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Properties of Single- and Double-
Encapsulated Butteroil Powders

ABSTRACT

Spray-dried powders with 50% butteroil encapsulated in sucrose were double-
encapsulated by dispersion in a molten matrix of vegetable waxes (high-pres-
sure-treated by a patented process) followed by pressure treating at 414 KPa and
sieving. A 20—40% increase in particle size resulted from double encapsulation
and powders were less flowable (P < 0.01). Scanning Electron Microscopy of
double-encapsulated powders showed one or more sucrose-encapsulated par-
ticles embedded in a matrix of solid vegetable wax. Double coating reduced mois-
ture uptake by 20%, possibly ameliorating the need for special packaging during
storage. The flow and mechanical behavior of the encapsulated powders were
different (P < 0.05) from the other powders studied.
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INTRODUOTION
ENCAPSULATION OF POWDERS WITH DIF-
ferent components is expected to become
increasingly important in foods especially for
substitution of bioactive additives (Jackson
and Lee, 1991; Duxbury and Swientek,
1992). Compound powders with “soft” cores
provide means for protecting sensitive com-
ponents with pharmaceutical benefits. Pro-
tecting loss of active nutrients, such as caro-
tenoid activity during dehydration, could be
minimized by encapsulation of beta-carotene
(Wagner and Warthesen, 1995). Marine ome-
ga-3 fatty acids have been encapsulated in a
starch/oil emulsion and spray-dried to pro-
vide for this protection in food powders
(Andersen, 1995).

The entrapment of sensitive ingredients
within a continuous film or coating can pro-
tect them from environmental factors such
as moisture, air or light. Encapsulation, how-
ever, leads to demonstrable difficulties in
handling, due to changes in bulk properties
of the powders. This was particularly true for
encapsulated butteroil, where the encapsu-
lated powders showed a propensity for stick-
iness and lumping (Onwulata et al., 1995,
1996; Konstance et al., 1995).

The amount of fat retained after encapsu-
lation of butteroil is dependent on the carbo-
hydrate used as the encapsulating agent (On-
wulata et al., 1994). The main purpose of
preparing spray-dried fats is to enhance their
handling properties, and stability during stor-
age, transport and blending with nonfat in-
gredients. Butteroil, to be made into a pow-
der, requires a carrier because it contains ap-
preciable amounts of low melting triglycer-
ides. As the fat content of the capsule increas-
es, the choice of carrier constituents becomes
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more and more important, as fats on the sur-
face of powders retard flow (Onwulata et al.,
1995).

Several disaccharides have been used as
encapsulating agents. Volatiles have been
entrapped and retained in sucrose, maltose
or lactose by freeze-drying the amorphous
sugar to the crystalline state (Flink and Karel,
1970). There has been remarkably high vol-
atile retention in such powders. The surface
membranes are impermeable with high re-
sistance to diffusion at low water content or

.to the formation of inclusion complexes

(Flink and Karel, 1970; Menting and
Hoogstad, 1967). A second encapsulating
coat may provide a better moisture barrier.
Such a barrier could be created through a
combination of waxes coating the surfaces
to form the double-coat. Minimizing mois-
ture uptake is extremely important for encap-
sulated powder stability and effectiveness
(Onwulata et al., 1995).

Proper choice of material for the second coat
would enhance delivery of the functional con-
tent (Pothakamury and Barbosa-Cénovas,
1995). This is essential for controlled release
of components in foods, an aspect that is be-
coming increasingly useful for functional pow-
ders. Our objective was to investigate the phys-
ical properties and structures of double-encap-
sulated powders containing anhydrous butteroil
compared to characteristics of single-encap-
sulated powders. We compared some physi-
cal characteristics of the powders and proper-
ties such as bulk density, powder flowability,
cohesiveness, and compressibility.

MIATERIALS & METHODS
BUTTEROIL WAS OBTAINED FROM A COM-
mercial manufacturer (Land O’Lakes, Inc.,
Arden Hills, MN). The encapsulating agent
was granulated sucrose. Spray-dried powders
containing 50% butteroil were prepared in
our pilot plant as previously described (On-
wulata et al., 1994). Encapsulated powders

were formulated to have 50% butteroil, 5%
emulsifier, and 5% skim milk powder, with
the remainder encapsulant. The emulsifiers
used were mono and di-acylglycerides
(American Ingredients Co., Kansas City,
KS). The processing sequence for the single
coat capsule was as follows: Sucrose was dry-
blended with nonfat dry milk solids and the
mixture dispersed in water to form a pasty
slurry of 25% total solids. The anhydrous
butteroil and the emulsifier were heated to
45°C with stirring. The two blends were com-
bined (40% total solids) and mixed for S min
with a milk stirrer, after which the slurry tem-
perature was slowly raised to 62.8°C with
constant stirring. The mixture was homoge-
nized at 17.2 MPa with a Manton-Gaulin
Triplex homogenizer (Model 100 DJF3855,
APV Gaulin, Inc., Everett, MA), followed
by spray-drying in a compact dryer (APV
Crepaco, Inc., Attleboro Falls, MA) at an in-
let temperature of 193.3-196.1°C and an
outlet temperature of 82.2-87.8°C. Powders
were produced batch-wise, collected from the
dryer after 30 min and stored at 4°C.

Double encapsulation was done with the
application of a mixture of vegetable waxes
(hydrogenated stearines), Sterotex NF®
(Abitec Corp., Columbus, OH) and food
grade linear alcohol polymers, Unilin 350%
(Petrolite, Tulsa, OK) at a 99:1; Sterotex to
Unilin ratio. The waxes were melted at
105°C. The molten waxes which are normal-
ly in the alpha-form were converted to the
more stable beta form using the Beta® pro-
cess device (Encapsulation Systems Inc.,
Sharon Hills, PA). The molten wax was
sprayed onto the preformed single-encapsu-
lated particles. The moist particles were sub-
jected to another pressure shock wave at 414
KPa, to cause the wax to form a second coat
on the particles. The waxed powders were
subsequently cooled, sifted through a 20-
mesh sieve and stored. The process and the
M-CAP® device used for double-encapsula-
tion have been reported (Redding 1990;
1993).

The single-encapsulated powders passed
through a 500- m sieve, and the double-en-
capsulated powders passed through a 1000-
m sieve.

Analyses
The moisture contents of the powders
were determined by drying in a vacuum oven
at 102°C for 4h (AOAC, 1984). Moisture de-
terminations were made in triplicate.
Moisture uptake by the powders was de-
termined at 25°C by equilibrating 10-g pow-



der samples at 52% relative humidity. Vapor
pressure was maintained with a saturated salt
solution of Mg(NO;), (Rockland and Nishi,
1980). Measurements were made in duplicate.

The mass flow of the powder (g/s) was
measured by permitting 80g to flow through
funnels of outlet dia 30 mm with gentle shak-
ing using a Synthron Shaker (FMC/Synthron,
Homer, PA) at the setting of 40, for those
powders that would not flow without me-
chanical agitation (double-encapsulated pow-
ders). Time of flow was recorded and rela-
tive flow rate was calculated as powder
weight (g) divided by time (s). Flow rates
were measured in triplicate.

Particle density was determined in tripli-
cate with an air pycnometer (Horiba Instru-
ments Inc., Irvine, CA).

Bulk densities of all powders were deter-
mined by dividing the powder mass (g) con-
tained in a 200-mL stainless steel cylinder
(A/S Niro Atomizer, Copenhagen, Denmark)
by its volume (cm3). Packed bulk densities
were calculated from the weight of powder
contained in the cylinder after being tapped
100 times. Density measurements (g/cm3)
were done in triplicate.

Compressibility was determined as de-
scribed by Moreyra and Peleg (1980). The
powders were carefully poured into a sam-
ple cell (30 mm high/45 mm dia) and the
loose density (g/cm3) was determined from
the weight and known volume. The sample
cell was mounted on the base plate of a Model
4200 INSTRON Universal Testing Machine
(Instron, Canton, MA). The powders were
compressed at a crosshead speed of 10 mm/
min using a 50-kg load cell to a preselected
force of 40 kg. Powder compressibility was
determined by evaluating the slope of the plot
of bulk density and the logarithm of com-
pressive stress (1 <log<4)usingp=a+b
log ; (Sone, 1972); where , = bulk density
(g/cm3) at corresponding , = compressive
stress (g/cm?) and a, b = empirical constants
with “b” representing compressibility. Three
data points were used.

Particle sizes were determined optically
with an Accusizer ® 770 (Particle Sizing Sys-
tems, Inc., Santa Barbara, CA). The particles
were counted individually with a dry pow-
der attachment and the population distribu-
tion was calculated from accumulated counts.

The topography of intact and fractured
particles was examined by secondary elec-
tron imaging using a scanning electron mi-
croscope (Model 840A, JEOL, USA, Pea-
body, MA). Three methods of preparation
were used. For superficial structure of intact
particles, small samples of powder (< 1 cc)
were applied to an adhesive layer (Spot-O-
Glue, Avery, AZ) affixed to 12-mm-dia Al
stubs. Excess particles were removed by di-
recting a jet of dry nitrogen gas (at 276 KPa)
at the surface of the stub. For superficial
structure of dehydrated particles, small sam-
ples of powder were immersed in ice-cold
ethanol, followed by critical point-drying

from liquid carbon dioxide. The dried parti-
cles were applied to Al stubs as described
above. For topographical study of internal
particle structure, single selected powder
particles were immersed in liquid nitrogen
and manually cut with the edge of a cold
stainless steel razor blade, or broken with
cold tips of Dumont #5 tweezers (Electron
Microscopy Sciences, Ft. Washington, PA).
After “fracturing’, the pieces of particles were
placed in an Al foil envelope under liquid
nitrogen and transferred to a freeze-drying
apparatus. Dried pieces of particles were
glued to A1 stubs with internal faces orient-
ed upwards. All samples were coated with a
thin layer of Au in a sputter coater (Model
LVC-76, Plasma Sciences, Inc., Lorton, VA).
Extractable fat was determined by dis-
persing 10g powder in 50 mL petroleum ether
and shaking for 15 min (Anonymous, 1978).
The soluble fraction was filtered and the sol-
vent was evaporated, leaving the fat and wax.
Samples were analyzed in triplicate. Extract-
able fat (weight fraction) was expressed as
the weight of fat recovered from the powder,
divided by the weight of original powder. The
weight fraction of extractable residual fat was
inversely related to the quality of encapsula-
tion. That is, the lower the extractable fat,
the more effective was the encapsulation.

BESUTS & DISCUSBION
MEASURED PHYSICAL PROPERTIES OF SIN-
gle- and double-encapsulated powders were
compared (Table 1). The moisture content
was characteristic of powders encapsulated
with sucrose (Onwulata et al., 1995). Dou-
ble-encapsulated powders had higher mois-
ture, 36% more than single-encapsulated
powders. The moisture content of the parti-
cles was below the critical water activity (0.4
a,) level and did not lead to crystallization
of sucrose which would have been detrimen-
tal to flow properties.

The densities, both loose and bulk, were
typical of encapsulated powders, and were
lower than those of the sucrose powders used.
Single- and double-encapsulated powders
had similar densities, but the total fat con-
tent differed. There was a 25% increase in
total fat content in the double-encapsulated
powder due to the added vegetable waxes.
There was also a 14% increase in extractable
fat in the double-encapsulated powder. How-
ever, percentages of total fat extracted were
similar: 25.9% for the single- and 24.3% for
the double-encapsulated powders. Physical
properties such as fat content, moisture and
product density affect powder flow (Peleg,
1977). Encapsulated material was affected
less by these properties when the outer coat
was composed of amorphous sucrose or oth-
er sugars. Double-coated powders were less
free-flowing when the outer coat was a waxy
vegetable matrix, because fat on the surface
of powders has a tendency to cause the parti-
cles to adhere to one another or agglomerate
(Onwulata et al., 1995).

The particle size distribution (Fig. 1)
showed the sucrose and single- encapsulat-
ed powders ranged from 20 to 800 m in size,
while the double-encapsulated powders
ranged from 50 to 1300 m. The mean distri-
bution showed that double-encapsulated
powders (750 m) were two times larger than
the sucrose and single-encapsulated powders
(350 m). Larger sizes increase the potential
for flow problems. The double-encapsulated
powder had a normal Gaussian distribution.
Single-encapsulated particles fell within a
narrower particle size range, with relatively
uniform distribution, but the double-encap-
sulated powders had a broader size range.
Uniformity in particle size and shape im-
proves powder flow (White et al., 1967). Pre-
vious work (Onwulata et al., 1994) with milk-
fat encapsulated in sucrose showed little or
no milkfat present on the particle surface to
interfere with flow. Therefore, flow difficul-
ties with double-encapsulated powders were
probably attributable to particle size and the
waxy second coat.

Flow properties of the powders (Table 2)
showed crystalline sucrose was free flowing,
(P<0.1), with flow increasing under mechan-
ical shaking. Single-encapsulated powders
were a log order of magnitude less free flow-
ing (Konstance et al., 1995). Double-encap-
sulated powders were 50% less flowable due
to their size and the waxy top coat. With en-
capsulated powders, as fat content of the
powder increased, flowability decreased
sharply. Flowability was also influenced by
the ratio of encapsulated to extractable fat;
powders with higher levels of unencapsulat-
ed fat on the surface (therefore, a greater
amount of extractable fat) tended to stick to-
gether and form lumps, which impeded flow
(Onwulata et al., 1994). Flowability of a pow-
der is determined by both the physical prop-
erties of the powder and the geometry of the
particles. Several experimental methods mea-
sure relative flow characteristics. Flow dy-
namics are influenced by particle density,
bulk density, particle shape and size as well
as composition (White et al., 1967).

Compressibility as a measure of internal
cohesion and mechanical strength at various
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Fig. 1—Particle size distribution of sucrose
(Suc), single-encapsulated (SSE) and
doubl psulated powders (SDE).




Single and Double-Encapsulated Powders . . .

Table 1-—Physical properties of single- and d

Table 2—Flow and compressibility properties of single- and double-

powders* encapsulated powders*
’ Loose Bulk % Compressibility®
Moisture density density Total Extractable
% (glem’)  (glem’) fat% fat % (Gg'f’Jé’:; 8/2:; 100N 200N 300N
(sgl::;ousl:ted) 0.12+ 0.01 0.84+ 0.01 1.58+ 0.02 - - %t:;ouﬁzted) 190.003.2 228.6£1.6 a7 69 ~a
S 0% 00 1000 %R0N BT SN, newo mass mr ows s

a- No fats present; tstandard deviation.

loads (Table 2) increased (P<0.05) for sin-
gle-encapsulated powders as well as (P<0.01)
for the double-encapsulated powders (Fig. 2).
Compressibility increased with increased
force depending on type of encapsulation and
there was a concurrent increase in cohesive-
ness. Increased compression did not lead to
powder caking or expulsion of encapsulated
fat either in the single- or the double-encap-
sulated powder (data not shown). The sucrose
powder was less compressible than its sin-
gle- and double- encapsulated counterparts
(Konstance et al., 1995). Carr (1976) had
shown that compressibility, under relatively
small loads, was a sensitive index of cohe-
siveness and could be used to predict poten-
tial flow problems.

SEM images of single-encapsulated pow-
ders (Fig. 3) showed the surfaces had irregu-
lar ridges with ovoid dimpling, and the par-
ticles were somewhat agglomerated (3A).
The internal structures (3B) were consistent
with our earlier results that showed unique
micro-cavities uniformly distributed within
the particle, without central voids (Onwula-
ta et al., 1996). Surfaces resembled those
described by Buma and Henstra (1971) for
some spray-dried milk products and by
Rosenberg and Young (1993) for milkfat en-
capsulated in whey proteins.

In contrast, the surface of the double-en-
capsulated powder, (Fig. 4A) was very
smooth, indicating the effect of the double-
coat. The fractured particle shows the enclo-
sure of the single- encapsulated particle with-
in the double-capsule (4B). The fine particle
structure of the double- encapsulated surface
(Fig. 5) shows a matrix formed with embed-
ded hydrogenated stearine materials, and the
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Fig. 2—Relative compressibility of sucrose
(0-Encap), single-encapsulated (1x-Encap)
and double-encapsulated powders (2x-
Encap).

a*No flow. G-FLOW=gravitation flow; M-FLOW=mechanical agitation to enhance flow; =
standard deviations.
bPreset compression force (N).

mesh of linear polymeric alcoholic materi-
als. This shows that the process of manufac-
turing the double-encapsulated powders
formed a waxy matrix around the powder
particles, which led to the smooth surface
coating. Within the double-coat, the single-
encapsulated particles were as described ear-
lier (Onwulata et al, 1995).

The mode of double-encapsulation (Fig.
6) is that either a single large particle (A) or
several smaller particles (B) are encased

Fig. 4— Scanning electron photomicro-
graphs of intact (4A) and dry fractured (4B)
particles containing 50% butteroil encap-
sulated in sucrose and double-coated with

vegetable ted sur-
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tions.

Fig. 3—Scanning electron photomicrographs
of intact (3A) and dry fractured (3B) particles
containing 50% butteroil encapsulated in
sucrose.

of the surface

Fig. 5—SEM photomicrograph
ted der (1000X).
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Fig. 6— Schematic depiction of the mode of double-encapsulation of butteroil. (A): Intact
single-encapsulated particle. (B): Single-encapsulated particles encapsulated with the
double- coat. (C): Matrix of the surface of the double-coat.

within the matrix of the double-encapsulat-
ed powder (C). Therefore, a double-coated
powder could be a simple or compound pow-
der with more than one particle encapsulat-
ed. This helps to explain the wide distribu-
tion in particle sizes (50 to 1200 m). There
are many possibilities for double-encapsulat-
ed powders, especially considering the large
number of compounds that could be used as
the second coat.

The moisture uptake rates of the differ-
ent powders (Fig. 7) fit an exponential func-
tion, the rate of uptake being dependent on
the nature of the powder and exposure con-
ditions. Sucrose is highly hygroscopic and
its moisture uptake was higher than that of
the single-encapsulated powder. Further re-
duction in moisture was shown with the dou-
ble-encapsulated powder. In terms of mois-
ture sorption or as a moisture barrier, the
double-encapsulated powder was more effi-
cient. This functionality enhances the bene-
fits of encapsulation, and may ameliorate or
eliminate the need for special packaging to
prevent moisture uptake during storage (On-
wulata and Holsinger, 1995).

CONCLUSIONS
DOUBLE-ENCAPSULATED POWDERS HAD
properties that differed notably from those
of the single-encapsulated powders or crys-
talline sucrose. Large particle size, lower
density and waxy surfaces impeded powder
flow. However, the double-encapsulated pow-
ders had higher resistance to moisture sorp-
tion. Through choice of wall material (such

as sucrose) and the powder preparation meth-
ods described here, an effective carrier for
sensitive ingredients may be realized.
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