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Abstract
Hazelnut oil (HO) is important in terms of fatty acid composition and bioactive substances. Although there are a few 
studies on hazelnut oil encapsulation, there is limited research on the investigation of different wall material combina-
tions for hazelnut oil microencapsulation and oxidative stability of the microcapsules. This study aimed to evaluate the 
effects of different wall material combinations (gum Arabic, sodium caseinate, whey protein, gelatine, modified starch 
“Em-Cap” and pea protein with maltodextrin at a ratio of 1:9,w/w, respectively) on the oxidation degree of hazelnut oil 
microcapsules  produced by spray drying. The feed emulsions used for microcapsule production were analyzed for emul-
sion stability (ES) and particle droplet size. The encapsulation efficiency (EE), moisture content, bulk density, particle size 
and total yield of hazelnut oil microcapsules were analyzed. Peroxide and p-Anisidine values were investigated during 
15 days of storage at 50 °C. While the highest encapsulation efficiency, emulsion and oxidative stability were obtained for 
modified starch/maltodextrin (Em-Cap/MD), the lowest yeild was obtained for gelatine/maltodextrin (GE/MD) with the 
highest oxidation rate. Among the six wall material combinations evaluated, the modified starch (Em-Cap) performed 
best, with the highest encapsulation efficiency and lowest lipid oxidation rate. The results showed that the oxidative 
stability of hazelnut oil microcapsules was enhanced by combining different wall materials to increase the shelf life, 
which is reflected at the level of the food industry.
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SEM	� Scanning electron microscopy
TOTOX	� Total oxidation value
PV	� Peroxide value
p-AV	� Para-anisidine value
AV	� Acid value
ANOVA	� Analysis of variance
UFA	� Unsaturated fatty acid
PUFA	� Poly unsaturated fatty acid
FA	� Fatty acid
mL	� Millilitre
µL	� Microliter
d	� Day
h	� Hour
min	� Minute
s	� Second
rpm	� Round per minute
g	� Gram

1  Introduction

Turkey is by far the largest producer of hazelnuts, accounting for nearly 70% of the total world production of hazelnuts. 
Hazelnut contain 41.96–63.73% oil (dry basis), and the oil is consisting of large amounts of unsaturated fatty acids such 
as oleic (65.5–82.5%) and linoleic (14.0–23.3%) acids, and low amounts of palmitic (4.5–5.9%), stearic (0.5–2.8%), and 
linolenic (0.1–0.2%) acids [1]. In the study conducted with 20 different varieties, the fatty acid content of hazelnut oil 
was found to be: palmitic acid 4.39–8.85%; stearic acid 1.67–3.18%; oleic acid 73.48–81.57%; linoleic acid 10.46–14.95%; 
linolenic acid 0.02–0.34% and myristic acid 0.01–0.16% [2].

In addition, bioactive substances such as tocopherols and phytosterols of hazelnut oil can positively influence 
human health or prevent diseases such as cancer and cardiovascular diseases [3]. The content of bioactive substances 
in conventional hazelnut oil is as follows: total tocopherol 64.62 mg/100 g, vitamin E 57.57 mg/100 g and total sterols 
115.34 mg/100 g [4].

Because of the high amount of oil in hazelnuts (about 60%), methods of extracting the oil from hazelnuts inevitably 
cause rapid lipid oxidation, which reduces the shelf life of hazelnut oil by causing rancidity. By preventing the oxidation 
of unsaturated fatty acids in hazelnut oil, long-term quality is ensured and product loss due to rancidity is prevented. 
Microencapsulation can extend the shelf life of hazelnut oil, a widely used technique to extend the shelf life of essential 
oils and flavorings [5].

Microencapsulation is defined as a physico-chemical and mechanical process that aims to keep active ingredients, 
which may be solid, liquid or gaseous, in a protective layer that protects them from chemical and physical damage, 
which are generally used in  different fields such as pharmaceutical, chemical, cosmetic and food industries [6, 7]. The 
microencapsulation method is widely used, which can eliminate the negative effects of environmental factors, such as 
the presence of light, oxygen and extreme pH values, in order to stabilize the compounds during production and storage 
[8]. In addition, microencapsulation increases the oxidative stability of the oils and prevents the formation of a negative 
taste due to oxidation [9]. The oil encapsulation process is a two-step process in the form of emulsifying the core mate-
rial with a thick solution of the wall material and drying or cooling the subsequently formed emulsions [10]. The type 
of bio-polymer as a wall material, the ratio of core substrate to wall material, the method of encapsulation and the stor-
age conditions affect the stability of the matrix and thus play a role in the stability of the encapsulated active substance 
[11, 12]. The most widely used and oldest method for encapsulating oils is spray drying. In addition to encapsulation, 
the product converts to a more stable state by reducing the water activity of the product [13].

There are many existing coating agents used in microencapsulation. Since the ability to keep the core material in 
the capsule is one of the most important parameters affecting the efficiency of the process, the choice of wall mate-
rial is very crucial [14]. Carbohydrates are used as wall materials in the microencapsulation of flavors and oils, such as 
maltodextrin, hydrolyzed starch, modified starch, cyclodextrin and gums, moreover  proteins such as milk proteins, 
whey proteins and soy proteins are being used [12, 15]. Maltodextrin is a widely used wall material because it meets 
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the necessary properties, such as bland taste, cheap, low viscosity at high solids content, good preservation against 
oxidation [16]. Due to its high  ability to be dissolved in water, low stickiness and perfect emulsifying features, gum 
Arabic is considered one of the suitable bio-polymer used in spray drying. Sodium caseinate is another preferred wall 
material in encapsulation with its amphiphilic properties and emulsifying ability [16]. Due to their high surface activity, 
proteins are mainly used as emulsifiers and stabilizers. Pea proteins have high nutritional value, non-allergenic prop-
erties and good functional properties [17]. Gum Arabic also provides stable emulsions over a wide pH range. Modi-
fied starches have similar wall material properties to gum Arabic, and are less expensive than gum Arabic [18, 19].  
    To date, there are few studies on the encapsulation of hazelnut oil. The effect of the temperature of air inlet on the 
microencapsulation of hazelnut oil (HO) by spray drying was evaluated with maltodextrin as the wall material [5]. In 
another study, skimmed milk powder was used as wall material for encapsulation of hazelnut oil and microcapsules 
were added to cake products [20]. 

In this study, it was aimed to investigate the effect of different plant and animal based wall materials such as modified 
starch, gum Arabic, whey protein concentrate, gelatine, pea protein and sodium caseinate together with maltodextrin for 
the microencapsulation of hazelnut oil. Emulsions and microcapsules were characterized in terms of emulsion stability, 
particle size, encapsulation efficiency, moisture content, tapped bulk density, total yield, and morphology. In addition, 
the oxidative stability that encapsulation will provide was evaluated by measuring the peroxide and p-Anisidine values.

2 � Materials and methods

All chemicals were of analytical grade and purchased from Sigma Aldrich, Germany. Gum Arabic, sodium caseinate, 
whey protein, gelatine, modified starch (EmCap) and maltodextrin were supplied from Cargill Co., Istanbul, Turkey. Pea 
protein was supplied from Pulsin Ltd., Gloucester, UK. Hazelnut oil was purchased from a local store in İstanbul, Turkey.

2.1 � Quality properties of hazelnut oil

The acid and peroxide values of hazelnut oil were determined according to the official standard methods (AOAC, 2005).

2.2 � Fatty acid composition of hazelnut oil

The fatty acid profile was determined using the procedures described by Zahran and Tawfeuk [21]. The fatty acid methyl 
esters (FAMEs) of oil samples were analyzed for its constituents by GLC-FID (HP 6890 Gas chromatography occupied with 
flame ionization detector, Hewlett Packard, USA). The injection volume was 1μL and  splitting ratio at 100:1. A capillary 
column Supelco™ SP-2380 (60 m × 0.25 mm × 0.20 μm, Sigma-Aldrich, USA) was used, and the detector and injector 
temperatures were set as 250 °C. The carrier gas was helium at a flow rate of 1.2 mL/min.

2.3 � Emulsion preparation

Maltodextrin and other selected bio-polymers (gum Arabic, sodium caseinate, whey protein, gelatine, modified starch 
“EmCap” and pea protein) were mixed at a ratio of 9:1, w/w, respectively. The hydrated solutions of wall materials (with 
concentrations of 30% "w/w on wet basis" and 70% distilled water), once prepared, were stirred at room temperature 
(25 °C) for 2 h to confirm a full saturation of the polymer particles [22]. The emulsion was prepared by blending hazelnut 
oil (at concentration of 20% respect to the wall materials) and the solution was homogenized using a T18 digital Ultra 
Turrax® homogenizer (IKA, Germany), at a speed of 15 × 103 rpm for 5 min.

2.4 � Emulsion characterization

2.4.1 � Emulsion stability

Directly after preparation of the emulsion, 25 mL of emulsion of each sample were relocated into graduated cylinders.  
The cylinders were wrapped and kept at room temperature, and the volume of the upper phase was measured at zero 
time, and after 6, 24 h, as well as after 7 days. The emulsion stability was calculated according to the percentage of 
separation and expressed as:
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where Ho represents the emulsion initial height, and H1 is the upper layer height [19].

2.4.2 � Emulsion droplet size

The distribution of droplets was analyzed by using a laser light diffraction instrument, Mastersizer S (Malvern Instruments, 
Malvern, UK). A slight amount of sample was suspended in water using magnetic agitation, and the droplet size distribu-
tion was monitored during each measurement until consecutive readings became constant. The emulsion droplet size 
was expressed as D32, the Sauter mean diameter [23].

2.5 � Microencapsulation by spray drying

Spray drying process was performed using a laboratory scale spray dryer (Mini Spray Dryer B-290, BÜCHI Labortechnik 
AG, Flawil, Switzerland), with a nozzle atomization system with 1.5 mm diameter and 100% aspirator capacity. The emul-
sions were introduced into the main chamber through a peristaltic pump and the feed flow rate was controlled by the 
pump rotation speed. The conditions of spray drying were as follows: Inlet temperature at 140 °C, airflow rate at 0.439 
m3/h, pump rate at 4.5 mL/min [19].

2.6 � Powder analysis

Microcapsules were characterized for moisture content, bulk density, total yield, encapsulation efficiency and morphology.

2.6.1 � Moisture content

Determination of moisture content was performed by using a moisture analyzer (Precisa XM 50, Novatron Scientific Ltd., 
Novatron House, UK).

2.6.2 � Bulk density

Bulk density was determined by transferring 2 g of powder to a 50 mL graduated cylinder. Packed bulk density was 
calculated from the height of powder in the cylinder after being tapped by hand on a bench 50 times from a height of 
10 cm [22].

2.6.3 � Encapsulation efficiency (EE)

Encapsulation efficiency was measured using the method described by Carneiro et al. [19]. Fifteen millilitres of hexane 
were added to 2 g of powder in a glass jar with a lid, which was shaken by hand for the extraction of free oil for 2 min 
at room temperature. The mixture was filtered through a Whatman® No. 1 filter paper, and the powder collected on the 
filter was washed three times with 20 mL of solvent. Then, the hexane was left to vaporize at room temperature and 
subsequently at 60 °C until constant weight. The surface oil (non-encapsulated oil) was determined by mass difference 
among the initial clean flask and that containing the removed oil residue [24]. Total oil was expected to be equal to the 
initial oil, since preliminary tests revealed that all the initial oil was retained, which was expected, since hazelnut oil is 
not volatile. Encapsulation efficiency (EE) was calculated by using the following equation:

where To is the total oil content and So is the surface oil content.

%Separation =
(

H1

/

Ho

)

∗ 100

EE =
[(

TO− SO
)/

TO
]

∗ 100
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2.6.4 � Microencapsulation yield

Microencapsulation yield in the encapsulation process is defined as the ratio of core material in the final dried micro-
capsules to that in the emulsion [22]. The resulted powder (microcapsules) was collected, weighed and proportioned 
to the solid components of the emulsion, and calculated as follows:

2.6.5 � Morphology and size of microparticles

Scanning electron microscopy (SEM) analysis was conducted with a TESCAN microscope (TESCAN VEGA3™, Kohou-
tovice, Czech Republic) at an accelerating voltage of 20.00 kV and a working distance of 9.00 mm. Samples were 
sputter-coated with a gold–palladium mixture under vacuum prior to the examination. Particle diameters were 
measured from the SEM micrographs in their original magnification using the image software. Size distributions 
were obtained from a minimum of 200 measurements [24].

2.7 � Oxidative stability of microcapsule during storage

For the stability tests, the microcapsules (5 g of powder) were sealed in individuals glass vials (20 mL), and stored at 
50 °C in order to accelerate the oxidation process. During storage period, microcapsules were evaluated for oxida-
tion by two distinct methods (peroxide and p-anisidin values) at time zero (right after drying) and over two weeks 
of storage. Hazelnut oil was extracted from the microcapsules by chloroform/methanol (1:1, v/v), with vortexing for 
3 min, then the samples were filtered and the organic solvent was evaporated using rotary evaporator at 35 °C under 
vacuum. The samples were flushed by N2 to remove the solvent residues.

2.7.1 � Peroxide and p‑anisidine values

Briefly, the peroxide value and p-anisidine value analysis was carried out to determine the primary and secondary 
oxidation products, respectively, according to AOCS official methods [25].

2.7.2 � Total oxidation (TOTOX) value

The total oxidation value (TOTOX) was used to estimate the oxidative deterioration of lipids [26]. TOTOX value is 
defined as the sum of both values (PV and p-AV) to total oxidation and was calculated according to the following 
formula:

2.8 � Statistical analysis

The obtained results were statistically analyzed using the SPSS statistical package (Version 22.0, 2013). Analysis of 
variance (ANOVA) and Duncan’s multiple range test were chosen to determine any significant difference at p < 0.05 
according to Steel et al. [27].

Microencapculation yield =

core of microcapsules(
g

100g
solids)

core of emulsion(
g

100g
solids)

Totox value = 2PV + pA−V
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3 � Results and discussion

3.1 � Quality properties and fatty acid composition of hazelnut oil

The quality analysis indicated that the free fatty acid content and peroxide value (PV) of the hazelnut oil were found 
to be at acceptable levels (0.74% as oleic acid and 1.23 mEq. O2/kg, respectively) set by the Codex Alimentarius Com-
mission [28].

In terms of fatty acid composition as seen in Table 1, unsaturated fatty acid (UFA) content was found to be 91.89%, 
whereas oleic acid (18:1 n9) was predominant UFA found at 84.70% consistent with the results of other researchers [29].

3.2 � Emulsion characterization

The droplet size and emulsion stability observed with emulsions with different types of wall materials are listed in 
Table 2. The size of the emulsion droplets varied depending on the wall material used. The emulsion was prepared 

Table 1   Quality properties and fatty acid composition of hazelnut oil

The values = mean ± standard deviation

Parameter Result

Acidity (% as oleic acid) 0.75 ± 0.02
Peroxide value (mEq.O2/kg oil) 1.23 ± 0.12

Fatty acids Area %

Palmitic acid (C16:0) 5.29 ± 0.31
Palmitoleic acid (C16:1) 0.15 ± 0.02
Stearic acid (C18:0) 2.66 ± 0.17
Oleic acid (C18:1), n9 84.70 ± 1.15
Linoleic acid (C18:2), n6 6.91 ± 0.54
α-linolenic acid (C18:3), n3 0.13 ± 0.01
Arachidic acid (C20:0) 0.16 ± 0.02
% SFA 8.11 ± 0.75
% UFA 91.89 ± 1.05
% ω-3 FAs 0.13 ± 0.01
% ω-6 FAs 6.91 ± 0.67
% ω-9 FAs 84.70 ± 1.13

Table 2   Characterization of 
feed emulsions produced by 
different bio-polymers as a 
wall materials

Different letters revers significant difference among tested samples at p < 0.05

N/A = the emulsion was deteriorated

MD, maltodextrin; Em-Cap, modified starch; GA, gum Arabic; WPC, whey protein concentrate; GE, gelatine; 
PP, pea protein; SC, sodium casienate

Samples Droplet size (μm) Emulsion stability (%)

0 6 h 24 h 7 days

MD:Em-Cap 3.28 ± 0.11c 99.5 ± 0.1a 99.5 ± 0.1a 99.5 ± 0.1a 98.7 ± 0.6a

MD:GA 8.09 ± 0.35b 99.5 ± 0.1a 98.7 ± 0.3a 97.2 ± 0.7b 93.6 ± 0.8b

MD:WPC 3.31 ± 0.17c 99.5 ± 0.1a 98.5 ± 0.2a 97.1 ± 0.5b N/A
MD:GE 11.33 ± 1.06a 99.5 ± 0.1a 95.3 ± 1.1c N/A N/A
MD:PP 2.97 ± 0.08 cd 99.5 ± 0.1a 96.1 ± 0.8b 90.7 ± 1.2c N/A
MD:SC 2.06 ± 0.10d 99.5 ± 0.1a 98.4 ± 0.7a 90.4 ± 0.9c 88.9 ± 1.4c
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with MD/GE had the largest droplet size compared to the others, while the emulsion was prepared with MD/SC had 
the smallest droplet size. The largest drop in MD/GE had poor stability and after 6 h the emulsion was degraded. 
Therefore, it was not possible to measure stability for 24 h and 7 days. Although the emulsion prepared with MD/SC 
with the smallest droplet size remained stable for 7 days, it did not reach the highest percentage of stability. MD/
WPC, MD/GE and MD/PP emulsions could not be measured because the emulsions were not stable for 7 days. There 
are many wall materials that can be used as oil encapsulating agents. The choice of wall material is critical because it 
affects the properties of the emulsion before drying, the oil retention during the process and also the storability of the 
encapsulated powder after drying. These properties depend on the emulsifying properties of the biopolymers [22].

The emulsions characteristics affected significantly (p < 0.05) by use of different wall materials (Table 1). The use 
of MD/GE in emulsion preparation  yielded the largest size of  droplets, when compared to the other wall materials, 
while the feed emulsion produced from the MD/SC mixture  yielded the smallest ones. The obtained results could be 
related to the highest thikness resulted by the MD/GE emulsion, hence, that reverse in a greater durability to droplets 
movement, avoidance  coalescence, and consequencing  in smaller diameters [19].

3.3 � Powder characterization

Microcapsules obtained after spray drying were analyzed  for moisture load, bulk density, encapsulation yield, encap-
sulation efficiency, morphology and particle size.

3.3.1 � Particle characterization

Table 3 shows the characteristics of particles prepared with different wall materials. The moisture content of the 
microcapsules ranged from a minimum of 2.47% to a maximum of 4.05%. In a study on soybean oil encapsulated by 
spray drying the moisture content ranged between 1 and 3% [30]. In general, the analyzed samples did not revers 
significant differences in moisture load,  when different bio-polymers  were used. The bulk density values of the sam-
ples ranged from 0.31 to 0.45 g/cm3. The advantage of produced powders with higher density, could be stored in high 
amounts into a little containers, when compared to products with lower densities. In addition, a higher bulk density 
may marked  a lower amount of air clogged in the anti-particle spaces, which may help to prevent lipid deterioration .  
The obtained results were in accordance with the values obtained for the encapsulated hazelnut oil [5]. The highest 
moisture load and bulk density were observed for the sample prepared by MD:GE. Mean particle diameters ranged 
from 3.71 to 20.39 μm. The microcapsules formed by maltodextrin and gelatine was larger in size, probably due to 
their higher emulsion density. The total yield ranged between 74.76 and 90.52% with the highest belonging to MD/
Em-Cap. In a study on microencapsulation of rapeseed oil using spray drying, the oil microencapsulation yield in the 
powders was ranged at a level from 71 to 94% [31].

Although all combinations of wall materials led to different particle size allocation, the powders made with the 
MD/GE blend showed a wider allocation, meaning that these particles were minimal identical. The lower stability of 
the maltodextrin and gelatine as feed emulsions may be also referred to differences in particle size.

Table 3   Characterization 
of produced powder  by 
different bio-polymers as a 
wall materials

Different letters revers  significant difference among tested  samples at p < 0.05

MD, maltodextrin; Em-Cap, modified starch; GA, gum Arabic; WPC, whey protein concentrate; GE, gelatine; 
PP, pea protein; SC, sodium  caseinate

Sample Moisture load  (%) Tapped bulk 
density (g/
cm3)

Particle size (µm) Total yield (%) Encapsulation 
efficiency (%)

MD:Em-Cap 2.47 ± 0.13d 0.31 ± 0.01c 5.90 ± 1.02c 90.52 ± 2.17a 96.7 ± 1.3a

MD:GA 3.11 ± 0.08c 0.36 ± 0.04b 14.56 ± 2.33b 87.69 ± 1.23b 87.5 ± 2.1c

MD:WPC 3.37 ± 0.21b 0.38 ± 0.03b 5.95 ± 0.92c 88.35 ± 1.74ab 85.4 ± 1.7c

MD:GE 4.05 ± 0.17a 0.45 ± 0.02a 20.39 ± 1.88a 74.76 ± 2.62d 75.8 ± 2.5d

MD:PP 3.62 ± 0.11ab 0.39 ± 0.01b 5.35 ± 0.65c 82.17 ± 1.27c 88.3 ± 1.2bc

MD:SC 3.44 ± 0.15b 0.38 ± 0.03b 3.71 ± 0.57d 85.32 ± 1.49b 90.1 ± 1.1b
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3.3.2 � Encapsulation efficiency (EE)

The obtained results in Table 3, showed the type of wall material used significantly affected the encapsulation efficiency 
of the samples. Encapsulation efficiency values ranged from 75.8 to 96.7%. The highest efficiency was observed in the 
emulsions produced by MD/Em-Cap, which resulted in particles with significant differences of lower surface oil than 
those produced with other emulsions, as shown in Fig. 1. The more stable the emulsion, which has small droplets size, 
the higher  of encapsulation efficiency. While, the lowest efficiency was observed in the emulsion prepared with MD/GE, 
with significantly differences among other wall materials, which had the largest emulsion droplet size as in Table 2 and 
the highest surface oil content as in Fig. 1. Many studies show that the smaller the oil droplet size, the longer the active 
material is retained, which results in increased stability [17].

In a study examined the effect of air inlet temperature on hazelnut oil microencapsulation by spray drying, encapsu-
lation efficiencies ranged from 74.70 to 81.6%, with a 2:1 and 4:1 MD/HPMC ratio [5]. In our work, better encapsulation 
efficiency was achieved with combinations of wall materials other than MD/GE.

The result of a study by Tonon et al. [32], in which linseed oil was encapsulated with modified starch, gum Arabic 
and whey protein wall materials, the highest encapsulation efficiency was observed for modified starch and the lowest 
efficiency was observed for whey protein, which were similar to the results of our study.

3.3.3 � Morphology of microparticles

The morphology of microcapsules is shown in Fig. 2. According to the scanning electron micrograph of the surface, of 
the microcapsules had spherical shapes. Powder particles prepared with MD/SC, MD/Em-cap starch, MD/PP and MD/WPC 
had fewer surface dents and shrinkage than others. These are in agreement with the reported data of Jafari et al. [22] 
in which they indicated that WPC powder particles had minimum recesses. Accordingly, to the morphology of particles 
size, in the emulsion environment the mechanism of different  wall materials behave a flocculation ripening of particles, 
except for MD/GE follows the coalescence behavior.

3.4 � Oxidative stability

In this work, the progress of lipid oxidation was monitored by measuring peroxide and p-anisidine value. The TOTOX value 
is used to determine the total oxidative stability of the oils by including primary and secondary oxidation measurements.

3.4.1 � Peroxide value

The variations of the peroxide number of the encapsulated hazelnut oil  with different bio-polymers as a wall materials 
are given in Fig. 3. At the time of zero, all samples presented a low degree of oxidation with 1.23–1.27 mEq. O2/kg oil. The 
unencapsulated oil oxidized rapidly, reaching the highest peroxide values at 81.41 mEq. O2/kg oil at the end of the stor-
age period. The peroxide value of the samples did not differ significantly from each other up to 9 days (p < 0.05). Sample 
prepared with MD/GE had the highest peroxide value, reaching to 15.05 mEq. O2/kg oil at the end of the 15th day. This 
may be well explained by the lowest encapsulation efficiency resulting with more prone to oxidation. Low encapsulation 
efficiency means that high amount of oil is available for oxidation in the particle surface [33].

Fig. 1   Oil content and surface 
oil content of the powders 
obtained with different wall 
materials. MD, maltodextrin; 
Em-Cap, modified starch; GA, 
gum Arabic; WPC, whey pro-
tein concentrate; GE, gelatine; 
PP, pea protein; SC, sodium 
caseinate
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In a previous study by Jimenez et al. [34] for encapsulation of the conjugated linoleic acid (CLA) by using polymeric 
matrices (as wall materials) the oxidative stability was checked by various methods, including the PV. The whey protein 
concentrate (WPC) was used with maltodextrin and gum Arabic (as wall materials), in addition mentioned that WPC was 
more efficient than AG in the prevention of lipid against  oxidation.

3.4.2 � p‑Anisidine value

The variations in the P-Anisidine values of encapsulated hazelnut oil using different bio-polymers as a wall materials 
were shown in Fig. 3. At the time of zero, all samples reversed a low degree of oxidation which ranged from 4.13 to 
6.01. The un-encapsulated oil oxidized rapidly, which resulting the highest p-anisidine values. At the end of day 15, the 
un-encapsulated sample reached to 29.36 and the p-anisidine value of the sample prepared with MD/GE had the high-
est p-anisidine value among the encapsulated samples (15.03). The reported data  for p-anisidine values of all samples 
referred to significantly (p < 0.05) changes with increasing storage time. As we know, no data was available for hazelnut 
oil, in a study on wheat germ oil (WGO) which investigated the effect of roasting on the oxidative stability by Zou et al. 

Fig. 2   SEM micrographs of capsules prepared with different wall materials. A MD:gum Arabic, B MD:Em-Cap starch, C MD:gelatine, D 
MD:pea protein, E MD:sodium caseinate, F MD:whey protein. MD, maltodextrin; Em-Cap, modified starch; GA, gum Arabic; WPC, whey pro-
tein concentrate; GE, gelatine; PP, pea protein; SC, sodium caseinate
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[35], the p-anisidine and peroxide values of encapsulated WGO were higher than those found in our study for hazelnut 
oil, when stored at 60 °C for 15 days. The p-anisidine values of the microencapsulated HO, significant differences were 
observed (p < 0.05) for bulk HO throughout the storage time. These results were  in agreement  with the result of Zhang 
et al. [36] who mentioned that, with increasing storage time, the secondary oxidation product of buttermilk microen-
capsulated algal oil was increased. Considering both p-anisidine and peroxide values, our findings revealed that the HO 
encapsulation using different wall materials in particular MD/Em-cap modified starch was able to delay the oxidation 
rate of HO.

Based on the analysis results of PV and p-AV values, the total oxidation value was calculated to estimate the oxida-
tive deterioration as shown in Fig. 3. The highest TOTOX value was calculated for the bulk oil  at the end of the 15th day. 
Among the encapsulated samples, the highest TOTOX value was calculated in the sample prepared with MD/GE, the 
lowest TOTOX value was calculated in the sample prepared with MD/Em-Cap. There is a correlation between peroxide, 

Fig. 3   Peroxide, p-Anisidine 
and TOTOX values of oil sam-
ples extracted from micro-
capsules. MD, maltodextrin; 
Em-Cap, modified starch; GA, 
gum Arabic; WPC, whey pro-
tein concentrate; GE, gelatine; 
PP, pea protein; SC, sodium 
caseinate
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p-anisidine value and TOTOX value. Therefore, values with high TOTOX values belong to samples with high peroxide and 
p-anisidine values.

4 � Conclusion

This study describes the use of six combinations of wall materials with maltodextrin and gum Arabic, sodium caseinate, 
whey protein, gelatine and modified starch to microencapsulate hazelnut oil by spray drying and the effect of them to 
the oxidation state of the microencapsulation. The wall material used in the encapsulation affects emulsion stability, 
encapsulation efficiency, surface oil content and oxidation stability. Emulsions prepared with MD/Em-Cap resulted in the 
best emulsion stability of 98.7% after 7 days. Therefore, the highest encapsulation efficiency of 96.7% was observed for 
emulsions prepared with MD/Em-Cap with minimal surface oil content. Therefore, the lowest peroxide, p-Anisidine and 
TOTOX values were observed for microcapsules with MD/Em-Cap. Maltodextrin and modified starch, relatively inexpen-
sive, wall material has good emulsifying properties. Successful results on encapsulation efficiency and oxidation stability 
suggest that a combination of maltodextrin and modified starch for hazelnut oil  can be used to increase shelf life.
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