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TOPICALITY OF THE RESEARCH

Vegetables and spices in the healthy diet occupy an important position.
They contain vitamins, dietary fibres, sugars, organic acids, micro - and macro-
elements, and biologically active compounds. They have a relatively short shelf
life, because of high moisture content (Patras et al., 20111; Hossain et al.,
2011). Vegetables and spices are seasonal products. It is necessary to find the
processing method for shelf life extension of fresh products in order to maintain
their biological value. Many factors affect food components, especially
phytochemicals, such as, growing conditions, temperature, light intensity, and
water availability during growing and harvesting time (Alarcon-Flores et al.,
2015). One of the most common shelf life maintenance method is drying. The
use of high temperatures in foods affects adversely to the quality which can
lead to the degradation of some nutritional compounds (Garcia-Parra et al.,
2016). Drying temperatures should be within 45°C and 60°C in order to
minimize the loss of volatile oils and discoloration in foods (Schweiggert et al.,
2007). Drying at higher temperatures can result in degradation of phenolic
compounds and affect antioxidant and free-radical scavenging capacities
(Vashisth et al., 2011).

One of the most investigated drying methods among all studied drying
technologies is convective type drying, when different drying temperatures are
used for nutritional value preservation, however drying time varies from few
hours even till few days depending on used temperature regime. In recent years
microwave-vacuum (MV) drying process has gained recognition as another
successful drying method. It is possible to ensure the drying temperature below
40+1°C during MV drying process furthermore processing time reduces
significantly compared to convection-type drying at the same temperatures (up
to a few hours) and direct oxygen effect is limited during drying. Therefore it is
possible to make prognoses, that, drying vegetables and spices with MV drier,
it is possible to maximally maintain their biologically active compounds,
because minimised oxygen conditions limits oxidation processes in products.

In addition, according to EU regulation 2015/2283, MV drying process have
been defined as novel process.

Therefore, investigations are required to evaluate the quality parameters and
possibilities to maintain biological value of MV dried vegetables and spices
compared to the same products obtained by convective-type dryer.

The hypothesis of the doctoral dissertation whether it is possible to
maximally maintain biologically active compounds of vegetables and spices
using microwave-vacuum drying.

The hypothesis of the doctoral dissertation was proven by the following
statements:
1. Pre-treatment followed by microwave-vaccum drying improves biologically
active compound content of Apiaceae spices(dills, parsleys, celeries);



2.

3.

4,

Microwave-vacuum drying improves biologically active compound content
of Apiaceae vegetables (celery roots, carrots);

Microwave-vacuum drying improves biologically active compound content
of Allium spices(leeks, onions, garlics);

Microwave-vacuum drying is the most appropriate drying method for
obtaining dried vegetables and spices with increased biological value.

The research object of the doctoral dissertation: vegetables and spices

grown in Latvia

The aim of the doctoral dissertation was to evaluate quality parameters and

changes of biological value in dried vegetables and spices after steam blanching
pre-treatment and drying in microwave-vacuum dryer compared to the same
products obtained by convective-type dryer.

The following research objectives were set to reach the aim of the doctoral

dissertation:

1.

2.

3.

to investigate chemical and physical parameter changes of Apiaceae spices
(dills, parsleys, celeries) after steam-blanching and drying;

to investigate chemical and physical parameter changes of Apiaceae
vegetables (celery roots, carrots) after steam-blanching and drying;

to investigate chemical and physical parameter changes of Allium spices
(leeks, onions, garlics) after steam-blanching and drying;

to evaluate the most suitable drying method of obtained dried vegetables
and spices with maximal biological value using the integrated method.

The novelty and scientific significance of the doctoral dissertation:

It has been investigated steam-blanching and two different drying
techniques effect on biologically active compounds’ content in vegetables
and spices grown in Latvia.

It has been determined the drying method for each vegetable and spice for
maintaining biological value at the highest level using integrated method.

The economic significance of the doctoral dissertation:

It is possible to use microwave-vacuum drying with steam blanching in
processing of fresh vegetables and spices to obtaine the dried products with
high content of biological compounds and to maintain their biological
value.

APPROBATION OF THE RESEARCH

Research results have been summarised and published in 9 publications,

including 3 publications indexed in the international citation database SCOPUS
and Web of Science.
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MATERIALS AND METHODS

Time and place of the research

Experiments were carried out during the period from 2012 to 2015. Product
development and analysis were performed at Latvia University of Agriculture
at Faculty of Food Technology laboratories.



Materials used in the research
In the research 8 vegetables and spices were analysed and grouped based on
the plant families (Table 1) and processed samples abbreviated (Table 2).

Table 1/ 1. tabula
Analysed sample grouping / Analizéeto paraugu grupéjums

Family / Dzimta Vegetables, spices/ Darzeni, garSaugi
Dills / Dilles
Apiaceae spices / garSaugi Parsleys / Petersii

Celeries / Selerijas

Celery roots / Seleriju saknes

Apiaceae vegetables / darzeni Carrots / Burkani

Leeks / Puravi

Allium spices / garsaugi Onions / Sppoli

Garlics / Kiploki

Table 2/ 2. tabula
Processing abbrevations for analysed vegetables and spices /
Analizéto darzenu un garSaugu apstrades veidu apziméjumi

Processing type / Apstrades veids %2;223;2/
Fresh / Svaigi F
Convective dried / Kalteti konvekcijas tipa kalte CVv
Microwave-vacuum (MV) dried / MV
Mikrovilpu-vakuuma (MV) kalté kalteti
Steam-blanched for 1.5 min / Apstradati ar tvaiku 1.5 min SB1
Steam-blanched for 3.0 min / Apstradati ar tvaiku 3.0 min SB2
Steam-blanched for 1.5 min and MV dried / SB1 MV
Apstradati ar tvaiku 1.5 min un kalteti MV kalté -
Steam-blanched for 3.0 min and MV dried / SB2 MV
Apstradati ar tvaiku 3.0 min un kalteti MV kalté -

Research structure
The study was conducted in four stages (Fig. 1) and the technological
scheme of the research is summarised in Fig. 2.

Stage | — Fresh vegetables and spices

In research eight vegetables and spices (dill, celery, parsley, leek, onion,
garlic, carrot, and celery root) were used, grown in Zemgale region, Latvia and
gathered during their maturity stage (from September till the beginning of
October) and straight after gathering physical and chemical parameters were
analysed.

Stage Il — Conventional and microwave-vacuum dried vegetables and

spices

The previously mentioned vegetables and spices were prepared for the
drying process celery roots, carrots, leeks, onions and garlics were cut in 3 to




3.5 mm slices, while for drying dills, parsleys and celeries leaves/ green parts
without stalks were used. For each drying 3 to 3.5 kg of the sample was
prepared. After drying physical and chemical parameters were analysed.

STAGE | /POSMS FRESH VEGETABLES AND SPICES/
SVAIGI DARZENI UN GARSAUGI
Phvsical andchemical parameters / Fizikali-kimiskie parametri

STAGE Il /posmMs CONVENTIONAL AND MICROWAVE-VACUUM
DRIED VEGETABLES AND SPICES/
KONVENCIONALI UN MIKROVILNU-VAKUUMA KALTE
KALTETI DARZENI UN GARSAUGI
Physical and chemical parameters / Fizikali-kimiskie parametri

/STAGE I11/PosmMs STEAM PRE-PROCESSING EFFECT ON MICROWAVE-
H VACUUM DRIED VEGETABLES AND SPICES/

< PIRMAPSTRADES AR TVAIKU IETEKME UZ MIKROVILNU-
VAKUUMA KALTETIEM DARZENIEM UN GARSAUGIEM
Phvsical and chemical barameters / Fizikali-kimiskie narametri

STAGE IV/Posms  INTEGRATED EVALUATION OF DRIED VEGETABLEs
4 AND SPICES
KALTETU DARZENU UN GARSAUGU INTEGRETAIS NOVERTEJUMS

Fig.1. Structure of the research / 1. att. Péefijuma struktiira

Vegetables and spices /
Darzeni un garsaugi

/

Convective dried / Microwave-vacuum

Kaltéti konvekcijas (MV) dried / Steam-blanching/

tipa kalte Kalteti mikrovilnu- Apstrade ar tvaiku

Fresh/ + Memmert UF55 vakuuma kalte « Tefal Vitamin+
Svaigi (Germany) + Musson-1 (Russia) (China)
¢ 45+1°C ¢ 35+1°C * 95+1°C

« 7-12h ¢ 25-35h * 1.5and 3.0 min

AN

Physical-chemical parameters /
Fizikali-kimiskie parametri

v

[ Integrated evaluation / ]

N

Steam-blanching followed
by microwave-vacuum
drying /
Pirmapstrade ar tvaiku un

MYV kaltesana )

Integretais noveértéiums

Fig. 2. Technological sheme of the research
2. att. Petijjuma tehnologiska shéma
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Stage 11l — Steam pre-processing effect on MV dried vegetables and

spices

Steam-blanching was used to determine the possibility of improving the
physical and chemical parameters of dried vegetables and spices in microwave-
vacuum drying. Samples for steam-blanching were prepared in the same way as
for drying and steam-blanched for 1.5 and 3.0 min in the chamber type steam
cooker (Tefal Vitamin+, China) covered with lid and steamed over boiling
water (95£1°C) in a single layer. After steam-blanching the samples were put in
a plastic bag and cooled in the ice water bath (for faster cooling process). The
steam-blanched samples were used for physical and chemical parameter
analysis and for MV drying. For MV dried samples with steam-blanching pre-
processing physical and chemical parameters were analysed.

Stage IV — Integrated evaluation of dried vegetables and spices
Integrated evaluation was used for dried vegetables and spices to evaluate
the most suitable drying technique to maintain the biological value.
Methods used in the research

Methods used to determine physical and chemical parameters are
summarized in Table 3.

Table 3/ 3. tabula
Standards and analytical methods used for analysis of vegetables and spices /
Darzenu un garSaugu paraugu analizéSanai izmantotie standarti un metodes

’;l\l(:'/ Indices / Raditaji Standarts, methods / Standarti, metodes
Physical parameters / Fizikalie parametri
1| Moisture / Mitrums 'ZA(?lﬁ)C 1995 (Mazzeo et al., 2011; Sulaiman,
2. | Colour/ Krasa CIE L'a'b” (Zhu et al., 2014)
Chemical parameters / Kimiskie parametri
L - Dimins et al., 2008; Saldivar et al., 2010;
3. | Individual sugars / Cukuri Beitane et al.. 2013
4. | Total carotenoids / Kopéjie karotinoidi T'OCT P 54058-2010 (2011)
5. | Organic acids / Organiskas skabes Sherer et al., 2012; Bae et al., 2014
6. | Total phenolics / Kopéjie fenoli Bozin et al., 2007
7. | Total phenolic acids / Kopéjas fenolskabes Gawlic-Dziki, 2012
8. | Total flavonoids / Kopéjie flavonoidi Olivera et al., 2008
9. | Total flavonols / Kopéjie flavonoli Loziene et al., 2007
Total flavan-3-ols (proanthocyanidins) /
10. Kopéjie flavan-3-oli (proantocianidini) Zam etal,, 2012
Individual phenolics / Chen et al., 2001; Wang & Zhao, 2011,
11. vidua’ p L Gokturk Baydar & Baydar, 2013; Lazarova
Individualie fenolu savienojumi
etal, 2014
Antiradical activity / : .
Y2\ Untiradikala aktivitate (DPPH; ABTS) Affify etal., 2012; Erkan et al., 2011

Used organic acids and phenolic compounds for quantification with high
performance liquid chromatography are given in Table 4.
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Table 4 / 4.tabula

Analysed organic acids and phenolic compounds /
Analizetas organiskas skabes un fenolu savienojumi

Compounds / Savienojumi

Oxalic acid / Succinic acid / 4-hy(:ircc;>(;);bf_n20|c Sinapic acid /
Skabenskabe Drzintarskabe hidroksibenzoskibe Sinapinskabe
Tartaric acid / Salicylic acid / Vanillic acid / t-ferulic acid /
Vinskabe Salicilskabe Vanilinskabe t-ferulskabe
Quinic acid / Benzoic acid / Homovanillic acid / | 2-hydroxycinnamic acid/
Hininskabe Benzoskabe Homovanilinskabe 2-hidroksikanélskabe
Malic acid / Gallic acid / Caffeic acid / Rutin /
Abolskabe Galluskabe Kafijskabe Rutins
Malonic acid / | 3.4-dihydroxybenzoic acid / (-) epicatechin / t(3)-hydroxycinnamic acid/
Malonskabe 3.4-dihidroksibenzoskabe (-)-epikatehins t(3)-hidroksikané|skabe
Ascorbic acid / | 3.5-dihydroxybenzoic acid/ Syringic acid / Quercetin /
Askorbinskabe 3.5-dihidroksibenzoskabe Cerinskabe Kvercetins
Citric acid / (+)-catechin / Vanillin / Luteolin /
Citronskabe (+)-katehins Vanilins Luteolins
Fumaric acid / Chlorogenic acid / p-coumaric acid / Kaempferol /
Fumarskabe Hlorogénskabe p-kumarinskabe Kaempferols

Data analysis

The obtained data processing was performed using statistical software
‘Microsoft Office Excel v10.0” and ‘XLSTAT 2016°. The results were given as
mean value + standard deviation. Student's t-test, single factor and multifactor
analysis of variance (ANOVA) was used to compare the means. Differences
were considered significant at p<0.05. Pearson's correlation coefficient was
calculated to determine the association between the results. Principal
component analysis (PCA) was used to evaluate each analysed sample
processing effect on organic acid and phenolics contribution (the relationship
between the processing of the sample and the type of organic acids and
phenolic compound distribution). Integrated evaluation was applied for dried
vegetables and spices and performed using physical and chemical parameters.

RESULTS AND DISCUSSION

1. Physical and chemical parametrs in Apiaceae spices (dills, parsleys and
celeries)

Moisture content in dills were 84.64+0.85%, in celeries- 80.62+0.81% and
in parsleys- 78.98+0.79% and steam-blanching minimally affected moisture
content; with convectional drying content and MV drying process initial
content was decreased till less than 10%.

Colour differences were calculated for steam-blanched and dried dills,
parsleys and celeries for comparison with fresh samples. In all previously
mentioned samples steam blanching did not gave visually visible changes
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compared with fresh ones (AE<10), while with drying processes were observed
significant changes.

Carotenoids in spices and vegetables are one of major antioxidants. In dills,
parsleys and celeries their total amount varies from 278.67+16.64 to
469.00+13.83 mg B-CE 100 g™ DW and processing affects carotenoid amount
differently (Fig.3.).
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The highest carotenoid content was determined in dills, the lowest content
in celeries. In dills carotenoid content was high and steam-blanching for 1.5
min minimally affected total amount, while with 3.0 min processing content
significantly increased. In parsley’s carotenoid content with steam-blanching
process slightly increased. In celeries carotenoid content with thermal and
drying processing increased in all cases- with steam-blanching amount
increased more than with convective drying, and after MV processing total
carotenoids increased significantly compared with fresh celeries.

In dills organic acids found in fresh and dried samples were oxalic,
ascorbic, citric, succinic, salicylic and benzoic acids at various concentrations
(Table 5).

Oxalic acid with steam-blanching decreased in dills, but with drying process
initial amount increased. Quinic acid in dills was determined in high amount
and with short time steam-blanching process content significantly decreased.

Malic acid in fresh dills was determined at high concentrations and steam-
blanching and drying process degraded initial amount, while malonic acid was
not detected in fresh samples and thermal and drying process helped to increase
particular acid. In dills citric acid amount significantly degraded using steam
processing, but drying process initial content increased.
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Fumaric acid in dills degraded with steam-blanching process and in dried
samples was detected in low concentration.

Table 5/5. tabula
Organic acid composition of fresh, dried and steam-blanched dills /
Organisko skabju sastavs svaigas, kaltetas un tvaiku apstradatas dilles

Acids F CcVv MV SB1 SB2 SB1_MV | SB2 MV
Oxalic 349.71 526.33 444,98 24555 280.36 382.65 398.76
Tartaric n.d. n.d. n.d. 674.89 141.02 n.d. n.d.
Quinic 7398.18 n.d. n.d. 960.93 n.d. n.d. n.d.
Malic 5312.60 n.d. n.d. n.d n.d. n.d. n.d.
Malonic n.d. 1558.95 | 1732.09 | 2338.74 | 3167.41 2080.95 2534.33

Ascorbic | 320.29 150.19 185.84 258.14 225.68 141.03 130.87
Citric 1941.73 | 4032.24 | 5614.89 | 736.92 775.13 559.61 445.00

Fumaric 273.23 157 0.14 n.d. n.d. 4.56 6.64
Succinic 32.37 2600.41 | 1773.56 21.25 25.72 75.85 695.82
Salicylic 6.11 16.26 461 7.38 12.11 4.03 2.00
Benzoic 1.86 24.82 7.17 7.54 2.89 64.17 2.33
Total 15636.08 | 8910.77 | 9763.29 | 5251.35 | 4630.32 | 3312.86 4215.76

* results expressed as average amount with 10% standard deviation, mg 100 g* DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka videjais rezultats ar 10% standartnovirzi; n.d- nav konstateti,
savienojumi apkopoti 4.tabula

Succinic acid in fresh dills was observed in lower concentrations and
thermal process minimally degraded acid. With drying process succinic acid in
dills significantly increased. Salicylic acid in dills started to increase with
steam-blanching and highest increase was observed in convective dried dills,
while with MV drier processing initial salicylic acid degraded and pre-
processing degraded content more. Increase in benzoic and salicylic acid may
be explained by chemical processes during process. Plant benzoic acids can be
modified or converted to another hydroxyl benzoic acid forms through
hydroxylation (Widhalm & Dudareva, 2015).

In parsleys founded in fresh and dried samples were oxalic, quinic, malonic,
ascorbic, citric, succinic and salicylic acids in various concentrations and had
tendency to change (Table 6).

In parsley’s oxalic acid significantly degraded after steam blanching, while
with convective drying content increase. Obtained results can be compared to
Han et al. (2016) research. According to researchers, oxalic acid is thermo
stable in temperatures lower than 80°C and with higher temperatures compound
starts to degrade leading to decreased initial amount.

Quinic acid decreased in parsleys with thermal process, while with
convective and MV drier acid concentration increased. With convective drying
citric acid in parsleys increased, but with MV drying decreased. Succinic acid
in parsleys significantly decreased with thermal process and positive effect was
observed in dried parsleys.
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Table 6 / 6. tabula
Organic acid composition in fresh, dried and steam-blanched parsleys /
Organisko skabju sastavs svaigos, kaltetos un ar tvaiku apstradatos pétersijos

Acids F CVv MV SB1 SB2 SB1_MV | SB2_MV
Oxalic 479.64 1550.77 296.50 182.07 203.30 323.20 115.60
Tartaric 733.55 n.d. 1062.34 293.34 775.45 502.57 n.d.
Quinic 1168.87 2581.04 2197.23 738.46 179.69 421.90 1602.69
Malic n.d. n.d. n.d. 79.88 n.d. n.d. 616.13
Malonic 1748.02 4317.67 3047.78 58.93 126.89 3409.24 3566.74
Ascorbic 285.66 207.05 235.80 24757 215.18 196.44 163.97
Citric 1940.34 2640.39 1038.92 407.43 850.71 2017.53 297.00
Fumaric nd. 0.43 0.52 n.d. nd. 4.85 0.93
Succinic 273.05 598.06 969.41 16.04 51.32 12.21 189.53
Salicylic 72.85 59.75 74.55 29.26 37.40 47.46 5.48
Benzoic 0.21 0.83 n.d. 2.37 2.38 3.03 0.14
Total 6702.20 | 11956.00 | 8923.04 | 2055.35 | 2442.32 6938.41 6558.20

* results expressed as average amount with 10% standard deviation, mg 100 g* DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka vidéjais rezultats ar 10% standartnovirzi; n.d- nav konstateti;
savienojumi apkopoti 4.tabula

Total organic acid content in parsleys degraded using steam-blanching,
while with convective drying total amount increased significantly due to
increase in oxalic, quinic, malonic and citric acids.

In celeries main organic acids were oxalic, ascorbic, citric, and salicylic and
benzoic acids in various concentrations and initial content changed (Table 7).

Table 7 / 7.tabula
Organic acid composition in fresh, dried and steam-blanched celeries /
Organisko skabju sastavs svaigas, kaltetas un ar tvaiku apstradatas selerijas

Acids F CV MV SB1 SB2 SB1 MV SB2_MV
Oxalic 244.37 244.65 81.34 152.00 152.91 823.49 176.91
Tartaric n.d. n.d. n.d. n.d. 231.62 530.51 n.d.
Quinic 714,24 n.d. n.d. 781.70 775.74 n.d. n.d.
Malic nd. n.d. n.d. 3930.85 1679.30 9545.30 n.d.
Malonic 4924.47 6044.48 | 7172.09 n.d. n.d. n.d. 5522.16
Ascorbic 221.24 105.99 170.78 125.88 98.89 122.70 107.83
Citric 4011.61 945.93 749.01 3632.83 958.46 1622.20 101.06
Fumaric n.d. 0.06 0.06 n.d. n.d. 12.88 1.14
Succinic 267.60 n.d. n.d. 31.23 17.92 74.53 n.d.
Salicylic 21.62 36.01 21.00 34.32 16.64 4.17 0.39
Benzoic 4.73 0.92 4.31 3.16 1.78 3.05 0.31
Total 10409.88 | 7378.04 | 8198.60 | 8691.98 | 3933.27 | 12738.83 5909.80

* results expressed as average amount with 10% standard deviation, mg 100 g DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka vidéjais rezultats ar 10% standartnovirzi; n.d- nav konstateti;
savienojumi apkopoti 4.tabula

In celeries oxalic acid degraded with steam-blanching and MV drying, and
steam-blanching followed by MV drying increased initial amount compared to
MYV dried celeries acid content. The temperature, and the pressure and high
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acoustic amplitudes in combination helped to degrade oxalic acid more. The
best degradation was observed when power was increased (Dukkanci &
Gunduz, 2006). Quinic acid in celeries degraded and degradation rate was
similar both in steam blanched and convective dried samples.

Citric acid in celeries started to degrade with short steam-blanching process
and with longer steam-blanching process was observed significant decrease and
that was at the same level as in convective dried celeries. Benzoic acid in
celeries was detected in lower concentrations than other organic acids and
thermal and convective drying processes degraded acid more than MV drying.

Malic acid is a compound, which undergoes a series of distinct
decarboxylation steps during its degradation, and photodegradation has been
seriously studied. During possible photodegradation process of malic acid
malonic acid may form and other final degradation products (Irawaty et al.,
2011)

Phenolic compounds (phenolics, flavonoids and phenolic acids) in spices
were found in various concentrations and drying and steam-blanching
processing affected total amount differently. After drying initial phenolic,
flavonoid and phenolic acid content significantly increased and the highest
phenolic content was determined in dills. Steam-blanching process helped to
improve total phenolic content in MV dried Apiaceae spices and 3.0 min steam-
blanching followed by MV drying increased initial content more in dills and
parsleys (Fig.4).
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Some reducing components, such as ascorbic acid, can be oxidised by the
Folin-Ciocalteu reagent of the total phenolic assay, yielding on increased total
amount using this method (Zhang & Hamauzu, 2004).

In dills, parsleys and celeries flavonoid content increased with steam-
blanching and convective drying, and steam-blanching followed by MV drying
had significant higher flavonoid content than MV dried spices. Similar
tendency was observed in total phenolic acid content, where significant higher
concentrations was detected in steam-blanched and in convective dried spices,
and in samples pre-processed followed by MV drying.

Simple phenolics are widely distributed especially in root vegetables, while
glycosides of flavones and flavonols are mainly found in leaf vegetables, but
aglycones of flavones and flavonols in parsleys, celeries, broccoli and herbs
(Sakakibara et al., 2003). Phenolic composition of fresh and processed plants
varies depending on various conditions, including temperatures and oxygen
availability during processing.

Individual phenolic composition of dills and concentrations changes with
steam-blanching and drying processes. The highest changes were observed in
4-hydroxybenzoic acid, 3.5-dihydroxybenzoic acid, sinapic acid, chlorogenic
acid and rutin contents.

The initial matrix of 7 processed dill samples and 32 compounds (phenolic
compounds and organic acids) was analysed using principal component
analysis (PCA). The PCA of processed dills resulted in a two component model
that explained by 62.00% variance. The first component accounted by 39.96%,
the second by 22.04% (Fig.5). The correlation plots showed clustering of the
processed dills in a 3 main groups- fresh and steam-blanched (for 1.5 and 3.0
min), convective dried and MV dryer processed dills.

For fresh and steam-blanched dills phenolic compounds and organic acids
in highest amounts were rutin, (-)-epicatechin, malic, fumaric, quinic, ascorbic,
t-ferulic, homovanillic, 3.4-dihydroxybenzoic, tartaric, 2-hydroxycinnamic and
4-hydroxybenzoic acids. Using convective drying the highest content was
observed in vanillin, quercetin, kaempferol, salicylic, citric, syringic, caffeic, 3-
hydroxycinnamic, p-coumaric, oxalic, succinic and sinapic acids. The highest
concentrations using MV drying were observed for luteolin, (+)-catechin,
gallic, chlorogenic, benzoic, vanillic and 3.5-dihydroxybenzoic acids.
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Fig.5 Principal Component scores of processed dills and distribution of
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5.att. Galveno komponentu analizes vertibas apstradatam dillem un fenolu
un organisko skabju izkliede

Phenolic compounds of processed parsleys were detected in various
concentrations, but the most significant changes were observed in gallic acid, 4-
hydroxybenzoic acid, chlorogenic acid, epicatechin, p-coumaric acid, sinapic
acid, 3-hydroxycinnamic acid and luteolin during processing steps.

The initial matrix of 7 processed parsley samples and 32 compounds
(phenolic compounds and organic acids) was analysed using principal
component analysis (PCA). The PCA of processed parsleys resulted in a two
component model that explained by 70.27 % variance (Fig.6). The first
component accounted by 47.93 %, the second by 22.34 %. The correlation plots
showed clustering of the processed parsleys in a 3 groups- fresh and steam-
blanched, and 1.5 min SB followed by MV drying; MV and convective dried
parsleys; 3.0 min SB followed by MV drying.

In the first group (fresh, steam-blanched, 1.5 min steam-blanched followed
by MV drying) corresponding compounds were ascorbic, tartaric, benzoic,
fumaric and 3.4-dihydroxybenzoic acids, and (+)-catechin; in second group
(convective and MV dried) parsleys corresponding compounds in highest
concentrations were vanillin, salicylic, citric, syringic, chlorogenic, oxalic and
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succinic acids. The largest part of compounds corresponds to 3.0 min steam-
blanched followed by MV dried parsleys.
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atbilsoSajiem savienojumiem

In processed celeries phenolic compounds detected at the highest
concentrations were 4-hydroxybenzoic and sinapic acids, catechin, epicatechin,
rutin, quercetin, luteolin and kaempferol and changes were observed.

The initial matrix of 7 processed celery samples and 32 compounds was
analysed using principal component analysis (PCA). The PCA of processed
celeries resulted into two component model that explained by 61.66 %
variance. The first component accounted by 40.33 %, the second by 21.33 %
(Fig.7). The correlation plots (Fig. 7) showed clustering of the processed
celeries in a 4 groups- fresh and 1.5 min steam-blanched; 3.0 min steam-
blanched and 1.5 min SB followed by MV drying; MV and convective dried
parsleys; 3.0 min SB followed by MV drying.

In fresh and 1.5 min steam-blanched celeries corresponding compounds in
the highest amounts were detected ascorbic, succinic, benzoic, and citric,
quinic, 2-hydroxycinnamic and 4-hydroxybenzoic acids. In convective dried
celeries salicylic, homovanillic, malonic and p-coumaric acids corresponds; for
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MV dryer processed and 3.0 min steam-blanched celeries most of phenolics
and organic acids were detected in the highest amounts.

1 Variables (axes F1 and F2: 61.66 %)
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Antiradical activity can be determined with various spectrophotometric
methods. Mainly for activity determination in plant materials are used DPPH
and ABTS radicals. In Apiaceae spices both with ABTS and DPPH radicals
antiradical activity was determined in the highest amounts (Fig. 8).

Antiradical activity increased in spices with increasing in total phenolic
content in all analysed samples after steam-blanching and drying.

The antioxidant capacity of plants may change after harvesting depending
on processing and the storage conditions (Jimenez-Zamora et al., 2016).

It is concluded from various researches, that ABTS radical solution reacts
not only with phenolic compounds, but also carotenoids and chlorophyll, while
DPPH radical is more appropriate for determination activity for phenolic
compounds. Reaction kinetics of phenolic compounds and ABTS** have been
found to differ from that between phenolics and DPPH* over a similar range of
concentrations. Reactions of phenolics with ABTS radical cation are usually
rapid, but the reactions with DPPH radical differ from compound to compounds
(Katalinic et al., 2006).

20



1000 - ©F =SBl mSB2 ®SB1_MV #SB2_MV
900 =

2 =

7, 800 800 E

2 700 =

S 700 =1

w 600 600 - =

5 500 500 EI =

2400 E' =

§ 300 400 7

= 300 ﬂl

bS] i H=

31 200 = hl

> i 100 = E

E =

B 2 xR 0" : : =

m m
< Qa0 ABTS| DPPH|ABTS|DPPH
Dill / Dilles| Parsley / | Celery/ Dill/ Dilles | - Parsley /| Celery /
. 7 Pétersili Selerijas
Petersili | Selerijas

Fig.8 Antiradical activity in processed Apiaceae spices /
8. att. Antiradikala aktivitate apstradatos Apiaceae garSaugos

Main sugars were determined in Apiaceae spices and were observed in
various concentrations, which changed after drying. Obtained results were used
for integrated evaluation.

2. Physical and chemical parameters in Apiacae vegetables (celery roots,
carrots)

Moisture content in celery roots was 88.95+0.89% and in carrots moisture
content was 89.78+0.90%, and steam-blanching did not significantly affected
content. Using both convective and MV drying initial moisture content was
decreased till less than 10%.

Using long term steam-blanching process colour changes became more
visible; the highest increase was observed with convective dried carrots and
MV dried celery roots. Steam-blanching processing followed by MV drying
helped to maintain colour. In fruits, the browning is caused mainly by
enzymatic oxidation of endogenous phenols into quinones, which later are
polymerized into brown products (colour changes occours) (Nunez-Mancilla et
al., 2013).

Total carotenoid content of Apiaceae vegetables ranged differently and in
celery roots was detected in smaller amounts than in carrots. Slight increase
was observed in 1.5 min steam-blanched carrots, while longer steam-blanching
processing gave decrease in carotenoid content. The highest increase was
observed in MV dried carrots (Fig.9).
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9. att. Kopéjo karotinoidu saturs seleriju saknés un burkanos

In plant tissues carotenoids can exist in cis and trans forms and during
processing some of trans forms are either lost or can be converted to cis forms
and their derivatives, resulting in increase of total carotenoid content (Sharma
et al., 2012). Decrease in carotenoid content is due to oxidation and it is
depending on oxygen and can be stimulated by heat and light. Also it could
lead to reduction of pigment levels (carotenoids in plants are responsible for
yellow, red and red colours of vegetables) (Murador et al., 2014).

Main organic acids detected in the highest amounts in celery roots were
malonic, citric, succinic, oxalic, tartaric, quinic and ascorbic acids and drying
and steam-blanching affected initial amount (Table 8).

In fresh and processed celery roots tartaric and malic acids were not
detected, while quinic acid was detected in 1.5 min steam-blanched and in 3.0
min steam-blanched followed by MV dried celery roots. Comparing quinic acid
content in steam-blanched celery roots and steam-blanched followed by MV
drying and MV drying increased initial content significantly. Oxalic acid in
celery roots degraded more using short steam-blanching process, but longer
thermal process maintained higher amount. Convective dried celery roots
maintained higher oxalic acid amount than with MV dryer and pre-processing
followed by MV drying gave higher acid content.

Malonic acid degraded significantly using short term steam processing,
while lower decrease was observed using longer steam-blanching process.
After convective drying initial malonic acid amount decreased, but MV dryer
processing gave increase in total concentration.

Fumaric acid in celery roots was detected in low concentrations and
processing significantly affected amount- short steam-blanching increased acid
content and with longer process time increase was lower. Convective drying
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and 3.0 min steam-blanching followed by MV drying of celery roots gave the
highest increase in fumaric acid.
Table 8 / 8.tabula
Organic acid composition in fresh, dried and steam-blanched celery roots /
Organisko skabju sastavs svaigas, kaltetas un ar tvaiku apstradatas seleriju

saknes
Acids F CcVv MV SB1 SB2 SB1 MV | SB2 MV
Oxalic 806.75 515.02 259.29 173.12 737.26 382.13 409.35
Tartaric n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Quinic n.d. n.d. n.d. 795.92 n.d. n.d. 2762.82
Malic n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Malonic 3363.54 2557.75 3873.69 169.12 2890.69 3524.18 3937.50
Ascorbic 243.08 149.65 163.83 156.56 102.08 86.06 64.30
Citric 5465.71 1940.91 3177.21 1658.36 1431.20 1276.16 212.43
Fumaric 0.34 10.69 n.d. 3.61 1.01 1.83 33.69
Succinic | 7597.84 5339.17 192.60 8.00 1262.42 99.14 396.91
Salicylic n.d. 4.96 0.10 1.08 1.05 0.51 0.20
Benzoic 3.97 n.d. 1.68 8.48 1.75 0.40 0.23
Total 17481.23 | 10518.14 7668.41 2974.26 6427.47 5370.41 7817.43

* results expressed as average amount with 10% standard deviation, mg 100 g DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka vidéjais rezultats ar 10% standartnovirzi; n.d- nav konstateti;
savienojumi apkopoti 4.tabula

Succinic acid during celery root processing degraded and higher
temperatures for shorter time affected acid amount most significant. The lowest
decrease was observed in 3.0 min steam-blanched and convective dried celery
roots and MV energy negatively affected succinic acid content. Succinic acid
solubility increases with increased temperatures and Gibbs energy (Mahali et
al., 2017) and it is possible that due to decrease water activity of dried samples,
acid degradation occours slower than in steam-blanched and MV dryer
processed samples.

In carrots main organic acids were oxalic, tartaric and fumaric acids in
different concentrations and with drying content changed (Table 9).

In carrots oxalic acid degraded with steam process significantly, and after
convective drying process amount increased; MV drying did not affected oxalic
acid in carrots, but with thermal pre-processing followed by MV drying content
significantly decreased. Citric acid decreased with thermal process, but
increased significantly with both convective and MV dryer processing of
carrots. Tartaric acid started to degrade with short thermal process of carrots
and longer process degraded initial amount. After convective drying acid
content increased, while tartaric acid was not detected in MV dried carrots- pre-
processing followed by MV drying helped to increase acid content compared to
samples without thermal pre-processing.

Ascorbic acid in celery roots decreased significantly with steam-blanching
process; convective drying and MV drying maintained the same amount as in
steam-blanched samples. Using steam-blanching followed by MV drying in
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celery roots gave highest decrease. Ascorbic acid in carrots maintained more of
initial amount using both steam-blanching and drying process.

Table 9/9. tabula
Organic acid composition in fresh, dried and steam-blanched carrots /
Organisko skabju sastavs svaigos, kaltetos un ar tvaiku apstradatos burkanos

Acids F CV MV SB1 SB2 SB1 MV | SB2 MV
Oxalic 316.46 953.78 331.94 228.07 139.49 146.82 89.75
Tartaric 840.63 1553.01 n.d. 776.10 559.82 552.23 798.41
Quinic n.d. n.d. 2898.31 n.d. 1030.42 3846.49 935.89
Malic 168.19 n.d. n.d. 301.42 | 1818.20 n.d. n.d.
Malonic n.d. 817.10 1281.86 n.d. n.d. 2757.70 1168.83
Ascorbic 127.84 109.80 97.75 123.71 94.11 82.62 70.13
Citric 1074.49 | 4163.34 1378.58 321.94 215.79 1108.75 60.42
Fumaric 104.31 0.03 n.d. 9.98 22.07 n.d. 15.93
Succinic 14.57 780.32 158.97 79.63 n.d. 24.39 420.77
Salicylic n.d. 3.36 0.18 0.60 n.d. 0.79 1.01
Benzoic 1.83 0.59 0.29 0.42 0.78 0.27 0.13
Total 2648.33 | 8381.33 6147.87 1841.87 | 3880.69 | 8520.07 3561.28

* results expressed as average amount with 10% standard deviation, mg 100 g* DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka videjais rezultats ar 10% standartnovirzi; n.d- nav konstateti,
savienojumi apkopoti 4.tabula

Fructose and glucose of foods enchances vitamin C stability in temperature
range 24-45 °C and lowers stability in the range 70-90 °C. Increased processing
temperatures lowers water activity and heightens non-enzymatic browning
(Herbig & Renard, 2017). The use of microwave in close systems have been
proven to reduce the losses, due to fact that microwave irradiation reduces
overheating problem that could also minimize the degradation of analytes
(Biesaga, 2011).

Total phenolic content in Apiaceae vegetables varies with drying and steam-
blanching and were determined at lower concentrations than in Apiaceae spices
(Fig.10).

Total phenolic content of celery roots were lower than in celery leaves and
after steam-blanching increased minimally; after convective drying amount
increased more than with MV dryer processing. Phenolic acids in celery roots
were detected in lower concentrations than flavonoids. With steam-blanching
process phenolic acids decreased less and with drying process decreased
significantly. Flavonoids decreased in the same tendency as phenolic acids.
Both phenolic acids and flavonoids maintained higher amount using MV dryer
processing.

The total phenolic content in carrots minimally changed with steam
processing, while with convective drying content significantly increased. After
MV processing phenolic content increased less than with convective drying
The phenolic acid content decreased with convective drying less than using MV
drying, and steam-blanching helped to maintain phenolic acid content.
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Many hypotheses have been applied for phenolic acid changes during
cooking: partial release from bounded form leading to increase in the soluble
one, a decrease of the soluble fraction due to thermal degradation and an
increase of the bound form caused by interactions of phenolic acids with
macromolecules of the food matrix (Zaupa et al., 2015). Is has been reported
that polymerization due to heating or concentration during processing may also
increase the total phenolic content of food materials (Tomas et al., 2017)

Phenolic compounds in processed celery roots like catechin, rutin, gallic,
3.4-dihydroxybenzoic, 4-hydroxybenzoic, sinapic, 2-hydroxycinnamic and
3-hydroxycinnamic acids were detected at highest concentrations and
significant changes were observed.

Individual phenolic compounds and organic acids were categorised by used
processing method and identified compounds. The initial matrix of 7 processed
celery roots samples and 32 compounds was analysed using principal
component analysis (PCA). The PCA of processed celery roots resulted into
two component model that explained by 58.02 % variance. The first component
accounted by 32.22 %, the second by 25.80 % (Fig.11). The correlation plots
(Fig.11) showed clustering of the processed celery roots in a 3 groups- fresh
and steam-blanched; MV processed; and convective dried.

Coresponding compounds of fresh and steam-blanched celery roots were
ascorbic, oxalic, succinic, citric, gallic and benzoic acids, and (+)-catechin;
compounds of convective dried celery roots- kaempferol, salicylic,
3.4-dihydroxybenzoic, 3-hydroxycinnamic, chlorogenic, 4-hydroxybenzoic,
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p-coumaric, fumaric acids; compounds of MV processed celery roots- vanillin,
rutin, quercetin, luteolin, (-)-epicatechin, sinapic, 3.5-dihydroxybenzoic, t-
ferulic, 2-hydroxycinnamic, malonic, syringic, caffeic and quinic acids.

1 Variables (axes F1 and F2: 58.02 %)
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Fig.11 PCA analysis of celery roots and distribution of corresponding
compounds/
11. att. Galveno komponentu analize seleriju saknem un savienojumu
sadaltjumus

From all analysed phenolic compounds of processed carrots, 3.4-
dihydroxybenzoic, 3.5-dihydroxybenzoic and sinapic acids, catechin and
kaempferol were observed to change during processing.

Using principal component analysis, individual phenolic compounds and
organic acids were categorised by used processing method and identified
compounds. The initial matrix of 7 processed carrot samples and 32 compounds
was analysed using principal component analysis (PCA). The PCA of
processed carrots resulted into two component model that explained by 66.27%
variance. The first component accounted by 44.24 %, the second by 22.03 %
(Fig.12). The correlation plots (Fig.12) showed clustering of the processed
carrots in a 3 groups- fresh and steam-blanched; MV processed; and convective
dried.
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Corresponding compounds of fresh and steam-blanched carrots were rutin,
quercetin, luteolin, fumaric, malic, gallic, benzoic, ascorbic and 3.4-
dihydroxybenzoic acids; compounds of convective dried carrots were tartaric,
oxalic, salicylic, citric, succinic, 4-hydroxybenzoic and 2-hydroxycinnamic
acids. Corresponding compounds of MV dryer processed carrots were most of
phenolic compounds and quinic and malonic acids.

Antiradical activity in Apiaceae vegetables with used radical varies
differently and the highest activity was observed with ABTS radical and after
drying significant increase was observed (Fig.13).

Increase of antiradical activity with DPPH using various blanching
techniques compared to raw foods may be due to the fact that thermal
blanching can destroy the cell wall of vegetables and by thus facilitate the
antioxidants release (Wang et al., 2017).

Significant increase in antiradical activity was observed in vegetables after
3.0 min steam-blanching and drying processes.
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Main sugars were determined in celery roots and carrots and after drying
changes were observed.

3. Physical and chemical parameters in Allium spices (leeks, onions,
garlics)

Moisture content in fresh leeks were 88.20+0.88%, in fresh onions were
93.84+0.94% and in garlics 64.02+0.64% and steam-blanching minimally
affected moisture. Using convective and MV drying moisture was decreased till
less than 10%.

Colour differences of Allim spices minimally changed using steam-
blanching process, while drying significantly altered colour. More visible
changes (AE>10) were observed in convective dried Allium spices, while MV
processing gave less significant changes.

Total carotenoid content of fresh and dried Allium spices changed and total
amount were determined in different concentrations (Fig.14).

Steam-blanching significantly increased total carotenoid amount in all
analysed Allium spices, but after MV drying initial carotenoid content
decreased in onions and garlics (Fig.15).

Total carotenoid content in leeks increased after steam-blanching process
and using convective drying content significantly increased. With MV dryer
process was observed higher increase than using convective drying. In onions
and garlics carotenoids were detected in lower concentrations than in leeks and
slightly increased after steam-blanching, but decreased with drying.
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Main organic acids determined in leeks were oxalic, quinic, malonic, citric
and succinic acids in various concentrations and content changed with

processing (Table 10).

In leeks oxalic acid significantly decreased with steam-blanching process,
while drying process increased the initial amount using convective drying and
minimally content altered using MV drying; longer pre-processing followed by
MV drying gave the same increase as using convective drying. Quinic acid in
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leeks significantly increased using all processing methods- the highest increases
was observed in short steam-blanched leeks and in 3.0 min steam-blanched
followed by MV dried leeks. Short term pre-processing followed by MV drying
gave lower quinic acid amount than in steam-blanched leeks and maintained
low amount. It may be concluded that MV drying gave negative effect on
quinic acid amount in leeks.

Table 10/ 10. tabula
Organic acid composition in fresh, dried and steam-blanched leeks /
Organisko skabju sastavs svaigos, kaltetos un ar tvaiku apstradatos puravos

Acids F CV MV SB1 SB2 SB1 MV | SB2 MV
Oxalic 101.85 316.31 103.89 75.92 73.17 61.12 303.46
Tartaric n.d. 532.52 655.44 127.63 995.97 526.51 n.d.
Quinic 94.44 700.83 956.75 1889.45 n.d. 444,16 1785.13
Malic n.d. 1200.59 1238.39 935.44 1391.46 n.d. n.d.
Malonic 60.10 1548.86 3213.06 n.d. n.d. 1529.91 1020.35
Ascorbic 152.68 140.57 14491 143.74 142.02 120.98 97.78
Citric 1532.55 696.38 963.81 363.83 648.02 267.14 745.61
Fumaric 0.46 0.27 1.46 23.83 0.45 151 0.50
Succinic 36.41 1089.75 n.d. 45,98 34.29 216.27 622.65
Salicylic n.d. 7.65 1.55 0.42 0.53 4.10 33.40
Benzoic 0.79 n.d. n.d. 0.23 n.d. 0.04 0.10
Total 1979.27 6233.73 7279.26 3606.47 3285.89 3171.75 4608.98

* results expressed as average amount with 10% standard deviation, mg 100 g* DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka videjais rezultats ar 10% standartnovirzi; n.d- nav konstateti,
savienojumi apkopoti 4.tabula

Malonic acid in leeks was determined in low concentrations and thermal
process degraded initial amount, while with drying content increased. Citric
acid in leeks degraded with thermal and drying processes, but highest decrease
was observed in 1.5 min steam-blanched and in 1.5 min steam-blanched
followed by MV dried samples. Succinic acid content in leek samples
minimally increased using steam processing and with drying initial content
increased. Salicylic acid in leeks increased slowly using steam-blanching, and
faster- with drying; most effective method for increase of acid was observed in
convective dried and 3.0 min steam-blanched followed by MV dried leeks.

Main organic acids determined in onions were tartaric, oxalic, malonic and
fumaric acids in different concentrations and after processing content changed
(Table 11). Quinic acid in convective dried onions was determined in higher
concentration than in MV dried onions and pre-processing followed by MV
drying gave higher quinic acid content than in MV dried samples.

Oxalic acid minimally altered after convective drying of onions, but after
MV drying content decreased; short pre-processing followed by MV drying
gave the lowest decrease and longer pre-processing degraded acid more. After
drying, in MV dried onions tartaric acid was degraded, while in convective
dried and in pre-processed followed by MV dried onions acid was not
observed.
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Malonic acid after short steam-blanching significantly decreased and longer
time degraded acid; after convective drying acid amount did not changed, but
MV drier processing altered total content. Significant malonic acid increase
was observed in MV drying and pre-processing degraded acid compared to MV
dried onions amount

Table 11/ 11. tabula

Organic acid composition in fresh, dried and steam-blanched onions /

Organisko skabju sastavs svaigos, kaltetos un ar tvaiku apstradatos sipolos

Acids F CVv MV SB1 SB2 SB1 MV | SB2 MV
Oxalic 474,66 474,79 383.13 370.66 547.61 438.75 238.69
Tartaric 1542.64 n.d. 817.77 1178.39 2256.15 n.d. n.d.
Quinic n.d. 6689.54 1058.05 n.d. n.d. 3380.46 4329.66
Malic n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Malonic 1247.42 1277.67 1822.47 22.93 n.d. 1492.82 1147.93
Ascorbic 100.32 80.00 54.87 23.59 25.25 20.46 13.09
Citric 281.97 493.16 899.91 461.89 664.92 398.87 294.18
Fumaric 34.73 20.44 13.59 1.23 1.03 32.76 32.58
Succinic 441.59 n.d. 653.54 2211 n.d. 614.74 n.d.
Salicylic 24.63 7.73 3.71 25.88 15.12 3.96 0.22
Benzoic 0.23 0.05 n.d. n.d. 0.32 0.09 0.04
Total 4148.19 9043.39 5707.04 2106.67 3510.40 6382.91 6056.39

* results expressed as average amount with 10% standard deviation, mg 100 g DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka vidéjais rezultats ar 10% standartnovirzi; n.d- nav konstatéti;
savienojumi apkopoti 4.tabula

During onion processing citric acid increased and highest increase was
observed in 3.0 min steam-blanched and in MV dried onions. It is possible that
steam-blanching and then following microwave energy in vacuum degrades
citric acid. Fumaric acid degraded during steam-blanching and convective
drying and MV drying maintained higher amount of acid; pre-processing
followed by MV drying maintained almost the same amount of acid as in fresh
onions.

Main organic acids determined in garlics were tartaric, quinic, malonic and
succinic acid at different concentrations (Table 12). Malic acid was not detected
in processed garlics, but in dried garlics tartaric acid was not observed. Tartaric
acid increased with steam-blanching and drying degraded acid in garlic
samples. Quinic acid in garlics degraded, but increase was observed in
convective and MV drier processed samples. The highest increase of quinic
acid was determined in convective dried garlics and in 1.5 min steam-blanched
followed by MV drying of garlics. Increase of quinic acid may be explained by
chlorogenic acid derivative degradation due to thermal and non-thermal
processing, which may lead into formation of coumaric acid and quinic acid
(Petersen et al., 2009).

Malonic acid in garlics increased with steam-blanching and drying affected
acid content similary. Pre-processing followed by MV drying gave the highest
increase of malonic acid from all used processing methods.
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Succinic acid was one of acids determined in highest amounts in garlics
with tendency to decrease in most of used processing methods.

Table 12 /12. tabula
Organic acid composition in fresh, dried and steam-blanched garlics /
Organisko skabju sastavs svaigos, kaltetos un ar tvaiku apstradatos kiplokos

Acids F CV MV SB1 SB2 SB1 MV | SB2 MV
Oxalic 803.59 910.48 885.45 892.66 829.60 814.68 830.76
Tartaric 608.04 n.d. n.d. 851.93 992.47 n.d. n.d.
Quinic 1565.95 3473.74 2279.69 1204.65 1376.40 2569.60 1769.54
Malic n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Malonic 124.73 184.27 290.66 319.00 572.24 346.82 841.04
Ascorbic 75.57 41.93 61.55 63.49 62.13 41.70 32.26
Citric 215.04 498.07 178.63 340.88 418.81 379.93 286.12
Fumaric 4.82 0.14 1.56 0.11 2.12 1.16 0.81
Succinic 513.54 613.52 244.56 266.77 102.43 109.33 132.57
Salicylic 14.08 n.d. n.d. 0.51 n.d. 0.46 0.72
Benzoic n.d. n.d. n.d. n.d. n.d. 0.07 0.05
Total 3925.36 5722.15 3942.10 3940.02 4356.20 4263.75 3893.88

* results expressed as average amount with 10% standard deviation, mg 100 g* DW; n.d.- not detected;
compounds gathered in Table 4/ rezultati izteikti ka vidéjais rezultats ar 10% standartnovirzi; n.d- nav konstateéti;
savienojumi apkopoti 4.tabula

Salicylic acid in garlics was not stable under thermal process and was not
detected in 3.0 min steam-blanched samples. In convective dried and MV dried
garlics acid was under detection limit, but pre-processing followed by MV
drying had positive effect on salicylic acid.

Ascorbic acid of leeks minimally changed with steam-blanching and drying
process, while steam-blanching followed by MV drying decreased content.
Ascorbic acid content in onions decreased significantly using steam-blanching
process; with convective drying amount decreased less than using MV dryer
processing. In garlics ascorbic acid minimally decreased with steam- blanching,
and with convective drying content decreased more than using MV dryer.
Water-soluble vitamins (including vitamin C) decreases by partially oxidizing
during blanching process and excessive loss is observed by various drying
methods (Roongruangsri & Bronlund, 2015)

Total phenolic content, phenolic acid and flavonoid content of fresh and
dried Allium spices were detected in various concentrations and drying method
affected amount differently (Fig.16)

In leeks with short steam-blanching total amount minimally changed, but
longer thermal process increased amount. Using convective drying the total
phenolic content increased more than with MV dryer processing. Phenolics in
onions and garlics decreased with steam-blanching, but after drying process
significantly increased.
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Steam-blanching slightly increased total phenolic content and after drying
significant increase was determined in leeks and onions (Fig.17).
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Fig.17 Steam-blanching effect on total phenolic (A), flavonoid (B) and

phenolic acid (C) content in MV dried Allium spices

17.att. Apstrades ar tvaiku ietekme uz kopéjo fenolu (A), flavonoidu (B)
un fenolskabju (C) saturu MV kaltetos Allium garSaugos

Total phenolic acid content in leeks, onions and garlics increased after
steam-blanching and with drying decreased. Total flavonoids of Allium spices
were detected in higher concentrations than phenolic acids. Similar to phenolic
acids, total flavonoid content with steam-blanching process increased, while
with drying process concentrations decreased. Steam-blanching as pre-
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treatment for MV drying helped to maintain higher concentrations of
flavonoids in analysed spices.

Short and rapid heating may cause inactivation of oxidative enzymes and
contribute to better preservation of phenolic compounds (Samoticha et al.,
2016). According to Nawirska-Olszanska et al. (2017) using fountain-
microwave drying with 2 energy levels (100 and 250 W) total phenolic content
and their antiradical activity decreased significantly- higher energy level
negatively affects phenolic compound content.

Phenolic compounds detected in leeks at the highest concentrations and
changed during processing were catechin, rutin, luteolin, gallic, 3.4-
dihydroxybenzoic, chlorogenic, sinapic and 2-hydroxycinnamic acids (Fig. 18).
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The initial matrix of 7 processed leek samples and 32 compounds (phenolic
compounds and organic acids) was analysed using principal component
analysis (PCA). The PCA of processed leeks resulted into two component
model that explained by 59.19 % variance. The first component accounted by
34.54 %, the second by 24.65 %. The correlation plots showed clustering of the
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processed carrots in a 3 groups- fresh and steam-blanched; MV and convective
dried; steam-blanched followed by MV dried samples (Fig.18).

Corresponding compounds of fresh and steam-blanched leeks were rutin,
benzoic, fumaric, gallic, citric and ascorbic acids; compounds of convectie and
MV dried leeks were luteolin, quercetin, vanillin, kaempferol, malic, malonic,
tartaric, t-ferulic, sinapic, p-coumaric, 4-hydroxybenzoic, 3.4-dihydroxybenzoic
and 3-hydroxycinnamic acids. Compounds of steam-blanched followed by MV
dried leeks were succinic, oxalic, caffeic, quinic, chlorogenic, 3.5-
dihydroxybenzoic, homovanillic, salicylic, 2-hydroxycinnamic and syringic
acids and (+)-catechin.

Phenolic compounds like gallic acid, catechin, ferulic acid, rutin and
quercetin were detected at the highest concentrations and was observed
significant changes during processing of onions (Fig. 19).
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The initial matrix of 7 processed onion samples and 32 compounds
(phenolic compounds and organic acids) was analysed using principal
component analysis (PCA). The PCA of processed onions resulted into two
component model that explained by 64.43 % variance. The first component
accounted by 40.63 %, the second by 23.81 %. The correlation plots (Fig.19)
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showed clustering of the processed onions in a 3 groups- fresh and steam-
blanched; MV dryer processed; convective dried samples.

Corresponding compounds of fresh and steam-blanched onions were (+)-
catechin, rutin, kaempferol, tartaric, benzoic, salicylic and oxalic acids.
Convective dried onions compounds were quercetin, (-)-epicatechin, ascorbic,
gallic, quinic, t-ferulic, homovanillic, 3.5-dihydroxybenzoic, 3-hydroxycinamic
and caffeic acids. Compounds detected in the highest concentrations of MV
dryer processed onions were vanillin, fumaric, citric, malonic, 3.4-
dihydroxybenzoic, chlorogenic, succinic, vanillic, syringic, 2-hydroxycinnamic
and 4-hydroxybenzic acids.

Individual phenolic compound concentrations of processed garlics were
determined in different amounts and processing affected catechin, 4-
hydroxybenzoic acid, syringic acid, vanillin, t-ferulic acid, 3-hydroxycinnamic
acid and kaempferol significantly (Fig. 20).
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Fig.20 PCA analysis of garlics and distribution of corresponding
compounds/
20 att. Galveno komponentu analize kiplokiem un atbilstoSo savienojumu
sadaltjums

The initial matrix of 7 processed garlic samples and 32 compounds was
analysed using principal component analysis (PCA). The PCA of processed
garlics resulted into two component model that explained by 63.33 % variance.
The first component accounted by 41.67 %, the second by 21.67 %. The
correlation plots (Fig.20) showed clustering of the processed garlics in a 3
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groups- fresh and steam-blanched; MV and convective dried; steam-blanched
followed by MV dried samples. Fresh and steam-blanched garlics contain (+)-
catechin, tartaric, fumaric, salicylic, ascorbic and gallic acids at the highest
concentrations. Corresponding compounds detected at highest concentrations of
MV drier processed garlics were kaempferol, luteolin, malonic, homovanillic,
benzoic, syringic, 3.4-dihydroxybenzoic, caffeic and 2-hydroxycinnamic acids.
Convective dried garlics contain (-)-epicatechin, rutin, vanillin, quinic, t-ferulic,
3.5-dihydroxybenzoic, citric, oxalic, sinapic, p-coumaric, 3-hydroxycinnamic,
4-hydroxybenzoic, chlorogenic and succinic acids in the highest concentrations.

Antiradical activity in Allium spices increased with steam-blanching and
drying (Fig.21).
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Fig.21 Antiradical activity in Allium spices /
21.att. Antiradikala aktivitate Allium garSaugos

From analysed Allium spices, the highest increase of antiradical activity was
observed in onions and leeks.

Main sugars were determined in analysed samples and with drying initial
content changed. Obtained results were used for integrated evaluation.

4. Integrated evaluation of dried vegetables and spices

Based on the results described in chapter 1, 2 and 3, for each dried
vegetable and spice integrated evaluation was performed for obtaining product
with the highest biological value. Many factors were assessed and high
contribution coefficients (m;) were given to fructose (g 100 g™), glucose (g 100
g™, total phenolics (mg 100 g™), and lower contribution coefficient was given
to colour difference (AE). If the colour of final product is considered as a
quality indicator, the colour parameters can be used to optimise the drying
conditions and minimize the degradation of important compounds (Aral &
Vildan Bese, 2016).

37



The integrated evaluation shows that steam-blanching followed by MV
drying of dills (Fig.22 a) had lowest integrated value and was the best drying
method for obtaining dills with highest biological value.
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Fig.22 Drying suitability for biological value maintainance in (a) dills, (b)
parsleys and (c) celeries /
22 att. KalteSanas piemérotiba, lai saglabatu biologisko vertibu (a) dillés, (b)
pétersilos un (c) selerijas

3.0 min steam-blanching followed by MV drying and MV drying of
parsleys (Fig.22 b) had the lowest integrated value and was most suitable
method for obtaining dried parsleys with highest biological value. 3.0 min
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steam-blanching followed by MV drying of celeries (Fig.22 c) had the lowest
integrated value and was most suitable method for obtaining dried celeries with
highest biological value.

The integrated evaluation shows that MV drying (Fig.23 a) of celery roots
had lowest integrated value and was the best drying method for obtaining
celery roots with highest nutritional and biological composition. 3.0 min steam-
blanching followed by MV drying has shown the lowest integrated value
(Fig.3.23 b) of carrots and was the best drying method for obtaining dried
carrots with highest nutritional and biological composition.
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Fig.23 Drying suitability for biological value maintainance in (a) celery
roots and (b) carrots /
23.att. Kaltesanas piemérotiba biologiskas vertibas saglabaSanai (a) seleriju
saknes un (b) burkanos

The integrated evaluation shows that 3.0 min steam-blanching followed by
MV drying (Fig.24 a) of leeks had lowest integrated value and was the best
drying method for obtaining dried leeks with highest nutritional and biological
composition. Convective dried onions shows the lowest integrated value
(Fig.24 b) and was the best drying method for obtaining product with highest
biological value. Microwave-vacuum drying is most suitable drying technique
and shows lowest integrated value (Fig.24 c) to obtain dried garlics with
highest biological value.
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CONCLUSIONS

Moisture content in all analysed Apiaceae spices was lower than 10%,
using convective and microwave-vacuum drying methods. Pre-processing
with steam did not affect the total colour difference (AE<10) compared to

fresh spices. Colour changes of dried spices were noticeable (AE>23) and

1.

a significantly higher total colour difference was observed in convective

dried parsleys (p<0.05).
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The content of carotenoids significantly increased in dills and celeries
after conventional and microwave-vacuum drying (p<0.05). It is possible
to increase the carotenoid content in microwave-vacuum dried parsleys
and celeries using pre-processing. Eleven organic acids were determined
in Apiaceae spices and the amount changed significantly with the
processing methods used; the highest ascorbic acid changes were
observed in samples dried in convective dryer.

Spices dried in microwave-vacuum dryer with steam-blanching pre-
treatment had a significant increase of total phenolics, flavonoids and
phenolic acids, and the antiradical activity was higher, respectively.
Principal component analysis showed that main phenolics in dills are
rutin, 4-hydroxybenzoic acids, 3.4-dihydroxybenzoic acid, 3.5-
dihydroxybenzoic acid and luteolin; in parsleys- 3-hydroxycinnamic acid,
rutin, catechin, sinapic acid, chlorogenic acid, quercetin and luteolin;
while in celeries- 2-hydroxycinnamic acid, 4-hydroxybenzoic acid,
luteolin, quercetin, sinapic acid, rutin and catechin, and their
concentrations changed depending on the of type of processing.

Apiaceae vegetables had similar trend to Apiaceae spices — the moisture
content in vegetables was lower than 10% after convective and
microwave-vacuum drying, while the total colour difference AE was
higher than 25 units. Less severe colour changes were observed in
microwave-vacuum dried vegetables with 3.0 min steam-blanching.
Carotenoid content significantly decreased in celery roots and carrots after
convective and MV drying (p<0.05). microwave-vacuum dried carrots had
a significantly higher carotenoid content, compared to carrots dried in
convective dryer. Steam-blanching pre-processing significantly decreased
the content of carotenoids in Apiaceae vegetables. Total organic acid
content in celery roots decreased after drying and pre-processing, while it
varied in carrots. Ascorbic acid content in both Apiaceae vegetables
decreased after all the types of processing.

A significant increase of phenolics, flavonoids and phenolic acids was
observed in vegetables which were processed in microwave-vacuum dryer
after steam-blanching; these samples also had a higher antiradical activity.
Total phenolic, flavonoid and phenolic acid content in Apiaceae
vegetables was lower than in Apiaceae spices. Steam-blanching followed
by microwave-vacuum drying increased the content of phenolics but
decreased flavonoid and phenolic acid content in celery roots and carrots.
The highest antiradical activity was determined in microwave-vacuum
dried vegetables with steam-blanching pre-processing using both ABTS
and DPPH methods.
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10.

11.

12.

13.

Principal component analysis showed that the main phenolics in celery
roots were catechin, rutin, gallic acid, 3.4-dihydroxybenzoic acid, 4-
hydroxybenzoic acid, sinapic acid, 2-hydroxycinnamic acid and 3-
hydroxycinnamic acid, whereas in carrots- 3.4-dihydroxybenzoic acid,
3.5-dihydroxybenzoic acid, sinapic acid, catechin and kaempferol.

The moisture content in Allium spices was lower than 10% with both
drying methods. Significant colour changes were observed in both drying
processes- in convective and microwave-vacuum dried spices.

Total carotenoid content of dried Allium spices was significantly affected
by steam-blanching and the content increased in leeks, while it decreased
in onions and garlics. Organic acid content, including ascorbic acid,
changed as a result of all the processing methods.

Total phenolic content changed minimally with steam-blanching, but
significantly increased in convective dried Allium spices. Opposite
situation was observed for total flavonoid and phenolic acid content,
resulting in decrease after drying. Increased phenolic content in Allium
spices lead to increased antiradical activity.

Principal component analysis showed that the main phenolics in leeks are
catechin, rutin, luteolin, gallic acid, 3.4-dihydroxybenzoic acid,
chlorogenic acid, sinapic acid and 2-hydroxycinnamic acid; in onions
gallic acid, t-ferulic acid, rutin and quercetin; and in garlics catechin, 4-
hydroxybenzoic acid, syringic acid, vanillin, t-ferulic acid, 3-
hydroxycinnamic acid and kaempferol.

Integrated evaluation showed that convective drying is the most
appropriate drying method for onions, while microwave-vacuum drying -
for garlics and celery roots, in order to obtain the dried product with the
highest biological value. Steam-blanching for 1.5 min followed by
microwave-vacuum drying is the most suitable method for dills, whereas
for leeks, carrots, parsleys and celeries the most suitable method is steam-
blanching for 3.0 min followed by microwave-vacuum drying.

The proposed hypothesis is confirmed: it is possible to maximally
maintain biologically active compounds of vegetables and spices using
microwave-vacuum drying.
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PETIJUMA AKTUALITATE

Veseliga uztura svariga sastavdala ir darzeni un garSaugi. Tie satur
vitaminus, dictiskas Skiedrvielas, cukurus, organiskas skabes, mikro - un makro
- elementus, un biologiski aktivos savienojumus. To realizacijas laiks ir saméra
iss, jo ir ar augstu mitruma saturu (Patras et al., 2011; Hossain et al., 2011).
Darzeni un garSaugi ir sezonali produkti, un tap&c ir nepiecieSams atrast
apstrades metodes uzglabasanas laika pagarinaSanai, saglabajot to biologisko
vertibu. Dazadi faktori ietekm& produktu sastavdalas, ipasi biologiskos
savienojumus, ka, pieméram, audzéSanas apstakli, temperatiira, gaismas
intensitate, un tidens pieejamiba augSanas laika un ievakSanas laiks (Alarcon-
Flores et al.,, 2015). Viena no visbiezak lietotajam metodém produkta
realizacijas laika pagarinasanai ir kalt€Sana. Pielietojot augstakas temperatiiras
partikas produktiem, tas var butiski ietekmét to kvalitati, kas var novest pie
uztura komponentu noardiSanas (Garcia-Parra et al., 2016). Kaltésanas
temperatiram velams biitu robezas starp 45°C un 60°C, lai samazinatu gaistoSo
un biologiski aktivo savienojumu noardisanos un krasu izmainas produkta
(Schweiggert et al., 2007). KaltéSana augstakas temperatiiras var veicinat
fenolu savienojumu noardiSanos un ietekmét antioksidantu un brivo radikalu
saistiSanas aktivitati (Vashisth et al., 2011).

Viena no visbiezak pétitajam kaltéSanas metodém ir konvekcijas tipa
kaltesana, kur tiek pielictotas dazadas temperatiiras uzturvértibas saglabasanai,
tomér kaltéSanas laiki var atSkirties no paris stundam lidz dazam dienam
atkariba no izveléta temperatiiras rezima. P&d&jos gados mikrovilnu-vakuuma
(MV) kaltesanas process ir ieguvis atpazistamibu ka savadaka un sekmiga
kaltésanas metode. KaltéSanas procesa ir iesp&jams nodrosinat temperatiiru, kas
ir zemaka neka 40£1°C. Procesa ilgums samazinas, salidzinot ar konvekcijas
tipa kalt€Sanu tada pasa temperatira (Iidz dazam stundam) un tiesa skabekla
iedarbiba ir limitéta kaltéSanas laika. Rezultata ir iesp€jams prognozet, ka,
kaltgjot darzenu un garSaugus mikrovilpu-vakuuma kalte, ir iesp&jams
maksimali saglabat to biologiski aktivos savienojumus, jo samazinata skabekla
piekluve limit€ oksidésanas procesus produkta.

Saskana ar EU regulu 2015/2283, mikrovilnu-vakuuma kaltéSanas process
definéts ka jauns netermisks process.

Tapéc pétijumi ir nepiecieSami, lai izvertétu kvalitates parametrus un
iespgjamibu saglabat biologisko veértibu mikrovilpu-vakuuma kaltétiem
darzeniem un garSaugiem, salidzinot tos ar konvekcijas tipa kalte kaltetiem
paraugiem.

Promocijas darba hipotéze: kaltgjot darzenus un garSaugus mikrovilpu-
vakuuma Kkalte ir iespgjams tajos maksimali saglabat biologiski aktivos
savienojumus.

Promocijas darba hipotezi pierada ar $adam aizstavamam tézém:
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pétit kimisko un fizikalo parametru izmainas Apiaceae garSaugos (dillgs,
petersilos, selerijas) pec tvaiceSanas apstrades un kaltéSanas procesiem;
analiz€t kimisko un fizikalo parametru izmainas Apiaceae darzenos (seleriju
sakn€s, burkanos) p&c tvaicgSanas apstrades un kaltéSanas procesiem;
noteikt kimisko un fizikalo parametru izmainas Allium gar$augos (puravos,
sipolos, kiplokos) p&c tvaic€Sanas apstrades un kalt€Sanas procesiem;

veikt integréto novertejumu kaltétiem darzeniem un garSaugiem, lai
novertetu piemérotako kaltéSanas metodi biologiskas vertibas saglabasanai.

Promocijas darba pétijuma objekts: Latvija audz&ti darzeni un garSaugi

Promocijas darba merkis ir izvertet kaltétu darzenu un garSaugu kvalitates

parametrus un biologiskas vertibas izmainas, izmantojot paraugu pirmapstradi
ar tvaiku un to kaltéSanu mikrovilnu-vakuuma kaltg, salidzinot tas ar svaigiem
un konvekcijas tipa kaltg kaltetiem paraugiem.

Darba mérka sasnieg$anai izvirziti $adi uzdevumi:

pétit kimisko un fizikalo parametru izmainas Apiaceae garSaugos (dillgs,
petersilos, selerijas) pec tvaicgSanas apstrades un kalt€Sanas procesiem;
analiz&t kimisko un fizikalo parametru izmainas Apiaceae darzenos (seleriju
sakn@s, burkanos) pec tvaicgsanas apstrades un kalteSanas procesiem;
noteikt kimisko un fizikalo parametru izmainas Allium garSaugos (puravos,
sipolos, kiplokos) péc tvaicéSanas apstrades un kaltésanas procesiem;

veikt integréto novertéjumu kaltétiem darzeniem un garSaugiem, lai
novertétu piemerotako kaltésanas metodi biologiskas vértibas saglabasanai.

Promocijas darba novitate un zinatniskais nozimigums:

1.

Izverteti ar tvaiku apstradati un divu dazadu kaltéSanas procesu ietekme uz
biologiski aktivajiem savienojumiem Latvija audz€tiem darzeniem un
garSaugiem;

Izmantojot integréto noveértgjumu kaltétiem darzeniem un garSaugiem, ir
noteikta piemérotaka kalt€Sanas metode katram darzenim un garSaugam,
kura vislabak saglabajas produkta biologiska veértiba.

Promocijas darba tautsaimnieciska nozimiba:

1.

Izmantojot pirmapstradi ar tvaiku un mikrovilpu-vakuuma Kalti, ir
iespgjams razoSana zemakas kalt€Sanas temperatiirds un Tsaka laika iegit
kalt€tus darzepus un garSaugus, saglabajot iegiita produkta biologisko
vertibu.

ZINATNISKA DARBA APROBACIJA
Pétijuma rezultati ir apkopoti 9 publikacijas un 7 anotaciju gramatas

Par rezultatiem zinpots 15 starptautiskas zinatniskajas un praktiskajas

konferenc@s, simpozijos, samitos un kongresos Bulgarija, Cehija, Vacija, Trija,
Latvija, Lietuva, Krievija un Zviedrija.
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MATERIALI UN METODES

Pétijuma laiks un vieta

Petfjumi veikti laika no 2012. lidz 2015. gadam. Paraugi izstradati un
analizes veiktas Latvijas Lauksaimniecibas universitates Partikas Tehnologijas
fakultates laboratorijas.

Pétljuma izmantotie materiali

Pétjjuma veikSanai ir izveleéti 8 darzeni un garSaugi, un tie grupéti péc
dzimtam (1.tabula). Paraugu apzim&umi p&c apstrades veidi ir paraditi
2.tabula.

Pétijuma struktiira

Petijums veikts Cetros posmos (1.att.) un pétijuma tehnologiska shéma dota
2.attela.

| posms — Svaigi darzeni un garSaugi

P&tjjuma izmantoti Latvija, Zemgales regiona audzeti 8 darzeni un garSaugi
(dilles, petersili, selerijas, puravi, sipoli, kiploki, seleriju saknes, burkani), kas
ievakti tehniskas gatavibas stadija (no septembra lidz oktobra sakumam).
Paraugu fizikalie un kimiskie parametri tika analizeti tulit p&c ievakSanas.

Il posms — Darzeni un garSaugi, kas kaltéti konvekcijas un mikrovilpu-

vakuuma kalte

Iepriek§ minétie darzeni un garSaugi tika sagatavoti kalt€Sanai - seleriju
saknes, burkani, puravi, sipoli un kiploki tika sagriezti 3 Iidz 3.5 mm $k&lgs, bet
dilles, petersili un seleriju lapas tika kaltétas bez katiniem (tikai lapas-zala
masa). Katrai kaltésanai tika izmantoti 3 lidz 3.5 kg iepriek$ min&to darzenu un
garSaugu. P&éc kaltéSanas noteica katram darzenim un garSaugam paredz&tos
fizikalos un kimiskos raditajus.

Il posms — Pirmapstrades ar tvaiku ietekme uz MV Kkaltétiem

darzeniem un gar§augiem

Pirmapstrade ar tvaiku tika izmantota, lai noteiktu, vai var uzlabot
mikrovlnu-vakuuma kalté kaltétu darzenu un garSaugu fizikalos un kimiskos
parametrus. Paraugi tvaika apstradei tika pagatavoti lidzigi ka kalteSanas
procesam. Tie tika tvaic&ti 1.5 un 3.0 minttes kameras tipa tvaika katla (Tefal,
Vitamin+, Kina), kas aizvérts ar vaku. Paraugu apstrade notika virs varo$a
tdens (95£1°C) viena slani. P&c apstrades ar tvaiku paraugus ievietoja
polietiléna maisa un dzes€ja ledus auksta adeni, lai nodroSinatu straujaku
dzes€Sanas procesu. Ar tvaiku apstradatos paraugus analiz&ja un talak kaltgja
MV kalte. Iegutajiem kalt€tajiem paraugiem ar pirmapstradi veic fizikalo un
Kimisko parametru analizi.

IV posms — Kaltétu darzenu un garSaugu integrétais novertéjums

Kaltetiem darzeniem un garSaugiem veikts integrétais novertjums, lai
noteiktu piemerotako kaltéSanas procesu biologiskas vértibas saglabasanai.
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Petijuma izmantotas metodes
Metodes, kas izmantotas fizikalo un Kkimisko parametru noteikSanai,
apkopotas 3. tabula.

Datu matematiska apstrade

Iegito datu apstrade veikta, izmantojot Microsoft Excel for Windows 10.0
un XLSTAT 2016 paketi. legiitajiem rezultatiem aprékinata vidgja aritmétiska
vertiba un standartnovirze. Datu interpretacijai veikta vienfaktora un divfaktoru
dispersijas analize (ANOVA), korelacijas analize, ka ari izmantots riks
Principal Component analysis (galveno komponentu analize) (PCA). Galveno
komponentu analize (PCA) tika veikta, lai skaidrotu sakaribas starp parauga
apstrades veidu un organisko skabju un fenolu savienojumu sadalijumu.
Atskiribas starp vertibam uzskatitas par bitiskam, ja p<0.05. Pirsona
korelacijas koeficients aprékinats, lai novertetu sakaribas starp rezultatiem.
Kaltetu darzenu un garSaugu novert€Sanai pec kimiskajiem un fizikalajiem
parametriem veikts integrétais novertgjumus.

REZULTATI UN DISKUSIJA

1. Fizikalo un kimisko parametru atSkiribas Apiaceae garSaugos (dilles,
petersili, selerijas)

Mitrums saturs svaigos garSaugos bija: dilles - 84.64+0.85%, selerijas -
80.62+0.81% un pétersilos - 78.98+0.79%. Apstradajot svaigos paraugus ar
tvaiku, mitruma saturs izmainijas minimali. Kalt&jot paraugus konvekcijas tipa
un MV kalt€s, mitruma saturs p&tamos garSaugos bija zemaks neka 10%. Krasu
atSkiribas ar tvaiku apstradatam un kaltétam dillém, p&tersiliem un selerijam
vizuali neat$kiras no svaigajiem (AE<10), bet kalt&jot tika novérotas biitiskas
izmainas (.AE>23). Ipasi ievérojamas krasu izmainas bija konvekcijas tipa kalte
kaltétiem pétersiliem. (p<0.05).

Garsaugos karotinoidi ir vieni no galvenajiem antioksidantiem. Dillgs,
pétersilos un selerijas kopgjais karotinoidu daudzums vari€ robezas no
278.67+16.64 (selerijas) lidz 469.00£13.83 mg B-CE 100 g* DW (dilles).
GarSaugu apstrades procesi dazadi ietekmgja karotinoidu saturu (3.att.)

DilJu apstrade ar tvaiku (1.5 min) nedaudz izmainija to saturu, bet p&c 3.0
min apstrades ar tvaiku karotinoidu saturs bitiski palielinajas. Karotinoidu
saturs pétersilos mazliet palielindjas peéc apstrades ar tvaiku. Selerijas
karotinoidu saturs palielinajas, izmantojot apstradi ar tvaiku. Apstradatos
paraugus, kaltgjot MV Kkalte, kopgjais Kkarotinoidu daudzums batiski
palielinajas, salidzinot ar svaigdm selerijam. To saturs palielinas ar1 vairak,
neka izmantojot konvekcijas tipa kalté$anu.

Organiskas skabes, kas tika noteiktas svaigas un kaltétas dillés, bija
skabenskabe, askorbinskabe, citronskabe, dzintarskabe, salicilskabe un
benzoskabe dazadas koncentracijas (4.tabula) Vislielakas izmainas novérotas
askorbinskabei paraugos, kas kalteti konvekcijas kaltg.
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Skabenskabe dilles samazinas péc apstrades ar tvaiku, bet, tas kaltjot
konvekcijas tipa un MV kalte, skabenskabes saturs paaugstinas. Hininskabe
dilles tika noteikta augstas koncentracijas, un p&c 1sa laika apstrades ar tvaiku
saturs biitiski samazinas, un péc ilgakas apstrades skabe netika konstateta.
Abolskabe svaigas dilles bija augstas koncentracijas. Apstrade ar tvaiku un
kaltesana biitiski samazina tas saturu. Malonskabe netika konstateta svaiga
parauga, un, apstradajot dilles, skabes saturs biitiski palielinas. Citronskabes
saturs butiski samazinas dill€s, kas apstradatas ar tvaiku, bet kaltéSana butiski
paaugstina saturu. Dzintarskabe tika noteikta zemakas koncentracijas, un
apstrade ar tvaiku minimali samazingja skabi. Dzintarskabes saturs bitiski
palielinajas péc kaltesanas.

Salicilskabe dilles palielindjas pec apstrades ar tvaiku, un visaugstakis
pieaugums novérots konvencionali kaltétas dillés, bet MV kaltétas dillés skabe
samazinajas un pirmasptrade samazinaja saturu vairak. Benzoskabes un
salicilskabes pieaugums var biit skaidrojams ar Kkimiskajiem procesiem
apstrades rezultata. Augos eso$a benzoskabe var parveidoties vai konverteties
hidroksilacijas procesa par citu hidroksibenzoskabes formu (hidroksilacijas
reakcija) (Widhalm & Dudareva, 2015).

Svaigos un KkaltStos pétersilos skabenskabe, hininskabe, malonskabe,
askorbinskabe, citronskabe, dzintarskabe un salicilskabe tika noteiktas dazadas
koncentracijas un to saturs izmainijas (5.tabula). P&tersilos skabenskabe biitiski
samazinajas péc apstrades ar tvaiku, bet palielinajas konvencionali kaltetos
pétersilos. Rezultatus var salidzinat ar Han et al. (2016) p&tijumu, kur.novéroja,
ka skabenskabe ir termostabila temperatiiras, kas zemakas par 80°C un
augstakas temperatiiras savienojums sadalas.

Hininskabe pétersilos samazinajas péc apstrades ar tvaiku, bet, izmantojot
konvencionalo un MV kalti, skabes saturs paaugstinajas. Citronskabes saturs
pétersilos péc konvencionalas kaltéSanas palielinajas, bet ar MV kalte€sanu
samazinajas. Dzintarskabe pé&tersilos butiski samazinajas p&c apstrades ar
tvaiku, un pozitivs efekts tika noverots kaltétos pétersilos. Kopgjais organisko
skabju saturs samazin3jas pétersilos, tos apstradajot ar tvaiku, bet
konvencionalas kaltéSanas rezultata kop€jais skabes saturs biitiski paaugstinajas
ar paaugstinato skabenskabes, malonskabes un citronskabes saturu.

Selerijas galvenas organiskas skabes bija skabenskabe, askorbinskabe,
citronskabe un salicilskabe, un benzoskabe. Apstrades procesa to saturs
mainijas (6.tabula). Selerijas skabenskabe samazinajas peéc apstrades ar tvaiku
un tas kaltgjot MV kalte, un pirmapstrade ar tvaiku un kaltéSana MV kalte
noradija pieaugumu, salidzinot ar MV kaltétu seleriju saturu. Iesp&ams, ka
ilgstoSa termiska apstrade un spiediens, ka ari energija no MV Kkaltes stimulé
oksidésanas procesus. Temperatiira, spiediens un augstas frekvences amplitidas
kombinacija palidz noardit skabenskabi. Labaka degradacija tika novérota
palielinot MV kaltes jaudu (Dukkanci & Gunduz, 2006). Hininskabe selerijas
samazinajas, un tika nove€rota lidziga degradacijas pakape ka skabenskabei
apstradatos ar tvaiku un konvencionali kalt€tos paraugos.
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Selerijas Citronskabe samazinajas pec apstrades ar tvaiku, ilgaka apstrade
samazinaja tas saturu vairak. Konvencionali kaltétos selerijas paraugos tika
atrasta lidziga citronskabes koncentracija ka MV kalte kalt€tos paraugos.
Benzoskabe tika noteikta zemakas koncentracijas un apstrade ar tvaiku, un
konvekcijas kalteSana samazinaja skabes saturu vairak neka MV kaltetas
selerijas.

Abolskabe daudzums samazinajas apstradatas selerijas. Abolskabe
dekarboksilgjas vairakos posmos, un fotodegradacijas rezultata veidojas
malonskabe un citi gala produkti (Irawaty et al., 2011).

Fenolu savienojumi (kopgjie fenoli, flavonoidi un fenolskabes) garSaugos
tika atrasti dazadas koncentracijas, kas izmainTjas, tos kaltgjot un apstradajot ar
tvaiku. P&c kaltéSanas fenolu saturs butiski palielingjas.Visvairak to bija
kaltetas dilles. Pirmapstrade ar tvaiku uzlaboja kopgjo fenolu saturu MV
kaltétos Apiaceae garSaugos. 3.0 min apstrade ar tvaiku un MV kaltéSana
palielinaja to saturu vairak dillés un p&tersilos (4.att.).

Paaugstinatu kopgjo fenolu daudzumu paraugos var skaidrot ar to, ka dazi
savienojumi ka, pieméram, askorbinskabe, var oksidét Folina-Ciocalteu
reagentu, Ko izmanto kopéjo fenolu satura noteikSanai. (Zhang & Hamauzu,
2004).

Saknu darzenos vienkarSie fenoli ir visvairak izplatiti, bet lapu darzenos
biezak noteikti flavonu glikozidi un flavonoli. P&tersilos, selerijas, brokolos un
garsvielas biezak sastopamie fenoli ir flavonu aglikoni un flavonoli (Sakakibara
et al., 2003). Fenolu sastavs svaigos un apstradatos augos mainas dazadu
faktoru ietekmé, k@, temperatiira un skabekla klatbiitne procesa laika.

Galveno komponentu analize norada, ka dillés galvenie fenolu savienojumi
ir rutins, 4-hidroksibenzoskabe, 3.4-dihidroksibenzoskabe, 3.5-
dihidroksibenzoskabe un luteolins, pétersilos — 3-hidroksikan&lskabe, rutins,
katehins, sinapinskabe, hlorogénskabe, kvercetins un luteolins, savukart
selerijas — 2-hidroksikanglskabe, 4-hidroksibenzoskabe, luteolins, kvercetins,
sinapinskabe, rutins un katehins, kuru koncentracija mainijas atkariba no
apstrades veidiem. (6.,7. un 8.att)

Antiradikalo aktivitati iesp&jams noteikt ar dazada spektrofotometriskam
metodeém. Visbiezak tiek lietotas DPPH un ABTS metodes. Ar abam radikalu
metodém Apiaceae garSaugu antiradikala aktivitate bija augsta (8.att.).
GarSaugos aktivitate palielinas, ja palielinas kopgjo fenolu savienojumu saturs
visos paraugos pec apstrades ar tvaiku un kalt€Sanas.

Antioksidantu kapacitate augos var mainities p&c produkta ievaksanas
atkariba no apstrades veida un uzglabasanas apstakliem (Jimenez-Zamora et al.,
2016).
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2. Fizikalo un Kimisko parametru atskiribas Apiaceae darzenos (seleriju
saknes, burkani)

Seleriju sakn€s mitruma saturs bija 88.95+0.89% un burkanos
89.78+0.90%. Darzenu apstrade ar tvaiku minimali izmainfja mitruma saturu
un kaltgjot konvekcijas un MV kalté mitrums tika samazinats mazak ka 10%.

Vizualas krasu izmainas tika novérotas paraugos, kuri ilgak apstradati ar
tvaiku. Bitiski augstakas krasu izmainas verojamas konvencionali kaltEtos
burkanos un MV kalte kaltetas seleriju sakn@s. Apstrade ar tvaiku un MV
kalteSana saglaba krasu abiem paraugiem. BriinéSana augliem vairakuma
gadijumu ir saistita ar endogéno fenolu enzimatisko oksidéSanos, kuri v&lak
polimerizgjas, veidojot briinus produktus (Nunez-Mancilla et al., 2013).

Kopgjais karotinoidu saturs Apiaceae darzenos varié plasas robezas, un
seleriju sakn@s tika noteikts zemaka koncentracija ka burkanos. Neliels
picaugums noverojams burkanos, kas apstradati ar tvaiku 1.5 min, bet ilgaka
apstrade ar tvaiku samazinaja karotinoidu saturu. Augstakais piecaugums
verojams MV kaltétos burkanos (9.att).

Augu §tnas karotinoidi eksisté cis un trans formas. Apstrades rezultata dala
trans formas var degrad€ties vai parvérsties / konvertéties par cis formu un to
atvasinajumiem, un kopgjais karotinoidu saturs pieaug (Sharma et al., 2012).

Karotinoidu satura samazina$anas ir saistita ar oksideésanos, kas cie$i saistita
ar skabekla pieejamibu procesa laika, un temperatiira un gaisma paatrina $0
procesu. Sis process ir tiesi saistits ar pigmentu samazinasanu (Murador et al.,
2014).

Galvenas organiskas skabes, kas seleriju sakn&s noteiktas augstakajas
koncentracijas, bija malonskabe, citronskabe, dzintarskabe, skabenskabe,
vinskabe, hininskabe un askorbinskabe. To saturs biitiski izmainas kaltgjot un
apstradajot ar tvaiku (8.tabula).

Hininskabes biitisks pieaugums novérojams ar tvaiku apstradatas un ar tai
sekojosu kalteSsanu MV kalte kaltetas seleriju sakn€s. Hininskabes saturs
seleriju sakn€s samazinas péc Tsakas apstrades ar tvaiku vairak neka péc
garakas apstrades ar tvaiku. Konvekcijas kalté kaltétas seleriju saknes satur
augstaku skabenskabes koncentraciju ka MV kalté kaltétas seleriju saknes.

Fumarskabe seleriju sakn€s bija noteikta zemas koncentracijas un apstrade
bitiski ietekméja to saturu. Isa laika apstrade ar tvaiku un kaltg$ana biitiski
paaugstinaja fumarskabes saturu.

Dzintarskabe seleriju saknés degradgjas pec apstrades. Apstrade ar tvaiku
un MV kaltéSana butiski samazinaja skabes koncentraciju, un mazak
samazinajas konvencionali kaltetas seleriju saknés. Skabes $kidiba paaugstinas
paaugstinatas temperatliras un paaugstinoties Gibsa energijai (Mahali et al.,
2017), tapec ir iespgjams, ka, samazinoties tidens aktivitatei kaltétos produktos,
skabes degradacija noris Ienak paraugos, kas apstradati ar tvaiku un kaltgjot tos
MYV kaltg.
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Burkanos galvenas organiskas skabes bija skabenskabe, vinskabe un
fumarskabe dazadas koncentracijas un p&c kaltéSanas mainijas (9.tabula).

Skabenskabes saturs burkanos p&c apstrades ar tvaiku butiski samazinajas,
un p&c kalte€Sanas pieauga. Skabenskabes saturs minimali mainijas MV kalt&tos
burkanos, un pirmapstrade ar tvaiku un MV kaltéSana samazinaja saturu.

Vinskabe burkanos samazinajas péc apstrades ar tvaiku, un péc
konvencionalas kalteéSanas saturs pieauga. MV kaltetos burkanos skabe netika
konstatéta un pirmapstrade ar tvaiku un sckojosa MV kaltéSana bitiski
paaugstina saturu.

Citronskabe samazinajas pec apstrades ar tvaiku, un paaugstinajas burkanos
péc konvencionalas un MV kaltéSanas. Askorbinskabe seleriju saknés
samazinajas pec apstrades ar tvaiku un kalt€Sanas, un produktos skabes saturs
bija Iidzigs. Askorbinskabe burkanos vislabak saglabajas pec apstrades.

Fruktoze un glikoze partika uzlabo vitamina C stabilitati temperatiiras
robezas 24-45 °C un samazinas tas stabilitate robezas 70-90 °C. Paaugstinatas
apstrades temperatiiras samazina tidens aktivitati un paaugstina ne-enzimatisko
briné$anu (Herbig & Renard, 2017). Ir pieradits, ka mikrovilpu pielietojums
slegtas sisttmas samazina degradéSanos, tapéc ka mikrovilpu radiacija
samazina parkarSanas iesp&jamibu un minimizé analitu degradaciju (Biesaga,
2011).

Kopgjo fenolu saturs Apiaceae garSaugos varié péc kaltéSanas, un tos
apstradajot ar tvaiku, un bija zemakas koncentracijas ka Apiaceae garSaugos
(10.att.).

Kopgjais fenolu saturs seleriju sakn€s bija zemaks neka lapas. Seleriju
sakn€s un burkanos apstrade ar tvaiku minimali ietekm&ja kopgjo saturu.
Konvekcijas kalté kaltétos paraugos bija augstakas fenolu koncentracijas ka
MYV kalte. Fenolskabes bija zemakas koncentracijas ka flavonoidi, un apstrade
ar tvaiku nedaudz samazingja sakotngjo daudzumu, bet batiski samazinajas péc
kaltésanas. Fenolskabes un flavonoidi saglabajas vairak MV kaltétos darzenos
un pirmapstrade ar tvaiku palidz saglabat savienojumus.

Ir piem@rotas vairakas hipotézes fenolskabju izmainam apstrades laika:
dalgja atdaliSanas no saistitajam formam noved pie $kistoSo skabju pieauguma.
Skistogo frakciju samazinajums termiskas degradacijas rezultata un palielinds
saistitas formas, kuras veidojas savstarp€ji mijiedabojoties fenolskab&ém ar
produkta makromolekulam (Zaupa et al., 2015). Termiski apstradajot produktu
var noritet fenolu polimerizacija vai arT koncentracijas pieaug partikas produkta
apstrades laika (Tomas et al., 2017).

Galveno komponentu analize paradija, ka galvenie fenolu savienojumi
seleriju sakn@s, kas tika noteikti dazadas koncentracijas, bija Katehins, rutins,
galluskabe, 3.4-dihidroksibenzoskabe, 4-hidroksibenzoskabe, sinapinskabe, 2-
hidroksikanélskabe un 3-hidroksikanglskabe un apstrade dazadi ietekmgja to
koncentracijas. Burkanos 3.4-dihidroksibenzoskabe, 3.5-dihidroksibenzoskabe,
sinapinskabe, katehins un kampferols tika noteikti dazadas koncentracijas un

aptrades rezultata izmainijas (11., 12. att).
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Antiradikala aktivitate Apiaceae darzenos biutiski palielinajas péc garakas
apstrades ar tvaiku un péc kaltéSanas ar ABTS metodi, bet, izmantojot DPPH
metodi, antiradikala aktivitate butiski palielinajas pec kalteésanas (13.att.).

Paaugstinata antiradikala aktivitate ar DPPH radikali svaigos darzenos, kam
pielietotas dazadas blans€Sanas tehnikas, vargtu biit skaidrojamas ar faktu, ka
termiska blans€Sana sagrauj Stnu apvalkus un tadgjadi atvieglo antioksidantu
atbrivoSanos (Wang et al., 2017).

Galvenie cukuri seleriju saknés un burkanos tika noteikti, un to
koncentracijas mainTjas péc kaltéSanas. legiitie rezultati tika izmantoti
integrétajam novert&jumam.

3. Fizikalo un kimisko parametru atSkiribas Allium garSaugos
(puravi, sipoli, kiploki)

Svaigiem puraviem mitruma saturs bija 88.20+0.88%, sipoliem bija
93.84+0.94% un kiplokiem 64.02+0.64%, un apstrade ar tvaiku butiski
neietekmé&ja saturu. Allium garSaugos mitruma saturs péc kaltéSanas tas bija
zemaks neka 10%.

Karotinoidu saturs puravos péc apstrades ar tvaiku paaugstinajas, bet,
kaltgjot konvekcijas kalt, to saturs minimali palielinas, un, kalt€jot paraugus
MV Kkaltg, karotinoidu saturs batiski palielingjas. Apstradati ar tvaiku un MV
kalteti puravi satur augstaku karotinoidu saturu, salidzinot ar paraugiem bez
pirmapstrades. Sipolos un kiplokos karotinoidu saturs bija zemaks neka
puravos. Turklat saglabajas tendence tiem paaugstinaties, apstradajot paraugus
ar tvaiku, bet kalté$ana kop€jo saturu samazinaja.

Kopuma apstrade ar tvaiku btiski palielina karotinoidu saturu visos Allium
dzimtas garSaugos, bet péc kaltésanas MV kalté karotinoidu saturs samazinas
sipolos un kiplokos (14., 15.att.).

Galvenas organiskas skabes puravos bija skabenskabe, hininskabe,
abolskabe, citroskabe, dzintarskabe un salicilskabe un termiska un kaltéSanas
procesi skabju saturu ietekmé dazadi (10.tabula).

Skabenskabe butiski samazinajas puravos ar tvaika apstradi, savukart
kaltésana konvekcijas kalté palielingja sakotngjo skabenskabes saturu. Kaltgjot
puravus MV kaltg, skabes saturs izmainijas minimali, un apstrade ar tvaiku un
kaltésana MV kalté skabes saturs pieaug. Hininskabe puravos bitiski
paaugstinajas, izmantojot visas apstrades metodes.

Malonskabes saturs puravos bija zems, un apstrade ar tvaiku samazinaja
saturu, bet kalteSana paaugstindja. Arl citronskabe puravos samazinajas péc
apstrades ar tvaiku un kalt§jot. Dzintarskabes saturs puravos minimali
palielindjas izmantojot apstradi ar tvaiku, un kaltgjot sakotng&jais dzintarskabes
saturs palielinajas. Saliciskabe puravos pieauga pamazam izmantojot tvaika
apstradi un kalteésanu.

Sipolos hininskabe, skabenskabe, vinskabe, abolskabe, citronskabe,
fumarskabe un salicilskabe tika noteikta un to saturs mainas apstrades rezultata
(11.tabula).
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Konvekcijas kalte kalteti sipoli satur augstaku hininskabes saturu neka MV
kalteti sipoli. Apstrade ar tvaiku un MV kalté8ana paaugstina hininskabes
saturu un bija augstaks neka MV kalt&tos paraugos.

Konvekcijas kaltesanas rezultata skabenskabe mainijas minimali, bet p&c
MV kaltesanas tas saturs samazinajas. Apstrade ar tvaiku un kalt€Sana MV
kalte butiski samazina skabebenskabi sipolos un ilgaka pirmapstrade negativi
ietekmé skabes. Peéc apstrades MV kalte vinskabes saturs sipolos bija
samazinajies, bet péc kaltesanas konvekcijas kalt€, un ar tvaiku apstradatos un
MV Kkaltg kaltetos sipolos vinskabe netika konstat&ta.

Malonskabe bitiski samazinajas, blansgjot paraugus, turklat novérojama
negativa tendence malonskabei samazinaties pagarinot blansé$anas laiku. P&c
kalteésanas konvekcijas kalté malonsabes saturs biitiski nemainijas, bet apstrade
MV bitiski izmainija tas saturu sipolos. Salidzinot blan§&tus paraugus pirms
MYV kaltéSanas, un paraugus, kam blansésana netika veikta, bet kas péc tam bija
kalteti MV, malonskabes saturs pirmajos bija butiski lielaks.

Citronskabes daudzums pieauga apstrades rezultata, un lielakais pieaugums
noverots sipolu paraugiem, kas apstradati ar tvaiku 3.0 min un kaltéti MV kaltg.
Iespgjams, ka apstrade un MV kaltéSana degrade citronskabi. Fumarskabe
sipolos tiek degradéta péc apstrades ar tvaiku, bet kaltéSana palidz saglabat §is
skabes saturu tada pasa limeni ka svaigos sipolos.

Apstradatos kiplokos vinskabe, hininskabe, abolskabe, dzintarskabe un
salicilskabe butiski izmainas (12.tabula).

Askorbinskabes saturs puravos apstradajot ar tvaiku un kalteéSanas rezultata
mainTjas minimali, bet apstrade ar tvaiku un MV kalt€Sana askorbinskabes
saturu puravos samazindja bitiski. Ar tvaiku apstradati sipoli satur butiski
zemaku askorbinskabes saturu ka konvencionali kaltéti sipoli, tacu to saturs bija
augstaks, neka MV kalté kaltetos sipolus. Savukart kiplokos askorbinskabes
saturs minimali mainijas p&c blanseéSanas un konvekcijas kalt€Sana tas
samazinajas vairak neka MV kaltéSana. Tas sasaucas ar citu autoru petijumiem,
ka tdent skistoSie vitamini, piemeram, askorbinskabe blans€Sanas procesa
dalgji oksidgjas un ir novérojami skabes zudumi (Roongruangsri & Bronlund,
2015).

Kopgjais fenolu saturs minimali izmainTjas termiskas apstrades rezultata.
P&c kaltésanas to saturs butiski palielinajas - vislielako pieaugumu novéroja
konvencionali kaltétos Allium gar§augos. Kopgjais fenolskabju un flavonoidu
saturs palielindjas p&c apstrades ar tvaiku un samazinajas péc kalt€Sanas
procesiem (16., 17.att.).

Isa un strauja karsé3ana var inaktivét oksidativos enzimus, kas var palidz&t
saglabat fenola tipa savienojumus (Samoticha et al., 2016). Saskana ar
Nawirska-Olszanska et al. (2017) izmantojot striklakas tipa mikrovilpu
kaltesanu ar 2 energijas limeniem (100 un 250 W) bitiski samazinas kopgjais
fenolu saturs un to antiradikala aktivitate. Augsts energijas Iimenis negativi
ietekme fenola tipa savienojumus.
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Galveno komponentu analize norada, ka puravos galvenie fenolu
savienojumi dazadas koncentracijas bija katehins, rutins, luteolins, galluskabe,
3.4-dihidroksibenzoskabe, hlorogénskabe, sinapinskabe un 2-
hidroksikanglskabe un apstrades rezultata saturs izmainas. Apstradatos sipolos
galluskabe, ferulskabe, rutins, kvercetins tika noteikas dazadas koncentracijas
un apstrade bitiski ietekmé to saturu. Galvenie fenolu savienojumi kiplokos
bija katehins, 4-hidroksibenzoskabe, cerinskabe, vanilins, t-ferulskabe, 3-
hidroksikanglskabe un kaempferols un apstrade dazadi ietekméja to saturu (18.,
19., 20.att.).

Antiradikala aktivitate batiski palielingjas kalteétos Allium garSaugos un

minimalas izmainas novéroja, izmantojot termisko apstradi (21.att).
4. Kaltétu darzenu un garSaugu integrétais novértéjums

Izmantojot integréto novért&jumu un pamatojoties uz iegitajiem rezultatiem
(1., 2., 3., dala), noteica optimalo kaltéSanas un pirmapstrades procesu katram
darzenim un garSaugam, lai kaltétais produkts bitu ar visaugstako biologisko
vertibu. Integréta noveértéjuma veikSanai izmantoja pazimju ieguldijuma
koeficientus. Visaugstakie ieguldijuma koeficienti bija fruktozei (g 100 g™),
glikozei un fenoliem, zemakie- krasu diferencei. Ja gatava produkta krasu
uzskata ka kvalitates raditaju, tad krasu parametrus var lietot, lai optimiz&tu
kaltéSanas apstaklus un samazinatu svarigako savienojumu degradaciju (Aral &
Vildan Bese, 2016).

Integrétais noveért&jums paradija, ka dillu pirmapstrade ar tvaiku, un ar tai
sekojosu mikrovilpu—vakuuma kalt€Sanu ir ar viszemako integréta novertgjuma
vertibu. Tas nozime, ka tas ir vislabakais kalt€Sanas pan€miens, lai iegltu
kaltétas dilles ar visaugstako biologisko vértibu (22.att.a). Pétersilu un seleriju
pirmapstrade ar tvaiku 3 miniites ar tai sekojosu kalté$sanu mikrovilpu vakuuma
kalte, kas ieguva viszemako integréto novértéjuma vertibu, ir vispiemérotakais
kalt€Sanas papémiens (22.att., b, ¢), kas lauj vislabak saglabat to biologisko
vertibu.

Lai iegitu kalt€tas seleriju saknes ar augstu biologisko un uzturvértibu,
ieteicams izmantot mikrovilnu kaltéSanas papémienu, kas integréta
novert§juma uzradija viszemako integréta noveért§juma vertibu (23.att., a).
Kaltétu burkanu ieguvei ar augstu biologisko un uzturvértibu, ka parada
integrétais novertejums, jaizmanto pirmapstrade ar tvaiku 3 miniites un jakalte
mikrovilpu vakuuma kalté (23.att., b).

Lidzigu rezultatu ka burkaniem ieguva, novertgjot apstrades procesu, ko
izmantoja kaltétu puravu ieguvei (24.att., a). Viszemaka integréta vertiba bija
puravu pirmapstradei ar tvaiku 3 minaiSu garuma ar tai sekojoSu kalteSanu
mikrovilpu vakuuma kalte. Konvektivo kalt€Sanu biitu ieteicams izmantot
kaltetu sipolu ieguvei, jo procesam atbilst vismazaka integréta noveértgjuma
vértiba, lai produkta maksimali saglabatos biologiski aktivas sastavdalas
(24.att., b). Kiploku kalté$ana mikrovilpu vakuuma kalté lauj ieght kaltEtus
kiplokus ar maksimali saglabatu biologisko vertibu (24.att., c).
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Izmantojot konvekcijas un mikrovilpu-vakuuma kalt€Sanu, visu pétito
Apiaceae dzimtas garSaugu mitruma saturs bija zemaks par 10%.
Pirmapstrade ar tvaiku neietekmé&ja garSaugu kop&jo krasu diferenci
(AE<10), salidzinot ar svaigiem garSaugiem. Kaltétu garSaugu krasas
izmainas bija izteiktas (AE>23) un pétersiliem noverota butiski lielaka
kopgja krasu atskiriba péc to apstrades konvekcijas kalte (p<0.05).
Karotenoidu saturs butiski paaugstinajas dilles un selerijas péc
konvekcijas un mikrovilpu-vakuuma kalt€Sanas (p<0.05). Izmantojot
pirmapstradi, iespgjams paaugstinat karotenoidu saturu mikrovilpu-
vakuuma kalt€ kaltetos pétersilos un selerijas. Apiaceae garSaugos tika
noteiktas 11 organiskas skabes, kuru saturs biitiski mainijas izmantoto
apstrades papémienu rezultata; visliclakas izmainas nov&rotas
askorbinskabei paraugos, kas kaltéti konvekcijas kalte.
Mikrovilnu-vakuuma Kaltétiem garSaugiem veicot paraugu apstradi ar
tvaiku, noverots bitisks fenolu, flavonoidu un fenolskabju pieaugums, ka
ar attiecigi augstaka antiradikala aktivitate. Galveno komponentu analize
norada, ka dilles galvenie fenolu savienojumi ir rutins, 4-
hidroksibenzoskabe, 3.4-dihidroksibenzoskabe, 3.5-dihidroksibenzoskabe
un luteolins, pé&tersilos— 3-hidroksikanélskabe, rutins, katehins,
sinapinskabe, hlorogénskabe, kvercetins un luteolins, savukart selerijas—
2-hidroksikang&]skabe, 4-hidroksibenzoskabe, luteolins, kvercetins,
sinapinskabe, rutins un katehins, kuru koncentracija mainijas atkariba no
apstrades veidiem.

Apiaceae dzimtas darzepiem novérota lidziga tendence ka Apiaceae
garSaugiem — p&c konvekcijas un mikrovilpu-vakuuma kalt€sanas darzenu
mitruma saturs bija zemaks par 10%, savukart kopg&ja krasas diference AE
bija lielaka par 25 vienibam. Mazak izteiktas krasas izmainas bija
verojamas mikrovilpu-vakuuma kalte kaltétiem darzepiem ar 3.0 min
tvaika pirmapstradi.

Karotenoidu saturs biitiski samazinajas seleriju sakn€s un burkanos péc
konvekcijas un mikrovilpu-vakuuma kalteéSanas (p<0.05). Mikrovilpu-
vakuuma kalté kaltétiem burkaniem bija iev@rojami lielaks karotinu
saturs, salidzinot burkaniem, kas kalt&ti konvekcijas kalté. Pirmapstrade ar
tvaiku biutiski samazinaja karotenoidu saturu Apiaceae darzenos. Kopgjais
organisko skabju saturs selerijas sakn€s samazinajas kalt€Sanas un
pirmapstrades rezultata, tacu burkanos tas bija mainigs. Askorbinskabes
saturs abos Apiaceae darzenos samazindjas p&c visu veidu apstrades.
Mikrovilpu-vakuuma kalté kalteétiem darzeniem, veicot paraugu apstradi
ar tvaiku, noverots bitisks fenolu, flavonoidu un fenolskabju pieaugums,
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11.

12.

13.

ka arT attiecigi augstaka antiradikala aktivitate. Kopgjais fenolu,
flavonoidu un fenolskabju saturs Apiaceae darzenos bija zemaks neka
Apiaceae garSaugos. Pirmapstrade ar tvaiku un tai sekojo$a mikrovilnu-
vakuuma kaltéSana palielinaja fenolu saturu, bet samazinaja flavonoidu un
fenolskabju saturu seleriju sakn€s un burkanos. Augstaka antiradikala
aktivitate ir noteikta mikrovilnu-vakuuma kalté kaltétos darzenos ar tvaika
pirmapstradi, izmantojot gan ABTS, gan DPPH metodi.

Galveno komponentu analize norada, ka seleriju saknés galvenie fenolu
savienojumi ir katehins, rutins, galluskabe, 3.4-dihidroksibenzoskabe, 4-
hidroksibenzoskabe, sinapinskabe, 2-hidroksikan€lskabe un  3-
hidroksikanélskabe, bet burkanos — 3.4-dihidroksibenzoskabe, 3.5-
dihidroksibenzoskabe, sinapinskabe, katehins un kaempferols.

Izmantojot abas kaltéSanas metodes, Allium garSaugu paraugu beigu
mitrums bija zemaks par 10%. Biitiskas krasu izmainas tika novérotas gan
konvencionali, gan mikrovilnu-vakuuma kaltg kaltetos garSaugos.

Kopgjo karotinoidu saturu kaltétos Allium garSaugos bitiski ietekmé to
pirmapstrade ar tvaiku - puravos karotinoidu saturs paaugstinas, bet
sipolos un kiplokos samazinas. Organisko skabju daudzums, tai skaita
askorbinskabe, izmainijas visu apstrades metozu rezultata.

Kopgjo fenolu saturs minimali mainijas, izmantojot pirmapstradi ar
tvaiku, bet butiski palielindjas konvencionali kaltétos Allium garSaugos.
Pretgja sakariba tika novérota kop&jo flavonoidu un fenolskabju satura,
kas péc kalt€Sanas procesiem samazinajas. Palielinoties fenolu saturam
kalt&tos garSaugos, tika noteikta augstaka antiradikala aktivitate.

Galveno komponentu analize norada, ka puravos galvenie fenolu
savienojumi ir  katehins, rutins, luteolins, galluskabe, 3.4-
dihidroksibenzoskabe, hlorogénskabe, sinapinskabe un 2-
hidroksibenzoskabe, sipolos - galluskabe, ferulskabe, rutins, kvercetins,
bet kiplokos - katehins, 4-hidroksibenzoskabe, cerinskabe, vanilins, t-
ferulskabe, 3-hidroksikang]skabe un kaempferols.

Integrétais noverte§jums norada, ka konvekcijas tipa kaltéSana ir
piemérotaka kaltéSanas metode sipoliem, bet mikrovilnu-vakuuma
kalt€sana kiplokiem un seleriju sakném, lai iegtitu produktu ar augstako
biologisko vertibu. Pirmapstrade ar tvaiku (1.5 min) un mikrovilpu-
vakuuma kaltéSana ir piemérotaka kaltéSanas metode dillem. Pirmapstrade
ar tvaiku (3.0 min) un mikrovilpu-vakuuma kaltéSana ir piemérotaka
metode puraviem, burkaniem, pétersiliem un selerijam.

Darba izvirzita hipotéze ir pieradita: kalt€jot darzenus un garSaugus
mikrovilnu-vakuuma kalte ir iespgams tajos maksimali saglabat
biologiski aktivos savienojumus
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