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ABSTRACT

The aim of this research paper is to develop cost effective coating material for encapsulating lemon ail (as a
flavour) without compromising encapsulating efficiency. The three coating materials, namely gum arabic (GA),
maltodextrin (MD) and modified starch (MS) and their binary and ternary blends were used to encapsulate lemon
oil using spray drying technique. Their properties such as viscosity, emulsion stability, surface oil, total oil,
encapsulation efficiency, entrapment efficiency, bulk density and particle size have been investigated. The blend of
GA: MSin ratio of 50:50 gave highest encapsulation efficiency. As the percentage of maltodextrin in coating
material was increased, the properties of encapsulated material were affected. The encapsulated lemon oil showed
better resultsin instant ice tea premix for beverage with a stability of 6 months.

Keywords: Microencapsulation, Lemon oil, Spray drying, Gumalic, Modified Starch, Sensory analysis

INTRODUCTION

Flavour is an incontrovertibly one of the most-impaot attributes of the food. Flavours are chemgmisations
elicited by a vast number of molecules releasetbbg during eating. Flavour is difficult to defimgthout recourse
to the human sensing apparatus. Consumers corfistleur, appearance and texture in selection, dacep and
ingestion of a particular food. “Flavour is nothibgt the complex sensation comprising taste, odmughness or
smoothness, hotness or coldness and pungencye&¥ tfualities, odour and taste are main compoioértavour
and are primarily responsible for its discriminatidt is also defined as a “sensation produced layemial taken in
the mouth, perceived principally by the sense sfetaand smell, and also by general pain, tactitetamperature
receptors in the mouth “The trigeminal senses” a@stehemical irritants in the mouth and throat. penature and
texture are also very important to the overall dlavperception. The flavour of the food as suchlamltered with
natural or artificial flavourants, which affect #eesenses. Flavourant is defined as a substanicgiviea another
substance flavour, altering the characteristighefsolute, causing it to become sweet, sour, taatgy

The flavours can be natural, natural identical synthetic, basically, three main sources of flageur
i. Essential oils and natural extracts (Natural)

ii. Aroma chemicals (Synthetic)

iii. Formulated flavors and fragrances (Nature Identical

Nowadays, flavours derived from essential oils &ighly used due to their bioavailability nonhazarslo
functionality.
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Citrus (Lemon, Orange oil etc.) has been the soafabstinctive essential oils that have been estzkby people
throughout the world for centuries [1]. There isdia any product in food, beverage, soap, cosmetincs perfume
industries which do not contain at least a smadimjity of the delightfully scented, refreshing ggroils.

Citrus oils have unique composition profiles depegdon the cultivar, processing conditions and aser
conditions. There are more than 200 different caimpls identified in citrus oils. The reactivity amdlatility of
citrus oils require strict quality control protosolThe quality of citrus oils determines their ftioe and market
value [1].

Lemon oil Citrus Limonum), the most important of the citrus oils, has shdrgsh smell. It is mainly due to
limonene.p-pinene and terpinene-4-ol are responsible forgtleen peely odour that associates with lemon @il [2
The high amounts of unsaturated and oxygen-funalioed compounds in these oils are very susceptible
oxidation. The resulting changes in peel oil cdnstits have long been known to responsible forribestive
changes during storage. Oxidation has been knovee iofluenced by temperature, UV irradiation amespnce of
metal.

Microencapsulation is one of the most effectivehtégues for protecting volatile compounds againvstperation,
oxidation and thermal degradation. Microencapsufaiis defined as technology of packing of spec(fiore)
substances (solids, liquids or gases) in miniatse@led capsules (microcapsules of diameters fraan8D0 pm)
with a matrix material (carrier) in order to pratéoeir special properties during storage, distidruor applications
[3, 4].

Microencapsulation has also become an attractiyoagh for transforming liquid flavourings into sk, free
flowing powders which are easy to handle and ino@fe into dry mix. It can add an extra zing, mdsk taste or
odours of undesirable components, alleviate praogsproblems and extend the shelf life of the paislu
Microencapsulation technology provides those amgrobenefits by providing a controlled, sustainad/ar timed
release of the encased materials through a widgerahrupture mechanisms.

As the name indicates microencapsulation is thegsdation around microscopic particles having sirethe
order of microns in which the active material forthe core, surrounded by a protective sheath of waterial [5].
Microencapsulation may be achieved by a myriad esfhhiques, with several proposes in mind. The most
remarkable techniques are spray drying, sprayigiland spray cooling, extrusion, coacervation]usion in
cyclodextrins, air suspension coating, centrifuggrusion, centrifugal suspension-separation, atgirbeads and
freeze drying [6, 7]. Among all these methods, gphging is currently dominating flavour encapsidattechnique,
offers a potential means of producing unique flaMoaded microcapsules [8].

Gum arabic (gum acacia) has been the standardceflexce as a flavour encapsulating material fonyngears. It
is an excellent emulsifier, bland in flavour andyides good retention properties for the volatdesing the drying
process. The gum also has the advantage of beimgjdemed natural in most countries [9, 10]. Whilethie past
years cost and availability of gum arabic have b&emmportant concern, these issues are less imgadue to a
systematic cultivation. The blends of gum arabi¢hwinaltodextrin and/or modified starch may représam
encapsulating matrix with improved properties rdgag flavour retention, emulsion stability and gation against
oxidation. Although previous researchers have diréavestigated blends of gum arabic with maltodaxand/or
modified starches [11, 12], none of them undertadystematic, statistically rigorous approach iteorto define
optimum combination among the blends.

The objective of the present study is to optimizeraencapsulation of lemon oil (essential oil) wgbm arabic,
maltodextrin, modified starch and their binary dachary blends using spray drying technique. Theapsulation
efficiency was checked for all the carrier materiahd their stability and sensory analysis weresdorinvestigate
their application efficiency.

MATERIALS AND METHODS

1.1. Raw materials

1.1.1.Core Material

Ginger oil, Lemon oil and Cardamom oil were thetegif samples obtained from Synthite Industries Kwoghin.

The essential oils, oleoresins and other plantaetdrcontribute to the largest category of flavogsi Most of the
liquid food flavourings are volatile and chemicalipstable due to the presence of air, light, mogsand high
temperatures. Similar is the case with essentlal liie Ginger oil, Lemon oil and Cardamom oil. Hen these
essential oils were selected for the encapsulation.
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1.1.2.Wall Material

» Gum arabic (gum acacia) was a gifted sample oldaimen Silver Oak Innovations.
» Maltodextrin was a gifted sample obtained from &il@ak Innovations.

» Modified starch was a gifted sample obtained froatidhal starch.

All chemicals used were of AR grade.

1.2.Methods

1.2.1.Emulsion Preparation

Wall materials were separately rehydrated for oiggrtnand then gently heated at 60°C in a water batallow
complete dissolution. Blends of wall materials, a@dmd in the experimental design figure 1, werepgred by
directly mixing the components at the correspondiogcentrations. Solutions were allowed to coolrdom
temperature before storing under refrigeration j4iil emulsion preparation. 30gm of wall matesiégum arabic
and modified starch) were individually disperseddistilled water and final volume made to 100ml.was
rehydrated overnight at 10°C in a refrigeratoremftthich 3gm (10% of the carrier used) of respectsgsential olil
was added to the mixture. The mixture is emulsifireghear homogenizer for 10min at 3000 rpm urdgihplete
dispersion of the essential oil was obtained.

1.2.2.Spray Drying

The slurry of the carrier material, water and e8akails (Ginger oil, Lemon oil, Cardamom oil) veespray dried in
a JISL, LSD-48 model mini spray drier. The pressuiréhe compressed air for concurrent the flow miay was
adjusted to 2 bars. The inlet and outlet tempeeatwere maintained to 175+5°C and 95+5°C respdgtive
Aspirator was adjusted to 40 % and Peristaltic puvap used to feed the slurry into nozzle at 22%ieficy. The
microcapsules so prepared were collected from tileating chamber; these powders were filled inigtit, self-
sealable polyethylene pouches and stored in désiscaontaining calcium chloride at 25°C to prevemtisture
absorption and lump formation until further studies

Core Material i.e. Ginger Oil,
Carrier Material Lemon Oil, Cardamom oil (10%)

l

Emulsion Preparation

(3000 rpm. 10min, 30°C)

l

Sprav Drving

Inlet temp- 173°C, Outlet temp- 93°C

|

Microcapsules

(Stored in Desiccator)

Figure 1. Flow sheet for spray drying of essentiail

1.2.3.Design of wall material of microencapsulation
The experimental design of wall material for miarogpsulation is given in table 1.
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Table 1. Experimental design of wall material

Sr.No. | Carrier Material Gum Arabic | Maltodextrin | Modified Starch

- (%) (%) (%)

1 Gum Arabic 100 0 0
2 Maltodextrin 0 100 0
3 Modified Starch 0 0 100
4 GA:MD? 75 25 0

5 GA:MD 50 50 0

6 GA:MD 25 75 0

7 GAMS 75 0 25
8 GA:MS 50 0 50
9 GA:MS 25 0 75

& GA:MD = Gum Arabic: Maltodextrin
> GA:MS= Gum Arabic: Modified Starch

Furthermore, blending of gum arabic, maltodextrd anodified starch was undertaken. Blends of thiesee wall
materials may represent an encapsulating matrix wiproved properties regarding essential oil réd@n emulsion
stability and protection against oxidation. Herfcether permutations and combinations were perfarioedevelop
centroid mixture design to evaluate the blends whgcacia, maltodextrin and modified starch as gsdating
materials. The design for an experiment is givetabie 2.

Table 2. Design for ternary blending gum arabic, miodextrin and modified starch for effective encapalation

Co-ordinates | Gum Arabic | Maltodextrin | Modified Starch
(GA/MD/MS) % (%) (%)

(1/3, 1/3, 1/3) 33.33 33.33 33.33
(416, 1/6, 1/6) 66.66 16.66 16.66
(1/6, 1/6, 416) 16.66 16.66 66.66
(1/6, 416, 1/6) 16.66 66.66 16.66

RESULTS AND DISCUSSION

1.3. Determination of optimal process conditions

The optimal process conditions were determined sipgulemon oil as a core material and pure gumiarab
carrier (wall) material. The carrier concentratiwas 30% for all the formulations. The spray dryprgcess was
carried out at four different temperatures i.e.°CQa.60C, 175C, 180C for different oil loadings (10%, 20% and
30%) and checked for their encapsulation efficiefiéggure 2 summarises the data.

80 1~
e
é 70 A
P
% 60
S 50 A W Temp 150
&=
% 40 A m Temp 160
.§ 30 - m Temp 175
g 20 - B Temp 180
g
2 10 1
=

0

10 15 20
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Figure 2. Process optimization parameters for micrencapsulation
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It can easily be said that 10% oil loading givetedfve encapsulation for all the temperatures. dpamum
temperature to achieve significant encapsulatifinieficy is 175C. It gives maximum efficiency (77.50%) for 10%
oil loading at 178C. These results conclude that the flavour retentimreases with an increase in inlet air
temperature. The higher inlet air temperatures yweda more rapid drying which thereby results Bharter time
until the formation of high solids ‘skin’ aroundetiiroplets. Higher inlet temperatures also incrélasealuration for
internal mixing and thus enhances oil retentiorsaAmicroencapsulation efficiency was found to eerdased with
increase in oil: wall ratio.Therefore, the optimum conditions for effective agprdrying encapsulation are
summarized in Table 3.

Table 3. Optimum conditions for effective spray dryng microencapsulation

Variable Optimal Value
Inlet air temperature 17536
Outlet air temperature 9545
Carrier material concentration 30%
Optimal retention efficiency 77.50
Qil loading (%) 10%

1.4.Emulsion viscosity and stability index before spdaying
Viscosity of all the emulsions before spray dryimgs determined by usiri®yookfield Viscometer at 25°C.

Emulsion stability index (ESI) study was carried by standing the prepared emulsion in a gradueyédder for

overnight and the reading was noted in ml. The sionlstability index was evaluated using the foramsihown
below equation 1.

Total Volume of Separated 0il (1)
Total Volume of 0il in Emulsion

Emulsion Stability Index =

Table 4. Viscosity and emulsion stability index (ésof homogenized emulsion before spray drying

Carrier Materials | Viscosity (cps) | Emulsion Stability Index (ESI)
GA (100%) 115 1.0
MD (100%) 40 0.34
MS (100%) 70 1.0
GA:MD (75:25) 105 1.0
GA:MD (50:50) 85 0.41
GA:MD (25:75) 65 0.38
GA:MS (75:25) 110 1.0
GA:MS (50:50) 95 1.0
GA:MS (25:75) 72 1.0
GA/MD/MS

1/3,1/3,113 90 1.0
4/6,1/6,1/6 108 1.0
1/6,4/6,1/6 75 1.0
1/6,1/6,4/6 55 1.0

Table 4 showed the viscosities and emulsion stability inadéxhomogenized emulsions before spray drying.
Viscosity of emulsion is important, since this paeder affects the size of microcapsules and thiekrad their
walls. Gum Arabic (115 Cps) was found to give maximviscosity among all the carrier materials. Mdéxtrin
(40 Cps) showed least viscosity. Viscosity of mdifstarch (70 Cps) was more than maltodextrino Ailswas
observed that when all materials were used in coatioins, the viscosity got decreased.

The emulsion stability index [ESI] of all 13 batsheas also referred in table 4. The data cleadicates that gum
Arabic and modified starch was excellent emulsifagrlemon oil. Poor emulsifying properties of nwalextrin were
evident to the fact that maltodextrin in the bldaders the emulsion stability. Except for the mdégtrin, all the
emulsions formed were stable. The data portraysGi#a(1.00) and MS (1.00) have good ESI as compswedD
(0.34). The ESI of 1 indicates that emulsion waghlyi stable and there was no separation of oildim@urs.

1.5. Spray drying analysis
The spray dried powder was analysed for its toilalsarface oil, encapsulation and entrapment igfficies, bulk
density and powder particle size.

1.5.1.Total Oil Determination
Total oil in the spray dried powders was determibgdClevenger distillation. A 500 ml flat-bottomed flask was
used to dissolve 5gm of powder (+0.04 gm) in 15@Mmdlistilled water. Each flask was stoppered andhumady
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shaken for approximately 1 min in order to breakps and facilitate dissolution. Boiling chips werdded. The
Clevenger apparatus was fitted to the flask withi@mwater cooled condenser on top of it. The smtuivas
distilled for 3 hrs. The volume of oil read dirgcttom the oil collection arm, was converted to gfithe oil by
multiplying by the density of the oil system. Saegpivere run in duplicate. The results are showiraisle 5.

1.5.2.Surface Oil Determination
Surface oil was determined Isplvent extraction. This involves placing the encapsulated product iitesk and
adding organic solvent (hexane). The flask was #teaken for several minutes. The powder was filtédrem the

solvent and then solvent was removed by uBo@vac unit. The residue or surface oil was determinedvbighing
the residue. The data is summarized in Table 5.

1.5.3.Encapsulation Efficiency
The encapsulation efficiency was determined ugiegallowing equation 2. —

Total oil experimental loading (%)powder

Encapsulation Ef ficiency (%) =

100 @)

Theoretical loading (%)powder

The encapsulation efficiency for all carriers aheiit blends is given in Table 5.
1.5.4.Entrapment Efficiency

The entrapment efficiency was calculated usingdheula equation 3 —

Total oil (g)powder—Surface oil (g)powder
Entrapment Ef ficiency (%) = 4 g X 100 (3)

Total oil (%)powder
The encapsulation efficiency for all carriers ahelit blends is mentioned in Table 5.

Table 5. Effect of gum arabic, maltodextrin and modfied starch, their binary and ternary blends as the carrier material on surface oil,
total oil, encapsulation efficiency and entrapmenéfficiency

Carrier Material Surface oil (g/g powder) | Total oil (g/g powder) | Encapsulation efficiency (%)| Entrapmaet efficiency (%)
Gum Arabic (100%) 0.0025 0.0712 77.50 95.85
Maltodextrin (100%) 0.0028 0.0459 50.52 94.30
Modified Starch (100% 0.0026 0.0608 66.88 95.71
GA:MD (75:25) 0.0007 0.0672 73.92 98.95
GA:MD (50:50) 0.0016 0.0656 72.16 97.55
GA:MD (25:75) 0.0043 0.0624 68.68 93.10
GA:MS (75:25) 0.0036 0.0616 67.76 94.14
GA:MS (50:50) 0.0028 0.0760 83.60 96.31
GA:MS (25:75) 0.0009 0.0689 75.86 98.69
1/3,1/3,1/3 0.0015 0.0707 77.79 97.87
4/6,1/6,1/6 0.0031 0.0672 73.92 95.37
1/6,4/6,1/6 0.0010 0.0640 70.40 98.43
1/6,1/6,416 0.0023 0.0633 69.70 96.36

NOTE: The error was ranging from 0.05% to 0.1%

Table 5gives encapsulation and entrapment efficiency oé gum Arabic, maltodextrin and modified starcleith
binary and ternary blends. The table also givesitita about effect of the carrier material on thdage and total
oil. The data showed that surface oil is minimum@a than MD and MS. The GA gives microcapsulestaiming
minimum surface oil 0.0024g as compared to MD 06g02nd MS 0.0026g, but the total oil is compardivegher
for GA i.e. 0.0712g than 0.0608g for MS and 0.045@gMD. Hence, the encapsulation efficiency of @As
higher i.e. 77.50% followed by MS (66.88) and MD.&2). This shows that highest encapsulation efficy found

in GA microcapsules was may due to larger parscte of GA microcapsules which retain maximum oicagst
the carrier material studied.

The data also showed the effect of a blend of eamaterials on surface oil and encapsulation iefficy. In
GA:MD blends, the combined blend of GA and MD (Z9:gives less encapsulation efficiency as compsovate
individual carrier material i.e. 68.64%. These Hssolearly indicate that as the percentage of guabic decreases
in blends, encapsulation and entrapment efficiedegreases consequently. Higher percentage of neation was
not recommended because of a dramatic drop iret@htion. Further, gum arabic and modified staleimds gave
better results than the blends prepared by usimg &nabic and maltodextrin, suggesting gum arabét randified
starch as better combination for lemon oil retemtiblighest encapsulation efficiency among all thenfls was
found in the blend having GA and MS in 50:50 raliavas found to be 83.60%.
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Highest encapsulation efficiency for ternary blemds found in the blend having ratio 1/3,1/3,1/Be best ternary
blend obtained contains GA/MD/MS in ratio of 1/3,1/3 was found to be best for microencapsulatfderaon oil
giving low surface oil i.e. 0.0015g and maximum awsulation efficiency i.e. 77.79% which is great@n other
ternary blends while the entrapment efficiency ¥eamd to be 97.87%. In this blend, an excellent lsifying, film
forming and binding properties of gums can be oletai

There was a clear trend from above data that ht®n increases with an increase in modifiedcétand decrease
in maltodextrin as wall material. These resultsficored the reported data in the literature, whieparded modified
starches as excellent carriers for volatile retentind characterize maltodextrin as having a matgetention of
lemon oil. Hence, in general, encapsulation efficieis better for GA which is followed by MS ancethMD. In
the present study, the blend of 50% GA and 50 %gsi& excellent results in terms of encapsulatifiniefcy and
found to be best among 13 batches hence furthérfas¢he encapsulation of Orange, Ginger and Gaaotha oils.

1.5.5.Bulk Density

Bulk density was determined by tapping method. 0 af a powder was loosely weighed in100 ml gradiiate
cylinder. Cylinder with the powder was tapped oft sarface. The final volume was recorded. Bulk sighwas
calculated by dividing the sample weight by theuvoé.

. Weight of spray powder
Bulk Density = ght of spray p

4
Volume of spray powder ( )

1.5.6.Powder Particle Size

Particle size analysis of the spray dried powdes d@ne using Beckman Coulter LS 230 Laser Diffoac®article
Size Analyzer.

It measures the size of particles (powders, sugpehisind emulsions) using the diffraction and diffi of a laser
beam.

Both bulk density and particle size analysis datsuimmarized in Table 6.

Table 6. Bulk density and particle size of a spragried lemon powder

Carrier material | Bulk density (g/ml) | Particle size (um)
GA (100%) 0.385 10.24
MD (100%) 0.466 13.55
MS (100%) 0.435 10.88
GA:MD (75:25) 0.378 11.56
GA:MD (50:50) 0.377 11.80
GA:MD (25:75) 0.384 12.47
GAMS (75:25) 0.392 10.77
GA:MS (50:50) 0.408 11.66
GAMS (25:75) 0.466 10.82
1/3,1/3,1/3 0.408 10.33
4/6,1/6,1/6 0.377 12.30
1/6,4/6,1/6 0.378 10.07
1/6,1/6,416 0.4 10.44

Bulk densities were determined by tapping methadafb 13 powders. They were ranging from 0.377 1466.
From a theoretical point of view, particles withahar diameter contribute to a tighter packing émak, leads to an
increase in bulk density. The bulk density of guralfic was found to be 0.385 as compared to maltddegX.466)
and modified starch (0.435). Bulk density of a cambtion of GA:MS (50:50) was found to be 0.408.

The table also showed the particle size of the aniEpsules. The particle size of microcapsules wabkd range of
10.04m (GA, MD, MS - 1/6,4/6,1/6) to 13.5&5 (MD-100%). The particle size of pure GA, MD andSMvas
found to be 10.24, 13.55 and 10,88, respectively. The fine capsules were obtaineDdP6 GA. Particle size of a
combination of GA: MS (50:50) was found to be 11u80.

1.6. Stability and sensory analysis of encapsulatedflav
1.6.1.Stability Studies

In this study, the microcapsules stability helpeddetermine the formula compatibility. The microsales were
incorporated in the lemon drink (ice tea) at 1%elevand stability was studied at various tempeesatuiesting
includes storage of the drinks under ambient canitand 45°C in an ordinary oven. Also, the sampds kept

75
Pelagia Research Library



Jyotsna Waghmareet al

Adv. Appl. Sci. Res., 2015, 6(4):69-78

under refrigeration temperature (4°C) for 3 wedla torresponds to stability study for six monthspgcially for
the food products). The stability results are givemable 7.

1.6.2.Sensory Analysis

The samples kept for stability studies were stuétiedts sensory characteristiddedonic andlntensity Scale ratings

were used to evaluate the sensory attributes ofetinen ice tea premix by expert panel members. §loega is
summarized in Table 7.

1.6.2.1Hedonic Scale

A measure of the degree of acceptance of the ptodag obtained by the use of the hedonic scaleclfPsa were
asked to their degree of likes or dislikes in temmch best describes their perception about toelymt. The term
may be given numerical values to enable the resulie scored. Rating of the product accordingeomic scale is

as follows (Table 7)-

1.6.2.2Intensity Scale

Table 7. Tabular form of Hadonic scale

Sr. No. Hedonic Scale Scorg
01 Dislike Completely 1
02 Dislike Somewhat 2
03 Dislike a Little 3
04 Neither Like nor Dislike| 4
05 Like a Little 5
06 Like Somewhat 6
07 Like Completely 7

Intensity scale measures the odour strength optbduct. Panellists were asked to rate the odeangth of the

lemon ice tea on the basis of 10-point scale.

Rating of the product is as follows (Table 8)-

Table 9. Stability study and sensory analysis of say dried lemon flavour in instant ice tea premix

Table 8. Tabular form of intensity scale

Sr. No. Intensity Scale Score|
01 None, No Odour 0
02 Threshold Odour 1
03 Very Slight Odour 2
04 Slight Odour 3
05 Slight to moderate Odou 4
06 Moderate Odour 5
07 Slightly Strong Odour 6
08 Moderately Strong Odour 7
09 Strong Odour 8
10 Very Strong Odour 9
11 Extremely Strong Odou 10

Room Temperature (28) | Accelerated Temperature (€5 | Refrigerated Temperatur€’@®)
No of days No of days no of days
Panel Numben———5—1—>¢ 7 | 15 | 25 25
Hedonic Scale Rating

Py 4 5 5 5 4 5 6

P, 4 4 6 4 6 6 7

Ps 5 6 5 5 5 5 7

P4 4 6 5 5 6 5 6

Ps 5 4 4 4 5 5 6

Ps 5 5 4 6 4 5 7

P, 4 5 5 4 5 5 6

Intensity Scale Rating

P1 5 6 7 5 6 7 5

P2 6 6 7 6 7 8 6

P3 5 6 6 7 8 7 6

P4 6 7 7 6 7 8 5

P5 5 6 7 5 6 7 6

P6 6 5 7 6 7 8 6

P7 6 6 7 5 6 8 5
Appearance No change No change No change
Odour profile Citrusy, lemon note reminiscent o fheel with slight bitter undertone
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Table 9 indicates the stability study and sensolyesis of the spray dried lemon powder at 1% cotraéion in
Lemon Ice Tea premix. It was observed that thempoisignificant change in appearance of the drimd i& gives
good odour profile of lemon even after 3 weeks mflization. It was also observed that the microolgss give
slight turbidity and settlement in the drink durithg stability studies.

The results show that on hedonic scale, the sakggeat refrigerated temperature gave better iesdtn samples
kept at ambient and accelerated temperatures. ddressgiven by panel to refrigerated temperatuneptes were
between 6 and 7. It was then followed by samplgs &eaccelerated temperatures and ambient tenoperat

On theintensity scale rating, the samples kept at accelerated tatope showed good results as compared to the
refrigeration and ambient temperatures. The saaehed a maximum of 8 (i.e. strong odour), whilms@anellists
gave score of 7 (i.e. moderately strong odour). /Eselts so obtained could be due to the factréiaase rates were
higher at accelerated temperatures. The microcagsue controlled release of the lemon flavour @/eeriod of
time.

Hence, it was observed that lemon drinks were stétnl 3 weeks, with no change in appearance andoa g
odour/taste profile at 45°C, which would be equevdalto 1-year stability at ambient temperature.

1.7.Overall sensory analysis of spray dried microenalged lemon oil.
All the batches of spray drying were optimized & gaximum encapsulation efficiency, total oil @ntt minimum
surface oil. The most efficient batch was carrigavird for the application in ice tea premix.

The blends of powdered sugar, tea extract powderagids were made by making permutations combingitin

order to get proper sugar-acid ratio in the finalduct. The appropriate percentage of powderedrsteg extract
powder, citric acid, malic acid were 97%, 1.8%,594land 0.1%, respectively. Further optimizationflafour

dosage was performed by using three different aunatons of spray dried lemon flavour (1%, 1.5% @%6). The
ice tea was served by diluting ice tea premix idgthwater in the ratio of 1:10.

614

== Sensory Attributes

Figure 3. Spider chart for sensory attributes of lenon ice tea

The sensory evaluations of all the three batche® warried out on 7 point Hedonic scale by sevaredxpanel
members. The best batch was found to be 1.5% ctratet spray dried lemon flavoured ice tea. Thaltesor this
batch are shown in tabular (Table 10) as well espider chart form (figure 3).
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Table 10. Sensory analysis of lemon ice tea

. Ratings b Ratings b Ratings b Ratings b Ratings b Ratings b Ratings b

No Attributes Rg y Rg Y Rg y R?l Y Rg5 y Rg Y Rg y Mean

1 Flavour 6 5 7 6 6 7 6 6.14
2 | Aroma 5 4 5 5 4 4 5 4,57
3 Body 7 7 6 6 7 6 7 6.57
4 | Colour 7 7 6 7 6 7 7 6.71
5 After taste 5 4 5 4 4 5 5 4.57
6 | Clarity 5 6 7 6 7 6 6 6.14]
7 | Overall rating 6 6 7 7 6 7 6 6.4

Table 10 and Figure ®dicate the sensory analysis of Lemon ice tea wotedl by 7 panel members. Data shows
that overall acceptability of the product is 6.64 of 7. Out of the all attributes used for sensamglysis colour got
highest rating and after taste got the lowest gatin

CONCLUSION

The microencapsulation of lemon oil with three Earmaterials i.e. gum arabic, maltodextrin, maatifistarch and
their binary and ternary blends was successfullyiexh out using spray drying. The parameters sltaarier
concentration (30%), core material concentratiod%g), inlet temperature (176) and outlet temperature were
found to be effective for maximum encapsulationcefficy. The experimental results are concludefiésvs:
Though maltodextrin forms least viscous soluticantiyum Arabic and modified starch, it gives minimemulsion
stability. In blends of carriers too, as a percgataf maltodextrin in blend increases, emulsiobibta goes down.
The blend of Gum Arabic and modified starch giveststable emulsion.

Due to large particle size, gum Arabic gives maximancapsulation efficiency than others. It givesimum

surface oil concentration but maximum total oil centration which is highly recommended for any iearr
material. These materials could be put in the foihy order depending on their efficiency: GA> MS>D\But to

make encapsulated material cost-effective, gum i&ratas blended maltodextrin and modified starch.sit
investigated that GA:MS at 50:50 combination gitagghest encapsulation efficiency (82.60%). Evenagy blend

(GA/MD/MS) in combination of (1/3,1/3,1/3) does rgite such high efficiency.

Encapsulated lemon oil showed better results itaimsice tea premix for beverage with a stabilifysomonths.
Further, the effective dosages of the encapsulatadn oil are found to be 1.5% in the instant &z premix.
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