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We demonstrate three potential edible applicatiohshellac oleogels as i) a continuous oil
phase for preparation of emulsifier-free, structlre/o emulsions (spreads); ii) a replacer foi
oil-binder in chocolate paste formulation and aishortening alternative for cake preparation.
Water-in-oil emulsions with up to 60 %wt water wepeepared without the need of an
emulsifier by simply using shellac oleogels as tlatinuous oil phase. The water droplets in
these emulsions (size < gi) were stabilized via interfacial and bulk cry$itadtion of
shellac. Chocolate paste prepared by complete ceplant of oil-binder an partial replacement
of Palm oil (~ 27%) with shellac oleogel showed sign of ‘oiling-out’ when stored at
elevated temperature (30 °C) for several weeksthieuy cakes prepared using oleogel-base.
w/o emulsions (20 %wt water) as a shortening adtve showed comparable functionality
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(texture and sensory attributes) to the standake.ca

Introduction

Solid fats are major components in majority of fqmaducts
which are used on daily basis including spreadsippédd
creams, chocolates, ice-creams and various bakergupts.
The functionality and texture of solid fat contaigi food
products are based on the underlying colloidal pétwof fat
crystallites that physically traps oil in this nefk structure-?
This fat crystal network (composed of saturateds)fais
essential for providing structure to the liquid odnd
consequently, without saturated fats, these predwold not

explored as an emerging technology geared towalss
development of healthier lipid-based food productscontrol
the life style and diet induced disorders such lssity and
cardiovascular diseas@$.

Oleogelation, as the name implies, involves getatiboil with
the help of a single gelator or a synergistic coration of
different gelator molecul€es Currently, oleogels have beer.
receiving increased attention from researchers iugrin the
food domain as indicated by recent reports on itlengj newer
food-grade oleogelators. ' Recently, some researchers have
even demonstrated interesting food applicationsl@bgelation

be possible to formulatt’ However, consumption of excessivesuch as replacement of solid fat and reductioratirated fats

amounts of saturated fats are considered highlealtiy and
have been found to show deleterious health effextisiding
negative effects on cholesterol profiles, and iaseein the
incidence of cardiovascular and other related disgaDue to
the increased emergence of such studies, a lotesféarch
efforts have been currently focused on seekingradteves to
structure liquid oil without the use of saturatect>f
Accordingly, strategies aimed at creating soft srasitructure
with the functionality of fats, but with the nutdbal profile of
liquid oil (i.e. low in saturated fats and highunsaturated fats)
currently represent an important area of resedrahis highly
relevant both from academic as well as an induptiynt of

in ice creamsX*?cooked frankfurters® sausages and cooklés
as well as for development of delivery systems
nutraceuticals®

Our group recently identified shellac (a food-gradsin) as a
new structuring agent capable of gelling edible atila low
concentratiot® The rheological, thermal and microscopy
evaluations further indicated that shellac oleogalald have
potential food applications. In the current paper, we
demonstrate three different edible applicationtheke oleogels
as i) a continuous oil phase for preparation of Isifier-free,
structured w/o emulsions (spreads); ii) a repldoeil-binder

in chocolate paste formulation and iii) a shortgnaiternative

vl

views® Of these approaches, oleogelation has been activiR)r cake preparation.

This journal is © The Royal Society of Chemistry 2013
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Results and discussion pattern of the LVR (Linear Viscoelastic Region) \@irwith
much lower initial values oz’ and G” and appearance of a
Preparation and characterization of structured wate-in-oil  cross-over point (which indicates gel to sol trias) at lower
emulsions (spreads) values of % strain. The results do indicate theastsensitive
nature of oleogel and oleogel-based emulsions wbathd be

Shellac has an excellent oleogelation property whwas
d property considered useful for food applications where eagieeading

exploited in our earlier work to make oil gels ancentrations . . . .
as low as 2 %wWt>'’ The gelation behaviour was due to the 1P fat-continuous emulsions is desired.
like crystallization shown by shellac in the oilntmuous phase =
when the hot dispersions of melted shellac in @frevcooled u o 4
below its crystallization temperature. These neknair shellac PSS 4
crystallites was responsible for the solid fat-likexture of
developed oleogels and emulsions. The network ysdtallites
in the oleogel sample is clearly visible when inmdhgeder
polarized light using an optical microscope (PLNFig( 13).
The crystallites were seen to be arranged in a rapitie
morphology as confirmed from the prominent ‘Maltesesses’
observed throughout the sample when viewed undesscr
polarized light Fig. 1a inse}. These radiant pattern arises du
to the birefringence created from the alignmentrgétallites in [”C P oy
the lamellae of a spherulitd Due to this extensive network offifE e
shellac crystallites, the oleogels also servedasimuous phase B ‘Q_ ’
to create emulsifier-free, structured w/o emulsiohise PLM g WS
image of emulsion showed tiny water droplets angstat
aggregates dispersed in oil continuous phdsg. (19. The
emulsions were prepared by melting the oleogeleovad by
homogenization (at 11,000 rpm) with water phase%@@) at
high temperature and subsequent cooling to 5°C. imhial
formation of these emulsions (with droplet sizekWwe40 um) Giaty s e % : ;
in absence of an emulsifier can be attributed Ilmgh level (30 Figure 1. A) PLM image of oleogel prepared using 2 % wt shellac in sunflower oil
%wt) of surface active wax alcohols (with a chagmdth of (image width: 200 um), Inset: spherulite aggregate of shellac crystals (image
028-32) that contributes to the surface activityshfellacl.g width: 50 um); B) Confocal microscopy image of oleogelemulsion pr'epared u'sing
. i . 20 %wt water and shellac oleogel (2 %wt) as the continuous phase (image width:
Further COOImg of hot emulsions below the cryszalion 200 pum), Inset: water droplet covered with fine crystallites of shellac (image
temperature of shellac results in crystallizatiorboth the bulk width: 25 pm); C) PLM image of oleogel emulsion (image width: 200 pm), Inset:
phase as well as at the water-oil interfaces, im:ttng to the f-:-mulsion droplets and crystal aggregates ('imag'e width:.SO um); D) Cryo-SEM
. ) ) image of freeze fractured oleogel emulsion (image width: 100 pm), Inset:
long term stability of emulsions over extended @@f StOrage enjarged image of a water droplet (image width: 25 um).
(4 months). The presence of fine crystallites aerfiace of
water droplet was confirmed from confocal microscophe

presence of opaque dark water droplets dispersedhén 1000

continuous oil phase (doped with Nile Red) andgiesence of "Eay .

crystallites on the droplet surface under reflectimode are Tmo

shown inFig. 1b. The oleogel emulsion was also viewed unds WEEEDDD . "u, ]

a cryo-scanning electron microscope (cryo-SEM)rafteeze T 440 e : fog . "u .

fracture and sputter-coating. The water droplet spdally o 990000, s ooE

trapped in a network of crystals as observed u@dgo-SEM is fp D%;gog . "8 .

_srrkl]own |nF|g.I1d. . . b & & oleogel /30%25“5 .
e rheological properties of oleogels and emukiovere O 10] © G"oleogel iigaga“

compared using amplitude sweeps. As seeRign 2, neither e G'emulsi_on '.___

oleogel nor emulsion showed any definite yield pgan point = & smulslon

of permanent deformation) due to a progressiveedeser in the 1 10 100

elastic G) and viscous@”) moduli with the increase in the % % Strain

strain. This behaviour of an absence of clearlynaef plateau

owing to the progressive loss of the re5|stancmefsystem to Figure 2. A comparative graph of G' and G” versus % strain for 2 %wt shellac

deformation is indicative of fat-like crystal netioformation oleogel and oleogel-based emulsion prepared using 20 %wt water and shellac

as reported in our previous stu’cfy.The emulsion prepared oleogel (2 %wt) as the continuous phase. The crossover points are marked with
. . . arrows. The measurements were carried out at 5 °C and a frequency of 0.25 Hz.

using oleogel as the continuous phase also showrilars

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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Typically, the total content of fat in spreads earfrom 80 %wt
for full-fat spreads (regular margarines) to 60 %ovtreduced-
fat and 40 %wt for low-fat spreads. As the fat eontis
lowered, the emulsification and stabilization beesnmuch
more challenging because of two main factors: d)aaned
viscosity of the emulsion (resulting from the irese in the

phase volume of dispersed water phase) which makesparticles

difficult to achieve finer droplet sizes and b) dssse in the
crystallisable fat phase (due to the decreasedrnfahcontent)
which increases the possibility of a higher agglmatien and
re-coalescence of dispersed water dropgfefEhus, the choice
of emulsifier becomes much more critical in forniidg
emulsions with lower fat content, as is the casth weduced
and low-fat spreads. The ability of shellac olesgtl form
emulsifier-free, w/o emulsions was further explordxy
increasing the water phase relative to the fat @hasile
keeping the concentration of shellac fixed at 5 %ivttotal
emulsion. As expected, with the increase in theenphase, the
emulsions became more and more difficult to homageand
at fat content below 40 %wt, the emulsions formedrewv
unstable and showed phase separation after oveéstiglage at
5 °C. The increase in the water phase led to arase in the
gel strength of emulsion as confirmed by the rhgiclal data of
amplitude sweeps presented kig 3. The complex modulus,
G* (a measure of the total resistance of a sample
deformation) increased with the decrease in thelfiase (and
the corresponding increase in the phase volumeispfedsed
water phase). The curves showed similar patterns
progressive decrease in the modulus with the iseréathe %
strain and an absence of a definitive criticalistias observed
with the oleogel samples. The droplet size measwsdg
diffusive NMR suggested that the size distributimas not
influenced by the increase in the water phase withthe
emulsions showing a narrow distribution range. €herere

Page 4 of 10

keeping shellac concentration constant at 5 %wt of total emulsion. The
measurements were carried out at 5 °C and a frequency of 0.25 Hz.

Preparation and characterization of chocolate paste

Chocolate pastes are dispersions of cacao powdersagar
in oil continuous medium with consideeabl
proportion of solid fat. Chocolate pastes have raggng
rheological properties wherein they behave likeo& solid
preventing sedimentation of dispersed particles sephration
of liquid oil (‘oiling out’) and at the same timélisplaying a
more liquid-like spreading capability (yielding). hi
viscoelasticity is attributed to the crystallizatiof solid fats in
the oil continuous mediufAt. Accordingly, solid fats
(hydrogenated vegetable oil or natural oils witghhievels of
saturated fatty acids) are used for chocolate fasteulation.
In addition, an oil binder (high melting triglycdg based on
hydrogenated liquid oil) is incorporated in theipecto prevent
‘oiling out’ at storage temperatures.

To explore the oil-binding properties of shellake tpotential
chocolate applications of shellac oleogel was eteld by
formulating a chocolate paste (based on the regipen in
Table SI) by completely replacing oil binder (fully
hydrogenated rapeseed oil) on a 1:1 rdfig.(4). Shellac (1.5
%wovt) was added to the chocolate paste in form oblaogel
which meant that besides complete replacement|dbinder,
the Palm oil was also partially replaced (~27 %jhwliquid
repeseed oil. The solid fat content (SFC) profileven in Fig.
5 clearly shows the difference in the crystallisafaliepresent in
the reference as compare to the oleogel pastes.sdlic: fat
(crystallisable fat) content was understandably dowfor
oleogel paste at all studied temperatures due d¢odétreased
content of Palm oil (saturated fatty acids ~ 49.8which was
replaced by liquid rapeseed oil (saturated fatigsae 7.4 %).

however, some differences in the volume weightedaimeThe lower value of SFC at temperatures betweenB54also
droplet sizes, D33Fig. S1) with values increasing from ~ 28confirms that oleogel paste is most likely to navé any

um for 80 %wt fat to ~ 3&m for 40 %wt fat.

80 % wt
60 % wt
50 % wt
40 % wt

100000

4 > o B

100003 ,
3 []

G* (Pa)

1000 4

% Strain

Figure 3. A comparative graph of complex modulus versus % strain for oleogel-
based emulsions prepared at different fat content ranging from 80-40 %wt while

This journal is © The Royal Society of Chemistry 2012

greasy taste which is usually the case with oleogeépared
using high melting waxe¥. Further, samples subjected to
storage at 30 °C for accelerated stability studielsnot show
any ‘oiling out’ even after 4 weeks of storagEig. 4b),
suggesting that the replacement of oil binder gitkellac did
not have any adverse effect on the physical stalufipaste.

J. Name., 2012, 00, 1-3 | 3
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Figure 4. A) Photograph of chocolate paste prepared using shellac oleogel; B)
Pictures of chocolate paste prepared using shellac oleogel (on left) and reference
chocolate paste prepared using oil binder (on right) after 4 weeks of storage at
30 °C. No oiling out was seen in either samples.
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Figure 5. A) Solid fat content (SFC) profile of reference and oleogel paste; B)
Data from amplitude sweep (a plot of complex modulus versus oscillatory stress)
of reference and oleogel paste. The measurements were carried out at 20 °C and
a frequency of 1 Hz.
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rheological properties of shellac oleogels such shear
sensitivity (higher drop in viscosity with increase shear
owing to the structure breakdown), and partial cttrce
recovery as reported previoushThe dynamic shear tests were
also performed to characterize and compare the pasie
formulations. The amplitude sweeps clearly showedaat
difference in the LVR regions between the refereand the
oleogel paste with the value of critical stressngeinore than
10 folds higher for reference paste as compargatidmleogel
paste Fig. 5b). The G* values throughout the curve were
higher for reference paste by almost a decade apaed to
oleogel paste. This difference can be correlatedhto large
difference in the SFC valuegi@. 58 for the pastes at 20 °C
(21.4 % for reference as compared to 11.3 % favgeepaste).
The viscoelasticity of paste was further comparsihg data
from frequency sweep§&ig. 6), both theG’ andG"” were higher
for reference paste as compared to oleogel pastrpested. In
both formulations, the higher values & compared toG”
indicates more ‘solid-like’ behaviour of pastes.wéwer, the
pattern of curves were different for the two stddpastes, the

. . G’ of oleogel paste showed a stronger frequency depeadel
The rheological properties of these chocolate pastere (higher positive slope) which is indicative of a ake gel

compared using a range of egperiments includingw floggrycturd® which probably contributes to a comparatively lowe
measurements (ICA46 (2000) official method for adlate p|astic viscosity as seen in the flow measurements.
rheology$%?® and dynamic shear tests (amplitude, frequency

and time sweeps). The values for Casson yieldsstred plastic

viscosity were obtained by fitting the data of thpward Table 1 Rheological parameters obtained from flow cun@asson yield

. . . stress for upward and downward curvessCA and |[cCA respectively),
(increasing Shear rat?) and downward (decreasiegrshate) Casson viscosity for upward and downward curvpgCA and [nCA
flow curves Fig. S2 with Casson modeHEgq. 1), the values are respectively) and  thixotropy.

tabulated inTable 1

_ - 1oCA mCA loCA InCA Thixotropy
Vo = Joca +ncav (Eq. 1) (Pa) (Pas) | (Pa) | (Pas) (Pa)
Whereg is shear stress (Paja = Casson yield stress (Paya Ref | 97+07| 4703 74:04 4604 5830
= Casson plastic viscosity (Pa.s) and shear rate (3. The ]
values of plastic viscosity gives an indicationtbe flow of | Shellac| 141+0§ 3.3+02 76+03 3403 .7H05

molten chocolate during processing and also thesasgn
attributes of finished producté?® A higher plastic viscosity (>
5 Pa.s) can pose processing problems for certgiestyof
chocolate formulation® In case of both oleogel as well as Y, E......

reference paste, the low plastic viscosity valuegrew st ]
comparable. On the other hand, the yield stressifmim = M = 125000
stress required for a sample to yield or flow) wakatively g-w, g'umnoa—
higher for oleogel paste probably due to the higheer- 2 M*‘\ﬁg\f.ﬂ_h&%ﬁw, 5 et

50000 -

particulate interactions among dispersed particlesigar
particles) at lower solid fat contefftThixotropy is defined as

the decrease in the apparent viscosity with theease in time i F:eq.,ency (:z) > . F:equency (:z) -

at a constant shear rél-?e'The continuous decrease in theigureG. Frequency sweeps of reference (A) and oleogel (B) paste.

apparent viscosity during shearing followed by @oxery when

the flow is discontinued results in a hysteresaploT hixotropy

can be quantified by measuring the area of thigp loo by Preparation and characterization of cakes

calculating the difference of shear stress at aiipeshear rate

(usually 5 or 40°%) on the flow curve$>?8In the current study, Cake margarine is a special type of margarine desigfor
difference between the shear stress at'&vas calculated to incorporation of a large amount of air and homogendat
obtain the value of thixotropylhe higher value exhibited bydistribution in the batter thus, ensuring uniformpansion
paste prepared using oleogel can be attributecheéotytpical during baking and a resultant end product with hgemous

——G'

——G"

o
25000 Ww_wo/—w‘“ﬁ

s ho-o0e 00000000

10
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crumb structuré® In order to obtain this, it is very crucial tha®.9 % compared to 28 % for cake margarine at 20Fig:, S3
the cake margarine has creamier structure and #&edesThe elasticity of SE cake is also reflected in tigher values
plasticity. Since, cake margarine is a w/o type ksion, small of chewinessTable 2).

B’ crystals of fats in the continuous phase are pradfeas they

increase the firmness and incorporation of airhi& lbatter at a

given solid fat contenitt However, the amount of cake

margarine used for baking applications contribsigsaificantly 10000
to the total calories and the fat content (whichsanetimes e, = G’ std
refer to as ‘hidden fats’) of the end products. HygEnated oils e, . ° G"std
or natural oils high in saturated fats are usedc@stinuous DD””DEEHJDD . g g :EE
. . o o e
phase for formulating cake margarines and thusyated fatty _ “og ",
. o L}
acids constitutes a high proportion of hidden fantents in n“_’ 1900 cee “o ml 10
— .
bakery product&? . Seee., “ol,
(D tJCDODoOOOCO;;gS ﬂﬂunu
o s "
1 / ggg Co
O 100 ®e2%900000
o....
T T T
1 10 100

% Strain

Figure 8. Comparative graph of G’ and G” versus % strain for batter made using
cake margarine (std) and shellac oleogel emulsion (SE) as shortenings. The
crossover points are marked with arrows. The measurements were carried out at

Oleogel-based emulsion where structured liquidsoilsed as a 20 °Cand a frequency of 1 Hz.

continuous phase was evaluated for bakery appitaiin order

to decrease the total saturated fat content in rigageducts

such as cakesFig. 7). The batter and cake properties wer

studied using rheology and texture analysis. Theeabte of 49 —— cake margarine
solid fat crystals in oleogel-based emulsions ledat more

runny consistency of shellac oleogel emulsion batgE) as

compared to the std sample (prepared using cakgamae), 3.0 4
confirmed from a 10-fold difference in ti& (~7000 Pa for std
as compared to ~700 Pa for SE) and a much lowessavger
point for SE (5 % as compared to 80 % strain fd) €¥ig. 8).

Figure 7. A) & B) Photographs of cakes prepared using shellac oleogel emulsion
and standard cake margarine as shortenings respectively.

- - - shellac emulsion

Load (N)

The decrease in the firmness of batter also haidfarence on 1.5

the air incorporation resulting in a comparativiigher batter

density (0.86 g/ml of SE compared to 0.73 g/ml fid).

However, in spite of the difference in the consisie and 004 | ’ A
density of the batter, the baked cakes showed wynos 1" cycle ' " 2 cycle

comparable texture and sensorial attributes. Tha TBrve
shown inFig. 9 was used to calculate textural parameters su
as firmness, springiness index, cohesiveness amavicbss
(Table 2). Only springiness index and chewiness were faond Figure 9. Comparative TPA curves for cakes made using cake margarine and
be statistically different (p < 0.05). Springinésdex is defined °"®'2c °leoge! emulsion.

as the ratio of height the sample springs bacKtey emaximum
deformation and is indicative of the elasticitytbe samplé®
The higher values of springiness index of SE caB&2)
compared to the std cake (0.43) can be relatedetantcreased
elasticity of the SE cake probably due to the higleeel of
protein crosslinking in the batter. Usually, cakargarine or
conventional shortening have a high amount of fastals that
forms a barrier and prevents extensive crosslinkimgluten
network thereby shortening the structure of baftét.It is
understandable because in case of SE, the stnugtaomes
only from shellac crystal network (crystallisabkg tontent is

Based on the results of the sensorial evaluatiowas found
that SE cake was comparable to the standard cakallfthe

studied parameters except for two related parasetdr
uniformity in cell size and crumbliness (p < 0.0%he lower
uniformity in cell size or voids for SE cake is dioethe uneven
distribution of air in the batter which are not ie#ntly

stabilized due to the lack of solid fat crystals tire batter
network. The resultant non-uniformity of these @iickets also
makes the cake less coherent and crumbly, leadnghé

formation of crumbs while handling the cake. Howewaher
properties of cakes such as sponginess and masties

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5
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relates to the mouth feel were comparable suggestiat there
is a potential for using oleogel-based emulsiorsiagrtening
alternative. Currently, we are evaluating the pfulgi of

adding foam stabilizers (emulsifiers) in order tmsere
increased air incorporation and subsequent stabiiz during
baking.

Table 2 Textural parameters obtained from TPA curves.

Parameters Cake margarine | Shellac emulsion
Firmness (N) 4.05+0.31 3.48 £0.23
Cohesiveness 0.69 + 0.02 0.64 + 0.01
Adhesiveness -0.003 +1x1G | -0.004 + 1 x 18
(N.mm)

Springiness indexy 0.43 + 0.01 0.72+£0.01
Chewiness* 1.33+0.09 2.23+0.11

* difference is statistically significant (p < 0)J05

. volume
~shellac emulsion

-=-cake margarine

6.81

crumbliness cell size

6.75

7.69

7.25

sponginess moistness

stickiness

Figure 10. Comparative sensorial parameters of cake prepared using shellac
emulsion and cake margarine as shortenings. Only the differences in the cell size
and crumbliness were found to be statistically significant( (p < 0.05).

Experimental
Materials

Shellac wax, SSBCera 2 (Acid value: 2—25 mg KOH/g and
Saponification value: 40-60 mg KOH/g) was receias a

Food & Function

(USA). Cake flour, eggs and baking powder were lpased
from local supermarket. Distilled water was used &t the
experiments.

Preparation of oleogel-based w/o emulsions

Shellac oleogels was first prepared by dispersioguately
weighed amounts of shellac in rapeseed oil followgdheating
these dispersions at a temperature above the mgitimt of
shellac (>85 °C) under mild agitation (200 rpm) ngsia
magnetic stirrer (Model EM3300T, Labotech Inc., @any).
The clear oily dispersions of shellac thus formeéravthen
cooled to room temperature immediately, resultimg the
formation of oleogels. To prepare w/o emulsiong thelted
shellac oleogels was added to accurately weighederwa
samples (heated >85°C) followed by shearing at QL (pm
with the help of a high dispersion unit (Ultratw®a (IKA®-
Werke GmbH & Co. KG, Germany). The sheared liquic
emulsions were then cooled to room temperaturetdextured
emulsions. Oleogels and emulsion samples weredstré °C
until used for further experiments.

Characterization of oleogel-based w/o emulsions

Microstructure studies

The microstructure of oleogels and emulsions waslistl
under polarized light using Leica DM2500 microscdpeica
Microsystems, Belgium). For confocal microscopyleNRed
was first dissolved in rapeseed oil and this oiswlzen used for
preparing the oleogel and emulsion samples. Sampkre
imaged using a Nikon A1R confocal microscope (Nikor.
Instruments Inc., USA). Excitation was performedrbgans of
a 488nm Ar laser and fluorescence was detectedughra
525/50 bandpass filter. Images were acquired awodessed
with Nikon NIS Elements software. For cryo-SEM, sd@s of
oleogel and emulsion were placed in the slots stiib, plunge-
frozen in liquid nitrogen and transferred into tloeyo-
preparation chamber (PP3010T Cryo-SEM Preparatystes,
Quorum Technologies, UK) where it was freeze-freeduand
subsequently sputter-coated with Pt and examinedE®L
JSM 7100F SEM (JEOL Ltd, Tokyo, Japan).

Rheological measurements

The rheological measurements were carried out cadaanced
rheometer AR 2000ex (TA Instruments, USA) equippéth
Peltier system for temperature control. A parafidte cross
hatched geometry of diameter 40 mm was used and the
geometry gap was set at 1008. Amplitude sweeps (strain =
0.01 to 100 %) were carried out to determine theedr
viscoelastic region of emulsions prepared at diffierwater

generous gift sample from SSB Stroever GmbH & C&. K contents.

Germany. Rapeseed oil, Palm oil and standard caltgarine

were received as gift samples from VandemoorteleDR&Droplet size analysis

Izegem, Belgium. Sugar (Barry Callebaut, Wieze,gBeh),
hazelnut paste (Natra All Crump, Nijverheidsstrdg|gium),
cacao powder (Cargill, Wormer,

Water droplet size analysis of the w/o emulsions performed

The Netherlands) amy pulsed field gradient Nuclear Magnetic Resona(fg-

skimmed milk powder (Friesland Campina, Belgium)reve NMR) on a benchtop Maran Ultra spectrometer (Oxford

received as gift samples. Palsgaard PGPR 4125gdats

Instruments, UK) operating at a frequency of 23.#HzVin

AMP 4448, Palsgaard Oil Binder 01 (fully hydrogestht combination with the Droplet size application (Remoce

triglycerides) were generously donated by PalsgaArS,

Demark. Nile Red was purchased from Sigma Aldridk. | inter-droplet

6 | J. Name., 2012, 00, 1-3

Instruments Ltd.). Samples were analyzed at 5 °@itimize
water diffusion. To suppress the NMR

This journal is © The Royal Society of Chemistry 2012
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contribution of the fat phase, pfg-NMR experimentere
conducted using an inversion recovery-stimulatebdoepulse
sequence. In the performed experiments, the ddfuime @)

was set to 0.2 seconds, the gradient strength iwes &t 1.74

an incubation at 0 °C for an hour. The SFC was aredsn the
range of 5 to 55 °C with intervals of 5 °C. Theubation time
at each temperature for 30 minutes, all measurememtre
conducted on three samples and the results aretedpas mean

T/m, while the gradient duratiod)(was varied in 17 steps from+ SD.

400 to 4500 ms. By measuring the echo attenuatita of the
NMR signal as a function of the gradient duratibiis possible
to determine the hindered diffusion behaviour aedde the
droplet size distribution.

Preparation of chocolate pastes

A standard chocolate paste containing commerciabioider

Preparation of cakes

In order to evaluate the potential application leélkac oleogel-
based emulsions as a shortening alternative, cld$4isponge
cakes were prepared using 300 g wheat flour, 13akjng

powder, 300g liquid whole egg, 300 g sugar and g8éandard
cake margarine or shellac oleogel emulsion (20 %i@). The

(Palsgaard Oil Binder 01) at 1.5 %wt was prepared acake batter was prepared by mixing these ingresliént

compared with a paste made using shellac oleogehaiag
100 % of oil binder and around 27 % of Palm oilhwiapeseed
oil (Refer Table S1 for the recipe). The preparation proce
was as follows: The oil binder in a part of Palrhasid shellac
oleogel were both melted above 70 °C followed bgfitéah of

Kitchen Aid® mixer followed by baking at 175 °C for 35

minutes.
Ss

Characterization of cake batters

all other ingredients (except for Palsgaard PGPRS41 1 eyaluate the air incorporation and the fat stmecin the
Palsgaard AMP 4448 and the remaining fat) and SUBS® ater, density measurements and oscillatory  riggohb

refining at 50
Technologies Inc.,

°C using Exakt 80S 3-roll mil
USA). After refining, remaininéat,

(Exak

easurements were carried out. For density measuntsm
batter samples filled in a glass cylinders with wnovolume

Palsgaard PGPR 4125 and Palsgaard AMP 4448 weredMigere accurately weighed in triplicates. For rheglagudies,

with the refined mix for 30 minutes in a commercmalxer
(Bowl Lift Stand Mixer, Kitchen Aid, USA). The pastwere
stored at 18 °C to assist post crystallization af. fSome
samples were also stored at 30 °C and observedarbgtor
any oiling-out over a period of storage.

Characterization of chocolate pastes
Rheological measurements

The flow properties of molten chocolate samples ew
determined using a rheometer
cylinder system (stator radius = 15 mm and rotaliusa = 14
mm and gap of 5920m). Chocolate samples were prepared
heating in an oven at 52 °C for an hour. Approxihat 20

gram of chocolate samples were weighed into théndgi.

Measurements were performed in accordance to th#et6C
(2000) official method for chocolate. Temperatufehmometer
was set at 40 °C and regulated using a water hatlal{o
Gmbh, Seelbach, Germany). After a pre-shear pafdd min

at 5 &, the shear rate was stepwise raised frort 20s50 &

(ramp up) in a 3 min interval, then kept constamtlf min at 50
s?, and then decreased stepwise to'Zramp down) in 3 min.
Shear stresses were recorded and fitted to theo@amsdel.
The mean value and standard deviation of triplica&dings
were recorded.

Oscillatory measurements were carried out usingaealiel

plate geometry as mentioned before. Stress swespgldtory

stress = 1 to 5000 Pa) were carried out to detexriie linear
viscoelastic region and critical stress for staddand shellac
paste. Frequency (0.1 to 100 Hz) sweeps were alse th gain
more information on the rheological properties.

Solid fat content
Solid fat content (SFC) was determined usingfgcNMR (details

covered above). The samples (fat extract of theepasvere
first heated above 80 °C to remove crystal memoltpwed by

This journal is © The Royal Society of Chemistry 2012

equipped with conicen

amplitude sweeps (strain = 0.1 % to 100 %) weredooted
using a parallel plate geometry.

Characterization of cakes — texture analysis

The baked cakes were subjected to texture profilalyais
(TPA) test on a texture analyser (Instron Model 394SA).
TPA was carried out by first preparing cubes witkize of 2
cm from the centre of cakes. These cubes were ghbjected
to a 2 step compression using a cylindrical probe acm
diameter at a speed of 10 mm/min. In the first eythe sample
opas compressed to 50 % of its height (50 % strfailgwed by
tt;emoval of load through upward movement of the probhe
whole cycle was repeated in step 2. The measured fiuring
ese 2 cycles as a function of time was plotteddba TPA
urve. Measurements were done on 10 replicatesach e
samples. The mean and SD values of each parameter ‘v
statistically analysed.

Preliminary sensory analysis

A preliminary sensory analysis was carried outdmpare the
sensorial properties of these cake and evaluateottezall
acceptability of shellac emulsions as shorteningrahtive. A
blind test was carried out on a panel of 20 peayiere they
were asked to compare the two cake samples on piegpsuch
as appearance and handling (volume, cell size umifp and
crumbliness) and mouth feel (sponginess, moistnasd
stickiness) by giving ranks for individual propesgifrom 1-9.

Statistical analysis
Data from texture and sensorial evaluation of calkese
compared using statistical analysis. An unpaired-tailed

student T-test was used on the data to establististital
significance in the differences observed.

Conclusions
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In conclusion, three different edible applicatioat shellac
oleogel were studied to evaluate its role as sailin
emulsifier-free spread formulation, replacer fot lbinder in
chocolate pastes and structurant for shorteningrredtive in
cake preparation.
components like long chain fatty alcohols in shella fine
dispersion of water droplets in melted shellac géowas
obtained which was further stabilized by bulk antkifacial
crystallization of shellac when the emulsions wemoled
down. Emulsifier-free emulsions (with up to 60 %amater) that
were stable for over 4 months were successfullypamed.
Chocolate paste formulation prepared with 100 %acment
of oil binder and ~27 % replacement of Palm oil dt show
any ‘oiling off' when storage for over 4 weeks a® 3C
confirming the oil binding properties of shellacoténtial of
using shellac oleogel-based emulsion as shortealilegnative
was clear from the preliminary bakery trails wheekes with
comparable mouth feel to commercial
successfully prepared.

Shellac has a long history of use in foods and &aGRAS
status and food additive E number (E904) when uaed
coating/glazing agent. Based on the status of ahelhd the
above discussed results, it can be concluded thetlas
oleogels can be used for some interesting foodeaifns.
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