuracy: 0,01 ml). Two 

determinations were made from each sample and in the end their arithmetic media 

was made. According to standards, cow milk that has a maximum acidity of 20 
Thorner degrees is considered good, can be pasteurized and used for dairy 

production. Milk with higher acidity is processed separately and can be used for 

casein production. 
The content of dry soluble substances was determined with a refract meter 

Reichert AR 200 that simultaneously determine the refractive index and dry 

soluble substances content (reading is made at 589 nm LED, determination field: 

1,3300 to 1,5600 for refractive index (reference element ï sodium), 0 ï 95% for 
dry soluble substances (relative to sucrose), accuracy: +/- 0,0001 for refractive 

index, +/- 0,1% for dry soluble substances, +/- 0,1ÁC for temperature). The device 
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is provided with automatic temperature compensator (for 15 ï 40ÁC, temperature is 

corrected to 20ÁC). 
Table 1 

Cowôs milk samples used in the study 
Geographical area Milk sample Farm name Collecting time 

Lunca Muresului 

(organic) 

1D1 

BAKOS CSABA 

23.10.2008, in the morning 
1D2 

1S1 
22.10.2008, in the evening 

1S2 

2D1 

VITA ALBERT  

23.10.2008, in the morning 
2D2 

2S1 
22.10.2008, in the evening 

2S2 

3D1 

ZSIGMOND TIBOR 

23.10.2008, in the morning 
3D2 

3S1 
22.10.2008, in the evening 

3S2 

4D1 

CSATLOS ARPAD 

23.10.2008, in the morning 

4S1 
22.10.2008, in the evening 

4S2 

5D1 
MARTON ERNO 23.10.2008, in the morning 

5D2 

Alunis 

(organic) 

6D1 

BEZSNEI ATTILA  

23.10.2008, in the morning 
6D2 

6S1 
22.10.2008, in the evening 

6S2 

Idicel Padure 

(organic) 

7S2 
POPOVICI MIHAITA 

23.10.2008, in the evening 

7D2 
24.10.2008, in the morning 

8D1 
CINCEA IOAN 

8S1 23.10.2008, in the evening 

9D1 
POP MIHAILA  

24.10.2008, in the morning 

9S2 

23.10.2008, in the evening 10S1 

SUCIU MARIOARA 
10S2 

10D1 
24.10.2008, in the morning 

10D2 

Dumbrava 

(organic) 

11S1 
GRIGA EUGEN 

23.10.2008, in the evening 

11D2 24.10.2008, in the morning 

12D1 

CIOATA VASILE  

24.10.2008. in the morning 
12D2 

12S1 
23.10.2008, in the evening 

12S2 

13D1 

PETRUT AUREL 

24.10.2008, in the morning 
13D2 

13S1 
23.10.2008, in the evening 

13S2 

14D2 
CEUGEA SIMION 

24.10.2008, in the morning 

14S2 23.10.2008, in the evening 

Ideciul de Sus 

(conventional) 

15S1 Sc. PRODIMPEX-

LUMINITA  

23.10.2008, in the evening 

15D1 24.10.2008, in the morning 
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To carry out microbiological tests were used RIDA COUNT film culture 

medium for the quantitative determination of microorganisms in food and 
environment. Films are formed by a thin layer of culture medium covered with a 

thin material that allows perfect absorption of the microbial suspension and an 

external transparent protective film to avoid contamination. 1 ml was draw from 
each milk sample and added over 9 ml of sterile distilled water, thereby achieving 

10
-1
 dilution. Thus, were made 6 dilutions using decimal dilutions method. 1 ml 

from the original sample and from each dilution made was sown to the RIDA 

COUNT medium films, two repetitions for each sample. Seeded films were 
incubated at 35Ü C for 24 hours and then the colonies grown on medium were 

counted. E. coli colonies grown on RIDA COUNT medium films are purple, those 

of coliforms are blue and the aerobic plate count is red. Maximum limits for total 
plate count, coliforms and E. coli on raw milk were established by Order no. 975 of 

December 16, 1998 of the Minister of Health regarding the hygienic-sanitary 

regulations for food (table 2). 
 

Table 2. Maximum microbiological limits for raw milk 

Product Total plate count (TPC)/ml Coliforms/ml  E. coli/ml 

Raw milk 1 000 000 1 000 100 

 
 

2. RESULTS AND DISCUSSIONS 

 
The results of the pH determination performed on milk samples from the 5 farms 

are presented in graphs 1-5. 

As it can be seen from the graphical representation, the pH value does not vary 

greatly for milk samples analysed, these being neutral in pH, with values ranging 
from 6,52 to 6,87 for samples 12D2, respectively 8D1. In terms of this quality 

parameter, there was no influence of the cowôs growing system, whether organic or 

conventional. 
After conducting laboratory analysis by which we tested titrated acidity in milk 

samples from five different farms, the following experimental data were obtained, 

presented as graphs 6 to 10. 
 As it can be seen in graph number 6, milk sample 5S1 contains the largest 

amount of free organic acids (25,25 Thorner degrees), followed by sample 4D1, 

with a value of 20,01 Thorner degrees, both samples from organic farms. The 

lowest titrated acidity value was registered by a milk sample also from an organic 
farm, namely sample 8S1 with 11,05 Thorner degrees. 

The amount of dry soluble substances (expressed as Brix degrees) for milk 

samples analysed are presented in graphs 11 to 15. 
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pH-ul probelor de lapte din Lunca Mureĸului - Eco
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Fig. 1. pH variation for milk samples from organic farms in Lunca Muresului 
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Fig. 2. pH variation for milk samples from the organic farm in Alunis 
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pH-ul probelor de lapte din Idicel PŁdure-Eco

6,5

6,55

6,6

6,65

6,7

6,75

6,8

6,85

6,9

7S2 7D2 8D1 8S1 9D1 9S2 10S1 10S2 10D1 10D2

Probe analizate

p
H

 
Fig.. 3. pH variation for milk samples from organic farms in Idicel Padure 
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Fig.. 4. pH variation for milk samples from organic farms in Dumbrava 
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pH-ul probelor de lapte din Ideciul de Sus-Conventionala
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Fig.. 5. pH variation for milk samples from the conventional farm in Ideciul de Sus 
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Fig.. 6. Representation of titrated acidity for milk samples from organic farms in Lunca 

Muresului 
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AT (Grade Thorner) la probe de lapte din Aluniĸ-Eco
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Fig.. 7. Representation of titrated acidity for milk samples from the organic farm in Alunis 
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Fig.. 8. Representation of titrated acidity for milk samples from organic farms in Idicel 

Padure 
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AT(Grade Thorner) la probe de lapte din Dumbrava- Eco
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Fig.. 9. Representation of titrated acidity for milk samples from organic farms in Dumbrava 
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Fig.. 10. Representation of titrated acidity for milk samples from the conventional farm 

in Ideciul de Sus 
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SubstanŞa uscatŁ solubilŁ a probelor de lapte din Lunca 

Mureĸului - Eco
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Fig.. 11. The amount of dry soluble substances in milk samples from organic farms in 

Lunca Muresului 
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Fig.. 12. The amount of dry soluble substances in milk samples from the organic farm in 

Alunis 
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SubstanŞa uscatŁ solubilŁ a probelor de lapte din Idicel PŁdure-

Eco
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Fig.. 13. The amount of dry soluble substances in milk samples from organic farms in Idicel 

Padure 
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Fig.. 14. The amount of dry soluble substances in milk samples from organic farms in 

Dumbrava 
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SubstanŞa uscatŁ solubilŁ a probelor de lapte din Ideciul de 

Sus-Conventionala
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Fig.. 15. The amount of dry soluble substances in milk samples from the conventional farm 

in Ideciul de Sus 

 

The values of dry soluble substances in milk samples analysed are close, 
however it can be observed that the highest Brix degrees values was registered for 

samples 11D2 (13,7 Brix degrees) and 13S2 (14,8 Brix degrees), both samples 

from the same organic farm, Dumbrava. 

Results obtained on total plate count for milk samples analysed are presented in 
graphs 16 to 19. 
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Fig.. 16. Total plate count in milk samples from organic farms in Lunca Muresului, when 

compared with those from the conventional farm in Ideciul de Sus

Brix degrees at 20 degrees Celsius 

Milk samples 

Legal limit  



 356 

0

2

4

6

8

10

12

Milk sample

lo
g

 C
F

U
/m

l

15 D1

15 S1

6 D1

6 D2

6 S1

6 S2

    

0

2

4

6

8

10

12

Milk sample

lo
g

 C
F

U
/m

l

15 D1

15 S1

7 D2

7 S2

8 D1

8 S1

9 D1

9 S2

10 D1

10 D2

10 S1

10 S2
 

 

 

 

Legal limit  Legal limit  

Fig. 17. Total plate count in milk samples from the organic 

farms in Alunis, when compared with those from the conventional farm in 

Ideciul de Sus 

Fig. 18. Total plate count in milk samples from organic farms 

in Idicel Padure, when compared with those from the 

conventional farm in Ideciul de Sus 
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Fig. 19. Total plate count in milk samples from organic farms in Dumbrava, when compared with  

those from the conventional farm in Ideciul de Sus 
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Regarding total plate count, none of the milk samples analysed was within the 

limits set by law regulations (1,000,000 CFU / ml). However, milk samples 
collected from organic farms had a lower load than those collected from the 

conventional farm Ideciul de Sus. Of the milk samples from organic farms in 

Lunca Muresului, the lowest values of total plate count were recorded by samples 
from Tibor Zsigmondôs farm and the highest values by samples from Csatlos 

Arpadôs farm. Regarding milk samples collected from Idicel Padure geographical 

area, samples from Pop Mihailaôs organic farm had the lowest microbiological load 

with aerobic mesophilic germs, while the highest values for total plate count were 
registered in samples from Popovici Mihaiôs organic farm. Comparing milk 

samples from organic farms in Dumbrava, it can be seen that total plate count 

values were close to each other. 
The results obtained on the number of coliforms in milk samples analysed are 

presented in graphs 20 to 23. 
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Fig.. 20. Number of coliforms in milk samples from ecological farms in Lunca Muresului, 

when compared with those from the conventional farm in Ideciul de Sus 
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Fig. 21. Number of coliforms in milk samples from the ecological farm in Alunis, 

when compared with those from the conventional farm in Ideciul de Sus 
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Fig. 22. Number of coliforms in milk samples from ecological 

farms in Idicel Padure, when compared with those from the 

conventional farm in Ideciul de Sus 

Fig. 23. Number of coliforms in milk samples from ecological 

farms in Dumbrava, when compared with those from the 

conventional farm in Ideciul de Sus 
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Analyzing the previous graphs, we see that the number of coliforms was 

significantly lower in samples from organic farms when compared with those from 
the conventional farm. The latter ones far exceeded the maximum limit set by 

current legislation (1000 CFU/ml), while the majority of milk samples collected 

from organic farms were within this limit. 
The results obtained on the number of E. coli in milk samples analysed are 

presented in graphs 24 to 27. 
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Fig. 24. Microbial load with E. coli in milk samples from ecological farms in Lunca 

Muresului, when compared with those from the conventional farm in Ideciul de Sus 
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Fig. 25. Microbial load with E. coli in milk samples from the ecological farm in Alunis, when 

compared with those from the conventional farm in Ideciul de Sus 

Legal limit  

Legal limit  



 

 

 

362 

0

1

2

3

4

5

6

Milk sample

lo
g

 C
F

U
/m

l
15 D1

15 S1

7 D2

7 S2

8 D1

8 S1

9 D1

9 S2

10 D1

10 D2

10 S1

10 S2

 
Fig. 26. Microbial load with E. coli in milk samples from ecological farms in Idicel Padure, 

when compared with those from the conventional farm in Ideciul de Sus 
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Fig.27. Microbial load with E. coli in milk samples from ecological farms in Dumbrava, 

when compared with those from the conventional farm in Ideciul de Sus 
 

 

Regarding the number of E. coli in milk samples analysed, it is noted that more 
than half were within the limits set by legislation (100 CFU/ml). Compared with 

milk samples collected from the conventional farm in Ideciul de Sus, samples from 

ecological farms had a much lower load with E. coli. 
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3. CONCLUSIONS 

 
The results showed that from the physico-chemical point of view, the indicators 

of milk samples from the organic farms registered increased values when compared 

with milk samples from the conventional farm, while from the microbiological 
point of view, the microbial load of milk samples from the organic farms was 

lower when compared with milk samples from the conventional farm. 
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ABSTRACT 

 
              In the last decades, food packaging research efforts were mainly devoted to barrier materials 

(new polymers, complex and multilayer materials). Changes in retailing practices such as globalised 
markets resulting in longer distribution distances present major challenges to the food packaging 
industry and act as driving forces for the development of new and improved packaging concepts that 
extend shelf life while maintaining and monitoring food safety and quality. Simultaneously and apart 
from initiative to reduce the weight of conventional materials, development of new sustainable, 
recyclable and/or biodegradable packaging materials also contributes to increasing the overall 
presence of eco-friendly packaging solutions across the food chain. Forest resources and composite 
materials will be part of this dynamic future. A variety of bio-polymers have been extracted from 

biomass, synthesized from bio-derived monomers, or produced from microorganisms. Bio-based 
plastic applications are currently targeted towards single-use, disposable, short-life packaging 
materials, coatings for paper, etc. Products of renewable resources having low cost and suitable 
properties for packaging applications are going to make them the most preferable material in the 
near future. 

 Changes in retailing practices such as globalised markets resulting in 

longer distribution distances present major challenges to the food packaging 

industry and act as driving forces for the development of new and improved 

packaging concepts that extend shelf life while maintaining and monitoring food 
safety and quality. Simultaneously and apart from initiative to reduce the weight of 

conventional materials, development of new sustainable, recyclable and/or 

biodegradable packaging materials also contributes to increasing the overall 
presence of eco-friendly packaging solutions across the food chain. 

              Modern concepts of packaging are expected to develop by combining 

renewable materials with active and intelligent systems provided by the latest 

innovative technologies. Packaging science is emerging as a challenging trans-
disciplinary research field crossing food science, bio-material science, 
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nanotechnologies, biotechnologies, etc. Despite the increasing number of studies 

related to the development of new materials, the main limitation is the absence of 
approaches that combine food requirements and materials development for 

implementation of ``food/packaging systems`` into integrated food chain concepts, 

from processing to consumption. 
  

1. MATERIAL AND METHOD  
 

Food packaging materials 

              The principles which have to be fulfilled by a material which comes into 
contact with the aliment are: not to produce modifications of color in the aliment, 

not to produce modifications with mutagen and reproductive toxic effect, the 

migration substances not to exceed the limits stated by the standards, not to 
produce organoleptic modifications, not to modify the aliment.  

Bio-based packaging materials must meet the criteria that apply to conventional 

packaging materials used for foods, regarding barrier properties (water, gases, 

light, aroma), optical properties (transparency), strength, welding, molding 

properties, marking and printing properties, migration/scalping requirements, 

chemical and temperature resistance properties, disposal properties, antistatic 

properties. 

              Bio-based packaging materials must also comply with food and packaging 

legislation and interactions between the food and packaging material must not 

compromise food quality or safety. Also, their intrinsic characteristics, for example 

whether or not they are biodegradable or edible, can determine constrains on  

their use for food packaging. 

              Achieving the free movement of goods, in this case packaging, lies at the 

heart of the drive to create the single European market. In May 1985 European 
Community Ministers agreed on a ``New Approach to Technical Harmonization 

and Standards`` to fulfill this objective. 

              ̀̀ New Approach EC Directives set out the essential requirements, usually 
written in general terms, which must be met before products may be placed on the 

market in the European Community.  

              Mandated European harmonized standards in respect of a product provide 

detailed characteristics and tests which meet the essential requirements. A series of 
seven standards in relation to packaging were published by the European 

Committee for Standardization (CEN) and have been in use for demonstrating 

compliance with the essential requirements: 
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1. The packaging system should be minimized by weight and volume to take account 

of the system chosen and interaction between functional units. 

2. All packaging components should comply with the heavy metal limits currently in 

force. 

3. All packaging components should comply with the requirement that the presence 

of noxious and other hazardous substances be minimized as constituents of the 

packaging material with regard to their present in ash, emissions or leachate. 

4. Any reusable functional unit should comply with the reuse requirement, 

particularly if designing for reuse affects the criteria for minimization by weight 

and volume. 

 

 

Fig. 1- The most important 
characteristics for food 

packaging  

 

 

 

Bio-based packaging 

materials  

             Worldwide plastics 
industries manufacture a 

broad variety of materials 

and parts, from which 99% 

are derived from fossil sources like crude oil, natural gas, naphtha and coal. These 
materials meet all the requirements between mass production and highly specific 

applications. Biopolymers from various origins have already gained a substantial 

market share and natural fibers cover applications of soundproofing and heat 
isolation and are already an essential reinforcement for synthetic plastics such as 

wood plastic composites (WPC). Wood has been used as a packaging material for 

centuries as barrels and caskets, however the inclusion of wood elements in 

polymeric blends is a relatively new way of using forest resources in a packaging 
material. Since biopolymers are biodegradable and the main productions are 

obtained from renewable resources such as agro-resources, they represent an 

interesting alternative route to common non-degradable polymers for short-life 
range applications (packaging, agriculture, etc.). Nevertheless, until now, most 

biopolymers are costly compared to conventional thermoplastic and they are 
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sometimes too weak for practical use. Therefore, it appears necessary to improve 

these biopolymers to make them fully competitive with common thermoplastics, as 
eg a packaging material. 

              The production of bio-based polymers is an emerging sector of industrial 

biotechnology, both in terms of public and private R&D as in first product niche 
markets such as packaging or car-interior fittings. The environmental impacts of 

bio-based polymers in terms of energy and emissions savings compares favorably 

to petrol-based polymers. 

       There are several options to reduce the environmental impacts related to 
polymer production and use, many of which are also relevant for other bulk 

materials. Important strategies are: 

 
× Increased energy efficiency and material efficiency (yields) in all processes 

in the production chain leading to polymers, 

× Increased end-use material efficiency, i.e., ensuring the same product service 
by lower amounts of material (e.g. by use of thinner plastic films), 

× Improved waste management by recycling of materials, re-use of product 

components, energy recovery in waste-to-energy facilities (incineration) and 

ï in the case of biodegradable polymers ï digestion (with energy recovery) 
and composting. 

 

Bio-composite materials 
       In Europe, biodegradable polymers were originally developed and 

introduced to the markets for two main reasons: firstly, the limited volume of 

landfill capacity became more and more a threat and secondly, the bad general 

public image of plastics called for more environmentally friendly products. The 
environmental performance is an important argument for bio-based polymers, 

including their biodegradability. Apart from consumer demand the technological 

progress (``technology push``) represents a more and more important driver. 
       In order to enhance the development of engineered bio-composite products 

that meet the diverse needs of users and to maximize the sustainability of forest 

resources, research is needed that uses the materials sciences and engineering 
approach to improve bio-composite performance. 

Forest biomass represents an abundant, renewable, no-food competition and low 

cost resource that can play an alternative role to petro-resources. 

 The composite films influences the package in the following ways: 
 

× Combination of two or more materials may improve the flexibility, 

permeability, solubility of films; 
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× Can improve gas exchange and moisture, vapor permeability, adherence to 

coated muscle foods; 
× Reduces drip loss, handling and packaging waste; 

× Enhances juiciness. 

Forbioplast Project 
              Considering the importance of the biodegradable products a group of 

researchers from different European companies evolve research activities in the 

European project ``Forest Resources Sustainability through Bio-Based Composite 

Development`-̀ Forbioplast. 
       Multiple aims of Forbioplast project are the valorization of forest 

resources for the production of bio-based products with the additional contribution 

to solve the problems related to materials produced by petro-derived resource, to 
waste disposal, to the use of energy consumption and polluting chemical pathways 

and to the use of hazardous substances. Thus, the first step of the project will be the 

identification of the best ways for an optimized industrial exploitation of the forest 
biomass at the European scale.  

 

 
 

Fig. 2-World`s Largest Forest 

Areas (million ha) 

 

 
 

 

 
 

 

 

The main objectives of the project are: 
 

1. Valorization of forest resources for the production of bio-based products 

used in different domains: agriculture, automotive industries, food 
packaging, cosmetics packaging.  

2. Identification of the best ways for industrial exploitation of forest biomass at 

the European scale.  
3. Development of improved technologies with regard to the present industrial 

synthesis of polyurethane and an industrial scale up of the process.  

4. Production of polyurethane from materials based on forest resources.  
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       Recently the production and application of thermoplastic polymers 

reinforced with forest-derived fibres increased considerably (Bledzki and Gassan, 
1999; Bledzki et al. 2002). Such materials offer significant advantages: they are 

obtained from natural resources, they are available in various forms in large 

quantities, they are light, cheap, and they can be added to commodity matrices in 
considerable amounts thus offering economically advantageous solutions (Bledzki 

et al., 2005, Ichazo et al. 2001). Bio-based products obtained from renewable 

resources also maintain carbon dioxide neutrality. 

 
Fig. 3 -Carbon dioxide 

sequestration 

 

       Biopolyesters such 
as PLA and PHA are 

attracting much attention 

as promising 

biopolymers. The 
potential thermoplastic 

biopolymers available 

from nature, for example 
starch, proteins from 

grains, polylactic acid, polyhydroxy alkanoates and natural rubber, the majority 

remain at the developmental stage with only Cargill`s Nature Works PLA and 

Novamont`s Mater-Bi starch-based thermoplastics in large-scale commercial 
production. PLA has been associated with paper waste fibres, wood flour, kenaf, 

jute or flax fibres. 

Composting and biodegradation of the packaging materials 
              The conditions for composting and biodegradation are fulfilled when the 

packaging complies with the following: 

 
× Packaging should be largely combustible solids; that is, the residue after 

incineration should be less than 50% of the packaging. This figure is taken 

as indicating the organic content. 

× The organic materials should be inherently and ultimately biodegradable 
materials, that is break down to carbon dioxide, mineral salts, biomass and 

water or methane. Chemically unmodified materials of natural origin such 

as wood, wood fibres, paper pulp and jute are accepted as biodegradable 
for these requirements. 

× The packaging should disintegrate in the waste treatment process. 
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× The packaging should not retard or adversely affect the waste treatment 

process. 
× The packaging should not degrade the quality of the resulting compost. 

              In nowadays  the trend in food packaging is to use modern materials 

which ensures the needed requirements as well as the environmental issues. 
The new sustainable packaging must: 

 

× Be renewable (green), with less material and be fully biodegradable. 

× Have limited migration of water vapor, oxygen and carbon dioxide to keep 
the food fresh. 

× Incorporate communicative labeling, creating an optimal use of the supply 

chain with less waste. 

 
Fig. 4 -Sustainable packaging 

 

 

2. CONCLUSIONS 

The future of forest resource-based composite materials will be very exciting 

and dynamic. It will be driven by traditions, trends, costs, performance, availability 

of resources, and legislation. Of these, the most critical issue is cost, however, 

concepts of sustainable development are changing the profit structure focused not 

only on the profit margin, but developing sustainable industry. 
The performance criteria are: product protection, packaging manufacturing 

process, packing/filling process, logistics (including transport, warehousing, 

handling), product presentation and marketing, consumer acceptance, information, 
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safety, legislation, other issues (economic, social or environmental implication not 

considered above relevant to weight or volume packaging). 

The most important international developing trends regarding the issue of 

increasing the shelf life of food by means of packaging and the consumer safety 

are: 

× Developing of packaging methods able to improve the hygienic conditions, 

to avoid weigh loss due to evaporation, drying, to prevent product 

deterioration and color changes of food products; 

× Designing of new packaging materials for foodstuff and other goods which 

will preserve the products within optimal conditions for longer time 

periods: 

× Transparent materials in order to appraise the type of the 

product and its quality; 

× Thermo-sealing and thermo-contracting materials for 

designing light packages able to adhere at the surface of 

the product; 

× Plastic materials highly impermeable and capable of 

withstanding the manufacturing conditions; 

× Designing of new equipment for rapid packaging using packaging 

materials from the new generatio which satisfy the optimum ratio 

quality/cost and in the same time is increasing the shelf life of the product.  

              Production of composites based on recycled PP filled with forest-derived 

fibers is a new research area. Although there are some new articles in this topic the 

conclusions donót show any complex result respectively no products have been 

made yet.  
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ABSTRACT 

 
              Safe foods represents a consumer right who has to be conscious that his health and his own 
safe is protected. The development and the diversification of the products and of the g12oods 
consumption, necessitate the development and the improvement of the activities in the field of 
techniques and of the economy of the packaging. In the last decade the most important additional 
function of the packaging method is the extension of the shelf life of the food products .Usually  the 
food products are packed in plastic bags. The plastic bag which prior to packaging has been 
vacuumated, ensures that the packed product will have a pleasant appearance and its shelf life will be 
longer. By thermo-skrinking  the package, takes the product shape. This packaging line is designed to 

provide great flexibility (to be easy to adjust in accordance with the production demands) and to be 
properly placed in production lines. Both, vacuum-packaging equipment and the thermo-shrinking by 
dipping equipment, have a simple construction and a semiautomatic working cycle. 

 
 

The development and the diversification of the products and of the goods 
consumption, necessitate the development and the improvement of the activities in 

the field of techniques and of the economy of the packages.  

  In the last decade the most important additional function of the packaging 
method is the extension of the shelf life of the food products. 

The development of the package and packaging techniques are related to 

the permanent changes regarding the consumer behavior and the role of the 
package in the modern supplying chain. In the last decades the energy crisis, the 

ecological awareness and the demand for healthy and fresh foods has created a 

need for technologies that allows distribution of fresh products. To reach this aim 
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there are needed packaging methods that realize modified atmosphere in the 

interior of the package. 
In order to achieve modified atmosphere in the interior of the package, various 

techniques have been developed such as: vacuum packaging, modified atmosphere 

packaging, use of oxygen scavenger or ethylene or gas producers, using ethylene 
vapor emitters. 

The most common packages for food products are the plastic bags. The 

plastic bag which prior to packaging process  has been vacuumated, ensures that 

the packed product will have a superior quality and will benefit of a pleasant 
appearance and taste for a long period of time. By thermo-shrinking  the package  

takes the product shape. 

  

 
2. MATERIAL AND METHOD S 

 

 

THE  FOOD PACKAGING SAFETY  

Packaging is an integral part of the processing and preservation of foods and 

can influence the products quality and shelf-life. It can influence physical and 
chemical changes, including migration of chemicals into foods. So, in designing 

the packaging equipments and materials it is very important to analyze and take in 

consideration the functions of the packaging. 

 
In selecting the packaging materials there are many factors which influence this 
decision: 

× The characteristics of the packed product; 

× The transportation and the storage conditions; 

× The packaging method; 

× The market factors; 

× The economic factors. 
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In packaging fresh products, especially for meat products it is important to preserve 

its freshness a long period of time and considering their specific properties there 
were been discovered specific methods as the following:   

× Vacuum packaging; 

× Modified atmospheric packaging; 

× Intelligent packaging; 

× Aseptic packaging. 

Also, the packaging materials have to accomplish some requirements: 

× Not to damage the consumer health; 

× Not to modify the composition of the aliment; 

× To preserve the organoleptic qualities of the products; 

× To present a commercial aspect. 

THE PACKAGING EQUIPMENT  

The packaging line is designed to be flexible and to be easy positioned in 

the manufacture lines. 
In accordance with the customer demand may be used individual the vacuum 

packaging equipment, the thermo-shrinking or both equipments. The packaging 

process is semi-automat. The filling of the bags and their positioning for sealing it 

is made manual. After the positioning of the bags in the vacuum enclosure, the 
entire cycle is automat. The equipment has been designed so to may be possible to 

be attached to an automatic feeding equipment with bags and for their automatic 

filling with the products, in this case the process is full automat.  
The system consists of:  

ü The equipment for packaging in vacuumated bags (1);  

ü The transport system of the package to a dip tank (2);  
ü Hot water immersion tank for thermo-shrinking (3). 
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The packaging line is designed to provide a great flexibility (to be easy to 

adjust regarding the production demands) and to be properly placed in the 
production lines. The equipments have a modular shape which facilitate their easy 

movement and connection. Both, vacuum-packaging equipment and the thermo-

shrinking by dipping, have a simple construction with rectangular shapes, easy to 
install on the production line. Both are mounted on 4 wheels (two with brakes and 

two without brakes) to be easily moved and placed in the area of production and to 

ensure a good stability.  

The functions of the equipments are presented in the following images: 

 
 

 
The cinematic diagram of the mobile platform 

The equipments  have been designed in a manner to enable their placement 

on the production line and for  a proper maintenance. The packed product is 
directed to the thermo-shrinking equipment in an automatic mod.  

The equipment is designed to make possible the adjustment of the 

following work parameters: 
ü The intern pressure of the vacuum 

ü The timing for the sealing of the bag 

ü The temperature for the sealing of the bag 

ü The timing for the thermo-shrinking  

For the sealing of the packages the equipment has a thermo-sealing system. This 

system has the following advantages: 
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ü Through thermo-sealing the packed product is hermetic which is required in 

meat vacuum packaging; 

ü The design of the package enables an esthetic presentation of the products; 

ü These kind of packages are more resistant for transportation and storage, 

minimizing the losses due the breakage of the package; 

ü The equipments with thermal sealing present flexibility, being possible to 

realize different size packages without modifications or additional adjustments. 

The thermo-sealing process uses 3 variable factors: temperature, force and time. 

The sealing temperature of the packaging materials may rise to 200C depending of 
the thickness of the packaging material. The sealing time may be 1é.3s and 

depends of the mechanical properties and of the thickness of the material and 
usually it is determined experimental. The necessary force to press and realize the 

sealing is developed by the pneumatic cylinders which acts after the vacuumation 

of the enclosure. 

Technical characteristics of the packaging line 
 The equipment present the following technical characteristics: 

ü productivity: 2-4 cycles/min 

ü processing mode: automatic 

ü the two equipments may run coupled in automatic cycle or independent; 

ü the maximum dimensions of the packed products: 400x400x200mm; the 

maximum weight10kg;  

ü supply: 220V; 50Hz. 

ü packaging material: low density polyethylene, polyvinyl chloride, 

polypropylene bags. 

THE PACKAGING MATERI ALS 
The packaging materials used in food packaging have to be selected in 

accordance with different requirements of the packaging methods and of the 

equipment. 
For this packaging line the bags materials have to be thermo-contractible to 

enable its shrinking around the packed product during the immersion in hot water. 

The temperature for thermo-shrinking and the timing for this process are 
accordingly the packaging material characteristics and they represent 2 adjustable 

parameters. 

The consumers trend is toward the use of the materials that are more 

natural, disposable, recyclable or biodegradable. 
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The most recent packaging materials are based on biopolymers which 

presents many advantages: may be bio-degradable, can be processed similarly to 
petroleum based plastics: extrusion, spinning, injection, molding, thermoforming, 

good sensory qualities, high barrier properties, mechanical efficiency, microbial, 

physio-chemical stability, non-toxic, non-polluting. When are used to muscle 
foods, the biopolymers should impart desirable characteristics such as stability, gas 

permeability, transparency, edibility, etc. 

The development of the package and packaging techniques are related to 

the permanent changes regarding the consumer behavior and the role of the 
package in the modern supplying chain. In the last decades the energy crisis, the 

ecological awareness and the demand for healthy and fresh foods has created a 

need for technologies that allows distribution of fresh products. To reach this aim 
there are needed packaging methods that realize modified atmosphere in the 

interior of the package. 

In order to achieve modified atmosphere in the interior of the package, 

various techniques have been developed such as: vacuum packaging, modified 

atmosphere packaging, use of oxygen scavenger or ethylene or gas producers, 

using ethylene vapor emitters. 

2. CONCLUSIONS 

In designing new packaging materials and equipments it is necessary to 

study the new market trends and especially the customers needs and orientations. 

The food brands progress continuously and according to this the packaging 
industry has to update its products, especially the fresh-cut products present 

specific requirements which have to be fulfilled by the packaging materials and 

methods. The new materials that offer optimal barrier properties will help the 
companies to keep their products fresh and to extend their shelf life. Also, a very 

important factor in developing new types of packaging materials is represented by 

the consumers demands which are very different in accordance with various 

indicators: lifestyle orientation, the age of the groups, the environment and the 
localization of the consumers. 

The method of packaging developed by the described equipment ensures 

an extended shelf-life allowing the products to survive in the distribution period to 
the stores as well as during its presentation to the consumers. 

APLICATIONS: the packaging line it is used for the following products: fresh cut 

food products  (especially meat and meat products, fresh cut poultry, fish) which 
needs packaging in thermo-sealing and thermo-shrinking plastic bags. 

The beneficiaries of these equipments are economic units which process 

and manufacture the meat and the meat products. 
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ADVANTAGES 

ü the introduction of the products in the supermarket chains; 

ü the extension of the food products self life; 

ü the integral presentation of the products; 

ü the good storage of the products; 

ü the emphasize of the advertising characteristic of the package (the 

packages may be printed and labeled); 

ü the exposing of the entire range of available products on small stands  
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ABSTRACT 

 
              The aim of the study was to determine the potential activity of nitrate accumulation in some 
leafy and rooty vegetables grown in open field conditions by means of an enzymatic method. In this 
regard the following vegetables species were grown: spinach, lettuce, carrots and onions, which were 
fertilized in the field with 5 doses of fertilizer resulting in the same number of experimental variants 
for each species. 
 The nitrate and nitrite content of the analyzed vegetables varied considerably. The highest 
value of nitrate was retained by the leafy vegetables especially lettuce, however the results obtained 

showed that the majority of analyzed lettuce samples had nitrate values placed within the EU 
legislation for Summer Lettuce (3500 mg/kg fresh), implying that the fertilization dose of 100 kg N 
per hectare in open field may be the maximum treatment quantity.  

 

              JECFA (Joint FAO/WHO Expert Committee on Food Additives) (2002) 
recommended to include as reference dose for nitrite consumption other sources 

than food additives, such as vegetables and water. Moreover, when food is 

considered one have to take into account also the chemical losses during storage 
and preparation time. Surprisingly, there are only few references published 

referring to the consumption of nitrites from both sources: additives and natural 

sources estimating the contributions from endogenous transformation of nitrates.  

           A result obtained in a study completed in Czech Republic within 1994-2001 
showed that the nitrate intake in this country is 0.005-0.023 mg /kg /day and nitrite   

intake of 0.665-1.11 mg / kg /day. The estimated daily intake of nitrate and nitrite, 

in New Zealand adults was 120 mg / day and 1.2 mg / day respectively (means 1.61 
and 0016 mg / kg / day for an individual of 75 kg) according to an UK and NZ  

study (Thomson, 1996). 

     Another study concerning the propensity to consumption of dietary nitrate 
in the UK in 1999, revealed an estimated nitrate consumption for adults of 93 

mg/day coming from the following contributions: 33% potatoes, green vegetables 
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21%, 15% other vegetables, beverages drinks 8.5%, 4.2% meat products, fresh 

fruits 3.5%, 3.1% milk products, milk 2.9%, 2.1% grain variety, bread 1.6% and 
others 5.1%. Approximately 70% of the total consumption of nitrates comes from 

vegetables. Such information about nitrates and nitrites and their estimated 

consumption from vegetables was reported also by a study conducted in Denmark 
(Petersen and Stoltz, 1999), China (Zhong et al., 2002) and Korea (Chung et al., 

2003). 

              The purpose of the present paper was to estimate nitrates and nitrites 

intake from vegetables (exogenous consumption), with respect to the possible 
effect on human body taking into account the conversion of nitrate to nitrite 

(endogenous), comparing results with previous data and study the effect of 

fertilization methods on the accumulation of nitrates in leafy and rooty vegetables. 
  

 
1. MATERIAL AND METHOD  

 
              Vegetables were selected according to the dietary input of nitrites and 

nitrates taking into account consumer preference - what vegetables are consumed 

by a variety of people in Romania in large quantities. 
             Four species of vegetables were analyzed to obtain information on methods 

of fertilization: 2 leafy and 2 rooty vegetables. 80 samples of the 4 species of 

vegetables were analyzed to show how the fertilization affects the accumulation of 

nitrate. 
          The samples were provided by the Vegetable Research Institute Buzau in 

2008; the growing methods used involved 5 fertilizer treatments where the doses 

varied as follows: for lettuce and spinach - V1=0 kg N /ha, V2=25 kg N /ha, 
V3=50 kg N /ha, V4=75 kg N /ha, V5=100 kg N /ha; for onions and carrots ï 5 

fertilization variants: V1= 0 kg nitrogen/ha; V2=100 kg nitrogen/ha; V3=200 kg 

nitrogen/ha; V4=400 kg nitrogen/ha; V5=800 kg nitrogen/ha.  

   Nitrates and nitrites were determined by a rapid UV enzymatic method where 
nitrate is reduced to nitrite by NADPH in the presence of nitrate reductase (NR). 

Briefly, the technique involves solubility of nitrate and nitrite ions in imidazole 

buffer solution, cleaning with precipitation agents Carrez and analysis by reading 
absorbance at 340 nm UV wavelength spectrophotometer in glass cell with optical 

path of 1 cm (can also use disposable cuvettes) and temperature of 20 to 25C. The 
results are expressed as mg sodium nitrite and sodium nitrate/kg of sample. 

    The procedure involves the homogenization of samples from which 5 g are 

weighed accurately and place in a container of 100 ml over which 60 ml of hot 
bidistilled water at about 70 

0
C are added. Then the samples are stirred and 

incubated for 15 minutes in water bath, after they are allowed to cool to 20 to 25
0
C; 
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quantitatively transfer the content in a 100 ml flask and bring up to volume with 

bidistilled water and filter. We use in the analysis 0.100 to 1.000 ml of the filtrate. 
 

 
2. RESULTS AND DISCUSSIONS 

 

              20 samples of lettuce, 20 samples of spinach, 20 samples of onions and 20 

samples of carrots were analyzed in this study. The lettuce samples belonging to 
Gratia variety were coming from five different fertilization treatments: V-1: 0 

kg/ha, V-2: 25 kg /ha, V-3-50 kg /ha, V-4-75 kg /ha, V-5-100 kg /ha, each one with  

4 repetitions.  

 
 
Fig. 1 - Nitrate retention in 

lettuce samples - Gratia 

variety. 

 
 Nitrate content in 

lettuce varied from 1349 mg 

nitrate /kg lettuce in control 
samples V1 to 3845 mg 

nitrate/kg lettuce in samples 

of the V5 fertilization 

treatment. Most of the 
samples were within the 

regulatory limits stipulated by the EU legislation for summer lettuce (3500 mg/kg 

fresh lettuce), except a sample of V5 (figure no.1).We concluded that a fertilization 
dose of 100 kg N/ha induced a retention of nitrate of 2.85 times more then in 

control samples. 

Nitrate content in vegetables varies with temperature and light intensity. 

European Community sat the following maximum levels of nitrate content in 
lettuce for different periods of the year and for different processing conditions: 

winter lettuce(1 September- 31 march) greenhouse: 4500 mg/kg fresh, summer 

lettuce (1 April- 31 August), greenhouse: 3500 mg/kg fresh, Open field (1May - 31 
August) 2500 fresh. 

 20 samples of spinach from the five fertilization variants, each with 4 

repetitions were analyzed to reveal nitrate content in analyzed samples was more 
than 3500 mg /kg in the V5 fertilization treatment which involved a dose of 100 kg 

N per hectare.  
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 Nitrate content of spinach samples in this study, specifically samples of the 

V5 fertilization treatment have exceeded the limits laid down by the Community 
legislation which is 3000 mg nitrate /kg spinach (collected from November 1 to 

March 31). For this reason we consider fertilization until 100 kg N per hectare is 

recommended to obtain safe spinach (figure no.2). The results obtained for spinach 
samples showed no correlation between the fertilization dose and nitrate retention. 

 

 
Fig. 2 - Nitrate retention in spinach 
samples Romanian variety. 

 

   

 
 

In carrot samples the 

accumulation of nitrate was in 

much lesser quantities then in the 
leafy vegetables although the 

fertilization treatments were up to 

8 times higher. 
 The concentration of nitrate expressed as nitrate ion ranged from a value of 

113.92 mg/kg nitrate at 239.45 mg / kg in analyzed samples of carrots coming from 

the five fertilization treatments, 2.10 times more in V5 compared to V1 (control 

samples) (figure no.3). 
 
Fig. 3 - Nitrate retention 

in carrot samples. 
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Fig. 4 - Nitrate retention in 

onion samples. 

 
 

 

 
 

Onion samples revealed nitrate concentrations retained as nitrate ion  from a value 

of 28 mg nitrate/kg onion in control treatment samples to 87 mg nitrate/ kg sample, 
in the V5 fertilization treatment, which represent a 3 times higher retention rate in 

V5 samples compared to V1. 

   
 

3. CONCLUSIONS 

 Vegetables are undoubtedly the main sources of nitrates and nitrites in diets. 
The literature referring to the experiments carried out in this respect reveals that 

there are large variations in nitrate concentrations in vegetables. Previous studies 

reflect the fact that there are wide variations between the content of nitrate in 
different samples of the same type of vegetables. To understand the causes that led 

to increased nitrate content in vegetables, attention is turned to the process by 

which nitrate accumulates in plants. In extreme conditions nitrate concentrations 

can reach 10 000 mg/kg in some types of vegetables. The amount of nitrate 
ingested daily varies greatly; it depends on the category and quantity of vegetables 

consumed. 

 Naturally there is a balance among the nitrates and nitrites in the soil, water 
and plants that can be broken by the intensive use of organic fertilizers in 

agriculture (manure) and synthetic nitrogen compounds; degradation products can 

enrich the soil and accumulate in plants to levels harmful to consumers. Nitrate 
content of vegetables varies with the degree of temperature and light intensity.  

Lettuce had the highest nitrate content among the analyzed samples and varied 

from 1349 mg nitrate/kg lettuce in control samples V1 to 3845 mg nitrate/kg 

lettuce in samples of the V5 fertilization treatment meaning that were within the 
regulatory limits stipulated by the EU legislation for summer lettuce (3500 mg/kg 

fresh lettuce, therefore we concluded that a fertilization dose of 100 kg N/ha 

induced a retention of nitrate of 2.85 times more then in control samples. 

0

50

100

m
g

 

n
it
ra

te
/k

g
 

s
a

m
p

le

1 2 3 4

V 1

V 2

V3

V4

V 5

repetitions

Nitra te re tention in onion samples

V 1

V 2

V3

V4

V 5

 



 

 

 

384 

 The European Community has established maximum levels of nitrate in 

lettuce for different times of the year and for different processing conditions, 
because they are leafy vegetables, plants with high nitrate accumulation potential.  

On the other hand the smaller nitrate retention was exhibited by the onion samples 

which revealed nitrate concentrations of 28 mg nitrate/kg sample in control 
treatment and 87 mg nitrate/kg sample, in the V5 fertilization treatment, 

representing a 3 times higher retention rate in V5 samples compared to V1. The  

the fertilization with nitrate was 4 times higher in V1 and 8 times higher in V5 of 

rooty vegetables compared to the fertilization of leafy vegetables and the retention 
rate of nitrate in rooty vegetables was to a great extent lower. 

 Accumulation of nitrate in these samples was not found to be proportional to 

the dose administered by nitrate fertilization. 
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ABSTRACT 

 
A total of 125 maize samples were analyzed for determination of deoxynivalenl and 

ochratoxin A 25 maize hybrids were cultivated in five regions of Romania using the same agronomic 
practices. Both determinations were made by HPLC methods with immunoaffinity clean up. The limit 
of detection (LOD) was 20 Õg/kg for deoxynivalenol and 30 ng/kg for ochratoxin A. Deoxynivalenol 
results were positive for 31 samples and ochratoxin A results were positive for 29 samples. Only one 

sample exceeded deoxynivalenol limit for food, but not for feed. Regarding ochratoxin A , there are 4 
samples with levels higher than 5 ppb, making them improper for human consumption.   

 

Key words: mycotoxins, ochratoxin A, deoxynivalenol, maize 
 

 Mycotoxins are toxic chemical compounds produced by several 
filamentous fungi under natural conditions. The contamination of food and 

feedstuffs with mycotoxins is a potential hazard to the human health and to the 

performance of farm animals and occurs with varying severity, in agricultural 

products all around the world [5]. 
Mycotoxin-producing fungi species are extremely common, and they can 

grow on a wide range of substrates under a wide range of environmental conditions 

[7]. These fungi can enter the food chain in the field, before or during harvest (the 
field fungi), or after harvest (the storage fungi). For agricultural commodities, the 

severity of crop contamination tends to vary from year to year based on weather 

and other environmental factors [3]. The estimate usually given is that one quarter 

of the worldôs crops are contaminated mycotoxins [2] 
Maize represents the most important component of feedstuffs, but for 

Romanians it is also susceptible to human consumption. The most important 

mycotoxins that contaminate maize are: aflatoxins, deoxynivalenol, zearalenone, 
ochratoxin A and fumonisins. 

The aim of the present study was to survey the occurrence of two major 

mycotoxins, deoxynivalenol and ochratoxin A in maize collected from five 
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producing regions of Romania, in 2008. Deoxynivalenol (DON, vomitoxin), one of 

the most common mycotoxin in cereals, is produced by Fusarium graminearum 
and Fusarium culmorum (considered as field fungi) [4,6]. Ochratoxin A (OTA), a 

phenylalanyl derivate of a substituted isocoumarin, is mainly produced by 

Aspergillus ochraceus, Aspergillus carbonarius, Aspergillus niger and Penicillium 
verucosum (considered as storage fungi) [1]. A second trial aimed to investigate the 

influence of irrigation on mycotoxin content.    
 

1. MATERIALS AND METHODS  

Samples 
 The samples consisted in 125 naturally contaminated maize collected at 

harvest in 2008, in five different Romanian regions: Moldova (Galati and Bacau), 

Oltenia (Olt), Western part (Bihor) and Banat (Timis). The same 25 maize hybrids 
were cultivated using the same agronomic practices in these different areas. In Olt 

and Galati we tried to find out if mycotoxin contamination may be influenced by 

irigation. For this trial we analized the 25 hybrids both in regular conditions and 

irigation conditions. All the samples were grounded using an ultra centrifugal mill 
and mixed prior to analysis. 

 Methods 

For deoxynivalenol determination 25 g samples were extracted in 200 ml 
distilled water, at 25ÁC and 200 rpm, for 30 minutes. After filtration on Whatman 

No.113 filter paper and centrifugation at 4000 rpm for 15 minutes, the samples 

were cleaned up using immunoaffinity columns DONprep (R Biopharm). HPLC 

separation was performed using Waters Alliance system with RP Spherisorb 
analytical column 4.6x150 mm, 5ɛm spherical particle. The mobile phase consisted 

in acetonitrile+methanol+water (5:5:90 v/v) and elution was realized at 1 ml/min. 

flow rate. UV detection was made at 218 nm.  
For ochratoxin A determination 50 g samples were extracted in 200 ml 

extraction solvent (acetonitrile + water 60:40 v/v), blending at high speed for 2 

minutes. After filtration on Whatman No.4 filter paper, the samples were cleaned 
up using immunoaffinity columns OCHRAprep (R Biopharm). HPLC separation 

was performed using Waters Alliance system with Symmetry C18 analytical 

column 4.6x250 mm, 5ɛm spherical particle. The mobile phase consisted in 

acetonitrile+ acetic acid+ water (51:2:47 v/v/v) and elution was realized at 1 
ml/min. flow rate. Detection was realized with a fluorescence detector, performing 

excitation at 333 nm and emission at 443 nm. 

Data were analyzed with Empower chromatography manager system. The limit of 
detection (LOD) was 20 Õg/kg for deoxynivalenol and 10Õg/kg for ochratoxin A.   
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2. RESULTS AND DISCUSSIONS 

Deoxynivalenol determinations of the 125 corn samples revealed 31 

positive samples, representing about 25% of the total number of samples. The 
highest incidence of deoxynivalenol was in Bacau, where the positive samples 

represented 52% (figure 1). The lowest incidence was in Galati and Timis where 

we had only one and two positive samples, representing 4% and 8% of the 
analysed samples in the area. 

 

Fig. 1. Geographical 

distribution of 

deoxynivalenol positive 

samples 

  

Discussing the 
results with respect of 

EU Regulations 

regarding contaminats 
in foodstuffs [8, 9], 

most of the obtained 

values of the positive 
samples for deoxynivalenol contamination were lower than 0.2 ppm, meaning that 

the maize may be used for food and feed with no restriction (figure 2). The maize 

showing deoxynivalenol content between 0.2 and 0.5 ppm (19%) may be used for 

food, except baby food for infants and young children. Another 13% of the 
analysed maize (deoxynivalenol content between 0,5 and 0,75 ppm) may be used 

for human consumption, but not for cereal snacks and breakfast cereals. Only 3% 

of the samples presented values higher than 1.75 ppm, restricting this maize for any 
human use, but allowing the usage for animal feeding [10].  

 
Fig. 2. Levels of 

deoxynivalenol in 

contaminated 

samples 

 

 

 

Analyzing all 
the 125 samples for 

ochratoxin A content we found 29 contaminated samples, representing 23% of the 

total number of samples. The highest incidence of ochratoxin A was in Olt and 
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Bihor, with 12 (48%) and 11 (44%) positive samples. In the rest of the areas we 

found lower incidence: in Timis one positive sample (4%), in Bacau 2 (8%)  and in 
Galati 3 (12%) positive samples (figure 3). 

 

 
Fig. 3. Geographical distribution of 

ochratoxin A positive samples 

 

The interpretation of the 

positive values for ochratoxin A, 
contamination according to EU 

regulations [8, 9], reveal 73% of 

them lower than 0.5 ppb, meaning 
that the maize may be used for food and feed with no restriction (figure 4). The 

maize with ochratoxin A content between 0.5 and 3 ppb (10%) may be used for 

food, except baby food for infants and young children. Another 3% of the analysed 

maize (ochratoxin A content between 3 and 5 ppb) may be used for human 
consumption, but after processing. Unfortunately 14% of the samples present 

values higher than 5 ppb, restricting the maize for any human use. According to EU 

regulations for feedstuffs [10], they still may be used for feed because the highest 
obtained value for ochratoxin A is 12.3 ppb.   

 

Fig. 4. Levels of ochratoxin 

A in contaminated samples 

 

The second trial 
of this study aimed to 

investigate the influence 

of the irrigation on 
mycotoxin contamination. 

The results presented in figure 5 show no significant difference between irrigated 

and un-irrigated maize. The only significant difference could be for ochratoxin A 
in maize cultivated in Galati, but we have to consider that this mycotoxin is a 

storage type and the contamination could be due to improper storage conditions 

prior to analysis. Additionally, the levels of ochratoxin A for irrigated samples 

were very low.  
We also have to mention that climatic conditions in 2008 were regular and 

the irrigation it was not essential and didnôt make the difference. 
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Fig. 5. The influence of irrigation on mycotoxin contamination 

 

3. CONCLUSIONS 

 The analysis of 125 samples revealed 25% deoxynivalenol contamination 

si 23% ochratoxin A contamination. 
No clear geographical allocation of contamination could be made because 

the overall contamination in 2008 was not so high in Romania. The differences 

observed in mycotoxin incidence could be explained in terms of weather 

conditions, harvest and storage (for short term) conditions. 
No significant difference in mycotoxin content was induced by irrigation.  
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ABSTRACT 

 
 The colour of meat is critically appraised by consumers and often is their basis for product 

selection or rejection. The current study compared the colour of fresh minced pork meat with the 
colour of meat inoculated with Pseudomonas aeruginosa after 24, respectively 48 hours from the 
inoculation moment. Meat colour was measured with a Hunter Lab spectrocolorimeter. CIELABô76 
values, also known as L*, a*, b* colour indicators or tristimulus values, and reflectance at specific 
wavelengths, between 400 - 700 nm, have been used to express colour data obtained.  
 In this study there were also observed the colour changes in P. aeruginosa inoculated 
minced pork meat after 10 minutes of ohmic treatment at 81oC. Ohmic heating is an advanced 
thermal processing method wherein the food material, which serves as an electrical resistor, is heated 

by passing electricity through it. Electrical energy is dissipated into heat, which results in rapid and 
uniform heating. Ohmic heating is also called electrical resistance heating, Joule heating, or electro-
heating, and may be used for a variety of applications in the food industry. 
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 Food colour is an important sensorial aspect concerning the impact on the 

food consumer choice. Colour of uncooked meat and meat products is usually 
described as pink or red, but colours range from nearly white to dark red. 

Discoloration of these products often involves tan, brown, gray, green or yellow 

colours. Unfortunately, brown colours are difficult to measure instrumentally, and 
for meat, it is often easier to measure a lack of redness or other normal colour. 

Cooking, smoking, curing and other processing not only present opportunities to 

enhance product appearance and colour stability but often create colours that vary 

from the exterior to the interior of the product. Even within a slice of product, lack 
of colour uniformity, due to either inherent muscle properties or processing 

techniques, creates colour measurement problems (Hunt and Kropf, 1985). This 

infinite number of combinations of colours and factors affecting them makes it 
difficult to accurately describe and follow meat colour changes.  

 In this paper we are focused on the effect of ohmic heating treatment on the 

colour of minced pork meat inoculated with Pseudomonas aeruginosa. Ohmic 
heating is distinguished from other electrical heating methods either by the 

presence of electrodes contacting the food, frequency and waveform. The principal 

advantage claimed for ohmic heating is its ability to heat materials rapidly and 

uniformly, including products containing particulates. This is expected to reduce 
the total thermal abuse of the product in comparison to conventional heating, where 

time must be allowed for heat penetration to occur to the centre of a material and 

particulates heat slower than the fluid phase of a food.  
 

 
1. MATERIALS AND METHOD S 

 

OHMIC TREATMENT OF MINCED PORK MEAT  

 In this experiment, the minced pork meat inoculated with a suspension of 
10

-5
 and 10

-4
 (UFC/mL) Pseudomonas aeruginosa, was maintained at refrigeration 

temperature for 24 hours, respectively 48 hours from the inoculation moment and 

then was treated by ohmic heating. 
 The colour of fresh minced pork meat was compared with the colour of 

meat inoculated with Pseudomonas aeruginosa after 24, respectively 48 hours 

from the inoculation moment. In this study there were also observed the minced 
pork meat colour changes inoculated with Pseudomonas aeruginosa after the 

ohmic heating for 10 minutes at 81
o
C. 

 The experimental laboratory model used for ohmic treatment applications 

has a power supply to produce the electricity (U = 20 - 220 V, a.c., 0,5 kw, 50 Hz). 
Electrodes connected to the power supply must be in physical contact with the 

minced meat in order to pass the electric current through. The electrode gap 


