Acta Alimentaria, Vol. 49 (4), pp. 475—482 (2020)
DOI: 10.1556/066.2020.49.4.13

MICROENCAPSULATION OF OLIVE LEAF EXTRACT
BY SPRAY DRYING

A. DOBRINCIC*, L. TUPEN, M. REPAIIC, I. ELEZ GAROFULIC, Z. ZORIC,
V. DrRAGOVIC-UZELAC and B. LEVAJ

Faculty of Food Technology and Biotechnology, University of Zagreb, Pierottijeva 6, 10 000 Zagreb. Croatia

(Received: 6 April 2020; accepted: 24 June 2020)

The aim of this research was to obtain a high value powder of olive leaf extract (OLE) rich in polyphenols by spray
drying. Since carrier, polyphenols/carrier ratio, and inlet temperature could have an impact on process yield and
polyphenol retention, to define the most promising drying conditions for OLE experiment with gallic acid model
solutions (GAS) was conducted. Influence of carrier type (maltodextrin, inulin, gum arabic, and their two-component
blends), polyphenols/carrier ratio, and temperature on process yield of spray dried GAS was examined, and for each
carrier the most promising temperature and ratio were selected. Optimal temperature for all GAS samples was
150 °C, and optimal gallic acid/carrier ratio for samples with inulin or gum arabic was 3:1, while for all other
combinations it was 5:1. In OLE powder produced under these conditions, polyphenol content and physical
properties (rehydration, bulk density) were determined. Mixture of maltodextrin and gum arabic resulted in the
highest OLE product yield (54.48%) and the highest polyphenol retention (56.50%) obtaining good physical
properties (bulk density=0.31 g ml™!, rehydration time=98 s), while use of inulin resulted in the lowest yield
(32.71%), polyphenol retention (28.24%), bulk density (0.25 g mI™"), and the highest rehydration time (140 s).
Keywords: olive leaf, polyphenols, spray drying, maltodextrin, inulin, gum arabic

Olive (Olea europaea L.) leaves are agricultural and industrial waste, and they are considered
as cheap, renewable, and rich sources of polyphenols (BEN SALAH & ABDELMELEK, 2012),
compounds that possess antioxidant activity and are known to have a positive impact on
human health. Due to their antioxidant, antimicrobial, antiviral, and anti-inflammatory
properties (BEN SALAH & ABDELMELEK, 2012), polyphenols have the potential to replace
undesirable synthetic antioxidants in the food industry, as well as in the pharmaceutical and
cosmetic industries. However, there are some shortcomings in polyphenols application, such
as poor solubility in water and sensitivity to environmental factors like light, oxygen,
temperature, and enzymes (MUNIN & EDWARDS-LEVY, 2011), which may cause the loss of
their basic function. In order to preserve their biochemical functions, microencapsulation
process could be applied. The most commonly used microencapsulation technique is spray
drying, where carrier (usually polysaccharide matrix) is used with the main purpose to lower
hygroscopicity and thermoplasticity of the extract with no impact on the quality of obtained
powder (Kosaraju et al., 2006) as well as its ability to protect the present bioactive
compounds. Generally, maltodextrin and gum arabic are frequently used carriers in plant
extracts’ and fruit juices’ spray drying due to their properties that enable them to obtain good
quality powders (TupuNa et al., 2018). Oligosaccharide inulin as potential carrier is in special
interest due to its prebiotic properties, too (SAENZ et al., 2009). Several studies dealt with
spray drying of olive leaf extract (OLE) so far, but with no primary focus on the selection of
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the most suitable carrier for OLE spray drying, e.g., Kosarasu and co-workers (2006) used
chitosan, Kiritsakis and co-workers (2017) maltodextrin, URzUA and co-workers (2017)
inulin, and GONZALEZ and co-workers (2018) sodium alginate. With the assumption that type
of carrier has an impact on polyphenols content and quality parameters of powder obtained
by spray drying, this research aimed to evaluate the influence of carrier type (maltodextrin,
inulin, gum arabic) and its two-component blends as well as polyphenols/carrier ratio (3:1
and 5:1) and drying temperature (120, 150, and 180 °C) on product yield of spray dried gallic
acid model solutions (GAS), and based on the obtained results to evaluate the effect of
selected ratio and temperature on quality parameters and polyphenol content of spray dried
OLE powder.

1. Materials and methods

1.1. Samples and chemicals

Olive leaves, cv. Cipressino, were collected in Split area (Croatia), air dried at room
temperature for 4 days, milled with electric grinder, and stored in the dark at 4 °C until
extraction. Gallic acid (GA) and maltodextrin (MD) DE 13-17 were purchased from Sigma-
Aldrich (St. Louis, USA), gum arabic (AG) from Acros Organics (New Jersey, USA), inulin
(IN) from Orafti HSI (Beneo, Germany), and 96% ethanol from Gram-mol doo (Zagreb,
Hrvatska).

1.2. Pressurised liquid extraction (PLE)

Extraction of olive leaves was performed using an accelerated solvent extractor (ASE 350,
Dionex, Sunnyvale, USA) with distilled water as extraction solvent at conditions as follows:
3 extraction cycles with 5 min of static time of each cycle at constant temperature of 100 °C.
Obtained olive leaf extract (OLE) contained 3.79% dry matter and 35.6 mg total polyphenols
(g'! d.w.). OLE was stored at +4 °C in darkness prior to spray drying.

1.3. Spray drying

GAS and OLE were sprayed dried on a laboratory scale spray dryer SD 06 (Labplant, North
Yorkshire, UK). Spray drying process of GAS was carried out with air flow of 3.5 m s™! by
using three different carriers (MD, IN, AG), three 50:50 mixtures of these carriers (MDIN,
MDAG, INGA) in two different GA:carrier ratios (3:1 and 5:1), and three inlet temperatures
(120, 150, and 180 °C). GA was employed as the typical polyphenol, often used as a standard
for determination of total polyphenols content, to simplify the procedure in this research.
Spray drying of OLE was carried out afterwards, under determined optimal conditions. The
feed solutions (300 ml) were prepared by dissolving GA in ethanol (96%) and by mixing with
the previously prepared aqueous solution of the carrier, with respect to defined GA:carrier
ratio, or by dissolving defined mass of carrier in OLE. The volume of 300 ml OLE contained
1.7 g total polyphenols and 11.37 g dry matter prior the carrier addition. All powders were
stored in dark containers at +4 °C until analysis.

1.4. Total polyphenols content determination

Total polyphenols (TP) content was determined in OLE immediately after extraction and in
GAS and OLE powders after dissolution (50 mg) in distilled water (2 ml) by Folin—Ciocalteu
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method as described by AHMAD-QASEM and co-workers (2013). All measurements were done
in duplicate and results were expressed as mg of gallic acid equivalents (GAE) per g of dry
weight.

1.5. Product yield

Product yield of GAS powders was calculated as the ratio of the produced GAS powder mass
(g) and sum of the GA and carrier mass (g) in the feed solution. Product yield of OLE powder
was calculated as the ratio of the produced OLE powder mass (g) and sum of the carrier mass
(g) and dry matter content (g) of 300 ml of OLE.

1.6. Microencapsulation efficiency

Microencapsulation efficiency of TP from OLE was calculated as the ratio of TP content in
the obtained powder and TP content in the extract subjected to spray drying (Paint et al.,
2015).

1.7. Bulk density

Bulk density (g ml™!) was determined by adding 2 g of OLE powder into 10 ml graduated
cylinder and holding the cylinder on a vortex vibrator for 1 min. The ratio of the powder mass
and the volume occupied in the cylinder determines the bulk density value (GourLa &
ADAMOPOULOS, 2010).

1.8. Rehydration

The rehydration of the powder was carried out by adding 2 g of the powder to 50 ml of
distilled water at 26 °C. The mixture was agitated in a 100 ml glass beaker with a magnetic
stirrer at 880 r.p.m., using a stirring bar (2 mm %7 mm). The time required for the powder to
be completely rehydrated was recorded (GOUuLA & ADAMOPOULOS, 2010).

1.9. Statistical analysis

The experimental design and statistical analysis were done using STATISTICA v. 8§ software
(StatSoft Inc., Tulsa, USA). Obtained results were analysed by multivariate analysis of
variance (MANOVA) and marginal means were compared with Tukey’s HSD multiple
comparison test. The significance level for all tests was 0<0.05.

2. Results and discussion

2.1. Product yield

In spray drying, adhesiveness of the powder and deposition on the drying chamber walls are
the main problems that lead to undesirable lower product yield (Yousker! et al., 2011).
However, losses could be reduced by selecting the adequate carrier and optimal process
parameters. To define the most promising drying conditions for OLE spray drying, experiment
with GAS was conducted, in which influence of carrier, GA/carrier ratio, and temperature on
product yield were examined.
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For GAS, type of carrier and GA:carrier ratio had a significant (P<0.05) influence on
product yield in contrast to temperature (Fig. 1). The lowest average yield (28.66%) was
achieved with IN, while the highest (43.72%) yield was obtained with INAG followed by
MDAG (41.64%). Since GA/carrier ratio and temperature did not have a unique effect on
product yield for all carriers, as they depend on chemical composition of the carrier, each
carrier was analysed individually, and the highest values achieved, regardless if there was a
statistically significant difference, were selected for OLE spray drying. Higher product yield
was obtained with 5:1 GA:carrier ratio for samples with MD, MDAG, MDIN, and INAG,
while in samples with IN and AG, higher yield was obtained with 3:1 GA:carrier ratio. By
increasing the concentration of a carrier, viscosity of the mixture is increased as well as the
dry matter content, so more solid particles are available for a contact with drying chamber
wall and their possibility to stick on it is higher, which could possibly lead to a reduced
product yield (ToNON et al., 2008). KrisHNAIAH and co-workers (2012) also confirmed that
higher addition of carriers (MD and k-carrageenan) does not always leads to more successful
drying, while Youskerl and co-workers (2011) described a positive effect of higher carrier
(MD, AG, waxy starch) amount. Such opposite behaviour of carrier amount on product yield
was probably due to its different chemical structure, which could probably explain the adverse
results found in the literature. Furthermore, higher carrier amount can enhance the production
cost and possibly have negative impact on product taste, which can result in consumers’
disapproval (VIDOVIC et al., 2014). The same pattern that was applied to select suitable ratio,
was used for temperature selection. Regardless of statistical insignificance, generally the
highest yield was achieved at 150 °C, which was used in the further experiments. Similarly,
Paint and co-workers (2015) observed that temperatures below 130 °C can cause formation
of moisture on the drying chamber walls, while temperatures above 160 °C can lead to a
major polyphenols degradation. To examine polyphenols retention, microencapsulation
efficiency of GAS was also determined (data not shown), and there was a statistically
significant (P<0.05) strong positive correlation (r=0.86) between product yield and
microencapsulation efficiency.

Table 1. Process yield (%), efficiency (%), total polyphenol content (mg g’] d.w.), bulk density (g ml™),
and rehydration time (s) of OLE powders produced with different carriers

Carrier/ Product yield Efficiency Total polyphenol Bulk Rehydration
temperature/ (%) (%) content density (s)
polyphenols: (mg g d.w) (gml™)

carrier P<0.02" P<0.01" P=0.91% P=0.63* P<0.017
MD/150/5:1 37.40+2.65%° 31.20+1.54% 124.32+4.89° 0.32:0.06 81+5¢
IN/150/3:1 32.71+1.94% 28.24+1.25% 128.68+5.32% 0.25+0.02° 140+9¢
AG/150/3:1 50.34+3.61° 52.90+3.87° 121.90+5.84° 0.37+0.05 13469
MDIN/150/5:1 39.97+2.38%P 33.81+2.59* 126.07£6.46° 0.35+0.05 58+4%0
MDAG/150/5:1 54.48+4.21° 56.50+4.56" 130.10+7.41° 0.310.03 98+6°
INAG/150/5:1 41.08+2.98%P 54.90+2.62" 128.00+4.28* 0.36+0.08" 42+4*

MD: maltodextrin; IN: inulin; AG: gum arabic; MDIN: maltodextrin+inulin, MDAG: maltodextrin+gum arabic;
INAG: inulin+gum arabic

Values with different letters are statistically different at P<0.05

+: Statistically significant variable at P<0.05

i: Statistically insignificant variable at P<0.05
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Fig. 1. Influence of various spray drying parameters on process yield (%) of GAS powders (MD: maltodextrin;
IN: inulin; AG: gum arabic; MDIN: maltodextrin+inulin, MDAG: maltodextrin+gum arabic; INAG: inulin+gum
arabic)

After GAS product yield evaluation, spray drying of OLE was performed under the
established most favourable conditions for each carrier (Table 1). Yield of 32.71% was
achieved by using IN as carrier followed by MD and MDIN, while all samples with AG had
higher yields. Only powders produced with AG and MDAG had yields higher than 50%,
which is considered a minimum for successful drying (VipoviC et al., 2014). QUIRINO
LACERDA and co-workers (2016) also achieved the lowest yield by using IN (22.4%) in spray
drying of jussara pulp compared to MD (38.8%), MDIN (39.8%), and sodium octenyl
succinate starch (49.3%).

2.2. Microencapsulation efficiency and total polyphenols of OLE

TP contents of OLE powders are shown in Table 1. There was no statistically significant
difference between carriers. Microencapsulation efficiency is a useful factor for evaluating
the degradation and oxidation of polyphenols that could occur during spray drying. Capability
of the carriers to preserve the encapsulated molecules is linked to their chemical structure. IN
is a fructooligosaccharide composed of fructose units with § (1,2) links to glucose at the end
of the chain (Paz et al., 2017), while MD is a hydrolysed short chain starch that acts as a
barrier against oxygen but has a low emulsification and film-forming capacity (TupUNA et al.,
2018). IN application resulted in the lowest microencapsulation efficiency of TP from OLE
(28.24%) followed by MD (31.2%) and their mixture (33.81%) similar to the product yield
results. Likewise, IN was less effective than MD (14.6%), and their mixture (20%) in jussara
pulp juice encapsulation of anthocyanins (QUIRINO LACERDA et al., 2016) confirmed that a
single carrier cannot always provide all the requirements for the succeseful drying, thus a
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mixture of carriers is often used (BEDNARSKA & JANISZEWSKA-TURAK, 2020).
Microencapsulation efficiencies were much higher in all three samples with AG, which is
also in accordance with the results for product yield. AG can interact with both hydrophilic
and hydrophobic segments of the molecule, because it is formed by a ramified carbohydrate
chain and a small amount of glycoproteins linked by covalent bonds. For that reason, AG is
compatible with a great variety of polymers, it is an excellent emulsifying agent in a wide pH
range, and it has a great film forming capacity, which allows better preservation of the
encapsulated molecule (TupuNA et al., 2018).

2.3. Bulk density

Bulk density measurement of herbal extract powders is very important, since the most
common application of such powders is in form of capsules or tablets, the volume of which
is limited (VIDOVIC et al., 2014). It is defined as the mass of particles divided by the total
volume they occupy, and apart from the particles volume, total volume includes the space
between them. Heavier powder will fill the space between the particles more easily, so it will
occupy less volume and have a higher bulk density. Bioactive compounds in the OLE powder
are prone to oxidation, so if the area between the particles is larger, higher oxygen
concentration is available, which causes degradative changes and reduces the bioactive
properties of the produced powders (ToNON at al., 2010). For that reason, as well as for
reduced packaging and shipping costs, higher bulk density is a desirable property of spray
dried powders. Even though not statistically different (P>0.05), the lowest bulk density of
OLE powder was achieved with IN, and it was 0.25 g ml™!, while the highest bulk density of
0.37 g ml™! was reached with AG. The lowest (IN) and the highest (AG) bulk densities were
achieved at 3:1 polyphenols:carrier ratio, indicating there is no clear connection between
bulk density and polyphenols:carrier ratio due to the difference in the carriers’ chemical
structures. This is supported by Youserr and co-workers (2011) with MD, AG, and waxy
starch, while PaINI and co-workers (2015) and Vipovi¢ and co-workers (2014) stated that
higher carrier (MD) concentration led to lower bulk density. Contrarily, CAl and CORKE
(2000) reported that bulk density increased with higher carrier (MD, native and modified
starch) concentration.

2.4. Rehydration

Rehydration is measured as the time it takes for the dried powder to be visually completely
rehydrated. It is the ability of the powder to overcome the surface tension between powder
and water. In order to achieve lower rehydration time, high porosity or large pores for bigger
particles are desirable (A-SuN et al., 2016). Rehydration time of OLE powder produced with
IN was the longest — 140 s, followed by 134 s with AG (Table 1). However, combination of
IN and AG resulted with the shortest rehydration time (42 s). Only OLE powders produced
with IN and AG had polyphenols:carrier ratio of 3:1, indicating that higher concentration of
carrier led to higher rehydration time. Similarly, A-SuN and co-workers (2016) found that
increase of MD concentrations led to a significant increase in rehydration time. The reason is
that the carrier acts as a bulking agent that affects porous structure, making less porous
powders, and the consequence is longer rehydration time.
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3. Conclusions

Production of a high-quality powder along with maintaining its natural antioxidants is a main
challenge during spray drying of plant extracts. Present study confirmed the importance of
appropriate carrier type and polyphenols:carrier ratio along with the temperature applied
during spray drying of OLE. Spray drying conditions that maintained genuine olive leaf
polyphenols involved the use of MDAG at 150 °C and 5:1 polyphenols:carrier ratio, resulting
in the highest product yield (54.48%), the highest polyphenol retention (56.50%), and good
physical properties of obtained powder (bulk density=0.31 g ml"', rehydration time=98 s),
which could be further used in various food applications and pharmaceuticals.

This work was supported by the project “Bioactive molecules of medical plant as natural antioxidants, microbicides
and preservatives” (KK.01.1.1.04.0093), co-financed by the Croatian Government and the European Union
through the European Regional Development Fund - the Competitiveness and Cohesion Operational Programme
(KK.01.1.1.04.).
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