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TOPICALITY OF THE RESEARCH

For years, potatoes (Solanum tuberosum L.) are one of the worlds’ most
important agricultural crops for human consumption after wheat (Triticum
L.), rice (Oryza L.) and maize (Zea mays subsp. mays L.), with 374 million
tonnes produced in 2016 worldwide, including 497 thousand tonnes in Latvia
(FASOTAT, Crops, s.a.). At the same time, it had been reported that in some
developed countries up to 70% (in 2012) of total produced potatoes can be
processed yearly (U.S. per Capita..., s.a.). Latvian economy is experiencing
the steady growth and the increase in potato processing volumes could be
expected also in the future.

Usually, industrial potato processing involves a peeling stage applying
abrasion or steam methods that can generate up to 40% wastes of the initial
potato mass, depending on the peeling method, final product, and quality of
initial potato tubers (Arapoglou et al., 2009). Altogether, problem of
industrial potato peel by-product (IPPB) management and utilisation makes
a great concern for the potato industry. In Europe, processed potatoes (mainly
frozen chips and crisps) were considered worth EUR 9.4 billion in 2015, or
1.1% of the overall value of European food and beverage industry (The EU
potato sector, 2018).

Potato peel is one of the main potato processing wastes that have a big
perspectives to be utilized as a raw material (Arapoglou et al., 2009). By
chemical composition, IPPB is an inexpensive by-product that contains large
quantities of starch and non-starch polysaccharides, and lignin. Although, too
big fibre content makes it not suitable for non-ruminant diets without
specialized treatment (Birch et al., 1981). Many theoretical studies had been
conducted in the last decades on IPPB recycling, but no operational recycling
facility is known at the moment of the present research. This fact indicates
the necessity of developing a new scalable, cost-efficient, and compact
method. Many authors agree that one of the perspective recycling
possibilities of potato peel for application in food industry could be the
biologically active compound (BAC) extraction. One of the main applications
of the produced extract could be an enrichment of chosen food product in
order to minimize its oxidation. Although, in order to ensure desired
antioxidation properties, it is necessary to provide sufficient protection for
the mentioned compounds before they will be delivered to the targeted
production stage. One of the best solutions for this problem could be
encapsulation of BAC, or BAC incorporation into a protective capsule. This
will ensure the controlled release of encapsulated compound and minimize
oxygen contact with potential antioxidants.

In order to develop a practically applicable method for potato peel (an
industrial potato processing by-product) recycling, present thesis will focus on



the development of BAC extraction and encapsulation, with further application
of the produced encapsulated extract as an antioxidant for ground pork meat.

Hypotheses of the present work: potato peel — an industrial potato
processing by-product, can be utilized for phenolic compound recovery and
encapsulation, with further application in the food industry.

Research object — potato (Solanum tuberosum L.) peels, industrial potato
processing by-product, collected from potato processing facilities in Latvia.

The aim of the present thesis was to develop a practically applicable
recycling method for potato processing by-product, in order to produce a
microencapsulated extract, containing biologically active (mostly phenolic)
compounds.

To achieve the aim, following tasks had been established:

1. evaluate actual industrially available potato peels, a by-product from
potato processing facilities in Latvia;

2. analyse the content and stability of extractable biologically active compounds
in potato peels, that had been acquired by an abrasion peeling method;

3. compare the most common food grade methods for the extracted
biologically active compound microencapsulation;

4. develop a method for production of microencapsulated phenolic compounds
from industrial potato peel by-products, evaluating the functionality of
produced capsules through the manufacture of a test food product.

Scientific significance

1. A unique complex method had been developed for the potato peel by-
product recycling and microencapsulated phenolic compound production.

2. Simultaneous extraction of biologically active compounds (mostly
phenolic compounds) and carbohydrates (capsule wall material) with
further encapsulation had been studied.

3. Produced product, fine powder, had been evaluated as a potential
antioxidant for meat industry.

Economic significance

1. A practically applicable, compact (could be carried out within a one
working day), and environmentally friendly potato peel recycling method
had been developed, that allow to manufacture new products.

2. Produced encapsulated material is suitable for food product manufacturing in
order to decrease oxidation rates and extend the shelf life.



APPROBATION OF THE RESEARCH

Research results have been summarized and published in 5 scientific

issues, including 3 publications indexed in the international citation databases
SCOPUS and Web of Science.

Publications indexed in international citation databases SCOPUS or

Web of Science.
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https://elibrary.ru/item.asp?id=25427601

Results have been presented at seven international scientific

conferences and congresses in Brazil, Estonia, India, Latvia, Lithuania, and
Russian Federation.

1.

Sepelevs, 1., Kince, T., Galoburda, R. “A method for encapsulated
phenolic compound production from industrial potato peel wastes”, 19th
World Congress of Food Science and Technology “IUFoST 2018,
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Kaunas, Lithuania, 2018, May 17—18 (Poster presentation)
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Conference “Biosystems Engineering 2018, Tartu, Estonia, 2018, May
9-11 (Poster presentation)
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biologically active compound extraction and encapsulation”.
International Training School “Reverse Engineering of Processed Foods”,
Campinas, Brazil, 2017, September 25th October to 4th (Poster
presentation)

5. Shepelev, 1., Galoburda, R., Rakcejeva, T. “Changes in the total phenol
content in the industrial potato peel wastes during the storage”,
International Scientific Conference “Biosystems Engineering”, Tartu,
Estonia, 2016, May 25-26 (Poster presentation)

6. Sepelev, 1., Galoburda, R. “Industrial potato peel waste application in
food production: a review”. Annual 2Ist International Scientific
Conference “Research for Rural Development 2015”, Jelgava, Latvia,
2015, May 13-15 (Oral presentation)
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MATERIALS AND METHODS

Time and place of the research

Present thesis had been work out in the period from 2014 to 2018 in the
scientific laboratories of the Latvia University of Life Sciences and
Technologies (former Latvia University of Agriculture), and Department of
Food Science and Nutrition, University of Minnesota (USA).

Structure of the research

Present research had been conducted in the three consequent stages that
are represented in the Fig. 1.

In the first stage of the research, the main focus had been directed to the
information gathering on possible potato by-product recycling in general and
evaluation of the actual situation at potato processing facilities in Latvia. Low
collaboration rates from the manufacturer side allowed to collect data and
potato peel samples only form the following enterprises:

1. Ives Grupa, Ltd., Laveste, Jaunpils county;

2. Orkla Confectionery & Snacks Latvija, Co. (former Latfood, Co.),
currently the biggest potato processing company in Latvia;

3. Nissi, Ltd., Riga;

4. Paplate Nr.1, Ltd., Raubeni, Ozolnieki county.



Stage I. Evaluation of potato peel recycling

Stage II. Biologically active compound extraction from

Sample collection from potato processing facilities in Latvia /

IS 5 Paraugu vaksana no kartupelu parstrades uznémumiem Latvija
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Comparison of popular food-grade
encapsulation technologies /
Popularako partikas klases

mikrokapsulacijas metozu salidzinajums

v

Developing a method for water soluble
phenolic compound encapsulation /
Metodes izstrade tuident SkistoSo fenolu
mikrokapsulacijai vairakslanu kapsula

A\ A 4

Developing a method for simultaneous extraction of
biologically active compounds and carbohydrates from potato
peels for encapsulation purposes /

Metodes izstrade vienlaicigai biologiski aktivo vielu un
oglhidratu ekstrakcijai no kartupelu mizam mikrokapsulacijas
nolitkiem

mizu blakusproduktiem un to mikrokavsulaciia

potato peel by-products and microencapsulation /
Il posms. Biologiski aktivo vielu ekstrakcija no kartupelu

- v

Stage III. Encapsulated biologically active compound application to inhibit
meat fat oxidation /
111 posms. Kapsuléto biologiski aktivo savienojumu pielietojums galas tauku
oksidacijas aizkavésanai

Fig. 1. Research structure /
1. att. Petiiuma struktiira




After the chemical analysis of the collected potato peel samples, and
acquired data evaluation, extractable BAC degradation rates in the peel
samples stored at ambient conditions at room temperature had been
evaluated, as it would be at the actual potato processing facility (Fig. 2).

Modelling of peel by-products that are available in Latvia: /
Latvija pieejamo mizu blakusproduktu modelésana:
1. large peel / lielas mizas, 4 + 1 cm;
2. small peel / mazas mizas, 4 = 1 mm;
3. finely shredded peel / pilnigi sasmalcinatas mizas.

v

Peel storage at ambient conditions at room temperature,
imitating storage at processing facilities /
Mizu uzglabasana nekontroléjamos apstaklos telpas temperatiira,
imitéjot uzglabasanas apstaklus ripnieciskaja razosana

v

Daily sample Freeze drying and analysis: /
collection / Liofilizacija un analizes:
Ikdienas paraugu 1. total phenolic content /
vaksana > kopéjais fenolu saturs, mg GAE g,
2. free radical scavenging activity /

brivo radikalu saistisanas spéja, %;
3. determination of the selected BAC /
izveleto BAC noteiksana.

Fig. 2. Evaluation of biologically active compounds (BAC)
degradation rates /
2. att. Biologiski aktivo vielu (BAC) degradacijas dinamikas novértesana

To standardize different types of potato peel samples for this part of the
research, an industrial grade potato variety had been chosen as a raw material
and peel samples were prepared to match the ones acquired previously from
the industry. For this step, potato samples (Solanum tuberosum cv
Magdalena, pedigree 82-28.9/15876.41) were kindly donated by the Institute
of Agricultural Resources and Economics (former State Priekuli Plant
Breeding Institute). Prepared peel samples were stored for seven days in the
open containers, at ambient conditions, shielded from the light.

After understanding the possible potato peel by-product storage and
conditions, next step had been developed to evaluate existing popular food-
grade encapsulation methods (freeze- and spray-drying; Fig. 3). Originally,
these methods are not comparable, and the main goal of the present step was
to investigate whether the application of freeze-drying can be justified for
non-thermo sensitive compound microencapsulation. Need of this study
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came from the fact that in many recent studies freeze-drying was proposed as
the chosen method for BAC microencapsulation.

Gallic acid (GA) had been used as a model phenolic compound to ensure
control conditions of the study, as it is common in nature, food grade,
affordable, and relatively stable.

Potato starch / - Potato starch modification / <« Acid/
Kartupelu ciete v Kartupelu cietes modificésana Skabe
60+1°C,3h
Gallic acid: / i
Gall(;tisﬂfabe: »| Preparation of the encapsulation mass /
1'00/" Kapsulacijas masas pagatavosana
. () t
5.0% v
10.0% Microencapsulation: / Mikrokapsulacija:

1. freeze-drying / liofilizacija
2. spray-drying / izsmidzinasanas kalte

'

Analysis / Analizes
1. Gallic acid content on the capsule surface /
Galluskabes saturs uz kapsulas virsmas
Total gallic acid content / Kopéjais galluskabes saturs
Moisture content / Mitruma saturs
Water activity / Udens aktivitate
Surface analysis / Virsmas analize:
a. SEM/SEM
b. Gas sorption / Gazu sorbcija

gk e

Fig. 3. Gallic acid microencapsulation by freeze- and spray-
drying methods /
3. att. Galluskabes mikrokapsulacija ar liofilizaciju un
izsmidzina$anu kalte
SEM - scanning electron microscope / skenéjosais elektronu mikroskops

Based on the acquired results, spray-drying had been chosen as the
microencapsulation technology. The next step had been designed to develop
an alternative method for water soluble phenolic compound
microencapsulation in the multiple layer capsule, in a single spray-drying
process that can be seen in Fig. 4. Usually, similar methods imply multiple
stages: 1) core material microencapsulation in the core of the capsule,
2) followed by the formation of the additional outer shell layer. Alternatively,
the method developed in the present study allows to minimize time and costs
of the production process, as it is the only step. In addition, to make an outer
shell layer more resistant, small amounts of modified starch (chosen wall
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material) had been converted into the resistant starch. In the same way as it
had been mentioned in the previous step, gallic acid had been used as the
model phenolic compound.

Capsule shell / Encapsulation / Core /
Kapsulas apvalks Kapsulacija Kodols
MS : H.0 MS : (PO : GA) PO :GA
1:2(w/w) 2: 1 (w/w) 4:1 (w/w), 50 °C
Autoclave / Homogenization / Homogenization /
Autoklavs P Homogenizacija = Homogenizacija
121+1°C,1h 600 rpm, 30 s, 60 °C 600 rpm, 5 min.
Incubation / Spray-drying / PGPR
Inkubacija Izsmidzinasanas
24h,22+2,68+2, kalte
100+ 2 °C L.t:170 £ 1 °C
* O.t:75+1°C
Cooling / Dzesésana
22+2°C

Fig. 4. Multiple phase capsule formation scheme /
4. att. Vairaku faZu kapsulu veidoSanas shéma
MS — modified starch / modificéta ciete; H2O — water / iidens; PO — palm oil /
palmu ella; GA — gallic acid (dry) / galluskabe (sausa); PGPR - polyglycerol
polyricinoleate / poliglicerina poliricinoledts; 1.t. — inlet temperature /
ieejosa temperatiira; O.t. — outlet temperature / izejoSa temperatiira.

After the deep analysis of acquired results from previous steps of both
stages, the next step had been developed with an aim to provide an efficient
and fast process for BAC extraction from the raw potato peel, and extracted
compound microencapsulation, as it is shown in Fig. 5. To achieve this,
simultaneous extraction of BAC and starch hydrolysis products had been
introduced, with further spray-drying for microencapsulation purposes. It was
planned that extracted carbohydrate will make a protective shell around BAC
and incorporating of additional microencapsulation material will not be
necessary. This allows to minimize production costs and time.
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Potato peel / Grinding / Ethanol /
Kartupelu mizas Smalcindsana |« Etanols
30g 60 sec 60%, 300 ml

* A

Microwave assisted extraction /
Mikrovilpu veicinata ekstrakcija
180 W; 5, 10, 15, and 20 min
without ultrasound treatment / bez apstrades ar ultraskanu
. ultrasound treatment before MAE / ultraskanas apstrade pirms MAE
3. ultrasound treatment after MAE / ultraskanas apstrade pec MAE

Residue, could be further * -
recycled for biogas production/ || Centr 1.fuga_t30n /
Atliekas, var talak lietot Centrifugésana
biogazes raoSana ‘[ Without additional cooling /
Bez papildus dzesésanas

\ 4

o =

A 4

Vacuum evaporation (concentration) /
Vakuuma ietvaicésana (koncentrésana)
40+1°C

Without additional cooling / A
Bez papildus dzeséSanas |

Recovered ethanol /
Atgiitais etanols

y

Microencapsulation through spray-drying /
Mikrokapsuldcija izsmidzinasanas kalté
Lt:170+£1°C; 0.t.: 70 £ 1 °C

Fig. 5. Simultaneous biologically active compound and carbohydrate
extraction with further microencapsulation
5. att. Biologiski aktivo vielu un oglhidratu vienlaiciga ekstrakcija ar
sekojoSu mikrokapsulaciju
MAE — microwave assisted extraction / mikrovilpu veicinata ekstrakcija;
Lt. — inlet temperature / iepliides temperatiira,
O.t. — outlet temperature /izpliides temperatiira.

The last step of present work includes a practical application example of
produced capsules. For the proof of concept study, freshly ground meat had
been purchased and homogenized with produced capsules, containing BAC
(Fig. 6). To achieve this, previously produced capsules were added to the
ground pork meat mass in proportion 2 g of total measured phenols in
capsules per 1 kg of total measured lipids in pork meat. Mass was
homogenized in the kitchen type blender RHB450-S-W (Rotex, China) and
stored at accelerated oxidation conditions at 30 + 1 °C for 6 days. Small
amounts of samples had been taken daily, packed in vacuum, rapidly frozen
and stored at -20 °C for further analysis.
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Minced pork meat / Previously prepared capsules /
Malta citkgala leprieks pagatavotas kapsulas
500 g 46¢g
v v
Determination of the lipid content / Determination of total
Lipidu satura noteikSana phenolic content /
Kopejo fenolu satura
noteiksana

A 4 *

Mixing in the blender /
Sajauksana blendert
30s
v
Storage at accelerated Daily sample collection /
oxidation conditions / Ikdienas paraugu nemsana
Uzglabasana paatrinatas » Determination of the active oxygen

oksidésanas apstaklos content /

30+ 1 °C; 6 days / 6 dienas Aktiva skabekla satura noteikSana

Fig. 6. Minced pork meat processing with microencapsulated
biologically active compounds /
6. att. Maltas ciikgalas apstrade ar mikrokapsuletam biologiski
aktvam vielam

Methods applied for the research
Methods of analyses applied in the research are summarized in Table 1.

Table 1/ 1. tabula
Applied methods / Pielietotas metodes

Parameters / Standards and methods /
Raditaji Standarti un metodes
Physical parameters / Fizikalie raditaji
Moisture / Mitrums, % ISO 2171: 2010
Water activity / Udens aktivitate, aw 1SO 21807: 2004
Particle size and distribution / LA 960 (HORIBA, Japan)
Dalinu lielums un izméra sadalijums, pm
Amylose and amylopectin characterisation / Annor et al., 2014
Amilozes un amilopektina raksturojums
Capsule surface analysis / Quantachrome
Kapsulu virsmas analize Instruments, 2013
Chemical parameters / Kimiskie raditaji
Total protein / Kopéjas olbaltumvielas, g 100 g! | AOAC 984.13
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Continuation of the table 1/ 1. tabulas turpinajums

Parameters / Standards and methods /
Raditaji Standarti un metodes
Total carbohydrates / Arapoglou et al., 2009
Kopéjie oglhidrati, g 100 g'!
Dietary fibre / Skiedrvielas, g 100 g’! AOAC 985.29
Starch / Ciete, g 100 ¢! AOAC 996.11
AOAC 75-13.01
Glycoalkaloids (a-solanine, a-chaconine), LC-HRMS
chlorogenic acid, phenylalanine / Lopez-Cobo et al., 2014

Glikoalkaloidi (a-solanins, a-cakonins),
hlorogenskabe, fenilalanins, mg g’!

Total lipids / Kopéjie lipidi, g 100 g’ AOAC 920.39
Ash / Pelnvielas, g 100 g*! ISO 2171: 2010
Total phenolics / Jung et al., 2011
Kopéjie fenoli, mg GAE g!

Free radical scavenging activity / Yuetal, 2013
Brivo radikalu saistiSanas spéja, %

Dextrose equivalent / Lane & Eynon, 1923
Dekstrozes ekvivalents, DE

Active O? content / Aktiva O? saturs, AOAC 965.33

mmol kg! tauku

Statistical analysis

Data mathematical analysis had been performed with MS Excel v16 and
R 3.4.1 softwares, applying a) Dixon’s Q test, b) ANOVA, c) Tukey test, and
d) Student’s t-test. Differences were considered insignificant at P > 0.05.

RESULTS AND DISCUSSION
1. Evaluation of industrial potato
processing by-products (peels)

After evaluating all available industrial potato processing by-products
(IPPB), it had been decided to continue present research on potato peel
wastes, that could be divided in three categories: 1) large peel (4 = 1 cm),
2) small peel (4 + 1 mm), and 3) completely shredded peel. Decision had been
based on a stable availability of the source material and possibilities of
collection and storage in Latvia. In general, whole under-sized potato tubers
also can be added to this category in the future and considered as the same
material as potato peels, but with decreased concentration of biologically
active compounds (BAC) and increased starch content.

Chemical analysis of collected samples had been conducted and results
are presented in the Table 2.
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Table 2 / 2. tabula
Chemical composition of potato peel samples from three
industrial peeling lines, g 100 g! dw (Illenenes et al., 2015) /
Triju veidu kartupelu riipnieciskas parstrades blakusproduktu
kimiskais sastavs, g 100 g! dw

Parameters / Peel samples / Mizu paraugi Theoretical
Parametri, values /
Large Shredded Small Teorétiskas
peel / peel / peel / vertibas
Lielas | Sasmalcindtas | Mazas
mizas mizas mizas
Ash/ 8.1+ 43+0.0 2.8+ 7.0£1.0%5
Pelnvielas, g 100 g”!' dw £0.0 +0.3 cd
Nitrogen / 22+ 0.9+0.2 1.3+ 1.3+n.a?
Slapeklis, g 100 ¢! dw +0.1 +0.2
Protein / 13.6 + 5.6+1.0 8.4+ 126 +64 %
Olbaltumvielas, +0.6 +1.1 b,c.d
2100 gl dw
Total carbohydrates / 77.7+ 894+ 1.1 80.7 + 66.6 +11.2
Oglhidrati, kopa, t.sk. +0.7 +1.7 ab,d
2100 g!' dw
total fibre / 16.1 + 26.0+0.7 30.1 + 23.8+12.5
Skiedrvielas, 2100 g dw | +0.1 +09 ad
total starch / 64.3 + 68.0 £ n.a. 572+ 50.6 £23.0
ciete, kopd, g 100 g dw | *n.a. +na. abed
Total lipids / 0.6 + 0.7+0.1 8.1+ 1.6+£1.4%0
Kopéjie lipidi, 100 g dw | £0.1 +0.3 d

n.a. — not applicable / nav piemérojams; dw — dry weight / sausna. Theoretical value
sources / Atsauces uz teoretiskam verttbam: a) Arapoglou et al., 2009;
b) Liang et al., 2014; ¢) Mahmood et al., 1998; d) USDA, 2018.

It should be emphasized that all peel samples were collected from the
actual potato processing lines and had been formed from different potato
varieties, and each collected sample usually had been represented as a mix of
different genotypes. As a result, these data had been compared to the average
numbers reported in the literature.

Samples, formed by small peels, showed four times higher lipid content than
theoretical average (8.1 + 0.3 versus 1.6 = 1.4 g 100 g'' dw) and ca. ten times the
content of another collected samples (0.6 + 0.1 and 0.7 = 0.1 g 100 g"! dw). This
fact represents a by-product collection problem in the big processing facility,
where waste collection systems are closed and several different waste streams are
mixed. In the present case, peel samples were mixed with a part of the disposed
final product — fried potato chips.

Content of the remaining chemical compounds were within the theoretical
values, with minor fluctuations. It was reported previously that recovered
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proteins from potato peels are of a superior quality compared to the most
vegetable proteins, but their discoloration stigma constitutes a major setback
in its utilization in the food systems (Mu et al., 2009), and large amount of
work already had been done on protein recovery and oxidative browning
inhibition (Arogundade & Mu, 2012; Mu et al., 2009; Schmidt et al., 2018).
Taking in consideration the popularity of industrial vegetable processing by-
products application as a dietary fibre source in food production, it had been
decided to concentrate further studies on biologically active compound and
starch recovery and application in food production.

2. Extractable biologically active compound stability in
potato processing by-products

As had been described previously, potato peel biologically active
compound profile if highly dependent on many factors, including potato
variety, storage time and conditions, season, and cultivation conditions. In
addition, usually each potato processing company (especially in Latvia) is
using their own variety or several varieties at the same time. Because of that,
and fact that BAC profiles of different potatoes had been studied previously
in great detail in the literature, present work is focused on the BAC in general.

Results show that during the storage at uncontrolled conditions phenols
are more stable in the larger peel samples (large and small peels) than in the
finely shredded peel samples. During the first minutes after peeling, peel
samples showed signs of the browning, which indicated a presence of the
fermentative reactions. Vamos-Vigyazo (1981) had reported that polyphenol
oxidase (PPO) in potatoes catalyses the conversion of monophenols to
o-diphenols and o-dihydroxyphenols to o-quinones. After that, quinone
products can polymerize and react with amino acid groups of cellular proteins
that will lead to brown pigment appearing. In addition, Thygesen et al. (1995)
showed that the highest activity of the PPO is in the subepidermal or outer
cortex layer, in distance of 1.5-2.0 mm from the skin. Exactly the layer that
is taken off by abrasion peeling methods that are applied in the Latvian potato
processing facilities.

Fig. 7 shows the effect of the storage time on the total phenolic content in
the samples. No significant difference was observed between large and small
peels. Total phenolic amount was stable during the first two days of storage
and showed a significant decline on the third, by 40% comparing to the
average of the previous days. Meanwhile, in finely shredded peel phenol
content show significant decrease already on the second day of the storage,
by 66%. Difference in the peel sample physical conditions and total phenolic
content indicates that the phenols in finely shredded peel samples are more
easily exposed to the fermentative and microbial degradation, while in the
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larger peel samples the whole structure of the cell can express a protective
effect.
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Storage time, days/
Uzglabasanas laiks, dienas
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Fig. 7. Effect of the storage time at uncontrolled conditions on the total
phenolic content in the potato peel samples (Shepelev et al., 2016) /
7. att. Uzglabasanas laika ietekme uz kopéjo fenolu saturu
kartupelu mizu paraugos

— large peel / lielas mizas; SF — small peel / mazas mizas; SP — shredded peel /
sasmalcinatas mizas. The data is presented as a mean (n =9) / Dati uzraditi ka
vidéjas vertibas (n = 9). Similar lowercase letters indicate no significant difference
among samples (P > 0.05) / Vienadi mazie burti apzimé paraugus bez biitiskam
atskirtbam nedélas garuma (P > 0.05). Similar uppercase letters indicate no
significant difference among peel types within each day separately (P > 0.05) /
Vienadi lielie burti apzimé paraugus bez bitiskam atSkiribam starp paraugiem
vienas dienas ietvaros (P > 0.05).
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Fig. 8 shows the effect of the storage time on the free radical scavenging
activity of the potato peel extracts at uncontrolled conditions. After the first
day of the storage all three types of PP samples showed no significant changes
in the free radical scavenging activity, but on the second day finely shredded
peel had lost 97% of its free radical scavenging activity while activity of the
larger peel samples stayed at the previous level. Only on the third day of
storage, larger peel samples started to show the first significant decline in its
free radical scavenging activity.

It can be observed (Fig. 9) that correlation between total phenolic content
and free radical scavenging have a polynomic character. It is well known that
chlorogenic acid and caffeic acid are two of the main phenols in potatoes
(Solanum tuberosum L.) and both act as antioxidants (Al-Weshahy & Rao,
2009; Habeebullah et al., 2010; Mattila & Hellstrom, 2007; Sanchez
Maldonado et al., 2014; Singh & Saldafia, 2011; Wu et al., 2012b).
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Fig. 8. Effect of the storage time at uncontrolled conditions on
the free radical scavenging activity of the potato peel extracts
(Shepelev et al., 2016) /
8. att. UzglabaSanas laika ietekme uz kartupelu mizu ekstrakta
brivo radikalu saistiSanas speju
LF — large peel / lielas mizas; SF — small peel / mazas mizas; SP — shredded peel /
sasmalcinatas mizas. The data is presented as a mean (n =9) / Dati uzraditi ka
videjas vértibas (n = 9). Similar lowercase letters indicate no significant difference
among samples (P > 0.05) / Vienadi mazie burti apzimé paraugus bez biitiskam
atSkiribam nedelas garuma (P > 0.05). Similar uppercase letters indicate no
significant difference among peel types within each day separately (P > 0.05) /
Vienadi lielie burti apzime paraugus bez biitiskam atSkiribam starp paraugiem
vienas dienas ietvaros (P > 0.05).

Chlorogenic acid is an ester of the caffeic and (-)-quinic acids and it is
reported that esterification of caffeic acid by a sugar moiety decreases its
antioxidant activity (Cuvelier et al., 1992). Studies show that chlorogenic
acid is less effective as an antioxidant than caffeic acid in lard and stripped
corn oils (Chen & Ho, 1997). At concentrations of 0.5, 1.0 and 2.0 mM,
caffeic acid was more effective against alkoxyl radical scavenging in
sunflower oil (Milic et al., 1998) and better inhibited lipid oxidation in fish
muscles (Medina et al., 2007). Contrary, it is possible that the binding of the
quinic acid to caffeic acid increases antioxidant activity and decreases
hydrogen peroxide and DPPH" scavenging activities (Sroka & Cisowski,
2003).

Marinova et al. (2009) had found that difference in the antioxidative
activity of chlorogenic and caffeic acids during antioxidation of
triacylglycerols of sunflower oil strongly depends on their concentrations and
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at 2.8 x 10* M both acids show equal effectiveness and strength, but at
concentrations above 10 x 10* M caffeic acid is much more effective and
stronger inhibitor.
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Fig 9. Correlation between total phenol content and the free radical
scavenging activity of the potato peel extract (Shepelev et al., 2016) /
9. att. Korelacija starp kartupelu mizu ekstrakta kopéjo fenolu saturu un
brive radikalu saistiSanas spéju
TP — total phenolics / kopéjie fenoli; GAE — gallic acid equivalent / galluskabes
ekvivalents. The data is presented as a mean (n=9) /

Dati uzraditi ka videjas vertibas (n = 9).

Usually, chlorogenic acid is the most abundant in PP, but when PP are
stored at room temperature or in light, chlorogenic acid degrades and
transforms into caffeic and quinic acids (Sotillo et al., 1994). Based on the
collected data it can be assumed, that after peeling there were big amounts of
chlorogenic acid in the samples. When total amount of phenolics started to
decrease, chlorogenic acid degraded and caffeic acid was released in a
sufficient amount to hold free radical scavenging activity of the extract on the
high level till the total phenolic content did not decrease below 3.0 mg GAE
g’ (Fig. 9) when caffeic acid concentration became too low.

Dynamics of the chlorogenic acid and phenylalanine concentration
decrease are shown in Fig. 10. Samples, consisting of large and small peels,
showed very similar tendency, while in the shredded peel sample chlorogenic
acid was almost absent already after peeling. It is a result of complete
destruction of potato peel cells, when plant secondary metabolites start to
inhibit oxidative stress and associated molecular damage via several possible
reaction paths that are described in detail elsewhere (Fifen et al., 2011;
Galano et al., 2016; ToSovi¢ et al., 2017).
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Fig 10. Chlorogenic acid (a) and phenylalanine (b) degradation in
potato peel samples during the storage at ambient conditions /

10. att. Hlorogeénskabes (a) un fenilalanina (b) noardisandas dinamikas
kartupelu mizu paraugos to uzglabaSanas laika nekontrolejamos apstaklos
LF — large peel / lielas mizas; SF — small peel / mazas mizas; SP — shredded peel /

sasmalcindatas mizas; dw — dry weight / sausna.
The data is presented as a mean (n = 6) / Dati uzraditi ka vidéjas vertibas (n = 6).

It can be seen that chlorogenic acid concentration decreased in samples,
which contained whole cells (large and small peels), was slower during the
first 1-2 days of storage, with further rapid increase in the degradation rate.
At the same time, the phenylalanine concentration decrease was the most
active during the same observation time, and was more linear in the further
days of storage. As a result, it could be assumed that during the first days of
storage, chlorogenic acid synthesis from phenylalanine could be still active.
In the further days, another reaction components and catalysts could become
absent or inactive and stop the reaction path. In case of shredded peel, where
chlorogenic acid is practically absent, phenylalanine content started to
decrease only on the third day of storage. Based on the rapid decrease rates
in this case, it could be a result of microbial activity.

The degradation graphs of two glycoalkaloid compounds present in potato
peel during six days of storage are shown in Fig. 11.
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Fig. 11. a-solanine (a) and a-chaconine (b) degradation in potato peel
samples during the storage at ambient conditions /
11. att. a-solanina (3) un a-éakonina (b) degradacijas dinamika kartupelu
mizu paraugos to uzglabasanas laika nekontrolejamos apstaklos
LF - large peel / lielas mizas; SF — small peel / mazas mizas; SP — shredded peel /
sasmalcinatas mizas; dw — dry weight / sausna.
The data is presented as a mean (n = 6) / Dati uzraditi ka vidéjas vertibas (n = 6).

Linear approximation showed that a-solanine degradation rates were the
slowest in the bigger size peel. Similar results, but with a little bigger rate,
showed small peel. In the shredded peel samples all biologically active
compounds  (including  glycoalkaloids, chlorogenic acid, and
phenylalanine) were more exposed to the environmental impacts and
enzymes that were released as a result of a cell disruption, and degradation
rates of any identified compound was higher in the shredded sample. It is
important to mention that, during the storage at ambient conditions, some
light beams or reflections form the walls, sealing, or surrounding objects
could have reached samples causing additional glycoalkaloid formation.
This fact could also explain the increase in the a-solanine content on the
third and fourth days of storage. As a result, it could be concluded that
potato peel by-products should be stored in the dark if there are whole cells
left and formation of glycoalkaloids is not acceptable.
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3. Comparison of spray-and freeze drying
technologies for gallic acid microencapsulation

To focus on the encapsulation technologies and minimize possible
variables, gallic acid had been used for several further experiments as a model
water soluble phenolic compound. The efficiencies of GA encapsulation with
low DE hydrolysed potato starch as a wall material using freeze-drying (FD)
and spray-drying (SD) methods is presented in Fig. 12. Statistical analysis
showed no significant difference of efficiencies of processes carried out by
both methods (P > 0.05). It was possible to achieve encapsulation efficiency
of 72 + 7% for the FD and 77 + 7% for SD samples.
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Fig. 12. Gallic acid (GA) encapsulation efficiencies using spray-drying
(SD) and freeze-drying (FD) technologies with low dextrose equivalent
(DE 2) starch as a wall material (Sepelevs et al., 2018)/

12. att. Galluskabes (GA) mikrokapsulacijas efektivitate, izmantojot
izsmidzinaSanas un liofilizacijas mikrokapsulacijas metodes
GA — gallic acid content in samples / galluskabes saturs paraugos; dw — dry weight
/ sausna. The data is presented as a mean (n =9) / Dati uzraditi ka videjas vértibas
(n =9). Similar letters indicate no significant difference among samples (P > 0.05) /
Vienadi burti apzimeé paraugus bez bitiskam atSkirtbam (P > 0.05).

Visual appearance of the prepared SD and FD microcapsules can be
observed in Fig. 13. The differences in the surface morphology are dependent
on encapsulation technology, operation conditions and parameters.

SD samples had a spherical shape form due to the specifics of spray drying
process; as infeed liquid sample was atomized in the drying chamber. Due to the
solvent surface tension, while falling through the chamber round droplets were
formed and those were dried by air forming spherical capsules. At the same time,
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FD particles appeared in an irregular shapeless forms. They were monolithic and
varied highly in shape and size. Form and inner structure of FD particles were
also determined by encapsulation process. As whole liquid sample was rapidly
frozen, GA was fixed in the wall material matrix. After freeze drying, matrix was
crushed and, as a result, shapeless particles were produced.

Fig. 13. Freeze-dried (a) and spray-dried (b) capsules under the
electron microscope (Sepelevs et al., 2018)/
13. att. Kapsulas, pagatavotas ar liofilizacijas (a) un izsmidzinasanas
kaltesanas (b) mikrokapsulacijas panémieniem, kapsulu attéls
elektronmikroskopa

Table 3 shows capsule surface parameters obtained by Barrett-Joyner-
Halenda (BJH) nitrogen desorption method and Dubinin-Radushkevich (DR)
micropore analysis. FD samples show bigger cumulative desorption surface
area (from 0.632 to 1.225 m? g'") and bigger cumulative desorption pore
volumes (from 2.4x10° to 9.5x10-3 cm® g') than SD samples (from
0.472x1073 to 1.296x10 cm? g and from 1.2x103 to 4.9x103 c¢cm?® g!
respectively). DR method shows micropore presence on the FD capsule
surface with average micropore surface area from 1.028 to 2.229 m? g*, that
is smaller than that of the SD samples (from 1.108 to 2.374 m? g!), which
results in the bigger micropore volume in the SD samples.

Table 3 / 3. tabula
Capsule surface analysis by Brunauer-Emmett-Teller (BET) method
and t-method (Sepelevs et al., 2018) /
Kapsulu virsmas analize ar Brunauera-Ennetta-Tellera (BET) metodi un

t-metodi
BJH method / BJH metode DR method / DR metode
z - -

- = D g gl g8

B8 | <w| <- | »%| B | 85~ | §§% |25
S O o ©n o0 &y o S = =9 z S g

S = S a = [ Q &St PE S| A e

IS Os 5 = ggeo | Sa

X s ==% =
SD n.a. 0.929 2.4 3.1 1.533 5.5 2.571
0.1 0.472 1.2 4.4 1.108 3.9 2.664
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Continuation of the table 3. / 3. tabulas turpinajums

BJH method / BJH DR method / DR metode
3 metode
~ -5 — —
<3 - =) 2] 0 v b (%)
S ) - IS - < E
£8 |52 <+ | »%E| B |82+ | E§% |25
< =3 B | & O - SS W 520 28 E
p = | 8% o~ o) e 8% S5 | £afE
e @) (GRS E S e o Sa
X S == =
SD 1.0 0.779 3.1 3.1 2.116 7.5 2.679
5.0 1.296 2.6 3.6 2.374 8.4 2.756
10.0 0.896 49 32 2.032 7.2 2.673
FD n.a. 0.632 2.7 3.1 1.028 3.7 2.677
0.1 1.053 9.5 3.0 1.968 7.0 2.682
1.0 1.021 9.3 33 1.873 6.7 2.891
5.0 1.225 3.1 3.1 2.229 79 2.843
10.0 1.122 2.4 3.0 1.648 59 2915

GA — gallic acid content in samples / galluskabes saturs paraugos; dw — dry weight
/ sausna; CDSA — cumulative desorption surface area / kumulativs desorbcijas
virsmas laukums; CDPV — cumulative desorption pore volume / kumulativs
desorbcijas poru tilpums; DPD — desorption pore diameter / desorbcijas poru
diametrs; SD — spray-drying / izsmidzinasanas kalte; FD — freeze-drying /
liofilizacija; MP — micropore / mikroporas.

From another side, in case of dealing with high-value thermo-sensitive
raw material, FD is a great preservation method that is more economically
efficient for long storage in comparison with freezing and storage at negative
temperatures, that requires even bigger energy consumptions
(Lorentzen, 1979).

4. Water soluble phenolic compound encapsulation in
the multiple layer capsule

For water soluble compound, three phase encapsulation system (solid
lipid core, containing water soluble phenolic compound, surrounded with
modified starch shell wall) had been developed in a single spray drying
process. It had been designed as an alternative for the multi stage
encapsulation technology that consists of core compound encapsulation in the
solid shell/matrix with further overlay with an additional wall material. To
increase resistance of the outer carbohydrate layer, part of the modified starch
(MS) had been converted to the resistant starch (RS) (Dimantov et al., 2004;
Eerlingen et al., 1993; Janaswamy, 2014) by prior autoclaving MS at
121 £ 1 °C in excess water with further incubation at 22 + 2 °C, 68 + 2 °C,
and 100 + 2°C (Eerlingen et al., 1993).
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In the produced capsules, GA was approximately evenly distributed
between core and shell fractions, with little remains on the capsule surface
(Fig. 14). It is a result of GA diffusion during O/W emulsion preparation,
when O phase was mixed with W right before mixture feeding into the spray-
dryer. It is possible that increase in PGPR concentration or addition of another
emulsifier could cause better system stabilization and decrease diffusion and
increase GA content in the lipid phase. In this case, bigger portion of lipid
phase would be concentrated on the O/W phase surface, blocking GA
migration by stronger hydrophilic polarity.
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Fig 14. Distribution of gallic acid in different capsule fractions
(Sepelevs & Reineccius, 2018) /
14. att. Galluskabes sadaltjums starp kapsulu frakcijam
GA — gallic acid / galluskabe; Con. — control / kontrole; Inc. — incubation /
inkubdcija. The data is presented as a mean (n = 9) / Dati uzraditi ka videjas
vértibas (n = 9). Similar letters indicate no significant difference among
samples of the same fraction (P > 0.05) / Vienadi mazie burti apzimé
paraugus bez butiskam atSkiribam vienas frakcijas ietvaros (P > 0.05).

Holser (2013) showed that ferulic acid, another phenolic compound with
antioxidative properties, encapsulated in lipid matrix capsules was stable
during 3 months storage at ambient conditions. In another study, lipid
nanoparticles placed in water were able to stabilise (-)-epigallocatechin-3-
-gallate during 4 weeks period while (-)-epigallocatechin-3-gallate
solubilized in water exhibited 100% degradation within 4 hours period
(Barras et al., 2009). Solid lipid fraction, used in the present study, had a
melting point approximately of 50 °C. This allows concluding that GA in
produced capsules is well protected from environmental factors. It is not only
encapsulated in the hydrophobic core, but also surrounded by additional MS
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shell that should protect melted lipids from leakage and capsule
agglomeration, in case of capsule storage at temperature that exceeds 50 °C.

Fig. 14 shows that big part of total encapsulated GA had been diffused
into the water phase during sample preparation period and was fixed in the
MS matrix. In the present study used commercial MS is known for its great
encapsulation properties and ability to mask undesirable odours and flavours
of encapsulated substance, including phenolics (Spinelli et al., 2016). This
means that GA in the shell can be considered as shielded, till capsule will
come in contact with aqueous phase that will dilute shell wall material or
cause GA diffusion from MS phase into the surrounding aqueous phase.

Based on the discussed issues, it can be assumed that produced capsules
could be added to different types of food products (ground meat or fish, or
dough) in order to release phenolics from the shell wall to the surrounding
media. Released phenolics could serve as antioxidants for the food product
itself. If there will be no temperature rises combined with intensive mixing
that would break integrity of lipid core (as in sausage production), lipid phase
phenolics will remain fixed in the lipid phase and protected till will come into
the human digestive system. Wada & Fang (1992) had shown that phenolics
are able to inhibit polyunsaturated fatty acid oxidation in frozen-crushed
bonito meat. In whole and ground meat products, phenolics were effective in
retarding rancid odour and flavour, and colour changes (Shah et al., 2014).
Better retention of colour and protection of lipids against peroxidation due to
the addition of phenols had been observed also in irradiated meats (Kanatt et
al., 2005). Similar results were acquired for minced horse mackerel (Farvin
etal., 2012). In case of human nutrition, phenolics are known to have multiple
positive effects on the health by alleviating oxidative stress (Singh & Rajini,
2004, 2008).

Only small percentage of total GA had been exposed on the capsule
surface: 2.4 £+ 0.5% for samples incubated at 22 °C, 2.3 + 0.2% for samples
incubated at 68 °C, 3.8 + 0.6% for samples incubated at 100 °C, against
3.3+ 0.5% for the control sample. These amounts can be considered as
permanent losses, bringing the total encapsulation efficiency to 97.1 + 0.4%.

It can be concluded that produced capsules can be considered as stable
and can be stored at ambient conditions. As an example, in case of
uncontrolled temperature increase, capsule shell will maintain its integrity
and particles will not stick together lowering powdered product quality, as it
can happen during capsule transportation in the summer time without
specialized cooling equipment. As starch is not a reactive material, capsules
do not require specific storage conditions and packaging material, except
protection from the excess moisture to prevent dilution of the shell and GA
diffusion/dissolution. This minimises storage expenses and overall potential
price of the produced capsules.
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5. Simultaneous phenolic compound and carbohydrate
extraction and further encapsulation

Previously developed encapsulation method is well suitable for multiple
phase capsule production in the one single spray-drying process. Although, it
had been decided for the industrial purposes it would be a big advantage if
both, BAC and encapsulation material itself could be derived from the same
peel material simultaneously. As a result, the main goal of the present
research stage was to develop a compact, easy, and fast potato peel recycling
method for encapsulated BAC production), applying only basic equipment,
if possible (Fig. 15).
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Fig. 15. Necessary equipment for the simultaneous
biologically active compound extraction and microencapsulation /
15. att. NepiecieSamads iekartas biologiski aktivo vielu ekstrakcijai
un mikrokapsulacijai
a. —blender / blenderis; b. — microwave assisted extractor / mikrovilnu veicinata
ekstrakcija; ¢. — vacuum evaporator / vakuuma ietvaicetajs; d. — spray-dryer /
izsmidzindsanas kalte.

Developed method implies that potato peels can be processed without any
specific preparation process, as, for example, drying or sorting. The only
prerequisite, derived from the acquired results in previous chapters of present
work, is that peels should contain whole cells (that will ensure bigger BAC
yield).

For the present research, it had been decided to use samples from abrasion
peeling lines, as steam peeling technologies were not available in Latvia at
the moment of these studies due to the big potato processing amounts that
steam-peeling machinery requires. In addition, there work was targeted to
Latvian manufacturing conditions.

Developed extraction-encapsulation process consists of five actual steps:
1. Potato peel collection directly from the processing line to ensure minimal

contamination.

2. Mixing collected peels with a solvent (60% EtOH) and homogenisation.

Present stage also implies a first extraction stage — conventional

extraction, when first BAC and carbohydrates start to diffuse into the
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solvent. It is important to achieve maximal cell shredding to ensure better
solvent penetration into the ground mass. In the present study, it was
decided to use solvent-to-peel ratio of 10 : 1 (mL : g).

3. The main extraction step. In present study, combinations of two extraction
methods (microwave assisted extraction and ultrasound treatment) were
tested, to ensure the best ratio between the extraction yield and applied
energy consumption.

Extraction had been performed for 5, 10, 15, and 20 minutes. Fig. 16
shows the BAC extraction yield, and Fig. 17 shows free radical scavenging
activity of extracts depending on the extraction time and method.
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5 min 10 min 15 min 20 min
MAE time / MAE ilgums

EMAE 2MAE ->US #US -> MAE
Fig. 16. Phenolic compound extraction yield depending on the
extraction method /

16. att. Ekstrahéto fenolu iznakums atkariba no ekstrakcijas metodes
TP — total phenolics / kopéjie fenoli; GAE — gallic acid equivalent / galluskabes
ekvivalents; MAE — microwave assisted extraction / mikrovilnu veicindta
ekstrakcija; MAE -> US — microwave assisted extracting with following 5 min of
ultrasound treatment / mikrovilpu veicinata ekstrakcija ar sekojosu 5 min
ultraskanas iedarbtbu; US -> MAE — 5 min of ultrasound treatment with following
microwave assisted extraction / 5 min ultraskanas iedarbiba ar sekojosu mikrovilpu
veicinatu ekstrakciju. The data is presented as a mean (n =9) /

Dati uzraditi ka vidéjas vertibas (n = 9).

It can be seen from the Fig. 16 that the shortest extraction time of 5 min
gave the lowest BAC yield in the final extracts. Samples with the extraction
time of 10 min showed the higher BAC extraction yields. Rest of the samples,
extracted at 15 and 20 min, showed lower results compared to 10 min, bet
higher than samples extracted during the 5 min period. Incorporation of the
ultrasound treatment gave a positive result only to the samples with 5 min
MAE treatment. Acquired results are matching previously reported data (Wu
etal., 2012a).

As shown in Fig. 17, samples extracted for 10 min period have also the
highest free radical scavenging activity. Furthermore, free radical scavenging
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activity drops when additional ultrasound treatment is used. This fact could

suggest that completely extracted phenolic compounds (as shown in Fig. 16)

could undergo degradation, as ultrasound treatment had been combined with

higher temperatures. Advanced research on different extraction method
combination should be conducted to give a more precise conclusion.

Regarding to the present research, based on the acquired results it was

decided to omit ultrasound incorporation in the extraction process and use

only MAE for the further extraction purposes.

4. After extraction, acquired extracts were concentrated in the vacuum
evaporation equipment to achieve two main goals:

a. recover solvent for the repeated extraction (ethanol concentration

could be adjusted based on the solvent density);

b. decrease volume of samples to decrease energy and time consumption

for the next stage — spray-drying (encapsulation).

After the concentration, samples were stored under the vacuum to
decrease phenolic compound reactions with radicals and oxygen,
present in the air.

5. The encapsulation of produced extracts via spray-drying process. Main
idea of the present step is that there will be both: BAC and short chain
carbohydrates dissolved in the extract samples.

It had been planned that multiple types of encapsulation could take place
in produced capsules. First of all, formation of the matrix type capsule should
occur, as both core and wall materials are water soluble and should form
homogeneous structures. Low molecular weight sugars should form a solid
shell wall that should prevent oxygen diffusion inside the capsule and active
compound oxidation. Secondly, formation of amylose inclusion complexes
could be possible, when BAC will be incorporated into the amylose chain
network.

Theoretically, there could be an additional option for encapsulated BAC
application — introduce produced capsules as a separate specialized wall
material for another valuable compound encapsulation, to ensure the
protection of encapsulated materials against oxidation. For example, it could
be used for unsaturated oil encapsulation, where incorporated in the starch
shell wall phenolic compounds could serve as an additional oxygen barrier.
Additionally, it had been reported that some of the water soluble
polysaccharides (no specification reported) from potato peels have good
water holding abilities, fat binding capacity, foaming properties (due to the
presence of some protein remains), emulsification stability, and possess a
natural antioxidant abilities (Jeddou et al., 2016). As a result, it could be
concluded that produced mixture of simultaneously extracted BAC and
carbohydrates have a potential to serve as a wall material, for example, for
the pharmacological use, where active compound preservation plays a critical
role and application of more expensive wall materials is a common practice.
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Fig. 17. Free radical scavenging activity of produced extracts depending
on the extraction method /
17. att. Ekstraktu brivo radikalu saistiSanas spéja atkariba no ekstrakcijas
metodes

TE — trolox equivalent / troloksa ekvivalents; MAE — microwave assisted extraction
/ mikrovilpu veicinata ekstrakcija; MAE -> US — microwave assisted extracting
followed by 5 min of ultrasound treatment / mikrovilnu veicinata ekstrakcija ar

sekojosu 5 min ultraskanas iedarbibu; US -> MAE — 5 min of ultrasound treatment

followed by microwave assisted extraction / 5 min ultraskanas iedarbiba ar
sekojosu mikrovilnu veicinatu ekstrakciju. The data is presented as a mean (n=9) /
Dati uzraditi ka videjas vértibas (n = 9).

Based on the BAC distribution between capsule surface and total phenolic
content that can be seen in Fig. 18, encapsulation efficiency of produced
capsules reached 95.5 + 0.9%. This value should be considered as too big,
because capsule had been formed of the same polarity substances. As a result,
homogenous matrix should be formed and encapsulation efficiency should be
a function of surface-to-volume ratio, and surface should be increased
together with the decrease of capsule size. As an example, previous studies
of gallic acid encapsulation in low dextrose equivalent starch showed
encapsulation efficiency of 77 = 7% for spray dried samples.

There could be couple of reasons for such a high number. First of all, BAC
could be mechanically separated from the surface during the encapsulation
process itself. Due to their light weight, BAC then could be separated in the
cyclone and withdrawn from the dryer together with the airflow. On the
opposite side, it had been discussed earlier in the present work that (during
the spray-drying process) carbohydrates could overcome the glass transition
point and form sticky capsule surface that resulted in the uneven capsule
forms. As a result, BAC could become surrounded with the carbohydrate
capsule matrix and be entrapped strong enough that they could not be
extracted with a pure EtOH (as it was performed in present study, as
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carbohydrates are not dissolvable in the EtOH), as small molecular weight
carbohydrates didn’t release BAC due to the mechanical interactions. Deeper
study of the capsule surface is necessary for more precise conclusions.
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Fig. 18. Total and surface phenolic contents of produced capsules /
18. att. Pagatavoto kapsulu kopéjais un virsmas fenolu saturs
The data is presented as a mean (n = 3) /
Dati uzraditi ka vidéjas vertibas (n = 3).

There are several approaches that could be used to improve upon the
current product. First, assuming that there is too large proportion of low
molecular weight carbohydrates in the sample extract, a low DE maltodextrin
(4-10) could be added to the mixture before feeding it into the spray-dryer.
Secondly, different extraction solvent combinations with lower ethanol
content could be used to increase solubility of longer chain dextrins. But it is
important to take into consideration that decreases in ethanol concentrations
could negatively influence phenolic compound extraction yields (Wu et al.,
2012b), addition of organic acid could be necessary for better carbohydrate
solubility and to maintain high phenol extraction levels (high taking in
consideration total extractable phenol content in potato peel sample).

All five stages of the developed method took a half of a day in the
laboratory conditions, with most of the time spent on the solvent evaporation
and recovery. It had been planned that on the production scale all process
should take less than one work day, based on the available concentration
technology. Due to the chosen MAE and concentration stages, present
method is suitable for production process that consists of separate batches.
This is a great choice for a small scale production lines that could be used in
Latvia, due to the relatively small potato processing amounts in the first place.
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6. Encapsulated recovered biologically active compound
application to reduce meat oxidative damage

In previous chapters, two different encapsulation methods had been
developed, dry (multiphase capsules) and liquid (simultaneous extraction of
phenolic compounds and carbohydrates) BAC extract encapsulation. They
also could be combined, when encapsulated BAC in the carbohydrate matrix
would be additionally incorporated into the solid palm oil core and covered
with maltodextrin shell.

Taking in consideration all technical aspects, that were discussed in
previous chapters, it had been decided to continue present research using a
second method of simultaneous BAC and carbohydrate extraction with
further concentration and spray-drying, as it is faster and don’t require
previous extraction and dehydration of the core material. In the present part,
the produced encapsulated BAC from the previous study stage were added to
a ground pork meat for lipid oxidation inhibition. Due to the big amount of
time required to prepare enough encapsulated BAC in laboratory conditions,
it was decided to conduct a proof of concept storage study, when encapsulated
BAC were added to the ground pork meat mass, that further had been stored
at 30 = 1 °C for accelerated shelf-life testing.

Results of the research, showing that encapsulated BAC in the carbohydrate
matrix are able to inhibit lipid oxidation, are represented in Fig. 19.

It can be seen that after one day of storage at 30 + 1 °C, meat mass with
added encapsulated BAC shows ca. five times lower oxidation rates than a
control sample. Unfortunately, on the second day of storage oxidation rates
of both samples were already similar. On the third day of the storage,
microbial degradation of meat samples had been too big to allow quantitative
determination of active oxygen. It can be evaluated as a positive results, as
present research part had been conducted at the increased temperature.

Next logical research step (that could be continued in the future) could be
to evaluate the degree of encapsulated BAC suitability for prolonged cold
storage of meat, as an oxidation inhibitor. Additionally, it had been envisaged
that phenolic compounds (that will remain at the end of cold storage) will
never be wasted, as they will be consumed together with a prepared meal. As
it had been stated above, extractable potato peel phenolics have a big positive
benefits for human health. Number of studies reported a successful
application of herbal extracts as natural antioxidants in meat and meat
products (Cao et al., 2013; Devatkal et al., 2012; Gramatina et al., 2017,
Mathenjwa et al., 2012; Naveena et al., 2013; Nissen et al., 2004; Ozvural &
Vural, 2012; Reddy et al., 2013; Sanchez-Muniz et al., 2012).
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Fig. 19. Changes in the active oxygen content in the minced pork meat
lipid fraction during the accelerated storage study /
19. att. Izmainas aktiva skabekla satura maltas citkgalas lipidu frakcija,
galas uzglabaSanas laikd padatrindtos apstaklos
O — active oxygen / aktivais skabeklis. The data is presented as a mean
(n =3)/ Dati tika uzraditi ka vidéjas vertibas (n = 3).

One of the major differences, between potato peel samples acquired in
laboratory condition and acquired from the actual potato processing facility,
is that on the production sites peel by-products usually are being collected
with an assistance of water, and, as had been stated previously, water is a
second food-grade solvent for phenolic compound extraction after ethanol.
Of course, additional assistance (mechanical, ultrasound, microwave, etc.)
should be applied for better phenolic compound diffusion form the cells into
the water, but still some BAC losses should be present. This means that
previously reported data is not fully scalable for industrial application, as
water and ethanol extracts results in the different phenolic profiles and
different antioxidant properties (Farvin et al., 2012).
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CONCLUSIONS

. Acquired results of the study confirm the proposed hypothesis: potato
peel — an industrial potato processing by-product, can be utilized for
phenolic compound recovery and encapsulation, for further applications
in food production.

. Two peel types, large (4 = 1 cm) and small (4 £ 1 mm) peels, are suitable
for biologically active compound recovery, and they could be stored at
ambient conditions (open air, room temperature) for up to two days.
Finely shredded peel is not suitable for biologically active compound
extraction.

. Comparing two studied encapsulation technologies (freeze- and spray-
drying), no significant differences in the encapsulation efficiencies had
been observed. Freeze-drying samples showed very porous structure, that
can result in accelerated oxygen diffusion into capsules and faster
oxidation of the encapsulate.

. Method for potato peel processing had been developed that allows
simultaneous  biologically active compound (encapsulate) and
carbohydrate (encapsulant) extraction with further microencapsulation by
spray-drying.

. Additional microencapsulation method had been developed that allows
production of multiple phase capsules. During the capsule formation,
encapsulated phenolic compound is evenly distributed between core and
shell wall materials. This fact can be considered as negative or positive
(assuming that shell wall gallic acid can be released in the surrounding
media in order to provide antioxidative and antiradical protection for the
mentioned media).

. Microencapsulated biologically active compound incorporation into the
ground pork meat is able to decrease meat oxidation rate during the meat
storage at accelerated oxidation conditions.
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PETIJUMA AKTUALITATE

Gadiem ilgi kartupeli (Solanum tuberosum L.) ir viena no pasaulé
nozimigakajam cilvéku patérinam izmantotajam lauksaimniecibas kultiram
lidztekus kviesiem (Triticum L.), risiem (Oryza L.) un kukuriizai (Zea mays
subsp. mays L.). 2016. gada visa pasaul€ tika sarazoti 374 miljoni tonnu
kartupelu, tostarp 497 tiikstosi tonnu Latvija (FASOTAT, Crops, s.a.). Dazas
attistitajas valstls Iidz pat 70% (2012. gada) no kopgja sarazoto kartupelu
daudzuma tiek parstradati (U.S. per Capita ..., s.a.). Latvijas ekonomika
piedzivo stabilu izaugsmi, un kartupelu parstrades apjomu pieaugumu varétu
sagaidit arT nakotné.

Parasti kartupelu ripnieciska parstrade ietver mizosanu (lietojot abrazivo
vai tvaika mizoSanas metodi), kas var radit [1dz 40% atkritumu no sakotngjas
kartupelu masas atkariba no mizosanas metodes, galaprodukta un sakotngjas
kartupelu bumbulu kvalitates (Arapoglou et al., 2009). Tehnisku iemeslu un
normativa reguléjuma dél mizu (ka rapnieciskas kartupelu parstrades
blakusproduktu (IPPB)) apsaimniekoSana un parstrade rada lielas problémas
kartupelu parstrades nozarg. Statistikas dati liecina, ka 2015. gada Eiropa tika
parstradati kartupeli 9,4 miljardu eiro vértiba, kas veido 1.1% no Eiropas
partikas un dz€rienu nozares kopgjas vertibas (The EU potato sector, 2018).

Kartupelu mizas ir viens no galvenajiem Kkartupelu parstrades
blakusproduktiem ar plasam izmanto$anas perspektivam partika (Arapoglou
et al., 2009). Péc kimiska sastava IPPB ir I&ts blakusprodukts, kas satur lielu
daudzumu cietes, citus polisaharidus un ligninu. Parak liela Skiedru satura d&|
mizas bez specializétas pirmapstrades nav piem&rotas neatgremotaju dictai
(Birch etal., 1981). P&édgja desmitgadg ir veikti daudzi teorétiski p&tijumi par
IPPB parstradi, bet pasreizgjas izp&tes perioda nav zinama neviena stradajosa
parstrades riipnica. Sis fakts liecina par nepiecieSamibu izstradat jaunu
rentablu un kompaktu metodi. Daudzi autori piekrit, ka viena no
perspektivam kartupelu mizu parstrades iesp&jam partikas riipnieciba varétu
biit biologiski aktivo savienojumu (BAC) ekstrakcija. Tegtito ekstraktu varétu
izmantot partikas produktu bagatinasanai, lai aizkaveétu to oksidaciju
uzglabasanas laika. Lai ekstrakta saglabatu vajadzigas antioksidativas
pasibas, janodrosina pietiekama BAC aizsardziba no pasoksidé$anas, pirms
tie tiks izmantoti attiecigaja razoSanas posma. Viens no labakajiem
risingjumiem $ai problémai varétu bit BAC mikrokapsulacija jeb ieklausana
aizsargkapsula. Tas nodroSinas kapsuléta savienojuma kontrolétu
atbrivo§anu un samazinas potencialo antioksidantu saskari ar skabekli.

Lai izstradatu praktiski piemérojamu metodi kartupelu mizu (kartupelu
ripnieciskas parstrades blakusprodukta) parstradei, pétfjuma uzmaniba
koncentréta uz BAC ekstrakcijas optimizaciju un mikrokapsulaciju, nemot veéra,
ka iekapsuléto ekstraktu paredzets izmantot ka antioksidantu malta ctkgala.
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Promocijas darba hipotéze: kartupelu mizas — kartupelu ripnieciskas

parstrades blakusprodukts — ir noderiga izejviela fenolu savienojumu izdalisanai
un kapsulacijai, un Sie savienojumi ir izmantojami partikas razoSana.

Pétijuma objekts — Latvija ripnieciski parstradato kartupelu (Solanum

tuberosum L.) mizas.

Promocijas darba mérkis ir izstradat praktiski lietojamu kartupelu mizu

parstrades metodi mikrokapsulétu biologiski aktivo vielu (parsvara fenolu
savienojumu) ekstrakta ieguvei.

Darba mérka sasniegSanai izvirziti $adi uzdevumi:

. izvertet kartupelu mizas — Kkartupelu ripnieciskas parstrades
blakusproduktu —, kas pieejams kartupelu parstrades uzn€mumos Latvija;
. analizeét ekstrah&jamo biologiski aktivo vielu saturu un stabilitati abrazivi
atdalitas kartupelu mizas;

. salidzinat izplatitakas partikas klases metodes ekstrahéto biologiski
aktivo savienojumu mikrokapsulacijai;

. izstradat metodi mikrokapsuléto fenolu savienojumu ekstrakcijai no
kartupelu parstrades blakusprodukta (mizam), izvertgjot iegiita produkta
funkcionalitati partikas produkta razoSana.

Zinatniskais nozimigums

. Izstradata originala kompleksa metode kartupelu mizu blakusproduktu
parstradei un kapsul&to fenolu savienojumu razosanai.

. Izpétita vienlaiciga biologiski aktivo vielu (parsvara fenolu savienojumu)
un oglhidratu (paredz&ti ka kapsulu nesgjviela) ekstrakcija un vélaka
mikrokapsulacija.

. lzvertets iegiita produkta ka potenciala antioksidanta lietojums galas
industrija.

Tautsaimnieciskais nozimigums

. lzstradata praktiski lietojama, dabai draudziga un kompakta (veicama
vienas dienas laika) kartupelu blakusproduktu parstrades metode, kas lauj
iegiit jaunus produktus.

. legiitais kapsuletais produkts ir izmantojams partikas produktu razoSana,
lai aizkavetu to oksidéSanos un pagarinatu uzglabasanas laiku.

ZINATNISKA DARBA APROBACIJA

Petijuma rezultati apkopoti 5 zinatniskos izdevumos, ieskaitot 3

publikacijas, kas indeksgtas starptautiskas cit€jamibas datubazés SCOPUS un
Web of Science.
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Par rezultatiem zinots 7 starptautiskas zinatniskas konferencés Brazilija,
Igaunija, Indija, Krievijas Federacija, Latvija un Lietuva (publikaciju un
prezentaciju sarakstus skatit 6.—7. Ipp.).

MATERIALI UN METODES

Pétijuma laiks un vieta

Promocijas darbs izstradats no 2014. Iidz 2018. gadam Latvijas
Lauksaimniecibas universitates un Minesotas universitates (ASV)
zinatniskajas laboratorijas.

Pétijuma struktiira

P&ttjums izstradats trijos secigos posmos, kas atspoguloti 1. attela.

P&tfjuma pirmais posms bija veltits galvenokart informacijas vaksanai par
iespg&jamo kartupelu riipnieciskas parstrades blakusproduktu izmantoSanu
partika un faktiskas situacijas izvertg§jumam kartupelu parstrades riipnicas
Latvija. Ta ka vairakums uzp@émumu neizradija velmi sadarboties,
informaciju un paraugus izdevas iegiit tikai no sadiem uzn€mumiem:

1. SIA “Tves Grupa”, Leveste, Jaunpils pagasts, Jaunpils novads;

2. A/S “Orkla Confectionery & Snacks Latvija” (bijuSais A/S “Latfood”),
paslaik lielakais kartupelu parstrades uznémums Latvija;

3. SIA “Nissi”, Riga;

4. SIA “Paplate Nr. 1, Raubéni, Cenu pagasts, Ozolnieku novads.

P&c savakto kartupelu mizu paraugu kimiskajam analizém un iegtito datu
izveértejuma izpetiti ekstrahgjamo BAC noardiSanas atrumi atskirigi
nomizotos mizu paraugos, kas tika uzglabati nekontrolgjamos apstaklos —
atklatos konteineros telpas temperatiira, pasargati no tieSas gaismas, ka tas
notiktu reala kartupelu parstrades riipnica Latvija (2. att.).

Lai standartiz&tu un imit€tu dazadu kartupelu mizu veidus (kas tika iegti
iepriek$€ja posma), ka izejmaterials paraugu sagatavoSanai tika izveleta
ripnieciskas kategorijas kartupelu skirne (Solanum tuberosum cv
‘Magdalena’, genotips 82-28.9/15876.41). Kartupelu paraugus nodrosinaja
Agroresursu un ekonomikas institiita Priekulu pé&tniecibas centrs (bijusais
Valsts Priekulu laukaugu selekcijas institiits).

P&c uzglabasanas apstaklu ietekmes uz biologiski aktivo vielu stabilitati
kartupelu mizas novertesanas tika sperts nakamais solis, lai izanaliz&tu biezak
lietotas partikas klases mikrokapsulacijas metodes (liofilizacija un
mikrokapsulacija izsmidzinaSanas kaltg; 3. att.). Mingtas metodes nav
salidzinamas, un $a posma galvenais meérkis bija izpétit, vai liofilizacijas
metodes izmantoSana var bt pamatota salidzindjuma ar BAC
mikrokapsulaciju izsmidzinasanas kalte (kas ir letaka un pieejamaka
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metode). Sads pétfjums bija nepiecieSsams, jo daudzos citos p&tfjumos
liofilizacijas metode tika izveléta ka piemérotaka BAC mikrokapsulacijai.

Galluskabe (GA) ka fenola savienojums tika izvél&ta, lai nodrosinatu
petijuma kontroles apstaklus, jo ta ir izplatita daba, izmantojama partika,
pieejama un salidzinosi stabila.

Pamatojoties uz iegiitajiem rezultatiem, izsmidzinasana kalte tika
izraudzita ka mikrokapsulacijas metode $aja pétijuma. Nakamais petijuma
posms tika veltits tam, lai izstradatu alternativu metodi sausa, tidenT skistosa
fenola savienojuma mikrokapsulacijai vairaku slanu kapsula viena
izsmidzinasanas procesa (4. att.). Parasti Iidzigas metodes ietver vairakus
posmus: 1) kapsulgjamas vielas ieklauSanu kapsulas kodola un 2) papildu
argja apvalka veido$ana. Saja pétijuma izstradata metode lauj ietaupit laiku
un samazinat razoSanas procesa izmaksas. Turklat, lai ar&jais apvalka slanis
biitu izturigaks, neliels daudzums modificétas cietes (izveletais argja apvalka
materials) bija parversts par retrogradétu cieti. Tapat ka iepriek$€ja posma,
galluskabe tika izmantota ka fenola savienojumu paraugs.

P&c iegiito rezultatu riipigas analizes tika sperts nakamais solis, kura
meérkis — nodrosinat efektivu un atru BAC ekstrakciju no rapnieciski
pieejamam kartupelu mizam un BAC ekstrakta mikrokapsulaciju (5. att.). Lai
to sasniegtu, tika izstradata vienlaiciga BAC (kapsulgjamas vielas) un cietes
hidrolizes produktu (kapsulas matricas materiala) ekstrakcija. Bija planots,
ka mikrokapsulacijas laika (izsmidzinasanas kaltg) iegiitie oglhidrati veidos
aizsargapvalku ap BAC. Saja procesa kartupelu miza ir vieniga izejviela, kas
padara izstradato metodi par praktisku kartupelu mizu parstrades veidu.

Promocijas darba p&dgja posma aprakstiti ieprieks iegiito kapsulu
praktiskas izmantoSanas pieméri. Kapsulas tika pievienotas svaigai maltai
ciikgalai (proporcijas 2 g BAC uz 1 kg ctku tauku) oksidacijas procesu
inhib&Sanai uzglabasanas laika (6. att.). Pagatavota maltas galas masa tika
uzglabata 6 dienas paatrinatas oksidacijas apstaklos 30 = 1 °C temperatiira.
Katru dienu tika panemts neliels galas paraugs, iepakots vakuuma, atri
sasaldéts un uzglabats —20 °C temperatira lidz turpmakam analizém.

Petijuma pielietotas metodes
Izmantotas analizu metodes apkopotas 1. tabula

Statistiska analize

Datu matematiska analize tika veikta MS Excel v16 un R 3.4.1.
programmatiiras, lietojot a) Diksona Q testu, b) ANOVA, c) Tjukija testu un
d) t-testu. Atskiribas starp vértibam uzskatamas par nebutiskam, ja P > 0.05.
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REZULTATI UN DISKUSIJA
1. Kartupelu industrialas parstrades blakusproduktu
(mizu) izveértejums

Izvertgjot visus Latvija pieejamos kartupelu riipnieciskas parstrades
blakusproduktus (IPPB), tika nolemts turpinat p&tijumus par kartupelu mizu
parstradi. Leémuma pamata bija stabila izejmaterialu pieejamiba Latvijas
uzn@mumos. Saja kategorija var ietilpinat arT veselus kartupelu bumbulus,
nemot véra samazinatu ekstrah&amo biologiski aktivo savienojumu (BAC)
koncentraciju (jo vairak BAC atrodas mizas).

Pe&titos mizu paraugus var iedalit tris grupas: 1) lielas mizas (4 £ 1 cm),
2) mazas mizas (4 = 1 mm) un 3) sasmalcinatas mizas. Savakto paraugu
kimisko analizu rezultati pieejami 2. tabula.

Jauzsver, ka visi mizu paraugi tika savakti no realam kartupelu parstrades
Itnijam un uznémumi (iznemot tikai vienu lielako Latvija) pienem parstradei
vienlaicigi vairakas Skirnes. Lidz ar to katrs savaktais paraugs bija vairaku
genotipu sajaukums un analizes rezultati tika salidzinati ar literatira
pieejamiem datiem.

Mazo mizu paraugos tika konstatéts Cetras reizes lielaks lipidu saturs,
salidzinot ar vid&am teorétiskajam vertibam (8.1 + 0.3 pret 1.6 +
+ 1.4 g 100 g'! sausnas), un aptuveni desmit reizes lielaks neka par€jos
paraugos (0.6 = 0.1 un 0.7 = 0.1 g 100 g' sausnas). Sis fakts liecina, ka no
vairakam razoSanas Iinijam panemtu mizu sajaukSana parstrades riipnicas
uzskatama par nopietnu problému. Saja gadijuma mizu paraugi tika sajaukti
ar dalu no brakéta gala produkta — ceptiem kartupelu Cipsiem.

Pargjo kimisko savienojumu saturs paraugos bija teorctiskajas robezas un
ar maznozimigam atSkirtbam. Ieprieks tika zinots, ka no kartupelu mizam
iegiitas olbaltumvielas ir augstakas kvalitates salidzinajuma ar lielako dalu
augu olbaltumvielu, bet sensoras Tpasibas samazina to izmantosanas potencialu
partikas sistemas (Mu et al., 2009). Papildus patlaban liels zinatniska darba
apjoms ir paveikts olbaltumvielu atdaliSana, attfrfiSana un oksidativas
briiné$anas inhibésana (Arogundade & Mu, 2012; Mu et al., 2009; Schmidt et
al., 2018). Tadel, nemot véra darzenu ripnieciskas parstrades blakusproduktu
ka skiedrvielu avotu izmantoSanas partikas razoSana popularitati, tika nolemts
turpmakos pétijumus koncentrét uz biologiski aktivo savienojumu un cietes
ekstrakciju un izmantosanas iesp&jam partika.

2. Ekstrahéjamo biologiski aktivo vielu stabilitate
kartupelu parstrades blakusproduktos

Ekstrah&jamo biologiski aktivo vielu profils ir loti atkarigs no daudziem
faktoriem, ieskaitot kartupelu skirni, uzglabasanas laiku un apstaklus, sezonu
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un audzESanas apstaklus. Turklat visbiezak katrs kartupelu parstrades
uznémums (jo Tpasi Latvija) izmanto sev piemérotakas skirnes. Lidz ar to (un
nemot véra, ka BAC saturs kartupelos ir plasi aprakstits literatiira) autors
promocijas darba koncentrgjas uz BAC ekstrakciju kopuma, neanalizgjot
atseviskus kartupelu genotipus.

Rezultati rada, ka uzglabasanas laika nekontrolgjamos apstaklos
ekstrahgjamie fenolu savienojumi ir stabilaki lielakajos mizas paraugos
(lielas un mazas mizas) neka sasmalcinatajos mizas paraugos. Pirmajas
minttés pec nomizosanas visi mizu paraugi saka briinét, un tas liecina par
fermentativo reakciju norisi. Vamos-Vigyazé (1981) rakstija, ka esoSie
enzimi kartupelos (polifenolu oksidazes (PPO)) katalizé monofenolu
parveérSanos par o-difenoliem un o-dihidroksilfenolu transformaciju par o-
hinoniem.P&c tam hinona produkti var polimerizéties un reagét ar $inu
olbaltumvielu aminoskabju grupam, veidojot briino pigmentu. Thygesen et
al. (1995) paradija, ka visaugstaka PPO aktivitate konstatéjama subepiderma
(argja mizu slani) 1.5-2.0 mm dziluma. Tas ir slanis, ko nonem ar abrazivas
mizoSanas metodém, kuras lieto kartupelu parstrades uznémumos Latvija.

Mizu uzglabasanas laika ietekmi uz kopg&jo fenolu saturu paraugos var
redz&t 7. att. Statistiska analize neuzradija bitiskas atSkiribas starp lielajam
un mazajam mizam. Kopgjais fenolu savienojumu saturs pirmajas divas
uzglabasanas dienas bija stabils, bet treSaja diena butiski samazinajas — par
40% salidzinajuma ar ieprieks€jo dienu vidgjam vertitbam. Savukart
sasmalcinataja miza fenolu savienojumu saturs ievérojami — par 66% —
samazindjas jau otraja uzglabasSanas diena. No ta var secinat, ka mizu
fizikalais stavoklis tiesi ietekm& BAC stabilitati paraugos. Sasmalcinatajos
mizu paraugos PPO ir briva pieeja BAC, kuru degradacija paatrinas ari
mikrobiologiskas iedarbibas dél. Savukart liclajas un mazajas mizas veselas
$tinas rada aizsargdjosu efektu.

Kartupelu mizu uzglabasanas laika ietekme uz to ekstrakta spg&ju saistit
brivos radikalus paradita 8. att€la. P&c pirmas uzglabasanas dienas visi tris
mizu paraugi neuzradija butiskas antiradikalas aktivitates izmainas. Otraja
diena sasmalcinatas mizas bija zaud&jusas 97% no brivo radikalu saistiSanas
spgjas, turpretl lielo uz mazo mizu paraugu aktivitate palika ieprieksgja
Itmeni. Tikai treSaja uzglabaSanas diena veselie mizu paraugi saka paradit
nozimigu antiradikalas aktivitates kritumu.

Korelacijas liknei starp kop€jo fenolu saturu un brivo radikalu saistiSanas
sp&ju ir polinoma raksturs (9. att.). Ir labi zinams, ka kafijskabe un tas esteris
(hlorogénskabe) ir divi galvenie fenolu savienojumi kartupelos (Solanum
tuberosum L.) un abiem piemit antiradikala aktivitate (Al-Weshahy & Rao,
2009; Habeebullah et al.,, 2010; Mattila & Hellstrom, 2007; Sanchez
Maldonado et al., 2014; Singh & Saldafia, 2011; Wu et al., 2012b).

Zinatniskaja literatira noradits: kafijskabes esterificésana ar cukura
atlikumu samazina tas antioksidativo aktivitati (Cuvelier et al., 1992).
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Turprett hlorogénskabei mazaka antioksidativa aktivitaite v€rojama
kukurtizas el]la (Chen & Ho, 1997). Koncentracijas 0.5, 1.0 un 2.0 mM
kafijskabei piemit labaka radikalu saistiSanas sp€ja saulespuku ella (Milic et
al., 1998) un ta labak inhib& lipidu oksidaciju zivju muskulos (Medina et al.,
2007). Turpreti jaunakie pétfjumi rada, ka cukura atlikumu piesaiste
kafijskabei palielina antioksidantu aktivitati un samazina tidenraza peroksidu
un DPPH?e radikala saistiSanas sp&jas (Sroka & Cisowski, 2003).

Marinova et al. (2009) konstat&ja, ka hlorogénskabes un kafijskabes
antioksidativa un antiradikala aktivitate saulespuku ella ir loti atkariga no to
koncentracijas un pie 2.8 x 10-4 M abas skabes uzrada vienadu efektivitati
un izturibu, bet, palielinot koncentraciju virs 10 x 10-4 M, kafijskabe ir daudz
efektivaks un spécigaks inhibitors.

Parasti hlorogénskabe ir visbagatigakais fenolu savienojums kartupelos.
Bet, uzglabajot mizas telpas temperatiira vai gaisma, hlorogénskabe noardas
un parversas par kafijskabi (Sotillo et al., 1994). Pamatojoties uz savaktajiem
datiem, var pienemt, ka autora p&tijuma p&c nomizoSanas paraugos bija liels
hlorogénskabes saturs. Kad fenolu kopgjais daudzums saka samazinaties,
hlorogénskabe noardijas un kafijskabe tika izdalita pietickama daudzuma, lai
noturétu ekstrakta brivo radikalu saisti$anas sp&ju augsta Iimeni, un kopgjais
fenolu saturs nesamazinajas zem 3.0 mg GAE g'!' (9. att.), kad kafijskabes
koncentracija kluva parak zema.

Hlorogénskabes un fenilalanina degradacijas dinamika paradita 10. attela.
Paraugi, kas sastav no lielam un mazam mizam, uzradija loti [idzigu tendenci.
Savukart sasmalcinatajas mizas hlorogénskabe gandriz nebija sastopama jau
taltt p&c mizoSanas. Tas ir pilnigas $iinu sabruksanas rezultats, kad augu
sekundarie metaboliti sak nomakt oksidativo stresu un ar to saistitos
molekularos bojajumus, izmantojot vairakus iesp&jamos reakcijas celus, kas
ir siki aprakstiti zinatniskaja literatura (Fifen et al., 2011; Galano et al., 2016;
Tosovi¢ et al., 2017).

Kopuma var redzet, ka hlorogénskabes koncentracija paraugos, kas satur
veselas Siinas (lielas un mazas mizas), samazinajas 1&€nak pirmo uzglabasanas
dienu laika, bet v€lak noardiSanas atrums strauji pieauga. Savukart
fenilalanina koncentracijas samazinasanas visaktivak norisindjas taja pasa
uzglabasanas laika un bija linearaka turpmakajas uzglabasanas dienas.
Rezultata varétu pienemt, ka pirmajas uzglabasanas dienas varétu turpinaties
hlorogénskabes sintéze no fenilalanina. Bet turpmakajas dienas reakciju
komponenti un katalizatori vartu kliit neaktivi vai sabrukt, apturot reakcijas
norisi. Sasmalcinatajas mizas, kuras hlorogénskabe tikpat ka nav sastopama,
fenilalanina saturs saka samazinaties tikai treSaja uzglabasanas diena.
Pamatojoties uz straujajiem samazinajuma raditdjiem, tas varétu bt
mikrobiologiskas iedarbibas rezultats.

Divu kartupelu mizu paraugu izplatitako glikoalkaloidu savienojumu
(a-solanins un a-¢akonins) noardisanas grafiki paraditi 11. attéla.
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Iegiito datu lineara aproksimacija rada, ka a-solanina noardiSanas atrums
vislénakais ir lielajas mizas. Mazas mizas uzradija [idzigu rezultatu, bet tajas
a-solanina noardiSanas atrums bija jau lielaks. Sasmalcinatajos mizu
paraugos visi biologiski aktivie savienojumi (tostarp glikoalkaloidi,
hlorogénskabe un fenilalanins) bija vairak paklauti argjas vides un enzimu
(kas tika atbrivoti Stnu bojajumu ietekme) iedarbibai, un katra identificéta
savienojuma noardiSanas atrums bija augstaks salidzinajuma ar citiem
paraugiem. Jauzsver, ka paraugi tika uzglabati atklatos konteineros un dala
gaismas staru, kas atstarojas no telpas sienam, varétu sasniegt paraugus un
izraisit papildu glikoalkaloidu veidosanos. Sis fakts varétu izskaidrot nelielu
a-solanina satura pieaugumu treSaja un ceturtaja uzglabasanas diena.
Tadgjadi var secinat: ja kartupelu parstrades blakusproduktos (mizas) ir
saglabajusas veselas §tinas un glikoalkaloidu veidoSana nav v€lama, mizas
turpmakai parstradei ieteicams uzglabat tumsa.

3. Liofilizacijas un izsmidzinasanas kaltes metoZu
salidzinajums galluskabes mikrokapsulacijai

Lai péc iespgjas pilnigak koncentrétos uz kapsulacijas tehnologijam un
samazinatu iesp&jamos mainigos liclumus, galluskabe tika izmantota
vairakiem turpmakiem eksperimentiem ka ddeni Skistoss fenola
modelsavienojums. GA  mikrokapsulacijas  efektivitate, izmantojot
liofilizaciju (FD) un mikrokapsulaciju izsmidzinaSanas kalte (SD), paradita
12. attela. Statistiska analize neuzradija bitiskas atSkirtbas (P > 0.05) starp
abam metodém, un bija iesp&jams sasniegt mikrokapsulacijas efektivitati
72 + 7% FD un 77 + 7% SD paraugiem.

SD un FD kapsulu paraugi vizuali redzami 13. attela. AtSkiribas virsmas
morfologija ir atkarigas no izvélétas mikrokapsulacijas tehnologijas, darba
apstakliem un parametriem. SD paraugiem ir sferiska forma izsmidzinasanas
kaltes darbibas procesa dél. Saja gadTjuma $kidrais paraugs tika izsmidzinats
kaltesanas kamera, veidojot apalus pilieninus virsmas spraiguma ietekmé.
Pilienini atri saraujas, jo mitrums strauji iztvaiko. Savukart FD dalinam ir
neregulara forma, tas ir monolitas un loti atskirigas péc izméra. FD kapsulu
formu un struktliru noteica ar1 mikrokapsulacijas process, kura skidrais
paraugs tika atri sasaldéts, nofiks€jot GA mikrokapsulacijas materiala
matrica. P& sasalSanas un kaltéSanas matrica tika saberzta, veidojot
nenoteiktas formas dalinas.

Kapsulu virsmas parametri, kas noteikti, izmantojot Barrett-Joyner-
Halenda (BJH) slapekla desorbcijas un Dubinina-Raduskevic¢a (DR) mikroporu
analizu metodes, apkopoti 3. tabula. FD paraugi paradija lielaku kumulativo
desorbcijas virsmas laukumu (no 0.632 Iidz 1.225 m? g'!) un lielaku kumulativo
desorbcijas poru tilpumu (no 2.4 x 103 1idz 9.5 x 10~ cm?® g!) neka SD paraugi
(attiecigi no 0.472 x 1073 Iidz 1.296 x 107 cm? g!' un no 1.2 x 1073 Iidz
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4.9 x 103 cm® g!). DR metodes rezultati liecina par mikroporu klatbtitni FD
kapsulas virsma, vidgjais mikroporu virsmas laukums — no 1.028 lidz
2.229 m? g, kas ir mazaks neka SD paraugos (no 1.108 lidz 2.374 m? g™!).

Lielaka porainiba un lielaks kopgjais virsmas laukums nozimé straujaku
ickapsuléta materiala izdaliSanos no kapsulas un sliktaku aizsardzibu, jo lielaka
kapsulu virsma nonak saskaré ar argjo vidi (Zuidam & Shimoni, 2010).
Kopuma fenolu savienojumus uzskata par termostabiliem (Im et al., 2011), kas
padara SD par piemérotaku mikrokapsulacijas tehnologiju. No otras puses, ja
nepiecieSams aizsargat dargu un termiski sensitivu savienojumu, FD ir lieliska
mikrokapsulacijas metode, jo ir ekonomiski efektivaka ilgai uzglabasanai neka
parasta sasald€Sana un uzglabasana negativas temperatiiras, kas prasa pat
lielaku energijas patérinu (Lorentzen, 1979).

4. Uden $kisto3o fenolu savienojumu mikrokapsulacija
vairakslanu kapsula

Uden $kistoso fenolu savienojumu aizsardzibai tris fazu kapsulu veidosanas
sisttma (cietais lipidu kodols, kas satur Gident $kistoSu fenola savienojumu, ir
parklats ar modificétas cietes apvalku) tika radita viena izsmidzinasanas procesa.
ST metode tika izveidota ka alternativa eso$ajam daudzfazu mikrokapsulacijas
tehnologijam, kur 1) vispirms mérka savienojumu ieklayj cieta kodola un 2) p&c
tam kodolu parklaj ar aizsargslani. Lai palielinatu argja oglhidratu apvalka
izturibu, dala modificetas cietes (MS; izveletais kapsulu materials Saja petijuma)
tika parveidota par retrogradéto cieti (RS) (Dimantov et al., 2004; Eerlingen et
al., 1993; Janaswamy, 2014), apstradajot MS autoklava 121 + 1 °C temperatara
ar turpmaku inkubaciju 22 + 2, 68 + 2 un 100 + 2 °C (Eerlingen et al., 1993).

Sarazotajas kapsulas GA aptuveni vienmérigi sadalijas starp kodola un
apvalka frakcijam, neliela daudzums GA palika uz kapsulas virsmas (14. att.).
Tas ir GA difuzijas rezultats O/W emulsijas veido$anas laika, kad O faze
(lipidu kodols, kas satur GA) tika sajaukta ar W fazi (maltodekstrina
skidums) pirms emulsijas padeves izsmidzinasanas kamera. lespgjams, ka
emulgatora koncentracijas palielindjums var izveidot stabilaku sisttmu un
samazinat GA difuziju no lipidu fazes, radot sp&cigaku hidrofobo polaritati.
Izveidotajas kapsulas lipidu faze nodrosina mikrokapsulétas GA aizsardzibu
pret saskari ar Gideni un citiem hidrofiliem savienojumiem.

Holser (2013) paradija, ka ferulskabe (fident skistoss fenolu savienojums
ar antioksid&josam pasibam), kas iekapsuléta lipidu matricas kapsulas, bija
stabila 3 meneSu laika, ja to uzglabaja apkartgjas vides apstaklos. Cita
petijuma lipidu nanodalinas, kas tika ievietotas Gideni, vargja stabilizet (-)-
epigallokatehina-3-galatu Cetru ned€lu laika, kamér nekapsuléts (-)-
stundu laika (Barras et al., 2009). Pasreizgja pétijjuma izmantotas lipidu
frakcijas kuSanas temperatiira ir 50 °C. Tas lauj secinat, ka mikrokapsul&ta
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GA ir labi aizsargata no apkartgjas vides faktoriem. Ta ir ne tikai iekapsuléta
hidrofoba kodola, bet ar parklata ar papildu MS apvalku, kas aizsarga
izkauséto lipidu fazi no nopliides un kapsulu aglomeracijas, ja kapsulu
uzglabasanas temperatiira parsniedz 50 °C.

Rezultati (14. att.) rada, ka liela dala no kopgjas mikrokapsulétas GA bija
izklied&ta tidens fazg parauga sagatavosSanas laika un tika fikséta MS matrica.
Saja pétijuma izmantotajai MS raksturigas lieliskas emulggjosas un
mikrokapsulacijas 1paSibas un sp&ja maske mikrokapsuléto savienojumu
nevélamo smarZzu un garSu, tostarp riigto fenolu piegarSu (Spinelli et al.,
2016). Tas nozimé, ka GA apvalka var uzskatit par aizsargatu, lidz kapsula
apvalka materialu vai izraisis GA difuiziju no MS fazes apkartgja vide.

Pamatojoties uz aprakstitajiem aspektiem, var pienemt, ka sarazotas
kapsulas varétu izmantot dazadiem partikas produktiem (maltajai galai,
zivim, miklai), kuru fenolu savienojumi tiks atbrivoti no MS apvalka un
nonaks apkartgja vide. Atbrivotie fenolu savienojumi varétu darboties ka
antioksidanti pasa partikas produkta. Ja temperatiiras paaugstinasanas nebiis
apvienota ar intensivu maisiSanu, kas sabrikt lipidu kodolu (ka desu
razo$ana), lipidu fazes fenolu savienojumi paliks nofikseti un aizsargati, lidz
kapsulas nonaks cilvéka gremosanas sistéma. Wada & Fang (1992) pieradija,
ka fenolu savienojumi sp&j nomakt polinepiesatinato taukskabju oksidaciju
saldeta sasmalcinata gala. Veselos un samaltos galas produktos fenolu
savienojumi efektivi aizkaveja nevélamas smakas, garSas un krasu izmainas
(Shah et al., 2014). Lidzigi rezultati tika iegti, p&tot ar radiaciju apstradatu
galu (Kanatt et al., 2005) un samaltu skumbriju (Farvin et al., 2012). Fenolu
savienojumi pozitivi ietekmé cilvéka veselibu, jo samazina oksidativo stresu
(Singh & Rajini, 2004, 2008).

Tikai neliels GA daudzums tika konstatéts uz kapsulu virsmas: no
2.3+0.2% lidz 3.8 + 0.6%. So GA daudzumu var uzskatit par zudumiem,
aprekinot kop&jo mikrokapsulacijas efektivitati 97.1 + 0.4%.

Sarazotas kapsulas var uzskatit par stabilam un uzglabajamam apkartgja
vidé. Pieméram, nekontrolétas temperatiras palielinaSanas gadijuma
kapsulas apvalks saglaba integritati, nepazeminot pulverveida produkta
kvalitati, ka tas var notikt kapsulu transportésanas laika vasaras sezona. Ta
ka ciete nav reaktivs materials, kapsulam nav vajadzigi Ipasi uzglabasanas
apstakli un iepakojuma materials, iznemot aizsardzibu pret parmérigu
mitrumu (lai noverstu apvalka salipSanu un GA difuziju un $kidibu). Tas
samazina uzglabasanas izdevumus un kopgjo kapsulu raZzoSanas cenu.
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S. Vienlaiciga fenolu savienojumu un oglhidratu
ekstrakcija ar sekojoSu mikrokapsulaciju

Ieprieksgja nodala izstradata mikrokapsulacijas metode ir piemérota BAC
ieklausanai vairakfazu kapsulas, kas nodrosina labu BAC aizsardzibu gan
hidrofila, gan hidrofoba vidé. Saja pétijuma autors méginajis apvienot BAC
mikrokapsulaciju ar kartupelu mizu parstradi, panakot vienlaicigu BAC
(iekapsul&jama viela) un oglhidratu (kapsulu matricas materials) ekstrakciju.
L1dz ar to pasreizgja petniecibas posma galvenais merkis ir izstradat kompaktu,
vienkarSu un atru kartupelu mizu parstrades metodi mikrokapsulétu BAC
razosanai, ja iesp&jams, izmantojot tikai pamata iekartas (15. att.).

Izstradata metode paredz, ka kartupelu mizas var parstradat bez speciala
iepriek$€ja sagatavoSanas procesa (ka, pieméram, kaltéSanas vai skiroSanas).
Vienigais priek$noteikums, kas izriet no iepriek$ iegiitajiem rezultatiem, —
mizam jasatur veselas §iinas, kuras nodrosinas lielaku BAC iznakumu.

P&tfjuma izmantoti mizu paraugi no abrazivas mizoSanas linijam, jo
tvaika mizoSanas tehnologijas p&tijuma norises laika Latvija nebija pieejamas
kartupelu parstrades apjoma dgl. Pétijums tika veikts atbilstigi razoSanas
apstakliem Latvija.

Izstradatais ekstrakcijas-kapsulacijas process sastav no pieciem soliem.
1. Kartupelu mizu savaksSana tie$i no parstrades linijas, lai nodroSinatu

minimalu piesarnojumu ar citiem parstrades blakusproduktiem

(pieméram, ellu).

2. Mizu sajauk3ana ar $kidinataju (60% etanolu) un homogenizacija. Sis
process ietver arT pirmo ekstrakcijas posmu — konvencionalo
ekstrakciju, kuras laika pirmie BAC un oglhidrati sak difundét
Skidinataja. Svarigi ir maksimali sasmalcinat $tnas, lai nodroSinatu
labaku skidinataja piekluvi masai. Autora p&tljuma ietvaros izmantota
skidinataja-mizu attieciba 10 : 1 (mL : g).

3. Galvenais ekstrakcijas solis. Autora pétijuma parbauditas divu
ekstrakcijas metozu (mikrovilnpu un ultraskanas veicinatas ekstrakcijas)
kombinacijas, lai nodrosinatu labako attiecibu starp BAC iznakumu un
izmantoto energijas patérinu.

Ekstrakcija norisinajas 5, 10, 15 un 20 mindtes. 16. attéla redzams BAC

iznakums un 17. att€la — brivo radikalu saistiSanas sp&ja atkariba no

ekstrakcijas metodes.

Rezultati rada, ka Tsakaja ekstrakcijas laika (5 min.) iegiita zemaka BAC

koncentracija ekstraktos, bet paraugos, kuru ekstrakcijas laiks bija

10 miniites, konstatets augstakais BAC iznakums. No pargjiem paraugiem

(15 un 20 min) iegati sliktaki rezultati neka no parauga, kas ekstrahéts

10 mindites, bet labaki neka no parauga, kas ekstrah&ts 5 mintites. Papildu

ultraskanas apstrade deva pozitivu rezultatu tikai paraugiem ar visisako

ekstrakcijas laiku, pargjos paraugos BAC koncentracija tas ietekmé
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samazindjas. legitie rezultati atbilst iepriek§ aprakstitajiem (Wu et al.,

2012a).

Ka redzams 17. att€la, paraugiem, kas ekstrah&ti 10 mintisu laika, piemit

ar vislielaka brivo radikalu saistiSanas spg€ja, kura samazinas péc

ultraskanas lietoSanas. Tas varétu nozimét, ka pilnigi ekstrahéti fenolu
savienojumi noardas (16. att.), ja tos paklauj parak lielai slodzei.

Pamatojoties uz iegiitajiem rezultatiem, autors noléma izlaist paraugu

papildu apstradi ar ultraskanu un talakiem pétljumiem izmantot tikai

mikrovilnu veicinatu ekstrakciju.

4. Tegitie ekstrakti tika koncentréti vakuuma ietvaices iekarta, lai sasniegtu
divus galvenos meérkus:

a. atgitu Skidinataju atkartotai ekstrakcijai (sakotngjo etanola
koncentraciju var atjaunot, izmantojot skidinataja blivumu);

b. samazinatu parauga tilpumu, lai samazinatu energijas un laika
patérinu nakamajam posmam — mikrokapsulacijai.
P&c koncentrésanas paraugus uzglabaja vakuuma, lai samazinatu
fenolu savienojumu reakciju ar brivajiem radikaliem un
skabekli, kas atrodas gaisa.

5. Sarazota ekstrakta mikrokapsulacija izsmidzinaSanas kalté. Papildu
izejvielas netika pievienotas, jo esoSais ekstrakts satur nepieciesamo BAC
un oglhidratu daudzumu.

Ir paredzets, ka var notikt vairaki mikrokapsulacijas procesi. Pirmkart,
veidosies matricas tipa kapsulas, jo gan BAC, gan oglhidrati ir Gident skistosi
savienojumi (ar vienadu polaritati), kas veidos homogénu struktiiru.
Mazmolekularo cukuru apvalks veidos labu barjeru, kas samazinas skabekla
difuziju kapsula un iesp&jamo BAC oksidaciju. Otrkart, var biit iesp&jama
amilozes ieklauSanas kompleksu veidoSana, kad BAC molekulas tiks
ieklautas amilozes k&zu sistemas.

Teorétiski iespgjams sarazoto mikrokapsuléto BAC papildu lietojums —
pagatavotas kapsulas var izmantot ka specializ&tu materialu citu veértigu un
dargu savienojumu mikrokapsulacijai, lai nodroSinatu to aizsardzibu pret
oksidaciju. Pieméram, tas vartu izmantot ellas (ar lielu nepiesatinato
taukskabju saturu) mikrokapsulacijai, jo fenolu savienojumi kapsulu apvalka
veiksmigi nodrosinas papildu aizsardzibu pret skabekla un brivo radikalu
difuziju kapsulu kodola (ella). Turklat ir zinams, ka daziem tident SkistoSiem
polisaharidiem, kas ekstrah&ti no kartupelu mizam, piemit labas tidens un
tauku saistiSanas un putu veidosanas (olbaltumvielu atlieku klatbiitnes del)
sp€jas, dabiskas antioksidativas Tpasibas un tie stabilizé emulsijas (Khawla et
al., 2016). Lidz ar to var secinat, ka pagatavotas BAC-oglhidratu kapsulas
noder ka mikrokapsulacijas materials, pieméram, liectoSanai farmakologija,
kur seviski liela uzmaniba ir veltita dargu aktivo savienojumu aizsardzibai.

Pamatojoties uz BAC satura sadalijumu uz kapsulas virsmas un kopgjo
fenola saturu (18. att.), aprékinata mikrokapsulacijas efektivitate sasniedz
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95.5 + 0.9%. ST vértiba jauzskata par parak lielu, jo kapsulas bija izveidotas
no vienadas polaritates komponentiem, veidojot viendabigu matricu. Lidz ar
to mikrokapsulacijas efektivitatei jabiit ka funkcijai no virsmas laukuma un
tilpuma attiecibas (samazinoties kapsulas izméram, palielinas kopgjais
virsmas laukums). Piem&ram, iepriek$€jos pétijjumos par galluskabes
mikrokapsulaciju cietes matricas kapsulas izsmidzinasanas kalté pagatavoto
paraugu mikrokapsulacijas efektivitate bija tikai 77 + 7%.

Tik augstai mikrokapsulacijas efektivitatei iesp&jami vairaki c€loni.
Pirmkart, BAC var but mehaniski atdalitas no virsmas pasa
mikrokapsulacijas procesa laika. Nemot véra to mazo svaru, BAC var biit
atdalitas ciklona un aizvaditas kopa ar gaisa plismu. No otras puses, ka
petijuma tika konstatets ieprieks, mikrokapsulacijas laika izsmidzinaSanas
kalté mazmolekularo oglhidratu klatbiitnes dél kapsulu formgjosais materials
vargtu sasniegt stiklosanas temperatiiru, veidojot loti lipigu kapsulas virsmu,
kas izraisa kapsulu aglomeraciju un nevienmérigas formas rasanos. Ta
ietekm& BAC vargtu biit stiprak iesaistiti oglhidratu kapsulu matrica un nebiit
pieejami ekstrakcijas skidinatajam (96% etanolam), jo cieta kapsulu virsma
varétu mehaniski mijiedarboties ar BAC, tos noturot. Lai iegiitu precizakus
secinajumus, nepiecieSams dzilaks kapsulas virsmas petjjums.

Ir vairakas pieejas, ko var izmantot, lai uzlabotu pasreiz€jo produktu.
Pirmkart, nemot vera lielo mazmolekularo oglhidratu saturu, ekstraktam var
biit pievienots maltodekstrins ar zemu dekstrozes ekvivalentu (4 vai 10), kas
vargtu palielinat stikloSanas temperatiiru un samazinat aglomeraciju kapsulu
veidoSanas laika. Otrkart, lai palielinatu lielmolekularo oglhidratu skidibu,
iesp&jams samazinat etanola koncentraciju $kidinataja, bet tas var pazeminat
ekstrahéto BAC iznakumu (Wu et al., 2012b). Treskart, pazeminatu etanola
koncentraciju var kombinét ar organisko skabju (pieméram, etikskabes)
pievienoSanu, kas var&tu nodrosinat augstaku BAC iznakumu (nemot véra
kopgjo ekstrahg&jamo fenola saturu kartupelu mizu parauga).

Visi pieci izstradatas metodes posmi laboratorijas apstaklos aiznéma
mazak par vienu dienu, lielako dalu laika aiznéma skidinataja iztvaice$ana.
Planots, ka riipnieciskas razosanas laika viss process aiznems mazak neka
vienu dienu, jo tiks izmantotas pieejamas koncentréSanas tehnologijas.
Nemot véra pétljuma laika pieejamos mikrovilnu veicinatas ekstrakcijas un
ekstrakta koncentréSanas posmus, pasreiz€ja metode sastav no atseviSku
produkta partiju parstradém (metode pagaidam nevar darboties nepartraukti).
Ta ir lieliska izv€le maza meroga razoSanas uzn€émumiem Latvija.

6. Mikrokapsuléto biologiski aktivo savienojumu
pielietojums galas oksidativo bojajumu samazinasanai

leprieksgjas nodalas aprakstits divu BAC mikrokapsulacijas metozu
izstrades process. Pirma ir paredzéta sausa parauga mikrokapsulacijai
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daudzfazu kapsula, otra ietver vienlaicigu BAC un oglhidratu ekstrakciju un
vélaku mikrokapsulaciju izsmidzinasanas kalt€. Abas metodes var kombingt
papildu aizsardzibas nodros§inasanai — kapsulas, kas iegiitas, vienlaicigi
ekstrahgjot BAC un oglhidratus, var biit papildus mikrokapsulétas daudzfazu
kapsulas. Nemot véra visus tehniskos aspektus, kas apspriesti ieprieksgjas
nodalas, pétfjumi turpinati, izmantojot vienlaicigas BAC un oglhidratu
ekstrakcijas metodi, jo ta 1) paredz kapsulu razosanu, tiesi parstradajot
kartupelu mizas, un 2) neprasa iepriek$gju BAC ekstrakciju un dehidréSanu
ka citas metodes, kuras paredzg€tas sausu paraugu mikrokapsulacijai.

Saja pétijumu posma ieprieks sagatavotas kapsulas tika pievienotas maltai
ctikgalai lipidu oksidacijas inhib&sanai. Nemot véra lielo laika apjomu, kas
nepiecieSams pietiekami liela kapsulu daudzuma sagatavosanai laboratorijas
apstaklos, koncepcijas parbaudes pétijums veikts, uzglabajot sagatavotus
galas paraugus paatrinatas oksidacijas apstaklos 30 + 1 °C.

Rezultati liecina, ka mikrokapsulétas BAC spgj veiksmigi aizkavét lipidu
oksidaciju (19. att.).

Péc pirmas uzglabasanas dienas ciikgalas masai, kurai pievienotas
kapsulas, konstatéta aptuveni piecas reizes zemaka oksidacijas pakapi neka
kontrolparaugam. Otras dienas beigas abu paraugu oksidacijas pakapes
pieauguma temps bija Iidzigs, un tas liecina par BAC antioksidativas
aktivitates izbeigSanos. P&c tre$as uzglabasanas dienas mikrobiologiska
iedarbiba galas paraugos bija parak liela, lai biitu iesp&ama kvantitativa
analize. Kopuma rezultatu var novertét ka pozitivu, jo pasreizgja izpéete
speciali tika veikta paaugstinata temperatiira.

Nakamais logiskais izpétes solis (ko varétu turpinat nakotng) varétu biit
iepakotas galas ilgtermina uzglabasana aukstuma (4 °C), lai noteiktu
mikrokapsuléto BAC sp&ju pagarinat paraugu uzglabasanas laiku realos
uzglabasanas apstaklos partikas industrija. Turklat ir paredzets, ka fenolu
savienojumi (kas saglabas aktivitati aukstas uzglabasanas beigas) netiks
pazaudgti, jo tie tiks patéreti kopa ar sagatavoto maltiti. Ka ieprieks mingts,
no kartupelu mizam ekstrahétie fenoli ir milzigs ieguvums cilvéka veselibai
un daudzos pétijumos aprakstita augu izcelsmes ekstraktu ka dabigu
antioksidantu veiksmiga izmantoSana dazados galas produktos (Cao et al.,
2013; Devatkal et al., 2012; Gramatina et al., 2017; Mathenjwa et al., 2012;
Naveena et al., 2013; Nissen et al., 2004; Ozvural & Vural, 2012; Reddy et
al., 2013; Sanchez-Muniz et al., 2012).

Viena no butiskakajam atSkiribam starp kartupelu mizu paraugiem, kas
iegiiti laboratorijas apstaklos, un paraugiem no kartupelu parstrades Iinijam
ir ta, ka razoSanas laika mizas parasti tick savaktas un aizvaditas ar Gidens
palidzibu. Ka noradits iepriekS, tdens ir otrs popularakais partika
izmantojams $kidinatajs fenolu savienojumu ekstrakcijai péc etanola.
Protams, japieméro papildu apstrade (smalcinasana, ultraskanas vai
mikrovilnu iedarbiba utt.), lai panaktu labaku fenolu savienojumu difuiziju
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skidinataja, bet joprojam neliels BAC daudzums tiks pazaudéts ar
notekideniem. Tas nozimg, ka iepriek§ aprakstitiec dati nav pilniba
izmantojami ripnieciskaja razosana, jo Gidens un etanola ekstrakti veido
atskirigus fenolu savienojumu profilus ekstraktos, kas arT uzrada atskirigas
antioksidativas Tpasibas (Farvin et al., 2012).
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SECINAJUMI

. Petfjuma iegitie rezultati apstiprina izvirzito hipotézi: kartupelu mizas —
kartupelu riipnieciskas parstrades blakusprodukts — ir noderiga izejviela
fenolu savienojumu izdaliSanai un kapsulacijai, un Sie savienojumi ir
izmantojami partikas razoSana.

. Divu veidu mizas — lielas (4 = 1 cm) un mazas (4 = 1 mm) — ir piem&rotas
biologiski aktivo vielu ekstrakcijai, un tas var uzglabat nekontrolgjamos
apstaklos (atklata gaisa, telpas temperattira) Iidz divam dienam. Pilnigi
sasmalcinatas mizas nav piemérotas biologiski aktivo vielu ekstrakcijai.
Salidzinot divas pétitas mikrokapsulacijas tehnologijas partikas razo$ana
(liofilizacija un mikrokapsulacija izsmidzinaSanas kalt€), netika
noverotas biitiskas atskiribas galluskabes mikrokapsulacijas efektivitate.
Liofilizétiem paraugiem piemit loti poraina struktiira, kas var paatrinat
skabekla difuziju kapsula un izraisit mikrokapsuléta savienojuma
oksidaciju.

. Petijuma gaita izstradata kartupelu mizu parstrades metode, kas lauj no
kartupelu mizam vienlaicigi ekstrah&t biologiski aktivas vielas un
mikrokapsulacijas apvalka materialu, talak veidojot matricas tipa
kapsulas ar mikrokapsulacijas metodi izsmidzinasSanas kaltg.

. Izstradata ar1 mikrokapsulacijas metode, kas piemérota daudzfazu
kapsulu veido$anai (cieto lipidu kodols ar maltodekstrina apvalku). Udent
Skistosie fenoli vienmérigi sadalas starp kapsulas lipidu un
maltodekstrinu fazém. So faktu var vértét gan negativi (ja galluskabe
maltodekstrina fazg tiek uzskatita par zudumiem), gan pozitivi (pienemot,
ka, izmantojot kapsulas partikas produkta, galluskabe tiks izdalita
apkartgja vide, nodrosinot pasa produkta aizsardzibu no oksidacijas).

. Mikrokapsuléto biologiski aktivo savienojumu pievieno$ana maltai
ciikgalai spg samazinat tauku oksidacijas pakapi uzglabasanas laika
paatrinatas oksidacijas apstaklos.
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