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Abstract

In this study sour cherry pomace was extracted with food-grade solvent (50% ethanol), concentrated and stabilized in
whey and soy proteins by encapsulation. Soy proteins exhibited higher encapsulation efficiency (94.90%), but not sig-
nificantly (p < 0.05), from whey (90.10%). Storage properties of whey (WP) and soy protein (SP) encapsulates in terms
of total polyphenols, anthocyanins and antioxidant activity were tested for 6 weeks. At the end of storage period the re-
tention of polyphenols in SP and WP was similar (67.33 and 69.30%, respectively), while the content of anthocyanins
has increased in SP (for 47.97%) and decreased in WP (for 1.45%). The decrease in antioxidant activity in SP (12.22%)
was lower than in WP (35.04%). Colour parameters of encapsulates have followed the similar trend as anthocyanin
change during storage. The technique reported herewith can be used for obtaining quality encapsulates for their use as

functional food additives, as a way of fruit waste valorization.
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1. Introduction

Polyphenols have attracted the interest of many re-
searchers and the general public due to the potential
health benefits to humans, resulting from their antioxi-
dant, anti-inflammatory, cardioprotective, and neuro-
protective activities, inhibition of bacterial, viral, or fun-
gal infections, development of tumors, and interaction
with proteins, such as enzymes, tissue proteins, and mem-
brane receptors. Based on these facts employment of
polyphenols in food, pharmaceutical and biomedical
fields is suggested.! The fate of dietary polyphenols du-
ring thermal food processing is associated with destruc-
tion of some primary compounds and introduction of
many new compounds, and can lead to alterations in
foods’ organoleptic properties and, more importantly, bio-
logical activities. It was suggested that during future func-
tional food development by means of dietary polyphenol
fortification before food processing, cautious measures

are required to efficiently retain the primary chemical
structure and the structure-associated health-beneficial bi-
oactivities of polyphenols during thermal treatment.? So-
me polyphenols show low water solubility and low stabi-
lity to other environmental conditions (exposure to light,
oxygen, and enzymatic activities) and may undergo de-
gradation in water or oxidation, with a consequent loss in
activity. Also, some of them have a high rate of metabo-
lism and rapid elimination from the human body (e.g.
non-conjugated polyphenols).* Additionally, high molecu-
lar weight polyphenols (tannins, proanthocyanidins etc.)
cannot be easily absorbed.'** Further, phenolics are in-
stable in various solutions and therefore it is necessary to
coat them in order to stabilize them which can be achieved
by the process of encapsulation. This process prolongates
the shelf life of the phenolics and accompanied biochemi-
cal functionalities, and eases the incorporation of such
components into certain food products due to prevention
of lumping, improving flow ability, compression and mi-
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xing properties, reducing core particle dustiness and mo-
difying particle density.>*

Polyphenolics from various sources have been en-
capsulated in predominantly protein and polysaccharide
carriers and their mixtures. For example, beetroot juice
was encapsulated in maltodextrin, Arabic gum and a mix-
ture of both,” saffron and beetroot extracts in maltodex-
trin, gum Arabic, modified starch and chitosan,® pomegra-
nate peel,’ green tea and olive pomace in maltodextrin,*’
cranberry pomace in soy proteins,'® curcumin in Saccha-
romyces cerevisiae, B-cyclodextrin and modified starch,'!
onion and apple extracts in gum acacia and pea protein
isolate or modified starch,'? blueberry in whey protein
isolate,'® and so on. Ezhilarasi et al.'* reported that whey
protein possesses unsurpassed nutritional quality and in-
herent functional properties that meet the demands of en-
capsulation, while Ribnicky et al.'> showed that polyphe-
nols sorbed to soy protein isolate express higher bioavai-
lability and bioaccessibility. In another study, ethanol ex-
tracts of ginkgo leaf were microencapsulated with malto-
dextrin, gum Arabic, or a soluble soybean protein by
spray drying. The volume of core and wall materials had a
significant influence on the encapsulation efficiency. This
value was equal to 82.4% when the ratio for core material
ingredients gum Arabic:maltodextrin:soybean protein was
6.1:2.87:11.75:4.28."° Ezhilarasi et al.'"* have determined
the efficiency of encapsulation of the extract of Garcinia
cowa on various protein and carbohydrate matrices (soy
protein isolate, maltodextrin, and combinations thereof).
All three materials had high encapsulation efficiency, in
the range of 90-97%. Umesha et al.!” examined the effec-
tiveness of encapsulation of Lepidium sativum oil on
whey proteins. It was found that the entrapment efficiency
was significantly lower (64.8%).

There are very few studies on microencapsulation of
polyphenols extracted from sour cherry pomace using
freeze-drying.'®!” The Republic of Serbia has very favo-
rable natural and climatic conditions for sweet and sour
cherries growing, and is a significant and promising fruit
product in Serbia, primarily from the standpoint of ex-
ports to the international market. It has considerable nutri-
tional, medicinal, dietetic and technological value. It is
used in the fresh state or as a raw material, mainly in soft
drinks, less in jams, yoghurt, liqueurs, brandy, compotes,
and also serves as a raw material in the confectionery in-
dustry. According to the production volume of cherries,
Serbia ranks seventh in the world, with a share of 7% of
the total production.”” Processing of sour cherries leaves
bulky by-products, such as pomace, behind every year.
Sour cheery pomace is still a good source of polyphenols,
particularly anthocyanins.?! According to the literature,
sour cherry polyphenols have not been investigated much.
Polyphenols identified in sour cherry juices, besides ant-
hocyanins, include (-)-epicatechin (flavanol), neochloro-
genic, chlorogenic and 3-coumaroylquinic acids (hydroxi-
cinnamic acids), as well as quercetin and kaempferol

glycosides (flavonols).?* In this study, sour cherry cv. ‘Fe-
keticka’ was chosen for its more intensive taste and deeper
red colour, indicating high anthocyanin content. Although
grown exclusively in northern Serbian province Vojvodi-
na, in Feketid, this variety is officially recognized, even at
the international level, as a separate high-quality variety.

The present study was aimed at stabilization and
concentration of polyphenols extracted from sour cherry
pomace by encapsulation using freeze-drying method.
Whey and soy protein were used as carriers for sour cher-
ry pomace polyphenols. Further, the effects of storage on
microencapsulated phenolics, antioxidant activity and co-
lour parameters of powders were evaluated during 6
weeks.

2. Experimental

2. 1. Chemicals and Instruments

Chemicals used in the study were of analytical grade
purchased from Sigma Chemicals Co. (St. Louis, MO,
USA), J.T. Baker (Deventer, Holland) and Lachner (Brno,
Czech Republic). Distilled water was produced using wa-
ter purification system DESA 0081 Water Still destilator
(POBEL, Madrid, Spain). Soy protein isolate was purcha-
sed from “Macrobiotic prom” (Belgrade, Serbia) while
whey protein was from “Lucar” (Novi Sad, Serbia).

Spectrophotometric assays were carried out using
UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan).
Freeze drier, model Christ Alpha 2—4 LSC, was from Mar-
tin Christ, Osterode am Harz, Germany. High performan-
ce homogenizer (model Silent Crusher M) and shaker
(model Unimax 1010) were from Heidolph Instruments
GmbH, Kelheim, Germany. Centrifuge, model EBA 21,
was from Hettich Zentrifugen, Tuttlingen, Germany.

2. 2. Plant Material

Ripe sour cherries, variety ‘Feketicka’, were purc-
hased from local producer “Horkai”, Feketié, Serbia.
Fresh undamaged sour cherries were washed, all of the
stones were removed by hand, and stoneless fruits were
packed immediately, frozen and stored in a freezer at —20
°C pending further use.

2. 3. Preparation and Extraction of Sour
Cherry Pomace

Sour cherry pomace was obtained by pressing the
unfrozen stoneless sour cherries through cheesecloth. The
yield of pomace compared to the unfrozen fruits was
22.40%. The obtained pomace was dried in a freeze drier
at —40 °C for 120 h. The extraction of phenolic substances
from dry pomace was performed using 50% ethanol aque-
ous solution, according to Roopchand et al.'® Sample of
pomace (100 g) was extracted in three steps. The first step
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includes homogenization with 500 ml of 50% ethanol for 3
min on a high performance homogenizer followed by ex-
traction for 60 min on a laboratory shaker (200 rpm). The
second and third steps were performed with the same para-
meters, extraction with 250 ml of 50% ethanol for 30 min
on a laboratory shaker (200 rpm). After each step liquid ex-
tract was collected after separating the pomace solids by
vacuum filtration using Whatman filter paper @ 47 mm.
Obtained three extracts were combined and organic sol-
vent in the collected hydro-alcohol extract was evaporated
by rotary evaporation set at 40 °C.

2. 4. Encapsulation of Sour Cherry Pomace
Extract

Concentrated water pomace extract (100 ml) was
mixed with wall material (50 g of soy protein isolate or
whey, core:coating ratio 2:1) with additional 200 ml of
water for 30 min on laboratory shaker (200 rpm). The ho-
mogenized mixtures were iced and then freeze dried at
—40 °C for 24 h, yielding red and purple-blue free-flowing
powders — whey (WP) and soy protein (SP) encapsulates,
respectively.

2. 5. Encapsulate Powder Storage Stability
Studies

Encapsulate samples (WP and SP) were stored at
room temperature (25 °C) in high-density polyethylene
bags for 6 weeks to determine the effect of time on the
stability of total polyphenols, anthoyanins, antioxidant
activity and colour parameters. For determination of the
content of polyphenols and anthocyanins, as well as
antioxidant activity of WP and SP, three portions of 100
mg of each encapsulate were removed every second
week, in triplicate.

2. 5. 1. Polyphenol Content

For determination of encapsulation efficiency phe-
nolic content in the core (CPC) and surface (SPC) of en-
capsulate were determined, according to Saikia et al.* For
the core phenolic content, as well as for the storage stu-
dies, encapsulates were extracted using the following pro-
tocol: 100 mg of powders were mixed with 1 ml ethanol,
acetic acid and water (50:8:42) on vortex for 1 min, then
centrifuged at 6000 rpm for 3 min. Liquid part was collec-
ted and filtered through 0.45 um filter. Similarly, for surfa-
ce polyphenols, 100 mg of sample was dispersed in 1 ml
of ethanol and methanol (1:1) mixture. The mixture was
vortexed for 1 min, centrifuged for 2 min, and the super-
natant was separated. Total polyphenol contents in encap-
sulate extracts were determined by Folin—Ciocalteu met-
hod given by Singelton et al.>* Results were expressed as
mg gallic acid equivalents per 100 g encapsulate (mg
GAE/100 g).

The encapsulating efficiency was determined by us-
ing the given equation:

EE (%) = ((CPC-SPC)/CPC) x 100 (1)

where CPC is the phenolic content inside the core of the
encapsulate; SPC is the surface phenolic content.

2. 5. 2. Anthocyanin Content

For determination of total anthocyanins in encapsu-
lates, the same extraction procedure as for core polyphe-
nols was used. Total anthocyanins were determined accor-
ding to the pH differential method by Lee et al.> Results
were expressed as mg cyaniding-3-glycoside per 100 g
encapsulate (mg CyGE/100 g).

2. 5. 3. Antioxidant Activity

The antioxidant activity of encapsulates, extracted
by the aforementioned protocol for core polyphenols, was
evaluated using the DPPH assay.”® Trolox was used as a
positive control for callibration. Results were expressed as
pumol Trolox equivalents per 100 g encapsulate (umol TE
per 100 g).

2. 5. 4. Colour Parameters of Powder Encapsulates

Encapsulate colour was measured in triplicate every
second week in the period of six weeks. The CIELab co-
lour coordinates (L* — lightness, a* — redness to greenness
and b* — yellowness to blueness)?’ were determined using
MINOLTA Chroma Meter CR-400 (Minolta Co., Ltd.,
Osaka, Japan) using D-65 lighting, a 2° standard observer
angle and an 8-mm aperture in the measuring head. The
Chroma Meter was calibrated using a Minolta calibration
plate (No. 11333090; Y =92.9, x = 0.3159; y = 0.3322).

2. 6. Statistical Analysis

All data are presented as mean values of triplicate
analysis along with their standard deviations. Variance
analysis (ANOVA) was performed, with a confidence in-
terval of 95% (p < 0.05). Statistical analyses were carried
out using STATISTICA 12.0 (StatSoft, Inc., Tulsa, OK,
USA).

3. Results and Discussion

3. 1. Sour Cherry Pomace Encapsulation

A characteristic of bioactive food components is that
they are subject to rapid inactivation or degradation. Many
bioactive food components would therefore benefit from
an encapsulation procedure that slows down the degrada-
tion processes and/or prevents degradation until the pro-
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duct is delivered at the sites where absorption is desired.”®
Selecting the appropriate carrier for the given bioactives is
a critical step. The type of coating affects the encapsula-
tion efficiency as well as its final morphology. It has to be
biodegradable, stable, avoid reaction with the bioactive,
maintain the bioactive structure and improve functionality
during processing and storage at different conditions.”
For our study we have chosen whey and soy proteins for
coating polyphenols extracted from sour cherry pomace.
The encapsulation efficiency did not differ significantly (p
< 0.05) among the two wall materials, being higher in soy
proteins (94.90%) than in whey (90.10%). These results
show that the procedure of encapsulation of sour cherry
pomace polyphenols was very successful.

3. 2. Encapsulate Powders Storage Stability
Studies

3. 2. 1. Bioactive Compounds in Powders

The results of testing the powders’ polyphenol and
anthocyanin shelf life are presented in Figure 1. During
the first 4 weeks the content of total polyphenols has de-
creased considerably in SP (70%) and WP (80%). Howe-
ver, during the last two weeks of storage, there was a sig-
nificant (p<0.05) increase in polyphenol contents in both
encapsulates, resulting in final retention 67.33% in SP and
69.30% in WP, compared to the initial polyphenol con-
tents.

These results are in accordance with the findings of
other authors. An increase in total phenolics from 2 to 2.5
fold was found after 30 days of storage at 22, 37 and 45°C
in spray-dried blueberry pomace extract encapsulated
with whey protein isolate as wall material.** The total
polyphenol contents of black currant encapsulated in mal-
todextrin increase in the first 6 months at 8 °C, while in
inulin-based encapsulates they increase even after 12
months.*! Saénz et al.* reported that cactus pear polyphe-
nols in powders dried with inulin increase after 44 days
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storage at 60 °C. During degradation of conjugated polyp-
henols free hydroxyl groups are released, causing an ove-
restimation of the total polyphenol content determined by
Folin-Ciocalteu assay. The decreases in anthocyanin le-
vels in SP happened in the first two weeks of storage, whi-
le in WP during four weeks, and after that the content of
anthocyanin levels increased, in both encapsulates. Com-
pared to the initial concentrations of anthocyanins in en-
capsulates, the final concentration after 6 weeks of storage
in SP has increased (for 47.97%) and in WP it has decrea-
sed very slightly (for 1.45%). This difference in anthocya-
nin retention in SP and WP encapsulates can be explained
by different encapsulation efficiency in these two wall
materials. Since the efficiency to encapsulate polyphe-
nols, which includes anthocyanins, was higher in soy pro-
teins (94.90%) than in whey (90.10%), more anthocyanins
have remained unbound, on the surface of WP compared
to SP, leading to higher degradation rate. Robert et al.*?
found that anthocyanins in fresh pomegranate juice totally
degraded in less than 10 days while in juice microencap-
sulated in SPI and maltodextrin the retention of anthocya-
nins was above 70% even after 60 days of storage, sho-
wing the importance of the encapsulation in preserving
the bioactive compounds. In the same study it was repor-
ted that when SPI is used as a wall material both polyphe-
nol and anthocyanin retention increase during the first 35
days of storage, possibly due to the hydrolysis of the po-
megranate conjugated polyphenols, and then decrease.
They showed the first-order degradation rate constant for
polyphenols and anthocyanin encapsulated, calculated
between 35 and 56 days. Similar behaviour was also re-
ported by other authors.***

3. 2. 2. Antioxidant Activity of Powders

Based on the retention of antioxidant activity pre-
sented in Figure 2, tested by DPPH assay, the storage af-
fected this feature of encapsulates as well. The preserva-
tion of antioxidant activity was dependent on the material
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Figure 1. Polyphenol (a) and anthocyanin (b) stability of sour cherry pomace encapsulates during storage
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Figure 2. Antioxidant activity of sour cherry pomace encapsulates
during storage

used for encapsulation, but only after the second week of
storage. There was no significant diference (p < 0.05) in
antioxidant activity of powders during the first two weeks.
After 6 weeks the antioxidant activity of SP (12.13 umol
TE per 100 g) was almost 4-fold higher than WP (3.24
umol TE per 100 g). Final decrese in antioxidant activity
after 6 weeks of storage compared to the fresh powdres in
SP (12.22%) was lower than in WP (35.04%). This is in
agreemant with the results of polyphenol and especially
anthocyanin retention in powders showing the superior
ability of soy proteins to bind polyphenols and anthocya-
nins, due to higher content of proteins.

Nori et al.*® encapsulated propolis extract emplo-
ying isolated soy protein and pectin as wall materials,
with relatively high encapsulation efficiency. They confir-
med that encapsulation provided not only protection
against degradation of phenolic and flavonoids com-
pounds present in free propolis, but also preservation of
their antioxidant properties.

3. 2. 3. Colour Parameters of Powders

Encapsulation of natural colours can be an intere-
sting alternative for the replacement of artificial colourants
for natural colourants in the food and pharmaceutical indu-
stry.® Change in colour parameters of sour cherry encapsu-

Table 1. Colour change of sour cherry pomace encapsulates during storage

late powders, measured by CIE L*a*b* method, during 6
weeks of storage is presented in Table 1.

According to the instrumental measurements of co-
lour parameters it can be observed that the initial colour of
WP and SP encapsulates was different (Table 1). SP encap-
sulate had lover L* values (i.e. it was darker) than WP en-
capsulate, due to the fact that SP encapsulate showed hig-
her initial anthocyanin content (Figure 1). Also, there was
a significant difference (p<0.05) in redness (positive a* va-
lues) and in yellowness/blueness (b* values) between SP
and WP encapsulates. WP encapsulate had higher a* and
b* values and was coloured red, while SP encapsulate was
purple-blue as evidenced by negative b* value (—1.37). The
reason for this is that the colour of anthocyanins depends
on pH. Weakly acidic medium, as whey, causes red tone
coloration of anthocyanins, while in slightly alkaline con-
ditions in soy protein isolate they change their colour to
blue. Storage period and type of encapsulation agent signi-
ficantly affected the colour change of encapsulates. During
the storage, samples changed their colour to less intense
red/purple-blue. In both samples, lightness (L* values) and
redness (a* values) decreased significantly (p < 0.05), whi-
le b* values increased. The loss of red colour (decrease in
a* values) was higher in WP then in SP encapsulate due to
higher encapsulation efficiency of soy protein which had
superior ability to bind anthocyanins, as mentioned above.

Idham et al.*’ noticed the same trend (decrease in L*
and a* values, and increase in b* values during storage) in
spray dried encapsulated anhocyanins from Hibiscus sab-
dariffa. They also concluded that colour changes depend
on the type of carriers. In SP encapsulate a* values de-
creased in the first two weeks from 16.52 to 15.09, and
then increased to 16.25. In WP these values decreased
from 25.17 to 19.23 during the first four weeks and then
increased slightly to 21.88. The increase in redness after
some time could be explained by the increase in anthocya-
nin levels in encapsulates during storage (Figure 1).

4. Conclusions

Sour cherry pomace polyphenols were encapsulated
in whey and soy proteins as a protecting core material.

L* a* b*
Week WP SP WP SP WP SP
0 5325+ 0.01°  47.55+0.23° 25.17 = 0.4° 1652+ 0.01° 147 +0.75° —1.37+0.03
2 5122+058° 4621 +0.14¢ 2234+052°  15.09 + 0.23° 416045  2.54+038
4 49,41 +1.02°  45.88+0.13° 1923 +0.74%  15.95+0.54° 705+033° 473 +0.42¢
6 4835+ 0.14° 4375+ 0.26" 21.88+0.85  16.25+0.55 1035+ 1.25¢ 829 +0.35¢

Values represent average of triplicates + standard deviation. Means with different letters in superscript (a—d) in columns are significantly different

(p<0.05).
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Free-flowing powders obtained by freeze drying with high
encapsulation efficiency had favourable antioxidant featu-
res (polyphenol and anthocyanin contents as well as an-
tioxidant activity on DPPH radicals) and colour parame-
ters, even after six weeks of storage. From the results pre-
sented herewith it can be concluded that the sour cherry
pomace encapsulates represent a promising food ingre-
dient for functional food development, due to both antio-
xidant content and potential as a colourant. The results of
this study also suggest that encapsulation can be regarded
as a final stage of high added-value compounds proces-
sing from food wastes. Future studies will involve incor-
poration of encapsulates in a food model system to test the
influence of other components as well as food processing
parameters on stability of encapsulated bioactive com-
pounds.
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Povzetek

V tej Studiji smo tropine viSenj ekstrahirali s 50 % etanolom, ji koncentrirali in stabilizirali z enkapsulacijo z uporabo
sirotkinih in sojinih proteinov. U¢inkovitost enkapsulacije je bila vecja pri uporabi sojinih proteinov (94,90 %), a ne sta-
tisti¢no znacilna (p <0,05), kot pri uporabi sirotkinih proteinov (90,10 %). Preverili smo tudi stabilnost enkapsulatov s
proteini sirotke (WP) in soje (SP) med skladi§¢enjem v obdobju Sestih tednov, kjer smo se osredotocili na vsebnost
celokupnih polifenolov in antocianinov ter antioksidativno aktivnost. Po kon¢anem obdobju skladiS¢enja je bila vseb-
nost polifenolov v enkapsulatih SP in WP podobna (67,33 % in 69,30 %), vsebnost antocianinov v SP se je povisala (za
47,97 %), v WP pa zmanjsala (za 1,45 %). Antioksidantivna aktivnost enkapsulatov z SP se je znizala (12,22 %), a manj
kot v primeru enkapsulatov z WP (35,04 %). Skladno s spremembami, ki smo jih med skladi§¢enjem zaznali pri anto-
cianinih, se je spreminjala tudi barva enkapsulatov. Opisana tehnika omogoca pripravo kakovostnih enkapsulatov, ki se
jih lahko uporabi kot funkcionalne aditive v Zivilih in se s tem izkoristi vrednost sadnih odpadkov.
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