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ABSTRACT
The genus Trichoderma comprises various fungal strains that can act as biological control
agents against a large diversity of plant pathogens. A number of commercial products are available
but the diversity of plant pathogens, and their increased resistance to the current control products
(chemical or biological products) determined the search of new strains, potentially useful for
biological control. New strains of Trichoderma spp. were isolated from Romanian soils and their
antagonistic activity against Phytium spp and Rhizoctonia spp. was examined. The in vitro biocontrol
activity of Trichoderma spp., as well as of other antagonistic fungi (Trichotechium roseum and
Gliocladium spp.) on the phytopathogens was increased in the presence of FeCl3. RAPD and ITSPCR were used to examine the genetic variability among the isolates.
Key words: Trichoderma species, antagonist, Botrytis spp., Phythium spp., Rhizoctonia spp.,
molecular tests

Plant diseases caused by soil-borne pathogens like Phytium, Botrytis,
Rhizoctonia, Fusarium and Phytophtora play an important role in the destruction of
natural resources in agriculture. Chemical pesticides have been extensively used
for control fungal plant disease but their employment favored the selection of
fungicides resistant strains as well as negative effect on non-target organisms and
environment (Benitez et al., 2004). In this respect, the development of alternative
methods for plant pathogens is of great interest not only for scientists but also for
agriculture. Biological control agents are risk free both for environment and nontarget organisms, and could reduce the use of chemical products. Several
commercial biological products based on antagonistic microorganism are available
now on the market (Strasser et al., 2007) but the interest for selection of new
antagonists is not diminished (Siddique et al., 2007; Dubey and Suresh, 2006; Woo
et al., 2006). The filamentous fungi Trichoderma (Ascomycetes, Hyprocreales)
have attracted the attention because the inhibitory action against various plants
pathogens and the diversity of mechanisms of action (Harman et al., 2004).
The purpose of the present study was the screening of some new fungal
Romanian isolates efficient in vitro against Pythium and Rhizoctonia. The
5

experiments were also conducted to molecular characterization of the fungal
strains, using RAPD and ITS-PCR.
1. MATERIAL AND METHODS
1. Culture of Trichoderma spp.
The fungal antagonists were isolated using dilution plate techniques on TSM
medium (Ahmed et al., 1999) from soil samples provided by ICDPAPM Bucharest,
Romania. The fungal isolates were purified and obtained single spore cultures and
their identification was based on morphological characters. All cultures were
maintained on potato dextrose agar at 4oC.
2. Cultures of other fungal strains
In the experiments were also used strains of Pythium spp., Phytophtora spp.
Rhizoctonia solani, Botrytis cinerea (Bc1 and Bc2) Penicillium chrysogenum A2,
Gliocladium roseum and Eppicoccum purpurescens kindly provided by
dr.M.Oprea, Institute of Plant Protection, Bucharest, Romania.
3. In vitro antagonism test was performed by dual cultures technique on Petri
dishes containing PDA supplemented or not, with 100 μg/mL FeCl3. Petri dishes
were inoculated with mycelial disc of 7-day-old culture of the pathogen and
antagonistic strains at equal distance from the periphery. Inoculated plates were
incubated for 6 days at 25oC and the radial growth of the pathogen was measured.
From the zone of interaction between the antagonist and phytopathogen, the
mycelial mats were gently removed with a needle and examined under microscope
for hyphal interaction (Dubey and Suresh, 2006). Inhibition was observed as
presence of inhibition zones prior to any mycelial contact. The percent RI was
calculated as follows: RI= 100x (R2-R1)/R2. R1 was the distance between the
inoculum of pathogen and the edge of the colony (after 6 days at 25oC) measured in
the direction of the inoculum of inhibitory strain. R2 is the colony growth of
pathogen measured in the direction of maximum radius (Grondona et al., 1997).
4. DNA extraction.
Total DNA was extracted by the method described by Siddique et al. (2007) and
the DNA samples were prepared in TE (10mM Tris-Hydrochloric acid and 1mM
EDTA, pH – 8.0) and stored at -20oC in small aliquots.
5. PCR amplification
Several primers were used for amplification of specific regions of fungal genomes
(table 1). Primers were obtained from Biosearch Technologies.
The PCR amplifications were performed using a Peltier Thermal Cycler
Applied Biosystem 9600 with the following program: 4 minutes at 92 oC, followed
by 40 cycles (92oC – 1 min.; 52oC – 1 min.; 72oC – 2 min) and a final extension at
72oC for 10 min.
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Table 1. Primers used in the experiments
Primers
ITS1
ITS4
IGS1
(CNL12)
IGS2
(CNS1)
TharzF1
TharzR1
TviriF1

Sequence
TCC GTA GGT GAA CCT GCG G
TCC TCC GCT TAT TGA TAT GC
CTG AAC GCC TCT AAG GTC AG
GAG ACA AGC ATA TGC CTA CTG
TTG CCT CGG CGG GAT
ATT TTC GAA ACG CCT ACG AGA
CCC AAA CCC AAT GTG AAC CA

Target region
ARNr 18S
ARNr 28S

Reference
White et al.,
(1990)

Intergenic
region 5S

Kim et al.,
(2001)

Trichoderma
harzianum
Trichoderma
viride/atroviri
de/koningii

Haugland et
al., (2002)
Haugland et
al., (2002)

Amplification products were analyzed by electrophoresis in 1.2% agarose
gel, in TBE (0,04M Tris-borate and 0,001M EDTA) buffer at 70V for 2 h.
2. RESULTS AND DISCUSSIONS
1. Antagonistic interactions between Trichoderma spp. isolates and fungal
pathogens in vitro
Soil samples collected from different agricultural fields and forests were
inoculated on Petri plates with potato dextrose agar (PDA) medium following
dilution plate technique. After 7 days incubation period at 25oC, colonies
determined to belong to Trichoderma genus, according to Samuels et al. (2008)
were purified. Seven distinct strains with inhibitory action against other fungi
present in samples were selected in order to test them against plant pathogens:
strains T.harzianum P8 and Trichoderma spp. TV456 were isolated from two forest
soils (Ilfov), Trichoderma spp.SB6 from soil under maize cultivated in biological
agriculture system (Arges), Trichoderma spp.S37 from an agricultural soil
fertilized with composted sewage sludge (Caracal) and Trichoderma spp. TV1 and
TV2 from garden soil (Bucharest). The strain Trichoderma spp.UV was selected
after UV treatment of the strain TV1 (previous experiments, data not shown).
The in vitro evaluation of antagonism of the new isolates and collection
fungal strains against Pythium spp. and Rhizoctonia solani was performed by dual
culture techniques, on Petri dishes containing PDA or PDA supplemented with100
μg/mL FeCl3 (fig.1)
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(a)

(b)

Fig.1. Dual culture (antagonists and Rhizoctonia solani) showing colony interaction on
PDA (a) and PDA supplemented with FeCl3 (b) after 6 days of cultivation

The results obtained after dual culture technique revealed that the presence
of FCl3 in culture medium increased significantly the inhibitory action of some of
the antagonist against both pathogens (table 2).
Table 2. In vitro inhibition of plant pathogens by different fungi on PDA or PDA+
FeCl3
Antagonist
Trichoderma spp. TV1
Trichoderma spp. TV2
Trichoderma spp. TV.UV
Trichotecium roseum
Gliocladium roseum
Eppicoccum purpurescens

Rhizoctonia solani
PDA
PDA+FeCl3
60,8%
78,3%
71,7%
78,3%
31,8%
60,4%
28,6%
50%
0%
33,3%
0%
0%

Pythium sp.
PDA
PDA+FeCl3
42,5%
60%
55%
56,5%
NT
NT
0%
34,8%
33,3%
34,8%
0%
55,5%

The best results on PDA were obtained with the strains TV1 and TV2
against R.solani and with strain TV2 against Pythium spp. When FeCl3 was added
to culture medium the best results were obtained TV.UV (with 89,9% increased
action), Trichotecium roseum (with 74,8% increased action) against R.solani and
with strains TV1 (+41,2%), Trichotecium roseum (+34,8%) and Epicoccum spp.
(+55,5%) against Pythium spp. (fig.2). These results suggest that the mechanism of
action of these strains not involve the competition for iron. Moreover, the presence
of inhibition zones prior to any mycelia contact indicates that the inhibition may be
due to the production of diffusible components by antagonistic strains.
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Fig.2. Inhibition of Pythium sp. by different fungal antagonists in the presence or
absence of FeCl3. TV1= Trichoderma spp.TV1; TV2= Trichoderma spp.TV2; TR=
Trichothecium roseum; GR1= Gliocladium roseum 1; EP= Eppicoccum purpurescens

Besides these strains, two new isolates designated as Trichoderma
harzianum P8 and T.viride TV456 exhibited increased inhibitory action against
different strains of Botrytis cinerea and Phytophtora spp.(table 3).
Table 3. Antifungal activity of the new Romanian isolates of Trichoderma spp
Antagonist
T. viride SP 456
T.harzianum P8

B.cinerea P1
90%
56%

Plant pathogens
B.cinerea P2
80%
46%

Phytophtora sp. P1
97%
94%

The microscopic examination of the interactive zone allowed the
observation of different stages of Trichoderma – fungal pathogen interactions:
from direct contact between Trichoderma and Botrytis spp. mycelia and
apressorium formation (fig.3), to vacuolization of the R.solani and Pythium spp.
hyphae, followed by cell disintegration (fig.4).
These results suggest that Trichoderma spp. could inhibit the development
of pathogens not only by competition or direct interaction (observed mainly after a
6-7 days of incubation), but also by inhibitory compounds diffusible in the culture
medium that act in the first days of incubation. No significant differences related to
the type of hyphal modification were observed on PDA or PDA supplemented with
FeCl3.
9

Fig.3. Attachment of the Trichoderma spp.P8 to the mycelium of Botrytis cinerea

A

C

B

D

Fig.4. Photomicrographs of hyphal interactions between Trichoderma spp.TV2 and
Pythium spp. (B and C) or R.solani (A and D)
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2. Molecular characterization of fungal isolates
The genus Trichoderma is one of the most important from practical point
of view due to the ability of various strains, belonging to different species, to
inhibit fungal plant pathogens. In order to use certain strain in a biological control
product useful for plant protection it is necessary to characterize it and to identify
the species. The influences of environmental conditions on morphological and
physiological characteristics have made accurate identification very difficult
(Siddiquee et al., 2007). For a better characterization of the strains, molecular
techniques are very useful, until now being tested various arbitrary primers, ITS
type primers as well primers considered as group or species specific (White et al.,
1990; Kim și colab., 2001: Maymon et al., 2005; Shalini et al., 2006)(fig.5).
Internal transcribed spacer (ITS) primers and intergenic spacer (IGS) primers for
ribosomal DNA region (rDNA) were used to amplify specific sequences of this
region in order to distinguish Romanian Trichoderma isolates.

Fig.5. Schematic representation of rDNA showing the internal transcribed spacer
region amplified with primers ITS1/ITS4.

700 bp single amplicon was obtained for each strain of Trichoderma and
one of 600bp for Penicillium sp.A2 when the primer pair ITS/ITS4 for 18S/28S
rRNA genes was used (fig.6).
1 2 3 4 5 6 7 8 9 10

Fig.6. Amplification products obtained with ITS1/ITS4 primer pair: 1= T.atroviride
S37, 2= Trichoderma sp. SP9; 3= T.viride TV456, 4 = Trichoderma sp.TV2; 5=
Trichoderma sp.TV1; 6= Trichoderma sp.TV.UV; 7= T.harzianum SB6; 8= T.harzianum
P8; 9= Penicillium sp.A2; 10 = 1kb ladder DNA (Gibco BRL)
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When the ITS amplicons were subjected to restriction with MspI and
HaeIII, different restriction profiles were obtained (fig.5). Similar restriction
patterns were obtained for the strains S37, TV1 and SB6, and also for TV2 and
TV.UV. Moreover, strains SP9 and P8 presented identical restriction pattern,
instead the strains TV456 and A2 that shown significant differences.
1 2 3 4 5 6 7 8 9 10

Fig.5. Electrophoretic pattern of restriction products generated by MspI action: 1 = 1
kb ladder DNA (Gibco BRL); 2 = T.atroviride S37, 3 = Trichoderma sp. SP9; 4 = T.viride
TV456, 5 = Trichoderma sp.TV2; 6 = Trichoderma sp.TV1; 7 = Trichoderma sp.TV.UV.;
8 = T.harzianum SB6; 9 = T.harzianum P8; 10 = Penicillium sp.A2

When IGS1/IGS2 primer pair was used, various products of aprox.2kb and
more were obtained (fig.6).
1

2

3

4

5

6

7

8

9

10

Fig 6. Sensitivity of the PCR (IGS1/IGS2 primer pair) with fungal genomic DNA: 1=
T.atroviride S37, 2= Trichoderma sp. SP9; 3= T.viride TV456, 4 = Trichoderma sp.TV2;
5= Trichoderma sp.TV1; 6= Trichoderma sp.TV.UV.; 7= T.harzianum SB6; 8=
T.harzianum P8; 9= Penicillium sp.A2; 10 = 1kb ladder DNA (Gibco BRL)

Digestion of IGS amplification products with MspI restriction enzymes
(PCR-RFLP analysis) resulted in polymorphic pattern of restriction fragments
12

(fig.7). The results suggest at least five distinct restriction profiles among
Trichoderma isolates: two groups containing, each, two with identical profiles
(TV2 and TV1; SP9 and P8). The other strains presented different restriction
profiles, but this do not means that they are belonging to different species.
1

2

3

4

5

6

7

8

9

10

Fig.6. Electrophoretic pattern of restriction products generated by MspI action: 1 =
123 bp ladder DNA (Invitrogen); 2 = T.atroviride S37, 3 = Trichoderma sp. SP9; 4 =
T.viride TV456, 5 = Trichoderma sp.TV2; 6 = Trichoderma sp.TV1; 7 = Trichoderma
sp.TV.UV; 8 = T.harzianum SB6; 9 = T.harzianum P8; 10 = Penicillium sp.A2

Similar results were obtained in various laboratories: it was shown for
some species of Trichoderma that they are very heterogeneous as molecular
characteristics (Shalini et al., 2006, Maymon et al., 2004).
Another approach for examining the diversity of the fungal isolated was
the use of species-specific primers. In this order, two primer pairs were used:
TharzF1/TharzR1 primer pair for T.harzianum, and TviriF1/TviriR1 recommended
for the group Trichoderma viride/ atroviride/koningii (Haugland et al., 2002). With
the primer pair TharzF1/TharzR1, various products of amplification were obtained.
Similar fragments were observed in P8 and SP9, confirming the previous results
Different profiles of amplicons were obtained with these primers in the
other strains. The results could be due, probably, to a reduced sensitivity of these
primers for T.harzianum or, less probably, to the fact that none of the strains
belong to this species.
The polymorphism of the amplification products obtained by the use of
TviriF1/ TviriR1 primer pair, recommended for the group Trichoderma
viride/atroviride/koningii, is more reduced, comparing with that of previous
primers: an unique fragment of about 400 bp was observed in S37, SP9, TV2 and
TV1 strains, and one fragment of 500 bp was detected in P8 and TV.UV strains.
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For the strains TV456 and SB6, larger fragments were observed, in addition to the
main fragment of 400bp, and 500bp respectively (fig.7).
1

2

3

4

5

6

7

8

9

10

Fig.7. Sensitivity of PCR using TviriF1/TviriR1 primer pair: 1= 1 kb DNA ladder; 2 =
T.harzianum P8, 3 = Penicillium sp.A2, 4 = T.harzianum SB6, 5 = Trichoderma sp.TV1.1;
6 = Trichoderma sp.TV1; 7 = Trichoderma sp.TV2; 8 = T.viride TV456; 9 = Trichoderma
sp. SP9; 10 = T.atroviride S37

The results obtained with these primers are more uniform, comparing with
the previously ones, confirm the expectations for some strains (TV1, TV2, TV456
and S37) but are contradictory for others (SP9 and P8, for example). It is
interesting that the strain TV456, which exhibited an increased antagonistic activity
against plant pathogens, presented an additional band, of about 1kb, that could be
characteristic for it. If this assumption will be proved correct in the future
experiments, the electrophoretic pattern obtained with TviriF1/TviriR1 primer pair
could be used for the identification of this strain, among other strains of
Trichoderma.
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CONSTRUCTION OF TN7GFP-TAGGED E. COLI O157:H7
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INVESTIGATIONS
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ABSTRACT
Contamination of food and water by animal enteropathogen E. coli O157:H7 is a major
public health concern around the world. Therefore, we have developed and tested recombinant E. coli
O157:H7 strains based on plasmid and chromosomal green fluorescent protein (GFP) marking than
might be used to detect viable bacteria in the natural ecosystems in order to improve the knowledge
on the mechanism of contamination and the fitness of the pathogen. The Tn7gfp-tagged strain E. coli
O157:H7 ATCC 43895 is particularly well suited for long-term survival investigations because do not
required drug-resistance selection and the insertion is stably maintained, without any known adverse
effects on the host.
Keywords: E. coli O157:H7, plasmid and chromosomal gfp-tagged bacteria, advantages of Tn7gfp
transformant for long-term survival studies on plants

Although farm-to-fork food safety practice has received much attention in
the last years, the number of outbreaks linked to animal pathogens contaminations
of fresh horticultural products has increased worldwide, especially for
enterohemorragic Escherichia coli (EHEC) O157:H7 (1). Contaminated manure
and irrigation water are widely recognized routes for the transmission of pathogen
from primary reservoir (cattle) to fruits and vegetables but contamination may also
occur during postharvest processing. A major limitation for investigations on the
mechanism of contamination and the fitness of the animal enteropathogen in plant
environment is the lack of adequate tools for the detection of bacteria in natural
ecosystems. It has been developed recombinant strains that permit visualization of
pathogen cells on plants and environment, based on plasmid green fluorescence
protein (GFP) marking (2, 3, 4). However, interpretation of experiments involving
plasmid-based marking strains can often be confounded by the heterogeneity of the
populations arising from plasmid loss and by the requirement for a drug-resistance
marker to maintain the plasmid into the cells. Therefore, new cloning vectors that
take advantage of the unique characteristics of the transposon Tn7 have been
developed (5, 6, 7). The bacterial transposon Tn7 is a mobile genetic element that
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has two distincts ends (Tn7R ~ 150 bp, Tn7L ~ 90 bp), 5 genes Tns ABCDE and
several cassettes that encode for antibiotic resistance genes. There are two
pathways for Tn7 transposition:
 transposition pathway Tns ABC+D, Tn7 inserts at high frequency
and orientation specific into a single site in bacterial chromosome,
called attTn7 site and the point of insertion is downstream of the
highly conserved glmS gene (that encoding glucosamine-6phosphate synthetase - protein involved in cell wall biosynthesis).
 the second transposition pathway mediated by Tns ABC+E, the
DNA segment has as preferential target plasmid DNA (8).
The Tn7 cloning and integration system was developed by G.J. McKenzie and N.L.
Craig consisting of two key components: a multiple cloning site for transgene
insertion flanked by the left and right end of the Tn7, and the tnsABCD genes
expressed under control of the PBAD promoter to insert the transgene into bacterial
genome (5).
In our study we have developed recombinant E. coli O157:H7 ATCC
43895 strains based on plasmid and chromosomal green fluorescent protein
marking and tested their stability for long-term survival investigations, including
visualization in natural ecosystems.
1. MATERIALS AND METHODS
BACTERIAL STRAINS, PLASMIDS AND GROWTH CONDITIONS
The wild-type strain E. coli O157:H7 ATCC 43895 was maintained on
trypticase soy broth (TSB, Difco) and trypticase soy agar (TSA, Difco) media.
Strains E. coli pKT-Km and pBK-miniTn7-gfp3 were maintained on Luria Bertani
(LB, Difco) supplemented with kanamycin 50 μg/ml (LBKm). The plasmid vectors
pGRG 36 and pGRG 36-gfpmut3*containing an ampicillin resistance gene were
introduced into E. coli DH5ά by electroporation and selected on LB containing 100
μg/ml ampicillin.
CONSTRUCTION OF E. COLI O157:H7pGFP
The pKT-Km plasmid possessing a kanamycin resistance gene was
introduced into E. coli O157:H7 ATCC 43895 by electroporation.
For growing experiments, the late-log phase cultures of both wild-type and
pGFP transformant were inoculated on liquid media LB and LBKm and the cell
density (OD 610 nm) evaluated in time. Moreover, one colony was selected and
sub-cultured for 10 generations on solid media LB and LBKm to check the stability
of plasmid in the absence of selection and to evaluate the stability of gfp
expression.
CONSTRUCTION OF E. COLI O157:H7Tn7gfp
For construction of pGRG-gfpmut3*, the 2-kb NotI fragment from pBKminiTn7-gfp3 was cloned into the unique NotI site of pGRG 36 plasmid kindly
provided by G.J. McKenzie and N.L. Craig (5). For Tn7 delivery into E. coli
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O157:H7 ATCC 43895, competent cells were prepared and electroporated with
100 ng of delivery plasmid DNA. Colony PCR was used to verify chromosomal
Tn7
insertion,
using
bacteria-specific
primers
PGlmSUp2
(5`GCCAGGTTGCCATTACCATGAGCATC-3`)
and
PGlmSDown
(5`CTCTTATATTCACGCTGAAGCCTAC-3`) and common primers for Tn7 ends:
PTn7R
(5`-CACAGCATAACTGGACTGATTTC-3`)
and
PTn7L
(5`ATTAGCTTACGACGCTACACCC-3`). Plasmid extractions, restriction enzyme
digests, ligations, transformations and agarose gel electrophoresis were carried out
using standard methods. Gel-isolated DNA fragments were purified with Qiaex II
(Qiagen).
STABILITY OF GFP EXPRESSION IN LONG-TERM SURVIVAL
CONDITIONS
First we tested changes in the percentage of expression and stability of
Tn7gfp during repeat plating for 10 days on solid media.
To assess the stability in expression of GFP in long-term survival conditions
E. coli O157:H7Tn7gfp ATTC 43895 transformant was stored for two weeks in
stress conditions, light and low temperature (8 ± 1.5°C). Colonies obtained after
plating on TSA and TSA supplemented with kanamycin 50 ěg/ml were examined
for fluorescence intensity. Viable enterobacteria that express GFP fluorescence
were enumerated and results compared with counts obtained after staining with
LIVE/DEAD Bacterial Viability Kits (Invitrogen) as described by the
manufacturer.
CONFOCAL SCANNING LASER MICROSCOPY (CSLM)
The presence of cells of E. coli O157:H7Tn7gfp ATTC 43895 on the intact
leaf surface was determined using a confocal scanning laser microscope (CSLM)
Leica TCS SP2 AOBS Ar-laser (Leica Microsystems). Lettuce leaves were
inoculated with 107 bacteria per g leaf by the spot method and were cutted in pieces
(2 x 2 cm) that were mounted with sterile water onto a glass bottom FluoroDish
(World Precision Instruments). The fluorescence was detected at the excitation
wavelength of 488 nm and the emitted light was collected at 493/566 nm for GFP
fluorescence and 650/729 nm for autofluorescence of the chloroplasts.
STATISTICAL ANALYSIS
Statistical calculations were performed with the program SAS 9.1 (SAS
Institute Inc., Cary, NC, USA) and ANOVA test at 95% significance (P = 0·05).
Two independent experiments were conducted with two replicates each.
2. RESULTS AND DISCUSSIONS
BUILDING TOOLS FOR DETECTION OF E. COLI O157:H7
First, we constructed a gfp-tagged E. coli O157:H7 ATCC 43895 strain
using plasmid pKT-Kan kindly provided by S. Lindow (4). Growing experiments
on liquid media comparing the wild-type and pGFP recombinant strain showed that
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there was no apparent effect on growth curve due to the presence of pKT-Kan
(figure 1).

Fig 1. Growth curves of E. coli O157:H7 ATCC 43895 wild-type and pGFP
transformant strain on LB, respectively LB supplemented with kanamycin 50 μg/ml

The plasmid was stable maintained in the recombinant strain through 10
cycles of daily subculturing at 370C, both with or without antibiotic selection. All
colonies keep fluorescence but the proportion of colonies with low GFP
fluorescence intensity drastic increases during repeat plating for 10 days on solid
media without selection. Moreover, a reduction in the intensity of fluorescence by
individual cells under the fluorescence microscope was observed. The question
remains whether the decrease of fluorescence intensity is due to degradation of
GFP protein by proteases (produced during a stress response like nutrient
starvation and that are known to degrade some proteins in order to obtain energy
and amino acids for essential protein synthesis) or by leakage of pGFP from the
cells. In this case, the strain E. coli O157:H7pGFP ATCC 43895 appears that is not
suitable for long-term investigations but might be used for verification of
culturable plate counts or short-term studies with sublethal-stressed cells.
In the second step we constructed a Tn7gfp-tagged E. coli O157:H7 ATCC
43895 strain using the cloning and integration system developed by G.J. McKenzie
and N.L. Craig (5). The Tn7 cloning and integration system has some advantages
compared to other cloning vectors:
 Tn7 inserts at high frequency and with a specific orientation into
bacterial host genome;
 a single copy is inserted into a specific chromosomal site: attTn7;
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the insertion is stable and does not lead to any known adverse effects
on the bacterial host;
 the method is fast, easy, and efficient, without need of selection of the
insertion event (5, 6, 7, 8).
First the transgene (gfpmut3* cassette from plasmid pBK-miniTn7-gfp3)
is cloned into a temperature-sensitive delivery plasmid using standard cloning
techniques or Gateway cloning system (Invitrogen) and then transformed into
bacterial cells. Growth at the permissive temperature with induction of the
recombination machinery (by arabinose for some bacteria) leads to target DNA
insertion into a specific locus on chromosomal bacterial DNA (attTn7 site). The
system can be used in any bacteria that support replication of pSC101 (i.e.,
members of the E. coli, Salmonella, or Shigella families), a temperature-sensitive
origin of replication which functions at 320C, but not at 420C and allow curing of
the plasmid after transgene insertion. Tn7-tagged bacteria are selected based on
their sensibility to ampicillin and on the presence and stability of fluorescence (5).
Diagnostic PCR with various primer pairs designed to the glmS region and
Tn7ends is used to verify and confirm transposition of transgene in a single copy
and specific orientation into E. coli genomic DNA. Using pair of primers PGlmSUp2
and PGlmSDown the products size for wild-type and transformant are 1366 bp and
3700 bp, respectively. The primers PTn7R and PGlmSDown amplified a 502 bp PCR
fragment that was absent in the wild-type strain. Similar PCR primed with PTn7L
and PGlmSUp2 yield a fragment of 1082 bp, specific for verification of Tn7gfp
insertion (figure 2).
To avoid potential pitfalls in the detection of GFP fluorescence, cultures of
E. coli O157:H7Tn7gfp ATCC 43895 were repeat plating for 10 days on solid
media and stored for 14 days in conditions similar with the natural environment on
the plant surface (low temperature and light) and the GFP fluorescence evaluated.
The Tn7gfp expression was stable maintained in the recombinant strain through 10
cycles of daily subculturing, both on media with or without antibiotic selection.
Moreover, no changes in intensity of fluorescence on plate or by individual cells
have been noticed. After 14 days incubation in long-term survival experiment the
colonies plated on TSA and TSA supplemented with kanamycin 50 μg/ml keep a
strong green fluorescence and there was no significant difference between the plate
counts on both media (ANOVA P > 0·05). The results showed that Tn7gfp-tagged
enterobacteria do not required drug-resistance selection and the insertion is stably
maintained in long-term survival conditions. Moreover, viable bacteria enumerated
based on GFP fluorescence and based on membrane integrity with BacLight were
not significantly different (ANOVA P > 0·05) proving that the fluorescence protein
is rapid degraded in the dead bacterial cells.
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Fig 2. The gfpmut3* cassette containing fluorescent protein and kanamycin resistance
under the control of PA1/04/03 promoter and terminators T0 and T1 was cloned into
delivery vector pGRG36 between the left and right end of Tn7 (Tn7L, Tn7R). The
new vector pGRG36-gfpmut3* was electroporated into E. coli O157:H7 ATCC 43895.
Site-specific Tn7 transposition of transgene into bacterial genome occurs during nonselectively growth in LB media at 320C and plating at 420C block plasmid replication.
The ampicillin-sensitive colonies are then screened by PCR for the presence of
transgene in a single copy across chromosomal site (attTn7).

VISUALIZATION OF Tn7-GFP TAGGED STRAIN ON PLANT SURFACE
Confocal scanning laser microscopy was used to observe the presence of E.
coli O157:H7Tn7gfp transformant on the lettuce leaves surface (figure 3). This
pathogen attaches and survives on the surface and in subsurface structures like
stomata of the fresh produce (1). Microscopic observations of lettuce leaves that
were inoculated with 107 bacteria per g leaf provided evidence that the E. coli
O157:H7Tn7gfp ATCC 43895 can be used as marker of viable cells in experiments
on plants.
3. CONCLUSIONS
1. E. coli O 157:H7 pGFP-marked strain might be used for verification of
culturable plate counts or short-term studies with sublethal-stressed cells;
2. Tn7gfp-tagged E. coli O157:H7 strain is particularly well suited for detection
of bacteria in long-term survival investigations on plants;
3. Chromosomal fluorescent proteins marking of E. coli O 157:H7 strains based
on Tn7 transposition system has some advantages for studies in natural
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ecosystems because the Tn7-tagged bacteria do not required drug-resistance
selection and the insertion is stably maintained, without any known adverse
effects on the host.

Fig 3. Visualization of E. coli O157:H7Tn7gfp ATCC 43895 on the lettuce leaf surface
and in stomata (arrow) using CSLM technique
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ABSTRACT
The work presents three determination methods of spent brewer’s yeast beta-glucans: the
enzymatically method with yeast β-glucan kit ( K-YBGL ), the β-glucan content assay by subtraction
from the total glucose of the glucose obtained from glycogen and the yeast dietary fiber determination
by modified AOAC method. It has been demonstrated that between the first and the second method
was the smallest results difference ( 0,9% -1,3%). The yeast β-glucan was prepared by yeast
autolysis at 500C for 24 h, 48 h respectively and the cell wall treatment with NaOH 0,1N solution at
900C.

A by- product from a brewery is the spent brewer‟s yeast biomass that has
a valuable chemical composition available for human and animal feeds and health.
The yeast cell wall has precious components such as the polysaccharides
with many applications in the food industry and pharmaceutical domain [13,14,15].
The cell wall of Saccharomyces cerevisiae is mainly composed of βglucans
(~ 50%) and mannoproteins (~ 40%) but small amount of chitin and lipids, too.
β-Glucan is a polymeric compound of glucose bonded via β-(1,3)- or β(1,6)-D-glycosidic linkages [3,5,7].
β-Glucan has several chemotherapeutic effects which include the inhibition
of tumor development, enhancement of defense against bacterial, viral, fungal and
parasitic challenges and the activation of macrophages. β-Glucan plays an
important role in the skin protection and the immune system [3,4,8,14].
The spent brewer‟s yeast cell wall was prepared by enzymatic method such
as autolyse (ACW) or mechanical method such as ball milling (MCW). In the first
case the spent brewer‟s yeast slurry was washed three times with water then the
slurry was maintained with continuous stirring at 50 0C for 24 h or 48 h at pH 4,55. The autolysate sample were centrifuged for 15 minutes at 3300 rpm [8,14]. In
the second case the washed yeast slurry was milled for 20 minutes at 30 Hz
frequency with 5 stainless steel balls with 12 mm diameter then the yeast was
centrifuged for 15 minutes at 3300 rpm[9].
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The spent brewer‟s yeast β-glucans (AYG and MYG) was obtained by a
single alkaline extraction using 1,0 N NaOH solution at 90 0C for 1 h [10].
1. MATERIALS AND METHODS
1.Brewer‟s yeast
The yeast used was a spent brewer‟s yeast slurry (a strain of
Saccharomyces uvarum), a by-product from a brewery with a solids content of ~
20% provided by a Brewery from Romania.
2. Chemicals
Reagents and chemicals were obtained from Sigma Chemical Co., St.
Louis- USA, Merck KGAA, Darmstadt- Germany, Riedel de Haen, S.C. Enzymes
& Derivates S.A. Costisa Neamt and other biochemical company of Romania. An
Yeast Beta-Glucan kit K-YBGL was obtained from Megazyme International
Ireland Ltd.
3. Apparatus
Analytical balance Mettler Toledo xs 403 SM, Thermobalance Precisa XM
60, Spectrophotometer JENWAY UV/ VIS -6505, Thermostatted water bath
JULABO F33, Kjeldahl analyzer, Laboratory Furnace LMH 07/12, Fibertec FOSS
Tecator apparatus 1023 E , Freeze Drier CHRIST – ALPHA 1-4 LD Plus, Vortex
mixer, Magnetic stirrer RCT basic plus stirrer bars.
4. Method of analyses
M 1. The β-glucan determination with Yeast Beta-Glucan kit K-YBGL
The measurement of 1,3 and 1,6- β-glucan in yeast preparations consist in the
measurement of total glucan (α-glucan + β-glucan ) plus D-Glucose in
Oligosaccharides, Sucrose and free D- Glucose and the measurement of α-glucan
plus D-glucose in sucrose and free D-glucose.
The measurement of total glucan consist in the following steps:
- add the sample to a culture tube then add 1,5 ml HCl 37% v/v and place the tube
in a water bath at 30 0C for 45 minutes and stir on a vortex.
- add 10 mL water and place the tube in the boiling water bath (~ 100 0C) for 2 h.
- cool the tube to room temperature and add 10 ml of 2N KOH.
- transfer the content of tube to a 100 ml volumetric flask and adjust the volume
using sodium acetate buffer .
-filter the tube content by filter paper or centrifuge at 1500 g for 10 minutes
-transfer 0,1 ml extract in glass test tubes, add exo-1,3- β-glucanase plus βglucosidase in sodium acetate buffer, incubate at 400C for 60 minutes.
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- add 3,0 ml of glucose oxidase / peroxidase mixture ( GOPOD ) to tube and
incubate at 400C for 20 minutes.
- measure the absorbance of solution at 510 nm against the reagent blank.
The measurement of α-glucan consist in the following steps:
- add the sample to a culture tube
- add a magnetic stirrer bar followed by 2 ml of 2M KOH to tube then stirring for
20 minutes in an ice/water bath
- add 8 ml sodium acetate buffer in tube then immediately add 0,2ml
amyloglucosidase plus invertase and place the tube in a water bath at 400C for 30
minutes
- filter the tube content or centrifuge at 1500 g for 10 minutes
- transfer 0,1 ml extract into glass test tube, add 0,1 ml sodium acetate buffer plus
3,0 ml GOPOD reagent and incubate at 400C for 20 minutes
- measure the absorbance of solution at 510 nm against the reagent blank.
Calculation:
Total Glucan (+ oligomers,etc) (% w/w) = ∆ ExF /Wx90
α-Glucan (+ oligomers,etc) (% w/w) = ExF /Wx9,27
β-Glucan = Total Glucan (+ oligomers,etc) - α-Glucan (+ oligomers,etc)
where:
∆E = reaction absorbance- blank absorbance
F = a factor to convert absorbance to µg of D-glucose
W = weight of sample analysed
M 2. The β-glucan determination by subtraction from the total glucose of the
glucose obtained from glycogen [14]
The samples with β-Glucan were hydrolysed with 72% H2SO4 solution and
were neutralised with 40 g/l Ba(OH)2 saturated solution then were centrifuged for
20 minutes at 3300 rpm [5]. Reducing sugars were assayed after hydrolysis
procedure with dinitrosalicylic acid (DNS) method. Total glucose was
enzymatically determined with o-dianisidine method [1]. Glycogen was assayed
enzymatically with amyloglucosidase [2,11] and o-dianisidine method. β-Glucan
content was calculated by subtraction from the total glucose of the glucose
obtained from glycogen.Solids content of samples was estimated by using a
thermobalance for moisture analysis. Total nitrogen was measured by a Kjeldahl
analyzer and protein content was calculated by multiplying the total nitrogen with
6,25.
Glucose enzymatically dosage by o-dianisidine method:
o reagents and solutions
- enzymes buffer solution: 0,9947 g NaH2PO4 x H2O; 4,159 g Na2HPO4 x 12H2O;
peroxidase 225 U; glucose oxidase 1400 U in 150 ml distilled water
- o-dianisidine hydrochloric solution 5 mg/ml
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- glucose reagent: 0,5 ml of o-dianisidine hydrochloric solution plus 50 ml of
enzymes buffer solution
- glucose standard solution 91 µg/ml
o test procedure
- add glucose reagent and 0,2 ml of sample to test tube, the mixture is incubated for
10 minutes at 370C then add 5 ml of H2SO4 50%
- measure the absorbance at 436 nm against the reagent blank
- on carry out a calibration curve using glucose standard solution by different
concentrations (through 15 µg/ml of glucose)
M3. The β-glucan determination by modified AOAC method for dietary fiber
determination
Add 1g of sample ( freeze- dried or wet yeast preparations) to Fibertec
FOSS Tecator vessel, add TRIS buffer solution (pH 8) and 0,5g of tenase (αamylase).The mixture is maintained for 30 minutes at 800C on termostatted water
bath. Add 8,5 ml of HCl 2% for pH adjustment and amyloglucosidase. The mixture
is maintained for 30 minutes at 600C on termostatted water bath. Add 20 ml of 96%
ethanol for 20 minutes at room temperature. Add crucible plus 0,5g celite and the
vessel is fixed at apparatus. The filtration is the following step in this procedure.
The crucible plus celite and sample are dried at 1300C for 60 minutes into drying
oven. Repet the drying until constant weight.
Calculation:
% TDF =
TDF
m
x
y
p

mx y
 100 , where:
p

= total dietary fiber
= crucible+ celite + fiber, g
= protein content, g
= ash content, g
= initial sample weight, g
2. RESULTS AND DISCUSSIONS

In table 1 are presented the results of applying M 2 β-glucan determination
method and in table 2 are presented the results of applying M 1 and M 3 β-glucan
determination methods.
The first product is the spent brewer‟ yeast 6 Generation – BYC (Brewer‟s
Yeast Cell) after washing and bitterness reducing. After six fermentation cycles,
the brewer‟s yeast has yet valuable chemical composition. The AYG product after
48 hours of autolysis have the highest (50,8 % - 53,4% - 54,3 %) β-glucan content.
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Table 1. Chemical composition (% w/w, dry basis) of yeast products by M 2 method
determined
Sample
Protein
Carbohydrate
Glycogen
β-Glucan
BYC
ACW 48h
ACW 24h
MCW
AYG 48h
AYG 24h
MYG

45,6
31,5
33,2
36,9
3,0
7,1
11,5

52,9
64,6
60,8
55,7
89,3
83,4
77,8

5,9
10,5
9,7
8,4
30,5
32,3
34,8

16,1
25,4
20,8
18,4
53,4
49,5
39,9

In M 2 experiment were used wet samples then freeze dried yeast
samples. In the yeast Saccharomyces cerevisiae, three main polysaccharides form
the cell wall : polymers of glucose, polymers of mannose and polymers of Nacetylglucosamine.
Table 2. The β-glucan content (% w/w, dry basis) of various yeast products by M 1, M
3 methods determined
Sample
M 1- The β-glucan
M 3 - The β-glucan
content determined
content determined
with K-YBGL kit
as dietary fiber
BYC
17,3
14,1
ACW 48h
26,5
22,3
ACW 24h
22,1
17,6
MCW
19,6
15,3
AYG 48h
54,3
50,8
AYG 24h
50,5
47,3
MYG
41,1
37,3

M 2 method is based on the hydrolysis by sulfuric acid of this polymers
(β-glucan, glycogen, mannoproteins, chitin) into their corresponding monomers:
glucose, mannose and glucosamine[5]. Glucose and mannose were assayed as
reducing sugars (carbohydrate content). Total glucose from reducing sugars are
resulted from β-glucans, glycogen and was estimated with specifically enzymes
peroxidase, glucose oxidase. In parallel, in other sample, the glycogen was
hydrolysed to glucose with amyloglucosidase specific enzyme [2,11] and the
glucose obtained was measured again with peroxidase, glucose oxidase enzymes.
The glucose resulted by subtraction from the total glucose of the glucose from
glycogen represent the monomer obtained from β-glucans alone [14].
The M 1 method principle is similar to the M 2 method principle because
M 1 method is based on the hydrolysis of the polymers, glucose resulted
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Beta-glucan content, % w/w

determination with peroxidase and glucose oxidase, the amyloglucosidase action
and a subtraction from the total glucans of the α-glucans. Furthermore, the
hydrolysis with hydrochloric acid is followed by glucans enzymatically hydrolysis
with β-glucanase plus β-glucosidase enzymes and the amyloglucosidase enzyme is
associated with invertase enzyme.
The several enzymes convert more yeast cell components and increase the
method precision.
M 3 method is based on the enzymatic hydrolysis with tenase (α –
amylase) and amyloglucosidase but the yeast products not possess in the chemical
composition the specifically substratum for amylase. In this experiment,
amyloglucosidase enzyme have the α-glucans and glycogen hydrolysis agent role
in fact. The hydrolysed fiber arrive in filtrate solution and the indissoluble fiber (βglucan) remain in sediment.
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Fig 1. The comparative geometrical layout of β-glucan content from yeast products by
three determination methods

It was observed that using the wet yeast samples the results is not
enlightening for experiment. The M 3 method results were obtained using the
freeze dried samples only. This method is specific for vegetable flour, are not high
precision in the yeast products case.
Fig. 1 shows that the curves of β-glucan content from yeast products
respect the same geometrical layout for all methods. The difference between
methods results:
M 1 – M 2 : 0,9% - 1,3% ; M 1 – M 3 : 3,2% – 4,5% ; M 2 – M 3 : 2,0% – 3,2%.
The biggest difference is between M 1 and M 3 results; the smallest difference is
between M 1 and M 2 results.
The difference between β-glucan content of cell wall samples by three
methods determined is indicated in Fig. 2: 1,1% - 1,3% (M 1 – M 2) ; 4,2% – 4,5%
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(M 1 – M 3) ; 3,1% – 3,2% (M 2 – M 3). The handiest determination methods are
M 1 and M 2.
In Fig. 3 on observe the difference between β-glucan content of the spent
brewer‟s yeast β-glucan by three methods determined: 0,9% - 1,2% (M 1 – M 2 );
3,2% – 3,8% (M 1 – M 3); 2,2% – 2,6% (M 2 – M 3). Comparative with previous
case the bar graph presente a less values difference for β-glucan terminal yeast
product.
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Fig 2. The difference
between β-glucan
content of cell wall
samples by three
methods determined
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3. CONCLUSIONS

The β-glucan content from yeast products can be determined by three
methods: with yeast β-glucan kit K-YBGL, by subtraction from the total glucose of
the glucose obtained from glycogen, by modified AOAC method for dietary fiber
determination.
The preliminary study demonstrated a less results difference between the
first and the second method (0,9% - 1,3%) comparative with results difference
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between the first and the third method (3,2% - 4,5%) or between the second and the
third method (2,0% – 3,2%) because is a similar working principle and several or
precises steps probably in case of the first methods.
The smallest results difference is between β-glucan content of spent
brewer‟s yeast β-glucan products because in yeast cell or yeast cell wall there are
more components with more influences.
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ABSTRACT
In this draft a protocol has been established for freeze-preservation of yeast strains isolated from
vineyards.Setting on the freeze drying method consisted in determining optimal safety environmental
conditions for microorganisms, optimal sampling phase that were to be freeze-dried and working
conditions of freeze drying device (pressure 0.04 mbar, temperatures between - 60 and – 70oC, for 6
hours).
Yeast strains were subjected to freeze drying process, as follows: achievement subculture to
obtain a pure culture of the genetic, environmental protective culture processing by using gelatin and
sucrose, distribution in vials, freezing of biological material at -60 to -70oC, drying under vacuum,
and finally closing the ampoules were placed in the freeze drying device. For all lyophilized samples
it has been determined their viability, which varied between 35 and 77%..

Biotechnology industry has made significant long-term reservation and
storage of various groups of microorganisms selected from nature or from licensed
collections with high bioproductive potential and mutagenized in the same purpose.
Conservation, on the background of maintaining the biophysiological
proprieties of yeasts, is a difficult task, even for the large microbiology laboratories
that have impressive collections of pure cultures it is hard to preserve the strains of
a species or of a strain of yeast.
Often in these collections many genetic mutations appear and make useless
the work of microbiologists in the selection of microorganisms. For
biotechnologists it is essential to use modern preservation methods to preserve not
only their own microorganisms, but also the ones isolated, selected and genetically
manipulated microorganisms.
Lyophilisation and ultra low temperature freezing (-196°C in liquid end) is
an extremely complex and which has the advantage of ensuring the viability and
stability of microorganisms, for indefinitely.
Freeze drying method requires extremely stressful events for the living
cell: frost - drying and cryopreservation of microorganisms.
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Anhidrobiosis cells would not survive dehydration if the cell membrane,
liposome membrane and cytoplasmic vesicles would not be in a stable form in
terms of thermodynamics.
Cold is the first and most severely detrimental factor of life, distinguishing
the general effects of low temperature (harmful) and the effects of freezing.
Freezing tolerance does not extend to cellular fluids; freezing is limited to
the extracellular space where it acts as protector of the cytoplasm against freezing
injury.
Resistance to freezing depends on the subfreezing phenomenon, a survival
mechanism that relies on long-term maintenance of thermodynamic state that
preserves viability.
Correct use of water involves many factors including the control of
environmental composition and the osmotic membrane equilibrium that depend on
the freezing speed.
Following a huge work of useful microorganism screening in the last years,
the USAMVB-Biotechnology collection has reached more than 500 yeast strains,
and the preservation by subculture on fresh medium is not anymore feasible, being
time and space consuming. For this reason, we were trying to find the better
solution for our laboratory, by establishing a protocol for the yeast lyophilization.
1. MATERIAL AND METHOD
1. Microorganisms
The following yeast strains from UAMVB-Biotechnology collection have
been used: Saccharomyces cerevisiae sp., S.cerevisiae 6b, S.cerevisiae SMR4,
Saccharomyces carlsbergensis, Candida famata PN 5IV21, S.cerevisiae PN 5IV18,
S.cerevisiae VC, S.cerevisiae KW 4 (from Osaka Prefecture University).
Before use, strains were activated by successive passages on YPG
medium. All strains were sown in Petri dishes and incubated at 28-30oC for 4 to 5
days.
2. Media
Strains have been cultivated on GYP medium (Glucose-Yeast ExtractPeptone): yeast extract – 0.5 %, peptone – 1 %, NaCl – 1 %, agar – 2 %; the fiinal
pH should be 7-7.5
For the cells protection, the medium for the lyophilization contained
sucrose 10% and gelatin - 1%.
Sterilization of the medium was performed for 17-18 minutes at 120oC.
3. Working protocol for freeze-drying
Freeze-drying machine used in experiments was a Labconco Powder
(freeze dryer) of 6 liter capacity.
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The following steps have been performed:
Subculture - the solid or liquid stored at +40C

Subculture - the specific environment for micro-optimal temperature to obtain pure
cultures

Working with culture medium to achieve protective levels
of 109 – 1011 CFU / ml

Shaking with beads (for rough-type bacteria or fungi, yeast or yeast-like)

Before freeze-drying
- Control of purity and strength
- Control of productivity (preinocul inoculum biosynthesis)

Freeze-drying
- distribution in ampoules
- freezing of biological material
- dip in CO2 + ethanol solid technical -700 °C, 30 to 45 min
- vacuum drying ampoules
- closing the ampoules

Control freeze-drying
- Suspension or distilled water store lyophilized
- Rehydration on recovery environment, mandatory stage only for fungi,
yeast, yeast-like
- Subculture (solid specific)
- Purity
- count CFU / ml
- level of productivity (preinocul – inoculum - biosynthesis)

Storage of lyophilized under laboratory conditions +4oC
Periodic verification of maintaining viability and activity
4. Sample preparation for freeze-drying:
Freeze-drying yeast samples was performed in two hours:
a) Method of freeze drying the liquid culture medium:
This variant strains were grown on YPG medium (15ml in tubes, static) for 72
hours when the culture reached early stationary phase, cultures were centrifuged
and the resulting biomass was mixed with 5 ml environmental protection medium
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and it was transferred to sterile vials of 100 ml each and were introduced into the
freeze-drying unit.
b) Method of freeze drying the solid culture medium:
For this working method the strains were developed on YPG solid medium for 4
days and then freeze-drying experiments were performed.
In special freeze drying bottles were added sterile 200μL freeze-drying medium to
each. Using sterile loops the whole biomass developed around the Petri dish was
harvested and added to the freeze drying bottle until it formed a paste like a
cream. All bottles were placed in the freeze drying machine.
5. Freeze-drying conditions: Pressure of 0.04 mbar; temperatures between – 60
and – 70oC; 6 hours.
6. Determining the viability of cultures
If variant a) have been read 10μL of environmental protection containing
biomass centrifuged before freeze-drying and decimal dilutions were made to 105
the last dilution were taken read 100 μL and Petri plates were seeded with YPG
medium to count the colonies formed and to calculate the viability before freezedrying.
If variant b) of the environmental protection 200μL containing yeast
culture were taken each 10μL and decimal dilutions were made to 10-5. The last
dilution were taken each 100 μL and were seeded on YPG medium to see the
viability of microorganisms.
After freeze drying it was determined the viability of the samples;
The vial with powder was added to 200 μL environmental protection
shaken to homogenize and then viability was determined in the same manner as
described above.
2. RESULTS AND DISCUSSIONS
Freeze-drying experiments were performed in duplicate. The tests were done
by changing the initial level of yeast cells, the pressure applied in the machine and
the temperature of freezing .
Determination of yeast freeze drying method:
Selected yeast strains were subjected to freeze-drying; lyophilization
method involves the following steps:
- Achieving subculture to obtain a pure genetically culture;
- Processing environment protective culture: the crioprotector environment
consisted of sucrose and gelatin and sterilized at 120°C for 17-18
minutes;
- Distribution in vials;
- Freezing of biological material;
- Vacuum drying;
- Closed ampoules.
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Freeze drying method was to establish the optimal environment for micro
protection, establishing optimal sampling phase which had to be freeze-dried, and
working conditions of freeze drying apparatus, all these aspects have been exposed
to materials and methods section. Thus we determined their viability before and
after freeze-drying.
Table 1- Viability microorgansimelor before freeze-drying
Strains
CFU / ml
Saccharomyces cerevisiae Bth
1.4 x 106
Saccharomyces carlsbergensis
Saccharomyces cerevisiae VC
Saccharomyces cerevisiae 6b

2.4 x 106
1.5 x 106
7 x 105

Saccharomyces cerevisiae PN 5IV18
Candida famata PN 5IV21
Saccharomyces cerevisiae KW 4

1.2 x 106
1.4 x 106
9 x 105

SMR 4

2.6 x 106

The cell counting results for the initial suspension has been done as
described below and the level of the yeast has been adjusted to 106 cells/ml (table
1).
After the freezing, the best results were obtained at -60 to – 70oC freezing
temperature. The yield of the viable yeast varied between 35 and 77% (table 2). It
has been noticed that the most sensible during the freezing it was the brewery yeast
strain of Saccharomyces carlsbergensis. The best results for the cell viability were
obtained for the Japanese wine yeast strain, used as a control. The laboratory strain,
diploid SMR 4 belongs to the average group regarding the viability after deep
freezing (about 50% viability).
Table 2 – Yeats viability after freeze-drying
Strains
CFU / ml
Freeze-drying yield %
Saccharomyces cerevisiae Bth
Saccharomyces carlsbergensis
Saccharomyces cerevisiae VC
Saccharomyces cerevisiae 6b
Saccharomyces cerevisiae PN 5IV18
Candida famata PN 5IV21
Saccharomyces cerevisiae KW 4
SMR 4

0.8 x 106

57

6

35
60
50
50
50
77
50

1.4 x 10
0.9 x 106
3,5 x 105
0.6 x 106
0.7 x 106
7 x 105
1.2 x 106
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3. CONCLUSIONS
After the experiments the freeze drying method of the selected yeast strains
was set up. Freeze-drying method established the optimal safety environment for
microorganisms, determining optimum sampling phase of the samples which had
to be freeze-dried, and working conditions of the freeze drying apparatus, all these
aspects have been exposed to materials and methods section.
In our experience yeast strains selected were subjected to freeze-drying:
achieving subculture to obtain a pure genetically culture; processing culture
protective environment: environment crioprotector consisted of sucrose and gelatin
and sterilized at 120°C for 17 -18 minutes, divide vials, freezing of biological
material, vacuum drying, closed ampoules. The best results have been obtained by
freezing the suspensions at – 60 or -70oC.
For all samples subjected to freeze-drying to determine their viability
before and after freeze-drying. The viability yield varies between 35 and 77%, the
most sensible strain belonging to a brewery one. The Romanian wine yeast belongs
to the average group regarding their sensibility to the freeze-drying method.
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ABSTRACT
Anthocyanins are characterized by health-promoting properties and can be used as
pharmaceutical, nutraceuticals and food additives. High concentration of anthocyanins in raspberries
gives the great benefit. The lack of more information on the effect of high pressure, pulsed electric
fields and extraction with different solvent mixtures on extraction yield of colour of red raspberries
inspired us to investigate further. Our research concerned the development of methods for obtaining
anthocyanins from raspberries. Raspberries were treated with factors like pulsed electric fields and
high pressure for membrane permeabilisation and then extracted also with different mixtures of
solvents and the results were compared with the control The raspberries in aqueous solution were
treated with pulsed electric fields (PEF) at 2 KV/cm, which caused the membrane destruction and
enhanced anthocyanin release. High pressure (HP) treatment at 50 to 100 MPa resulted in the
immediate increase of anthocyanin extraction. PEF and HP acts as a physical stress factor for the
membrane permeability. There was a significant increase in extraction of anthocyanins from
raspberries treated with high pressure at 50MPa for 3 minutes and also in treatment with PEF at 2
KV/cm (2 KJ/kg).

Key words: Anthocyanins, Raspberries, Pulsed electric fields (PEF), High pressure (HP).

World is ablaze with colors; bright colors of fruits and flowers, plants and
trees. Naturally for man and animals colors play vital role in search of foods as
well as in purchasing quality from commercial point of view. Plants can be used
for the synthesis and production of colors. The interest in anthocyanin whose
attractive bright color, water solubility and easy incorporation into aqueous
systems has recently increased due to their beneficial health effects (Tamura and
Yamaganci, 1994).
Anthocyanins are believed to function as “chemo preventers”, by providing
protection against certain forms of cancer and a reduction of cardiovascular disease
(Stavric, 1994). The consumption of anthocyanins may play a significant role in
preventing lifestyle-related diseases such as cancer, diabetes, and cardiovascular
and neurological diseases. (Konczak et al., 2004).
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Anthocyanins are the most spread plant pigments. They belong to phenolic
compounds derived ultimately from phenylalanine, are water-soluble, synthesized
in the cytosol, and localized in vacuoles (Heinonen et al., 1998).
From the view point of quality, the colors of raspberry fruit are one of the
most important characteristics to be considered to preserve the fresh-like
appearance of the raspberry products and this is usually related to their anthocyanin
composition.
Our research concerns the elaboration of the way of anthocyanin extraction
from
plant
material
as
well
as
separation,
purification
and
stabilization. Anthocyanins easily degrade following various reaction mechanisms
acted by oxygen, ascorbic acid, pH and temperature among other variables (Tiwari
et al., 2009).
The produced anthocyanins could offer various health, nutraceutical,
functional benefits to the human health and can be conveniently introduced in
the nutritional chain through fortified food systems.
Anthocyanins can be used as pharmaceuticals, nutraceuticals and food
additives.
The object of our studies is raspberries, they are rich in anthocyanins and
their high concentration in fruits gives the great benefit for breeders, food and
pharmaceutical industry.

1. MATERIALS AND METHODS
1 SOLVENT EXTRACTION

The extraction of anthocyanins from raspberries is normally accomplished using
ethanol. Anthocyanins are polar molecules with hydroxyl, carboxyl, methoxyl and
glycosyl groups bound to aromatic rings. They are more soluble in water than in
non polar-solvents and this characteristic helps extraction and separation processes,
as described by (Harbone et al., 1988).
The plant material was treated with different mixtures of ethanol like 30%,
50%, and 70% ethanol, keeping all other parameters constant and the anthocyanin
was extracted and compared. Anthocyanins were extracted quantitatively from the
plant tissues.
100 mg of fresh sample was taken and dissolved with 750 μl of solution (79%
ethanol and 1% CH3COOH) at 85 °C for 20 minutes. Extracts were clarified by
centrifugation at 13000 rpm for 5 minutes. The supernatants were collected and the
pellets were dissolved with the above solution and repeated these steps for next two
times. The collected supernatant were added with 50 μl of hydrochloric acid and
placed in the dark incubator for 10 minutes.
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2 HIGH PRESSURE TREATMENT

High pressure (HP) treatment at 50 to 100MPa seems to alter the
membrane permeabilization and better extraction. Anthocyanin content was
analyzed on both untreated and high pressure treated raspberries samples. Fruit
samples were pressured under 50 MPa for 1 min, 3 min and 5 min and under 100
MPa for 3 min at temperature from 15 to 21 °C and were compared with the
control samples each in triplicates. High pressure processing for extraction of
active ingredients is a novel technique. When extractions were assisted by HP
higher caffeine extraction yields from coffee (Knorr, 1999) and a higher carotenoid
content in tomato puree were demonstrated (Sanchez-Moreno et al., 2004).
Extraction of tea caffeine and polyphenols using high pressure processing
possessed several advantages, such as higher yields, shorter extraction times and
lower energy consumption (Hu et al., 1997).
3 PULSED ELECTRIC FIELDS

Pulsed electric field (PEF) leads to the permeabilization of plant membrane
and breakage of cells and tissues of food material PEF enables reversible and
irreversible plant membrane permeabilization. It has great impact on subsequent
processes such as extraction and diffusion of plant metabolites (Knorr et al., 1998).
PEF applies pulses of high voltage electric fields to the materials being treated.
This serves to punch holes in the membranes of plant cells (electroporation) which
disrupts the membrane‟s functionality. The electric pulses used for PEF treatment
are extremely short in duration (often 1-4 microseconds), therefore any temperature
increase during treatment is minimal. Cell components either leak into the
surrounding matrix resulting in cell shrinkage and death or the cell swells through
uptake of fluids from the cellular environment, resulting in cell swelling and lysis.
PEF can be used to facilitate and increase the extraction efficiency of
bioactive compounds from plant sources. The effects of pulsed electric field (PEF)
on extraction of pigments from the plants can be combined with extraction with
solvents, variation in temperatures, pH and storage conditions and also in different
combinations Combining mechanical pressing with PEF treatment in beet juice
extraction gives better results and yield. (Bouzrara, H., Vorobiev, E. 2000).
In our experiments the raspberries have been treated with pulsed electric
field of 2 KV/cm (2 KJ/kg), which enhances the bioactive substances especially
anthocyanin release.
4 ANALYSIS OF ANTHOCYANIN CONTENT

Raspberries after treatment with different solvent mixtures, high pressure
and pulsed electric fields were photo metrically analyzed at absorbance 535 nm
was recorded against the buffer and the anthocyanin content was calculated by
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Where,
E = extinction
MG = molecular weight of anthocyanin (445.2 g/mol)
VP = dilution factor
ε = extinction coefficient (98, 2)
d = distance (cm) of the tube
TG% = % of fresh weight to dry weight
2. RESULTS AND DISCUSSION
1. EXTRACTION WITH DIFFERENT CONCENTRATION OF SOLVENT

anthocyanin concentration (mg/g)

The anthocyanins were extracted with different concentration of ethanol
30%, 50%, and 70% ethanol and compared with normal extraction (with 79%
acidified ethanol). The results showed that with different ethanol concentration the
anthocyanin extraction quantity varied. 50% ethanol showed 1,3 –fold increased
anthocyanin extraction when compared to 30% and 70% (Figure 1). But when it is
compared with the control, it seems to be less by about 1,2-fold
1.20
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0.80
0.60
control
ethanol 30%
ethanol 50%
ethanol 70%

0.40
0.20
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ethanol
30%

ethanol
50%
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Fig 1. The effect of different concentration of ethanol on extraction of
anthocyanins from raspberries
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2. EFFECT OF HIGH PRESSURE TREATMENT

In this study, we assessed the impact of high pressure on anthocyanin
content of raspberries. Fruit samples were pressured under 50 MPa for 1 min, 3
min, and 5 min and under 100 MPa for 3 min. After application of high pressure,
the treated samples are analyzed for anthocyanin content. Fig 2 shows the amount
of anthocyanin content in fresh raspberries after HP treatment. We can see that the
treatment of high pressure with 50MPa for 1 min and 5 min are the optimum
among the treated samples. The anthocyanin content reached nearly 2 mg/g when
treated with 50 MPa for 5 min, while in the control it was around 1 mg/g.
The studies of Suthanthangjai et al. (2005) have showed that at HP
treatment 200- 800 MPa improvement in anthocyanins. However, our results have
shown that HP of 50- 100 MPa was also rather effective for the extraction of
anthocyanins. Application time play an important role: application of HP of 50
MPa for 1 min increase the content of extracted anthocyanins by 10 %, while the
application of HP for 3 min cause 2-fold increase of anthocyanin yield. Afterwards
the increase of treatment time do not play an important role, In comparison to 3
min treatment the yield of anthocyanins in extracts increase by 10 % after 5 min
treatment.
2.50
control's
HP samples.

anthocyanin conentration mg/g

2.00

1.50

1.00

0.50

0.00
50MP 1min
C

50MP 3min

50MP 5min

HighCpressure treatments
C

100MP 3min
C

Fig.2. The effect of high hydrostatic pressure on the content of anthocyanins in
raspberries
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Also the increase of the pressure over 50 MPa do not show the effect. The is no
difference in the concentration of anthocyanins in extracts after the treatments with
50 and 100 MPa.
3. EFFECT OF PULSED ELECTRIC FIELDS

High intensity electric field pulses (PEF) is one of several emerging nonthermal methods, which appears to be very promising for different food
applications (Knorr D.1999). Its use has received attention in the areas and
reversible and irreversible plant membrane permeabilization. Permeabilization of
plant membranes has great impact on subsequent processes such as extraction and
diffusion of plant metabolites. Application of an external electric field to cells
induces an electric potential across the membranes with in turn results in a charge
separation in the cell membrane. When the trans-membrane potential exceeds a
critical value, the repulsion between charge carrying molecules results in the
formation of pores in the cell membrane.

Fig 3. The effect of pulsed electric fields treatments on the anthocyanin content of
raspberries

In our experiment the anthocyanin concentration increased 1, 9-fold in the
pulsed electric field treated samples at 2 KV/cm (2 KJ/kg) as compared with the
control (Figure 3). As we can see, the treatment of raspberries in aqueous solution
with pulsed electric field enhances anthocyanins in extracts.
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3. CONCLUSION
Our study was focused on the effect of solvent concentration, high pressure and
pulsed electric fields on anthocyanin concentration in extracts of raspberries.
Especially there was increase in anthocyanin treated with high pressure (50 MPa
for 3 min, which caused 2-fold increase) and also with pulsed electric fields (2
KV/cm), which proves to have scope in future. For the future study, the
optimization of high pressure and pulsed electric fields are also needed for the
extraction of anthocyanins from in raspberries.
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ABSTRACT
Volatile compounds have been widely studied for their potential use in tracing the animal
feeding system. Several variables are involved in the accumulation of volatiles in animal tissues and
among them animal diet plays an important role. Plant biomarkers such as carotenoids, terpenes and
phenolic compounds, animal metabolites such as 2,3-octanedione, fatty acids are potential tracers in
meat and milk or animal tissues, of animal feeding diets.
Terpenes, phenolic compounds are also potential tracers of the geographical origin of milk and meat.
The detection of marker provides a useful link between a dairy product and its region of origin.
Usually, the detection of chemical and volatile composition from samples is realized using SPME
combined with GC-MS.
Keywords: biochemical markers, volatile compounds, traceability, dairy products

The detection of biochemical markers for identification of the geographical
origin of food is an attractive challenge. Several studies have been conducted on
the detection of markers that could be used to identify the geographical origin of
milk and cheese. This subject is particularly important for Protected Designation of
Origin (PDO) products because their link with the region of origin has to be traced.
Generally, the markers used for trace are classified into two groups:
- plant biomarkers, coming directly from the diet (direct markers),
- metabolic markers deriving from animal metabolism (indirect markers).
Plant biomarkers are compounds that are not synthesized by animals and
whose occurrence in the animal products or tissues is due to the food they have
eaten. Carotenoid pigments and terpenes metabolites are examples of such
compounds. These micronutrients are stored in the animal‟s fat after absorption and
are thus found in milk and meat. The study made by Besle et al. [1] proved that,
water soluble micronutrients, such as phenolic compounds, can discriminate milks
obtained from cows fed different diets. Other plant compounds, such as phytenes,
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which are found in milk and adipose tissue [2] could also be of interest as
biomarkers of the diet.
Carotenoid pigments
Carotenoids are natural pigments which occur widely in nature, being
synthesized by plants and many microorganisms, so animals have to obtain them
from food.
Lutein is the only carotenoid stored in the adipose tissue of sheep and goat,
whereas cattle also store carotenes [3]. This aspect is important, because lutein is
present at high levels in green herbage, whereas cereals and tubers and their
derivates contain none or very low carotenoid concentrations [4]. Lutein could
therefore make an excellent biomarker of grassfeeding in sheep and goat. In
contrast, zeaxanthin, the carotenoid abundant in maize, is not stored by ruminants.
All grass processing alter the forage carotenoid content compared with the initial
level in fresh grass [5].
Terpenes
Terpenes form a large class of molecules almost exclusively synthesized
by plants (monoterpenes, sesquiterpenes and their oxygenated derivatives).
Terpenes in grassland plants vary widely according to botanical family: most
Apiaceae, and certain Asteraceae and Lamiaceae contain large amounts and broad
diversities of terpenes, whereas Poaceae contain low amounts of terpenes [6].
Terpenes are abundant in dicotyledons (herbs, heather, bushes and trees).
Dicotyledons are abundant in alpine pastures. Pastures that contains more
gramineae than dicotyledons, is poor in terpenoids.
Thus, the terpene profile can be used to distinguish the mountain pasture of origin.
Terpenes from forages eaten by cattle have been found in both milk [7] and
meat [8] and their transfer from forage into milk is immediate [9]. Milk obtained
from animals grazing pasture contains much higher amounts and wider diversities
of terpenes than milk obtained from animals given conserved forages or
concentrates. Terpenes have been successfully used to recognize animal diet and to
localize the geographical origin of pasture-fed animals: in beef [10], in milk [11].
Dynamic headspace is the best-suited extraction method to analyze these
volatile compounds which are present at very low levels in milk and meat. The
sample is continuously purged by an inert gas. The volatile compounds are carried
away and efficiently concentrated in a trap before analysis by high resolution gas
chromatography coupled to mass spectrometry.
Phenolic compounds
Forages are rich in cellular phenolic compounds (flavonoids and other
phenolic compounds), which have recently proved to be promising for traceability
issues. In a study realized by Besle et al. [1] cows were fed with six different diets:
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rich in concentrates (65% of the diet), based on maize silage, ryegrass silage,
ryegrass hay, native mountain hay and native mountain grazed pasture (+15%
concentrates). The phenolic compounds content of these forages, were determined
by high performance liquid chromatography (HPLC), the native pasture being far
the richest. About 60 phenolic compounds were detected by HPLC in the
corresponding milks.
About half were found in all the milks, with five of them being predominant. The
other compounds, that were specific to one diet, may be used for tracing the animal
diet.
Indirect markers
The fatty acid composition of meat and milk may also be a useful source of
relevant information on the animal‟s diet. Ruminal micro-organisms hydrogenate
dietary lipids resulting in an increase in saturated fatty acids in animal tissues
compared with the diet profile.
Grass lipids contain high proportions of the unsaturated linolenic acid, a compound
that is not synthesized by animals. Grain-based diets contain high proportions of
linoleic acid. Therefore, pasture-raised animals have higher proportions of linolenic
acid in their fat than do stall fed animals [12]. Two derivates of linolenic acid,
eicosapentaenoic acid and docosahexaenoic acid occur at higher concentrations in
grass-fed animals [13].
2,3-octanedione is an other compound that can be used as marker of grassfeeding [2]. This compound may be related to the abundance in leafy plants of the
enzyme lipoxygenase (absent in corn). That‟s why 2,3-octanedione has been found
at very low levels in the fat from lambs fed concentrate diets [14].
Young et al. [2] reported that 3-methylindole (skatole) was present at
higher levels in the fat from lambs grazing grass than in those fed concentrates.
Skatole arises from tryptophan degradation.

BIOCHEMICALS MARKERS IN DAIRY PRODUCTS
Terpenes and hydrocarbons, being transferred from forages into milk and
cheese, were shown to be promising tools for this purpose [9,15] using solid-phase
microextraction (SPME) as a simple and effective sample preparation method, that
is now widely applied in food analysis [16].
Volatile compounds of milk have been studied concerning the effects of
the type of feeding adopted in animal breeding [17], heat treatment [18], storage
conditions [19].
The quality of butter has been investigated by evaluating both the sulfur
compounds, as affected by the type of cow feeding and the effects of the storage
conditions [20].
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The origins of volatile compounds found in cheese are diverse and can be
classified into two groups: the first one contains native volatile compounds already
present in milk which are not transformed during cheese manufacturing while the
second group includes components produced in the cheese itself during
manufacture or maturation.
Forage is an important factor influencing the composition of the volatiles of the
first group. Feeding cows with highland grass (rich in dicotyledones) during
mountain pasture leads to higher concentrations of terpenes, sesquiterpenes and
esters, as described in literature for different cheese types [21]. This information
may be useful for recognizing a typical highland cheese (e.g. protected
denomination of origin) from a lowland cheese. However, they are not adequate as
geographic markers for a given cheese type produced in different countries. Local
manufacturing practices can also modify the composition of volatiles in milk.
The volatile compounds of the second group are formed during manufacture and
ripening of cheese by microbial, enzymatic and (bio)chemical transformations.
Among these, proteolysis, lipolysis and lactose fermentation are major biochemical
events. Degradation of amino acids leads to amines, aldehydes, alcohols, acids and
sulphur compounds. Breakdown of fatty acids produces esters, methyl ketones and
secondary alcohols.
A manufacturing process is often typical of a defined region and, therefore,
the resulting composition of volatile compounds could be an interesting indicator
of the respective origin.
The homologous series of odd-carbon chain methyl ketones have been
identified and characterized as the main compounds responsible for the unique
flavour of blue cheeses.
Terpenoids in plants are products of secondary metabolism and may be
considered as biochemical indicators to characterize highland cheese [2].
Terpenes compounds have been detected and identified in dairy products [9],
which present impact on cheese sensory properties and as potential markers in milk
and cheese of the presence of diversified forages in dairy cows‟ diet [23], [24].
Monoterpene and sesquiterpene contents provide information regarding products
made from milk obtained from cows fed forages with different compositions and
from different geographical areas.
The study realized by Viallon [9] underline the interest in considering the
monoterpenes and sesquiterpenes as tracers of the feeding of animals and the
geographical origin of dairy products.
Production of terpenes is regulated by environmental factors; thus different
qualitative and quantitative terpene profiles can be expected for pastures of
lowlands or highlands. Either fatty acid composition or terpene profiles have been
proposed as biomarkers of the chain plant–animal–milk–cheese for tracing
mountain cheeses, including some Italian PDO mountain cheeses [25], [26].
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The significance of fatty acids and terpenoid profiles as biomarkers of
PDO „„Bitto” cheese have been presented in the study made by de Noni [27].
Terpenes have been shown to be useful markers for the origin of dairy
products [9] particularly useful for the differentiation of highland and lowland
cheeses [28].
The relationships between the origin of cheeses and the type of pasture was
intensively highlighted by using popular and well-known analytical methods such
as gas/liquid chromatography, isotope ratio mass spectrometry, olfactometry or
chemical analysis [29], [30], [31]. Other papers have been interested in studying
the relationship between grass and milk [11], [32].
Indeed, using dynamic head space-gas chromatography coupled to mass
spectrometry, Fernandez et al. [11] have found that milk collected in highland
regions were richer in sesquiterpenes than those collected in lowland regions.
This short review presents the biochemical markers that can be used for
establishing the origin of different products, like dairy products.
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ABSTRACT
We analyzed 100 wheat flour samples from Romanian wheat, the harvests of the years 2006
to 2009, in order to elaborate predictive models for farinographic parameters, namely: Hydration
Capacity, Development time, Stability, Softening, starting from the physical and chemical parameters
(Protein Content, Moisture, Ash Content, Wet Gluten Content, Gluten Index, Falling Number). Our
results showed that all the farinographic parameters were correlated with specific physical and
chemical parameters in different degrees of significance. The most significant correlations that have
been described refer to the pairs Moisture – Hydration Capacity (-0.43***), Protein content –
Hydration Capacity (0.41***), Protein Content – Development time (0.41***), Falling number –
Development time (0.42***), Gluten index – Hydration Capacity (0.50***) and Ash Content –
Hydration Capacity (0.47***). Regarding the obtained predictive models, we found that the best
predictors for the Hydration Capacity of doughs are Moisture, Ash Content and Falling number. For
the parameter Development time, the best predictors were Protein Content and Falling number and
for the Stability, the best predictors were Protein Content and Ash Content. For the Softening
parameter of doughs, the significant predictors were Moisture and Falling number.

Baking qualities of flours are determined by certain factors (gluten content,
gluten quality, quality of other proteins, native enzymatic activity, added additives,
structure and texture of starch granules, etc.), which are relatively known, but
hardly predictable, because their interaction determines complex nonliniar
rheological behavior. There are also technological factors, such as: type and
intensity of kneading and modelling, conditions of fermentation and baking etc.
The parameters describing these changes often show inhomogeneous variations,
disordered apparently, without periodic components. However, these apparently
nonhomogenous variations of the quality parameters of flours can be studied and
improved by the methods of mathematical statistics, so that it makes possible to
find some rules to stand at the basis of predictive modelling. Estimation of complex
technological qualities of flours (hydration capacity, development time, stability,
softening), based on the physical and chemical parameters (moisture, ash content,
protein content, wet gluten content, falling number etc.) can be significant for the
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baking science and technology; this allows a rapid adaptation of the technological
processes to the work conditions required by the quality of the raw material we use.
Over time, there have been many researches that have investigated the
potential of using the farinographic analysis in the evaluation of the technological
qualities of wheat flours. Latest research, such as those of Hruskova et al. (2000)
and Miralbes (2004) showed that farinographic parameters can be estimated using
infrared spectroscopy (NIR) [2, 3]. In China, Deng et al. (2005) have shown the
correlation of farinographic parameters with mixographic parameters,
extensographic parameters, and some quality parameters of bread (bread volume
and bread firmness) [1]. Similar research, conducted in Europe on 17 wheat
cultivars by van Bockstaele et al (2008) showed that the best predictive model for
the volume of bread was based on the combination of the parameters: protein
content, farinographic hydration capacity and the alveografic P/L ratio [5].
In this research we have developed the best predictive model for the
farinographic parameters of doughs obtained from Romanian wheat flours, starting
our research from simple physico-chemical parameters of flours, such as: protein
content, moisture, ash, wet gluten content, gluten index etc.
1.

MATERIAL AND METHOD

100 samples of flour, coming from Romanian wheat crops from the period
2006 – 2009, processed by SC FARINSAN SA Giurgiu, were thus subjected to
physical and chemical analysis: Moisture (ICC Standard No. 202), Protein Content
(ICC Standard No. 202), Ash Content (AACC Standard No. 08 – 21), Wet Gluten
Content and Gluten Index ((ICC Standard No 155) and Falling number (ICC
Standard No. 107/1). We also determined the specific farinographic parameters for
each sample: Hydration Capacity, Development time, Stability and Softening (ICC
Standard no. 115/1). The obtained results have been analyzed using the methods of
statistic mathematical analysis, with the program called StatSoft, Inc. (2007).
STATISTICA (data analysis software system), version 8.0.
2. RESULTS AND DISCUSSIONS
Table 1 presents the mean values of investigated quality parameters, as
well as the main characteristics of their variability.
In Table 1 we can see that the physical and chemical quality parameters of
the flours were characterized by relatively low coefficients of variability, being
higher only for the parameters protein content (14.605%) and ash content (13.012).
The farinographic parameters showed big variation coefficients, over 50 %,
excepting Hydration Capacity. Basically, table 1 shows that relatively
homogeneous flours, regarding the physical and chemical parameters, generated
doughs with very different rheological behavior. It also shows that expression of
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flours in doughs also depends on other subtle factors, besides the physical and
chemical parameters.
Table1.The investigated mean quality parameters and the main
estimates of their variability
Parameter
Mean
Min.
Max. Variance
Std.
Dev.
14.232
11.40
16.00
0.7
0.815
Moisture (M,%)
11.413
8.00
16.30
2.8
1.667
Protein (P,%)
28.499
22.30
38.70
10.3
3.210
Wet gluten (WG,%)
385.318
218
568
4338.1
65.864
Falling number
(FN, sec)
83.917
60
98
47.9
6.919
Gluten index (GI)
59.395
49.4
68.6
7.2
2.685
Water absorbtion
(WA, %)
2.567
1.2
10.7
2.8
1.676
Development
time (DT, min)
6.161
0.9
18.5
11.4
3.372
Stability (S, min)
73.965
1
270
2162.9
46.507
Softening (S, UB, UF)
0.604
0.46
1.07
0.0
0.079
Ash (AC, %)

Coef.
Var.
5.726
14.605
11.262
17.093
8.245
4.521
65.307
54.738
62.877
13.012

In Table 1 we also can see that the variation of physical, chemical and
farinographic parameters (described by the amplitude of variation) consists of
flours, from the weakest flours, in relationship to the technological standards for
bakery industry (Protein Content 8.0 %, Wet Gluten Content 22.3 %, Gluten index
60, Stability 0.9 min, Softening 270 UB etc), until strong flours, which can be used
in technological processes for obtaining special products (pastry, frozen dough,
etc.): Protein Content 16.3 %, Wet Gluten Content 38.7, Stability 18 min etc.
In table 2 it is shown that all farinographic parameters were correlated
more or less significantly with specific physical and chemical parameters. The
most significant correlations relate to pairs Moisture – Hydration Capacity (0.43***), Protein Content – Hydration Capacity (0.41***), Protein Content –
Development time (0.41***), Falling number – Protein Content (0.42***), Gluten
index – Hydration Capacity (0.50***) and Ash Content – Hydration Capacity
(0.47***).
Regarding the relationship established between physical and chemical
parameters, we can notice that the value of the correlation coefficient between the
protein content and wet gluten was 0.78 ***, according to data obtained in other
research for flours from Romanian wheat [4]. Note that some parameters which are
traditionally associated with quality flours are dependent on parameters directly
related to the type or quality of the milling. Thus, gluten index parameter increases
with the decrease of ash content (-0.35 **) and water content (0.21 *). This shows
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that the gluten quality is essentially determined by the contribution of fractions
from the exterior layers of wheat grain, layers known to have a higher ash content.
Table 2.Correlation coefficients and their significance for the main
correlations established between the investigated parameters
Pairs
M
P
WG
FN
GI

M

P

1
-0.02
0.08
-0.28**
0.21*

1
0.78***
0.21*
-0.31**

WA

0.41***

DT

0.43***
0.03

S
ST

0.22*
-0.27**

AC

0.54***

WG

FN

1
0.24*
0.46***
0.39***

1
-0.16

WA

DT

S

ST

AC

1
1

0.42***

0.15
-0.32**

0.35
***
0.30**
-0.24**

0.50***
-0.08

0.32 **
-0.25**

0.04
-0.09

-0.08
0.05

0.20*

0.09

-0.22*

-0.35
***

0.47
***

0.41***

0.35***

GI

0.43***

1
0.56***
0.41***
0.00

1
0.74***
-0.26**

1
0.28**

1

Hydration capacity of flours is very significantly influenced by all the
analyzed physical and chemical parameters, especially by the gluten index.
Basically, the gluten quality influences the water absorption capacity of the flour in
a greater degree than the gluten content. Tenacious gluten flours absorb smaller
quantities of water, while low-gluten flours retain a larger amount of water. The
amount of water absorbed decreases very significantly with increasing the moisture
of the flours and increases with increase of the total protein content and the wet
gluten content (Figure 1).
Despite the very significant correlation of the Hydration Capacity
parameter with all the of physical and chemical quality parameters of the flours, the
best predictive elaborated model has been based on the predictors: Moisture,
Falling number and Ash Content (r = 0.772; r² = 0.596; adjusted r² = 0.566;
F(3.40)=19.707; p<0.00000; Std.Error of estimate: 1.9340):
WA = 59.056 – (1.118*M) + 0.018*FN + 16.540*AC
For the parameter Development time, the best predictors have been the
Falling number and Protein Content parameters. These parameters made with the
Development time of doughs two highly significant simple linear correlations
(table 2).
The best predictive model developed for the parameter Development time
is shown in Figure 2 and has the form (r=0.564; r²= 0.318; adjusted r²= 0.289;
F(2.47)=10.986; p<0.00012 Std.Error of estimate: 1.702):
DT = -11.108 + 0.731*P + 0.016*FN
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The parameter Stability of the flours has correlated (table 1) with the
parameters Moisture, Wet Gluten Content, Falling number and Ash Content. Our
analysis showed that the best predictive model for this parameter is based on
predictors: Protein Content and Ash Content as seen in figure 3 (r= 0.435; r²=
0.189; adjusted r²= 0.164; F (2.65)=7.5983 p<0.001 Std.Error of estimate: 3.140).
S = 2.018 + 1.020*P – 14.205*AC

Fig 1. Correlation between Hydration Capacity and
Protein Content of the flours

Fig 2. Graphic representation of the relationship between Development time
and its best predictors in flours
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Fig 3. Graphic representation of the relationship between Stability
and its best predictors in flour

As seen in table 2, the parameter Softening of doughs is correlated with
Moisture, Protein Content, Wet Gluten Content, Falling number and Ash Content
of flours.
Our modelling showed that the best predictive model for the parameter
Softening was obtained by the predictors Moisture and Falling number (r= 0.466;
r²= 0.217; adjusted r²=0.186; F(2.251)=7.071; p<0,002 Std.Error of estimate:
33.945). The graphic representation of the model is represented in Figure 4.
ST = 459.357 – 22.176*M – 0.192* FN
The best predictors for the farinographic parameters have been represented
by the following indices: Moisture, Protein Content, Ash Content and Falling
number. Although Falling number is not a physical or chemical parameter in the
classical sense of the quality assessment of flours, being related to the stability of
the gel formed by flour suspensions in water, adding it to the models improved
their performance.
Although it may seem surprising, Wet Gluten Content and its quality (WG,
GI) were not significant predictors in the models obtained by us. This is probably
due to the fact that for dough behavior at mixing, the influence of the total protein
intake from flour is more important than the influence of only one part of it
(represented by wet gluten content). It is also more important the rheological
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behavior of the starch fraction from flour, in relation to the individual quality of
gluten (FN vs GI).

Fig 4. The graphic representation of the relationship between Softening
and its best predictors in flours

3.

CONCLUSIONS

1. The physical and chemical quality parameters of the flours were characterized
by relatively low coefficients of variability, while farinographic parameters,
excepting Hydration Capacity, presented very large coefficients of variability,
of over 50%. The variation of physical, chemical and and farinographic
parameters included flours in different ranges, from the weakest flours, related
to the bakery industry technology standards, until the strong flours, which can
be used in technological processes for obtaining special pastry products.
2. All farinographic parameters were significantly correlated with the specific
physical and chemical parameters. Very significant correlations refer to the
pairs: Moisture – Hydration Capacity (-0.43***), Protein Content – Hydration
Capacity (0.41***), Protein Content – Development time (0.41***), Falling
number – Development time (0.42***), Gluten index – Hydration Capacity
(0.50***) and Ash Content – Hydration Capacity (0.47***).
3. Hydration Capacity of flours is very significantly influenced by all the physical
and chemical parameters, specially by gluten index;
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4. The amount of absorbed water decreases very significantly with increasing the
moisture of flours, along with increasing the total protein content and wet
gluten content;
5. Regarding the obtained predictive models, we concluded that the best
predictors for the Hydration Capacity of doughs were Moisture, Ash Content
and Falling number. The best predictors for the parameter Development time
were Protein Content and Falling number, while the best predictors for
Stability were Protein Content and Ash Content. The Softening of doughs had
as significant predictors, Moisture and Ash Content.
6. Although it may seem surprising, Wet Gluten Content and Wet Gluten quality
(WG, GI) were not significant predictors in the models obtained by us.
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ABSTRACT
The term "carotenoids" is used for a group of related substances which have the formula
C40H56, and which are synthesized only by plants. Carotenoids can be considered as potential
biomarkers in nutritional and sensory characterization of dairy products and in the traceability
management of milk production (e.g. cow milk, sheep milk, goat milk, buffalo milk). This article
focused on identifying bibliographic references related to experimental models used in setting
regional biochemical markers, which determine the specificity of dairy products, from feedstuffs to
milk and dairy products (obtained from cow milk).
Keywords: carotenoids, HPLC, dairy products

1. GENERAL CONSIDERATIONS
Carotenoids are one of the most important classes of plant pigments that
have protective effects on both of the plant and animal tissues. They are a group of
yellow, orange or red natural dyes, mainly spread in the vegetable (in carrots,
tomatoes, pumpkin, broccoli, spinach, peppers, oranges, apricots, papaya, mango
fruit) and animal kingdom (in egg yolk, shrimps, salmon fish). Carotenoids are
compounds with 40 carbon atoms (8 isoprene residues), with an isoprenoid
structure, resulted from the union "head-tail" of the isoprene units (Stan, 2007).
A key feature is the central location of the conjugated double bond system,
which are chromophore groups. They give the carotenoids property of absorbing
radiations in the visible light, thus forming the basis of their identification and
quantification. The basic structure can be modified in many ways, including
cyclization, hydrogenation, dehydrogenation, oxidation, rearrangement, reducing
chain or its combination, thereof resulting in a variety of new structures (Internet,
2009).
There have been identified over 600 natural carotenoids and it is estimated
that nature annually produces over 100 million of such pigments. The most
widespread pigments with this structure are: fucoxanthin (algae), lutein (herb), βcarotene, lycopene, violaxanthin and apocarotenoids (compounds with less than 40
carbon atoms in the molecule).
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Yellow and orange carotenoids are known as carotene and the red ones as
lycopene. Carotenoids act as antioxidants, some of whom being vitamin A
precursors (Stan, 2007).
Carotenoids can be considered as potential biomarkers in nutritional and
sensory characterization of dairy products and for the milk traceability
management, as raw material (e.g. cow milk, sheep milk, goat milk, buffalo milk)
(Noziere et al., 2006a).
This article presents data on carotenoids stability and their identification in
the feedstuffs used for the growth of the dairy animals. There are also reviewed the
studies concerning the identification of biochemical markers from dairy products.
2. GENERALITIES ON CAROTENOIDS STABILITY
The rapid development of techniques for identifying the natural compounds,
resulted in a rapid enrichment of the number of carotenoid pigments. For their
identification in vegetable or animal products, must be taken into account their
physical and chemical properties.
Carotenoid pigments are sensitive to light, heat, oxygen, acids and alkaline
bases. Therefore, certain conditions must be met to keep the product under analysis.
By exposure to light, especially in direct sunlight or UV light, cis-trans
photo-isomerization is achieved, which can lead to their (photo) destroying. This is
why the separation of carotenoids should be made in the dark at room temperature.
In the case of hot saponification, the solutions should be protected through the use
of solvents with not very high boiling points, between 30-60ºC (Corol et al., 2001).
Researchers studied in many articles the retained percentage or the loss of
carotenoids that occurs during food processing and storage. The data obtained are
often contradictory and difficult to interpret, for the following reasons:
a. the processing and storage conditions are not or are only partially
described;
b. foods are differently processed, making comparison processing methods
difficult;
c. different conditions (e.g. time and temperature) are used for the same
processing method;
d. the procedure followed for calculating the loss of carotenoids is not
specific or the result of the calculation is not right.
Particular care should be taken to ensure that any isomerization or oxidation
of carotenoids during analysis and/or during sample storage, before analysis, is not
wrongly attributed to the food processing or storage (Rodriguez-Amaya et al.,
2004).
The references studied have shown that heat treatments during processing (in
the case of milk, for example), does not adversely or causes only small losses of
carotenoids and retinol in milk. It was found that milk pasteurization at 72ºC, for
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30 sec., leads to a 6% loss of retinol in milk fat, but was not observed loss of βcarotene and/or lutein. Instead, following pasteurization, total retinol isomerisation
occurs (directly dependent on the intensity of the heat treatment), passing from
trans-to-cis form (Noziere et al., 2006a).
3. BIOCHEMICAL MARKERS AS CAROTENOIDS IN FEEDSTUFFS
Following studies carried out on feedstuffs, nearly 10 carotenoids were
identified (e.g. xanthophylls, carotenes), and their concentrations vary greatly,
according to the development stage and length of conservation. Among ruminants,
only bovines accumulate high concentrations of carotenoids, especially β-carotene,
most likely due to the lower vitamin A synthesis efficiencies in enterocytes.
Carotenoids flow in plasma and tissues in dairy cows, especially the ability of the
adipose tissue to release β-carotene in depleted or underfed animals, are matters on
which researchers still must answer.
To date, it was shown that the adapted identification methods of the
carotenoid pigments in feedstuffs required a great consumption of time (using TLC
- Thin Layer Chromatography). Lately, more rapid methods have been developed,
using HPLC (High Performance Liquid Chromatography). It is important to
emphasize that most methods of sample storage (e.g. freeze-drying, freezethawing, refrigeration), together with long storage before analysis lead to
degradation of carotenoid pigments (Noziere et al., 2006a).
4. DETERMINATION OF BIOCHEMICAL MARKERS IN DAIRY
PRODUCTS
Carotenoids in cows‟ milk mainly consist of all trans-β-carotene, and in a
lower concentration, lutein. In milk, concentration varies more for β-carotene than
for retinol, whose plasma concentration is well regulated. The β-carotene
concentration in milk depends on its dietary supply. Both animal and feeding
factors, affect milk production (e.g. breed). Generally, the control of the β-carotene
concentration in milk is made by concentration or dilution mechanisms and by its
extraction efficiency from plasma.
The β-carotene concentration in cheese is closely related to the β-carotene
concentration in milk. Not the same thing happens with retinol, due to the high
losses of this component that occur during the cheese-making process. Dairy
products color depends highly on their carotenoids concentration, suggesting that
color may be a fast and promising measurement tool for traceability of feeding
conditions. Feeding management of dairy cows allows effective monitoring of the
carotenoids concentration and dairy products color (Noziere et al., 2006b).
Some researchers have achieved spectrophotometric determination of
carotenoids and retinol, based on their property of absorbing radiations in the
visible light, with a maximum absorption around 450 nm. The study was conducted
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on milk collected from cows belonging to Brown Austrian breed, exploited in
ecological system. The milk samples were collected from an organic farm in the
Dorna Depression.
The absorption spectrum was recorded with a JASCO spectrophotometer and
the absorbance was read at 450 nm, as shown in Figure 1 (Internet, 2009).

Fig 1. Absorption spectrum of a cow milk sample

The HPLC instrument used then in order to separate the carotenoids from the
cow milk consisted of:
 a Shimadzu LC-20 AT pump system,
 a Waters 990 detector, equipped with software for instrument control, data
acquisition and data processing,
 a Rheodyne injection loop of 20 μl, and
 a Sherisorb RP-18 column with 25 cm length of, 4.6 mm inner diameter
and 5 μm particle size.
The used mobile phase consisted of acetonitrile/methanol 85:15, in isocratic
system. After the injection of the milk samples were found some differences
regarding the quantity of carotenoids obtained, depending on the season (winter or
summer) (Internet, 2009).
In another study were determined the variations in carotenoids, fat-soluble
micronutrients and color in cows‟plasma and milk, following changes occurred in
the quality and quantity of the feedstuffs used. During the preexperimental period,
32 cows in midlactation were fed a grass silage-based diet, and were then divided
into 4 groups: 2 groups were maintained on the grass silage diet and 2 were
switched to a dry hay diet. One group was fed according to the net energy for
lactation and nitrogen requirements and the other was submitted to an energetic
underfeeding, with similar forage and carotenoid intake between groups. The
changes in concentration of carotenoids and color index of plasma and milk were
monitored for 8 weeks.
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The HPLC equipment was used in the experiment consisted of:
a Waters system equipped with a pump,
a Waters 600 regulator,
a Waters 717 cooling auto-sampler, and
Water 996 photodiodes series used as detectors (monitoring between 280
and 600 nm).
Carotenoids in milk consisted of all-trans-β-carotene. Some traces of lutein
were detected to, but could not be quantified. Concentrations of β-carotene in milk
[0.133 vs. 0.062 μg/mL (3.64 vs 1.77 μg/g of fat)], as well as the amount secreted
in milk (2.45 vs. 1.33 mg/d), were higher for the group fed with grass silage than
for the group fed with dry hay. During the experiment, there was an increase in
carotenoid concentration in milk between day 1 and 50, from 0.081 to 0.168 μg/mL
(2.17 to 4.53 μg/g of fat), as well as the amount secreted in milk from 1.68 to 2.95
mg/d.
In the group fed with dry hay, concentrations in milk and the amount
secreted in milk varied only slightly, between day 1 and 50. Differences in βcarotene concentrations in milk, between the two groups became significant only
after day 10 (Noziere et al., 2006b).
In 2006, Lucas et al., assesed the respective effects of milk composition and
the cheese-making process on cheese compositional variability in components of
nutritional interest (fatty acids, vitamins, carotenoids and minerals). In these terms
there were assessed five different varieties of french cheese: Abondance, Tomme
de Savoie, Cantalet, Salers and Rocamadour, obtained by different processing
technologies.
The milk and cheese samples submitted for dry weight, fatty acids, vitamins,
carotenoids, minerals and total antioxidant capacity analyses, were collected in
plastic tubes wrapped in aluminum foil to protect them from the light and were
stored at -20°C.
Carotenoids (β-carotene, lutein and zeaxanthin), vitamin A (all-trans-retinol)
and vitamin E (α-tocopherol) were analyzed by HPLC. Carotenoids and fat-soluble
vitamins were extracted from samples after addition of echinenone (internal
standard), by 2x2 volumes of hexane. The xanthophylls were separated from the
hexane phase by adding 2x2 volumes of ethanol/water solution (90/10, v/v) (Lucas
et al., 2006a).
As a continuation of the previous study, Lucas et al. (2006b), tried and
realized to: characterize the composition of cow's milk farmhouse cheeses, in terms
of average contents and variability in fatty acids, retinol, α-tocopherol, folate, βcarotene, xanthophylls, calcium, phosphorus, magnesium, potassium, zinc, sodium
chloride and total antioxidant capacity. Cheese samples were frozen immediately
after collection. The retinol (vitamin A), α-tocopherol (vitamin E), β-carotene and
xanthophylls (lutein and zeaxanthin) contents were simultaneously measured by
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HPLC using an UV-visible photo-diode detector immediately after each sample
saponification and extraction with hexane.
The study showed that cheese fat was richer in C4:0, C18:0, cis-9 C18:1,
trans-11 C18:1, cis-9 trans-11 C18:2 (CLA), β-carotene, xanthophylls, retinol, αtocopherol and TAC and poorer in C10:0, C14:0 and C16:0 with pasture-based
rations compared with the preserved forage-based rations. In the grazing period, it
was poorest in C6:0 - C14:0, β-carotene and retinol and richest in cis-9 C18:1,
C18:2 n-6 and C18:3 n-3 (Lucas et al., 2006b).

5. CONCLUSIONS
1. The animal feeding process and related factors, affect milk production, both
quantitatively and qualitatively (changes in carotenoids concentration).
2. Plant carotenoids are transferred into animal products, sometimes to a large
extent (e.g. egg yolk) or to a lesser extent, as in ruminant products, where they
modify the color of milk, dairy products and body fat. Consumers are sensitive
to product color, although preferences differ among countries and regions
within countries. A yellow color in milk is associated with grazing/ pasture,
which in many European countries carries connotations of "natural"
feeding. Thus, carotenoids could be indicators of grazing production system
(green pasture).
3. Despite the large variety of carotenoids in plants, no more than 10 are found in
feedstuffs, of which the most important, in terms of quantity, are β-carotene
and lutein.
4. Milk carotenoids affect sensory properties of dairy products either directly by
their coloring properties or indirectly through their antioxidant properties.
5. Throw the spectroscopic methods, the raw pigments from a very complex
extract can be identified, but the specific composition remains unclear. For a
more accurate identification of the pigments from a mixture are recommended
the chromatographic methods. The final identification and quantification of the
pigments usually requires, the development of standards, which/ that are of
vital importance in the analysis of food pigments.
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ABSTRACT
Ecological food consumption is still low in Romania, making for only 0.5 percent of the
total food consumption. Many Romanians are now discovering ecological foodstuffs, which are more
expensive, but considered healthier. Buyers of such products fall into the category of informed,
concerned-about-their-health people, unlike the rest of the population that prefers conventional, lowpriced foodstuffs.
With a total estimated value of 20 million EUR in 2009, Romania's ecological food market will see an
increase of around 33 per cent compared to 2008. However, those involved in this business segment
have claimed that the sector is still facing difficulties due to the poor information available to
producers and consumers alike and the lack of financial support from the authorities.
This work is based on a market study made in the first quarter of the year 2009, which has the
purpose to establish what kind of ecological products are available on the domestic market, what the
prices are for ecological products, the country of origin and the availability of these products in
stores.

The commercialization of ecological products in Romania is made only by
registered traders in the Ministry of Agriculture, Forestry and Rural Development,
through various channels of distribution: farm-gate sales, sales through wholesale
stores, sales in specialized stores, on-line stock sales for ecological products, and
seasonal sales markets.
In Romania the ecological products can be purchased in a small number of
specialised stores: Leacul Store (Hatmanul Arbore Street no. 11, near Perla area)
and Pukka Food (George Vraca Street no. 7) from Bucharest, Biocoop from Sibiu
(Avram Iancu Street no. 11) or Bio Markt (Marasesti Street no. 14 from
Timisoara). In addition to these, there are other more general stores which supply
ecological products: Naturalia (Calea Mosilor 189, Calea Floreasca 25, Coltei
Street 26 and Voluntari), Delicateria Traiteur (Mihai Eminescu, Dorobanti and
Carrefour Feeria) from Bucharest, or in Selgros, Carrefour, Cora, Real, Mega
Image, Pic, Primavara, G Market, Angst, Kaufland, Auchan or Billa, hypermarket
and supermarket chains and in similar supermarkets which were covered by the
present market study. Some of the shelves of large retail chains are intended strictly
for ecological food: milk, eggs, wheat and maize flour etc.
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Ecological market in Romania is developing slowly, because these
products are generally with 10% -40% more expensive than conventional products,
and only this year the prices for ecological produce grew up by 20%. These
products are more expensive than conventional products, but offer a guarantee of
quality certificates, certification operations involved in ecological production and
examination being very drastic.
1. MATERIALS AND METHODS
Because Romania does not have a developed domestic market for
ecological products yet, we have developed a market study with the aim to offer an
overview of the domestic market for ecological food products to consumer market
in Romania.
The study was conducted by using the method of the field survey, in the
first quarter of the year 2009 in order to determine what ecological products are
present on the Romanian market, their prices, the country of origin and how easily
accessible these items are in the store.
Twenty stores, supermarkets and hypermarkets were chosen in which a
survey was carried out having as working tool observation sheets that at the end of
the study were aggregated in one summary remark. The products were coded and
divided into eleven main categories according to the Classification of products and
services (CPSA), as follows:
• 124 - ecological eggs;
• 151 - meat products;
• 152 - invertebrates aquatic animal products;
• 153 - fruit and vegetable products and cans;
• 154 - vegetable and animal oils and fats;
• 155 - dairy products and ice cream;
• 156 - grain mill products, starches and starch products (rice, flour, meal);
• 157 - animal feed products;
• 158 - other products (bakery and confectionery, biscuits, sugar, cocoa,
dried fruit, pasta, coffee, tea, spices, sauces, vinegar, food for children);
• 159 – beverages;
• 245 - cosmetics.
2. RESULTS AND DISCUSSIONS
Results were tabulated and processed in a Microsoft Office Excel 2007
database.
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Fig 1. Ecological products’ availability in the twenty stores

The main ecological products which are present on the Romanian market
are bakery products (in proportion of 57%). With a 14% share, ecological dairy
products are on the second place in availability on the market. Ecological
vegetables and fruit products and cans come into third place with a share of 11%. It
is visible that the supply of ecological meat products on the Romanian market is
almost nonexistent (a percentage of 1%) as well as fish products.
Regarding the ecological products provenance, the following have been
observed:
- first place with a rate of 17.29% is occupied by the German origin
products, this fact confirming that Germany was and remains the European
engine for the ecological sector;
- the second place, with a small difference (0.19%), it is occupied by
products imported from Italy, also a major supplier at European level;
- next place is occupied by the products which mention the country of origin
on the label ”European Union” (EU), because the products contain
ingredients from member countries of the EU;
- products with Romanian origin occupy the fourth place;
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the next places are occupied by Belgium, Austria and France.

Fig 2. Graphical representation of the main countries supplying ecological
products for the Romanian market

Survey results concerning the major domestic suppliers of ecological products are:
- Inedit Ltd., tofu cheese producer, vegetable pate, tofu drinks with various
flavours, vegetable croquettes, etc. was located with a rate of 21% in
the first place;
- with a rate of 17% Naturalia Ltd comes into second place, with bakery
products, pastry products, grains, etc.;
- with a rate of 11% La Dorna Ltd. comes into third place with its dairy
products (ecological butter, ecological cheese, ecological milk, etc.);
- with a 2 percentage difference, Camy Lact Ltd is on the fourth place with
9%, also with dairy products;

on the fifth place, with 7 percent and 100% ecological products
based on berries and honey was placed the company “Tremot Dobre si fii”.
From all the twenty stores participating in the market study, only four of
them did not have a social stand for ecological products as it can be seen from
Figure 4.
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Fig 3. Graphical representation of the main suppliers of ecological products
from Romania

Fig 4. Graphical representation of special stands
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3. CONCLUSIONS
1. Ecological products demand in Romania is increasing, especially for bakery
products, pastry, biscuits, pasta, coffee, dried fruit, etc.
2. Ecological dairy products can be found on the Romanian market in adequate
quantities; however there is a greater demand for these products;
3. Ecological fish and aquatic products do not exist on the Romanian;
4. Supply of ecological eggs is low, being present in only two stores covered in the
study;
5. Germany and Italy are the main countries supplying ecological products for
Romania.
6. Romania is on the fourth place concerning the supply of ecological products;
7. Inedit Ltd is the main local supplier of ecological products, with products based
on soya (tofu cheese, pate, croquettes, etc.).
8. La Dorna is also a major supplier to the domestic market for ecological products
(ecological butter, ecological cheese, ecological milk, etc.);
9. On the domestic market, there are many suppliers (small producers) of
ecological honey, being certified and registered with the Ministry of
Agriculture and Rural Development;
10. Only four stores have special stands for ecological products;
11. Ecological products are more expensive than conventional products because the
criteria for ecological food production and commercialisation are very strict,
making their price to be 50% to 100% higher than conventional products.
A general conclusion of the market is that ecological products are easily
recognized indigenous because they are labelled with a stamp containing the letters
AE - ecological agriculture, and certification of quality from accredited bodies.
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ABSTRACT
Toxicity of some herbicides and insecticides to the environment is a global issue and one
factor is because in agriculture most of the farmers use as herbicides and insecticides many
dinitrophenols and dinitrophenols derivates with a high toxicity for soils, plants and with side effects
for humans.
This agents can be degradated by some microorganism such as Pseudomonas aeruginosa
strains without unwanted side effects for the environment.
For that we growth Pseudomonas aeruginosa S4 in a pilot bioreactor with minimal
nutrients for 36 hours at continuously parameters such as pH, temperature, stirrer and air flow. The
resulting biomass was tested for the capacity of this bacteria in biodegradation of KARATHANE(Krt,
2,6-dinitro-4 or 6-octylphenyl crotonate), a dinitrophenol insecticide.
We treated with KARATHANE un experimental field and after that we applied the bacteria
Pseudomonas aeruginosa S4 for biodegradation. The activity of this bacteria on the soils treated with
pesticides was measured every 24 h for a period of 7 days.
The efficiency of bioremediation are discussed.
Widespread decontamination of major pollutants such as pesticides dinitrophenol by means
of modern microbiological involvement of bacteria in the biodegradation of soil derivates to clean up
soil, water, etc. and develop concrete measures for bioremediation.
Keywords: dinitrophenols,
bioremediation
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1. MATERIAL AND METHODS
Microorganisms: pure culture of Pseudomonas aeruginosa S4 strain was
procured for bioremediation works from University of Bucharest, Faculty of
Biology Collection. Before use, the strain was activated by successive passages on
Luria Bertani medium.Technical grade Karathane was adapted in Minimal Salt
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Medium using scale up process followed by bioremediation in Flask shaker
method.
Nutrient Culture Medium: Tryptone 0.1%; K2HPO4 0.1%; KH2PO4
0.05%; MgSO4*7H2O 0.02%; NaCl 0.1%; (NH4)2SO4 0.1%;
pH – 6.8 ± 0.2

Microbial growth in Bioreactor: The adapted Pseudomonas aeruginosa
S4 culture was growth at the 10 liters bioreactor(Figure 1), with a final volume of 6
liters in 6 different batches with exactly the same parameters for each batch (figure
2).

Fig 1. Bioreactor with in-situ sterilization

Fig2.
Recorded
parameters in each
moment
of
the
process

Batch duration = 36 hours, pH = 6.8 – 7, Temperature = 37°C, Stirrer = 150
rpm
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Soil bioremediation: Bacterial biomass from bioreactor was applied on the
experimental field pretreated with Karathane and mantained for 7 days at room
temperature (20 - 25°C) and 30-37°C, to observe their ability in degradation of
aromatic hydrocarbon from the major organic pollutants such as dinitrophenol
derivatives (figure 3).

Fig 3. Applying the bacterial biomass for bioremediation

2. RESULTS AND DISCUSSIONS
Pseudomonas aeruginosa S4 bacterial strain has been enriched and
adapted by scale up process in minimal salt medium (MSM) containing Krt as
carbon source at varying concentrations:10, 50, 100 mg/ml respectively.
Bacterial strain was growth on MSM at the 10 liters bioreactor during 36 hours
(CFU=1,5x106) and sprayed on the soil containing Krt at diferent temperatures;The
GC-MS data of scale up process illustrate that during a period of 7 days Krt has
degraded up to 82%; For a good efficieny of biodegradation of the pesticide, the
soil temperature must be about 30 - 37°C. In this case the biotechnological method
developed for degradation of Karathan would be useful to pesticide
bioremediation.
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