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Abstract. The purpose of this work was to study the lipases coming from six plant sources, to see to what extent
the substrate (oil) and/or temperature influence the activity of this enzyme, and which of these sources shows a higher
activity. The biological materials, used as lipase sources (provided by Suceava Genebank and by Suceava Agricultural
Research and Development Station), have been represented by seeds belonging to the following plant species: sunflower
(Helianthus annuus L., hd. Rapid), pumpkin (Cucurbita maxima L., local variety), soy (Glycine max L., var. Turda 6114),
peanut (Arachis hypogaea L., var. Dabuleni), corn (Zea mays L., hd. F 376), and walnut (Juglans regia L., var. Bratia). As
substrates for enzyme activity, were used the following refined oils: sunflower, pumpkin, soy bean, peanut, com, and walnut,
purchased from supermarkets. The research method has consisted in titrating (with a solution of KOH 0.01 N) of fatty acids
released from oils by lipase, in a certain time interval. At pH 5.4 and 20°C the lipase from sunflower seeds has registered
the highest activity on soybean oil. At the same pH, but at 40°C, the lipase from walnut kernels has registered the highest

activity on walnut oil. On its own substrate, the highest activity was registered, at 20°C, by walnut and sunflower lipase,
while at 40°C by walnut lipase. It seems that a higher content of linoleic and linolenic acids of some oils (used as
substrates), as well as the enzyme chemical composition and spatial configuration caused an increased activity of sunflower
and walnut lipase, as compared to the other enzyme sources analyzed.

INTRODUCTION

The lipases (triacylglycerol hydrolases, EC 3.1.1.3) are enzymes of the hydrolase class, esterase subclass, which
catalyses the hydrolysis of glycerides releasing, finally, fatty acids and organic alcohols. Glycerides are most widespread
in the animal kingdom and vegetable fat. They are substances spare that accumulate in fat tissue of animals and the plants,
seeds (sunflower, castor, poppy, cotton, pumpkin) and fruit (olive, peanuts, almonds) (Oprica, 2011).

Lipases may have various origins (animal, vegetable or microbial), playing an important and vast application
potential in: foods, detergents, oleochemicals, pharmaceuticals, fine chemistry, biodisel, cosmetics and fragrances, paper
pulp, leather, biosensors and lipid-rich wastewater treatment (Barros et al., 2010; Donato et al., 2008; Enujiugha et al.,
2004; Freire and Castilho, 2008; Gandhi, 1997; Hasan et al., 2006; Isbilir et al., 2008; Paques and Macedo, 2006; Pastore
et al., 2003; Polizelli et al., 2008; Sharma et al., 2001; Yesiloglu and Baskurt, 2008).

According to Barros et al. (2010), lipases are employed in food manufacturing to liberate fatty acids into food
products by selective hydrolysis of the fats and oils present in many kinds of food. Depending on the carbon chain length
and on the degree of unsaturation, the fatty acid obtained provides the food with flavors, colors and unusual smells, playing
an important role in the physical-chemical, organoleptic and nutritional properties of many products (Freire et al., 2008;
Gandhi, 1997; Sharma et al., 2001) ct. by Barros et al. (2010).

The commercial lipases are generally produced from microorganisms (Penicillium spp., Geotrichum spp.,
Aspergillus spp., Rhizomucor spp., Candida spp. or Pseudomonas spp.) or animals, such as pancreatic and pregastric tissues
of ruminants (Baumann et al., 2000; Cardenas et al., 2001; Kilcawley et al., 2002; Steenkamp and Brady, 2003).

The use of microbial lipases on an industrial scale is still restricted due to high production costs, favoring the
search for other sources of these enzymes (Paques and Macedo, 2006). Seed lipases present advantages over animal and
microbial lipases due to some quite interesting features such as: specificity, low cost, availability and ease of purification,
representing a great alternative for potential commercial exploitation as industrial enzymes (Paques and Macedo, 2006,
Hellyer et al., 1999; Villeneuve, 2003; Enujiugha et al., 2004; Polizelli et al., 2008).

Thanks to their many advantages, the seed lipases aroused last years an increasing interest among scientists.
That is why, the purpose of this work was to study the lipases coming from six plant sources, to see to what extent the
substrate (oil) and/or the temperature influences the activity of this enzyme, and which of these sources shows a higher
activity.
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MATERIALS AND METHODS

Research materials. The biological materials, used as lipase sources, provided by Suceava Genebank and by
Suceava Agricultural Research and Development Station, have been represented by seeds (with moisture content of 10-12%),
belonging to the following plant species: sunflower (Helianthus annuus L., hd. Rapid), pumpkin (Cucurbita maxima L., local
variety), soy (Glycine max L., var. Turda 6114), peanut (Arachis hypogaea L., var. Dabuleni), corn (Zea mays L., hd. F 376),
and walnut (Juglans regia L., var. Bratia). As substrates for enzyme activity, were used the following refined oils: sunflower,
pumpkin, soybean, peanut, comn, and walnut, purchased from supermarkets.

Research methods. Each enzyme sample was prepared in glass bottle with stopper where it mixed 2 g seeds
finely divided with two sides ether, then let stand for 2 hours for oil extraction, stirring periodically. It has separated ether,
and they have introduced again 6 parts ether over the product partly skimmed, for 2 hours, after which it was separated
ether. The skimmed seeds were dried in an oven with fan, at a temperature of 28°C. There were obtained defatted seeds
containing lipase.

Since many previous attempts to determine the lipase activity, carried out at different pH (5.4, 7.4 and 8.2) and
at 20°C and 40°C, showed that at pH 5.4 were obtained the highest values, the lipase activity was determined at 20°C and
40°C, and at pH 5.4 for each temperature. The method has consisted in titrating (with a solution of KOH 0.01 N) of fatty
acids released from oils by lipase, in a certain time interval (Bordei et al., 2007). The lipase activity (LA) was expressed as
fatty acid micromols (umol), represented by oleic acid, formed, as result of enzyme action, from a gram of product, in one
minute

Statistical analysis. The data of experiments, consisting in 4 replicates for each determination, were statistically
processed using SAS Version 8.02 (SAS Institute, 2005). In orer to analyse the significance of differences among samples,
generalised linear model analysis was carried aut, and for multiple comparisons was used Duncan’s multiple range test
(P<0.05).

RESULTS AND DISCUSSIONS

Tables 1-6 reproduce the lipase activity of the six seeds species on the six various
substrates (0ils).

Table 1. Lipase activity (mean values + SD) of sunflower seeds on different substrates

SF lipase Temp. | pH Refined oils

activity SF PK SB PN CN WN
LA (umol oleic | 20°C | 5.4 6.3+ 5.18+ 8.70% 6.58+ 6.64+ 7.35%
acid/ g/min.) 0.8ab* 0.39c* 0.69a 0.47ab 0.08ab 1.07ab
LA (umol oleic | 40°C | 5.4 7.02+ 5.64+ 6.9+ 7.25% 6.34+ 6.63+
acid/g/min.) 0.83ab 0.38¢c 1.05ab 0.78ab 0.62ab 0.71ab

SD=standard deviation; LA=lipase activity; SF=sunflower; PK=pumpkin; SB=soy bean; PN=peanut; CN=com;
WN=walnut; Temp = temperature ;*Means with different letters are statistically diferent (P<0.05).

As seen in table 1, at 20°C and pH 5.4 sunflower lipase has registered significant
differences (P<0.05) between its activity on soybean oil (with highest value), and the activity on
walnut, corn, peanuts and sunflower oils (with close values).

At the same pH, but at 40°C, the highest values of sunflower lipase activity were
registered, in order, on peanut, sunflower and soybean, corn and walnut oils (with close values),
followed by pumpkin (P<0.05).
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Table 2. Lipase activity (mean values + SD) of pumpkin seeds on different substrates

PK lipase Temp. | pH Refined oils

activity SF PK SB PN CN WN
LA (umol oleic | 20°C | 5.4 4.4+ 4.36% 4.35+ 5.3+ 4.7+ 5.37+
acid/ g/min.) 0.32¢c 0.52c 0.36¢ 0.42c 0.48c 0.55¢*
LA (umol oleic | 40°C | 5.4 4.68+ 3.72+ 5.02+ 4.2+ 5.1+ 6.36
acid/g/min.) 0.41c 0.3cd 0.45¢ 0.53cd 0.45¢ 0.5ab*

SD=standard deviation; LA=lipase activity; SF=sunflower; PK=pumpkin; SB=soy bean; PN=peanut; CN=com;
WN=walnut; Temp = temperature ;*Means with different letters are statistically diferent (P<0.05).

At 20°C and pH 5.4, the activity of lipase from pumpkin seeds has registered no significant
differences between samples, even if the highest activity was on walnut and peanut oils, followed by
corn, sunflower, pumpkin (own substrate) and soybean (Table 2).

From the same Table 2, one can see that at 40°C the pumpkin seeds lipase had the highest
activity on walnut oil, followed by soybean, corn, and sunflower oils, the lowest activity being on
peanut and pumpkin oils (P<0.05).

Table 3. Lipase activity (mean values + SD) of walnut kernels on different substrates

WN lipase Temp. | pH Refined oils

activity SF PK SB PN CN WN
LA (umol oleic | 20°C | 54 | 6.16% 6.18+ 535+ | 4.93 5.7+ 6.35%
acid/ g/min.) 0.68ab* | 0.5ab 0.52c* | +0.4c 0.65¢ 0.48ab
LA (umol oleic | 40°C | 54 | 6.2+ 6.59+ 586+ | 6.1 6.23+ 7.98%
acid/g/min.) 0.64ab 0.5ab 0.63c | 0.5ab 0.55ab 0.67a

SD=standard deviation; LA=lipase activity; SF=sunflower; PK=pumpkin; SB=soybean; PN=peanut; CN=corn;
WN=walnut; Temp = temperature ;*Means with different letters are statistically diferent (P<0.05).

In the Table 3. at 20°C, and pH 5.4, the lipase from walnut (kernels) had the highest activity
on walnut, pumpkin and sunflower seed oils, where it recorded significantly higher values, compared to
corn, soybean and peanut seed oils (P<0.05).

At 40°C the walnut lipase registered the highest activity on its own substrate (walnut oil),
followed by a significant lower activity on: pumpkin, corn, sunflower and peanut oils (P<0.05).

Table 4. Lipase activity (mean values + SD) of peanut seeds on different substrates

PN lipase Temp. | pH Refined oils

activity SF PK SB PN CN WN
LA (umol oleic | 20°C | 5.4 | 4.25% 4.9+ 4.36% 5.27+ 4.7+ 5.41%
acid/ g/min.) 0.47cd* | 0.42c* 0.5cd 0.44c 0.48cd 0.63c
LA (umol oleic | 40°C | 54 | 5.12+ 5.36+ 4.7+ 6.14+ 5.15+ 437+
acid/g/min.) 0.43c 0.55¢ 0.44cd 0.69 ab 0.4c 0.42cd

SD=standard deviation; LA=lipase activity; SF=sunflower; PK=pumpkin; SB=soybean; PN=peanut; CN=com;
WN=walnut; Temp = temperature ;*Means with different letters are statistically diferent (P<0.05).

As seen in Table 4, at pH 5.4 and 20°C the peanut seeds lipase activity has registered
significant higher values on walnut, peanut and pumpkin oils, as compared to corn, soybean, and
sunflower oils (P<0.05).

At 40°C, the highest value of peanut lipase activity was recorded on peanut oil (own substrate),
followed by pumpkin, corn, sunflower, soybean and walnut oils (P<0.05).
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Table 5. Lipase activity (mean values + SD) of corn caryopses on different substrates

CN lipase Temp. | pH Refined oils

activity SF PK SB PN CN WN

LA (umol oleic | 20°C | 5.4 4.68+ 3.82+ 4.7+ 4.61+ 4.38% 5.4+
acid/ g/min.) 0.52c 0.4cd* 0.38c* 0.54c 0.26¢ 0.63c
LA (umol oleic | 40°C | 5.4 5.03+ 4.7+ 4,1+ 4.7+ 5.36% 3.68+
acid/g/min.) 0.58¢c 0.42c 0.45cd 0.39¢c 0.7¢ 0.4cd

SD=standard deviation; LA=lipase activity; SF=sunflower; PK=pumpkin; SB=soybean; PN=peanut; CN=com;
WN=walnut; Temp = temperature ;*Means with different letters are statistically diferent (P<0.05).

Analysing the data of Table 5, one can see that, at 20°C, and pH 5.4, the activity of corn
lipase has registered values without significant differences on: walnut, sunflower, soybean, peanut,
and corn oils, as compared to pumpkin oil where its activity was lower (P<0.05).

At 40°C and pH 5.4, the corn lipase had the highest activity on corn, sunflower, pumpkin
and peanut (with close values), as compared to soybean and walnut oils (P<0.05).

Table 6. Lipase activity (mean values + SD) of soybean on different substrates

SB lipase Temp. | pH Refined oils

activity SF PK SB PN CN WN
LA (umol oleic | 20°C | 5.4 3.75% 3.8« 3.4+ 4.73% 4.1+ 4.03%
acid/ g/min.) 0.29cd* 0.35cd 0.31cd 0.44c* 0.38cd 0.47cd
LA (umol oleic | 40°C | 5.4 4.02+ 477+ 3.6+ 3.36x 4.9+ 5.03+
acid/g/min.) 0.35cd 0.28c 0.32cd 0.41cd 0.51c 0.48c

SD=standard deviation; LA=lipase activity; SF=sunflower; PK=pumpkin; SB=soybean; PN=peanut; CN=corn,;
WN=walnut; Temp = temperature ;*Means with different letters are statistically diferent (P<0.05).

In the Table 6, at 20°C and pH 5.5, the soybean lipase had the greatest activity on peanut
oil, followed by the other five oils analyzed (including its own substrate), which registered close
values, but significantly lower (P<0.05).

At 40°C the soybean lipase registered the highest activity on walnut, corn and pumpkin
oils (with close values), followed by sunflower, soybean and peanut oils with significantly lower
values (P<0.05).

Fig. 1 reproduces the comparative evolution, at pH 5.4 and 20°C, of the lipase activity
from sunflower, pumpkin, soybean, peanut, corn and walnut on the six analyzed substrates (0ils).
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Fig. 1. The evolution of lipase activity values from sunflower, pumpkin, soybean,
peanut, corn and walnut, at pH 5.4 and 20°C, on the six analyzed substrates (oils)
SF=sunflower; PK=pumpkin; SB=soybean; PN=peanut; CN=corn; WN=walnut

As seen in Fig. 1, at 20°C, compared to the other enzyme sources, the sunflower lipase
(on sunflower, soybean, peanut, corn and walnut oils), and walnut lipase (on sunflower, pumpkin
and walnut oils), had higher activities, the highest one being registered (by sunflower lipase) on
soybean oil.

On its own substrate, the highest activity was registered_by walnut and sunflower lipase,
with close values, followed by corn, peanut and pumpkin lipase, also with close values, but
significant lower (P<0.05).

Fig. 2 reproduces the comparative evolution, at pH 5.4 and 40°C, of the lipase activity
from sunflower, pumpkin, soybean, peanut, corn and walnut on the six analyzed substrates (oils).
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Fig. 2. The evolution of lipase activity values from sunflower, pumpkin, soybean,
peanut, corn and walnut, at pH 5.4 and 40°C, on the six analyzed substrates (oils)
SF=sunflower; PK=pumpkin; SB=soybean; PN=peanut; CN=corn; WN=walnut
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In the Fig. 2 one can see that, at 40°C, compared to the other enzyme sources, the
sunflower lipase (on sunflower, soybean and peanut oils), and walnut lipase (on pumpkin and
walnut oils), had higher activities, the highest one being registered by walnut lipase on walnut oil.

On its own substrate, the highest activity was registered by walnut lipase, followed by
sunflower and peanut lipase (with close values), but significant lower (P<0.05).

Since, under the same conditions of pH, temperature and substrates, the lipases from the
other sources (PK, SB, PN and CN) had enzyme activities significantly lower, compared to those
of sunflower seeds and walnut kernels, this could be correlated either with chemical composition
of analyzed substrates (oils), or with chemical composition and spatial configuration of the enzyme
itself, or with the both.

As to chemical composition of substrates, according to some data on vegetable refined
oils, published in methods, standards and scientific works (Orthoefer, 1996; AOCS, 1997;
Firestone, 1999; Codex Alimentarius, 1999; Grompone, 2011; Kochlar Prakash, 2011; Tong
Wang, 2011), the linoleic acid content varies between 14 and 74 (wt%), with higher values in
sunflower, walnut, soybean, corn and pumpkin oils, and lower ones in peanut, sesame, and almond
oils. By the same authors, the linolenic acid ranges between 0,5 to 14 (wt %), with a higher quantity
in walnut oil, followed by soybean and sunflower oils, while the oleic acid between 17 and 67
(wt%), with higher values within peanut, sesame and pumpkin oils, and less in corn, sunflower,
almond, soybean and walnut.

Thus, an increased content of linoleic and linolenic acid were the substrate (soybean oil)
where sunflower seeds lipase had the highest activities at pH 5.4 and 20°C.

It seems that, at 40°C, the chemical composition of oils influenced the lipase activity of
the sources analyzed. Thus, the increased content in linoleic and linolenic acids in walnut kernels
oil made the lipase of walnut kernels to register the highest enzyme activity.

CONCLUSIONS

Analysing the activity of lipases coming from six plant sources (sunflower seeds, pumpkin seeds, soybean,
peanut seeds, corn caryopses and walnut kernels), on six refined oils used as substrates (sunflower, pumpkin, soybean, peantt,
com, and walnut), at pH 5.4, and temperatures of 20°C and 40°C, it could find out a relation between oils chemical
composition and the lipase activity.

As compared to the other sources, at pH 5.4 and 20°C the lipase from sunflower seeds has registered the highest
activity on soybean oil. At pH 5.4 and 40°C the lipase from walnut kernels has registered the highest activity on walnut oil.

On its own substrate, the highest activity was registered, at 20°C, by walnut and by sunflower lipase, and at
40°C by walnut lipase.

It seems that a higher content of linoleic and linolenic acids of some oils (used as substrates), as well as the
enzyme chemical composition and spatial configuration caused an increased activity of sunflower and walnut lipase, as
compared to the other enzyme sources analyzed.

REFERENCES

AOCS (1997) - Physical and chemical characteristics of oils, fats and waxes, in Official Methods and Recommended
Practices of the American Oil Chemists” Society, AOCS Press, Champaign, IL

Barros M., Fleuri L.F., Macedo G.A. (2010) - Seed lipases: sources, applications and properties - a review, Braz. J. Chem. Eng. vol.
27, no. 1, Sdo Paulo, Jan./Mar. 2010, On-line version ISSN 0104-6632, http://dx.doi.org/10.1590/S0104-66322010000100002
(2010

Baumann M., Hauer B.H. and. Bornscheuer U.T (2000)- Rapid screening of hydrolases for the enantioselective conversion
of “difficult-to-resolve™ substrates, Tetrahedron: Asymmetry 11, pp. 4781-4790

180


http://dx.doi.org/10.1590/S0104-66322010000100002

Analele Stiintifice ale Universitatii ,,Alexandru loan Cuza”, Sectiunea Genetica si Biologie Moleculara
TOM XVII, Fascicula 4, 2016

Bordei D. (coord.), Bahrim G., Paslaru V., Gasparotti C., Elisei A., Banu L, Ionescu L., Codind G .(2007) - Controlul
calitatii in industria panificatiei. Metode de analiza, Ed. Academica, Galati, pp. 280-281

Cardenas F., de Castro M.S., Sanchez-Montero J.M.,. Sinisterra J.V, Valmaseda M., Elson S.W. (2001) - Novel microbial
lipases: catalytic activity in reactions in organic media, Enzyme Microb. Technol. 28 pp. 145-154

Codex Alimentarius (1999) (FAO/WHO) - Codex Standard for named vegetable oils. CODEX STAN 210 1999 (revision
and amendments: 2003, 2005)

Donato A.G.A., Antunes O.A.C., Freire D.M.G., Lago R.C.A., Cavalcanti E.D.C. and Sousa J.S. (2008) - Producéo de
Acidos Graxos Catalisada por Lipases ndo Purificadas de Sementes ou Frutos Vegetais para Subsegiiente Esterificagio
por Catalise Acida. PI 0603824-7 A

Enujiugha V.N., Thani F.A., Sanni T.M. and Abigor R.D.(2004) - Lipase Activity in Dormant Seeds of the African oil
bean (Pentaclethra macrophylla Benth), Food Chemistry, 88, No. 3, 405

Firestone D. (ed.) (1999) - Physical and Chemical Characteristics of Oils, Fats and Waxes, AOCS Press, Champaign, IL
Freire G.D.M. and Castilho F.L. (2008) - Lipases em Biocatalise. In: Bon et al. (org). Enzimas em biotecnologia: Produgéo,
Aplicagéo e Mercado, Rio de Janeiro, Interciéncia

Gandhi N.G. (1997) - Application of Lipase, Journal of the American Oil Chemists' Society, 74, No. 6, 621

Grompone A. Maria (2011) - Sunflower oil, in Vegetable Qils in Food Technology, Composition, Properties and Uses, (ed.
Gunstone F.D.), 2nd edn., John Wiley & Sons, Ltd., Publication, The Atrium, Southern Gate, Chichester, West Sussex,
PO19 8SQ, UK, p. 140

Hasan F., Shah A.A., Hameed A. (2006) - Industrial Applications of Microbial Lipases. Enzyme Microbial and Technology,
39, No. 2, 235

Hellyer S.A., Chandler I.C. and Bosley J.A. (1999) - Can the Fatty Acid Selectivity of Plant Lipases be Predicted from the
Composition of the Seed Triglyceride?, Biochemica et Biophysica Acta, 1440, No. 2-3, 215

Ishilir S.S., Ozcan, M.H. and Yagar, H. (2008) - Some Biochemical Properties of Lipase from Bay Laurel (Laurus nobilis
L.) Seeds. Journal of the American Oil Chemists' Society, 85, No. 3, 227

Kilcawley K.N., Wilkinson M.G. and Fox P.F. (2002) - Determination of key enzyme activities in commercial peptidase
and lipase preparations from microbial or animal sources, Enzyme Microb. Technol. 31, pp. 310-320

Kochlar Prakash S. (2011) - Minor and speciality oils in Vegetable Qils in Food Technology, Composition, Properties and
Uses, (ed. Gunstone F.D.), 2nd edn., John Wiley & Sons, Ltd., Publication, The Atrium, Southern Gate, Chichester, West
Sussex, PO19 8SQ, UK, pp. 293-294; 320-321; 329-330

Oprica L. (2011) - Biochimia produselor alimentare, Ed. Tehnopress, p.114.

Orthoefer F.T. (1996) - Vegetable oils, in Bailey’s Industrial Oil and Fat Products, Vol 1: Edible Oil and Fat Products:
General Applications (ed. Y.H. Hui), 5th edn, John Wiley & Sons, Inc., New York, pp. 19-44

Paques F.W. and Macedo G.A. (2006) - Lipases de Latex Vegetais: Propriedades e Aplicagdes Industriais: A Review.
Quimica Nova, 29, No. 1, 93

Pastore M.G., Costa V.S. and Koblitz M.G.B. (2003) - Purificacdo Parcial e Caracterizagdo Bioquimica de Lipase
Extracelular Produzida por Nova Linhagem de Rhizopus sp. Ciéncia e Tecnologia de Alimentos, 23, No. 2, 135

Polizelli P.P. Tiera M.J. and Bonilla-Rodriguez G.O. (2008) - Effect of Surfactants and Polyethylene Glycol on the Activity
and Stability of a Lipase from Oilseeds of Pachiraaquatica. Journal of the American Oil Chemists' Society, 85, No. 8, 749
SAS Institute, SAS User’s Guide (2005) - Statistical Analysis System Institute, Cary, NC

Sharma R, Chisti Y., Banerjee U.C. (2001) - Production, Purification, Characterization, and Applications of Lipases.
Biotechnology Advances, 19, No. 8, 627

Steenkamp L. and Brady D. (2003) - Screening of commercial enzymes for the enantioselective hydrolysis of R,S-naproxen
ester, Enzyme Microb. Technol. 32, pp. 472-477

Tong Wang (2011) - Soybean oil, in Vegetable Oils in Food Technology, Composition, Properties and Uses, (ed. Gunstone
F.D.), 2nd edn., John Wiley & Sons, Ltd., Publication, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ,
UK, p. 60

Villeneuve P. (2003) - Plant Lipases and Their Applications in Oils and Fats Modification, European Journal of Lipid
Science and Technology, 105, No. 6, 308

Yesiloglu Y. and Baskurt L. (2008) - Partial Purification and Characterization of Almond Seed Lipase. Preparative
Biochemistry & Biotechnology, 38, No. 4, 397

Many thanks to Suceava Genebank and Suceava Agricultural Research and Development Station for the
biological material supplied.

“Faculty of Food Engineering, Stefan cel Mare University of Suceava
avramiucm@fia.usv.ro

181



Analele Stiintifice ale Universitatii ,,Alexandru loan Cuza”, Sectiunea Genetica si Biologie Moleculara
TOM XVII, Fascicula 4, 2016

182





