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Abstract. We aimed to obtain and characterize (morphologgecsoscopy, viability) different
types of microcapsules built with alginate or ch#n matrices which entrafreptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus as probiotics. We used as matrices
chitosan (CH) (1%, 1.5%, 2% wi/v) and alginate (AB), 1.5%, 2% w/v) and the same percentage of
probiotics (1mg/10ml matrix solution) to obtain micapsules by coacervation. The concentration of
AG and CH influenced the diameter, aspect, compgastof beads. Capsules of AG 1.5%, had the
biggest area (4,1nfin and diameter (2mm) while CH 2% had the smallestg1.5 mr) and
diameter (2,1mm). As a complementary charactednattie FTIR-HATR spectroscopy was able to
fingerprint the free matrix, and encapsulated pytts, identifying the specific markers located at
900-1100 crii(carbohydrates), 1560-1620 Cr(for sugar ring stretching) and a large band ater)
at 3100-3700 cthThe fingerprint of encapsulated probiotic is ratisgd by 2 signals identified at
2880 and 2920 crth The most suitable matrices for probiotic encagtsuh were established to be AG
2%, AG 1.5%.The viability of probiotic powder inlture was 18 mI™* while in capsules the viability
was 10° mI*. We can notice that capsules with AG 1.5% and G%clreleased more bacteria and the
viability was higher then in AG 2% and CH 2%, raspely.
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INTRODUCTION

Probiotics are living microorganisms which trarteg gastrointestinal tract and bring
benefits to the health of the consumer (Tannocklgt2000). Their therapeutic benefits
induced the incorporation of probiotic bacteriacfslwas lactobacilli and bifidobacteria) in
dairy products, especially yoghurts (Lourens-Hattiret al., 2001). The efficiency of added
probiotics depends on their level and their vidpiihust be maintained throughout storage,
increasing shelf-life and they must survive the gavironment (Kailasapathy et al., 2000).
Hence viability of probiotics bacteria is of paramo importance in the marketability of
probiotic-based food products. Several reports hstvewn that survival and viability of
probiotic bacteria is often low in yoghurt (Daveagt 1997; Gilliland et al., 1977; Hull et al.,
1984; Kailasapathy et al., 1997; Lourens- Hattieglal., 2001; Schioppa, et al., 1981; Shah,
2000; Shah et al., 1995) and results in less tf&r10° cells daily recommended intake
(Lourens-Hattingh et al., 2001). A number of diéet brands of commercial yoghurts have
been analysed in Australia (Anon, 1992; Shah, 280@h et al., 1995) and in Europe (lwana
et al.,, 1993) for the adequate presencd..ohcidophilus and Bifidobacteria. Most of the
yoghurts contained very low numbers of these osyasj especiallBifidobacteria.

Microencapsulation of bacterial cells is currerghining attention to increase viability
of probiotics bacteria in acidic products such eghurt (Godward et al., 2003; Kailasapathy,
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2002; Krasaekoopt et al., 2003). We aimed to obtamu characterize (morphology,
spectroscopy, viability) different types of micrpsales built with alginate or chitosan
matrices which entraf&reptococcus thermophilus and Lactobacillus delbrueckii subsp.
bulgaricus as probiotics.The viability of probiotics cultufiéke powder and from capsules)
was also studied.

MATERIALS AND METHODS

Materials. Sodium alginate (AG) was purchased from Promow@p@&iymer Norway,
calcium Chloride (CaG), chitosan (CH) (medium molecular weight), natrium
tripolyphosphate (NaTPP), acetic acid from Sigmdrigh. Probiotic bacteria ®treptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus) were purchased from MTC,
Romania.

Preparation of beedsConcentrations of alginate (2%,1.5%,1% wi/v) (A@ &.1 g
probiotic bacteria were dissolved in 10 ml of désed water. Chitosan in different
concentration (2%,1.5%,1% wi/v) (CH) and 0.1g oflyiotic bacteria was dissolved in 10ml
solution (9.93 ml water and 0.07 ml acetic aci@%). The emulsion obtained, was
homogenized and dropped, using a syringe with ee@dd x 20mm) into a hardening bath
2% (w/v) solution of CaGl(for AG) and bath 5% (w/v) solution of NATPP (f@H) to
obtain the probiotic capsules made of alginate @ritbsan. After 30 minutes, the capsules
were separated from the hardening baths by fittnati

Beads Characterization: sizes and morphologihe obtained bead sizes, areas,
perimeters, elongation and compactness were mehsisiag the UTHSCSA ImageTool
software.

FTIR-HATR analysis The FTIR spectra were obtained with a SchimaR&lestige-
21 with HATR and an internal reflection accessodm of Composite Zinc Selenide (ZnSe)
and Diamond crystals. Each spectrum was registieoed 4000-650 c.The FTIR spectra
were recorded for all samples in parallel with colst

Viability of probiotics bacteria Aliquots of 1mg of probiotic culture were inoctdd
in 180 ml MRS bullion. The MRS medium was skake@#&C, for 30hours. Aliquots were
taken at 1h, 2h, 4h, 6h, 8h, 11h, 14h, 22h, 28h, 80uted and inoculated on MRS agar (50
pl*3), incubated for 48 hours at 30°C.The probia@psules were added to MRS bulion.

RESULTS AND DISCUSSION

Beads CharacterizationBy dropping into the hardening baths the emulsioh8G
with probiotic bacteria we obtained beads with ddééan of 1-3 mm and almost spherical
shape. From the emulsion of CH with probiotic beateve obtained beads with diameters
under 1mm, oval and irregular. The concentratiod@f and CH influenced the diameter of
beads; increasing concentration of matrices (fr@mnta 2%) determined harder beads with
higher diameter. Fig.1 illustrates the differenbesween all probiotic capsules. Capsules
diameter of CH 1% and AG 1% were less then 1mmaamadl while capsules of CH 1.5% and
AG 1.5% were approximately spherical and had thenéter nearly of 2 mm.
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Fig 1. Represents beads containing probiotic bactaG 2%, b. AG 1.5%, AG 1%,
CH 2%, CH 1.5%, CH 1%.The scale of capsules measnkis exposed in cm.

In order to compare all the matrices and their eotrations used to obtain probiotic
beads, (Fig.2), were measured their area, perimef®ngation, roundness, diameter,
compactness coefficient. Significant differencesavebserved especially in capsule area,
perimeter and diameter. The most suitable for ptodbencapsulation were AG 2% and AG
1.5%. Capsules of AG 1.5%, had the biggest arean@f) and diameter (2mm) while CH
2% had the smallest area (1.5 fiand diameter (2,1mm). Roundness and compactnerss w
nearly (1 mm) for all capsules. AG 1.5% had thgdat perimeter (8 mmyhile CH 2% had
the lowest one (5 mm). Matrix with concentrationl0%%, gives maximum water adsorption
and area, diameter and perimeter was maximum. @epsb AG are translucent, adsorbed
water more then mat CH at the same concentration.

8 B AG 2%
mAG 1.5%
OAG 1%
O CH 2%
m CH 1.5%
B CH 1%
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Fig 2. Comparative graphic representatioohafracteristics of AG 2%, AG 1.5%, AG 1%, CH 2% C
1.5%, CH 1%

FTIR —HATR analysis The Comparative FTIR spectra of AG 2%, AG 1.5% 2%,

CH 2%, CH 1.5%, CH 1% matrices and probiotic cagsih AG 2%, AG 2%, AG 1.5%, AG
1%, CH 2%, CH 1.5%, CH 1% are plotted in Fig 3e Mravenumbers useful for matrices
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discriminations were identified at 3244-3302 ‘c(@®-H stretch), 1400-1474 cm(CH;
bending), 1000-1200 cm(C-O and C-C stretch), 924-1000 t(poly OH and CH twist),
776-892 cm(glycoside links) ( Socaciu, 2009;Trif et al., 2007

The alginate FTIR spectrum (Fig.3a) contains tharacteristic peaks at 3242 cm-1
(OH" stretching) as mentioned before Lawrie, 2007, 1&96 1407 cit (COO- asymmetric
and symmetric stretching), 1081-1024 ¢rC-O-C antisymmetric stretching), and carboxyl
and carboxylate at about 1000 to 1400t(vayur, 2005).

In Fig 3 and Fig 4, are shown the wavenumbersadhbaristic considered for both
matrices, located at 900-1100 &varbohydrates) (1), 1560-1620 ¢augar ring stretching)
(2) and a large band due to water 3100-3708(din The encapsulated probiotic is recognised
only by the group of 2 signals (3) identified aBR8nd 2920 cithwhich correspond to same
signals identified in pure probiotic culture (FilyMo differences were observed between the
fingerprints of AG( Fig.3a) and CH( Fig.3b).
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Fig. 3 Comparative FTIR fingerprint of matrices arapsules with probiotic bacteria of a: AG 2%, AG%,
AG 1%,and b: CH 2%, CH 1.5%, CH 1%. (1)- carbohigba(2) - sugar ring stretching; (3) - bacterial
fingerprint; (4) - water.
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Fig. 4. Comparative FTIR fingerprint of: probiotiapsules AG 1.5%, matrices of AG 1.5%, and prabiot
culture (1mg/10 ml water)

Viability of probiotics bacteria Fig 5. represents the viability curve of prohoti
bacteria §reptococcus thermophilus and Lactobacillus delbrueckii subsp. Bulgaricus) on
powder —#—)(max. 14 C.F.U*1®ml™) used for encapsulation and the viability of poioi
capsules of CH 1.5%)( max.12 C.F.U*1®ml%), CH 2% —A—) (max. 8 C.F.U*1&ml
Y, AG 1.5% —B-)( max.15 C.F.U*10ml™?), AG 2% ——)(max. 14 C.F.U*16ml™). Thus,
it can be noted that capsules with AG 1.5% and G%lreleased more bacteria with a higher
viability for the AG 2% and CH 2%.
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Fig.5. Comparative probiotic viability after relesis media MRS bullion and cultivation on MRS a¢—il—
probiotic powder, and capsules with probiotic beatef: =7 CH 1.5%,

—A— CH 2%, 1l AG 1.5%—®— AG 2%, for 30 hours at 37°C.
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CONCLUSIONS

The most suitable matrices for probiotic encapsudatwith Streptococcus
thermophilus andLactobacillus delbrueckii subsp. Bulgaricus were alginate (AG 2% and AG
1.5%), considering their morphology and viabilif IR fingerprint of encapsulated probiotic
is recognised by the specific group of 2 signalentified at 2880 and 2920 &mand
represents an useful way to investigate non-destalg, such capsules. The probiotic
viability of probiotic powder was superior CLthl™) then for probiotic capsules (Lénl™).
Thus, it can be noted that capsules with AG 1.5%@H 1.5% released more bacteria with a
higher viability for the AG 2% and CH 2%.

REFERENCES

1. Anon. (1992). Yogurt and probiotics. Choice, 11+-35.

2.Dave, R. I. and N. P. Shah (1997). Viability ofgyot and probiotics bcteria in yoghurts made from
commercial starter cultures. International Dairyrdal, 7, 31-41.

3. Gillland, S. E. and M. L. Speck (1977). Instatyilof Lactobacillus acidophilus in yoghurt. Journal of
Dairy Science, 60, 1394-1398.

4.Godward, G. and K. Kailasapathy (2003). Viabilisyd survival of free, encapsulated and co-
encapsulated probiotic bacteria in yoghurt. MilkeBce International (Milchwissenschaft), 58, 3963-39

5. Hull, R. R., A. V. Roberts and J. J. Mayes (19&rvival of Lactobacillus acidophilus in yoghurt.
The Australian Journal of Dairy Technology, 39, 1646.

6.Ilwana, H., H. Masuda, K. Fujisawa and T. MitsuoiE993). Isolation and identification of
Bifidobacterium spp in commercial yoghurts sold in Europe. BifidobaietéMicroflora, 12, 39-45.

7. Kailasapathy, K. (2002). Microencapsulation of lpotic bacteria: Technology and potential
applications. Current Issues in Intestinal Micrdbiyy, 3, 39-48.

8. Kailasapathy, K. and J. C. Chin (2000). Survivad aherapeutic potential of probiotic organismshwit
reference ta.actobacillus acidophilus andBifidibacerium spp. Immunology and Cell Biology, 78, 80—-88.

9. Kailasapathy, K. and S. Rybka (199Tgactobacillus acidophilus and Bifidobacterium spp.: Their
therapeutic potential and survival in yogurt. Thestalian Journal of Dairy Technology, 52, 28-35.

10. Krasaekoopt, W., B. Bhandari and H. Deeth (20B8view: Evaluation of encapsulation techniques
of probiotics for yogurt.International Dairy Joutna3, 3-13.

11. Lawrie, G., I. Keen, B. Drew, A. Chandler-TempL. Rintoul, P. Fredericks, L. Grgndahl (2007)
Interactions between alginate and chitosan biopolymers characterized using FTIR and XPS Biomacromolecules

12. Lourens-Hattingh A. and B. C. Viljoen (2001)eview: Yoghurt as probiotic carrier food.
International Dairy Journal, 11, 1-17.

13. Mayur G. S., Rajshree C. Mashrolly M. Sankalia, Vijay B. Sutariya (2005). Physitiemical
characterization of papain entrapped in ionotrdpjiceross-linked kappa-carrageenan gel beads faiiléty
improvement using Doehlert shell design. Journ&twdirmaceutical Sciences. 95 ,9; 1994 — 2013.

14. Schioppa, F., V. Prete and D. diel Montana@8(). Addition ofLactobacillus to yogurt. Rivisita
della Scienta Italiano di Scienza dell Alimentazpt0, 247-253

15. Shah, N. P. (2000). Probiotic bacteria: Selecinumeration and survival in dairy foods. Jouofal
Dairy Science, 83, 894-907.

16. Shah, N. P., W. E. V. Lankaputhra, M. Britz aid S. A. Kyle (1995). Survival ofactobacillus
acidophilus and Bifidobacterium bifidum in commercial yoghurt during refrigerated storaggernational Dairy
Journal, 5, 515-521.

17. Socaciu, C. (2009). FTIR spectrometry—a vdesatiethod to investigate microcapsules composition.
COST 865 meeting Luxembourg 24-26 april.

18. Tannock, G. W., K. Munro, H. J. M. Harmsen, \®. Welling, J. Smart and P. K. Gopal (2000).
Analysis of the faecal microflora of human subject®suming a probiotic product containihgctobacillus
rhamnosus DR 20. Applied and Environmental Microbiology, 66, 2525%88.

19. Trif, M., M. Ansorge-Schumacher, C. Socaciu Q20 Application of FTIR Spectroscopy for
determination of oxidation of encapsulated sea thark oil. Proc.XV International workshop on
Bioencapsulation and COST865 Meeting, Wien, Austria

523



