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Abstract

Seeds extract of Lagenaria siceraria (Molina) Standl (blocky-fruited cultivar) was screened for enzymatic hydrolytic
activities over synthetic variety and natural substrates. The best hydrolytic activities mainly consisted of phosphatase
(0.68 ± 0.02 UI/mg),  -galactosidase (0.26 ± 0.03 UI/mg) and  -mannosidase (0.17 ± 0.02 UI/mg). Physicochemical
characterization showed that these enzymatic activities were maximal at 55°C in sodium acetate buffer (pHs 4.6 and 5.6).
They showed pH and temperature stability and appeared to be resistant in the presence of 5 mM cations (Na+, K+, Ca2+,
Ba2+ and Mg2+) concentration and 1% (w/v) detergents (cationic, non-ionic and anionic). The phosphatase activity on
different phosphorylated substrates showed it ability to hydrolyze greatly para-nitrophenylphosphate (100 ± 2.3%) and
ATP (95.3 ± 2.6%) and in lesser extent sodium phytate (15.2 ± 1.8%). As for natural substrates as lactose and the three
different mannobioses linked ( -1,2;  -1,3  -1,6), that were significantly hydrolyzed by  -galactosidase and  -
mannosidase activity respectively. These interesting characteristics deserved to be deeply investigated for the
valorisation of Lagenaria siceraria seeds phosphatase,  -galactosidase and  -mannosidase in potential biotechnological
applications.

Key words: Oleaginous cucurbit, Lagenaria siceraria, blocky-fruited cultivar, seeds, phosphatase activity,  -
galactosidase activity,  -mannosidase activity.

Résumé

Caractérisation biochimique des activités phosphatasique, -galactosidasique et  -mannosidasique
des graines d’une cucurbite oléagineuse : cultivar à baie allongée de Lagenaria siceraria (Molina) Standl

Divers substrats naturels et synthétiques ont été testés lors du criblage d’activités enzymatiques à partir de l’extrait
brut des graines du cultivar à baie allongée de Lagenaria siceraria (Molina) Standl. Les meilleures activités observées
sont les activités phosphatasique (0,68 ± 0,02 UI/mg),  -galactosidasique (0,26 ± 0,03 UI/mg) et  -mannosidasique
(0,17 ± 0,02 UI/mg). La caractérisation physico-chimique de ces activités enzymatiques a montré qu’elles sont
maximales à 55°C dans le tampon acétate de sodium (pHs 4,6 et 5,6). Elles ont montré également une bonne stabilité
en fonction du pH et de la température aussi bien qu’en presence de concentrations de 5 mM de solutions ioniques
(Na+, K+, Ca2+, Ba2+ et Mg2+) et de 1% (p/v) de détergents (cationique, non-ionique et anionique). La spécificité de substrat
réalisée sur des composés phosphorylés a revelé une hydrolyse prépondérante du para-nitrophenylphosphate (100
± 2,3%) et de l’ATP (95,3 ± 2,6%) tandis que le phytate de sodium est hydrolysé a un degré moindre (15,2 ± 1,8%). Le
lactose et les différents mannobioses ( -1,2;  -1,3  -1,6) sont également bien hydrolysés respectivement par les
activités  -galactosidasique et  -mannosidasique de l’extrait. Ces propriétés attrayantes mériteraient des études
plus approfondies pour la valorisation de la phosphatase, de la  -galactosidase et de l’ -mannosidase des graines
de Lagenaria siceraria en vue de leurs utilisations potentielles dans des procédés biotechnologiques.

Mots clés: Cucurbite oléagineuse, Lagenaria siceraria, cultivar à baie allongée, graines, activité phosphatasique,
activité  -galactosidasique, activité  -mannosidasique.

Article original



222

Sci. Nat. Vol.7 N° 2 : 221 - 235 (2010)

Djary M. KOFFI et al.222

1. Introduction

Cucurbitaceae is a wide family of plants having
great importance in tropical agriculture (Dupriez &
De Leener, 1987; Pitrat et al., 1999). This family is
mainly divided into two main groups based on their
consumption mode: those with edible fleshes as
watermelons, melons and marrows, and those
with oleaginous seeds consumed as traditional
soup thickeners called «pistachio» soup in Côte
d’Ivoire and «egusi» soup in Cameroon, Nigeria
and Benin (Zoro Bi et al., 2003; Djè et al., 2006).

Seeds of oleaginous cucurbits have already been
reported for richness in nutrients as minerals
(sulphur, calcium, potassium, phosphorus, iron,
magnesium and zinc), proteins (36%) and fats
(50%) (Akobundu et al., 1982; Achu et al., 2005;
2006; Loukou et al., 2007). Furthermore the high-
quality of «pistachio» oils, considering their content
in unsaturated and essential fatty acid particularly
in linoleic acid (Achu et al., 2006; 2008), made them
recommended in cardiovascular illnesses.

Due to their agronomic, nutritional and economic
potentials, cucurbits are considered as materials
for which improved production and use can result
in food security and income generation for
peasants (Zoro Bi et al., 2006; Esfeld et al., 2009).
despite these potentialities, these crops are
somehow neglected as minor crops (Achigan-
Dako et al., 2006; Rasul et al., 2007).

Lagenaria siceraria (Molina) Standl belonging to
this family of crop (Cucurbitaceae) is one of the
most widely distributed and consumed at both
rural and urban level in Sub-Saharan Africa (Zoro
Bi et al., 2006). However, agronomic, botanic and
nutritional studies have been investigated while
significant scientific aspects in particular the
enzymatic constituent remains still unexplored.

Enzymes are essential biocatalysts to living
organism beings. In this respect, any loss of
enzymatic activity is irremediably followed by
metabolic disorders (Noble & Bovey, 1997; Kranz
et al., 2007). Interest in enzymes also lies in their
usages for various biotechnological purposes
(Oehmig et al., 2007; Betancor et al., 2008;
Bédikou et al., 2009a). For specific examples,
enzymatic hydrolysis of lactose by  -
galactosidases in production of low lactose milk
(and dairy products made from it) is essential for
lactose intolerant patients (Dwevedi & Kayastha,
2009). Depending to both their hydrolytic and
transferasic activity, phosphatases were reported
be used to modify macromolecules useful for food

processing industries as drinks, cream substitutes
and mayonnaises (Larré & Schwenke, 1996). In
pharmaceutical industry,  -mannosidases are
currently used for treatment of mannosidosis, a
congenital disorder of glycosides (CDG), by enzyme
replacement therapy (Hirsch et al., 2003). In view
of these practical domains of enzymes application
above, research for new enzyme sources with
improved properties remains of topical interest.

The aim of this work is to promote a minor crop
as the blocky-fruited cultivar of Lagenaria siceraria
by investigating its seeds enzymatic potential
through biochemical characterization for further
biotechnological applications.

2. Materials and Methods

2.1. Materials

2.1.1. Enzymatic source

Seeds of the blocky-fruited cultivar of Lagenaria
siceraria were collected from University of Abobo-
Adjamé (Abidjan, Côte d’Ivoire). To obtain
sufficient number of seeds, L. siceraria round-
fruited cultivar was grown during rainy season
(April to July) in 2009 at the experimental farm of
the University (5°23N, 4°00W, and 7 m above sea
level). After harvesting, fruits were split using a
stainless steel kitchen knife and the seeds
removed for crude extract preparation.

2.1.2. Chemicals

para-nitrophenyl- (pNP-) glycopyranoside
substrates [pNP- -D-mannopyranoside (pNP- -
D-Man), pNP- -D-glucopyranoside (pNP- -D-
Glu), pNP- -D-glucopyranoside (pNP- -D-Glu),
pNP- -D-galactopyranoside (pNP- -D-Gal),
pNP-  -D-galactopyranoside (pNP-  -D-Gal),
pNP- -L-fucopyranoside (pNP- -L-Fuc), pNP-
 -L-arabinopyranoside (pNP- -L-Ara), pNP- -
D-xylopyranoside (pNP- -D-Xyl)], para-nitrophenyl
phosphate (pNPP), phenyl phosphate, sodium
pyrophosphate, glucose-1-phosphate, glucose-6-
phosphate, fructose-6-phosphate, fructose-1-
phosphate,  -nicotinamide adenosine
dinucleotide ( -NAD), adenosine-2-3’-cyclomono-
phosphate, adenosine-5’-triphosphate (ATP),
phytate, para-nitrophenol (pNP), sucrose, starch,
carboxymethylcellulose (CMC), Inulin, xylan,
lactose, 2-O- -D-mannopyranosyl-D-manno-
pyranoside ( -1,2 Mannobiose), 3-O- -D-
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mannopyranosyl-D-mannopyranoside ( -1,3
Mannobiose), 6-O- -D-mannopyranosyl-D-
mannopyranoside ( -1,6 Mannobiose), D-
mannose and D-glucose were purchased from
Sigma Aldrich. Bovine serum albumin (BSA) was
from Fluka Biochemika.

2.2. Methods

2.2.1. Enzymes preparation

Cucurbit seeds (10 g) were ground using an electric
blender (PALSON, Spain) in 20 ml sodium chloride
solution 0.9% (w/v). The homogenate was
sonicated using a TRANSSONIC (T

420
, Germany)

for 10 min and, then centrifuged (Spinner HERMLE
Z300K, Germany) at 10,000 g for 30 min at 4°C.
The supernatant filtered through sterilized cotton
was used as the crude extract (seeds extract).

2.2.2. Hydrolytic screening of synthetic and
natural substrates

As for synthetic pNP-glycoside and pNP-phosphate
hydrolytic activities, crude extract was mixed in 250
µl composed of aryl-substrate (5 mM) in 100 mM
sodium acetate buffer pH 5.0 and crude extract (50
µl correspond to 0.21 mg of protein), incubated for
10 min with shaking at 37°C. The liberated para-
nitrophenol (pNP) was quantified spectro-
photometrically (SPECTRONIC GENESIS 5, USA)
at 410 nm under alkaline conditions (2% w/v,
Na

2
CO

3
) referred to a standard pNP (absorbance

as a function of concentration) curve obtained in
similar conditions.

For natural substrates hydrolysis, the total volume
was 300 µl composed of crude extract (50 µl) and
125 µl of substrate (0.25% w/v, final concentration)
in 100 mM sodium acetate buffer pH 5.0. The
mixture was incubated for 30 min with shaking at
37°C, then stopped by adding 150 µl of dinitro
salicylic acid (DNS) and at 100°C for 5 min
(Bernfeld, 1955). Reducing sugars were quantified
spectrophotometrically at 540 nm referred to
standard glucose curve.

The experiment conditions described above
constituted the standard «enzyme assay
conditions». All values were determined in
triplicate. One unit of enzymatic activities in the two
cases (synthetic and natural substrates) release
1 µmol of liberated product (pNP or reducing sugar)
per min. Specific activity was expressed as ìmol
per min (UI) per mg of proteins.

2.2.3. Measurement of proteins concentration

The proteins concentration was measured by
using Folin ciocalteu method (Lowry et al., 1951).
BSA was used as the standard protein.

The following reagents were used: Reagent A: 2%
Na

2
CO

3
 in 0.10 N NaOH. Reagent B: 0.5%

CuS04.5H
2
O in 1% sodium and potassium tartrate.

Reagent C: alkaline copper solution, Mix 50 ml of
Reagent A with 1 ml of Reagent B. Discard after 1
day. Reagent D: carbonate-copper solution, is the
same as Reagent C except for omission of NaOH.
Reagent E, diluted Folin-Ciocalteu phenol reagent
(about 2-fold) 1 N acid with 0.10 N NaOH.

To a sample of 0.2 ml, in a 3 to 10 ml test-tube, 1
ml of Reagent C is added. Mix well and allow
standing for 10 minutes at room temperature. Then
0.10 ml of Reagent E is added very rapidly and
mixed within a second or two. After 30 minutes at
obscurity, the sample is quantified
spectrophotometrically.

2.2.4. pH optimum and pH stability determination

The effect of pH on the enzymatic activities was
determined by performing the hydrolysis of para-
nitrophenylphosphate, para-nitrophenyl-  -D-
galactopyranoside and para-nitrophenyl- -D-
Mannopyranoside in a range of buffers (100 mM)
at various pH values ranging from 3.0 to 6.2. Sodium
acetate buffer from pH 3.6 to 5.5 and sodium citrate
buffer from pH 3.0 to 6.2 were used. The pH values
of each buffer were determined at 25°C.

The pH stability of each enzymatic activity was
studied in a pH range of 3.0 to 6.2 with 100 mM
sodium citrate buffer. After 2 hours preincubation
at 25°C, residual activities were measured at 37°C
for 10 min by adding the substrate (pNPP, pNP- -
D-Gal or pNP- -D-Man).

2.2.5. Temperature optimum and temperature
stability determination

The effect of temperature on phosphatase,  -
galactosidase and  -mannosidase activities was
performed in 100 mM acetate buffer (appropriate
pHs) in a temperature range of 30 to 80°C by
using pNPP, pNP-  -D-Gal or pNP- -D-Man (5
mM) as substrates under the enzyme assay
conditions.
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The thermal inactivation was determined at 37°C
and at each enzymatic activity optimum
temperature. Enzymes in appropriate buffers (pHs)
were exposed to each temperature for 0 to 100
min. Aliquots were withdrawn at intervals and
cooled immediately. Concerning thermal
denaturation tests, aliquots of the crude extract
were preheated at different temperatures ranging
from 30 to 80°C for 15 min. Residual activities
determined in three cases at 37°C under enzymes
assay conditions and were expressed as percentage
activity of zero-time control of untreated enzymes.

2.2.6. Effect of some chemical agents

To determine the effect of cations, chelating,
sulphidryl specific and reducing agents and
detergents on the enzymatic activities, crude extract
was preincubated at 37°C for 30 min with each
compound and then, the activity was measured
under the enzyme assay conditions. The residual
activities were expressed as percentage refers to
a control without chemical agents.

2.2.7. Characterization of hydrolytic specificity

Hydrolytic specificity was determined by
incubating separately the seeds extract (50 µl
corresponding to 0.21 mg of proteins) with
substrates for different times at 37°C in optimum
100 mM sodium acetate buffer.

As regards phosphorylated substrates hydrolytic
specificity, the inorganic phosphate (P

i
) produced

by phosphatase activity was quantified by Heinonen
& Lahti (1981) method. Glucose and galactose
released from lactose hydrolysis (1 mM) and,
mannose released from differently linked
mannobioses (1 mM) were visualized through TLC
plates. Three (3) µl Samples were spotted for each
mixture. TLC plates were run with butanol / acetic
acid / water (9:3.75:2.25, v/v/v) and then developed
with a solution mixture of naphto-resorcinol in
ethanol and, H

2
SO

4
 20% (v/v). The sugar spots

were visualized after heating at 110°C for 5 min.

3. Results

3.1. Screening of glycosidase and
phosphatase hydrolytic activities

The potential of synthetic and natural derivatives to
act as substrates for the seeds extract of blocky-
fruited of Lagenaria siceraria was assayed and,
results are shown in Fig 1. The crude extract
hydrolyzes eleven (11) of fourteen (14) substrates
used. The best hydrolytic activities were observed
in reverse order phosphatase, -D-galactosidase
and  -D-mannosidase with respective values of
specific activities of 0.68 ± 0.02, 0.26 ± 0.03 and 0.17
± 0.02 UI/mg (Fig. 1). There are no  -D-glucosidase,
 -D-fucosidase and  -D-xylosidase activities.

Figure 1: Screening of the seeds extract from the blocky-fruited cultivar of Lagenaria siceraria for glycosidase
and phosphatase activities over synthetic and natural substrates.
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3.2. pH and temperature dependences

Phosphatase,  -galactosidase and  -
mannosidase activities were analyzed for their
hydrolytic pH and temperature dependences. The

three enzymatic activities were found being
maximal at 55°C and at pH 4.6 and 5.6 (Fig. 2A
and 3). They retained 80% of their activity in
sodium citrate buffer at a pH range of 4.0 to 5.8
(Fig. 2B).

Figure 2: Effect of pH on phosphatase,  -galactosidase and  -mannosidase activities from the seeds extract of
the blocky-fruited cultivar of Lagenaria siceraria. A: Optimum pH; B: pH stability. (   ) phosphatase activity,
(   )  -galactosidase activity, (   )  -mannosidase activity

●
▲■
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Figure 3 : Effect of temperature on phosphatase,  -galactosidase and  -mannosidase activities from the seeds extract

of the blocky-fruited cultivar of Lagenaria siceraria. (   ) phosphatase activity, (    )  -galactosidase activity,
(   )  -mannosidase activity

●
▲

■

The thermal stability study has revealed that at
37°C the three activities remained stable for 100
min (Fig. 4A). At their optimum temperature,
these activities were less stable, showing half-
life (50% of activity) 70 min at least. However,
they were retained at around 90% for 20 min
(Fig. 4A). Phosphatase,  -galactosidase and  -
mannosidase conserved 100% of their hydrolytic
activity to temperatures up to their optima. At higher
temperatures, their activities declined progressively
as the temperature increased (Fig. 4B).

Values of temperature coefficients (Q
10

)
calculated for the three enzymatic activities were
found to be at around 1.8, 1.7 and 2.0,
respectively. From Arrhenius plot (Data not
shown), values of 51.9, 41.6 and 39.7 kJ/mol
were obtained for the activation energy of
phosphatase,  -galactosidase and  -
mannosidase activities, respectively.

3.3. Effect of cations, chelating, sulphidryl
specific and reducing agents

The effect of various chemicals on phosphatase,

 -galactosidase and  -mannosidase activities
by using appropriate substrate was studied (Fig.
5 and 6). Except Na+ and urea that displayed a
slight stimulatory effect (110.2 ± 3.5 and 116.3 ±
2.5), most of chemicals tested (Ca2+, Ba2+, K+,
Mg2+, EDTA, pCMB, L-cysteine and  -
mercaptoethanol) were found to be without
significant effect on phosphatase activity
(residual activity in the range of 85.7 ± 4.0 to
116.3 ± 2.5%) relative to high concentrations
used.

As concerned  -galactosidase activity, it was
sharply inhibited (for around 57% of inhibition)
by pCMB (5 mM) and enhanced in the range of
111.8 ± 3.7 and 122.1 ± 1.8% by 5 mM final
concentration of  -mercaptoethanol and Ba2+,
respectively (Fig. 5 and 6).

As  f o r   -mannos idas e  ac t i v i t y ,  m os t
chemicals showed no significant effect. Only
Ba2+,  EDTA and urea have shown to be
relatively inhibitory (between 23 and 40%
inhibition) at the concentration of 5 mM (Fig.
5).
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Figure 4 : Thermal stability of phosphatase,  -galactosidase and  -mannosidase activities from the seeds extract of
the blocky-fruited cultivar of Lagenaria siceraria. A: Thermal inactivation. (  ) phosphatase activity at 37°C,
(   )  -galactosidase activity at 37°C, (   ) -mannosidase activity at 37°C, (   ) phosphatase activity at 55°C,

(  )  -galactosidase activity at 55°C, (    )  -mannosidase activity at 55°C; B: Thermal denaturation. (   )

phosphatase activity, (  )  -galactosidase activity, (  )  -mannosidase activity.

∆
○

□

●

▲

■
●

■

▲
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Figure 5 : Effect of cations, chelating agent and urea on phosphatase,  -galactosidase and  -mannosidase activities
from the seeds extract of the blocky-fruited cultivar of Lagenaria siceraria

Figure 6 : Effect of sulphidryl specific and reducing agents on phosphatase,  -galactosidase and  -mannosidase
activities from the seeds extract of the blocky-fruited cultivar of Lagenaria siceraria
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3.4. Effect of detergents

Except SDS that displayed a strong inhibitory effect
(up to 98% inhibition) on phosphatase,  -
galactosidase and  -mannosidase activities,
most of detergents currently used for denaturing
proteins showed by and large no significant effect
on the three enzymatic activities (Table 1).

However, non-ionic (Tween 80, Lubrol Wx and
Triton X-100) and anionic detergents
(polyoxyethylene 9 lauryl ether and polyxyethylene
10 oleyl ether) enhanced phosphatase hydrolytic
activity for to 120.9 ± 5.1% and also showed by
cationic detergents (TTAB and HTAB) on  -
galactosidase activity (up to 118.9 ± 3.2%
activation) (Table 1).

Detergents

Relative activity (%)

Phosphatase β-Galactosidase α-Mannosidase

Control 100 100 100

Cationic

     Tetradecyl Trimethyl Ammonium Bromide 88.4 ± 2.9 109.0 ± 4.2 90.2  ± 5.1

  Hexadecyl Trimethyl Ammonium Bromide 97.8 ± 3.5 118.9 ± 3.2 84.9 ± 4.1

Non ionic

  Tween 80 116.3 ± 4.6 100.0 ± 4.5 86.2 ± 4.8

  Lubrol Wx 118.6 ± 3.8 105.7 ± 5.1 93.5 ± 3.4

  Triton X-100 114.0 ± 4.3 108.2 ± 2.8 95.1 ± 2.9

Anionic

  Polyoxyethylene 9 lauryl ether 120.9 ± 5.1 103.3 ± 3.7 100.0 ± 1.9

  Polyxyethylene 10 tridecyl ether 107.0 ± 5.4 109.8 ± 4.3 104.0 ± 4.1

  Polyxyethylene 10 oleyl ether 118.6 ± 3.9 102.5 ± 3.1 89.4 ± 2.2

  Sodium dodecyl sulphate 4.6 ± 2.1 18.0 ± 3.5 13.0 ± 2.1

Table 1 : Effect of detergents on phosphatase,  -galactosidase and  -mannosidase activities from the seeds
extract of the blocky-fruited cultivar of Lagenaria siceraria

NB: Assays were performed at 37°C for 10 min with 1% (w/v) starting concentration of detergent

3.5. Substrates hydrolytic specificity

The results in Table 2 showed that phosphatase
activity hydrolyzes a broad range of
phosphorylated substrates. The highest activity
observed, was with p-nitrophenyl phosphate as
substrate (100 ± 2.3%), followed by Phenyl
phosphate (98.8 ± 2.2%), Adenosine-5’-
triphosphate (95.3 ± 2.6%) and Sodium
pyrophosphate (81.4 ± 1.9%). Hydrolysis of the
two latter substrates remained interesting
compared with that of  -nicotinamide adenine
dinucleotide (16.3 ± 0.6%) and sodium phytate

(15.2 ± 1.8%) which were less specific (Table 2).

In Figure 7A, the ability of â-galactosidase activity
from the seeds extract of the blocky-fruited of
Lagenaria siceraria is shown to greatly hydrolyze
lactose, a natural substrate.

Figure 7B shows thin layer chromatography
analysis of  -1,2,  -1,3 and  -1,6 mannobioses
hydrolysis by the á-mannosidase activity. The three
differently linked disaccharides were cleaved at
different rates. However,  -mannosidase
hydrolytic activity on  -1,2 mannobiose seemed
to be greater than that on the two other linkages.
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Substrates Hydrolytic activity (%)

p-Nitrophenylphosphate 100.0 ± 2.3

Adenosine-5’-triphosphate 95.3 ± 2.6

Phenylphosphate 98.8 ± 2.2

Sodium pyrophosphate 81.4 ± 1.9

Glucose -6-phosphate 56.9 ± 2.4

Fructose-6-phosphate 46.5 ± 3.5

Adenosine-2’3’-cyclomonophosphate 40.7 ± 0.9

Fructose-1-phosphate 34.4 ± 2.3

Glucose -1-phosphate 30.2 ± 1.3

-Nicotinamide adenine dinucleotide 16.3 ± 0.6

Sodium phytate†
15.2 ± 1.8

NB: Assays were performed at 37°C for 30 min with 5 mM final concentration of substrate,
†This reaction was performed at 50°C for 2 h.

Table 2 : Hydrolytic activity of the seeds extract of the blocky-fruited cultivar of Lagenaria siceraria on some
phosphorylated substrates

Figure 7 : TLC plates showing  -galactosidase and  -mannosidase activities from the seeds extract of the blocky-

fruited cultivar of Lagenaria siceraria towards differently linked disaccharides. A:  -galactosidase activity
on lactose. Lane 1: glucose; Lane 2: galactose; Lane 3: lactose; Lane 4: reaction mixture with lactose. B:  -
mannosidase activity on  -1,2;  -1,3 and  -1,6-mannobioses. Lane 1: crude extract; Lane 2: mannose;
Lane 3: mannobiose; Lanes 4-6: reaction mixtures with  -1,2;  -1,3 and  -1,6-mannobiose, respectively

1 2 3 4 5 61 2 3 4

A B
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4. Discussion

Enzymes are proteins that occur in nature and,
speed up biochemical processes that would
otherwise take a long time. In food industry,
enzymes are used to produce wine, cheese, corn
syrup and baked goods. Indeed, enzymes are
obviously used for food application (Greenberg &
Mahoney, 1981; Greiner & Konietzny, 2006) and
thus, cannot be ignored. With the aim of disclosing
new sources of enzymes useful for further
biotechnological application, the crude enzyme
extract of blocky-fruited cultivar seeds of Lagenaria
siceraria was screened for several hydrolytic
activities. Enzymatic activities noticed mainly
consisted of phosphatase,  -galactosidase and
 -mannosidase activities, which suggesting an
essential role in plant growth and metabolism.
Higher phosphatasic,  -galactosidasic and  -
mannosidasic activities may also be a good
indicator of the present phosphorus, galactoside
and mannoside statuses in this crop, suggesting
its potential to be of high nutritional value as already
reported for other constituents (Loukou et al., 2007;
Achu et al., 2008).

Phosphatase,  -galactosidase and  -
mannosidase specific activities noticed in the
crude extract of L. siceraria seeds appeared to
be either identical or higher than those already
reported for plants which were considered for
purification (Li et al., 2001; Ahi et al., 2007; Konan
et al., 2008). So, this crop constitutes an
interesting source of phosphatase,  -
galactosidase and  -mannosidase which
should be explored in details for specific bio-
industrial applications.

Physicochemical properties of the phosphatasic,
 -galactosidasic and  -mannosidasic hydrolytic
activities showed that these enzymatic activities
were acidic and mesophilic and bears out a close
resemblance to majority of plant and animal
phosphatases,  -galactosidases and  -
mannosidases (Li et al., 2001; Konan et al., 2008;
Bédikou et al., 2009b). However, their relative pH,
temperature and detergents stability predispose
them to bio-industrial applications. Indeed, enzyme
stability and to a specific extent thermal stability is
a particularly important issue in food industry
because food processing and preparation
commonly involve exposure to elevate temperature
(Zamost et al., 1991; Bédikou et al., 2009c).

Phosphatase and  -galactosidase hydrolytic
activities were not affected in the presence of
some divalent cations and cations chelator
(EDTA). That may be due to ions which were not
strictly essential for the two enzymatic activities.
However, sensitivity of  -galactosidase hydrolytic
activity to pCMB led to assume that –SH groups
probably participate in enzymatic reaction. As
concerned  -mannosidase activity, the inhibitory
effect caused by EDTA may suggest its metallo-
dependence likewise in the case of watermelon
fruit (Nakagawa et al., 1988) and Artocarpus
communis seeds  -mannosidases (Ahi et al.,
2007). Inhibition of this hydrolytic activity by urea
is in harmony with Bennett (1967) results, who
had reported that most native macromolecules
are rapidly unfolded by urea and tend to remain
in this state even when macromolecule solution
is later diluted. The action of  -mannosidase
activity in presence of urea suggests that
hydrogen bonds may be relevant in this enzymatic
activity stability. Overall results contrast with those
reported by Niamké et al. (1999), about the limited
role of hydrogen bonds in enzyme stabilizing in
the presence of urea.

There is a large tendency for the three enzymatic
activities to remain stable or activated by most of
detergents tested. It should constitute an
advantageous characteristic for their potential bio-
industrial usage. Thus, the stimulatory effect
displayed by non-ionic detergents tested on
phosphatase activity make them particularly
useful when extracting this activity by improving
its stability for further specific studies.

Phosphatase activity was not strictly specific since
it released inorganic phosphate from a variety of
phosphorylated substrates. On the one hand,
among the broad range of phosphorylated
substrates investigated, hydrolysis of sodium
phytate suspected a phytasic activity. Indeed, in
non-germinated legume and cereal seeds, only
little intrinsic phytate-degrading activity is found
(Viveros et al., 2000; Egli et al., 2002). Which is
obviously in non-germinating seeds extract of the
blocky-fruited cultivar of Lagenaria siceraria.
Enzyme can be used for human food grade
application, food industry application. So, as
animal feed additive in diets largely for swine,
poultry and fish. Including adequate amount of
phytase in the diets for simple-stomached
animals reduces the need for orthophosphate
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supplementation of feed. As a result, the
environment is protected from pollution with
excessive manure phosphorus runoffs because
the faecal phosphate excretion of the animals is
reduced of 50% (Augspurger et al., 2003; Greiner
& Konietzny, 2006). Furthermore, there is also a
great potential for the use of phytase in processing
and manufacturing of food for human
consumption due to the lack of endogenous
phytate-degrading enzymes and the limited
microbial population in the upper part of the
digestive tract (Iqbal et al., 1994).

On the other hand, the relatively high activity toward
ATP, an energetic natural substrate indicates the
possibility to apply this phosphatase activity to
synchronous enzyme-reaction system which
needs energy resulting from the hydrolysis of this
substrate as already reported by Gonnety et al.
(2006). As well as phosphatase activity,  -
galactosidase activity also showed ability to
greatly hydrolyze a natural substrate (lactose).
Thus, it could be used to increase the sweetening
properties of lactose (Patel & Mckenzie, 1985)
and also could serve as an exo-glycosidase in
releasing galactose from oligogalactosides.
Enzymatic hydrolysis of lactose has two main
biotechnological applications: utilization of whey
as glucose and galactose (the hydrolysates)
having greater fermentation potential (Kosaric &
Asher, 1985) and in the production of low lactose
milk (and dairy products made from it) for
consumption by lactose intolerant persons. To
date, the majority of industrially used  -
galactosidase preparations were either from
bacterial or fungal sources (Dwededi & Kayastha,
2009). However, Dey (1984) had reported that
widely distributed plant  -galactosidases could
be a good substitute for lactose hydrolysis in
industries due to easy availability and cost
effectiveness. In this respect, the blocky-fruited
cultivar seeds of L. siceraria â-galactosidase
could also be investigated for industrial
applications. As for  -mannosidase activity, it
displayed a broad natural substrate specificity by
hydrolyzing  -1,2;  -1,3 and  -1,6
mannobioses linkages. This behaviour bears out
a close resemblance to  -mannosidases
involved in the degradation of oligomannose type
free N-glycans which exhibit biological activity as
growth factor during the early development of plant
(Preim et al., 1992) and stimulation of fruit ripening
(Preim & Gross, 1992; Ahi et al., 2007). For

specific applications, the purified  -
mannosidase (s) from the seeds extract of the
blocky-fruited cultivar of Lagenaria siceraria could
also find importance in combination with xylanase
in pulp and paper industry as already suggested
by Viikari et al. (1994).

In spite of the enzymatic potentials of the blocky-
fruited cultivar of L. siceraria seeds, extensive
investigations on the safe use of this crude enzyme
extract is therefore necessary because it has been
reported on a serious health problem for a fungus
(Gliomastix murorum) crude enzyme extract
usage in swiss albino mice (Aritajat et al., 2005).

5. Conclusion

This study revealed that phosphatase,  -
galactosidase and  -mannosidase activities are
predominant in the seeds extract of Lagenaria
siceraria blocky-fruited cultivar. These three
enzymatic activities were acidic (pH 4.6 – 5.6) and
mesophilic (55°C) and appeared to be stable in
the presence of most of detergents assayed.
Furthermore, they hydrolyzed a broad range of
natural substrates such as ATP, sodium phytate,
lactose and mannobioses. Based on the present
study, it appears that Lagenaria siceraria blocky-
fruited cultivar seeds constitute an interesting
source of phosphatase(s),  -galactosidase(s)
and  -mannosidase(s) that deserved be deeply
investigated for potential industrial and
biotechnological applications.
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