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Abstract

Microencapsulation is employed to protect bioactive ingredients in foods and is also used for their controlled release at tar-
geted sites. The objectives of this study were to examine the bio active properties and stability of microcapsules containing
nutmeg oleoresin encapsulated with different ratios (2:1, 1:1 and 1:2) of gum arabic and sorghum starch (native and OSA
modified) prepared by freeze-drying. The properties of nutmeg microcapsules, including oxidation stability, antioxidant
activity, total phenolic content and total flavonoid content were evaluated after sixty days storage trial. The finding revealed
that freeze drying method had a spectacular effect on the retention of bioactive compounds during storage that consequently
improved the storage stability of the all nutmeg encapsulated powders. The sample composed of 1:2 ratio of gum arabic
with OSA starch resulted to have lowest peroxide value after 60 days of storage. Furthermore, the microcapsules were also
observed through Fourier Transform Infrared spectroscopy and Scanning electron microscopy for advance analysis.
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Introduction

Nutmeg oleoresin (Myristica fragans Houtt) is derived from
its powder by solvent extraction. It contains essential oils
and bioactive compounds that act as ideal to utilized as
flavoring material, also have carminative, antifungal, anti-
dysentric, stimulant, narcotic, and anti-inflammatory activi-
ties and natural fixatives which tend to restrict volatilization
of aromatic compounds more importantly in heat processed
food [1, 2]. Due to the liquid nature of oleoresin and its bio-
active extracts, nutmeg oleoresin is liable to high tempera-
ture, air and sunlight therefore, having a very short life span
if not stored correctly. Furthermore, free radical and reactive
oxygen species are responsible for lipid oxidation, which is
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the major chemical change involved to get inferior quality
food products during processing, transportation, and storage
[3]. In order to restrain these unwanted changes, encapsula-
tion aids in order to extend the shelf life.

Encapsulation aims to protect the sensitive material com-
ponents, reduce the loss of nutrients and change the compo-
nents of food liquid materials to a solid form that is easier to
be handled [4]. Microencapsulation techniques are typically
sustained by drying processes like spray drying, fluid-bed
coating and freeze drying etc. Among different encapsulated
technologies, the technique of freeze drying is very appro-
priate for the food materials that are susceptible to heat as
this process conserves the preliminary functional character-
istics of those compounds. However, the retention capacity
highly depends on the drying technique and the material
used as covering material. Therefore, it is very much impor-
tant to choose appropriate shell materials (their combina-
tions and proportion) and procedure to encapsulate the core
material in order to get high encapsulation efficiency and
maximize the retention of bioactive compounds within the
wall material matrix [5].

Natural exudation of tree Acacia creates arabic gum which
is hydrocolloid by nature. There has been considerable entice-
ment in recent years to replaces gum arabic totally or partially
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because gum arabic is produces in places having political tur-
bulence and unpredictable climatical conditions which can
break off the supply of the product [6]. Among protein and
carbohydrate polymers, starches from different sources have
the advantage of better interest due to its outstanding useful-
ness as controller and texture stabilizers in food sectors [7].

Sorghum is a very useful and vital cereal grain that ranked
fifth worldwide owing to its drought resistance, little operat-
ing expense and constituting 68—70% of starch as the major
component of grain sorghum. Starches and its derivatives
like (modified starches or dextrins), have numerous impor-
tant physicochemical, thermal, and rheological properties,
widely used in the food manufacturing industries in order
to conserve and protect volatile compounds. They can act
as carriers for fat replacer, aroma encapsulation, and also
emulsion stabilizers [8]. By different chemical alterations
and adaptations of starches, process and storage permanence
may be increased [9]. Furthermore, it is practicable to mod-
ify the basic structure of starch by inserting hydrophobic
side chains in a original backbone of hydrophilic starch mol-
ecule. By this mode, the stabilization of dispersion enhances
because of the lipophilic nature of starch that adsorb both
water and oil and that modified starch termed as octenyl-
succinate starch, or OSA starch, which is formed by esterifi-
cation process of starch and anhydrous octenyl succinic acid
when given alkaline conditions. The 3% OSA modification
has been permitted by Food and Drug Administration (FDA)
as food additive in the European Union. OSA starch has
now been used fruitfully for several years as wall material
in microencapsulation and for beverage emulsions stability.
The valuable ingredients are most favorably protected when
it is used in encapsulation processes and preserved them
against oxidation [10].

The objective of this research study was to evaluate the
stability and retention of bioactive compounds within freeze
dried nutmeg capsules (composed of gum arabic in combi-
nation with native and OSA modified starches in different
proportions) during sixty days of storage. The volatile oil
compositional analysis of nutmeg oil was primarily evalu-
ated through gas chromatography—mass spectroscopic analy-
sis and gelatinization properties of starches were analyzed by
Differential Scanning calorimetry. The feed emulsions were
analyzed by light microscopy to observe their stability while
the nutmeg freeze dried microcapsules were characterized
for antioxidant, total phenolic content, total flavonoid con-
tent, internal morphology and oxidative stability.

Material and methods
Isolation of starch from sorghum grains was done by using

the procedure illustrated by Mehboob, et al. [11]. Nutmeg
oleoresin was extracted by ethanol from nutmeg seeds
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according to the process explained by Assagaf et al. [12].
Octenyl succinic anhydride modification of sorghum starch
was done by the detailed procedure of Bhosale and Singhal
[13] followed by the storage at 4 °C before further use.
Gum arabic, aluminium chloride, chloroform, methanol,
n-propanol, ethyl ether, sodium metabisulphite, ethanol,
sodium hydroxide, hydrochloric acid, 2, 2-bipyridyl, 2,
2-diphenyl-1-picryhydrazyl radical (DPPH) and n-hexane
utilized were of analytical grade and used without further
purification.

Gas chromatography/mass spectrometric analysis
of nutmeg oleoresin

GC-MS analyses of the essential oils were performed
according to the method described by Meiling et al. [14]
with modifications using Shimadzu gas chromatograph
(GC-2014) system. Compounds were break up and sepa-
rated on a ZB MS capillary column (100.0 m and 0.25 mm
ID and Film thickness 0.50 pm). A sample of 1.0 mL at a
pressure of 361.1 kPa was inserted in the split mode hav-
ing split ratio of 10. Ionization energy of 70 eV was used
in GC-MS detection in an electron ionization system. A
flow rate of 1.5 mL/min was adjusted for Helium applied
as gas carrier. The temperature adjustments of column
oven were same as in GC analysis. The temperatures for
MS transfer line were set at 220 °C and 290 °C, and mass
range was 50-550 m/z.

DSC of starch samples

To study the gelatinization and retrogradation of sorghum
starch (native and OSA modified), differential scanning
calorimeter (DSC Q10, TA Instruments, USA) was per-
formed by the method of Ali and Hasnain [15]. Briefly,
2 mg starch (dry basis) was measured in Tzero aluminium
pans followed by addition of 6 mL deionize distilled water
using a microliter syringe. The pan was then sealed using a
T-zero hermetic lid and was then allowed to stand for 1 h at
room temperature before heating. The sealed pan was then
heated from 30 to 110 °C at a heating rate of 10 °C/min
in DSC (Q10, TA Instruments, USA). After scanning, the
pans were stored at 4 °C and rescanned after 14 days of cold
storage in order to study the effect of modifications. Onset
gelatinization temperature (To), peak gelatinization tem-
perature (Tp), conclusion gelatinization temperature (Tc),
enthalpy of gelatinization (Hgel) and enthalpy of retrogra-
dation (Hret) were directly calculated using TA Universal
Analysis software. Percent retrogradation (%R) was calcu-
lated by dividing enthalpy of retrogradation with enthalpy
of gelatinization.
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Composition of wall material

The wall material concentration was 30% (w/w) with respect
to total solids and nutmeg oleoresin load was 10% (w/w)
with respect to wall material mass. The wall materials used
for freeze dried microencapsulation of nutmeg oleoresin
were gum arabic, native sorghum starch and OSA modified
sorghum starch in three different ratios 2:1, 1:1 and 1:2.

Microscopic examination of emulsions

The emulsions were examined visually with a light micro-
scope (MBL-2000, KRUSS, Germany) at 10 X magnification.

Freeze drying process

The freeze dried microcapsules were prepared by freezing
emulsions for 24 h at—30 °C and then freeze dried at— 70 °C
in open trays using pilot scale lyophilization system for 48 h.
After drying, zip lock, sealed polyethylene bags were used
to keep the freeze dried samples. The samples were stored in
the desiccators having silica gel beads for further analyses.
All tests were performed in triplicate.

Extraction of bioactive compound

For quantifying the antioxidant activity and phenolic com-
pounds in freeze dried nutmeg microcapsules, the coating
of the microcapsules were completely damaged according to
the procedure described by Chatterjee et al. [16].

DPPH radical scavenging activity

The DPPH radical scavenging activity of nutmeg micro-
capsules were determined by the method of Marinova and
Batchvarov [17].

Estimation of total phenolic content

Total phenolic content of freeze dried nutmeg powder was
determined according to the method described by Wojdyto
et al. [18]. About 100 pL extract was taken followed by add-
ing 0.2 mL Folin- Ciocalteau reagent with 2 mL of distilled
water. Incubated the extract for 3 min. Add 1 mL of 20%
sodium carbonate solution. Again incubate the solution for
about an hour and take absorption at 765 nm.

Total flavonoid content

The total flavonoid content was determined by the method of
Choudhary et al. [19] using aluminium chloride colorimetric
method. About 0.25 mL of bioactive extract was taken and
add 1.25 mL of distilled water with 75uL of sodium nitrate

solution. After 6 min, 150uL aluminium chloride solution
was added. 500 mL of sodium hydroxide solution (1 M) was
poured by making volume up to 2.5 mL and absorbance was
taken at 510 nm. The calibration curve was prepared using
Quercetin and expressed as mg/mL.

Internal morphology of microcapsules

Morphological properties of nutmeg microcapsules com-
posed with different ratios of gum arabic and sorghum starch
(native and OSA modified) were observed by scanning elec-
tron microscopy (JSM, 6380A, Jeol Japan) operating at an
accelerating voltage of 8 kV. The powdered sample was
fixed on a stub, making cut with the help of blade and coated
with the gold layer in a vacuum evaporator. The images of all
microcapsules were studied at 5000 X magnifications.

Oxidative stability of oleoresin in microcapsules

In order to find out the oxidative stability of nutmeg encap-
sulated oil, the freeze dried powder samples as well as pure
nutmeg oleoresin were stored at 4 °C and 25 °C in air tight
plastic bags for 8 weeks. Samples were inspected on first
week and again at eighth week with respect to lipid oxida-
tion by evaluating the peroxide index of encapsulated oil. To
determine the Peroxide value, the oil was extracted by the
procedure described by Partanen et al. [20].

Lipid oxidation

Peroxide values were observed by standard method of IDF
standard method as described by Frascareli et al. [21].

FTIR spectral analysis of freeze dried microcapsules

The Fourier transform infra red spectroscopy of nutmeg oil
and freeze dried microcapsules were qualitatively observed
using FTIR (Shimadzu, IR Prestige-21, Japan) by KBr Disc
technique. The samples were oven dried at 70 °C for 24 h
before analysis to prevent the hindrance due to presence of
moisture. The spectra were recorded from 4000 to 600 cm™"
(mid infra red range) at the resolution of 8 cm™l.

Statistical analysis

All measurements were carried out in triplicate. The results
were statistically analyzed using software, Statistical pack-
age for social sciences (SPSS version 17.0 USA). Analysis
of variance (ANOVA) was performed using the Duncan’s
multiple range tests to compare treatments means. Signifi-
cance level was defined as p <0.05. Whereas for comparing
significant difference at p <0.05 for two samples (n=2),
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paired type t-test was used employing SPSS (version 20,
SPSS, Inc, USA).

Result and discussion
Thermal analysis of native and OSA-modified starch

DSC results of sorghum starch (native and OSA modified)
are given in Table 1. The values of T, T, and T, for OSA
modified sorghum starch were found to be lower as com-
pared to native sorghum starch. The gelatinization enthalpy
for native sorghum starch was found to be 14.2 J/g while
OSA starch resulted to have lower gelatinization enthalpy
(10.3 J/g). To, Tp, and Tc values of both native and OSA
sorghum starches were found to be analogous to the prior
report [22]. In general, gelatinization temperatures in DSC
thermograms are associated with the extent of perfection
of crystallites within the starch granule while gelatinization
enthalpy is related to the degree of crystallinity which indi-
cates the amount of energy required to disrupt the structure
of starch granule [23]. The lower values of gelatinization
temperatures and enthalpy in OSA sorghum starch were due
to the introduction of hydrophobic alkyl groups in starch
structure that weaken the hydrogen bonding and swell the
starch at low temperature [24].

The attachment of OSA group in the backbone of native
starch makes the structure more flexible, thus contributes to
the reduction of gelatinization temperature of OSA modified
structure [25]. The variations in gelatinization temperatures
of OSA starches depend upon the starch base, the differ-
ence in molecular alignment of starch origin and degree of
substituted octenyl group. Moreover, the cleavage of exist-
ing hydrogen bonds in the backbone of starch granule sup-
posed to involved due to low enthalpy values and making of
new bonds involving water to give disrupted structure with
increased entropy [26]. The postponement in the retrogra-
dation behavior of sorghum starch was positively affected
by OSA modification. Retrogradation percentage after two
weeks of cold storage was found to be 25.4% and 26.2%
for native sorghum and OSA sorghum starch respectively

representing decline in long term retrogradation due to
recrystallization of amylopectin chain as the insertion of
octenyl succinic groups that disrupted the close rearrange-
ment of starch chains [11].

GC-MS analysis of nutmeg oil

The volatile oil composition of the nutmeg was analyzed
using GC-MS technique (Table 2). A total of twenty three
different components peaks Fig. 1, with different retention
times, were eluted from the GC column and were further
analyzed with an electron impact MS voyager detector.
Recognition of element was finished on the basis of their
retention time and mass spectra library search. The relative
amount of individual components was calculated based on
GC peak area. GC-MS analysis of the nutmeg oil has led
to the classification and quantification of 23 different com-
pounds representing 99.92% of the total extract (Table 2).
The major compounds were alpha-terpinolene (44.51%),
B-pinene (11.29%), y-terpene (9.56%), a-longipinene
(6.54%) and safrole (6.60%). In addition, the nutmeg oleo-
resin was also contained considerable amounts of alpha- ter-
peneol, alpha- pinene, carane, myristicin and limonene. Such
changes in the chemical composition of essential oil across
countries might be endorsed to the varied agro-climatic (cli-
matical, seasonal, geographical) conditions of the regions,
maturity level and adaptive metabolism of plants [27].

Microscopic analysis of emulsions

Light microscopy examinations of feed emulsions are shown
in Fig. 1. All the feed samples showed stable and homog-
enized emulsions. It verifies that emulsion oil droplets were
homogeneously and equally disseminated in the aqueous
phase with no flocculation and separation in all cases. Due
to modification, the emulsion batches of OSA starch showed
dense and compact structures as compared to native starch
batches. Similar clumping of OSA starch was more observed
in Fig. 1. The stability of emulsions was not affected by dif-
ferent loads of gum arabic with native and modified sorghum
starch as oil droplets were not observed in any batch. The

Table 1 Mean values

for Gelatinization and
Retrogradation properties of
native and OSA sorghum starch
after storage for 14 days at 4 °C

Samples T, T, T, AHgg, AHggr %R
Gelatinization endotherm

Native sorghum starch  69.6+0.2° 733+02° 83.0+04° 142+0.1° - -

OSA Sorghum starch ~ 66.3+0.3*  71.4+0.2* 76.0+0.1* 103+0.1* - -
Retrogradation endotherm

Native sorghum starch  63.4+0.4> 69.2+0.2° 73.7+0.2° - 3.6+0.1° 254+0.1%

OSA Sorghum starch ~ 51.6+0.1* 55.0+0.2* 61.6+0.3" - 27+0.1°  262+0.1°

*Values are the mean of three different replicates. Different superscript lowercase letters within each col-
umn are significantly different at p<0.05
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Table 2 Gas chromatography-mass spectroscopy of extracted nutmeg
oil

Peak no Retention time Identified compounds Area (%)
1 16.039 o- Pinene 2.61
2 16.422 f- Pinene 11.29
3 16.821 o- Phallendrene 0.01
4 16.913 3- Carene 0.14
5 17.479 a- Terpinolene 44.51
6 17.628 Limonene 2.67
7 17.732 v- Terpene 9.56
8 18.323 4- Terpinyl acetate 0.74
9 18.663 a- Terpineol 4.27
10 19.037 Safrole 6.60
11 19.739 Carvacrol 4.89
12 19.954 Cubenene 0.62
13 20.575 Carane 1.74
14 20.764 Copaene 0.45
15 21.373 Methyleugenol 0.37
16 21.757 Caryophyllene 0.23
17 22.752 a- Longipinene 6.54
18 22.948 o- Caryophyllene 0.41
19 25.026 - Cadinene 0.77
20 27.756 B- Guaiene 0.24
21 29.002 o- Himachalene 0.25
22 30.326 Myristicin 0.74
23 30.715 Elemicin 0.35

stability of emulsion in feed solution comprising of gum ara-
bic is due to its hydrophobic peptide chain and hydrophilic
arabinogalactan blocks that formed an interfacial membrane
to provide stability against droplet aggregation [28]. The
stability of emulsion in the feed solution comprising of OSA
starch is due to its anionic and non-polar side group that
avoids the aggregation of droplets through steric repulsion.

Antioxidant property

As shown in Table 3, a significant difference was found in
the values of antioxidant activity of microcapsules com-
posed of different wall material ratios. The percentages
for antioxidant activity ranged from 53.52 to 80.96% in
samples composed of gum arabic and native starch. The
samples comprised of OSA starch with gum arabic found
to have DPPH radical scavenging activity in a range of
56.46-79.32%. The highest antioxidant activity was found
in the samples composed of gum arabic with native and OSA
modified starches in a ratio of 1:2 i.e., 80.96% and 79.32%.
The higher values of DPPH radical scavenging activity of
nutmeg microcapsules are due to the absorption of lignans
and their glycosides that produce biologically active com-
pounds having catechol structure that commenced high

antioxidant capability in nutmeg. The addition of arabic gum
produced higher retention of reducing power, polyphenol
and radical scavenging propolis compounds [29].

Gum arabic, which is a charged molecule, could have
a strong association with the more polar antioxidant com-
pounds by providing a protective effect when they sub-
jected to poor environmental hazards. There were slightly
decreased in antioxidant values of freeze dried microcap-
sules during 60 days of storage. The reduction of antioxidant
activity during storage is associated with a reduction in phe-
nolic compounds. Usually in plants, in the very beginning,
secondary metabolism produced phenolic antioxidants. The
redox characteristics and chemical structure (i.e. number and
position of hydroxyl group) which participated in scaveng-
ing free radical activity, chelating transitional metals and
inhibiting lipoxygenase are main features on which their
antioxidant activity depends [30].

Total phenolic and flavonoid content

In Table 4, Regarding the total phenolic content, the val-
ues were significantly different for all microencapsulated
powders comprised of different ratios of gum arabic and
sorghum starch (native and OSA modified). The retention
percentages ranged from 0.74 to 1.17 GAE mg/L for all the
samples. The freeze-dried treatment containing gum arabic
with native sorghum starch in 2:1 ratio presented the highest
retention of phenolic compounds. The results showed that
the samples comprising of gum arabic with native starch
in a ratio 2:1 and 1:2 found to have high phenolic content
values as compared to microcapsules comprising of OSA
starch with gum arabic. It was reported by Laine et al. [31]
that freeze dried encapsulates were able to stable during
long term storage conditions. The type of encapsulating
shell material and core to coating fractions are the most fun-
damental variable for the polyphenols encapsulation. The
sample composed of 1:1 ratio gum arabic with native starch
resulted to have lower phenolic contents among all the sam-
ples. Phenolic losses during the storage can occur due to a
number of reasons such as enzymatic or non-enzymatic oxi-
dation, hydrolysis or polymerization with other molecules
etc.[32]. These changes may be induced by different factors
including the chemical structure and dispersive matrix of
phenolic compounds, physicochemical properties of micro-
capsules, processing and storage conditions of food product.
After 60 days of storage, all the microcapsules showed better
retention of phenolic content. The reduction in the phenolic
compound during storage also associated with the reduction
of DPPH scavenging activity of microcapsules.

According to Table 4, total flavonoid content of nutmeg
microcapsules ranged from 891.8 to 1475.7 QE mg/mL.
All samples showed high retention of flavonoid content.
The highest flavonoid content was observed in samples
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Fig. 1 Light microscopic images (at 100X magnification) of emul-
sions of nutmeg oil in different wall material solutions containing a
GA: NAT (1:2), b GA: NAT (1:1), ¢ GA: NAT (1:2) and d GA: OSA

Table 3 Retention of DPPH radical scavenging activity of freeze
dried microcapsules during sixty days of storage

Samples % Antioxidant activity % Antioxidant activity
0 day After 60 days
GA:NAT (2:1)  72.88+0.06%? 69.49 +0.24%!
GA:NAT (1:1)  53.52+0.05%? 50.26 +0.16%!
GA:NAT (1:2)  80.96+0.03%? 75.01+0.31%!
GA:OSA (2:1)  56.46+0.05"2 52.22+0.11%!
GA:OSA (1:1)  74.58+0.03%2 70.43+0.19%!
GA:OSA (1:2)  79.32+0.02%! 78.10+0.41%!

GA gum Arabic, NAT native sorghum starch, OSA octenyl succinic
anhydride sorghum starch

#Values are the mean of three different replicates. Different super-
script lowercase letters within each column and different number
within a row (0 and 60 days) are significantly different at p <0.05

comprised of gum arabic with sorghum starch (native
and OSA modified) in a ratio of 1:2. The same samples
also found to have the highest antioxidant activity. After
60 days of storage, better retention of flavonoid content was
observed. The modified starch, when used as an encapsulat-
ing agent of bioactive compounds, contributed to delay their
release in microcapsule formulations. They may assume to
increase the gastrointestinal transit time, acting as a carrier
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(1:2); e GA: OSA (1:1) and f GA:OSA (1:2). GA gum Arabic, NAT
native sorghum starch, OSA octenyl succinic anhydride

and thus boost the intestinal absorption. These experiments
show that OSA modified capsule could also act as a potential
carrier of compounds with potential health benefits [33].

A minor decrease in flavonoid content was observed in
all the samples during 60 days of storage. The flavonoid
retention values after 60 days of storage were in a range of
794.97-1434.87 QE mg/mL. Ballesteros et al. [34] reported
that oxygen, light and moisture could cause the oxidation
and degradation of flavonoids, owing to the existence of
unsaturated bonds in their molecular structures. In the lyo-
philization process, the crushing of the freeze-dried product
may result in deterioration of compounds, since the prod-
uct’s disclosure may provoke the occurrence of oxidation
reactions [35].

Internal morphology of microcapsules

Figure 2, represents the internal SEM microstructures of
nutmeg microcapsules comprised of different wall mate-
rial ratios of gum arabic in combination with native and
OSA modified sorghum starch. The SEM images con-
firmed that the internal cut surfaces of nutmeg micro-
capsules were perforated while some vacant spaces were
also observed. The external surface of the freeze-dried
matrix was smooth, free of dents and shrinkage to restrict
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Table 4 Mean values for

. . Samples Total phenolic Total phenolic Total flavonoids con- Total flavonoids
retention of total phenolic content (GAE mg/L) content (GAE mg/L) tent (QE mg/mL)  content (QE mg/
content and total flavonoid & & & &

0d fter 60 d 0d mL
content of freeze dried nutmeg v atter s ay after 60 days
microcapsules®
GA:NAT (2:1)  1.17+0.02% 1.15+0.00%? 1365.5+5.2%2 1350.30 +5.0%!
GA:NAT (1:1)  0.74+0.00%! 0.70+0.03*? 891.8+3.9%2 794.97 +5.4%!
GA:NAT (1:2)  1.15+0.02°! 1.23+0.15%? 1475.7+3.9%2 1434.87 +1.5%?
GA:OSA (2:1)  0.97+0.00%" 0.97 +0.00"2 1408.4 +2.3%¢2 1386.47 +2.8><2
GA:OSA (1:1)  0.98+0.00%' 0.97 +0.02"2 1419.0+3.1%¢2 1312.73+9.5%2
GA:OSA (1:2)  0.96+0.00> 0.94+0.1252 1460.9 +3.9%2 1417.03 +3.1¢2

GA gum Arabic, NAT native sorghum starch, OSA octenyl succinic anhydride sorghum starch

#Values are the mean of three different replicates. Different superscript lowercase letters within each col-
umn and different number within a row (0 and 60 days) are significantly different at p <0.05

Fig.2 SEM Image of internal structure of nutmeg microcapsules
composed of different wall material containing a GA: NAT (2:1); b
GA: NAT (1:1); ¢ GA: NAT (1:2), d GA: OSA (1:2); e GA: OSA

the entrapped molecules from exposure to heat and oxy-
gen. Similar morphological characteristics of freeze dried
limonene microcapsules were also found by Kaushik and
Roos [36] by using gum arabic- sucrose- gelatin system.
According to Aguilera and Stanley [37], the structural
rigidity and stiffness provided by the frozen surface where
the sublimation takes place, and the lack of water in the
liquid state results in a porous structure with no shrinkage,
which is the main quality characteristics of freeze-dried
microcapsules.

(1:1) and f GA:OSA (1:2). GA gum Arabic, NAT native sorghum
starch, OSA octenyl succinic anhydride

Peroxide value

The peroxide values for encapsulated nutmeg oil were
measured under storage conditions at 25+ 1 °C for
60 days in order to check lipid oxidation in microcap-
sules (Fig. 3). Peroxide values for the microcapsules com-
posed of gum arabic with native sorghum starch GA: NAT
(2:1), GA:NAT (1:1) and GA:NAT (1:2) were found to
be 0.0012, 0.0459 and 0.0131 meqv/Kg respectively at
ambient temperature. The microcapsules comprised of
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OSA starch with gum arabic GA: OSA (2:1), GA: OSA
(1:1) and GA: OSA (1:2) were found to have peroxide
values 0.0257, 0.0151and 0.0049 meqv/Kg for freshly
prepared microcapsules. After 60 days of storage, perox-
ide values were slightly increased except in the case of
GA: OSA (1:2). The peroxide values for microcapsules
GA:NAT (2:1), GA:NAT (1:1), GA:NAT (1:2), GA: OSA
(2:1), GA:OSA (1:1) and GA:OSA (1:2) were found to be
0.0265, 0.0761, 0.0302, 0.0457, 0.0403 and 0.0019 meqv/
Kg respectively. Peroxide value measures the primary
products of oxidation (hydroperoxides) of the reaction
between oxygen and unsaturated fatty acids. All samples
showed stability of nutmeg oleoresin during 60 days of
storage within the microcapsules composed of gum arabic
with native and modified OSA starch in different ratios.
Peroxide values lower than 5 mEqv/Kg are at a low oxida-
tion state and between 5 and 10 mEqv/Kg are at average
oxidation state [38]. Oxygen is the major concern in the
initiation of primary oxidation products and controlling
these reactions is important to avoid off flavor formation
in foods. In bulk fats and oils, the mechanism of oxida-
tions is well known as compared to the dispersed liquid
phase which is complicated due to different compositional
and structural behavior. Numerous factors like porosity of
wall material, biopolymer composition, moisture content
and glass transition temperature of biopolymers which
affected the oxygen permeability of the wall matrix and
determined the oxidative stability of the core material.
The effectiveness of encapsulation at inhibiting oxida-
tion varies tremendously in the literature depending on
the type and sensitivity of the core material, properties of
the wall matrix, and the encapsulation process. Minemoto

0.08

f
f
b
ai
0 -

Peroxide value meqv/ kg of oil
o o o o o o
o o o o o o
N w H (6, ] [e)} ~

o
o
=

and coworkers compared freeze-drying with hot-air dry-
ing at 50 °C, finding freeze-dried samples more resistant
to oxidation even though they showed lower microencap-
sulation efficiency [39].

FTIR analysis

FTIR analysis of microcapsules provided information
about the chemical bond and structural changes in the
core material and shell material after encapsulation. Fig-
ure 4 shows the Fourier transform infra red spectra of both
nutmeg oleoresin and freeze dried nutmeg microcapsules.
Figure 4a, shows the FTIR spectra of microcapsules made
by mixtures of gum arabic and native sorghum starch
while 4b shows FTIR spectra of microcapsules comprised
of gum arabic with OSA sorghum starch. In Fig. 4a, in
comparison with nutmeg oleoresin, the spectra show the
same peaks at 603, 750, 1380, 1535, 2926 and 3429 cm™!
The peak at 3429 cm™! is related to O—H stretching while
1380 cm™! shows the ester C—O group in structure. The
FTIR peaks of encapsulated powders showed more stretch-
ing behavior from 2800 cm™! that was not observed in nut-
meg oleoresin spectra. The FTIR results show the change
in absorption at a certain number position so there must
be a chemical interaction between the wall material and
nutmeg oleoresin after freeze drying process. The reactive
groups of materials are remaining the same, indicating
that the arabic gum and sorghum starch does not form a
cross-linking but only the physical interaction between
them. In Fig. 4b, the spectral peaks at 603, 1033, 1413,
2925 and 3400 cm~! were same in all spectra showing
presence of nutmeg oleoresin in mixtures of gum arabic

Oxidative Stability
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Fig.3 Oxidative stability of freeze dried nutmeg microcapsules during sixty days of storage
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Fig.4 a FTIR analysis of (a) nutmeg oleoresin (b) gum arabic (c) sor-
ghum native (d) mixture of GA:NAT 2:1, (e) mixture of GA:NAT 1:1
(f) mixture of GA:NAT 1:2. b FTIR analysis of (a) nutmeg oleoresin

and OSA modified sorghum starches. In views of the above
facts, it is established that nutmeg oleoresin as the core
material has been successfully encapsulated in gum arabic
and sorghum starch mixtures (native and OSA modified)
in different ratios.

(b) gum arabic (c) OSA sorghum (d) mixture of GA:OSA 2:1, (e)
mixture of GA:OSA 1:1 (f) mixture of GA:OSA 1:2

Conclusion
The present study observed that bioactive components of
nutmeg oleoresin were successfully encapsulated through

freeze drying procedure within the different matrices of
gum arabic, native and modified OSA sorghum starches.
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Fig.4 (continued)

The microcapsules resulted in better retention of phenolic,
and flavonoid contents with high antioxidant activity. The
microcapsules possessed remarkable oxidative stability dur-
ing storage for 60 days. It may conclude that freeze drying
procedure supposed to be an outstanding technique in order

@ Springer

to protect bioactive compounds within the matrices of gum
and sorghum starch.
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