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a b s t r a c t

Partially purified preparations with proteolytic activity, obtained from South American native plants,
were used as biocatalysts in condensation reactions of N-protected arginine alkyl ester derivatives with
decylamine and dodecylamine in low-water content systems. The final products are cationic surfactants
with potential application as emulsifiers and preservatives. Most of the proteolytic extracts were obtained
from latex of species belonging to the Asclepiadaceae family (araujiain from Araujia hortorum, asclepain
c from Asclepias curassavica and funastrain from Funastrum clausum). Hieronymain was obtained from
unripe fruits of Bromelia hieronymi (Bromeliaceae). Plant proteases from commercial sources (papain and
bromelain) were also tested as catalysts in the same reactions. Araujiain and funastrain furnished good
raujiain
unastrain
sclepain c
ieronymain
apain
romelain

reaction conversions (60–84%, with a ratio synthesis/hydrolysis of 2–5) similar to those obtained with
commercial papain. Moreover, araujiain was the biocatalyst which rendered the best conversions (60%)
for the synthesis of the two novel Bz-Arg-NH-dodecylamide (Bz-Arg-NHC12) and Bz-Arg-NH-decylamide
(Bz-Arg-NHC10) derivatives. Moderate to poor conversions (10–50%, showing a ratio synthesis/hydrolysis
of 0.5–1) were achieved with asclepain c, hieronymain and bromelain. The screening presented in this
work revealed that, although these are structurally similar, their behavior for the synthesis of this kind of
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. Introduction

The use of partially purified enzymes as catalysts in multistep
ynthetic organic chemistry has become widespread [1–3]. In par-
icular, the realization that certain hydrolases are stable and active
n non-aqueous media has promoted a lot of work on the asym-

etric synthesis of esters and amides [4–8]. An increasing number
f lipases, esterases and peptidases are readily available for these
eactions. Moreover, the possibility to alter their natural substrate
pecificity, enantioselectivity, regioselectivity and chemoselectiv-
ty by means of medium and protein engineering, broaden their
pplications [9].

Peptidases are among the best characterized hydrolases because
hey are easy to handle, do not need expensive cofactors and exist
n a great variety of selectivities [10]. These advantages make them

ood catalysts for hydrolysis, amidation and esterification reactions
4–8,10]. Most of industrial peptidases are from microbial sources
ue to their simple large-scale production. Furthermore, they can
e engineered to create specialized enzymes, which may suit par-

∗ Corresponding author. Tel.: +54 221 4230121x57; fax: +54 221 4226947.
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icular applications. Animal and plant peptidases are also largely
sed in industry. Papain from the latex of fruits of Carica papaya
nd bromelain from Ananas comosus stem are the most extensively
sed in food processing [11]. As an alternative to protein engineer-

ng, the screening of new plant sources can lead to the discovery of
eptidases with novel and interesting properties to be applied in

ndustrially useful reactions. As South America is well known for its
ighly diverse floras, the provision of resources is potentially huge
12].

Amino acid lipid conjugates are a class of bio-based surfac-
ants with excellent adsorption and aggregation properties, high
iodegradability, low potential toxicity, low environmental impact
nd broad antimicrobial activity [13–17]. Among them, arginine-
ased surfactants posses excellent self-assembling characteristics,

ow toxicity profile, high biodegradability and a broad antimicro-
ial activity. These properties make them compounds of interest
or application as preservatives and antiseptics in pharmaceuti-
al, food and dermatological formulations [18–22]. The enzymatic
yntheses of these arginine lipid conjugates have focused our

ttention during the last decade. In most cases, the peptidase
apain was the biocatalyst of choice for the synthesis of these
ompounds though its efficiency as amidation and esterifica-
ion catalyst varied with the structure of the arginine derivative
23–28].

http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:morcelle@biol.unlp.edu.ar
dx.doi.org/10.1016/j.molcatb.2008.08.013
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Fig. 1. Structure of arginine N-alkyl amide dihydrochloride derivatives.

The aim of this work was to screen cysteine plant proteases
rom native plant origin as biocatalysts for the synthesis of
rginine-based surfactants of the N-alkyl amide type (Fig. 1).
pecies belonging to the Asclepiadaceae (Araujia hortorum, Ascle-
ias curassavica and Funastrum clausum), and Bromeliaceae families
A. comosus and Bromelia hieronymi) were chosen as sources of
otential biocatalyst for the proposed syntheses. Their catalytic
erformance was compared with that of papain from C. papaya,
aricaceae, considered in this case as the reference cysteine plant
eptidase peptidase for these reactions.

. Experimental

.1. Chemicals

Papain (E.C. 3.4.22.2) from papaya (C. papaya) latex, crude
owder (2.1 units/mg solid, one unit hydrolyzes 1.0 �mol of N�-
enzoyl-l-arginine ethyl ester hydrochloride per min at pH 6.2 at
5 ◦C), bromelain (E.C. 3.4.22.4) from pineapple (A. comosus) stem
2.4 units/mg solid, 5.1 units/mg protein, one unit releases 1.0 �mol
f N�-carbobenzoxy-l-lysine p-nitrophenyl ester per min at pH
.6 at 25 ◦C), Coomassie Brilliant Blue G-250, casein from bovine
ilk, bovine seroalbumin (BSA), 1,4-dithio-d,l-threitol (DTT),

�-benzoyl-d,l-arginine p-nitroanilide hydrochloride (BAPNA),
�-carbobenzoxy-l-arginine p-nitroanilide hydrochloride (Z-Arg-
NA) and N�-benzoyl-l-arginine ethyl ester hydrochloride (Bz-Arg-
Et·HCl) were purchased from Sigma. Molecular sieves (4 Å), decyl-
nd dodecylamine were obtained from Fluka. N�-carbobenzoxy-l-
henylalanyl-l-arginine p-nitroanilide hydrochloride (Z-Phe-Arg-
NA) was purchased from Bachem. Polyamide-6 (EP-700, particle
ize <800 �m, mean pore diameter 50–300 nm, specific surface
rea BET method 8.4 m2 g−1) was an Azko (Obernburg, Germany)
enerous contribution. l-Pyroglutamyl-l-phenylalanil-l-leucine p-
itroanilide (PFLNA) was synthetized in solid phase following
he procedure described by Rivera et al. [29]. N�-carbobezoxy-
-arginine methyl ester hydrochloride (Z-Arg-OMe·HCl) was
ynthesized by the thionyl chloride method [30]. The rest of the
hemicals and solvents used in this work were of analytical grade.

.2. Crude enzymatic preparations

Crude proteolytic extracts from Asclepiadaceae sp. latex were

repared as follows: (1) latex from fruits of A. hortorum, was gath-
red on 0.1 M citric–citrate buffer pH 4.0 with 5 mM ethylene
iamine tetraacetic acid (EDTA) and DTT. (2) Latex from leaf peti-
les of A. curassavica and F. clausum, was collected on 0.1 M citric
cid-phosphate buffer pH 6.5, containing 5 mM EDTA and DTT. In
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ll cases, the latex suspensions were centrifuged at 10,000 × g for
0 min in to discard most gums and insoluble materials. Super-
atants were lyophilized for further applications.

Crude extract from B. hieronymi (Bromeliaceae) was obtained by
omogenizing frozen fruits in cold 0.1 M sodium phosphate buffer,
H 6.0, containing 5 mM EDTA and cysteine. The homogenate was
ltered to remove plant debris and then centrifuged for 30 min at
6,000 × g. Supernatant was collected, filtered when necessary, and
yophilized [31].

.3. Determination of protein content and proteolytic activity of
ach extract

Protein content was determined according to Bradford’s method
32] using a standard curve of BSA. Proteolytic activity was per-
ormed using 1% (w/v) casein as substrate in 0.1 M Tris–HCl or
lycine–NaOH buffer containing different amounts of cysteine
ccording to the enzyme. The pH, temperature, and reaction time
epended on the proteolytic preparation [33–35]. Reactions were
topped by the addition of 5% (w/v) trichloroacetic acid. Absorbance
f each supernatant was measured at 280 nm after centrifugation
2500 × g, 20 min). Proteolytic activities were expressed in an arbi-
rary enzyme unit (Ucas) [36].

.4. Enzyme adsorption onto polyamide

Lyophilized proteolytic extracts, as well as commercial papain
nd bromelain (100 mg), were dissolved in a buffer solution (1 mL of
.1 M boric acid–sodium borate pH 8.5 containing 1 mM EDTA) with
TT (150 mg). The enzymatic solutions were mixed completely
ith the solid support (1 g) and dried under vacuum for 24 h at

a. 40 �bar [37].

.5. Determination of the proteolytic activity of the adsorbed
nzymatic preparations

The activity of the adsorbed enzymes was determined using
FLNA as substrate [38]. The adsorbed enzymes (100 mg) were sus-
ended in phosphate buffer 0.1 M pH 6.5 containing KCl (0.3 M) and
DTA (0.1 mM). To this solution, PFLNA was added from a stock solu-
ion (1 mM) in dimethyl sulfoxide (DMSO) (i.e. 0.1 mM PFLNA final
oncentration). The mixture was incubated at 37 ◦C for 5 min on an
rbital shaker (150 rpm). The reactions were stopped by the addi-
ion of 0.5 mL of 30% acetic acid and centrifuged (20 min at 2500 × g)
o separate the immobilized preparations. The absorbance of the
-nitroaniline released in the supernatant was measured spec-
rophotometrically at 410 nm. Blanks having the support without
he enzymes were simultaneously made.

Similar determinations were made for the free enzymes. DTT
as added to the reaction media in the same proportion contained

n the immobilized preparations. Enzymatic international unit (IU)
as defined as the amount of enzyme that released 1 �mol of p-
itroaniline per min in the assay conditions. The percentage of
emaining activity of immobilized enzymes was calculated con-
idering the activity of the enzyme solution prior to the adsorption
tep.

.6. Determination of amidolytic activity of immobilized
reparations
The enzymatic units of each proteolytic extract were deter-
ined using Z-Arg-pNA [39], BAPNA [40] and Z-Phe-Arg-pNA [41]

s substrates. The adsorbed enzymes (100 mg) were suspended
n phosphate buffer 0.1 M pH 7.4 containing 1 mM EDTA. To this

ixture, stock solutions of Z-Arg-pNA (20 mM) in N,N-dimethyl
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these reactions [23]. Thus, the activity of the deposited enzymes
onto polyamide was considered of utmost importance for the com-
parison of the different enzymes. In this case, casein was not
considered due to its large size, which could limit intraparticle
mass transfer and would result in an apparent low enzymatic

Table 1
Protein content and caseinolytic activity of peptidasic extracts

Enzyme mg
protein/mg
solid

Ucas/mg
solid

Specific activity
(Ucas/mg
protein)

Araujiain 0.65 0.06 0.1
Asclepain c 0.05 0.02 0.4
Funastrain 0.05 0.08 1.5
Hieronymain 0.03 0.17 6.2
Bromelain 0.02 0.16 11.0
Papain 0.02 0.17 9.7

Table 2
Percentage of recovered amidolytic activity after enzyme adsorption onto polyamide

Enzyme Remaining activity (%)

Araujiain 21
Fig. 2. Enzymatic condensation of N˛-protected Arg

ormamide, and BAPNA (40 mM) and Z-Phe-Arg-pNA (1 mM) in
MSO were added giving final substrate concentrations of 2, 4 and
.1 mM, respectively. The assays were carried out at 37 ◦C for 5 min
laced on an orbital shaker (150 rpm). The reactions were stopped
y the addition of 0.5 mL of 30% acetic acid and the immobilized
reparations were separated by centrifugation (20 min, 2500 × g).
nzymatic units were calculated as described above.

.7. Enzymatic syntheses of Z-Arg- and Bz-Arg-NH-alkyl amide
erivatives

Reactions were performed in 4 mL closed flasks vessels under
itrogen atmosphere at 25 ◦C and placed on an orbital shaker
t 150 rpm. Acetonitrile was dried previously over molecular
ieves (4 Å) and stored under nitrogen atmosphere. Z-Arg-OMe·HCl
0.04 mmol) or Bz-Arg-OEt·HCl (0.04 mmol) and the corresponding
lkyl amine (decyl- and dodecylamine) (0.06 mmol) were dissolved
n acetonitrile (2 mL) containing water (0.25%, v/v). To this solution
he enzymatic immobilized preparation (450–550 IU of enzymatic
ctivity) was added. Since no samples were withdrawn, six reaction
essels had to be used for each synthesis to monitor the reactions
t 1, 3, 6, 24, 48 and 72 h. The reactions were ended by the addi-
ion of MeOH/AcOH 4:1 and washing the support with the same
olvent mixture (3 × 2 mL). The extracts were centrifuged 20 min
t 9000 × g and analyzed by HPLC–MS.

.8. HPLC–MS analysis

The amount of condensation products, substrates, and hydrol-
sis by-products were measured by HPLC–MS (Agilent 1100
C/MSD) using a Lichrosorb 100 propylcyano column (5 �m,
50 mm × 4 mm, Merck). The chromatographic conditions were:
olvent A, 0.1% (v/v) TFA in H2O; solvent B, 0.085% (v/v)
FA in CH3CN/H2O 80:20; flow rate 0.8 mL/min; detection at
15 nm. Quantification was made from peak areas according
o the external standard method. Retention times for each
ompound were: Z-Arg-NHC12, 16.7 min; Z-Arg-NHC10, 15.5 min;
-Arg-OMe, 7.8 min; Z-Arg-OH, 6.7 min; Bz-Arg-NHC12, 16.3 min;
z-Arg-NHC10, 15.0 min; Bz-Arg-OEt, 6.5 min; Bz-Arg-OH, 4.9 min.

haracterization of each peak was made by ES-MS, positive
ode. Z-Arg-NHC12 (M+H+) = 476.3; Z-Arg-NHC10 (M+H+) = 448.3;

-Arg-OMe (M+H+) = 323.1; Z-Arg-OH (M+H+) = 309.1; Bz-Arg-
HC12 (M+H+) = 446.3; Bz-Arg-NHC10 (M+H+) = 416.3; Bz-Arg-OEt

M+H+) = 307.1; Bz-Arg-OH (M+H+) = 279.1.

A
F
H
P
B

yl ester derivatives with decyl- and dodecylamine.

. Results and discussion

The screening of novel cysteine plant proteases was performed
n the condensation reaction of N�-protected Arg methyl and ethyl
ster derivatives with decyl- and dodecylamine (Fig. 2).

Prior the synthetic assays, the characterization of the prote-
lytic activity of each crude enzymatic preparation was carried out
Table 1). To this end, the use of an unspecific substrate such as
ovine casein was considered to be the most appropriate as a first
pproach [42–45]. Araujiain from A. hortorum showed the lowest
pecific activity towards casein, in contrast to those obtained for
ieronymain from B. hieronymi, commercial papain and bromelain
Table 1). This may be due to differences in the extraction process
or each preparation. Besides, it was found that latex of A. hortorum
ruits has other hydrolases such as pectinases (unpublished data).

Deposited endopeptidases onto solid support were the bio-
atalyst configuration selected for all the condensations assays.
olyamide was the chosen support, which proved to be the best for
sclepain c 23
unastrain 22
ieronymain 18
apain 24
romelain 26
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Fig. 4. Syntheses of (a) Z-Arg-NH-dodecylamide (Z-Arg-NHC12) catalyzed by arauji-
ain, papain, asclepain c, bromelain and hieronymain at 24 h of reaction; by funastrain
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Arg-OH as the major product (Fig. 4a), whereas with decylamine,
ig. 3. Time-course reaction for the synthesis of Z-Arg-NH-dodecylamide (Z-Arg-
HC12) using (a) papain; (b) araujiain as biocatalysts. All plant peptidases were
dsorbed onto polyamide.

ctivity of the immobilized preparation [46]. Alternatively, PFLNA
as demonstrated to be a good substrate [37], which has been
eveloped specifically for cysteine plant peptidases [38]. As shown

n Table 2, the remaining activity was in the range of 20–25% respect
o the free enzymes. Although immobilization and deposition onto
olid supports are generally considered to stabilize enzymes in
rganic media, lyophilization may involve strong denaturing pro-
esses that can damage them [47]. This could explain the low
nzymatic activity that was recovered from the immobilized prepa-
ations.

To make the comparisons in a more accurate way, enzymatic
ctivity should be determined towards substrates whose acyl ends
ere identical to those of the selected acyl donors for the conden-

ation reactions. This is particularly important when the selectivity
f the protease towards P2′ may affect its activity. In this connec-
ion, Z-Arg-pNA and Z-Arg-OMe are homologous; the same can
e said for BAPNA and Bz-Arg-OEt [48]. Hence, enzymatic units
as international units, IU) were calculated using Z-Arg-pNA as
ubstrate for the syntheses of the Z-Arg-NH-alkylamides, whereas
or the syntheses of Bz-Arg-NH-alkylamides BAPNA was chosen.
urthermore, Z-Phe-Arg-pNA, a more specific substrate for brome-
ain [41], was also considered. For the sake of comparison, the
ctivity of immobilized papain was also proved with these sub-
trates. As shown in Table 3, there are no significant differences
mong the results obtained for Z-Arg-pNA and Z-Phe-Arg-pNA for
apain, bromelain and hieronymain. The activity values obtained
or papain with BAPNA as substrate were close to those using

-Arg-pNA and Z-Phe-Arg-pNA. Neither bromelain nor hierony-
ain showed the same behavior than papain. Good activities were

ecovered for both enzymes using Z-Phe-Arg-pNA, whereas no
ctivity towards BAPNA was observed using adsorbed bromelain

t
s
t
a

t 72 h of reaction; (b) Z-Arg-NH-decylamide (Z-Arg-NHC10) catalyzed by araujiain,
apain and asclepain c at 24 h of reaction; by funastrain, bromelain and hieronymain
t 72 h of reaction. The product of hydrolysis (Z-Arg-OH) is also shown in both cases.
ll plant peptidases were adsorbed onto polyamide.

nd hieronymain. Both proteases showed low affinity for the Bz-
roup, which was confirmed by the poor yields in the synthesis of
z-Arg-NH-alkylamides as to be discussed later in this section.

Once the characterization of immobilized proteases was thus
etermined, assays for the synthesis of Z-Arg-NHC10 and Z-Arg-
HC12 were performed. Acetonitrile with 0.25% (v/v) of aqueous
oric acid–sodium borate buffer pH 8.5 as previously described [23]
as used as reaction medium. The amount of enzymatic activity in

ach vial was adjusted into the range of 450–550 IU determined
sing Z-Arg-pNA as substrate.

As can be seen in Fig. 3, the maximum yield for Z-Arg-NHC12
as attained after 24 h of reaction for both papain and araujiain

80% and 65%, respectively). However, in the case of bromelain and
ieronymain, the highest yields for the synthesis of Z-Arg-NHC10
ere obtained after 72 h (45% and 47%, respectively); funastrain

howed its maximum at 72 h of reaction for both products (84% for
-Arg-NHC12 and 72% for Z-Arg-NHC10) (Fig. 4). Both, araujiain and
unastrain gave more hydrolysis product than the reactions with
apain.

Using dodecylamine, bromelain and hieronymain furnished Z-
he hydrolysis and condensation conversions were almost in the
ame range (Fig. 4b). The behavior of these proteases could be due
o their preference for polar amino acids in the S1′ region (Schechter
nd Berguer notation) [49]. The hydrophobicity of the nucleophiles
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ig. 5. Time-course reaction for the syntheses of (a) Bz-Arg-NH-dodecylamide
Bz-Arg-NHC12); (b) Bz-Arg-NH-decylamide (Bz-Arg-NHC10) using araujiain as bio-
atalyst in acetonitrile 0.25% (v/v) boric acid–sodium borate buffer pH 8.5. All plant
eptidases were adsorbed onto polyamide.

sed (i.e. alkylamines) did not fulfill this requirement, so their reac-
ivity in front of these peptidases appears to be similar to that
f water. Asclepain c had little activity in organic media probably
ue to an irreversible denaturation of the enzyme exposed to the
olvent (Fig. 4b).

For the syntheses of the Bz-Arg-NH-alkyl amide derivatives,
he commercial substrate Bz-Arg-OEt (BAEE) was used as acyl
onor. The benzoyl N�-protecting group fulfils the requirement of
hydrophobic residue at the P2 position necessary for the sub-

trate selectivity of papain-like peptidases [50]. Acetonitrile with

.25% (v/v) aqueous buffer was selected as reaction medium. Arauji-
in, funastrain, papain and bromelain immobilized onto polyamide
ere tested as biocatalysts. In this case, the best performance
as obtained for araujiain, which showed 60 and 65% conver-

ion to Bz-Arg-NHC12 and Bz-Arg-NHC10 (Fig. 5a and b) after 24

c
u
a
3
a

able 3
nzymatic international units determined for each enzyme and each substrate

nzyme Z-Arg-pNA BAPNA

Activity (IU/mg
immobilized
preparation)

Specific activitya (IU/mg
immobilized protein)

Activity (IU/mg
immobilized
preparation

raujiain 3.3 51 2.8
apain 2.7 1350 2.5
unastrain 2.3 460 2.4
sclepain c 2.4 480 Not detectable
romelain 2.3 1150 Not detectable
ieronymain 2.3 767 Not detectable

eferences: n.d.: non-determined.
a Specific activity was calculated assuming that all the protein present in the extract wa
H-decylamide (Bz-Arg-NHC10) at 72 h of reaction. The product of hydrolysis
Bz-Arg-OH) is also shown in both cases. All plant peptidases were adsorbed onto
olyamide.

nd 72 h, respectively. Moderate conversions were obtained with
unastrain, i.e. 45% and 50% for each arginine derivative, respec-
ively (Fig. 6a and b). When bromelain was assayed as catalyst, 22%
nd 11% conversion to Bz-Arg-NHC12 and Bz-Arg-NHC10, respec-
ively, were obtained after 72 h of reaction (Fig. 4a and b). These
esults were in a good agreement with the activity measurement
ith BAPNA. Interestingly, some conversion was observed with

dsorbed preparations of bromelain and hieronymain in low-water
ontent medium, although practically no activity was detected

sing BAPNA as substrate (Table 3). Crude stem bromelain has
t least three distinct cysteine proteases: stem bromelain (E.C.
.4.22.32), the major component, up to 90% of the total protein,
nanain (E.C. 3.4.22.31) (5%) and comosain (≤5%, not yet included in

Z-Phe-Arg-pNA

Specific activitya (IU/mg
immobilized protein)

Activity (IU/mg
immobilized
preparation

Specific activitya (IU/mg
immobilized protein)

43 n.d. n.d.
1250 2.5 1250
480 n.d. n.d.
n.d. n.d. n.d.
n.d. 2.4 1200
n.d. 2.3 767

s adsorbed.
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he IUBMB recommendations) [51,52]. It has been found that stem
romelain (E.C. 3.4.22.32) and comosain could only act efficiently
y hydrolyzing Arg-Arg in synthetic substrates, whereas ananain
howed a stronger affinity for Z-Phe-Arg fragment in synthetic
ubstrates [53,54]. Bz-Arg- residues, such as benzoyl-argininamide
BAA) and BAEE have been described as to determine amida-
ic and esterolytic activity of crude stem bromelain preparations
55,44,40] until more specific substrates were designed [38,53,54].
he absence of enzymatic activity towards BAPNA found in the
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ue to the lower selectivity of these crude material for this substrate
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uch as Z-Phe-Arg-pNA some activity was observed. Hieronymain
ctivity towards BAPNA has never been proved before, while one of
ts main proteases, hieronymain II, showed a substrate preference
owards Z-Phe-Arg-pNA [56]. It is likely that the distance between
he nitrogen and the phenyl groups, shorter in the benzoyl moi-
ty (Bz-) than that in the Z-, may potentially have non-productive
nteraction in the S2 subsite of the peptidases.

. Conclusions

The syntheses of Z-Arg-NHC10, Z-Arg-NHC12, Bz-Arg-NHC10 and
z-Arg-NHC12 were proved with plant cysteine peptidases belong-

ng to the papain family obtained from native South American plant
pecies of A. hortorum, F. clausum, A. curassavica and B. hieronymi,
s well as with a commercial preparation of stem bromelain. Their
erformance were compared to those of commercial papain as the
eference biocatalyst.

The crude proteolytic extracts from the latex of the milkweeds
elonging to the Asclepiadaceae family A. hortorum (i.e. araujiain)
nd F. clausum (Asclepiadaceae) (i.e., funastrain), showed a very
imilar performance (65–84% conversions) to that obtained for
apain for the synthesis of the two Z-Arg-NH-alkylamide surfac-
ants. Moreover, araujiain and papain were the biocatalysts which
endered the best conversions (60–65%) for the synthesis of the two
ovel Bz-Arg-NHC12 and Bz-Arg-NHC10. All these assays demon-
trated the importance of the screening to find alternative sources
f enzymes with improved selective for the syntheses of new prod-
cts with interest in pharmaceutical and food industries.
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