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Article Info ABSTRACT
Article type: Background and objectives: Essential oils are natural volatile
Research Full Paper compounds derived from plant materials. The application of

essential oils in food industry is limited due to their instability,
strong flavor and decomposition against environmental and
chemical conditions such as light, humidity, oxygen, etc.The
utilization of essential oils as natural additives has been increased in

Article history: recent years, researchers have proposed encapsulation as a way to

Received: 2024/02/06 increase the stability of essential oils in food systems. The purpose
Revised: 2024/05/06 of this study was to prepare microencapsulated mustard essential oil
Accepted: 2024/05/08 with different ratio of wall materials (gum Arabic (GA):

maltodextrin (MD)) using spray dryer.

Materials and Methods: The chemical composition of mustard
essential oil was determined by the use of gas
chromatography—mass spectrometry (GC-MS). Then, in order to

l\KAeywordS: _ obtain an emulsion with desirable properties, 5 emulsion treatments
ustard essential oil . . . . .
Microencapsulation containing different proportions of gum arabic and maltodextrin
Spray dryer (20%w/v) were prepared (GA-MD: 100/0, 75/25, 50/50, 25/75,
Encapsulation efficiency 0/100), afterward the droplet size, viscosity and stability of
Microcapsule emulsions were determined. Prepared emulsions were introduced

into spray dryer (inlet and outlet air temperatures of 150 and 68
degrees Celsius respectively and feed rate 2 ml/min) and the
properties of the powders (moisture, wettability, density,
encapsulation efficiency, loading capacity, color and microstructure)
were investigated.

Results: Allyl isothiocyanate (39.88%) was the main known
component of mustard essential oil. According to the obtained
results, utilization of higher concentration of gum arabic directed to
the formation of emulsions with smaller droplets, better stability and
lower phase separation. The highest moisture content in powders
was related to GA-MD100/0 treatment (6.72%) and the lowest was
observed in GA-MD25/75 sample (3.17%). In general, reduction of
the gum arabic ratio and enhancement of maltodextrin, increased the
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density of microcapsules (p<0.05). Furthermore, due to the lighter
color of maltodextrin the L* value of the powders increased, while
a* and b* values reduced (p<0.05). The GA-MD 25/75 sample
exhibited the highest encapsulation efficiency (94.72%) and loading
capacity (18.92%). The scanning electron microscopic (SEM)
images indicated that all of the microcapsules were spherical, but in
sample with 25% gum arabic and 75% maltodextrin no wrinkles,
cracks or dents were observed compared to the other treatments.
Finally, the treatment containing 25% gum arabic and 75%
maltodextrin (GA-MD25/75) was selected as the optimal sample.

Conclusion: The results of the present study showed that different
ratios of wall materials can influence on the properties of the
prepared emulsions as well as the powders obtained from the spray
drying process. Increasing the ratio of gum arabic as a wall material
in mustard essential oil emulsions increased the viscosity and
stability of emulsions and reduced the size of emulsion droplets. On
the other hand, enhancement of maltodextrin ratio, could increase
the micoencapsulation efficiency and loading capacity,and the
treatment containing 25% gum arabic and 75% maltodextrin was
selected as the optimum treatment with desirable characteristics.
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Table 3. Properties of produced emulsions
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Stability (%) Viscosity (mPa.s) Droplet size (um)
GA-MD 100/0 97.00+1.417 165.00+0.004 10.20 +0.28P
GA-MD 75/25 72.00+2.838 107.00+2.838 11.17+0.19¢
GA-MD 50/50 20.00+0.00¢ 49.50+2.12¢ 16.04+0.058
GA-MD 25/75 13.00+1.41° 31.50+2.12P 31.09+0.01A
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Abbreviations: (GA): Gum Arabic, (MD): Maltodextrin

Values are meanz standard deviation

Capital letters in each column indicate significant difference (p<0.05) among treatments mean.
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Table 4-Physicochemical properties of produced microcapsules
b 55 b Dl pa

Physicochemical properties

b

i i s GSLL s b

Treatment  (1oys) cusb, () o ol el (o) Slig s, Oloily o

Moisture Water absorption e 5205 Encapsulation L:)-J

% s i - efficiency (% 0ading
(%) () Density(g/ml--1) y (%) capacity(%)
GA-MD R R . . -

100/0 6.72+0.30 2380.00+28.28 0.37+0.01 33.72+0.16 6.74+0.04
G%}';ASD 4.31+0.038 1657.50+45.968 0.38+0.00¢ 41.28+0.63C 8.24+0.12¢
G%}';%D 3.64+0.04¢ 392.00+16.97¢ 0.41+0.01B 89.26+0.798 17.78+0.168
GQ:)-/g/ISD 3.17+0.19° 220.00+14.14P 0.47+0.017 94.72+0.67A 18.92+0.114

oy S5 5l ((MD) ‘&,o'cw:(GA) ollal -
il e slae Ol sl 2 Sl olasl -
e b jlas ke (P70 0) I3 me Gllastl stins OLis oslite S5 Gy gt b 55—
Abbreviations: (GA): Gum Arabic, (MD):Maltodextrin

Values are mean+ standard deviation
Capital letters in each column indicate significant difference (p<0.05) among treatments mean
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Table 5- Color values of microcapsules containing Mustard essential oil

slesd
Color parameters
Treatment
L a b”
GA-MD 100/0 78.91+0.16° 4.260.15* 13.33+0.124
GA-MD 75/25 82.42+0.04° 2.10+0.218 11.34+0.408
GA-MD 50/50 83.93+0.398 2.13+0.128 10.72+0.328
GA-MD 25/75 86.17+0.417 0.75+0.08° 8.25+0.35°

L').UIMSJJﬂLa (MD) (s pr (GA) el -
Al e slme Ol 2 Sl lusld

ol lA)LA.:.? L'n;ﬂ,:»m(p<'/'0) )b@m Gl sy OLES Q)uﬁw Lf)).! \_5‘3)> Q‘}:M)A)J -

- Abbreviations: (GA): gum arabic, (MD): Maltodextrin
- Values are mean+ standard deviation
- Capital letters in each column indicate significant difference (p<0.05) among treatments mean
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Figure 1. Scanning electron micrograph of encapsulated mustard essential oil using different ratio of gum arabic (GA)
and maltodextrin (MD). a: GA-MD 100/0, b: GA-MD 75/25, c: GA-MD 50/50, d: GA-MD 25/75
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