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TOPICALITY OF THE RESEARCH

“The consumption of fruit juices and nectars has increased in recent years,
mainly because of the higher consumers’ awareness about the importance of
choosing healthy foods in reducing the risks of developing diseases and
improving quality of life’ (Carbonell-Capella et al., 2015).

Orange fruits and orange juices have long been appreciated for their
beneficial nutrients and antioxidant properties. The biological activity of
vitamin C, flavonoids and carotenoids was studied in many tests (Burns et al,
2003; Cassano et al., 2003; Gardner et al., 2000; Kurowska et al., 2000;
Lichtenthaler, Marx, 2005; Topuz et al., 2005). Numerous studies have shown
that not only biologically active substances but also soluble and insoluble
dietary fibers in oranges are effective in reducing the risk of cancer, obesity and
many other chronic diseases (Bazzano et al., 2002; Borradaile et al., 2002; Liu
et al., 2001; Miyagi et al., 2000; Poulose et al., 2005; Slattery et al., 2000).

In the food industry still use several preservation methods to guarantee
microbial safety of food. The processing thermal operations as pasteurisation,
sterilisation and evaporation are still popular and used in food industry to
guarantee the microbial safety of orange juices also. ‘Currently the food
industry is looking for replacing the traditional well-established preservation
techniques with advanced thermal and non-thermal technologies, which may
produce high quality food products with improved energy efficiency and to be
more environmentally friendly’ (Kulwant et al., 2012).

Latvian producers of orange juice supply customers mainly with juices from
Frozen Concentrated Orange Juice (FCOJ). However, in the recent years,
consumers have increasingly sought for so-called "fresh" products, such as
fresh juice. Pasteurised orange juice not from concentrate (NFC) is preferable
in taste to reconstituted juices and consumers prefer orange juice not NFC
because of it organoleptic characteristics. With the development of modern
technologies and packaging material it is now becoming a reality to produce
and deliver NFC juice to European countries and increase production volumes
of orange juice to the levels of fresh juice. The Ultra-High Temperature (UHT)
technology is an attractive technology to extend the shelf life and safety of
orange juice while maintaining of fresh test of orange juice. Nevertheless, no
researches have integrated the comparative study of the impact of UHT
processing technology on the physicochemical characteristics and bioactive
compounds of orange juice. The review of the situation gives a great
opportunity to formulate the doctoral dissertation hypothesis.

The hypothesis of the doctoral dissertation: thermal processing of
orange and sea buckthorn juices by Ultra high temperature (UHT) treatment
retains the bioactive compounds, antioxidant capacity and ensures unaffected
sensory attributes.



The hypothesis of the doctoral dissertation is supported by the following

theses:

1. the physicochemical parameters, bioactive compounds and antioxidant
capacity of orange juice depend on orange variety, maturation and
harvesting time;

2. the processing technology of orange juices influences on the chemical
parameters, bioactive compounds and antioxidant capacity;

3. the storage conditions and packaging affect the chemical parameters,
bioactive compounds and antioxidant capacity in orange juices;

4. Ultra High Temperature (UHT) treatment better provides the chemical
parameters, bioactive compounds and antioxidant capacity in orange juice
compared with High temperature short time (HTST) processing method;

5. bioactive compounds and antioxidant capacity in orange juice increase by
blending it with sea buckthorn juice;

6. UHT processing provides organoleptic qualities of treated juices

comparable to fresh juice.

The research object of the doctoral dissertation: orange fruits (Citrus

sinensis L.) and orange juices of Greek winter’s Navel and summer’s Valencia
varieties and sea buckthorn (Hippophae rhamnoides L.)‘Leikora’, ‘Hergo’,
‘Botanicheskaya Lubitelskaya’ juices.

The aim of the doctoral dissertation was to investigate the influence of UHT

processing on the chemical parameters, bioactive compounds and antioxidant
capacity of orange, sea buckthorn and blended orange-sea buckthorn juices.

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

dissertation:

1.

to determine chemical parameters and bioactive compounds in fresh and
fresh frozen then defrosted orange juices from two varieties of orange fruits
(winter’s Navel and summer’s Valencia) during maturation and harvesting
time;

to evaluate the effect of high temperature short term (HTST) processing on
chemical parameters, bioactive compounds and antioxidant capacity in not
from concentrate (NFC) and reconstituted from concentrate (OJFC) orange
juices;

to study the chemical parameters, bioactive compounds and antioxidant
capacity changes in pasteurized NFC orange juices in aseptic packaging
during one year refrigerated storage;

to investigate the UHT processing impact on the stability of chemical
parameters, bioactive compounds and antioxidant capacity in orange juice
compared with HTST processing;



5.

6.

to find out the effect of UHT processing on chemical parameters, bioactive
compounds and antioxidant capacity in sea buckthorn juice and blended
orange-sea buckthorn juices;

to estimate the sensory attributes of orange juice and blended orange-sea
buckthorn juices produced by UHT treatment.

The novelty and scientific significance of the doctoral dissertation;

1.

2.

for the first time in Latvia the quality parameters of orange juice has been
investigated during harvesting at maturation and degree of readiness time;
the influence of different processing technologies and refrigerating
storage on the chemical parameters, bioactive compounds and antioxidant
capacity of orange juice in industrial scale has been evaluated for the first
time;

the possibility of UHT processing technology for orange and sea
buckthorn juices are explored for the first time;

new product (orange-sea buckthorn juice) with high level of bioactive
compounds content have been developed using UHT treatment.

The economic significance of the doctoral dissertation:

1.

the studies of ultra-high temperature (UHT) processing suitability for
orange juice sterilization offers an opportunity to deliver orange juice not
from concentrate (NFC) out of producer foreign countries to Latvia for
industrial scale filling in consumer packaging;

ultra-high temperature (UHT) processing can be an alternative to high
temperature short term (HTST) pasteurization of orange, sea buckthorn and
blended orange-sea buckthorn juices. Mentioned processing technology
creates denaturation of enzymes and micro-organisms inactivates occurs,
juice with extended shelf life and good sensory properties (taste and odour)
could be obtained;

Orange-sea buckthorn blended juices expands product range in the domestic
juice market with high level of bioactive compounds and antioxidant
capacity. The present study is a sign of a bright prospect in terms of
processing blended fruit juices by UHT processing.
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MATERIALS AND METHODS

Time and place of the research

The study was carried from 2009 until 2015 in:

e S.A. BIOFRESH, juice and concentrate Production Company, in Laconia,
Greece,

e UBF GmbH, Investigative consulting Research Laboratory GmbH in
Altlandsberg, Germany,

o Latvia University of Agriculture in Jelgava,

e State Institute of Fruit-Growing in Dobele, Latvia.

Materials used in the research

The objects of the research are orange fruits (Citrus sinensis L.) and orange
juices. Orange fruits and orange juices of Greek summer variety Valencia and
winter variety Navel were obtained from Manufacturing S.A. Biofresh
production line of commercial juice plant in Laconia Southern Greece.

Additional, the following materials were used:

o fresh frozen orange juice of variety Navel and Valencia fruits, from
Manufacturing S.A. Biofresh production line, Greece;

e pasteurised orange juice not from concentrate (NFC) Navel and Valencia
varieties, from Manufacturing S.A. Biofresh production line, Greece;

e orange juice reconstituted from concentrate (OJFC) of Navel and Valencia
varieties, from Manufacturing S.A. Biofresh production line, Greece;

o fresh sea buckthorn (Hippophae rhamnoides L.) juices of German cultivars
‘Leikora’ and ‘Hergo’ from Manufacturing Sanddorn GmbH production
line Germany;

o fresh sea buckthorn (Hippophae rhamnoides L.) juice of Latvian cultivar
‘Botanicheskaya-Lubitelskaya’ from Latvian State Institute of Fruit-
Growing experimental processing Laboratory;

All samples of orange juices were delivered by plane from Manufacturing
S.A. Biofresh production line, Laconia Southern Greece in aseptic bags. Frozen
samples of orange juices were kept frozen in a forced circulation freezer and
kept at -18 £ 2 °C until using. Frozen orange juice samples were defrosted.
Pasteurised orange juices in aseptic bags were kept at 5 + 2 °C in refrigerator.
Fresh cooled seabuckthorn juices were transported from Germany and Latvia.

Packaging materials

Aseptic bag-box (volume 1000 ml and 5000 ml) used juice storage in
production conditions. Glass jars with screw cap closures (volume 150 ml type
JPG) used for high temperature short time (HTST) and ultra-high temperature
(UHT) treated experimental samples storage before analyses.
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Research structure
The study of doctoral thesis is divided in two stages.

Stage | — Evaluation of orange juice physicochemical parameters,
bioactive compounds and antioxidant capacity in different maturity and
harvesting time, processing stage and during storage of two varieties of
orange juices in industrial scale

The first stage of the study was carried out directly on the juice production
plan in Greece in the laboratory of enterprise. Evaluation of physicochemical
parameters as juice content (yield), total soluble solids (TSS), total acidity
(TA), TSS/ TA ratio, and vitamin C were tested in orange juice (Valencia and
Navel varieties) in harvesting time (2 seasons of harvesting). For more in-depth
studies, the juices from production line were delivered to German UBF
laboratory for determination of bioactive compounds (vitamin C, total phenolic
content, hesperidin, total carotenoids, 3-carotene and water soluble pectin) and
antioxidant capacity during different maturity stage, following processing and
during refrigerated storage.

Stage Il — Evaluation of UHT treatment on the chemical
characteristics, bioactive compounds and antioxidant capacity of orange
juice, sea buckthorn juices and blended orange-sea buckthorn juices.

The second step of the study was undertaken to compare the impact of two
treatment methods: High temperature short time (HTST, t = 94 °C, 30 s) and an
alternative Ultra-high temperature (UHT t = 130 °C, 2 s) treatment effect on
chemical parameters, bioactive compounds and antioxidant capacity. Sensory
attributes of fresh orange juice was compared with HTST and UHT treated
orange juices. There was defined also the effect of UHT processing on
chemical parameters, bioactive compounds and antioxidant capacity of the sea
buckthorn juice and blended orange-sea buckthorn juices, as well as orange
juice (control) compared with blended orange-sea buckthorn juices sensory
attributes.

Table 1/ 1. tabula
Standards and analytical methods used for determination of orange juice /
Apelsinu sulu analizéSanai izmantotie standarti un metodes

’\,\Iﬁ/ Parameters /Raditaji Methods / Metodes
1. Total soluble solids/ AOAC -983.17; ISO 2173:2003

Kopejas sausnas saturs,°Brix

2. | Total acid content/ Kopéja skabe, % AOAC - 936.16; ISO 750:1998

3. | Yield/Raza, % Gravimetric method, electronic weigh
(£ 0.001g) (Lacey et al., 2009)
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Table 1 (Con.) / 1. tabula (turp.)

’:IC;/ Parameters /Raditaji Methods / Metodes
4. Glycose, fructose, sucrose content/ Enzymauc method,
Glikoze, fruktoze, saharozes saturs r - Biopharm
g 100 n‘ﬂ.l ' ' Cat. No. 10139106035
Cat. No. 11113950035
5. 1. lodine method (Moor et al., 2005) -
L-ascorbic acid/ production method
L-askorbinskabe, 2. Enzymatic calorimetric method,
mg 100 ml* r — Biopharm
Cat. No. 10409677037
6. | Total phenolics / Kopéjie fenoli, Spectrophotometric method,
mg GAE 100 ml*! (Singleton et al., 1999)
7. . Spectrophotometric method,
;2?;;3?;52;?;; mg 100 miL DGF Einhgitsmethoden F-11 2a
' (1975)/Unit methods (Germany)
8. Spectrophotometric method,
B-carotene /f-karotins, mg 100 ml DGF Einheitsmethoden F-I11 2b
(1975)/Unit methods (Germany)
9. High-Performance Liquid
- o 1 | Chromatographic Method,
Hesperidin / Hesperidins, mg 100 ml DIN EN IgOFIEC 17025:2005; IFU
No. 58
10. |Antioxidant capacity /Antioksidantu Spectrophotometric method,
aktivitate, ABTS, mmol TEAC 100 mI* | TEAC Method AOCA intern. 95.6
11. | Antioxidant capacity /Antioksidantu Spectrophotometric method,
aktivitate, (DPPH), mmol TE 100 mI* | (Brand-Williams et al.1995)
12. | Antioxidant capacity /Antioksidantu Spectrophotometric method,
aktivitate, (FRAP), mmol TE 100 ml™ | (Benzie and Strain, 1996)
13. Spectrophotometric method

Water Soluble Pectin /
Udent §kistoss pektins, mg 100 ml™

Carbazole method 21
(Amador et al., 2008)

RESULTS AND DISCUSSION

1. Evaluation of the quality parameters of winter’s Navel and summer’s
Valencia varieties of orange juices during maturation and harvesting in
industrial scale

The changes of the physicochemical parameters and bioactive compounds
in fresh defrosted orange juices Navel and Valencia varieties were evaluated
during fruit’s harvesting at different stages of maturity: early stage in the
beginning of the season, mid of the season and at the end of the season, when
fruits were over mature. The study results showed the physicochemical
parameters and bioactive compounds of orange juice summer variety Valencia
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and winter variety Navel fruits was different and they changes during
maturation: the content of total acidity (TA) and yield in both varieties of
orange juice decreases, while total soluble solids (TSS) and their ratio
(TSSITA), as well an individual sugars content significantly increased (p 0.05).
Content of vitamin C, total phenolics compounds, hesperidin and WS pectin in
fresh orange juices decreased insignificant (p > 0.05), however the total
carotenoid and R-carotene content significantly increased (p < 0.05) during
maturation. The content of vitamin C and antioxidant capacity was higher in
variety of orange Navel juice. The antioxidant capacity significantly decreased
(p < 0.05) in orange juices of both varieties of oranges during maturation. The
obtained results indicated that stage of maturity have effect on the chemical
parameters and bioactive compounds of orange fruits and juices.

2. Evaluation the influence of processing methods on the chemical
parameters, bioactive compounds and antioxidant capacity of orange juice

The effect of the high temperature short time (HTST) process on the
chemical, bioactive compounds and antioxidant capacity in orange juice not
from concentrate (NFC) and reconstituted from concentrate orange juice
(OJFC) was compared with fresh frozen following defrosted orange juices
(Control) of Navel and Valencia varieties produced in industrial scale.

The changes in total soluble solid (TSS) content and total acidity (TA) were
not significant (p < 0.05) in both orange juices processed by HTST. The content
of vitamin C, total phenolics compounds content, and antioxidant capacity
decreased in pasteurized NFC orange juices Navel and Valencia in comparison
with control samples.The content of WS pectin slight increase in both HTST
processed orange juice samples, but the increases were not significant
(p > 0.05). The total content of carotenoids increased in both varieties of orange
juices: by 10 % in Navel NFC and by 7 % in Valencia NFC orange juice. The
content of B-carotene increased by 15 % in both varieties of treated Navel
orange juice samples, on the other hand in both Valencia orange juice samples
the 3-carotene showed not changes influenced by pasteurisation.

3. The dynamic of chemical parameters, bioactive compounds and
antioxidant capacity of pasteurised NFC orange juice during refrigerated
storage

Quality and shelf life determination of an orange juice is strongly based on
vitamin C evaluation during storage (Alwazeer et al., 2003; Esteve et al., 1996;
Kabasakalis et al., 2000; Lee, Coates, 1999; Polydera et al., 2003; Zerdin et al.,
2003). Dynamics of the chemical parameters and bioactive compounds in
pasteurised (HTST) NFC orange juices Navel and Valencia varieties were
carried out during storage for one year in aseptic bags and refrigerated
conditions at temperature 5°C £ 2 °C.

13



During first 4 month the TSS slightly increased in both NFC orange juices,
further remained constant over all storage time. The change in TA content
during the entire storage was insignificant (p > 0.05) in both varieties of orange
juices. However vitamin C, total phenolic compounds, hesperidin, total
carotenoids, 3-carotene and water soluble (WS) pectin showed significant
(p < 0.05) changes in the content.

In the first 4 month both juices showed losses of vitamin C content
(NFCValencia — 7.5%; NFCNavel — 8.4%). Over the twelve month storage
period, the decrease in vitamin C was about 1.3% per week for both varieties of
NFC orange juices and in general the loss of vitamin C was by 15% and 16%
respectively.Presented results are in agreement with data obtained by Choi et
al. (2002), Fan et al. (2002), Rodrigo et al. (2003).In the research Kennedy et
al. (1992), Zerdin et al. (2003) noted reduction of vitamin C in the investigated
commercial orange juices. Roig et al. (1999) reported that low temperature
storage is imperative in order to ensure L-ascorbic acid retention. However, the
degradation of vitamin C in pasteurised orange juice was observed by several
authors (Arena et al., 2001; Kabasakalis et al., 2000; Klimczaket al., 2006).

A significant decrease (p < 0.05) in the total phenolics content of orange
juices was observed during eight months storage. The peculiarity of the total
content of phenolics compounds was the slight increase in the amount at the
last four month but this increase was not significant (p > 0.05). Therefore, the
assumption is that after eight month a mechanism which leads to a regenerative
process of phenolic compounds starts. This mechanism may represent a
reducing reaction of the before oxidized phenols. The degradation of total
phenolics contents during storage also mainly related to the residual activity of
polyphenol oxidase and peroxidase.Content of the hesperidin decreased during
the refrigerated storage time. At the end of storage juices of both orange
varieties showed a significant (p < 0.05) decrease of hesperidin content. It is
possible that after the pasteurisation the enzymes which lead to a degradation of
hesperidinstill exist. Propably the glycosides are be cleaved to the aglycon - its
corresponding sugar molecule (rhamnose).These findings were shown in
different references (Del Caro et al., 2004; Klimczak et al., 2007; Sanchez-
Moreno et al., 2003).

In literature most of available studies are related to the effect of bioactive
compounds in treated for short time storage refrigerated orange juice (Esteve,
Frigola, 2008; Plaza et al., 2011; Wibowo et al., 2015) they have observed an
insignificant decrease of initial values of total carotenoids and individual
carotenoids. In our study has been determined that during refrigerated storage
(5 £ 2 °C) the total carotenoid and R3-carotene content showed less than 20%
decrease in both varieties of orange juices. Plaza et al., (2011) reported loss
(< 11%) of total carotenoids compared with total carotenoids after treatment
and at the end of storage (40 days). Considering the general amount of water
soluble (WS) pectin, in both juices the decrease of WS pectin content was
insignificant (p > 0.05).
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The antioxidant capacity during refrigerated storage in both pasteurized
orange Valencia and Navel juices decreased significantly (p < 0.05).The
value’s decrease of antioxidant capacity in both NFC orange juices Valencia
and Navel varieties were 20 % and 22 % respectively. Small difference
between both NFC juices in the same storage temperature may be due to the
fact that initially in the orange Navel NFC juice the total acid content was
higher and this contributed to retention of vitamin C and as a result the
antioxidant capacity during refrigerated storage. The research data showed that
antioxidant capacity value is depending on the content of antioxidants in orange
juice such as vitamin C, total phenolics compounds, hesperidin, total
carotenoids, 3-carotene and pectin and closely correlated with them.

4. UHT processing effect on chemical parameters, bioactive compounds
and antioxidant capacity of orange juice compared with HTST processing

There are not plenty studies found in scientific literature reporting the
effects of UHT processing on bioactive compounds and antioxidant capacity in
orange juices and generally are not studies on the effect of adding sea
buckthorn juices to orange juice. However, there are several studies on the
effects of UHT processing on the biochemical compounds of apple,
pomegranate and sugarcane juices (Jittanit, 2011; Lewis et al., 2000; Qu et al.,
2014; Sanchez-Vega et al., 2009).

In this research the TSS, TA, and TSS/TA ratio was analysed in orange
juice Navel processed by UHT and HTST and results compared with fresh
frozen and then defrosted (control) orange juice, the results are provided in the
Table 2.

Table 2/ 2. tabula
UHT and HTST processing effects on chemical parameters in Navel
variety orange juice /
UHT un HTST apstrades ietekme uz kimisko ipastbu izmainam Navel Skirnes
apelsinu sula

Total soluble solids/ | Total acidity / Ratio /
Samples / Paraugi Kopéjais sausnas saturs, | Kopéjais skabju | Savstarpéja
°Brix saturs, % attieciba

Fresh frozen and then
defrosted orange juice
(control) /Svaigi saldéta un 11.43 £ 0.05° 0.79 + 0.04 14.54
pec tam atkauseta apelsinu
sula (kontrole)
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Table 2 (Con.) / 2. tabula (turp.)

Total soluble solids / Total acidity / Ratio /
Samples / Paraugi Kopéjais sausnas saturs, | Kopéjais skabju | Savstarpéja
°Brix saturs, % attieciba

HTST pasteurized orange
juice /HTST pasterizéta 11.54 + 0.04b 0.80 £ 0.00b 14.43

apelsinu sula

UHT processed orange
juice / UHT apstradata 11.60 +0.04° 0.80 + 0.01° 14.50
apelsinu sula

Column values with different online letters (a, b) are significantly different (p > 0.05) /
Kolonnas vertibas ar dazadam tiessaistes burtiem (a, b) bitiski atskiras (p 0.05).
Results were presented as “means + standard error (n =4) /

Rezultati tika uzraditi ka "nozimé + standarta kjiida (n = 4)

There were no significant differences in these values after HTST and UHT
treatments in comparison with fresh frozen and then defrosted (control) orange
juice (p > 0.05). Zhang et al. (2015) studied the effect of UHT processing at
different temperatures (110, 120, 135 °C) of TSS content in watermelon juice,
and the results showed no effect. Jittanit et al. (2011) have found similar results
in their study and found that UHT processing technology at the temperatures
135 and 140 °C did not affected the total TSS content in the sugarcane juice.

Vitamin C. In our study the results of the HTST and UHT processing on
vitamin C changes in orange juice Navel variety is presented in the Figure 1.
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Treatment type / Apsirddes veids

Fig. 1. UHT and HTST processing effect on Vitamin C content in Navel
orange Navel /
1. att. UHT un HTST apstrades ietekme uz C vitamina saturu apelsinu sula
Navel
OJ Fresh — Fresh frozen and then defrosted orange juice (control); svaiga, saldéta un p&c
tam atkaus@ta apelsinu sula (kontrole);
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OJ HTST - high temperature short time pasteurised fresh frozen and then defrosted
orange juice; pasterizéta ar augstu temperatiiru islaicigi saldéta un péc tam atkauséta
apelsinu sula;

OJ UHT - ultra high temperature treated fresh frozen and then defrosted orange juice;
ultrasterilizacijas apstrade apstradata svaiga, saldéta un p&c tam atkausé&ta apelsinu sula.

The content of vitamin C in the fresh frozen then defrosted orange juice
Navel variety was 53.67 mg 100 ml™; this value is within interval (48.33 + 1.12
and 45.03 = 7.90 mg 100 ml™) mentioned in the bibliography (Cano et al.,
2008; Esteve, Frigola, 2008) respectively. The retention of the vitamin C in
orange juice processed by HTST and UHT methods was 92 % and 93 %
respectively. The results showed that degradation of vitamin C influenced by
both treatment methods was insignificant (p > 0.05). There are not found results
in scientific literature reporting effects of UHT processing on vitamin C in
orange juice.

Total phenolics content and hesperidin. The results of total phenolics and
hesperidin content in orange juice are shown in Figure 2.
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B Total phenolics B Hesperidin

Fig. 2. UHT and HTST processing effect on total phenolics compounds and
hesperidin content in Navel orange juice /
2. att. UHT un HTST apstrades ietekme uz kopéjiem fenoliem Navel Skirnes
apelsinu sula

OJ Fresh — Fresh frozen and then defrosted orange juice (control); Svaiga, sald&ta un péc
tam atkausgéta apelsinu sula (kontrole);

OJ HTST - high temperature short time pasteurised fresh frozen and then defrosted
orange juice; pasterizéta ar augstu temperatiiru islaicigi saldéta un p&c tam atkauséta
apelsinu sula;

OJ UHT - ultra high temperature treated fresh frozen and then defrosted orange
juice;ultra ultrasterilizacijas apstrade apstradata svaiga, saldéta un péc tam atkauséta
apelsinu sula.
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The value of total phenolics compounds was higher in OJ Fresh (105.67 mg
100 ml™), compared with HTST processed (98.39 mg 100 ml™?) and UHT
processed (98.04 mg 100 ml™?) orange juices however, the difference was not
significant (p < 0.05). In this study in fresh frozen and then defrosted Navel
orange juice the content of hesperidin was of 13.02 mg 100 ml™. The content of
hesperidin increased by 14% in orange juice by UHT processing compared with
the sample of fresh frozen and then defrosted Navel orange juice. However,
HTST processed orange juice did not show significant changes
(p > 0.05) on hesperidin content compared to the fresh frozen and then
defrosted orange juice.

Carotenoids. The total carotenoids content in OJ Fresh Navel was 2.26 mg
100 ml™ both processing methods considerably decreased the total carotenoid
content to 1.82 mg 100 mI™ by HTST processed orange juice thus resulting in a
19 % loss and to 1.95 mg 100 ml™ by UHT processed juice thus resulting in
14% in comparison with total carotenoid content in OJ Fresh (see Fig. 3.). In
comparison of processing methods it can be stated that in this study the method
of UHT processing was more effective for the retention of carotenoids.
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Fig. 3. Effect of processing UHT and HTST on total carotenoids
in Navel orange juice
3. att. UHT un HTST apstrades ietekme uz kopéjo karotenoidu saturu
apelsinu Skirnes Navel sula
OJ Fresh — Fresh frozen and then defrosted orange juice (control); Svaiga, sald&ta un péc
tam atkaus@ta apelsinu sula (kontrole);
OJ HTST - high temperature short time pasteurised fresh frozen and then defrosted
orange juice; pasterizéta ar augstu temperatiiru islaicigi saldéta un péc tam atkauséta
apelsinu sula;
OJ UHT - ultra high temperature treated fresh frozen and then defrosted orange
juice;ultrasterilizacijas apstrade apstradata svaiga, saldéta un p&c tam atkauséta apelsinu
sula.
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Some authors have reported that heat processing had not significant
influence on the carotenoid profile (Lee, Coates, 2003; Vervoort et al., 2011).
In study scientists Sanchez-Moreno et al. (2005) didn’t found significant
changes in carotenoids after pulsed electric fields (PEF) treatment and Donsi et
al. (1996) and Esteve et al. (2009) didn’t found significant differences in value
of carotenoids after high hydrostatic pressure (HPP) treatment of orange juices.
Plaza et al. (2011) reported that low pasteurisation temperature of orange juice
did not show carotenoid degradation but after the high-pressure (HP) treatment
orange juice showed a significant increase on total carotenoids compared to
untreated juice. They also found that HP juice showed the highest carotenoid
content among all tested juices. No one of researchers has integrated the
comparative study of the impact by UHT processing on total carotenoids
content in orange juice. Crino et al. (2012) studied the stability of natural red
and pink food colours in natural colour products and evaluated their stability
during UHT processing. The results of experiment had a negative effect on the
stability of the natural colorants. All coloured samples except fermented red
rice showed significant colour loss following UHT processing (p < 0.05).

Antioxidant capacity. In the available literature no information is available
on the changes in antioxidant capacity of orange juice processed by UHT.
Ascorbic acid is one of the bioactive compounds that contribute to the
antioxidant capacity in the juice it contributes from 56 to 77% of the
antioxidant capacity of orange juice and to 46 % of the tangerine juice, and
from 66 to 77% of grapefruit juice (Vinson et al., 2002). However, heat
treatment may reduce antioxidant capacity and concentration of bioactive
compound groups (Patras et al., 2010).

In the present study the antioxidant capacity of orange Navel juice was
evaluated by using ABTS radical cation assay using DPPH free radical-
scavenging and ferric reducing antioxidant power (FRAP) assays. Figure 4
presents the results of the antioxidant capacity of orange juice measured by
ABTS.
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Fig. 4. UHT and HTST processing effect on the antioxidant capacity
measured by ABTS in Navel orange juice /
4. att. UHT un HTST apstrades ietekme uz antioksidantu aktivitati
(ABTS metode) apelsinu ‘Navel’ sula
OJ Fresh — Fresh frozen and then defrosted orange juice (control); Svaiga, saldéta un p&c
tam atkauséta apelsinu sula (kontrole);
OJ HTST - high temperature short time pasteurised fresh frozen and then defrosted
orange juice; pasterizéta ar augstu temperatiru islaicigi saldéta un péc tam atkauséta
apelsinu sula;
OJ UHT - ultra high temperature treated fresh frozen and then defrosted orange
juice;ultrasterilizacijas apstrade apstradata svaiga, saldéta un péc tam atkauséta apelsinu
sula.

In the fresh frozen and then defrosted orange juice the antioxidant capacity
values was 0.95 mmol Trolox equivalent 100 ml™*, and 0.87 and 0.94 mmol
Trolox equivalent 100 ml™ in orange juices processed by HTST and UHT
respectively. As can be seen from the graph the antioxidant capacity values
decreased insignificantly (p > 0.05) in orange juice by both processed methods.
Arena et al. (2001) studied the total antioxidant activities of freshly squeezed
and processed orange juices; and measured them using the ABTS radical-cation
method. They reported that an antioxidant activity value was higher in freshly-
squeezed juices compared with processed orange juices. Fiore et al. (2005) did
not find differences in antioxidant activity of pasteurised and sterilised red
orange juices.

In the DPPH assay the antioxidant values were of 273.15, 263.04 and
259.67 mmol Trolox equivalent 100 ml™ in fresh frozen and then defrosted
orange juice, UHT and HTST processed orange juices respectively. The
antioxidant capacity was also determined using FRAP assay. The FRAP values
of antioxidants were of 55.22, 54.32 and 53.25 mmol Trolox equivalent 100 ml™
for fresh frozen and then defrosted UHT and HTST processed orange Navel
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juices respectively. Chosen methods for antioxidant capacity determination
didn’t show significant differences (p > 0.05) in orange juice samples processed
by HTST and UHT processing (Fig. 5.).
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Fig. 5. UHT and HTST processing effect on the antioxidant capacity
measured by FRAP andDPPH in Navel orange juice /
5. att. UHT un HTST apstrades ietekme uz, antioksidanta kapacitati, ko mera
(FRAP un DPPH metode) apelsinu Navel sula
OJ Fresh — Fresh frozen and then defrosted orange juice (control); Svaiga, saldéta un p&c
tam atkausgta apelsinu sula (kontrole);
OJ HTST - high temperature short time pasteurised fresh frozen and then defrosted
orange juice; pasterizéta ar augstu temperatiiru islaicigi saldéta un péc tam atkauséta
apelsinu sula;
OJ UHT - ultra high temperature treated fresh frozen and then defrosted orange juice;
ultrasterilizacijas apstradata svaiga, saldéta un p&c tam atkaus&ta apelsinu sula.

The results showed that juice contained higher concentration of vitamin C,
and phenolic compounds have a higher antioxidant capacity. Literature dates
suggest changes in individual antioxidants. Davidov-Pardo et al. (2011) studied
some individual antioxidant in grape seed extract, using different treatment
methods. The results showed that the individual antioxidants behaved
differently during heating but they not showed significant changes on total
antioxidant capacity after thermal treatment.

Grouped statistics show that ABTS correlates directly with the vitamin C,
total phenols, carotenoids and hesperidin (r = 0.688; r = 0.563; r = 0.802;
r = 0.511 respectively). In the test with DPPH radical and by FRAP method
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clearly correlated (r = 0.993; r = 0.999; r = 0.960 and r = 0.899; r = 0.961; and
r = 0.817) with the vitamin C, carotenoids and flavonoids respectively.

5. Impact of UHT processing on chemical parameters, bioactive
compounds and antioxidant capacity in sea buckthorn juices and blended
orange-sea buckthorn juices

UHT processing effect on chemical parameters, bioactive compounds and
antioxidant capacity in sea buckthorn juices

Fresh sea buckthorn fruits contain significant amounts of bioactive
compounds such as vitamin C and greatly high vitamin E content, carotenoids,
phenolic compounds and so on. These parameters were used to prepare blended
juices with high antioxidant capacity value. Sea buckthorn juices same as
orange juices is sensitive to heat and content of bioactive compounds and fresh
aroma may be lost or damaged by exposure to heat.

In this study the experimental results of the chemical parameters of UHT
processed sea buckthorn juices ‘Leikora’, ‘Hergo’ and ‘Botanicheskaya-
Lubitelskaya’ are shown in the Table 3.

Table 3 /3. tabula

Chemical parameters of fresh and UHT processed sea buckthorn juices /
Svaigu un UHT apstradatu smiltserkSku sulu kimiskie parametri

Samples / Paraugi To:cal SOJl_Jble Solids / Total acidity / Ratio /
SkistoSas sausnas . ~ L
om p Kopeéja skabe,% | Attieciba
saturs,°Brix
‘Leikora’
Fresh / Svaiga sula 7.16 £ 0.15° 3.64 +0.04% 1.97
UHT / UHT apstrade a a
(130°C 2s) 7.29 £0.15 3.66 +0.04 1.99
‘Hergo’
Fresh/ Svaiga sula 5.98 +0.15° 2.72 £0.04° 2.20
UHT / UHT apstrade b b
(130°C 25) 6.11 +0.15 2.77+0.04 2.21
‘Botanicheskaya-L ubitelskaya’
Fresh/ Svaiga sula 8.65+0.15° 3.12 +0.04° 2.77
UHT / UHT apstrade c c
+ +
(130 °C 2's) 8.98 + 0.15 3.18 £ 0.04 2.82

Column values with different online letters (a, b, c) are significantly different (p > 0.05)
/ Kolonnas vertibas ar dazadam tiessaistes burtiem (a, b, c) batiski atskiras (p 0.05).
Results were presented as “means * standard error (n = 4) / Rezultati tika uzraditi ka
"nozimé =+ standarta k/zda (n = 4)
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Total soluble solid content (TSS) in fresh sea buckthorn juices of different
varieties was found within the range of 5.98 to 8.65 °Brix. Out of these sea
buckthorn samples maximum TSS was found in the sample ‘Botanicheskaya-
Lubitelskaya’ sea buckthorn juice. The highest acidity (TA) was ascertained in
sea buckthorn Leikora juice (3.64%). After UHT processing the content of TSS
and TA slightly increased in all analysed samples of sea buckthorn juices, but
changes was not significant (p > 0.05).

Vitamin C content. The berries of sea buckthornare a rich source of
vitamin C which in the species of European origin can be from 28 to 310 mg
100 g, subspecies fluviatis from 460 to 1330 mg 100 g™, but subspecies
sinensis from 200 to 2500 mg 100 g (Antonelli et al., 2005; Tang, 2002;Yao
et al., 1992). The effect of UHT processing on stability of vitamin C is shown
in Figure 6.
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Fig. 6. The content of vitamin C in fresh and UHT processed seabuckthorn
juices
6. att. C vitamina saturs svaigas un UHT apstradatas smiltsérkSku sulas

UHT processing slightly cut down the content of vitamin C in all processed
sea buckthorn juices if compared to its content in fresh juices. The study results
showed that retention of vitamin C after UHT treatment was 93, 92 to 91% in
‘Leikora’, ‘Hergo’ and ‘Botanicheskaya-Lubitelskaya’ species of sea buckthorn
juices respectively. The retention of vitamin C in the ‘Leikora’ juice was a little
higher, but not significant (p > 0.05) and this may be explained due to the fact
that the total acidity in Leikora juice was somewhat higher.

Total phenolics content. The results of study demonstrated highest content
of total phenolics compounds (287.45 mg 100 ml™) in Leikora’ sea buckthorn
juice, but in the juices ‘Hergo’ and ‘Botanicheskaya-Lubitelskaya’ it was
considerably lower — 184.89 and 117.66 mg 100 ml™ respectively (see Fig. 7).
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Fig. 7. The content of total phenolics compounds in fresh and UHT
processed sea buckthorn juices /
7. att. Kopéjo fenolu saturs svaigas un UHT apstradatas smiltsérkSku sulas

The content of total phenolics compounds in all varieties of sea buckthorn
juices processed by UHT a little decreased although this decrease was not
significant (p > 0.05).

Total carotenoids. Sea buckthorn juice contains large amount of
carotenoids and vitamin E, which ensure the colour intensity of sea buckthorn
berries from yellow to red. UHT processing effect on the carotenoid and
vitamin E content in different seabuckthorn juices was quantified in our studies
(2vaigzne, et al., 2014). The results are presented in Figure 8.
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Fig. 8. The content of total carotenoids and vitamin E in fresh and UHT
processed sea buckthorn juices /
8. att. Kopéjo karotinoidu un E vitamina saturs svaigas un UHT apstradatas
smiltserkSku sulds
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The highest content of total carotenoids was found in the sea buckthorn
‘Leikora’ juice (9.70 mg 100 ml™) while in ‘Hergo’ and ‘Botanicheskaya-
Lubitelskaya’ juices it was lower — 5.46 and 7.03 mg 100 ml™ respectively. In
all analysed sea buckthorn juices processed by UHT processing the content of
total carotenoids decreased about 10 %.

Vitamin E. An important compound in the sea buckthorn juices is vitamin
E. The highest content of vitamin E was found in the sea buckthorn ‘Leikora’
juice (12.38 mg 100 mI™), while in ‘Hergo’ and ‘Botanicheskaya-Lubitelskaya’
juices it was significantly lower — 6.32 and 6.74 mg 100 ml™ respectively (see
Fig. 8.) After treatment by UHT the content of vitamin E slightly increased but
the increase was insignificant (p > 0.05).

Antioxidant capacity. The antioxidant capacity in different species of sea
buckthorn juices was determined using three measurement methods: DPPH,
FRAP and ABTS. The results are shown in the Table 4.

Table 4 /4. tabula

Antioxidant capacity in fresh and UHT processed sea buckthorn juices /
Antioksidantu aktivitate svaigas un UHT apstradatas smiltserkSku sulas

Sea buckthorn Antioxidant capacity / Antioksidantu aktivitate
samples / Treatment / DPPH | FRAP | ABTS
smiltserkSku Apstrade mmol Trolox equivalent 100 mI™*
sulasparaugi

“Leikora’ Fresh 1236.55 + 11.36° | 203.82 +0.88° | 0.37 +£0.02°

UHT 1097.65 +21.11% | 182.29 +0.76° | 0.34 +0.04°

‘Hergo’ Fresh 617.41 +22.68% | 100.76 + 1.00° | 0.21+0.01%

UHT 549.48 +19.06° | 89.07 + 2.15° 0.19 +0.03*

‘Botanicheskaya- Fresh 429.66 + 4.86° 82.89 £ 0.50° | 0.13+0.05°

Lubitelskaya’ UHT 400.09 + 17.47° | 72.68 + 2,53 0.11+0.01%

Column values with different online letters (a, b, c) are significantly different (p > 0.05)
/ Kolonnas vertibas ar dazadam tiessaistes burtiem (a, b, c) batiski atskiras (p 0.05).
Results were presented as “means * standard error (n = 2) /

Rezultati tika uzraditi ka "nozime + standarta k/izda (n = 2)

The results of three used antioxidant capacity measuring methods showed
similar tendence values in all analysed juice samples. After UHT processing the
values of antioxidant capacity in all analysed juices decreased which is linked
to vitamin C and total phenolics compounds decrease in the sea buckthorn
juices after treatment by UHT however, this decrease was not significant
(p>0.05).
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UHT processing effect on chemical parameters, bioactive compounds and
antioxidant capacity in blended orange-sea buckthorn juices

UHT processed Navel orange juice was blended with UHT processed
‘Leikora’, ‘Hergo’ and ‘Botanicheskaya-Lubitelskaya’ varieties of sea
buckthorn juices. The content of sea buckthorn juice was 10%, and juices were
prepared without any addition of sugar or other sweetners. All blended juices
were compared with Navel orange juice as a control sample. The results of the
chemical parameters of the three mixed juice samples are shown in the Table 5.

Table 5 /5. tabula

Chemical characteristics of blended orange-sea buckthorn juices processed
by UHT /
UHT apstradato jaukto apelsinu-smiltserkSku sulu kimiskas ipasibas

Control Navel-
Parameters / (Navel juice) / Navel- Navel-Hergo | Botanicheskaya
Raditaji Kontrole Leikora Lubitelskaya
(Navel Skirnes sula)
TSS, °Brix 11.60 +0.10° 11.23+0.05" | 11.10 +0.03° | 11.04 +0.35°
TA, % 0.80 + 0.04° 1.09 +£0.00° | 0.99 +0.03° 0.96 + 0.00°
Ratio 14.50 11.10 11.15 11.70

Column values with different online letters (a, b,c) are significantly different (p > 0.05) /
Kolonnas vertibas ar dazadam tiessaistes burtiem (a, b,c) batiski atskiras (p 0.05).
Results were presented as “means + standard error (n = 2) / Rezultati tika uzradtti ka
"nozimé =+ standarta k/zda (n = 2)

Addition of sea buckthorn juice to orange juice has decreased the TSS
values in blended juices compared with control sample but decreases were not
significant by an average of 5%. In terms of total acid, in blended juices the
acidity increased significantly in all samples of mixed orange - sea buckthorn
juices.

The content of vitamin C in the blends orange-sea buckthorn juice Navel-
Leikora and Navel-Hergo increased more than two times and in Navel-
Botanicheskaya-Lubitelskaya blend content of vitamin C increased per 26%
(see Fig. 3.31). (see Fig. 9).

26




Vitamin C / C vitamina saturs,
mg 100ml !

120

100

]
=]

(=)
=]

=y
]

[
]

]

107.02

On-0s
FET

62.8
49.79 I

Navel control Navel-Leikora Navel-Hergo Navel - Bot.Lub

Samples / Paraugi

Fig. 9. Content of vitamin C in blended orange-sea buckthorn juices and

orange (control) juice processed by UHT /

9. att. C vitamina saturs UHT apstradas jauktas apelsinu-smiltsérkstu un

apelsinu (kontrole) sulas

The high content of total carotenoids in sea buckthorn juice significantly
increased of total carotenoids content in blended juices. In the blended juices of
Navel-Leikora, Navel-Hergo and Navel-Botanicheskaya-Lubitelskaya greatly
increased till 2.30, 1.87 and 2.01 mg 100 mI™ (p < 0.05) respectively and 1.59
mg 100 mlI™ in Navel orange juice.
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Fig. 10. Content of total carotenoids and vitamin E in blended orange-sea

buckthorn juices and orange (control) juice processed by UHT /

10. att. Kopéjo karotinoidu un E vitamina saturs UHT apstradas jauktas

apelsinu-smiltserk$tu un apelsinu (kontrole) sulas
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Blended orange-sea buckthorn juices received additionally high vitamin E
content (see Fig. 10). Vitamin E content in the Navel-Leikora juice was
significantly higher (1.23 mg 100 ml™) than its content in Navel-Hergo and
Navel-Botanicheskaya-Lubitelskaya blended samples (0.64 and 0.78 mg
100 ml™Y) respectively. At the same time vitamin E content was significantly
higher (p < 0.05) in all blended juices compared with control sample containing
minimal vitamin E amount.

In the Navel orange juice (control) sample the total amount of total
phenolics compounds was 99.46 mg 100 ml™ (see Fig. 11) and this amount
differed significantly (p < 0.05) in two blended orange-sea buckthorn juices.
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Fig. 11. Content of total phenolics compounds in blended orange-sea
buckthorn and orange (control) juices processed by UHT /
11. att. Kopejo fenola savienojumu saturs UHT apstradas jauktas apelsinu-
smiltserkSku un apelsinu (kontrole) sulas

The content of phenolics compounds increase in Navel-Leikora and Navel-
Hergo sea buckthorn juices to 20% and 16 % respectively compared with
control sample. The blended juice sample of Navel-Botanicheskaya-
Lubitelskaya show not significant difference in total phenol compared with
control sample.
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12. att. Antioksidantu aktivitate (ABTS metode) UHT apstradas jauktas
apelsinu-smiltserk$éu un apelsinu (kontrole) sulas

Values of antioxidant capacity in the blended orange-sea buckthorn juices
were observed significantly higher (p < 0.05) compared with control sample of
orange juice (see Fig. 12. and Fig. 13). The sample of Navel-Leikora blended
juice showed a higher antioxidant capacity value measured by all analysed
methods. As can be seen from the results described above Navel-Leikora
blended juice contained higher content of vitamin C, total phenols, total
carotenoid and vitamin E.
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Fig. 13. Antioxidant capacity measured by DPPH and FRAP in blended
orange-sea buckthorn juices and orange (control) juice processed by UHT/
13. att. Antioksidantu aktivitate (DPPH un FRAP ABTS metode) jauktas
apelsinu-smiltserkSéu un apelsinu sulas (kontrole)
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No data were found in the literature about the antioxidant capacity of orange
and sea buckthorn blended juices. Hu et al. (2015) studied the impact of
different ratio in mixed pepper-orange juice and used for further high pressure
(HPP) and high temperature short time (HTST) processing on quality
parameters. They reported that values of antioxidant capacity agrees with
content of total phenolic compounds and ascorbic acid, for analyse they were
used methods of DPPH and FRAP.

The results of studies demonstrated the adequacy of UHT processing for
successful thermal treatment of orange and sea buckthorn juices provided that
changes in chemical parameters, bioactive compounds and antioxidant values
will not be substantial (p > 0.05).

6. The sensory evaluation of orange juice and orange-sea buckthorn juices
processed by UHT treatment

Sensory evaluation of fresh defrosted, HTST and UHT processed orange
Navel juice in terms of overall and flavour characteristic were determined using

a consumer acceptability test based on a 9-point hedonic scale. Figure 14
presents the results of this study.

UHT Navel
HTST Navel

Control

0 1 2 3 4 5 6 7 8 9
Hedonic scale / Hedoniska skala
Flavour and aroma ™ Overall

Fig. 14. Results of hedonic evaluation of fresh frozen then defrosted
(Control), HTST and UHT processed orange Navel juices /

14. att. Svaiga sasaldéta péc tam atkauséta (Control), HTST un UHT

apstradatas Navel apelsinu sulas hedoniska verteSanas rezultati

* Consumer Acceptance Testing (n=14); 9 point hedonic scale: 9=like extremely, 8=like
very much, 7=like moderately, 6=like slightly, 5=neither like nor dislike, 4=dislike
slightly, 3=dislike moderately, 2=dislike very much, and 1=dislike extremely.
Vertetaju skaits (n = 14); 9 punktu hedoniska skala: 9 = seviski patik, 8 = loti patik,
7 = patik méreni, 6 = mazliet patik, 5 = ne patik, ne nepatika 4 = gandriz nepatik,
3 =nedaudz nepatik, 2 = loti nepatik un 1 = seviski nepatik.

In overall terms and flavour characteristics, the “control” sample (fresh
unfrozen orange) was located in the "extremely like" part of hedonic scale with
8.5 and 8.1 scores, while UHT processed orange juice was evaluated in the
"like moderately" part of the hedonic scale with 7.8 and 7.4 scores respectively.

30



The sample of “conventional thermal pasteurised orange juice” was evaluated
in the "like slightly” part of the hedonic scale with 6.2 (overall) and 6.0
(flavour-aroma) scores respectively. The native quality parameters of fresh
juice make them more vulnerable to the processing and this allows panellists
more readily detect sensory differences. The results showed that sensorial
characteristics of orange juices were not changed significantly (p > 0.05) after
both heat processing technologies, but orange juice processed by UHT
technology was more liked than HTST technology processed orange juice. The
sample of orange juice processed by UHT technology in overall and flavour
scores was closer to fresh defrosted orange juice scores. However 30 % of
panellists noted the unacceptability of the sedimentation.

A second objective of this study, was sensory evaluation of the blended
orange (Navel) and seabuckthorn juices (Leikora, Hergo and Botanicheskaya-
Lubitelskaya), processed by UHT technology and according to the consumer
acceptability study test based on a 9-point hedonic scale (see Fig. 15).

Navel-Bot.Lub.
Navel-Hergo
Navel-Leikora

Control

0 2 4 6 8 10

Hedonic scale / Hedoniska skala

Fig. 15. Results of hedonic evaluation of orange-sea buckthorn juices
processed by UHT /
15. att. UHT apstradatas apelsinu smiltserksku sulas hedoniskais
novertejums

* Consumer Acceptance Testing (n=14); 9 point hedonic scale: 9=like extremely, 8=like
very much, 7=like moderately, 6=like slightly, 5=neither like nor dislike, 4=dislike
slightly, 3=dislike moderately, 2=dislike very much, and 1=dislike extremely.

Vertetaju skaits (n = 14); 9 punktu hedoniska skala: 9 = seviski patik, 8 = loti patik,
7 = patik méreni, 6 = mazliet patik, 5 = ne patik, ne nepatika 4 = gandriz nepatik,
3 = nedaudz nepatik, 2 = loti nepatik un 1 = seviski nepatik.

As it can be seen the control sample was liked more than the blended
orange-sea buckthorn juice samples. In terms of overall characteristics it was
located in the “like moderately” part of the hedonic scale with a 7.6 score.
While the blended orange-sea buckthorn juices (Navel-Hergo and Navel-
Botanicheskaya-Lubitelskaya) samples were evaluated in the “like slightly”
part of the hedonic scale with 6.1 and 6.4 (Navel- Leikora and Navel-
Botanicheskaya-Lubitelskaya) respectively. However, the blended Navel-Hergo
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sample was located in the “like moderately” part of the hedonic scale with a 7.2
score. In this study no visible colour changes was identified in all blended juice
samples. Nevertheless one of the problems which the experts may encounter is
delamination of juices produced by UHT processing technology. More resistant
to delamination was Navel-Leikora blended juice. This problem should be
prevented by homogenization of blended samples.

CONCLUSION

1. Physicochemical parameters and bioactive compound’s content in summer
variety Valencia and winter variety Navel orange fruits are different and
they changed during maturity stage: the content of total acidity (TA) and
yield in both orange varieties of juices decreased, while total soluble solids
(TSS) and their ratio (TSS/TA) as well as individual sugars, total carotenoid
and R-carotene content gradually increases. Vitamin C, total phenolics
compound and hesperidin in fresh frozen then defrosted orange juices
decreased during maturation. The content of vitamin C and antioxidant
capacity is higher in winter Navel variety of orange juice by the side of
summer variety, in which the total carotenoids and B-carotene content is
higher. The antioxidant capacity decreased in both varieties of orange juices
during maturation.

2. High temperature short time (HTST) processing showed not significant
influence on the chemical parameters however had an effect on bioactive
compounds content and antioxidant capacity. Significant changes of
bioactive compounds were in both HTST pasteurised orange juices: not
from concentrate (NFC) as well as reconstituted from concentrate (OJFC)
orange juices compared with fresh frozen then defrosted orange juice. In
both varieties of pasteurised orange juices vitamin C, total phenolics
compounds and antioxidant capacity significantly decreased (p < 0.05) but
the water soluble pectin and total carotenoid content slightly increased, the
changes in B-carotene content were not significant (p > 0.05).

3. During one year refrigerated storage (5 + 2 °C) of pasteurised (HTST) Navel
and Valencia NFC orange juices in aseptic packaging the changes in TSS
and TA were insignificant (p > 0.05). Vitamin C, total phenolics
compounds, hesperidin, total carotenoids, R-carotene and water soluble
pectin content showed significant changes (p < 0.05).

4. Experimentally has been proved that between efficiency of HTST and UHT
processing the changes of bioactive compounds and antioxidant capacity
were not significant (p > 0.05). However in orange juice processed by UHT
method the content of hesperidin significantly increased (p < 0.05), whereas
total content of carotenoids decreased significantly as a result of both
processing methods (p < 0.05) compared with fresh frozen and then
defrosted juice.
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5. Blended orange-sea buckthorn juice is enriched with extra vitamin C more
than two times compared with control sample (orange juice) and blended
juices are also improved with the vitamin E, the content of which is very
insignificant in orange juice. The blending of orange and sea buckthorn
juices provides the product with high content of bioactive compounds and
elevated antioxidant capacity, as well expands the range of juices on the
market with orange-sea buckthorn juice processed by UHT technology.

6. Organoleptic quality of UHT processed orange juice is comparable wit fresh
orange juice. The blended orange-sea buckthorn juices processed by UHT
technology satisfy the sensory attributes and consumer requirements in taste
and preferences and can be recommended for commercial production.

7. The hypothesis proposed in the research: “Thermal processing of orange
and sea buckthorn juices by Ultra high temperature (UHT) treatment retains
the bioactive compounds, antioxidant capacity and ensures unaffected
sensory attributes” has proved to be right.
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PETIJUMA AKTUALITATE

"Auglu sulu un nektaru paterin$ ped&jos gados ir palielinajies, galvenokart
tapec, ka paterétajiem ir lielaka izpratne par to, cik svarigi ir izvéleties veseligu
partiku, lai samazinatu slimibu attistibas risku un uzlabotu dzives kvalitati"
(Carbonell-Capella et al. 2015).

Apelsinu augli un apelsinu sulas jau sen tiek novértétas par to labveligajam
baribas vielam un antioksidantu Ipasibam. C vitamina, flavonoidu un
karotinoidu biologiska aktivitate ir pétita daudzos testos. (Burns et al, 2003;
Cassano et al., 2003; Gardner et al., 2000; Kurowska et al., 2000;
Lichtenthaler, Marx, 2005; Topuz et al., 2005). Daudzi p&tijumi liecina, ka ne
tikai biologiski aktivas vielas, bet ar §kisto$as un neskistosas digtiskas Skiedras
apelsinos ir efektivas, lai samazinatu véza, aptaukoSanas un daudzu citu
hronisku slimibu risku (Bazzano et al., 2002; Borradaile et al., 2002; Liu et al.,
2001; Miyagi et al., 2000; Poulose et al., 2005; Slattery et al., 2000).

Partikas nozar€ joprojam tiek izmantotas vairakas konservéSanas metodes,
lai garantétu partikas mikrobiologisku nekaitigumu. Termiskas apstrades
metodes, piem@ram, pasterizacija, sterilizacija un Skidrumu koncentrésana,
joprojam ir popularas un tas izmanto partikas razos$ana, lai garantetu ari
apelsinu sulas mikrobiologisku droSumu. "Patlaban partikas rupnieciba vélas
aizstat tradicionalas saglabasanas metodes ar progresivam termiskam un ne-
termiskam tehnologijam, ar kuram var raZot augstas kvalitates partikas
produktus ar lielaku energoefektivitati un draudzigakus videi " (Kulwant et al.,
2012)

Latvija apelsinu sulu razotaji galvenokart piegada saldétas (FCOJ) vai
koncentrétas apelsinu sulas aseptiska iepakojuma. Tomér péd&jos gados
paterétaji arvien biezak izvélas ta dévétos "svaigus" produktus, piem&ram,
svaigi spiestu sulu. Pasterizéta apelsinu sula, nevis no koncentrata (NFC), péc
garSas ir labaka par atjaunotam sulam, un paterétaji dod prieksroku apelstnu
sulai, kura nav no koncentrata (NFC), jo tai piemit labakas organoleptiskas
pasibas. Moderno tehnologiju un iepakojuma materialu attistiba tagad klast par
realitati, kas lauj razot un piegadat NFC sulas no razotajvalstim uz visam
Eiropas valstim un palielinat apelsinu sulas razosanas apjomus un kvalitati Iidz
svaigas sulas Iimenim. Ultra-augstas temperaturas (UHT) apstrades tehnologija
ir pievilciga tadgjadi, lai pagarinatu apelsinu sulas glabasanas laiku un drosibu,
vienlaikus saglabajot svaigas apelsinu sulas sensoras Ipasibas. Tomér Iidz Sim
zinatniskaja literatird nav atrasti pétijumi par UHT apstrades tehnologijas
ietekmi uz apelsinu sulas fizikalajam un kimiskajam 1pasibam un galvenokart
bioaktivajam vielam. Situacijas parskats dod lielisku iesp&ju formulét
promocijas darba hipotgzi.

Promocijas darba hipotéze: Ultra-augstas  temperatiras (Ultra -High
Temperature - UHT) apstrades procesa apelsinu un smiltseérkSku sulas

34



saglabajas biologiski aktivas vielas, antioksidantu aktivitate, ka ari sulu

raksturojosas sensoras 1pasibas.

Promocijas darba hipotézi pierada ar §adam aizstavamam tézém:

1. fizikali-kimiskie parametri, biologiski aktivas vielas un apelsinu sulas
antioksidantu aktivitate ir atkarigi no apelsinu Skirnes, nobrieSanas un razas
novaksanas laika;

2. sulu apstrades tehnologija ietekmé kimiskos parametrus, biologiski aktivas
vielas un antioksidantu aktivitati,

3. glabasanas apstakli un iepakojums ietekmé apelsinu sulu kimiskos
parametrus, biologiski aktivas vielas un antioksidantu aktivitati;

4. apelsinu sulas apstrade Ultra-augsta temperatiira (UHT) salidzinajuma ar
augstas temperatiras islaicigu laiku (HTST) apstradi labak nodroSina
kKimisko parametru, biologiski aktivo vielu saglabasanos un antioksidantu
aktivitati;

5. Biologiski aktivas vielas un antioksidantu aktivitate apelsinu sula palielinas,
pievienojot tai smiltsérksku sulu;

6. sulu apstrade ultra-augsta temperatiira (UHT) nodroSina to sensoras ipasias,
lidzigas svaigai sulai.

Petijuma objekts: Griekijas vasaras Valencija un ziemas Navel $kirnes
apelsinu augli (Citrus sinensis L.) un sulas, smiltsérksku (Hippophae
rhamnoides L.) ‘Leikora’, ‘Hergo’, ‘Botanicheskaja-Lubitelskaja’ $kirnu
svaigas sulas.

Promocijas darba merkis: izvertet ultrapasterizacijas temperatiras (UHT)
apstrades procesa ietekmi uz bioaktivajam vielam un to antioksidantu aktivitati
apelsinu, smiltsérksku un jauktas apelsinu-smiltsérksku sulas.

Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

1. noteikt kimiskos parametrus un biologiski aktivas vielas svaiga sasaldéta
pec tam atkaus@ta apelsinu sula, kas iegiita no ziemas Navel un vasaras
Valencia Skirpu apelsinu augliem novakSanas laika dazadas gatavibas
stadijas;

2. analiz&t augstas temperatiiras Tslaiciga laika (HTST) ietekmi uz kimiskajiem
parametriem, bioaktivo vielu un antioksidantu aktivitati ne no koncentrata
(NFC) un no koncentrata atjaunotas (OJFC) apelsinu sulas;

3. izpétit ne no koncentrata (NFC) augsta temperatiira islaiciga laika (HTST)
pasterizétas apelsinu sulas kimisko parametru, biologiski aktivo vielu un
antioksidantu aktivitates izmainas uzglabasanas laika aseptiska iepakojuma
atdzeseta vidg;

4. vertet UHT un HTST apstrades metozu ietekmi uz kimisko parametru,
biologiski aktivo vielu un antioksidantu aktivitati apelsinu sulas;

5. skaidrot UHT procesa ietekmi uz bioaktivam vielam un antioksidantu
aktivitati smiltsérksku sulas un apelstnu-smiltsérksku sulu maistjumos;
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sensori izveértet UHT rezima apstradatu apelstnu un jauktu apelsinu-
smiltseérksku sulu Tpasibas.

Promocijas darba novitate un zinatniskais nozimigums:

pirmo reizi Latvija pétiti apelsinu sulas kvalitates raditaji dazados auglu
nogatavoSanas periodos un razas novaksanas gatavibas stadija;

novertéta dazadu sulu apstrades procesu un uzglabasanas apstaklu ietekme
uz Kimiskajiem parametriem, biologiski aktivajam vielam un apelsinu sulas
antioksidantu aktivitati ripnieciska meroga;

pirmo reizi zinatniski izvérteéta UHT metodes piemérotiba apelsinu sulas
termiskai apstradei;

izstradati jauni produkti (apelsinu-smiltsérksku sulu maisijums) ar augstu
biologiski aktivo vielu saturu, izmantojot UHT apstradi.

Promocijas darba tautsaimnieciska nozimiba:

petjumi par UHT apstrades metodes piemerotibu apelsinu sulas
steriliz€Sanai piedava iespgju Latvija no raZzotajvalstim arzemés piegadat
apelsinu sulu ne no koncentrata (NFC), kuru viet§jos sulu razoSanas
uznémumos var pildit paterétaju iepakojuma;

UHT apstrade var biit alternativa apelsinu, smiltsérksku un jaukto apelsinu-
smiltsérksku sulu tradicionalas pasterizacijas (HTST) metodei. Minéta
apstrades  panémiena ietekmé notieck enzimu denaturacija un
mikroorganismu inaktivéSana, ieglistot sulas ar pagarinatu realizacijas
terminu un dabigai sulai lidzigam sensoram Ipasibam;

Jauktas apelsinu-smiltsérksku sulas razoSana, izmantojot UHT apstrades
metodi, var paplasinat viet&ja sulu tirgli produktu ar augstu biologiski aktivo
vielu saturu un paaugstinatu antioksidantu aktivitati sortimentu.

ZINATNISKA DARBA APROBACIJA

Pétijuma rezultati ir apkopotill recenz€tos zinatniskos izdevumos,

ieskaitot piecas publikacijas, kas indeks&tas starptautiski cit€jamas datu bazes
SKOPUS un Web of Science.

MATERIALI UN METODES

Pétijuma laiks un vieta
Eksperimenti veikti laika posma no 2009. 1idz 2015. gadam:

BIOFRESH S.A. — Juice and concentrate Production Company, Griekija,
UBF GmbH - Investigative consulting Research Laboratory GmbH in
Altlandsberg, Vacija,

Latvijas Lauksaimniecibas universitate, Jelgava, Latvija,

Latvijas Valsts Auglkopibas institiits, Dobele, Latvija.
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Pétijuma izmantotie materiali:

P&tijuma objekti:

o apelsini (Citrus sinensis L.) un apelsinu sulas, kas ieglitas no vasaras §kirnes
Valencia un ziemas skirnes Navel augliem komercialas apelsinu parstrades
rupnica S.A. Biofresh S.A., Griekija. Svaiga sula sasaldéta un nogadata
zinatniski petnieciskaja laboratorija GmbH in Altlandsberg, Vacija, sula
pirms eksperimentiem defrostéta, turpmakajos p&tijumos lietots apzimgjums
,Svaiga sasald@ta, p&c tam atkauseta sula”.

Papildus tika izmantotie materiali:

e svaiga saldSta apelsinu sula, pasterizéta apelsinu sula ne no koncentrata
(NFC) un no koncentrata atjaunota apelsinu sula (OJFC);

e vacu Skirnu ‘Leikora’ un ‘Hergo’ un Latvijas ‘Botanicheskaya-Lubitelskaya’
Skirnes svaigas smiltsérksku (Hippophae rhamnoides L.) sulas.

Iepakojuma materiali

Aseptikais iepakojums bag-in-box (tilpums 1000 ml un 5000 ml), ko izmanto,
sulu glabasanai razoSanas apstaklos. Stikla burkas ar skriivéjamo vacinu
(tilpums 150 ml JPG tipa), ko izmanto HTST un UHT apstrado eksperimentalo
paraugu uzglabasanai pirms analizésanas.

Pétijuma struktiira
P&tfjums veikts divos posmos:

I posms - fizikali Kkimisko parametru, biologiski aktivo vielu un
antioksidantu aktivitates novértéjums: nogatavinaSanas un razas
novakSanas laika, péc sulas parstrades ar dazadam metodém un sulas
uzglabasanas laika aseptiska iepakojuma riipnieciska méroga.

Pirmais peétijuma posms tika veikts apelsinu parstrades rupnica Griekija
razoSanas uzpeémuma laboratorija. Fizikali kimisko parametru novertgjums,
tadu ka: sulas saturs (iznakums), kopgjais sausnas saturs (TSS), kopg&jo skabju
saturs (TA), to savstarp&ja attieciba TSS /TA un C vitamina saturs apelsinu
sulas (Navel un Valencia) tika analizéts dazados razas novak$anas periodos
(divos razas novakSanas gados). Sulas no razoSanas linijas Griekija sasaldéta
veida tika piegadatas Vacijas UBF laboratorija, kur tas atkaus€ja un noteica
bioaktivo vielu saturu (C vitaminu, kop€jo fenolu saturu, hesperidinu, kop€jo
karotinoidu, B-karotinu un pektinu) un antioksidantu aktivitati, ka arT péc
apelstnu sulu apstrades ar dazadam metodem, ka arT sulas uzglabasanas laika.
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Il posms - noveértet UHT apstrades ietekmi uz kimiskajiem parametriem,
biologiski aktivajam vielam un antioksidantu aktivitati apelsinu sula,
smiltsérksku sula un jaukta apelsinu-smiltsérksku sula.

Petfjuma otrais posms tika veikts, lai salidzinatu divu apstrades metozu:
augstas temperattiras Tslaiciga laika (HTST, t = 94 °C, 30 s) pasterizacija un
alternativas ultra-augstas temperatiras (UHT, t = 130 °C, 2 s) apstrades ietekmi
uz kimiskajiem parametriem, biologiski aktivajam vielam un antioksidantu
aktivitati. Svaigas apelsinu sulas sensoras Ipasibas salidzinatas ar HTST un
UHT procesa apstradatu apelsinu sulu 1pasibam. Tika definéta UHT apstrades
ietekme uz apelsinu sulu un dazadu Skirpu smiltsérk$ku sulu un jauktajas
apelsinu-smiltsérk§8ku sulas kimiskajam parametriem, biologiski aktivam
vielam un antioksidantu aktivitati, ka arT pec ekspertu vertgjuma noteiktas
apelsinu sulas (kontrole) un jaukto apelsinu-smiltsérksku sulu sensoras Ipasibas
péc apstrades UHT reZima.

REZULTATI UN DISKUSIJA

1. Kimisko parametru, biologiski aktivo vielu un antioksidantu
aktivitates novértéjums apelsinu Navel un Valencia Skirnes sulas
nobrieSanas un novakSanas laika ripnieciska méroga

Kimisko parametru un bioaktivo savienojumu izmainas svaigas sasaldétas
péc tam atkausétas Navel un Valencia Skirnu apelsinu sulas tika vértétas auglu
ievakSanas laika dazados brieduma posmos: agra stadija - sezonas sakuma,
sezonas vidi, kad augli bija nobriedusi, un sezonas beigas, kad augli bija pilnigi
nobriedusi (pargatavojusies). P&tjjuma rezultati paradija, ka vasaras Skirpu
Valencia un ziemas S$kirnes Navel apelsinu fizikali kimiskie parametri un
biologiski aktivo savienojumu saturs atSkiras un mainas nogatavinasanas laika.
Kopgjais skabuma saturs (TA) un sulas iznakims abu apelsinu $kirnu sulas
samazinas, bet kopgjais sausnas saturs (TSS) un to attieciba (TSS/TA), ka art
atseviSku cukuru saturs ieverojami palielinas (p < 0.05). C vitamina, kopgjo
fenolu saturs, hesperidina un tideni $kistosa (WS) pektina saturs apelsinu sulas
samazinajas (p < 0.05). Nogatavosanas laika kopgjais karotinoidu un B-karotinu
saturs ieverojami palielingjas (p < 0.05). C vitamina un antioksidantu aktivitate
bija augstaka Navel skirnes apelstnu sula. Antioksidantu aktivitate iev€rojami
samazinajas (p < 0.05) abu skirnu apelsinu sulas razas novaksanas laika. Iegiitie
rezultati liecinaja, ka brieduma pakapei ir bitiska ietekme uz apelstnu auglu un
sulu kimiskajiem parametriem un biologiski aktivajam vielam.

2. Apstrades tehnologiju ietekme uz kimiskajiem parametriem, bioaktivam
vielam un antioksidantu aktivitati daZadu apelsinu $kirnu sulas
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Tradicionala augstas temperatiiras islaicigas pasterizacijas (HTST) procesa
ietekmi uz kimiskajiem parametriem, bioaktivajam vielam un antioksidantu
aktivitati apelsinu sula ne no koncentrata (NFC) un atjaunoto apelsinu sulu no
koncentrata (OJFC) salidzinaja ar svaigu sasaldétu un péc tam atkausetu
apelsinu sulu (kontrole), kas iegiita ripnieciska méroga.

HTST procesa pasterizeétas divu Skirpu apelsinu sulas kopgja skistosas
sausnas (TSS) satura un kopgja skabuma (TA) izmainas nebija bitiskas
(p > 0.05). C vitamina, kopgjo fenolu saturs un antioksidantu aktivitate Navel
un Valencia NFC apelsinu sulas, salidzinajuma ar kontroli, samazinajas (p <
0.05). Visos sulu paraugos pasterizacijas HTST procesa laika WS pektina
saturs nedaudz palielindjas, bet pieaugums nebija nozimigs (p > 0.05). Kopgjais
karotenoidu saturs palielinajas abu $kirn apelsinu sulas: par 10% Navel NFC un
par 7% Valencia NFC apelsinu sulas. Abos apstradatajos Navel apelsinu sulu
paraugos P-karotina saturs palielindjas par 15%, turpretim Valencia sula
B-karotina izmainas bija nenozimigas (p> 0.05).

3. Kimisko parametru, bioaktivo vielu un antioksidantu aktivitates
dinamika pasterizétas NFC apelsinu sulas uzglabasanas laika

Apelsinu sulas kvalitate ir stingri balstita uz C vitamina novertéjumu
uzglabasanas laika (Esteve et al., 1996; Lee, Coates, 1999; Kabasakalis et al.,
2000; Alwazeer et al., 2003; Polydera et al., 2003; Zerdin et al., 2003).

Kimisko 1pasibu un bioaktivo vielu dinamikas p&tijums pasterizétas (HTST)
NFC apelsinu skirnu Navel un Valencia sulas tika veikts viena gada
uzglabasanas laika aseptiska iepakojuma maisos, turot ledusskapi 5 °C + 2 °C
temperatura.

Pirmajos 4 méneSos $kistosas sausnas (TSS) saturs nedaudz palielinajas abu
Skirpu apelsinu sulas NFC, tad palika nemainigs visa atlikuSaja uzglabaSanas
laika. Izmainas kop€ja skabuma (TA) satura abas NFC apelsinu sulas visa
uzglabasanas laika bija nenozimigas (p > 0.05). Tomér C vitamins, kopgjais
fenolu saturs, hesperidins, kopgjie karotinoidi, B-karotins un WS pektins
nozimigi (p <.0.05) mainijas.

Glabasanas laika pirmajos ¢etru ménesos sulas novéroti lielakie C vitamina
satura zudumi (NFC Valencia — 7.5%, NFC Navel — 8.4%). Uzglabajot 12
meénesus, C vitamina samazinaSanas bija aptuveni 1.3% ned€la, kopuma
attiecigi par 15% un 16%. P&tijuma rezultati ir saskapa ar datiem, kurus
ieguvusi zinatnieki Roig et al. (1999), Choi et al. (2002), Fan et al. (2002) un
Rodrigo et al. (2003a). ArT Kennedy et al. (1992), Zerdin et al. (2003) atziméja
C vitamina samazinasanos pétitajas tirdznieciba esosSajas apelsinu sulas. Roig
et al. (1995) zino, ka obligati nepiecieSams sulas glabat zema temperatira, lai
nodro§inatu L-askorbinskabes (C vitamins) maksimalu saglablalsanos. C
vitamina degradaciju pasterizeétas apelsinu sulas noverojusi vairaki autori
(Kabasakalis et al., 2000; Arena et al., 2001; Klimczak et al., 2006). Astonos
menesos apelsinu sula tika noverota ievérojama fenola satura samazinasanas
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(p < 0.05). Kopgja fenola savienojumu satura ipatniba bija neliels daudzuma
pieaugums pedgjo Cetru meénesu laika, bet §is pieaugums nebija nozimigs
(p-> 0.05). Tadel ir pienemums, ka p&c astoniem glabasanas meénesiem sakas
mehanisms, kas noved pie fenola savienojumu regeneracijas procesa. Kopgja
fenola satura noardiSanas uzglabasanas laika galvenokart saistita ar polifenola
oksidazes un peroksidazes atlieku aktivitati. Hesperidina saturs uzglabaSanas
laika ir samazinajies. UzglabaSanas beigas abas apelsinu $kirnu sulas konstatgja
nozimigu hesperidina satura samazina$anos (p <.0.05). Iesp&jams, ka péc
pasterizacijas vel eksisteé arT fermenti, kas izraisa hesperidina degradaciju.
Iespgjams, ka glikozidi tiek noskelti lidz aglokonam atbilstosai cukura
molekulai (ramnozei). Sadi secinajumi tika minéti dazadas atsaucés litratiira
(Sanchez-Moreno et al., 2003; Del Caro et al., 2004; Klimczak et al., 2007).

Literattura lielaka dala pieejamo pétfjumu ir saistiti ar sulu T1slaicigu
uzglabasanu aukstuma, pétot apstrades ietekmi uz apelsinu sulas biologiski
aktivajam vielam (Wibowo et al., 2015; Plaza et al., 2011; Esteve, Frigola,
2008), zinatnieki nov€roja nenozimigu kop&jo karotinoidu un individualo
karotinoidu sakotngjo vertibu samazinaSanos. Misu pétijuma atdzeseta
uzglabasana (5 £ 2 °C) kopgjais karotenoidu un B-karotinu satura samzinajums
abu $kirpu apelsinu sulas bija mérens (mazak neka par 20%). Plaza et al.,
(2011) zinoja par zudumiem (<11%) no kopgjiem karotenoidiem, salidzinagjuma
ar kop&jiem karotenoidiem uzglabasanas beigas (40 dienas). Udeni gkisto$a
(WS) pektina kopg€jais saturs abu Skirpu suldas samazinajas nenozimigi
(p > 0.05).

Antioksidantu aktivitate uzglabasanas laika ievérojami samazinajas
(p < 0.05) gan pasteriz&ta apelsinu sula Valencia, gan Navel $kirnes sula.
Antioksidantu aktivitates samazinasanas apelsinu Skinu Valencia NFC un
Navel sulas attiecigi bija 20% un 22%. Neliela atSkiriba starp abu skirgu NFC
sulam viena un taja pasa glabasanas temperatiira var bit saistita ar faktu, ka
sakotngji Navel NFC sula kopgjais skabju saturs bija lielaks, un tas veicinaja C
vitamina saglabasanos un tadgjadi arT antioksidantu aktivitates saglabasanu
uzglabasanas laika aukstuma. P&tTjuma dati liecina, ka antioksidantu aktivitate
atkariga no antioksidantu satura apelsinu sula, tapat, ka C vitamins, kopgjais
fenola saturs, hesperidins, kopgjie karotinoidi, B-karotins un pektins, un tie ir
ciesi saistiti.

4. UHT apstrades ietekme uz kimiskajiem parametriem, bioaktivam
vielam un antioksidantu aktivitati apelsinu sula

Literatira nav pietiekami daudz pétijumu par UHT apstrades ietekmi uz
biologiski aktivam vielam un apelsinu sula antioksidantu aktivitati, bet petijumi
par smiltsérksku sulas pievienoSanu apelsinu sulai vispar nav veikti. Tomer ir
vairaki pétijumi par UHT apstrades ietekmi uz abolu, granatabolu un
cukurniedru sulu biokimiskam vielam (Lewis et al., 2000; Sanchez-Vega et al.,
2009; Jittanit et al., 2011, Qu et al., 2014)
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TSS, TA un TSS / TA attieciba tika noteikta gan UHT apstradata, gan
pasterizeta HTST Navel Skirnes apelsinu sula un salidzinata ar saldétu un péc
tam atkaus&tu (kontrole) apelsinu sulu, rezultati ir paraditi 2. Tabula. Pec HTST
un UHT apstrades, salidzinot ar kontroles paraugu, apelsinu sulas nav
konstatétas butiskas atSkiribas (p < 0.05). Zinatnieku Zhang et al. (2015)
izmantojusi UHT apstradé dazadu temperattru (110, 120, 135 ° C) ietekmi uz
TSS arbizu sula, ietekme netika Konstatéta. Jittanit et al. (2011) savos
pétijumos noskaidrojusi, ka UHT apstrades procesa 135 un 140 °C temperatiira
TSS saturs cukurniedru sula nemainas.

C vitamins. HTST un UHT apstrades ietekme uz C vitamina izmainam
Navel skirnes apelsinu sula ir paraditi 1. att€la. C vitamina saturs svaiga, saldeta,
atkauseta apelsinu Navel suld bija 53.67 mg 100 ml™; & vértiba ir ieklauta
bibliografija (Esteve, Frigola, 2008; Cano et al., 2008) intervala (48.33 = 1.12 un
45.03 + 7.90 mg 100 ml™). C vitamina saturs ar HTST un UHT metodeém
apstradajas apelsinu sulas saglabajas attiecigi 92% un 93%. Rezultati liecinaja,
ka C vitamina degradacija, ko ietekm&ja abas apstrades metodes, bija
nenozimiga. Literatira nav petfjumu par UHT apstrades ietekmi uz vitaminu C
izmainam apelsinu sula.

Kopgjo fenolu saturs un hesperidins. Kopé&jo fenolu un hesperidina satura
izmainas apelsinu sula ir paraditi 2. attéla. Kop€jo fenolu saturs bija augstaks
svaigaja sula (OJ Fresh) (105.67 mg 100 m1™), salidzinot ar pasterizéto (HTST)
(98.39mg 100 ml™) un UHT apstradato (98.04mg 100 ml™) apelsinu sulu, bet
atskiriba bija nenozimiga (p < 0.05). Saja pétijuma svaigi saldéta un péc tam
atkauséta Navel apelsinu suld hesperidina saturs bija 13.02 mg 100 ml™.
Hesperidina saturs apelsinu sula UHT apstrades procesa palielindjas par 14%,
salidzinajuma ar svaigas, saldétas un p&c tam atkaus€tas apelstnu sulu. Tomér
pasterizeta (HTST) sula netika konstat&tas butiskas hesperidina saturu izmainas
(p > 0.05) salidzinajuma ar sald€tu un péc tam atkaus€tu apelsinu sulu.

Karotenoidi. Kopgjais karotenoidu saturs svaiga atkauséta apelsinu Navel
sula (OJ Fresh) bija 2.26 mg 100 ml™. Abas apstrades metodés samazinajas
kopgjo karotenoidu saturs. Pasterizéta (HTST) apelsinu sula kopg&jo karotenoidu
saturs samazinajas 1idz 1.82 mg 100 ml™, tad&jadi bija radusies 19% zudumi un
1.95 mg 100 ml?, bet UHT apstradates procesa, bija zemdks — 14%
salidzinajuma ar kop€jo karotenoidu saturu svaiga, saldéta un péc tam
atkausétas apelsinu sula (3. att.). Salidzinot abas apstrades metodes, var teikt,
ka UHT apstrades metode bija efektivaka un karotenoidu saturs saglabajas
labak. Dazi autori ir novérojusi, ka termiskai apstradei nav biitiska ietekme uz
karotenoidu izmainam (Lee, Coates, 2003; Vervoort et al., 2011). Sanchez-
Moreno et al. (2005) savos petljumos nekonstate bitiskas karotenoidu izmainas
péc elektriska lauka impulsu (PEF) lietosanas un Donsi et al. (1996) un Esteve
et al. (2009) nav konstat&jusi butiskas izmainas karotenoidu satura p&c apelsinu
sulas apstrades augsta spiediena (HPP). Plaza et al. (2011) zino, ka apelsinu
sulas pasterizacijas zema temperatiira neietekmé karotinoidu degradaciju, bet
apstradajot augsta spiediena (HP), apelsinu sula ievérojami palielinas kop&jos
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karotenoidu saturs, salidzinajuma ar svaigu, neapstradatu sulu. Vipi arl
konstatgja, ka HP apstradata sula noverots visaugstakais karotenoidu saturs
visas parbauditajas sulas. Neviens no pétniekiem nav integrgjis salidzinoSo
petijumu par UHT apstrades ietekmi uz kopgjo karotenoidu saturu apelsinu
sulas. Crino et al. (2012) pétija dabisko sarkano un roza produktu krasu
stabilitati un novertgja to UHT apstrades laika un noveroja, ka apstrade negativi
ietekme dabisko krasvielu stabilitati. Visiem krasainajiem paraugiem, izpemot
raudzetus sarkanos risus, novérota krasu intensitates samazinasanas pec UHT
apstrades (p < 0.05).

Antioksidantu aktivitate. Literatira nav atrasta informacija par apelsinu
sulas antioksidantu aktivitates izmainam péc apstrades u UHT. Askorbinskabe
ir viena no biologiski aktivam vielam, kas veicina antioksidantu aktivitati sula,
ta veido 56—77% no apelsinu sulas antioksidantu aktivitates, 46% no mandarinu
un 66 1idz 77% no greipfritu sula esoso antioksidantu aktivitates (Vinson et al.,
2002). Tomer termiska apstrade var samazinat antioksidantu aktivitati un
bioaktivo vielu koncentraciju (Patras et al., 2010).

Saja pétijuma antioksidantu aktivitate apelsinu Navel sula tika mérita ar
ABTS radikalu katjonu analizes metodi, izmantojot DPPH brivo radikalu
izdali$anas un fermentu reducg€joso antioksidanta jaudu (FRAP) testus. 4. attéla
paraditi apelsinu sulas antioksidantu kapacitates rezultati, ko méra ar ABTS.

Svaiga, saldéta un péc tam atkauséta apelsinu sula antioksidanta aktivitate
bija 0.95 mmol Trolox ekvivalents 100 mI™* un 0.87 un 0.94 mmol Trolox
ekvivalents 100 ml™* attiecigi pasterizéta HTST un UHT apstradatas apelsinu
sula. Ka redzams att€la, nosakot antioksidantu aktivitati péc abam apstrades
metodém, antioksidantu aktivitate apelsinu sula samazinajas nedaudz (p> 0.05).
Arena et al. (2001) pétija svaigi spiestu un apstradatu apelsinu sulu
antioksidantu aktivitati izmantojot ABTS radikalu-katjonu metodi. Vini zigo,
ka salidzinajuma ar apstradatam apelsinu sulam antioksidantu aktivitates
vertiba bija augstaka svaigi spiestdas sulas. Fiore et al. (2005) nekonstatja
atSkiribas antioksidantu aktivitaté pasteriz&tas un sterilizeétas sarkano apelsinu
sulas. DPPH testa antioksidanta aktivitate bija 273.15, 263.04 un 259.67 mmol
Trolox ekvivalents 100 ml™ svaiga, saldéta un péc tam atkauséta apelsinu sula,
attiecigi ar UHT un HTST apstradatajas apelsinu sulam. Antioksidantu
aktivitate tika noteikta ari, izmantojot FRAP testu. Antioksidantu aktivitate péc
FRAP metodes attiecigi bija 55.22, 54.32 un 53.25 mmol Trolox ekvivalents
100 mI™* svaigas un péc tam atkausétas, UHT un HTST apstradatajas apelsinu
sulas Navel. Izveletas antioksidantu aktivitates noteikSanas metodes neuzradija
butiskas atskiribas (p > 0.05) HTST un UHT apstradajas apelsinu sulas (5. att.).

Rezultati liecina, jo sula ir lielaks C vitamina un fenolu saturs, jo ir augstaka
antioksidanta aktivitate. Literatiira atrodami dati par izmainam atseviskos
antioksidantos. Davidov-Pardo et al. (2011) pétijja dazus atseviskus
antioksidantus vinogu s€klu ekstrakta, izmantojot dazadas apstrades metodes.
Rezultati paradija, ka atseviski antioksidanti termiskas apstrades laika izturgjas
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savadak, bet péc termiskas apstrades tie neuzradija butiskas izmainas kopé&ja
antioksidanta vertiba.

Grupgetie statistikas dati liecina, ka ABTS tieSi korele ar C vitaminu,
kopgjiem fenoliem, karotinoidiem un hesperidinu (r = 0,688; r = 0,563;
r = 0,802; attiecigi r = 0,511). Parbaudé ar DPPH radikalu un FRAP metodi
korelg attiecigi ar C vitaminu, karotinoidiem un flavonoidiem (r = 0,993;
r=0,999; r=0,960 unr =0,899; r =0,961; r = 0,817).

5. UHT apstrades ietekme uz kimiskajiem parametriem, bioaktivam
vielam un antioksidantu aktivitati smiltsérksku un jauktas apelsinu-
smiltserksku sulas

UHT apstrades ietekme uz kimiskajiem parametriem, biologiski aktivam
vielam un antioksidantu aktivitati smiltserkSku sula.

Svaigi smiltsérk§8ku augli satur ievérojamu daudzumu biologiski aktivo
vielu, pieméram, C vitaminu un loti augstu E vitamina saturu, karotenoidus,
fenola savienojumus un ta talak. Sis ipasibas tika nemtas véra, pamatojot, kadel
smiltsérksku sulu pievieno apelsinu sulai, rezultata, ieglistot sulu maisijumu ar
augstu antioksidantu saturu. Smiltsérksku sulas tapat ka apelsinu sulas ir jutigas
pret augstas temperatiiras ietekmi, tad€] termiski tas apstradajot, iesp&jams
rodas biologiski aktivo vielu un svaigu auglu aromata zudumi. Saja pétijuma
UHT apstradato smiltsérk8ku sulu ’Leikora’, Hergo’ un ‘Botanicheskaya-
Lubitelskaya’ eksperimentali iegiitie ktmiskie parametri ir paraditi 3. tabula.

Kopgja skistosa sausna (TSS) dazadu Skirpu svaigas smiltsérksku sulas
noteikta robezas no 5.98 lidz 8.65 °Brix. Starp pétitajiem smiltsérksku
paraugiem Skirnes ’Botaniskas-Lubilskas’ smiltsérksku sula tika atrasts
maksimalais TSS saturs. Vislielakais skabums (TA) tika konstatéts
smiltsérksku skirnes ’Leikora’ sula (3.64%). Pé&c UHT apstrades TSS un TA
saturs visos analizétajos smiltsérkSku sulas paraugos nedaudz palielinajas, bet
izmainas nebija bitiskas (p> 0.05).

C vitamina saturs. Smiltsérksku ogas ir bagats C vitamina avots, kurs§

Eiropas izcelsmes §kirnés var biit no 28 lidz 310 mg 100 g™, fluviatis pasugas
no 460 lidz 1330 mg 100 g-1, bet apak$pozicijas sinensis no 200 lidz 2500 mg
100 g-* (Yao et al., 1992; Tang, 2002; Antonelli et al., 2005).
UHT apstrades ietekme uz C vitamina stabilitati paradita 6. att. UHT apstrades
ietekmé nedaudz samazinas C vitamina saturs visu Skirpu smiltsérksku sulas,
salidzinot ar ta saturu svaigas sulas. Pétfjuma rezultati parada, ka péc UHT
apstrades C vitamina daudzums attiecigi saglabajas 93, 92 lidz 91% S$kirnes
’Leikora’, "Hergo’ un ’Botanicheskaya-Lubitelskaya’ ogu sulas. C vitamina
saglabasanas ’Leikora’ Skirnes ogu sula bija augstaks, bet ne butiski (p> 0.05),
un to var izskaidrot ar faktu, ka kop€ja skabuma pakape ’Leikora’ Skirnes ogu
sula ir nedaudz augstaka.

Kopéjo fenolu saturs. P&tijuma rezultati liecina, ka ’Leikora > smiltsérksku
ogu sula ir vislielakais fenolu saturs (287.45 mg 100 ml™), bet sulas *Hergo’ un
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’Botanicheskaya-Lubitelskaya’ sulas tas bija ievérojami zemaks — attiecigi
184.89 un 117.66 mg 100 ml™ (7. att). Kop&jo fenolu saturofo savienojumu
saturs visu Skirnu UHT apstradatas smiltsérksku sulas ir nedaudz samazinajies,
lai gan tas nebija biitisks (p> 0.05).

Kopégjie karotenoidi. Smiltserksku sulas augsts karotenoidu un E vitamina
saturs, kas nodrosina smiltsérksku ogu krasas intensitati intervala no dzeltenas
lidz sarkanai. Miisu pétijumos tika novertéta UHT apstrades ietekme uz
karotenoidu un E vitamina saturu dazadu $kirnu smiltsérksku sulas (Zvaigzne et
al., 2014). Rezultati ir paraditi 8. att. Vislielakais kopg&jo karotenoidu saturs tika
konstatéts smiltsérksku *Leikora’ sula (9.70 mg 100 ml™), bet "Hergo’ un
’Botanicheskaya-Lubitelskaya’ sulas tas bija zemaks. Visas analizgtajas
smiltsérksku sulas, kuras apstradatas ar UHT, kopg€jo karotenoidu saturs
samazinajas par aptuveni 10%.

E vitamins. SmiltsérkSku sulas nozimigs savienojums ir E vitamins.
Lielakais E vitamina daudzums Kkonstatéts smiltserkSku ’Leikora’ sula
(12.38mg 100 mlY), savukart Skirpu ‘Hergo’ un ’Botanicheskaya-
Lubitelskaya’ sulas tas bija iev@rojami zemaks - attiecigi 6.32 un 6.74 mg
100 ml™ (8. att.). Pec UHT apstrades E vitamina saturs nedaudz palielinajas, bet
pieaugums nebija batisks (p > 0.05).

Antioksidantu aktivitate. Antioksidantu aktivitate dazadu Skirpu
smiltsérksku sulas tika noteikta, izmantojot tris mériSanas metodes: DPPH,
FRAP un ABTS. Rezultati paraditi 4. tabula. Tris izmantoto antioksidantu
aktivitates meriSanas metozu rezultati paradija lidzigas vértibu tendences visos
analiz€tajos sulu paraugos. Péc apstrades UHT rezima visas analizEtajas sulas
samazinajas antioksidantu aktivitate, kas saistita ar C vitaminu un kopg&jiem
fenola savienojumiem, tomér §is samazinajums nebija btisks (p < 0.05).

UHT apstrades ietekme uz kimiskajiem parametriem, bioaktivam vielam
un antioksidantu aktivitati jauktas apelsinu-smiltsérk$ku sulas

UHT rezima apstradata apelsinu sula Navel tika sajaukta ar UHT apstradatu
smiltsérk§ku Skirpu ‘Leikora’, ‘Hergo’ un ‘Botanicheskaya-Lubitelskaya’
sulam. Pievienotas smiltsérksku sulas daudzums bija 10%, sulas tika
pagatavotas bez cukura vai citu saldinataju pievienoSanas. Visas sajauktas sulas
tika salidzinatas ar Skirnes Navel apelsinu sulu ka kontrolparaugu. Triju jaukto
sulu paraugu kimisko parametru rezultati ir paraditi 5. tabula.

Smiltserksku sulas pievienoSana apelsinu sulai salidzinajuma ar kontroles
paraugu ir samazinajusi TSS vertibas jauktajas sulas, bet samazinajums nebija
nozimigs — vid&ji par 5%. Sajaukto sulu kopgjo skabju saturs visas jauktajas
apelstnu-smiltsérksku sulas ievérojami palielinajas.

C vitamina saturs jauktajas apelsinu smiltsérkS8ku sula Navel-‘Leikora’
palielingjas vairak neka divas reizes, savukart Navel-’Hergo’un Navel-
‘Botanicheskaya-Lubitelskaya’ maistjumos palielinajums bija mazak (9. att.).

Kopgjais karotenoidu saturs smilts€rkSku sula ir ievérojami lielaks, ka
kopgjais karotenoidu satura apelsinu sulas, Iidz ar to jauktajas sulas Navel-

44



‘Leikora °, Navel-‘Hergo’ un Navel-‘Botanicheskaya-Lubitelskaya’ karotenoidu
saturs ieverojami palielingjas Iidz attiecigi 2.30, 1.87 un 2.01 mg 100 ml™
(p < 0.05) un 1.59 mg 100 ml™ apelsinu suld Navel $kirnes. Jauktds apelsinu
smiltsérksku sulas sanéma papildus lielu E vitamina daudzumu (10. att.). E
vitamina saturs Navel-‘Leikora * sula bija ievérojami lielaks (1.23 mg 100 ml™)
neka ta saturs Navel-‘Hergo” un Navel-‘Botanicheskaya-Lubitelskaya’ jauktajos
paraugos (attiecigi 0.64 un 0.78 mg 100 ml™). Vienlaikus E vitamina saturs visas
jauktajas sulas bija ievérojami lielaks (p <.0.05) salidzinajuma ar kontroles
paraugu apelsinu sulu, kura E vitamina saturs ir minimals.

Navel skirnes apelsinu sulas (kontroles) parauga kopgjais fenola saturs bija
99.46 mg 100 ml™ (11. att.), kas divas jauktajas apelsinu-smiltserksku sulas
ievérojami atskiras (p < 0.05). Navel-‘Leikora’ un Navel-‘Hergo * smiltsérksku
paraugos kopgjo fenola saturs palielinas par 20% un 16%, salidzinot ar
kontroles paraugu. Jauktais Navel-‘Botanicheskaya Lubitelskaya’ sulu paraugs
neliecina par biitisku kop&ja fenola atSkirtbu salidzinajuma ar kontroles
paraugu.

Antioksidantu  aktivitate jauktajas apelsinu-smiltsérkS8ku sulas bija
ieverojami augstakas (p < 0.05) salidzinajuma ar apelsinu sulas kontroles
paraugu (12. attun 13. att). Navel-‘Leikora’ jauktas sulas parauga
antioksidantu aktivitate bija augstaka, mérito ar visam metodika uzraditajam
metodém. Ka redzams no ieprieks aprakstitajiem rezultatiem, Navel-‘Leikora’
jauktaja sula bija augstakais C vitamina, kop&jo fenolu, karotinoidu un E
vitamina saturs, salidzinot ar diviem pargjiem jaukto sulu paraugiem.

Literatira nav atrasti dati par jauktu apelsinu-smiltsérksku sulu
antioksidantu aktivitati. Hu et al. (2015) pétija ietekmi uz kvalitates
parametriem dazadas attiecibas jauktas piparu-apelsinu sulas, kuras tika
apstradatas augsta spiediena (HES) un augstas temperatiras 1slaiciga (HTST)
pasterizacija. Vini zino, ka antioksidantu aktivitate bija augstaka paraugos ar
augstaku kop&ja fenola saturu un askorbinskabes saturu. P&tfjumam vini
izmantoja DPPH un FRAP metodes.

P&tfjumu rezultati paradija, ka UHT apstrades metode ir piemérota apelsinu
un smiltsérksku sulu veiksmigai termiskai apstradei, secinot, ka kimisko
parametru izmainas, biologiski aktivo vielu un antioksidantu aktivitates vértibas
nav bitiskas (p> 0.05).

6. Apelsinu un jauktu apelsinu-smiltsérksku sulu sensorais vertéjums pec
UHT apstrades

Svaigas sasaldétas, péc tam atkausétas (kontrole), HTST un UHT
apstradatas apelsinu Navel sulas sensorais novertejums tika veikts, izmantojot
patérétaju akceptéSanas testu, kura pamata ir 9 punktu hedoniska skala.
Hedoniska vérteésanas rezultati paraditi 14. attgla.

Visaugstako atzinumu "seviSki patik" sanéma sasaldéta un atkauseta
apelstnu sula, ar visparigo vértejumu hedoniskaja skala 8,5, amarza noverteta ar
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8,1 punktu, bet UHT apstradata apelsinu sula hedoniskaja skala tika verteta
nedaudz zemak, ka "mereni patik", attiecigi ar 7.8 un 7.4 punktiem. Turpretim,
tradicionalaja pasterizacijas procesa (HTST) apstradata sula starp verttajiem
paraugiem sanéma zemako vert§jumu "mazliet patik" ar punktu skaiti
hedoniskaja skala kopuma 6.2, smarza un aromats 6.0 punlti. Svaigajai sulai
bija izteikts dabigs aromats, garSa, koSa krasa, kas lauj ekspertiem atklat
sensoro 1pasibu atSkiribas. Rezultatu analize atklaj, ka p&c abam termiskas
apstrades metodém apstradato sulu sensora kvalitate nav butiski mainTjusies
(p > 0.05), tomgr apelsinu sula péc UHT apstrades ekspertiem patika labak. Jo
tas gar$as TpaSibas vairak lidzingjas Svaigai sasaldétai, tad atkausétai sulai.

Nakamais sensoras veértésanas objekts bija jaukto apelsinu-smillsérksku sulu
tris paraugi peéc UHT apstradates. Apelsinu Navel sula tika secigi sajaukta ar
tris Skirnu (‘Leikora’, ‘Hergo’ un ‘Botanicheskaya-Lubitelskaya’) smiltserksku
sulam, paraugi salidzinati ar UHT apstradatu apelsinu Navel sulam (15. att€ls).
Paraugi, kas sajaukti ar ‘Leikora’ un ‘Botanicheskaya Lubitelskaya’ Skirpu
smiltserksku sulam, tika noverteti ka ,,mazliet patik” attiecigi visparigais
vert&jums ar 6.1 un smarza ar 6.4 punktiem, bet paraugs, kura apelsinu Navel
sula sajaukta ar Hergo Skirnes smiltserksku sulu, tika novertets augstak par
iepriek§ minétajam ka ,,méreni patik” ar 7.2 punktiem no devipiem. Starp
visiem jaukto sulu paraugiem netika novérotas krasas atSkiribas. Viena no
nevélamam problémam, ko eksperti atzimgja, bija sulu maisijumu neliela
noslanosanas péc UHT apstrades, tomér maisijuma ’Navel-Leikora’
noslanoS$anas bija maz izteikta. Noslanosanas problemu sekmigi varctu
atrisinat, ja sulu maisijumu p&c sajaukSanas homogenize.

SECINAJUMI

1. Svaigas apelsinu sulas fizikali-kTmiskais sastavs un bioaktivo vieli
daudzums vasaras Skirnes Valencija un ziemas Navel $kirnes apelsinu
auglos ir atSkirigs un izmainas nogatavosanas perioda. Kopgjo skabju saturs
(TA) abu skirnpu auglos un sulas iznakums no augliem samazinas, bet
Skistosas sausnas saturs (TSS), TSS/TA savstarpgjo attiecibu vertiba, ka ar1
kopgjo cukuru daudzums sula pakapeniski palielinas. Bioaktivo vielu:
vitamina C, kopg€jo fenolu savienojumu un hesperidina saturs sula
samazinas, savukart kop&jo karotenoidu un B-karotina saturs palielinas.
Ziemas skirnes apelsinu sula ir augstaks vitamina C saturs un augstaka
antioksidantu aktivitate, neka vasaras Skirnes auglos, kuros savukart kop&jo
karotinoidu un B-karotina saturs ir augstaks. NobrieSanas perioda abu Skirnu
auglu sula samazinas antioksidantu aktivitate.

2. Augstas temperatiiras Tslaiciga termiska pasterizacija (HTST) ietekmé
biologisko aktivo vielu daudzuma un antioksidantu aktivitates izmainas
ziemas un vasaras Skirpu apelstnu sulas, kas razotas ne no koncentrata
(NFC) un no koncentrata (OJFC). Salidzinot ar svaigu, sasaldétu, péc tam
atjaunotu sulu, pasterizéta sula vitamina C, kop&jo fenolu saturs un
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antioksidantu aktivitate bitiski samazinas (p < 0.05), bet Gdeni Skistosa
pektina (WS) un karotenoidu saturs nedaudz palielinas, B-karotenoida saturs
butiski nemainas (p > 0.05).

Pasterizétas (HTST) Navel un Valencia skirpu apelsinu sulas ne no
koncentrata (NFC) viena gada uzglabasanas laika aseptiska iepakojuma
pazeminata temperatiira (5 £ 2 ° C) notiek kimiska sastava un biologiski
aktivo vielu daudzuma izmainas. Skisto§as sausnas satura un kop&jo skabju
daudzuma izmainas abu Skirpu sulas nav bitiskas, savukart C vitamina,
kopgjo fenolu, hesperidina, kopgjo karotinoidu, 3-karotina un Gdent $kistosa
pektina saturs tajas butiski samazinas (p < 0.05), visvairak ir samazinajies
hesperidina saturs: par 41.4% apelsinu Valencia un par 42.6% Navel NFC
sula.

Eksperimentali ir pieradits, ka starp termiskas pasterizacijas (HTST) un
apstrades ultra-augsta temperattra (UHT) ietekmi uz biologiski aktivo vielu
izmainam apelsinu sula un antioksidantu aktivitati kopuma nav bitiska
atSkirtba (p > 0.05): C vitamina, kop€jo fenolu, hesperidina un karotinoidu
daudzums UHT apstrades procesa saglabajas nedaudz vairak.

Smiltserksku sulas ir bagatas ar vitaminu C, kura saturs Skirnes ’Leikora’
sula ir vairak ka divas reizes augstaks, salidzinot ar citu p&tito smiltsérksku
Skirpu sulam. Smiltsérksku sulas pievieno$ana apelsinu sulai bagatina
maisijumu ar vitaminu C vairak ka divas reizes un ar vitaminu E, kura
saturs apelsinu sula ir nenozimigs, paaugstina biologiski aktivo vielu saturu
un antioksidantu aktivitati, tadéjadi paplasinot vietgja tirgh sulu sortimentu
ar pievienoto biologisko veértibu.

Apelsinu sulas sensoras IpaSibas p&c apstrades ultra-augsta temperatiira
(UHT) ir Iidzigas svaigai apelstnu sulai. UHT procesa apstradatas jauktas
apelsinu-smiltsérksku sulas atzinigi noverte eksperti rekomendgjot
komercialai razoSanai

Petijuma izvirzita hipotéze: ,,Ultra-augstas temperatiras (UHT) apstrades
procesa apelsinu un smiltsérksku sulas saglabajas biologiski aktivas vielas,
antioksidantu aktivitate, ka ar1 sulu raksturojos$as sensoras Ipasibas” ir
apstiprinata.
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