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Abstract Microencapsulation of pine flavors was investigated to determine the optimum wall material and spray drying
condition. B-Cyclodextrin, maltodextrin, and a 3:1 mixture of maltodextrin and gum arabic were evaluated as wall materials.
The latter mixture was determined to be the best wall material based on dispersion capacity and flavor yield. Spray drying
effectiveness was evaluated using a 3° fraction factorial design and statistical analysis. The optimum operation condition was
an inlet air temperature of 175°C, inlet airflow rate of 0.65 m*/min and atomizing pressure of 180 kPa, which resulted in a
93% flavor yield. The best particle shape observed by SEM was a round globular shape obtained under the above spray drying
condition, whereas lower temperatures and higher inlet airflow rates resulted in initial and full collapses, respectively. The

round globular shapes remained stable for at least one month.
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Introduction

Flavor microencapsulation is commonly used to protect
flavors with a coating material to enhance flavor retention
during food processing and storage. Spray drying is one of
the most commonly used methods for flavor micro-
encapsulation because it is easier and less expensive than
other encapsulation processes. Spray drying is performed
at a high temperature to instantly dry the water phase and
encapsulate flavors into the wall materials, producing
stable globular granules that protect the flavors from the
environment. The effect of spray drying microencapsula-
tion on flavor quality is dependent on several factors
inchuding wall and core materials, emulsion stability,
operating condition of the spray dryer and others.
Emulsion stability is affected by emulsion ratio, stickiness,
homogenization condition, and types of wall and core
materials. The operating parameters for the spray dryer
affect the flavor quality of the final product. Important
settings include inlet air temperature, outlet air temperature,
inlet airflow rate, feed emulsion flow rate and atomizing
pressure (1). However, the effects of operating conditions
during spray drying on the quality of microencapsulated
flavors have not been well evaluated.

Several polymers, including carbohydrates and proteins,
have been developed for use as wall materials to extend
the shelf life of microencapsulated flavors. The effects of
wall materials on the microencapsulation of flavors have
been studied by several investigators (2-5). The most
commonly used wall materials for flavor microencapsulation
are maltodextrin, gum arabic and cyclodextrin (especially,
B-type). Wall materials can be categorized into two classes
based on their mode of action: those that encapsulate or
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surround the flavor agents and those in which the flavors
become imbedded. The advantages of using a mixture of
wall materials, rather than a single one, were investigated
by Kenyon et al. (6).

Pine flavor and its volatile compounds were the core
materials utilized in this study. Pine flavors have been
isolated by several extraction methods including
simultaneous distillation and solvent extraction (SDE) (7),
headspace analysis of purge and trap (8), microextraction
with a fiber (9), and supercritical carbon dioxide extraction
(10). The relative amounts of the volatile flavor
compounds in pine extracts using different extraction
methods were also previously reported. Supercritical
extraction was previously determined to produce higher
quality pine flavor than SDE (10). Lee et al. (8)
investigated pine flavors extracted from sprouts, twigs and
needles. Among more than 20 volatile flavor compounds
identified in pine extracts, the major compounds were
monoterpenes such as a-pinene, B-pinene, and limonene.

Fractional factorial experimental analysis on the factors
of independent variables was used to investigate their
effect on optimization. Therefore, the fractional factorial
design related to a surface response method was applied to
the optimization of food processing. Veglio et al. (11)
studied the application of surface responses of organic
materials to manganiferous ore leaching by using whey or
lactose in a sulfuric acid solution. Halliwell ef al. (12)
employed microencapsulation techniques for the immobiliza-
tion of oligonucleotides on glass surfaces. The objectives
of the present study were to investigate the optimum wall
materials among maltodextrin, cyclodextrin, and the
mixture of maltodextrin and gum arabic by evaluating
flavor yield and emulsion capacity after microencapsulation
of the three major volatile compounds responsible for pine
aroma and to determine the optimum spray drying
condition using a 3’ fractional factorial design, multiple
regression and surface response analysis of microencapsulated
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pine flavors extracted by supercritical extraction.

Materials and Methods

Determination of optimum wall material p-Cyclodextrin
(Korea Food Materials, Kimhae, Korea), 12 DE maltodextrin
(Sam Yang Genex, Seoul, Korea) and a 3:1 mixture of
maltodextrin and gum arabic (Sam Yang Genex, Seoul,
Korea) were tested to determine the best wall material.
The core materials were a-pinene, f-pinene, and limonene
in a pure chemical form of major compounds of pine
aroma, which were purchased from Sigma-Aldrich (St.
Louis, MO, USA). The ratio of this mixture for feeding
emulsion was 45-75 (w/w) and 45:5 in water for wall
material and pure chemicals, respectively. The mixture
was homogenized at 22,000 rpm and spray dried (EYELA
spray dryer SD-10000, Japan). The optimum wall material
was determined by measuring flavor yield and emulsion
capacity.

Encapsulation of pine flavor Natural pine flavors used
as core materials were extracted by supercritical carbon
dioxide extraction (10) at 200 bar for 5 min from parts of
pine (Pinus densiflora) sprouts collected in October of
2000 from a in forest South Korea. The ratio of emulsion
mixture was 50: 45: 5 of wall material, distilled water, and
pine flavor, respectively. This emulsion mixture was
homogenized at 22,000 rpm for 15 min.

The spray dryer (EYELA SD-10000, Japan) was
operated at a feed flow rate of 3.5mL/min at three
independent values of inlet air temperature (155°C, 165°C,
175°C), inlet airflow rate (0.55 m*/min, 0.65 m*/min, 0.75
m’/min) and atomizing pressure (160 kPa, 170 kPa, 180
kPa). The 3° factorial design for surface response is shown
in Table 1, where total essential oil, surface essential oil,
flavor yield and water content were the outcomes
measured by the methods shown in the next section.

Determination of flavor yield Total oil content of the
microencapsulated pine flavor powders was determined by
using a Clevenger hydrodistillation apparatus (Prime
Biochemical, Seoul, Korea). Fifteen grams of the micro-
encapsulated powder was added to 150 mL distilled water
and heated in a 130 ethylene glycol bath for 4 hr. Surface
oil determination was done by using pentane in a Soxhlet
apparatus. A two-gram sample of spray-dried powder was
added to a Soxhlet thimble and surface oil was extracted
for 5 hr.

The flavor yield of the microencapsulated powder was
calculated by subtracting the surface oil content from the
total oil content. The moisture content of the micro-
encapsulated powder was determined by the toluene
distillation method (Prime Biochemical, Seoul, Korea) in a
hood. A 20 g spray-dried sample was added to 250 mL
toluene and heated for 5 hr.

Particle shapes of the microencapsulated powder were
observed in platinum-coated samples by SEM (scanning
electron microscope, LEO Electron LEQ-420, England).

Statistical analysis The 3* fraction factorial design shown
in Table 1 was used for statistical analysis of surface
responses, analysis of variance (ANOVA) table and
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multiple regression models. As shown in Table 2, ANOVA
with SAS software (SAS, Cary, NC, USA) was used to
investigate the effect of three independent variables on
flavor yield: inlet air temperature, inlet airflow rate and
atomizing pressure. The coefficients of regression models
and coefficients of determination on flavor yield of spray
drying were determined using SAS and are shown in Table
3. The optimum spray drying condition for obtaining the
highest flavor yield was determined by SAS programs to
determine the uncoded optimum point. Minitab was used
for multiple regression and surface response surface
analysis.

Results and Discussion

Optimization of wall material and stable feeding ratio
for emulsion stability The effectiveness of maltodextrin,
gum arabic and B-cyclodextrin as wall materials was
evaluated by measuring the recovery yield of the oil,
including o-pinene, B-pinene, and limonene, from the
microencapsulated pine extracts. Maltodextrin of 12
dextrose equivalent (DE) with 53% distilled water had an
optimal yield of 90%. Kenyon et al. (13) studied
maltodextrin as a function of DE for use as a spray drying
wall material. The optimum maltodextrin used for micro-

Table 1. 3° fraction factorial design for spray drying of pine
flavors

Inlet air Inlet airflow Atomizing Total Surface Flavor Moisture

temperature  rate pressure oil  oil yield content
(°C)  (m'min) (kPa) (%) (%) (%) (%)
155 0.55 160 55 9 46 7.5
155 0.55 180 57 13 44 7.5
155 0.55 200 62 16 46 8.0
155 0.65 160 70 4 66 7.0
155 0.65 180 72 6 66 7.0
155 0.65 200 77 7 70 15
155 0.75 160 75 4 71 55
155 0.75 180 67 5 62 5.0
155 0.75 200 53 6 47 6.0
165 0.55 160 79 0 79 45
165 0.55 180 85 0 85 4.0
165 0.55 200 83 1 83 5.0
165 0.65 160 86 0 86 3.5
165 0.65 180 93 0 93 3.0
165 0.65 200 84 0 84 3.0
165 0.75 160 83 0 83 3.5
165 0.75 180 91 0 91 3.0
165 0.75 200 87 0 87 3.0
175 0.55 160 85 0 85 3.5
175 0.55 180 91 0 91 3.0
175 0.55 200 82 0 82 4.0
175 0.65 160 87 0 87 35
175 0.65 180 95 0 95 3.0
175 0.65 200 90 0 90 3.3
175 075 - 160 75 0 75 3.0
175 0.75 180 87 0 87 3.0
175 0.75 200 83 0 83 3.5




Pine Flavor Microencapsulation

encapsulation of orange peel oil was 10 DE. p-Cyclodextrin
with 50% water showed the best yield of 94% in Kenyon’s
study, but had poor emulsion capacity. A maltodextrin-
gum arabic blend (3:1, w/w) had an optimum point of 92
% at 50% water content. This 3:1 mixture ratio was tried
for encapsulation of orange flavor by Reineccius et al.
(14). Yield was optimized by using B-cyclodextrin as the
wall material, but this polymer has less dispersibility.
Therefore, when considering both emulsification and flavor
yield, the optimum wall material for microencapsulation of
pine flavor by spray drying was the mixture of
maltodextrin and gum arabic (3:1, w/w). Thevenet (15)
mentioned that using mixtures of wall materials for flavor
microencapsulation had intercooperative advantages for
encapsulation yield and emulsion capacity. Microencapsul-
ation of pine aroma was also evaluated by using a spray
drier to determine the optimum ratio of water, wall
material and flavor oil in emulsions. We also evaluated the
effect of water concentration on emulsion stability as a
wall material variable. Optimal water concentration was
50% for both B-cyclodextrin and the maltodextrin-gum
arabic 3:1 blend and 55% for maltodextrin alone. Higher
ratios of water resulted in a higher moisture content of the
final product and a loss of integrity of the granule, as seen
in the collapsed shape. Therefore, the optimum wall
material was maltodextrin-gum arabic (3:1, w/w) mixture.
The optimal stable feeding emulsion ratio was 45% wall
material, 5% pine flavor oil and 50% distilled water (Fig,
1). The distilled water ratio affected stability, particle
shape, and also the dry-based yield of the spray dried
flavor. Reineccius et al. (14) studied the effect of the water
ratio on emulsion stability. They determined that 50%
water with 44% maltodextrin-gum arabic and 6% orange
oil resulted in the most stable and best flavor yield for
microencapsulated orange flavors.

Optimization of the spray drying process The
optimum spray drying conditions for flavor quality in
microencapsulated pine flavors were investigated by
fractional factorial design analysis. The variables were
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Fig. 1. Flavor yield as a distilled water ratio in feed of
different wall materials in standard operation (limonene core
material, 165°C, 95°C inlet and outlet air temp., 0.65 m*/min
inlet airflow rate, 180 kPa atomizing pressure, 3.5 mL/min
feed flow rate)
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total oil, surface oil, moisture content and flavor yield as
affected by inlet air temperature, inlet airflow rate and
atomizing pressure (Table 1). Flavor yield varied from 44-
71% at an inlet air temperature of 155°C, 79-91% at 165
°C, and 82-95% at 175°C. The low flavor yield at 155°C
was due to the dried powders containing a higher moisture
content (5.0-8.0%) and higher surface oil content (4-16%).
From the result of Table 1, the ANOVA table presenting
the effect on flavor yield of three independent variables,
inlet air temperature, inlet airflow rate and atomizing
pressure, was obtained and is shown in Table 2. The
significant factor on the treatment effects was inlet air
temperature at the confidence level of 99.9%. It was
concluded, therefore, that low inlet air temperature results
in poor quality microencapsulation of flavors by spray
drying.

Based on the results of Table 2, the coefficients of
regression models and coefficients of determination on
flavor yield of spray drying were determined using SAS
and are shown in Table 3. The regression coefficient of the
most fitted model of y, was 0.90. The following model
equation was made with the variables of inlet air
temperature (X; ) and inlet airflow rate (X):

ya=-4758 + 49.8 X, + 1896 X, — 0.137 X2
— 834 X,* — 4.77 X Xo.

From the above formula, the relationships between the two
variables were drawn with a Maple program to show that
the maximum flavor yields at 165°C and 175°C were
similar (Fig. 2). However, the flavor yield at 175°C
decreased more sharply from the maximum value because
of the shorter drying time at the higher temperature, which
was due to reduced flavor content rather than decreased
dried powder yield. Flavor yield was most affected by inlet
air temperature followed by inlet airflow rate. Reineccius er
al. (14) operated a spray dryer over an inlet air temperature
range of 160°C and 200°C to investigate the effects of inlet
air temperature on the microencapsulation of orange oil and
determined that the optimal inlet air temperature was
175°C. Mongenot et al. (16) operated a spray-drier at
175°C for microencapsulation of cheese aroma.

The effect of airflow rate in spray drying on favor yield
is shown in Fig. 3 from the formula of y,. Inlet airflow
rates of 0.55, 0.65 and 0.75 m*/min produced flavor yields
of 44-91%, 66-95% and 47-87%, respectively. At the

Table 2. Analysis of variance results

Source of variance  SS df MS F  Fi19,005F 1,19, 000
X 3611.0 1 3611.0 3237 43 8.2
X0 1190 1 1190 11

X9 0.8 1 0.8 0.0

Xi*X, 272.5 1 2725 24

X *¥X3 58.8 1 588 0.5

Xo*¥X5 11.4 1 11.4 0.1

Xi*X*¥ X, 0.1 1 0.1 0

Error 21263 19 111.9 1.0

Total 6200.2 26

9%, : Inlet air temperature, ”X, : Inlet airflow rate, X5 : Atomizing
pressure
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Table 3. Regression model for flavor retention during spray drying

S.-J. Lee et al.

Regression model Coefficient of determination
yi¥=- 157 + 1.42XY 0.58
y2 =- 3883 + 46.7X; — 0.137X,2 0.77
vy =- 4247 + 46.7X; + 1110X,° — 0.137X,? — 834X’ 0.85
ya=- 4758 + 49.8X; + 1896X, — 0.137X,% — 834X,% — 4.77X, X, 0.90
ys= - 4758 +47.8X, + 1984X, — 233XV — 0.137X,2 - 83432 - 0.0107X:%- 4.77X: X, + 0.0111X,X; — 0.488X,X;3 0.92

V12345° : Flavor yields for each models, X;" : Inlet air temperature, X, : Inlet airflow rate, Xs¥ : Atomizing pressure

fse ;‘:":
& é@;g‘jg?o
%’j:)

(2)155°C (b)165C (©)175C

Fig. 2. Flavor yield as a relationship between atomizing pressure and inlet airflow rate at inlet air temperatures of 155°C, 165°C

and 175°C.

(a) 0.55 m'/min (b) 0.65 m'/min (¢) 0.75 m'/min

Fig. 3. Flavor yield as a relationship between inlet air temperature and atomizing pressure at inlet airflow rates of 0.55 m°*/min,

0.65 m*/min and 0.75 m*/min.

(a) 160 kPa (b) 1

80 kPa (¢) 200 kPa

Fig. 4. Flavor yield as a relationship between inlet air temperature and inlet airflow rate at atomizing pressures of 160 kPa, 180

kPa and 200 kPa.

lowest airflow rate, the surface oil was increased and the
flavor yield was decreased, because of inadequate drying.
At the highest inlet airflow rate, the flavor yield was
decreased, possibly due to the loss of microencapsulated
flavor powders and their physical damage during the spray

drying process.

The effects of spray dry atomizing pressures on the
flavor yield of microencapsulated pine flavor are shown in
Table 1 and Fig. 4. The flavor yield at 160, 180 and 200
kPa was 46-87%, 44-95% and 46-90%, respectively.
While the lowest flavor yield showed little variation at 44-
46%, the highest flavor yield was 95% at 180 kPa.
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Fig. 5. SEM observations on initial (A) and full (B) collapses
of the final products using several unstable sprays drying
conditions, on optimum round shapes of microencapsulated
pine flavors (C), and after storage for one month of the
optimum shapes (D).

To observe the shapes of microencapsulated pine flavor,
SEM observations were obtained from the micro-
encapsulated pine flavors which were operated at the
worst and optimum conditions of the spray dryer. The
optimum microencapsulated pine flavor was stored for 1
month and the change was measured. The results are
shown in Fig. 5. Under the optimum spray dryer condition,
the shapes of the microencapsulated pine flavors were
round, but the shapes of those under the worst condition
showed initial and full collapses. After 1 month, the
shapes were changed to a slightly shrunken polyhedron,
showing high stability. These results on the optimization of
microencapsulated pine flavors will help to determine the
optimum operation conditions of a spray drier for the
microencapsulation of other flavors.
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