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ABSTRACT

The ongoing demand of probiocation for developing functional foods to confer an improved
health with better nutritional profile has gained significant attention in present scenarios. The
recommended dosage of probiotics to confer the desirable health benefits requires a
minimum consumption of 10°-10” CFU/g. However, the effectiveness of any probiotics
during oral consumption needs to be efficiently maintained because of their gastrointestinal
transit, overpassing all the associated potential stresses. Therefore, technological
intervention and advancement in probiotic encapsulation are critically required to provide
adequate protection with sustained gastrointestinal release. Considering the importance of
probiotic functionality, and the current need to include probiotic-enriched foods in daily
intake, the research thesis is an attempt to develop an efficient encapsulation technique with
a suitable wall matrix for the production of a stable encapsulated probiotic powder with high
bacterial viability and sustained release. Further, the research was aimed at formulating

probiotic-enriched functional curd with enhanced bioavailability.

An attempt was made to optimize the wall matrix concentration for effective spray-
encapsulation of Lactobacillus acidophilus (ATCC 11975) at an air inlet temperature of
150°C and feed flow rate of 2 mL/min. The concentration of wall materials viz., maltodextrin
(MD) (10-30% w/w), skim milk powder (SMP) (10-30% w/w), and cellulose acetate
phthalate (CAP) (2-5% w/w) was optimized with response to survival rate, log reduction,
encapsulation efficiency, residual moisture, and powder yield. The response variables were
predicted using Artificial Neural Network (ANN) followed by optimizing the wall materials
using Genetic Algorithm (GA). The optimized values of the wall matrix using ANN+GA
model was SMP: 10.0% (w/w), MD: 11.2% (w/w), and CAP: 2.0% (w/w).

The encapsulated L. acidophilus powder showed a cell viability more than 7 log CFU/g
during simulated digestion. The behavioral release of L. acidophilus from the encapsulated
matrix showed the occurrence of ‘Super Case-II’ and ‘Anomalous type’ transport

mechanisms. The zeroth order equation was the best-suited model for bacterial release in

iv



SGF, SIF, and pH 4. However, for pH 2 and 3, the best-fitted was Korsmeyer-Peppas model.
The encapsulated L. acidophilus powder showed improved physicochemical characteristics
with enhanced bioavailability and stress adaptation during gastrointestinal transit. The
fingerprint region of L. acidophilus in the powder was in the range of 900-1400 cm™.
Morphological characterization ensured an improved physical barrier with spherical shape
microparticles. The zeta potential and thermogravimetric analysis of the powder confirmed

a prolonged storage stability with a bimodal particle size distribution.

Probiotic-enriched functional curd was formulated by incorporating encapsulated L.
acidophilus powder at 5%, 7.5%, and 10% w/w, followed by studying their physicochemical,
textural, biochemical, rheological, and sensory attributes. The textural properties of curd
revealed a positive correlation between firmness and stickiness with the powder
concentration. /n-vitro characterization confirmed a presence of at least 8 log CFU/g of lactic
acid bacteria in the curd formulations. Rheological characterization demonstrated a non-
Newtonian shear thinning behavior; which shifted towards a shear-thickening type by
increasing powder concentration. All the curd formulations behaved as soft gels with strong

gelling strength. The strongest sensory attributes of probiotic curd were color and texture.

The storage study of L. acidophilus powder demonstrated an increased cell viability (> 6 log
CFU g!) up to 180 days. Refrigerated storage at 4°C was proven as the efficient storage with
lower values of specific cell death constant. The GAB and Caurie equations were proven

best to predict the sorption data with an exhibition of Type-III moisture isotherm.

The thesis demonstrates the feasibility of developing spray-encapsulated probiotic powder
and successful formulation of functional probiotic curd in daily dietary intake to strengthen

the gut microbiota.

Keywords: Spray-encapsulation;  Lactobacillus  acidophilus, Controlled release;
Gastrointestinal release kinetics;, Mechanistic model system; Probiotic curd; Sensory

attributes, Storage viability
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TR TN N1 & T SER W UG HRA o (04 SR WTe] UTf &l [admRid deq
¥ forT Miemaie e ) Td 8! 7T A g uRewal  Heayuf ea Snesiid fovar g1 ais-ig
WA ATY TG B o (o NSrAITea Bt SRR GRIb o forg Ui | 10°-107 ATy /sh
B! IdH WU B ATLDT BIdl 81 BTailicp, FfAp Vo b SR bt +ft Maraifeay @t
YU B! 3P IRSIE e TZd URTHA & HRUT Goft Taifdra Tuifad a-mal &1 UR $Rd gu
FHRAAYAD T TG B HTIRIHT Bleit & | SN, FRER RS exerea Refiet & A1y gaied
W TeH A F U Meries TogawH & do-ie! sWay iR Wifd @) afitie
3Tagehdl 8| Tamifed Briemdl & Hed 3R e Ja- H Namifes-agg @ uarif o
M FRA B GAHH ARSI BI &H H 3@d gy, el R 3= saeiar & 9 1 RR
TIPS NamEfed TPk $ Ided P U Th ITY claR Afeaq & Iy Th Hd
TG RIARM AP [AHRId B BT Th YN §| Gl iR FRR RE5 | 39 3T,
ST BT I TG §3 SIS P 1Y WS eh-TYG BRAEHD Gal IR BT AT

150°C & TR $eic AIIHM 3R 2 THUE/HAC &t WIS TaT8 &X W ddciaRied URISIhad
(TERIRT 11975) & THTE W-TASH IR & 18 SHaR Afead UHTIa1 1 3G 0 S & T
T T 1| AR ATl &t i, S Al s adfeT (THST) (10-30% wiw), R e argsR
(@HTAUN (10-30% wiw), 3R Ve THRT BUAT (CAP) (2-5%) wiw) BT SIfId 383 B R,
AT A B, THHRIQIRM G&fdl, SarRIy Fut 3R Tr3ex SU &1 Ufdfehan & Iry Sigepferd fa
1 4TI HAA AT Sedd (TUAT) BT SUTNT HRap Uiafehar TR &t Higsgaroft &1 18 off, forgds
q1g SHfed TEIRGH (i) BT ITART HPb IaR A Bl SFIHierd b 7 ATl ANN+GA
TSd BT SUTNT I aid Hicad o1 SIHierd A SMP: 10.0% (w/w), MD: 11.2% (wiw), 3R
CAP: 2.0% (w/w) 4TI

TIPS Td. TRISIfhay UesR 3 Rigacs U & SR 7 @ Sewy/st § 3ifdie Id

FaETIdT foaTs | Tihwgaes Afta ¥ T URISIhay & udgie REE 7 R H9- 11' 3R

T UHR' URGEH oF &I g1 DI ST THoilh, THSEuh 3R 1ied 4 § dadiian

feefier & fore 3 oy il Gad Iugad Aisd Ul gTdifes, Tue 2 3R 3 & e, HRiu;R-

YU HIST He SUGH oT| TIPS T, TRISIhad TR A IR CwTEd URIA &
Vi




R ¢ g3 SaSUasdl 3R a1 e & JIY S8R Hifde I sl &l
feaman urger ¥ vd. TRISIh ey &1 fhRfTic &3 900-1400 V-1 Bt HHT T T | FUTED A&f0T
JUH A MATHR THR & ASHIUICHE &b A1 Th JgaR Hifdd Siaxre A farar| urssr
DI SieT eAFdr 3R YHRifaRfes fawey o A fgiied S SHR fadvur & W1y dd THg dd HSRUT
R Bt gy B

NN - HTafe® Tal B 5%, 7.5% 3R 10% w/w IR FAHTeS Td TRISIhed urdsr
®! YMHA HRP R BT T o1, 9F 9G35 Uifde IMAFS, F19e, 99 IR,
faaiorme SR Tac Tul o1 31eqa faa 7T UT| <8t & S-Tac Jaeh TuN 3 UrdeR &1 Fod]
& WY Tadl 3R faufeuTge & &9 U6 AGRIAD A& HT G fdbar| g4-fagt demr quiF 3
33! BiHARH & HH 9 HH § A1 Wuhg/sh dfded TS Sacivar & Iufifd &t giy 31|
faraiored & gui 3 IR-GEIEE HaRA! Udau- & HaeR &I Uefid faar; S urdex &t
TYTdT D] TGIHR DHARI-HICT B dTa UHR DI 3R R 81 1| T+ T8l BIHe=H Hofed
ST AT & AT RY ofd & =0 & TIgR $Rd & | MEAICH gol &b qad Holgd Yag! 07 I
3R §19e Y|

Tl TR ay Te e & HeRUT 31ega = 180 feT deb §¢1 g8 Ul sgagid (> 6 A1 HWHY
Gf ) BT UG foha | 4o W y=ifad Herul fafRiy 1R g FRRIS & 1 Il & 14 $RA
SR % =0 H g g3 ]| TT8U-111 T4 3oleH o1 UaRi1 & Ty = Ser ot Higsgamft &
& forg Shiudt iR SR Gt Yakaw A1fad gu 3|

R i HAISHIEICT B Aolgd B & o TIPS UErEIfesd uds? s fid &
3R % SMER o & HATES WENIfCH gl & AHd HU0 S IRl B TGRId Hct
gl
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