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ABSTRACT
Inulinases constitute an important class of enzymes for producing fructose and fructooligosaccharides, which are
extensively used in pharmaceutical and food industry. In this study, two carbon sources were evaluated for their
production of inulinase by yeast, Pichia caribbica (KC977491), i.e., pure chicory inulin and artichoke extract. The
highest inulinase activity (70 IU/ml) and the good growth cell (DO 38.5 at 600nm) were observed in artichoke
extract as a sole carbon and nitrogen source at 37°C within 48 h. Furthermore, the optimal conditions such as pH
and temperature, to obtain the maximum stability and activity of the enzyme were identified. The enzyme activity
was found to be the highest at pH 3,4 and at 65°C. Results suggested that the artichoke extract induced
exoinulinase synthesis in P. caribbica (KC977491) and can be utilized as a potential substrate for inulinase
production. Thus, P. caribbica (KC977491) may play an important role in biotechnological domain.
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INTRODUCTION
Enzymes are the key tools of biotechnology because they offer many possibilities for applications in various
industries, i.e., food and agricultural industries, chemical, pharmaceutical and for renewable energy product as bioethanol [1, 2, 3]. Inulinases are a group of enzymes which hydrolyse the inulin, a linear β-(2,1) linked fructose
polymer terminated by a glucose residue, through a sucrose-type linkage at the reducing ends [4,5]. This polymer is
considered as an interesting carbohydrate reserve in roots and tubers of several plants such as Jerusalem artichoke
(Helianthus tuberosus), chicory (Cichorium intibus), dahlia (Dahlia pintana) and dandelion (Taraxacum officinal)
[6,7]. Inulinases are classified into endo and exo-inulinases, depending on their mode of action. Endo-inulinases
(2,1-b-D-fructanfructanohydrolase; EC 3.2.1.7) are specific for inulin and hydrolyze it by breaking bonds between
fructose units that are located away from the ends of the polymer network, to produce oligosaccharides [8] and exoinulinases sequentially split-off the terminal β-(2,1) fructofuranosidic bonds to liberate fructose [9].
It is very important to signal that the inulinases have caught the attention of many researchers for their ability to
produce many products, i.e., high fructose syrups, fructooligosaccharides, inulooligosaccharides, single cell oil,
sorbitol, ethanol, etc. [10, 11, 12]. Several microbe species are known for their capacity to produce inulinase [13,
14], but the highest activity was obtained from limited number of them [15, 16].
P. caribbica, is one of these strains, firstly, was selected for its ability to produce ethanol from inulin (our results
[17]; executing the two steps; the saccharification of inulin to fructose and the fermentation of the fructose to
ethanol, in contrast with several studies which showed that the same process was ensured by two types of
microorganisms [18, 19].
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The present work is, to our knowledge, the first to characterize the strain Pichia carribica (KC977491) capable to
produce a large quantity of inulinase from artichoke extract. The main objectives are to compare the production of
inulinase by P. caribbica on media containing pure chicory inulin and artichoke extract, followed by determination
of the optimal conditions of the highest enzyme activity.
MATERIALS AND METHODS
Microorganism
The yeast P. caribbica (KC977491) used in this study was previously isolated and identified (our result) [17].
Reactivated by plating on YEPD medium (composed g/l: yeast extract 10, Bacto-Peptone 10, glucose 20, agar 20.
The pH medium was adjusted to 5), followed by incubation at 30°C for 48 hours.
Substrates and chemicals
The pure inulin (from chicory) was obtained from Cosucra Groupe Warcoing S.A (Belgium), and artichoke was
obtained from locally farms (Setif, Algeria).
Preparation of artichoke extract
The method of Singh et al. [20] was utilized for obtaining the artichoke extract with minor modifications. The leaves
and stems of artichokes (200 g) were washed, peeled and placed in 1000 mL of distilled water at 100°C for one
hour. The slurry obtained was allowed to stand for sedimentation of particulate matter. Afterwards, it was filtered
through muslin cloth and the filtrate was centrifuged at 8000 rpm for 10 min, the supernatant was used as the crude
inulin extract.
Inulinase production
Two media cultures were used to produce inulinase by P. caribbica. The first medium containing pure inulin as
essentially carbon source was composed per liter of: inulin 40 g, yeast extract 4g, peptone 4g. However, the second
medium was composed only of artichoke extract (as sole carbon and nitrogen source). Erlenmeyer flasks (250 mL)
containing 100 mL aliquots of both media were autoclaved (20 min, 121°C) and inoculated with two loops from 48
h old culture of P. caribbica. Flasks were incubated at 37°C on a rotary shaker (170 rpm) for 120h. All the
experiments were carried out in duplicate.
Enzyme assay
After the fermentation period, the biomass was separated from medium using centrifugation technique at 5,000 rpm
under 4°C for 5 min. The supernatant was taken as a crude enzyme. The reaction mixture containing 0,1ml of the
crude enzyme and 0,4ml of inulin (5% w/v dissolved in 50mM sodium acetate buffer, pH 5) was incubated at 37°C
for 15 min. The reaction was stopped immediately by keeping the reaction mixture at 100°C for 5 min. The amount
of reducing sugar in the reaction mixture was assayed by the method of Miller [21]. One inulinase unit (IU) was
defined as the amount of enzyme that produces one micromole of reducing sugar per minute under the assay
conditions.
Characterization studies on inulinase activity
Optimization of pH for inulinase activity
The optimal pH of inulinase activity was determined by incubating the reaction mixture in a buffer at 37°C and
values of pH varying from 3, 3 to 7 for 15 min. The inulinase activity was measured using the assay method cited
above.
Optimization of temperature for inulinase activity
The effect of temperature on inulinase activity was determined by incubating the reaction mixture in optimal pH 3,4
at temperatures values ranging between 37 °C and 70°C. The inulinase activity was measured as previously
described.
RESULTS AND DISCUSSION
Among various substrates that were employed as a carbon source for inulinase production, inulin-containing plant
materials offer advantage in comparison to purified substrates in terms of lower cost and high productivity [12, 22].
Artichoke (Cynara cardunculus var.scolymus) is a variety of thistle specie which was cultivated as a food [23].
This variety is very abundant in several countries as Algeria; its production was estimated at 83.675 tons for 2013.
Sheets, external bracts and stems which represent about 80% of the plant biomass could be a promising source of a
cheap inulin compound [24, 25]. In the present study P. caribbica was able to utilize pure chicory inulin and
artichoke contains inulin in its growth. However, maximum growth cell production (DO 38.5) and the highest
inulinase activity (70 IU/ml) were obtained at 48 h of culture (Figure 1) when artichoke extract was used as sole
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carbone and nitrogen source. In contrast, when a pure chicory inulin was used as a sole carbon source, the maximum
of biomass value (DO=8) was reached at 120 h and the maximum inulinase activity was 54,27UI/mL after 96h
(Figure 1). So, the use of artichocke extracts to produce inulinase was more efficient. The same results were
obtained previously using other strains. In fact, Cruz et al. [26] used various carbon sources had obtained higher
enzyme activity (3.68 UI /mL) with dahlia extract versus pure inulin (2.92 UI/mL). In addition, Singh and Bhermi,
[27] found that a high inulinase activity (8.42 IU/ml) was established by Kluyveromyces marxianus yeast YSA, on
Asparagus officinalis roots tubers versus pure chicory inulin (2.7 IU /mL). Furthermore, Jain et al. [28] observed a
high inulinase activity reaching 1,49 UI/ mL by Kluyveromyces marxianus MTCC 39951 on Dahlia extract, which
was higher compared to pure inulin (1,05 UI/ mL). The inulinase activity value which was found in our work (70
IU/ml) after only 48h of fermentation when using artichock extract as a sole carbon and nitrogen source made P.
caribbica yeast strain an interesting microbial tool to produce inulinase. In the other hand, the importance of our
work consists on the use of a relatively cheap and easily available substrate (artichocke) which can serve as a
feedstock for large-scale fermentation, whereas, pure inulin is only available in limited quantities with very high
cost.
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Figure 1: Production of inulinase by P. caribbica: ( ) on Artichoke extract medium within (ｏ) its DO, and (▲) On pure chicory inulin
within (∆) its DO.
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Figure 2: Effect of different pH on inulinase activity of P. caribbica

In this report, the optimal conditions such as pH and temperature to obtain the maximum activity of the enzyme
were identified. The optimal pH and temperature for inulinase activity of P. caribbica were 3,4 and 65°C
respectively (Figure 2 and Figure 3). Approximate results were obtained in several researches using other strains. In
fact, the optimal temperature and pH of enzyme activity were respectively 60°C and 4,5 [29], 55°C and 4.4 [30],
60°C and 5 [31], 60 °C and 6 [32], 50°C and 4 [28]. Whereas, inulinases from Aspergilus niger mutant 817 and
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Bacillus polymyxa where more active at 40°C and 35°C respectively near neutral pH [33,34]. The inulinase that was
obtained in this study showed a considerable activity at moderately high temperature and wide range of pH may find
strong interesting industrial applications.
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Figure 3: Effect of different temperature on inulinase activity of P. caribbica

CONCLUSION
In this study, P. caribbica was investigated for its ability to produce a large quantity of inulinase on the media
containing, separately, chicory pure inulin and artichoke inulin. However, the amount of enzyme production using
artichoke inulin was better comparatively to the same enzyme production on pure chicory inulin. This result let
concluded that the artichoke could be, effectively, a cheaper carbon source. On other hand, the partial
characterization of the enzyme considering pH and temperature of the optimal activity showed that the obtained
enzyme was active at moderately high temperature and pH converging to acids values. This investigation confers
inulinase, that was produced in this work, diverse industrial applications. In addition to that, the use of P. caribbica
in the field of biotechnology, agriculture and in the food industry is unknown. Therefore, these results can be
considered as an important advance in various fields.
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