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Introduction

Isomaltulose or palatino8ds a non-cariogenic sugar, naturally present iry wenall quantities in
honey, sugar cane extract and other sugar-riclddfluirhis alternative sugar is commercially
obtained by the enzymatic conversion of sucrosayzd by glucosyltransferase. The isomaltulose
shows physicochemical and organoleptic propertigslas to those of sucrose and has a low
glycemic index. The safety of isomaltulose has beemprehensively verified, resulting in its
approval as human food (Lina et al.,, 1997), and ividely used commercially as a sucrose
substitute in foods, soft drinks and medicines. Tibe of enzyme immobilization techniques is well
known to produce stable and reusable biocatalyste s hydrogel matrix could protect the enzyme
from environmental conditions such as pH, tempeeatorganic solvents and other compounds
capable of inactivating them. The immobilized cggalcould also be handled more easily and
recovered from the solution without difficulty (D@vos et al., 1991). Within this framework, the
microencapsulation by ionic gelation is straightfard and inexpensive. Pectins, which gelation
mechanism is mainly governed by their degree drisiation (DE), are among the most widely
studied ionic polysaccharides with useful and udesgroperties in this application area. The
addition of hydrophobic compounds such as lipids iaprove the retention of the hydrophilic
compounds used as core materials in these matridesse microcapsules present high water
content and low water solubility, and they can bedpced in different sizes and shapes. In this
work the microencapsulation of glucosyltransferpeeduced by the straiBrwinia sp. D12 was
evaluated using low methoxyl pectin with or withdat mixture addition (butter milk plus oleic
acid, 1:1) wet and freeze dried. Microparticles ralbterizations with respect to morphology,
average size and enzymatic activity after 6 cydegproduction of isomaltulose from sucrose
solutions were evaluated.

Material and methods

Microorganism and culture maintenance: A strain of Erwinia sp. D12 (glucosyltransferase
producer), isolated in the laboratory of Food Bmmiistry, Faculty of Food Engineering -
UNICAMP, was cultivated in inclined agar tubes, gmsed of nutrient agar + 0.3% sucrose (m/v)
for 15 hours at 30°C and then stored at 4°C.

Production of glucosyltransferase: The production of cell biomass was carried out gisimedium
composed by sugar cane molasses (156)gdorn steep liquor-Milhocirfa(20 g '), yeast extract
Prodex Lac SB (15 g I') and adjusted to pH 7.5. A loop full of culturessiaoculated into 250 ml
Erlenmeyer flasks containing 50 ml of inoculum nued;j incubated in an orbital shaker (New
Brunswick Scientific, Edison, NJ, USA) at 200 rpon 15 h at 30°C and then a 10% (v/v) inoculum
was added to the medium. The liquid cultures waoeibated at 30°C and 200 rpm in a rotator
shaker. After 8 hours the culture was centrifugédntrifuge Beckman J2-51, Beckman-Coulter,
Inc., Fullerton, CA, USA) at 10000 x g for 15 miest The cell mass was washed twice with
distilled water and then suspended in 50 ml ofiltist water. The cell suspension was cooled to
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5°C and disrupted by ultrasonic oscillation 180 o 20 sec (Labline Instruments, Inc., lllinois,
USA). Atfter cell wall disruption, the samples weentrifuged at 10000 g for 15 min at 5 °C. The
enzyme activity, humidity and total protein (Kjeldpof the supernatant was determined. The
supernatant obtained was considered as glucosyfiitnase crude extract.

Microcapsules production: Amidated low methoxyl pectin (LMP) was used for teazyme
immobilization. A 2% (m/m) of polymer solution waeated with slowly stirring until complete
dissolution of pectin, and a few drops of paprikeocesin were added for a better visualization of
the microcapsules. After the system was cooledtC3 glucosyltransferase crude extract, 5%
(v/m) with respect to the final concentration wakled. The mixture was homogenized with an
Ultra Turrax T50 (10000rpm/1 min) and sprayed ustndouble fluid atomizer (Lab Plant, UK)
with a compressed air sprinkler (P = 0.18&g¢) on a 2% (m/v) CaGlat 25°C with constant
stirring. After a curing period of 30 minutes at’25n the CaGl solution, the capsules were sieved
(25um) washed with 600 ml of distilled water and storad 5°C (WC) The total protein
concentration and enzyme activity of glucosyltrans$e was determined in the microparticles and
also in the residual calcium chloride. The prepanstwere made in triplicate. Another preparation
was produced with the addition of 2% (w/w) of fatterial (1:1, butter milk: oleic acid) as
previously described.

Microcapsules drying: Microcapsules were frozen (-18°C) and subsequdrgkze dried (72 hr).
The freeze-dried capsules (FDC), were kept at -18%& glucosyltranferase crude extract was
lyophilized in the same conditions and the enzymattivity and humidity also determined.

Physico-chemical characterization of microcapsules. The microcapsules ((WC) and (FDC)) were
characterized in relation to the amount of totabt@in (Kjeldahl), humidity and efficiency of
encapsulation (E.E.%) of the filling material, measl by the ratio of the concentration of total
protein remaining in the capsules after the cupxgss and the amount of protein present in the
solution, prior to the formation of the capsulespressed as a percentage. (E.E.% = [encapsulated
protein (g) x 100] / [Initial protein (g)])

Microcapsules morphology: WC morphology was analyzed by optical microscopma objectives

of 2X and 10X. The average diameter of the WC was determined. FDC were set on stubs of
aluminum using copper adhesive tape and coveredthin layer of gold (Balzers - Sputter Coater
SCDO050) 40mA/180s, at 24°C and observed in the nsegnelectron microscope (Jeol, JSM

5800LV, Tokyo, Japan).

Evaluation of the activity of the encapsulated enzyme: Samples of 20g of WC, or 1.2g of FDC with
fat, or 0.7g of FDC without fat were added to 100ain10% sucrose solution. The microcapsules
were kept inside an adapted container (sieyer@mallowing the recovery of the capsules from the
reaction medium. The system was placed on agitagrn35°C. After 30 min. aliquots were
collected and glucosyltransferase activity deteedinThe remaining reaction media was discarded
and replaced by and identical one to start anatyee of reaction. This procedure was repeated for
6 cycles. All experiments were done in triplicate.

Glucosyltransferase activity measurement: The glucosyltransferase activity was performed Hgy t
increase of the reducing power from a solution ammg sucrose, described by Park et al. (1996)
with modifications. A mixture of 45QL of a 10% (w/v) sucrose solution in water (pH 6a@d 50

uL of enzyme solution was incubated for 20 min &tG5The reducing sugars were measured by
Somogyi method (Somogyi, 1945) using glucose asdst@. One activity unit (U) of
glucosyltransferase was defined as the amount pynea that liberates ongmol of reducing
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sugars/minute/ml of the enzyme from sucrose un@@édsrd assay conditions. The specific activity
was performed dividing the enzymatic activity bg &imount of total protein.

Results and Discussion

The protein encapsulation efficiency (E.E.%) waghsly higher for the capsules with fat (55%)
than for the capsules without fat (51%), and thestnce content (WC) was 94% and 97%
respectively, as it may be observed in table 1. fldigres 1 and 2 indicate that all the capsules
showed spherical shape, and multinucleated cotabdiBon. The average size was about 1196
(microcapsules with fat) and 178n (microcapsules without fat). Bourgeois et al.0@0reported
that the protein encapsulation efficiency was 75% 45% for non-amidated and amidated pectin
beads, respectively, with immobiliz@dactamase.

Table 1. Characterization of microparticles

Humidity Total Protein 0 ,
(%wiw) (%6wiw) E.E. % Diametery(m)
WC without fat 97 1.8 51 196
WC with fat 94 1.0 55 173

Fig 1. WC micrographs obtamed by optlcal m|croscop after productlon (10x). a) without fat,
b) with fat.

Fig 2. WC (a. without fat b. with fat) and FDC (c. without fat, d. with fat) after the
conversion from sucrose to isomaltulose assay witllucosyltransferase encapsulated.

FDC with fat maintained its size and largely sptedrishape, as could be observed by Scanning
Electron Microscopy (SEM) (figure 3), while FDC Wiut fat were much more brittle and crushed.
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Fig 3. SEM micrographs of FDC a) capsules withoutat, b) capsules with fat.

Figure 4 indicated that the higher enzyme actiwigs obtained for WC with fat, with retention of
specified activity during the 1st 3 cycles of réact(30 min), decreasing 60% of the activity in the
4th and 5th cycle and 80% in the 6th cycle. Theviégtof the enzyme with FDC was considerably
lower compared with wet particle system. Also tmzyene freeze dried non- encapsulated had
shown the same low enzymatic activity capacity.

6,00E-01+

5,00E-01+

Reaction cycle

Fig 4. Enzymatic activityE WC with fat, Ed WC without fat I FDC with fat

Conclusions

The results indicate that the immobilization oktenzyme by ionic gelation was feasible. However,
the freeze drying process needs to be adjustetheabandling and maintenance of lyophilized
microcapsules is easier than wet particles.

References

B.A.R. Lina, et al. (1997Embryotoxicity/teratogenicity study with isomaltulose (palatinose) in
rats. Food Chemical Toxicologg5 309-314.

G.A. Derkavos et al. (199Dn the merits of viable-cell immobilization. Biotechnology Advances 9
559-612.

Y.K. Park, et al. (1996Biochemical characterization of a microbial glucosyltransferase that
converts sucrose to palatinose. Revista de Microbiologia 27 131-136.

M. Somogyi (1945)A new reagent for determination of sugars. Journal of Biological Chemistry,
160 (1) 61-68.

S. Bourgeois et al. (200&valuation of critical formulation parameters influencing the bioactivity
of f-lactamases entrapped in pectin beads. International Journal of Pharmaceutics 324 2-9.

XVIth International Conference on Bioencapsulation,Dublin, Ireland. Sept 4-8, 2008 P20 - page 4



