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TOPICALITY OF THE RESEARCH

Pulses, plant seeds in the family Fabaceae, are grain legumes harvested for
the dry grain which constitute an important protein source for a large proportion
of the world’s population. Pulses are relatively inexpensive and highly nutritious,
providing good quality plant-based protein, complex carbohydrates and
B-vitamins.

Despite nutritional advantages, pulse consumption in Europe is % of the
world average (7.21 kg per capita); the average pulse consumption in Latvia was
7.8 g per capita per day in 2015, with the annual consumption 2.83 kg per capita.
As the main reason for low pulse consumption is the lengthy cooking time,
innovative products from pulses that can reduce or exclude time-consuming
preparation are an excellent option for consumers today, as modern lifestyle has
substantially changed eating habits, leading to a significantly higher demand for
ready-to-eat foods. Furthermore, year 2016 was declared the ‘International Year
of Pulses’ by the 68" United Nations General assembly to raise public awareness
of the “nutritional benefits of pulses as part of sustainable food production aimed
towards food security and nutrition”.

Plant-based spreads have become important for health-conscious people,
however, the variety of plant-based spreads in the Latvian market is limited. In
addition, pulses growing in Europe / of local origin are not represented in
commercially available plant-based spreads.

Regardless of the advantages of developing pulse spreads, these products can
be affected by the growth of a wide range of microorganisms. Advanced
processing methods should be considered, as consumers are becoming more
cautious towards the use preservatives while demanding products with increased
shelf-life (Can, Harun, 2015).

Sous vide processing of products in flexible packaging is a fairly new method
that allows to improve safety, maintain quality and extend shelf-life of products.
High pressure processing is a successfully commercialized non-thermal
processing method (Farkas, 2016), mostly applied to pasteurize refrigerated
low-acid foods (Sarker et al., 2013), that preserves sensory and nutritional
attributes of food with minimal quality loss; it is recognised as a novel processing
method by EC Regulation No 2283/2015, recently introduced to improve safety,
quality and shelf-life of foodstuff. Both preservation methods are described as
suitable for the elimination of vegetative microorganism cells and non-spore
forming food-borne pathogens, thus extending shelf-life of food products.

The hypothesis of the doctoral dissertation: shelf-life of pulse spreads can
be significantly extended through high pressure processing or sous vide
treatment.



The hypothesis of the doctoral dissertation is supported by the following

theses:

1.

The developed technology is suitable for the production of high quality
spreads from pulses growing in Europe / of local origin which are safe for
consumption. Seasonings significantly influence the quality of pulse spreads.
The selected regimes of processing methods influence the microbiological,
physicochemical and sensory parameters of pulse spreads.

The kinetic models for inactivation of microorganisms can be applied to
evaluate the experimental data of sous vide thermal treatment.

Sous vide and high pressure processed pulse spreads maintain their microbial,
sensory and physicochemical quality during storage.

Experimentally developed pulse spreads are eligible for such nutrition and
health claims — ‘high protein’ and ‘high fibre’.

The research object of the doctoral dissertation: spreadable plant protein

based pulse products.

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

pressure processing and sous vide treatment technologies on the quality of new
pulse spreads.

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

dissertation:

1. todevelop a production technology for new plant protein based spreads from
cowpeas and maple peas, and determine the qualitative parameters of
spreads,

2. to determine the optimal sous vide treatment and high pressure processing
regimes suitable to ensure pulse spread quality during shelf-life,

3. to model the inactivation kinetics of microorganisms in sous vide treated
pulse spreads,

4. to evaluate the microbiological, sensory and physicochemical quality
changes of pulse spreads during storage,

5. to assess the conformity of nutritional value of the new products to nutrition
and health claims, and compare the nutrient coverage according to the
nutrient recommendations for adolescents and adults.

The novelty and scientific significance of the doctoral dissertation:

1. the suitability of cowpeas and maple peas for the development of innovative
pulse spreads has been studied for the first time,

2. new pulse products — spreads have been developed and the production
method has been registered with RL patent N° 14705 (2014),

3. the influence of high pressure processing and sous vide treatment on the
quality of pulse spreads has been established, and suitable processing
regimes have been found,

4. the quality of pulse spreads during storage has been evaluated and suggested

shelf-life of spreads has been given,



the modelling of inactivation kinetics of microorganisms in sous vide treated
pulse spreads has been conducted using linear and non-linear mathematical
models.

The economic significance of the doctoral dissertation:

. pulse utilization for production of novel foods rich in protein and dietary

fibre,

. the new products exclude the time-consuming pulse preparation for

consumption,

. the developed pulse spreads extend the range of products offered to

consumers, especially vegetarians.

APPROBATION OF THE RESEARCH

Research results have been summarised and published in 12 peer

reviewed scientific issues, including 5 publications indexed in the international
citation database SCOPUS and Web of Science, one Patent N° 14705 (Republic
of Latvia) has been received.
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MATERIALS AND METHODS

Time and place of the research
Experiments were carried out during the period from 2013 to 2016. Product
development and analysis were performed at several institutions:
» Faculty of Food Technology and Analytical laboratory for Agronomy
Research, Latvia University of Agriculture,
» J.S. Hamilton Baltic Ltd.,

» Kipsala International Exhibition Centre, International food industry fair
“Riga Food” 2013, 2014, 2015 and 2016.

Materials used in the research

Spreads were made from two types of pulses: cowpeas (Vigna unguiculata
(L.) Walp. cv. Fradel), harvested in 2013, Portugal, and maple peas (Pisum
sativum var. arvense L. cv. Bruno), harvested in 2014, Priekuli, Latvia.
Additional ingredients were as follows: canola oil, citric acid, Himalayan salt,
sesame seeds, onion seasoning, bell pepper seasoning, bruschetta seasoning
(dried tomato, basil and garlic), green herb seasoning (dried parsley, dill, spring
onion). Six different spreads from each pulse were developed: one without



seasoning (Table 1) — control sample and five with seasonings (Table 2) to obtain
flavour diversity. The objective in developing new pulse products was to obtain
spreads with high protein and fibre content, and low fat content, based on the
nutrition and health claims defined in EC Regulation No 1924/2006 and CM
Regulation No 172/2012.

Table 1/ 1. tabula
Recipes of pulse spreads without seasonings /
PakSaugu pastésu receptiira pastetem bez piedevam
The composition of pulse spreads /

Ingredients / Pak$augu pastéSu sastavs, g kg™

Izejvielas cowpea spread / maple pea spread /
melnacoto pupinu pastéte peléko zirnu pastéte

Cowpeas / Melnacotas pupinas 934.0 -

Maple peas / Pelékie zirni - 934.0

Canola oil / Rapsu ella 60.0 60.0

Himalayan salt / Himalaju sals 3.8 3.8

Citric acid / Citronskabe 2.2 2.2

Table 2/ 2. tabula
Sample abbreviations of pulse spreads used in the research /
Petito pakSaugu pastéSu paraugu apzimejumi

Amount of | Pulse spreads / PakSaugu pastétes
Added seasonings / seasonings /
Pievienotas garsvielas Piedevu cowpea spread /| maple pea spread /

daudzums, % | Pupinu pastete zirnu pastete

Without seasoning / Bez piedevam - CS MS
Bruschetta seasoning / Bruseta garsviela 1.00 CS S MS S
Green herbs / ZaJumi 1.30 CS H MS H
Onion seasoning / Sipolu garsviela 2.10 CS O MS O
Bell pepper seasoning / Paprikas garsviela 3.30 CS B MS B
Sesame seeds / Sezama séklas 0.95 CS E MS E

Research structure
The study was conducted in five stages (Fig. 1).

Stage | — Development and qualitative assessment of new pulse spreads

Pulse spread production technology was based on the vegetarian spread
preparation method as described in Republic of Latvia Patent N° 14705 (2014).
The technology includes soaking pulses in water (with added NaHCO;,
21.5 gkg') at 2042 °C for 15 h, then rinsing and boiling rehydrates pulses in a
pressure cooker until tender (t = 35 + 5 min, plus 15 min for natural pressure
release). Hot cooked pulses are then grinded in a food processor (Philips HR
7761/00, Philips Ltd., Netherlands) together with salt and citric acid, seasoning
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is added to the pate (if needed); oil is added at the end of mixing in the food
processor.

DEVELOPMENT AND QUALITATIVE ASSESSMENT OF NEW PULSE

ISTAGE I/ SPREADS [ JAUNU PAKSAUGU PASTESU IZSTRADE UN KVALITATIVAIS
o 1 POSMS NOVERTEJUMS
Stage 11/ SELECTION OF PACKAGING MATERIALS AND PROCESSING METHOD

REGIMES FOR PULSE SPREAD / IEPAKOSANAS MATERIALU UN

11 Posms _ _ - _ - _
PAKSAUGU PASTESU APSTRADES PANEMIENU REZIMU IZVELE

MODELLING INACTIVATION KINETICS OF MICROORGANISMS IN

4
tage II1 _
Stage Il / SOUS VIDE TREATED PULSE SPREADS / MIKROORGANISMU KINETIKAS

111 POSMS - s .
j MODELESANA SOUS VIDE APSTRADATAS PAKSAUGU PASTETES
{ Stage IV/ QUALITY EVALUATION OF PULSE SPREADS DURING STORAGE /
| IV Posms PAKSAUGU PASTESU KVALITATES IZVERTEJUMS UZGLABASANAS LAIKA
4 Stage V/ o o
V POSMS NUTRITIONAL EVALUATION / UZTURVERTIBAS NOVERTEJUMS

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

Qualitative assessment of pulse spreads was competed by sensory evaluation
(hedonic scale, npanctiiss = 120), physicochemical (protein, ash, total dietary fibre,
total phenols, dry matter, pH, L * value, firmness) and microbiological (total plate
count (TPC), yeast and mould count) parameters. Integrated multifactorial
evaluation was used to select spreads with the highest production potential to
conduct shelf-life research.

Stage Il — Selection of packaging materials and processing method

regimes for pulse spread

The following packaging materials were chosen for pulse spreads: two-layer
transparent PA/PE laminated pouches with high barrier properties (PTC Ltd.,
Latvia) and lightproof PET/ALU/PA/PP laminated pouches with high barrier
properties (Nordvak Ltd., Latvia) with dimensions 45 x 170 mm. Packages were
hermetically sealed using chamber type vacuum packaging machine C300
(Multivac Ltd., UK) and subjected to additional treatment for long term storage
(Fig. 2).

Sous vide treatment was carried out in water bath (Clifton Food Range,
Nickel-Electro Ltd., UK), whereas high pressure processing was completed at
ambient temperature using Iso-Lab High Pressure Pilot Food Processor
(S-FL-100-250-09-W, Stansted Fluid Power Ltd., Essex, UK) in a 2.0 I pressure
vessel. Vacuum packaged untreated (control), sous vide and high pressure treated
samples were stored at refrigerated conditions (Fig. 2).
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[ Pulse spreads / Paksaugu pastétes "

!

Packaging / Iepakosana

----1 — packaging mode / iepakosanas rezims — vacuum / vakuums, 20 mbar,

— sealing time / aizkausésanas laiks — 1.9 s (PE/PA), 3.4 s (PET/ALU/PA/PP)

v

ﬂ Treatment methods / Apstrades metodes ]

/\

Sous vide treatment / High pressure processing /
Sous vide apstrade Apstrade augstpiediend

'

Thermal treatment in water bath /
Termiska apstrade iidens vanna
Tambient / vides = (60.0; 70.0; 80.0; 90.0; 100.0)+0.5 °C
Toroduct/ produkia = (58.0; 56.0; 78.0; 88.0; 98.0)£0.5 °C
Teooking/ izurasanas = 95 105 155205 25; 30 min

Pascalization in high pressure
processing system /
Paskalizacija augstspiediena
iekarta
p=1500; 600; 700; 800 MPa
Tawell/ izturgsanas = 105 20; 30 min

v v

' Cooling in ice-water / Dzesésana ledusiident Storage / Uzglabasana )

T=2.0+1.0 OC, Teooling / dzesésanas = 15 min T=+50+1.0°C

_________ dabiskais apgaismojums

daylight luminescence /
Untreated (control) sample /

Neapstradats (kontroles) paraugs 400 to 1000 1x

Fig. 2. Packaging and treatment scheme of pulse spreads/
2. att. PakSaugu pastéSu iepakoSanas un apstrades shema

The abbreviations of processed samples contained two letters characterising

processing method and two numbers — the first number described temperature
(°C) or pressure (MPa) and the second number described holding time (min):

» SV 80 15 —sous vide treatment at 80 °C for 15 min,
» HP 700 10 — high pressure processing at 700 MPa for 10 min,
» C — control sample.

Stage 111 — Modelling inactivation kinetics of microorganisms in sous vide
treated pulse spreads
Sous vide treatment of maple pea spread with bruschetta (MS_B) was carried

out at five temperature regimes (Fig. 2). Two packages were removed from the
heating environment after 5, 10, 15, 20, 25, 30, 35 and 40 min and immediately
chilled in 2.0+1.0 °C ice-water to core temperature 5.0+1.0 °C within 10 min.

Modelling the inactivation kinetics was performed by constructing survival

curves as a function of the temperature applied. For this purpose,
log CFU g ! was plotted against time (min) for each separate experiment.
Different models (Table 3) were fitted to the sous vide inactivation kinetics.
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Table 3 / 3. tabula
Primary models used to fit data of sous vide inactivation in maple pea
spread / Primarie modeli inaktivacijas datu pielagoSanai sous vide
apstradatai peleko zirnu pastetei (Geerared et al., 2005)

Model / Modelis Equation / Vienadojums

Log-linear / _ _ Kinax "t
log-linearais log(N) = log(No) In(10)

Log-linear with tail /

= log(No) _ 10g(Nres)) . p—Kmax't 1og(Nyes)
log-linearais ar asti log(V) Iog[(lO 10 )e +10 ]

P
Weibull / Veibula | log(N) = log(No) — (g)

Biphasic /

= . e Kmax1't — . e Kmax2't
bifaziskais log(N) = log(N,) + log(f - e +(1-f)e )

Joinpoint regression was applied to determine the breakpoints of survivor
curves, in order to calculate D and z values of linear and tail proportions of
microorganism curves. Calculations were based on the research of Li ef al.
(2017).

Stage IV — Quality evaluation of pulse spreads during storage

Microbiological quality of pulse spreads during storage was characterised
by total plate count, count of yeasts and moulds, and the presence of pathogens.
Changes in sensory quality of pulse spreads during storage were evaluated by
six experts. Each sensory parameter (overall appearance, aroma, mouthfeel and
taste) was assessed within a scale of 5 (very good quality) to 1 (unsatisfactory
quality) and each sample was given a quality number (QN). Hedonic evaluation
was used to determine overall acceptance of processed spreads by consumers.
Physicochemical quality of pulse spreads during storage was characterised by
changes in pH, water activity, moisture, mass losses, colour, protein, dietary
fibre, ash, fat, total phenolics and antiradical activity.

Stage V — Nutritional evaluation

Energy value of pulse spreads was calculated according to coefficients
described in Regulation (EU) No 1169/2011 and conformity to nutrition and
health claims was evaluated according to Regulation (EC) No 1924/2006.
Nutrient coverage by one serving (50 g) of pulse spreads for adolescents and
adults was analysed in comparison to the reference intake values.

Methods used in the research

Methods used to determine physicochemical, sensory and microbiological
parameters are summarized in Table 4.
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Table 4 / 4. tabula

Standards and analytical methods used for analysis of pulse spreads /
PakSaugu pastéesu paraugu analizeSanai izmantotie standarti un metodes

No /
Nr.

Parameters / Raditaji

Methods / metodes

Physical parameters / Fizikalie raditaji

1.

Moisture content®” / Mitruma saturs, %

ISO 24557:2009

TA.XT. Plus Texture Analyser /

2. | Firmness? / Konsistence, N Struktiiras analizators
3. | Colour®/ Krasa 1ISO 11664-4:2011
. Electronic scale Precisa /
a )
4. | Mass losses® / Masas zudumi, % Elektroniskie svari, £0.01 g
5. | Water activity® / Udens aktivitate, aw 1ISO 21807:2004

Chemical parameters / Kimiskie raditaji

6. | Protein® / Olbaltumvielas, g 100 g’! 1SO 20483:2013

7. | Amino acids® / Aminoskabes, g 100 g’! 1SO 13903:2005

8. | Dietary fibre® / Skiedrvielas, g 100 g AOAC 985.29-1986
9. | Ash®/ Pelnvielas, mg 100 g ISO 2171:2007

10. | Fat*/ Tauki, g 100 g’! ISO 11085:2008
11. | pH® IS0 2917:1999
12. | Total phenolics® / Kopéjie fenoli, mg GAE g’! Singleton et al., 1999
13 Antiradical activity® / Antiradikala aktivitate, Zia-Ul-Haq et al., 2013

DPPH", umol TE g'!; ABTS*, pmoL TEAC g

Erkan et al., 2011

Sensory parameters / Sensorie raditaji

14.

S5-point hedonic scale / 5-punktu hedoniska skala

ISO 4121:2003

15.

Sensory properties / Sensoras ipasibas

ISO 8586:2012

Microbiological parameters, CFU g! / Mikrobiologiskie raditaji, KVV g”!

Preparation of test samples, initial suspension and

16. | decimal dilutions / Testa paraugu, sakotnéjo ISO 6887-4:2003
suspensiju un decimalatsSkaidijumu sagatavosana

17. | Total plate count® / Mikroorganismu kopskaits ISO 4833-1:2013

18. | Yeasts and moulds® / Raugi un peléjumi ISO 21527-1:2008

19. | Enterobacteriaceae count® / kopskaits ISO 21528-2:2004

20. | E. coli® ISO 7251:2005

21. | B. cereus® ISO 7932:2004

22. | C. perfringens® ISO 7937:2004

3. Identification of microorganisms / API identification system /

Mikroorganismu identifikacija

API identifikacijas sistema

* number of repetitions / atkdrtojumu skaits, * n=3, ®* n=5, ¢ n=10

Data analysis

The obtained data processing was performed with statistical software
‘R 3.0.2°, ‘Microsoft Office Excel v16.0° and ‘Statistica for Windows v10’.
Results were given as mean + standard deviation. Student's t-test, single factor
and multifactor analysis of variance (ANOVA) and Tukey’s test were used to
compare the means. Differences were considered significant at p < 0.05.
Pearson's correlation coefficient was calculated to determine the association
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between the results. Modelling the inactivation kinetics of microorganisms was
carried out using the GInaFiT v1.6 inactivation model-fitting tool. Joinpoint
Regression Program v4.3.1.0. was applied to obtain Joinpoint regression curves.
For statistical analysis of inactivation models, the adjusted statistic determination
coefficient (R%4;) as provided by GInaFit add-in, was used in conjunction with
the root mean squared error (RMSE) to measure the goodness-of-fit.

RESULTS AND DISCUSSION
1. Qualitative parameters of new pulse spreads

The analysis of the raw materials proved cowpeas and maple peas to be
suitable for plant-based protein spread development due on their high protein
content (25.5=0.20 and 26.0+0.30 g 100 g' DW, respectively), however,
methionine was found to be the limiting amino acid in both pulses.

Product flavour quality drives consumer acceptance and demand as argued
by Singh-Ackbarali and Maharaj (2013), therefore it is necessary to develop
products that meet consumer expectations. Six pulse spreads from each pulse
were subjected to hedonic evaluation (Fig. 3).
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Fig. 3. Results of hedonic evaluation of pulse spreads /
3. att. PakSaugu pastéSu hedoniskas verteSanas rezultati

Values not sharing a superscript letter are significantly different (p < 0.05). / Vértibas ar dazadiem
burtiem ir butiski atskirigas (p < 0.05).

Consumers preferred cowpea spread with onions (CS_O) and bruschetta
(CS_B) significantly more (p < 0.05) than other cowpea spread samples. Four
maple pea spread samples had a high preference and did not differ significantly
among themselves (p = 0.221): maple pea spread with onions (MS_O),
bruschetta (MS_B), bell peppers (MS_P) and without seasoning (MS). Added
seasonings had a significant influence on the overall acceptance of spreads.

Physicochemical analyses, completed with control samples and highest rated
samples (degree of preference > 4.0), showed significant differences for dietary
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fibre, total phenolics, L* value and firmness. Protein content in pulse spreads
ranged from 7.10 to 7.43 g 100 g!' (p = 0.065) and ash content
(1.00-1.10 g 100 g!) did not depend on seasonings used (p = 0.480). Pulse
spreads were good sources of total dietary fibre (10.70 to 14.24 g 100 g!). The
content of total phenolics was higher in spreads with bruschetta. Cowpea spreads
were lighter (L* 58.70-60.70) than maple pea spreads (L* 50.15-57.30) and
addition of seasonings had a significant impact on the product lightness (L*)
(p = 0.010). pH value ranged from 5.50 to 5.63, except for maple pea spread with
bell peppers (pH 5.05). Firmness of pulse spreads ranged from 9.00 to 12.20 N
and was influenced by the addition of seasonings (p = 0.018).

Total plate count in pulse spreads ranged from 3.20 to 3.40 log CFU g,
which was significantly higher than in cooked pulses (TPC < 1.0 log CFU g™).
Pulse spreads are vulnerable to cross contamination from ingredients, utensils
and the environment during the preparation procedure. TPC did not exceed the
admissible level of TPC (< 3.69 log CFU g!), suggesting that pulse spreads are
safe for consumption. Initial shelf-life testing showed that pulse spreads
exceeded the admissible TPC within 3 to 5 days of refrigerated storage. The short
shelf-life of pulse spreads suggests that post-processing methods and appropriate
packaging solutions should be considered to reduce the total number of
microorganisms and avoid accelerated deterioration, thus extending shelf-life of
the new products.

Integrated multifactorial evaluation (Fig. 4) was carried out based on sensory
evaluation, chemical parameters and physical features to determine spread
samples with the highest potential for production and shelf-life study.
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Fig. 4. Integrated evaluation for quality assessment of pulse spreads /
4. att. Integretais novertejums pakSaugu pastésu kvalitates izverteSanai

The analysis showed that both cowpea spread with bruschetta (CS_B) and
maple pea spread with bruschetta (MS_B) had lower integrated score, indicating
that these samples have a better balance between sensory and nutritional
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parameters. Spreads with lower integrated scores have more potential to be
produced for consumer consumption. The following spreads were selected for
shelf-life study: cowpea spread (CS), cowpea spread with bruschetta (CS_B),
maple pea spread (MS) and maple pea spread with bruschetta (MS_B).

2. The effect of advanced processing methods on pulse spread quality

Analysis of several sous vide treatment regimes showed that total plate count
(TPC) in control sample (C) was significantly higher (p < 0.05) compared to
samples in sous vide packaging at various heat treatment regimes (Fig. 5). Heat
treatment at 60 °C and 70 °C (Fig. 5a) temperature was efficient to decrease TPC
compared to control sample C, although the decline observed was low, therefore
these sous vide treatment regimes were discarded as unsuitable for pulse spreads.

The third heat-treatment assayed (80 °C) significantly reduced TPC
compared to control sample (Fig. 5b) for all heat-treatment times with decreasing
efficiency as follows: SV 80 15=SV 80 20=SV 80 25 =SV 80 30 (two-log
reduction) > SV 80 05 = SV 80 10 (one-log reduction) (p < 0.05). TPC
reduction efficiency at 90 °C (Fig. 5c) was as follows: SV 90 15=SV 90 20=
=SV 90 25=-SV 90 30 (two-log reduction) > SV 90 05 =SV 90 10 (one-log
reduction) (p < 0.05). A 2.5-log reduction with significant differences (p < 0.05)
between cooking times at 100 °C was reported (Fig. 5d). Hence, samples SV
100 _15, SV 100 _20, SV 100 _25 and SV 100 _30 displayed significantly lower
microbial contamination than other samples (p = 0.011).

In addition, although with lower efficiency, heat treatments SV 100_05 and
SV 100 10 also reduced significantly (p < 0.05) the microbial load relative to
the control sample. Cooking time Tcooking = 15 min was as effective as
Teooking = 30 min for treatments at 80 °C, 90°C and 100 °C temperature.

A preliminary shelf-life study established thermal treatment efficiency on
microorganism viability during 120-day storage. Treatment at 90 °C was not
investigated because it did not show a considerable microbial reduction
compared to treatment at 80 °C (p > 0.05). The studied regimes were SV 80 15
(te = 80.0£0.5 °C, T =15 min) and SV 100 _15 (t. = 100.0+0.5 °C, 1 = 15 min)
based on shorter thermal treatment cycle and their microbial levels. Thermally
treated samples exceeded the admissible level of TPC (Nimax < 3.69 log CFU g)
after 3 months. Both sous vide treatment at 80 °C and 100 °C temperature with
cooking time 15 min were suitable for pea spread processing from the
microbiological point of view, although pasteurisation at 80 °C was seemingly
more economically efficient. It is possible to ensure microbiological safety of
sous vide treated pea spread with cooking time 15 min at 80 °C temperature up
to 96 days and at 100 °C temperature up to 106 days. Microorganism growth
during storage after sous vide treatment showed that microorganisms adapt to
their environment in 50 to 60 days, then a more rapid growth can be observed,
therefore, storage time should be proportional to the start of the accelerated
growth.
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Fig. 5. Total plate count in sous vide treated maple pea spread with
bruschetta at 70 °C (A), 80 °C (B), 90 °C (C) and 100 °C (D) temperature /
5. att. MAFAM kopskaits sous vide apstradata peleko zirnu pastéte ar brusetu

70 °C (A), 80 °C (B), 90 «C (C) un 100 °C (D) temperatiira
The dashed line indicates the admissible level of TPC < 3.69 log CFU g! for vegetable purées (CM
Regulation No 461/2014). Values sharing a letter within the same sous vide treatment temperature
are not significantly different (p > 0.05). / Raustita linija nordada uz pielaujamo mikroorganismu

kopskaitu < 3.69 lg KVV g darzenu biezenos (MK noteikumi nr. 461/2014). Vértibas ar vienadu
burtu katras sous vide aptrdades temperatiiras ietvaros nav bitiski atskirigas (p > 0.05).

Analysis of several high pressure processing regimes showed that total plate
count (TPC) in control sample (C) was significantly higher (p < 0.05) compared
to high pressure processed maple pea spreads (Fig. 6). High pressure processing
reduced TPC compared to control sample with decreasing efficiency as follows:
HP 800 10 = HP 700 30 = HP 700 _20 = HP 700 _10 = HP 600 20 (1.5-log
reduction) > HP 600 10> HP 500 20> HP 500_10. Significant differences were
not found between total plate count in HPP samples at 600 MPa, 700 MPa and
800 MPa after processing (p = 0.289).
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Fig. 6. Total plate count in high pressure processed maple pea spread with
bruschetta at different pressure levels/ 6. att. MAFAM kopskaits daZados
spiediena reZimos apstradata peleko zirnu pasteté ar bruSetu
The dashed line indicates the admissible level of TPC < 3.69 log CFU g! for vegetable purées (CM
Regulation No 461/2014). Values sharing a letter are not significantly different (p > 0.05). / Raustita

linija norada uz pielaujamo mikroorganismu kopskaitu < 3.69 lg KVV g darzenu biezenos (MK
noteikumi nr. 461/2014). Vértibas ar vienadu burtu nav butiski atskirigas (p > 0.05).

A preliminary shelf-life study illustrated pascalisation treatment efficiency
on microorganism viability during 45-day storage. TPC did not exceed the
admissible level after 7 weeks in high pressure processed samples. Processing at
500 MPa was not suitable because TPC in samples HP 500 10 and HP 500 20
was higher than in other HPP samples (p < 0.05). During storage samples
HP 600 10 and HP 600 20 had a significant increase in TPC compared to
processing at higher pressure levels. Regimes HP 700 10, HP 700 20 and
HP 700 30 showed similarities in TPC after processing and storage, comparable
to sample HP 800 10. Out of all investigated regimes, HP 700 10 showed the
highest potential based on lower microorganism count and less consumption of
resources. Microorganism dynamics during storage after high pressure
processing indicated that microorganisms adapt to their environment in 20 to
30 days, then a slow but steady growth of microorganisms can be observed.

Microorganisms found in samples of maple pea spread with bruschetta after
processing were gram positive bacteria of Bacillus spp. These spore-forming
bacteria are commonly found in many spices and seasonings, and spores can
withstand pasteurization and pressure up to 1500 MPa (Zhang, Mittal, 2008).
Sous vide and high pressure processing are suitable for the elimination of
vegetative microorganism cells and non-spore forming food-borne pathogens;
however, processed foods retain nearly unaltered spore levels of pathogenic and
food spoilage bacteria found in raw foods (Sarker ef al., 2013; Shin et al., 2014).

In order to determine whether chosen treatment methods are appropriate for
pulse spread processing, physical and sensory parameters were also assessed
immediately after sous vide and high pressure treatments. Food colour is an
essential product sensory cue driving the sensory expectations that consumers

19



hold regarding foodstuffs that they purchase and consume (Garber et al., 2015).
Colour changes were analysed for the potentially suitable samples SV 80 15,
SV 100 15 and HP 700 10, and regimes with minimum and maximum
temperature / pressure values for each processing method (Fig. 7). The results
showed that sous vide treatment had a significant influence on the total colour
difference of maple pea spread with bruschetta contrary to high pressure
processing. Sous vide thermal treatment caused the product to become darker,
the total colour difference for sous vide samples ranged from AE* 2 to 8.2
compared to control. Maple pea spreads packed in film with lightproof properties
(PET/ALU/PA/PP) showed significantly less pronounced colour changes
compared to spreads packed in transparent (PA/PE) film at temperatures 80 °C
and 100 °C with processing time > 15 min (p < 0.05).
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Fig. 7. Colour difference of maple pea spread with bruschetta after sous
vide treatment and high pressure processing compared to untreated spread
[ 7. att. Krasas izmainas peleko zirpu pastéte ar bruSetu péc apstrades sous
vide un augstspiediena, salidzinot ar neapstradatu pasteti
Values within the same treatment temperature/pressure and time regime sharing a letter are not

significantly different (p > 0.05). / Vertibas ar vienadiem burtiem nav bitiski atskirigas starp
paraugiem ar vienadu apstrades temperatiiru/spiedienu un izturésanas laiku (p > 0.05).

The influence of high pressure processing on product colour was
insignificant, in addition colour differences between lightproof and transparent
film were not found for high pressure processing (p > 0.05). Sous vide and high
pressure processing had an insignificant effect on pH, water activity, firmness
and moisture of maple pea spread with bruschetta, suggesting that both methods
are suitable to maintain physical stability of pulse spreads after processing,
except for colour. High pressure processing did not affect sensory parameters of
pulse spreads (5 panellists), whereas after sous vide treatment at 80.0 °C maple
pea spread had noticeably more pronounced aroma of peas and seasonings
contrary to thermal treatment at 100.0 °C.
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Optimal processing regimes for pulse spreads are as follows: sous vide
treatment at 80.0 °C for 15 minutes and high pressure processing at 700 MPa for
10 minutes.

3. Modelling microbial inactivation kinetics of sous vide treatment in
maple pea spread

Microbial survivor curves of sous vide maple pea spread with bruschetta
during different treatment temperatures (Fig. 8) showed that reduction of
microorganisms between 15 and 40 min during thermal treatment at 60.0 °C and
70.0 °C was less significant (p > 0.05) contrary to treatment at higher
temperatures. Thermal treatment efficiency at 100.0 °C was reached after 30 min
when the count of viable cells decreased under the detectable level. The survival
curves of aerobic and facultative anaerobic, mesophilic microorganisms (TPC)
during sous vide treatment in maple pea spread fitted with the linear, linear with
tail, Weibull, and biphasic models are presented in Fig. 8. The obtained data
showed that survival curves deviated from linearity and tailing was observed,
particularly at higher temperatures; thermal inactivation did not follow first-order
kinetics. At 60 °C, 70 °C, and 80 °C the inactivation pattern was close to
linearity; however, at 100 °C a pronounced downward curvature was observed
followed by tailing after 25-min corresponding to approx. 2.5-log reductions.
Scanlon ef al. (2015) also observed the tailing phenomenon when submitting
bacteria to thermal processing.

Even though first-order kinetics are widely used to model inactivation of
microorganisms, in this case the clear occurrence of tails makes the log-linear
model inappropriate to describe the experimental data of sous vide inactivation
kinetics; it would lead to considerable errors in the determination of inactivation
time. For instance, if the target reduction of microorganisms in maple pea spread
was 1.5-log, the processing time would be 9 min at 100 °C, 14 min at 90 °C and
20 min at 80 °C based on biphasic model. The relevant time for the Weibull
model would be 8, 16 and 22 min at 100 °C, 90 °C and 80 °C, respectively. Based
on the linear model, the corresponding time would be 14 min at 100 °C, 20 min
at 90 °C and 24 min at 80 °C, thus increasing processing time by 36%, 20%, and
8% compared to these non-linear models.

The log-linear with tail model produced a good fit to the survival curves,
however, it was unable to fit the data of survival curves at 70 °C, 80 °C and 90 °C
temperature, therefore it was not analysed further. The Weibull model has been
used often to describe the non-linear inactivation kinetics of bacteria subjected
to thermal treatment (Coroller, 2006). However, in the present study, the biphasic
model produced the best fit to all the survival curves, as indicated by the lowest
RMSE and the highest R%; values at all temperatures studied. The results
indicate that before a resistance tail appears, a first-order kinetic trend can be
generally applicable to describe sous vide inactivation of microorganisms in
maple pea spread.
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Fig. 8. Inactivation kinetics of microorganisms during sous vide treatment
at60 °C (@), 70°C (m),80°C(A),90°C (@), 100 °C (=) temperature in
maple pea spread / 8. att. Mikroorganismu inaktivacijas kinétika peleko
zirnu pasteteé sous vide apstrades laika 60 °C (@), 70 °C (m), 80 °C (A),

90 °C (@) un 100 °C (™) temperatiira
Symbols represent observed data while lines correspond to the estimated models: log-linear (A), log-
linear with tail (B), Weibull (C), biphasic (D). Log-linear with tail model was unable to fit the
inactivation data at 60, 70 and 80 °C. / Simboli apzimé iegitos radijumus, un linijas apzime
izmantotos modelus: log-linearais (A), log-linearais ar asti (B), Veibula (C), bifaziskais (D).
Inaktivacijas datus 60, 70 un 80 °C temperatiira nebija iespejams izmantot log-linearajam ar asti

modelim.

The biphasic nature of the survivor curves suggested that two discrete
populations were present. Therefore, Joinpoint regression was used to separate
the survival curves into two distinct linear regression lines — linear and tail
proportion (Fig. 9), each with a separate equation and determination coefficient,
in order to obtain a better overview of predictive D values.

D values were calculated for the linear and tail proportion (Table 5). z values
for the two inactivation rates were derived from plots of the log D values versus
temperature. D value, as calculated by first-order kinetics (Table 5), represents
the decimal reduction time throughout processing, while parameter ¢ given by
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Weibull model represents the first decimal reduction time. J value at 60 °C was
66. 93 min, at 70 °C — 23.76 min, at 80 °C — 10.45 min, at 90 °C — 6.22 min and
at 100 °C — 2.76 min. D value was lower for treatment at 60 °C compared to the
first decimal reduction time (p < 0.001), while the thermal treatment at the rest
of the temperatures showed lower first decimal reduction time contrary to
D value (p <0.05). At 90 °C temperature 6 was twice as low, and at 100 °C
temperature 0 was three times lower than the calculated D value.
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Fig. 9. Linear regression of survival curves (log CFU g*) at 60 °C (A) and
80 °C (B) temperature / 9. att. Mikroorganismu inaktivacijas (Ig KVV g?)
linearas regresijas ltknes 60 °C (A) un 80 °C (B) temperatira
Dashed line represents the initial (linear) proportion and dotted line represents the tail proportion of
survivors. / Raustita linija raksturo mikroorganismu sakotnéjo (linearo) proporciju, un punktota

linija apzimé astes proporciju.

When survival curves are not linear, calculation of the D value (time for a
one-log inactivation), which is usually determined by considering the linear
portion of the survival curve, is not the best approach as it would result in over-
or under-processing depending on the shapes of the survival curves, which agrees
with the findings of Chen and Hoover (2004). In order to obtain the first decimal
reduction in maple pea spread using thermal treatment at 60 °C, the product
would be under-processed by 18 minutes if the calculation of decimal reduction
time is carried out based on linear survival curves. However, thermal treatment
at higher temperatures based on this D value would produce a considerable over-
processing, as the time for the first decimal reduction is significantly lower based
on Weibull model.

Linear D values were significantly lower (p < 0.001) than tail D values at all
temperatures studied, indicating that it takes considerably longer time to obtain
1-log reduction after the initial microbial proportion has been destroyed. The data
suggests that the initial proportion of microorganisms is less resistant to thermal
processing than the tail proportion, especially at higher temperatures. Based on
the microorganisms identified in sous vide treated maple pea spread with
bruschetta, the initial proportion could consist of the vegetative cells of Bacillus
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spp., but the tail proportion - of Bacillus spp. spores which cannot be eliminated
during thermal treatment below 100.0 °C (Shin et al., 2014).

Table 5/ 5. tabula
Calculated D values and the corresponding correlation coefficients for
linear and tail regions of the survivor curves, and D value as calculated by
first order kinetics /
Aprekinatas D vertibas un korelacijas koeficienti mikroorganismu liknes
linearajai un astes dalai, un pirmas kartas kinetikas D vertiba

Temperature / | Linear D value | Linear D R? | Tail D value / | Tail D R? D value® /
Temperatira, | linearas dalas | lineara astes dalas D / astes D vértiba
°C D vertiba, min® | dalas D R? | vertiba, min® |dalas D R?
60 34.60 0.998 178.57 0.942 48.31
70 19.34 0.959 94.34 0.875 26.95
80 13.30 0.952 49.02 0.951 16.16
90 9.99 0.931 44.64 0.970 14.25
100 5.94 0915 43.67 0.779 9.84

*First order kinetics D value/ pirmas kartas kinétikas D vértiba

@ z value for the linear D data is 5.5 °C (R? = 0.987) / z vértiba linedras dalas D vértibai ir 5.5 °C (R’ = 0.987)

b z value for the tail D data is 6.5 °C (R> = 0.837) / z vértiba astes dajas D vértibai ir 6.5 °C (R’ = 0.837)

¢ z value for linear model is 6.0 °C (R> = 0.954) / z vértiba linedrajam modelim ir 6.0 °C (R> = 0.954)
Therefore, in order to deliver safe product to consumers it is necessary to

observe microbial growth during storage to determine optimal shelf-life.

4. Quality changes of pulse spreads during storage

Based on the results described in chapter 2, one treatment regime for each
processing method was analysed: sous vide treatment at 80 °C temperature for
15 min (SV 80 _15) and high pressure processing at 700 MPa pressure for 10 min
(HP 700_10). The investigated storage time for processed pulse spreads was
62 days. A total of four pulse spread were investigated: cowpea spread (CS),
cowpea spread with bruschetta (CS_B), maple pea spread (MS) and maple pea
spread with bruschetta (MS_B).

Quiality changes of sous vide treated pulse spreads

Microbiological quality. Sous vide treatment had a positive influence on
total plate count (TPC) reduction; over 1.5-log reduction in TPC was observed
for pulse spreads after processing without significant differences between pulse
spreads and samples in different packaging materials (p < 0.05). TPC dynamics
in pulse spreads during storage in different flexible packaging films showed that
after 62-day storage TPC was significantly higher than immediately after
processing (p = 0.011) (Fig. 10).

Initial TPC in spreads packed in PA/PE and PET/ALU/PA/PP after sous vide
treatment was between 1.62 to 1.77 log CFU g!. After 62-day storage over one-
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log increase of TPC in cowpea and maple pea spreads was observed without
significant differences among pulse spreads and samples in different packaging
materials (p<0.05); TPC did not exceed the admissible level
(Nmax < 3.69 log CFU g™) for any of the samples.
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Fig. 10. TPC dynamics during storage of sous vide treated spreads packed
in PA/PE (A) and PET/ALU/PA/PP (B) /
10. att. MAFAM kopskaita dinamika uzglabasanas laika sous vide
apstradatas pastetes PA/PE (A) un PET/ALU/PA/PP (B) iepakojuma
The dashed line denotes the admissible level of TPC < 3.69 log CFU g for vegetable purées

(CM Regulation No 461/2014). / Raustita linija nordada pielaujamo mikroorganismu kopskaitu
< 3.69 log KVV g darzenu biezenos (MK noteikumi nr. 461/2014).

The presence of yeasts and moulds was not confirmed in any sous vide treated
samples. Several studies have shown that storage at refrigeration temperature up
to 63 days was able to maintain microbial quality of sous vide products (Levkane
et al.,2010; Can, Harun, 2015; Pino Hernandez et al., 2017). Based on the results
of TPC in sous vide treated pulse spreads, 62-day shelf-life is optimal, as the load
in spreads did not exceed the admissible level.

Sensory quality. Sensory properties of pulse spreads (overall appearance,
aroma, mouthfeel and taste) were evaluated up to day 62, and the results are
represented as quality number (QN). The quality of pulse spreads was very good
(QN = 4.96-4.75) up to day 29, regardless of packaging film material. Cowpea
spread (CS) and maple pea spread (MS) during 62-day storage maintained good
quality in both chosen packaging films, whereas spreads with bruschetta
maintained good quality up to day 57 (QN = 4.31-4.67) and average quality —
after day 57 (QN = 4.20—4.21). Pronounced colour changes in sous vide treated
pulse spreads were observed. Experts described sous vide treated pulse spreads
with pleasant flavour and acidity but less pronounced aroma and taste of pulses
after processing (day 0) compared to fresh spreads. After 29-day storage, grainy
texture was observed for cowpea spreads, while hard pieces of seed coats that
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were difficult to chew were found for maple pea spreads. Based on the results of
sensory evaluation by experts, sous vide treatment was able to maintain the
quality of pulse spreads during 2-month storage.

Similar results on sensory quality during storage of sous vide products have
been reported in bolognaise meat sauce and chicken tikka masala (Armstrong,
Mcllveen, 2000), seerfish steaks (Singh et al., 2016) and seabream (Espinosa et
al., 2015), suggesting that sous vide treated products show acceptable sensory
quality throughout 40 to 65 days at refrigeration temperatures.

Physicochemical stability. Physical parameters of untreated pulse spreads
were similar for all spread types (p > 0.1), pH ranged from 5.379 to 5.491, water
activity — from 0.977 to 0.978 and moisture content in spreads was
66.91-67.71%.

Significant differences in pH value among investigated sous vide treated
pulse spreads in different packaging materials during 62-day storage were not
found (p > 0.05). Several studies reported that sous vide treated foods remained
at a relatively constant pH during storage (Mol ef al., 2012; Can, Harun, 2015;
Singh et al., 2016). Water activity of sous vide treated pulse spreads packed in
PA/PE and PET/ALU/PA/PP during 62-day storage at 5.0+£1.0 °C did not show
a significant increase or decrease (p > 0.1). Mass losses through product
packaging during 62-day storage were not observed.

Food colour usually is the first quality parameter evaluated by consumers.
The CIE L parameter indicates the luminance of pulse spreads, and it was
significantly affected by sous vide treatment (p < 0.05), with a significantly lower
L* value for sous vide treated samples packed in PA/PE. Sadilova et al. (2009)
reported that increased colour degradation is typically associated with heat
processing, in accordance to Dutta et al. (2006) who suggested that heating time
and temperature decreases L* value due to the degradation of thermo-labile
compounds resulting in the formation of dark colour with reduced Iuminosity.
Total colour difference plot (Fig. 11a) shows the AE* value of pulse spread
samples after sous vide treatment. Pulse spread samples packed in PA/PE had a
greater AE* value than sous vide treated samples packed in PET/ALU/PA/PP
(p =0.004). After processing, sous vide treated spreads packed in PA/PE fell into
the well visible differences category (3 < AE* < 6), as described by Cserhalmi et
al. (2006) and Andrés et al. (2016). Zepka et al. (2009) reported the correlation
between total colour difference with consumers’ acceptability. Fernandez-
Vazquez et al. (2013) found that AE* value of 2.8 should be considered the
colour difference threshold for untrained panellists and consumers.

During storage, the AE* value of sous vide treated samples packed in PA/PE
increased to 2.13 on day 62 (Fig. 11b). Pulse spreads were stored under daylight
conditions in order to mimic storage on a grocery store shelf; significant colour
changes were observed for spreads packed in transparent PA/PE film, as colour
compounds are sensitive to a number of conditions such as pH variation,
oxidation, heat treatment and, most importantly, exposure to daylight
(Ghidouche et al., 2013). The threshold of AE* 2.8 units was not achieved after
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62-day storage (Fig. 11b), however, pulse spreads packed in PA/PE had a
significantly higher total colour difference compared to samples packed in
PET/ALU/PA/PP (p < 0.001). The results suggested that light proof
PET/ALU/PA/PP packaging film was able to preserve the colour of pulse spreads
better than transparent PA/PE film.
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Fig. 11. Colour difference” of pulse spreads packed in PA/PE (") and
PET/ALU/PA/PP () after sous vide treatment a) at day 0 and b) at day 62 /
11. att. Krasas diference pakSaugu pastéetes PA/PE (/) un PET/ALU/PA/PP
(7) iepakojuma péc apstrades sous vide a) 0. dien@ un b) 62. diena

# compared to untreated (control) samples / salidzinot ar neapstradatiem (kontroles) paraugiem

Values sharing a letter are not significantly different (p > 0.05). Dashed line represents the colour
difference threshold for untrained panellists and consumers (AE* 2.8). / Vertibas ar viendadiem
burtiem nav bitiski atskirigas (p > 0.05). Raustita linija norada uz krasas diferences robezvértibu
neapmdcitiem vértetdjiem un patérétdjiem consumers (AE* 2.8).

The proximate chemical composition of pulse spreads indicated that spreads
contain 7.31 +0.14 g protein, 6.08 £ 0.02 g lipids, 1.04+0.02 gash and
12.87 + 1.47 g dietary fibre per 100 g pulse spreads. The values of protein, ash
and dietary fibre content, established in the current study, are comparable to the
literature data (McCrory et al., 2010; Kirse, Karklina, 2013) where grain legumes
and spreads from pulses are indicated as good sources of nutrients. Protein, fat
and ash content was not significantly different between cowpea and maple pea
spreads. Total phenolic content and antiradical activity of sous vide treated pulse
spreads did not have significant differences during storage.

Chosen thermal treatment regime (SV 80 _15) and packaging materials did
not influence physicochemical parameters of pulse spreads after processing and
62-day storage (p > 0.1), suggesting that consistent product quality is maintained
after additional processing and storage.

Quiality changes of high pressure processed pulse spreads
Microbiological quality. High pressure processing had a positive influence
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on TPC reduction; over 1.5-log reduction in TPC compared to untreated spread
samples was observed for pulse spreads after processing without significant
differences between pulse spreads and samples in different packaging materials
(p < 0.05). TPC dynamics in high pressure processed pulse spreads during
storage in different flexible packaging films showed a similar trend to sous vide
treated spreads — after 62-day storage TPC was significantly higher than
immediately after processing (p = 0.017) (Fig. 12). Initial TPC in spreads packed
in PA/PE and PET/ALU/PA/PP after high pressure processing was between 1.75
to 1.87 log CFU g'!. After 62-day storage over one-log increase of TPC in spreads
was observed without significant differences between pulse spreads and samples
in different packaging materials (p < 0.05); TPC did not exceed the admissible
level (Nmax < 3.69 log CFU g!) for any of the samples.
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Fig. 12. TPC dynamics during storage of high pressure processed spreads

packed in PA/PE (A) and PET/ALU/PA/PP (B) / 12. att. MAFAmM kopskaita

dinamika uzglabasanas laika augstspiediena apstradatas pastetes PA/PE (A)
un PET/ALU/PA/PP (B) iepakojuma

The dashed line denotes the admissible level of TPC < 3.69 log CFU g for vegetable purées
(CM Regulation No 461/2014). / Raustita linija nordda pielaujamo mikroorganismu kopskaitu
< 3.69 log KVV g darzenu biezenos (MK noteikumi nr. 461/2014).

The presence of yeasts and moulds was not confirmed in any high pressure
processed samples. Several studies have shown that high pressure processed
foods stored at refrigeration temperature maintained their microbial stability up
to 56 days (Masegosa et al., 2015; Stratakos et al., 2015). Based on the results of
TPC in high pressure processed pulse spreads, 62-day shelf-life is optimal, as the
load in spreads did not exceed the admissible level.

Sensory quality. The changes in such sensory properties as overall
appearance, aroma, mouthfeel and taste were evaluated up to day 62 of high
pressure processed pulse spreads. High pressure processed cowpea spreads
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maintained very good quality during the whole storage time (QI = 4.99-4.79),
besides packaging film materials and seasoning had insignificant influence on
the quality of cowpea spreads. Maple pea spread (MS), however, maintained
good quality after day 57 (QN < 4.67); maple pea spread with bruschetta (MS_B)
in PA/PE packaging maintained good quality (QN < 4.68), but in
PET/ALU/PA/PP packaging — very good quality (QN > 4.71). Changes of pulse
and seasoning aroma and taste were not observed in high pressure processed
spreads. Maple pea spreads had harder pieces of seed coats that were more
difficult to chew compared to cowpea spreads. High pressure processed maple
pea spread samples were characterised by a pronounced pea aroma and pleasant
taste, whereas maple pea spread with bruschetta (MS_B) packed in PA/PE had a
slightly bitter and acidic taste after day 57. Based on the results of sensory
evaluation by experts, high pressure processing was able to maintain the quality
of pulse spreads during 2-month storage.

Similar results have been reported for high pressure processed lasagne
(Stratakos et al., 2015), ready-to-eat ‘lacon’ (Del Olmo et al., 2014) and ready-
to-heat vegetable meals (Masegosa et al., 2015), suggesting that high pressure
processed products show acceptable sensory quality throughout storage.

Physicochemical stability. The influence of high pressure processing
(HP 700 _10) and chosen packaging materials on physicochemical parameters
after processing was not significant for all spread types (p > 0.1). Significant
differences in pH value among investigated high pressure processed pulse
spreads in different packaging materials during 62-day storage were not detected
(p > 0.05). Similar results on pH stability during storage of high pressure
processed products were found in ready-to-heat vegetable meals (Masegosa et
al., 2015) and lasagne (Stratakos et al., 2015). Furthermore, Vercammen et al.
(2011) reported that the pH-value of high pressure treated meat remained
constant over the entire storage duration, in spite of the development of lactic
acid bacteria and other spoilage bacteria. Significant differences in water
activity and mass losses through packaging among investigated high pressure
processed pulse spread samples packed in PA/PE and PET/ALU/PA/PP during
62-day storage at 5.0+1.0 °C were not found (p > 0.05).

The changes in the chromatic colour parameters of untreated and high-
pressure processed pulse spread samples was insignificant regardless of
packaging materials (p > 0.1). The total colour difference plot (Fig. 13a) showed
that the AE* value of high pressure processed samples was comparable for pulse
spreads packed in in PA/PE and PET/ALU/PA/PP (p > 0.1). High pressure
processing had an insignificant effect on total colour difference in pulse spreads
(» = 0.836). Oey et al. (2008) have suggested that high pressure processing has
limited effects on covalent bonds, therefore, preserving colour of foods (Patras
etal.,2009; Andrés ef al., 2016). During storage, the AE* value of high pressure
processed samples packed in PA/PE increased to 2.01 on day 62 (Fig. 13b). Pulse
spreads packed in PA/PE film showed more noticable colour difference than
samples packed in PET/ALU/PA/PP (p < 0.001). The threshold of AE* 2.8 units,
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suggested as perceivable for untrained panellists and consumers (Fernandez-
Vazquez et al., 2013), was not achieved after 62-day storage (Fig. 13b).
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Fig. 13. Colour difference” of pulse spreads packed in PA/PE () and
PET/ALU/PA/PP () after high pressure processing
a) at day 0 and b) at day 62 /
13. att. Krasas izmainas pakSaugu pastétes PA/PE (") un PET/ALU/PA/PP
(7) iepakojuma péc apstrades augstspiediena a) 0. diena un b) 62. diena

# compared to untreated (control) samples / salidzinot ar neapstradatiem (kontroles) paraugiem
Values sharing a letter are not significantly different (p > 0.05). Dashed line represents the colour
difference threshold for untrained panellists and consumers (AE* 2.8). / Vertibas ar vienadiem
burtiem nav bitiski atskirigas (p > 0.05). Raustita linija norada uz krasas diferences robezvértibu
neapmdcitiem vértetdjiem un patérétdjiem consumers (AE* 2.8).

Light proof PET/ALU/PA/PP packaging film was able to preserve colour of
high pressure processed pulse spreads better than PA/PE film under daylight
illuminance.

The analysis of chemical composition of pulse spreads showed that the
influence of high pressure processing on protein, lipid, ash, and dietary fibre
content of all investigated pulse spreads was not significant (p > 0.1) after
processing. Total phenolic content and antiradical activity in high pressure
processed pulse spreads during storage did not show significant differences.

Chosen high pressure processing regime (HP 700 10) and packaging
materials did not influence physicochemical parameters of pulse spreads after
processing and 62-day storage, suggesting that consistent product quality is
maintained after additional processing and storage.

Comparison of sous vide and high pressure processed pulse spread quality
during storage

Both processing methods showed a significant reduction in total plate count
(over 1.5-log) compared to untreated spread samples without significant
differences between pulse spreads and samples in different packaging materials
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(p <0.05) on day 0. After 62-day storage over one-log increase of TPC in both
sous vide and high pressure processed pulse spreads was observed, however,
TPC did not exceed admissible level (Nmax < 3.69 log CFU g!) for any of
processed pulse spreads.

The number of microorganisms during storage below the admissible level,
however, does not guarantee that the product is free from pathogens. Therefore,
possible presence of pathogens was determined in all samples of pulse spreads
stored at 5.041.0 °C (Table 6). The presence of E. coli and C. perfringens in pulse
spreads before preservation treatment and after sous vide and high pressure
processing with sequential storage for 62 days in both packaging materials was
not confirmed. Contamination level of B. cereus in pulse spreads after spread
preparation was below 2.41 x 102 CFU g, whereas after 62-day storage
B. cereus accounted to < 10> CFU g!'. Chosen thermal and pressure processing
methods had a positive effect on B. cereus reduction in all samples. Insignificant
differences were found between pulse spreads in different packaging materials
(p < 0.05). Literature data suggests that only B. cereus levels between 10° and
108 cells/spores produce toxins that cause vomiting or diarrhoea (Ceuppens et
al., 2015) with the optimum temperatures of 10—43 °C (diarrhoeal toxin) and
12-37 °C (emetic toxin) (Finlay et al. 2000, Banerjee, Sarkar, 2004).

Table 6 / 6. tabula
Pathogens in sous vide and high pressure processed spreads, CFU g™/
Patogenie mikroorganismi sous vide un augstspiediend apstradatas pastetes,

KWV gl
] ] Before After 62-day storage /
M_lcroorgan_lsm_s / Samples_/ processing / Pec 62 dienu uzglabasanas
Mikroorganismi Paraugi . Z
Pirms apstrades | gy go 15 | HP 700 10
CS 2.00 x 10? 36 41
Bacill CS B 2.41 x 10? 98 67
actiius cereus MS 2.02 < 10° 58 57
MS B 1.96 x 10? 23 32
Escherichia coli, s
o CS B not detected / not detected / | not detected /
Clost'ndzum MS nav konstatets | nav konstatets | nav konstatéts
perfringens MS B

During storage, the growth of B. cereus was not observed, therefore B. cereus
should not be a hazard when refrigeration is properly maintained throughout the
shelf-life of pulse spreads.

The results of sensory evaluation by experts of pulse spreads during 62-day
storage suggested that better quality for cowpea and maple pea spreads could be
ensured by high pressure processing compared to sous vide treatment. Hedonic
evaluation by consumers showed that the degree of preference of cowpea
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spreads (CS) was between ‘not sure’ to ‘like a little’ (3.8—4.0), cowpea spreads
with bruschetta (CS_B) — ‘like a little’ to ‘like very much’ (4.4—4.5), and spreads
made from maple peas — between ‘like a little’ to ‘like very much’ (4.5-4.8). The
results of hedonic evaluation by consumers showed that overall acceptance of
new products was not affected by sous vide treatment and high pressure
processing compared to fresh spread samples (p > 0.1). The likelihood to
purchase these products at a grocery store was affirmed by the majority of the
respondents (75% in 2015, 78% in 2016). The majority of the respondents also
confirmed they would like to consume the new products on a daily basis. Overall
acceptance and sensory parameters of products are closely related to product
demand; therefore, consumer acceptance research is particularly important in the
new product development process (Singh-Ackbarali, Maharaj, 2013).

The influence of sous vide treatment, high pressure processing, and chosen
packaging materials on pH, water activity and mass losses of all investigated
pulse spreads was not significant (p > 0.1) after processing and 62-day storage.
Products with high moisture content (~70%), water activity (>0.96) and pH
around 5.5 represent an ideal substrate for microbial growth (Stratakos et al.,
2015), therefore accurate temperature conditions must be ensured during storage,
as temperature above 5 °C can cause rapid product microbial deterioration
(Baldwin, 2012).

Colour parameters of pulse spreads were less affected by high pressure
processing than sous vide treatment. Significant differences were found
(p <0.001) between processing treatment and spread samples in different
packaging materials. After processing AE* value of sous vide treated samples
was significantly higher than those of high pressure treatments (p < 0.001).
During storage AE* value of sous vide treated and high pressure processed
samples packed in PA/PE increased to 2.13 and 2.01, respectively, on day 62.
The influence of storage conditions (daylight illuminance 400 to 1000 Ix) on
AE* value was similar for pulse spreads packed in transparent packaging film
(p > 0.1) regardless of processing methods, yet, the colour difference threshold
(AE* 2.8) was not exceeded for any of the samples. Considering that single-sized
products usually are not sold in primary packaging, illuminance measured inside
a cardboard box gave the value of 0 Ix. Therefore, if the products are sold in
secondary packaging with light proof properties (e.g., cardboard), it is possible
to use either of the investigated packaging materials without the loss of product
quality.

The effect of the studied processing methods and chosen packaging materials
on chemical composition of all investigated pulse spreads after processing and
62-day storage was insignificant (p > 0.1).

Shelf-life prediction of pulse spreads

In addition to microbial safety, undesirable sensory and physicochemical
changes during storage can lead to food products of inadequate quality.
Therefore, shelf-life prediction is based on several deterioration factors —
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microbiological, sensory and physicochemical parameters (Dermesonluoglu et
al., 2016). The suggested shelf-life of processed pulse spreads is given in
Table 7. Considering that sous vide and high pressure processing maintained
consistent microbiological and physicochemical quality of pulse spreads during
62-day storage, shelf-life prediction was based on the results of sensory
evaluation.

Processed pulse spreads should be given the ‘minimum durability date’
(Commission Regulation (EC) No 2073/2005) and packaging should contain
‘best before ...” label (Commission Regulation (EC) No 1169/2011), as the
admissible level of microorganisms was not reached at day 62.

Table 7/ 7. tabula
Suggested shelf-life of pulse spreads /
Ieteiktais pakSaugu pasteSu deriguma termins

Processing / Packaging / Pulse spreads / PakSaugu pastétes
Apstrade lepakojums CcsS CS B MS MS B
Sous vide treatment / PA/PE 62 days | 57 days | 62 days | 57 days
Sous vide apstrade PET/ALU/PA/PP | 62 days | 57 days | 62days | 57 days
High pressure PA/PE 62 days | 62days | 62days | 62 days
processing / Apstrade

augstspiediend PET/ALU/PA/PP | 62 days | 62 days | 62days | 62 days

Based on the results of quality changes of sous vide and high pressure
processed pulse spreads during storage, both processing methods are suitable to
ensure the production of high quality pulse spreads with significantly longer
shelf-life.

5. Nutritional value assessment of pulse spreads

Nutritional value of products is directly linked to human health (Ajibola et
al.,2012; Dangour et al., 2010). Nutritional value of pulse spreads (Table 8) was
calculated based on nutrient values of untreated samples, since insignificant
effect of processing treatments and storage time (p > 0.1) was found. Protein and
fat content in all spreads was similar (p > 0.05). Dietary fibre content was higher
in both spreads made from maple peas compared to cowpea spreads (p = 0.013).
Cowpea spreads had a higher available carbohydrate content than maple pea
spreads (p = 0.016). Energy value of pulse spreads ranged from 537.51 to
550.56 kJ 100 g! without significant differences among spread samples
(p >0.05).

The values of nutrients of pulse spreads allow to apply nutrition and health
claims defined by Regulation (EC) No 1924/2006. Protein content of all four
pulse spreads accomplishes the requirements for the nutrition claim of ‘high
protein’ as 21.7-22.9% of the energy value of pulse spreads is provided by
protein. The same regulation allows labelling of all developed pulse spreads as
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‘high fibre’ considering they contain > 6.0 g of fibre per 100 g. When pulse
spreads are compared to other similar products on the market, the new spreads are
‘energy-reduced’ by 45 to 60%. With regards to salt content in pulse spreads, the
new products are not eligible for ‘low in sodium/salt’ claim because the added salt
amount accounts to 0.38 g 100 g; the allowed amount of salt for this claim is
<0.30 g 100 g!. Nevertheless, the products are suitable for preschoolers based
on the CM Regulation No 172/2012 which states the limit for added salt amount
(0.4 g per 100 g of product) allowed in food at preschool educational institutions.

Table 8 / 8. tabula
Nutritional value of pulse spreads / PakSaugu pastésu uzturvertiba

Nutritional parameters per 100 g/ |  Pulse spreads / PakSaugu pastétes }

L . p-value /
Uzturvertibas raditaji 100 g -vériba
produkta CS CS B MS MS B p
Protein / Olbaltumvielas, g 7.30 7.17 7.44 7.35 | p=0.261
Dietary fibre / Skiedrvielas, g 11.58* | 11.42% | 14.33* | 14.06° | p=10.013
Fat/ Tauki, g 6.10 6.07 6.09 6.09 |p=0.895
Available carbohydrates / 6.36° | 6.58 | 4.18° | 451° |p=0.016
Pieejamie oglhidrati, g
Energy / Energétiska vértiba, kJ 550.56 | 549.70 | 537.51 | 53943 |p=0.112
Energy / Energétiska vértiba, kcal 132,70 | 132.47 | 12995 | 130.37 |p=0.134

Values within a row sharing subscript letters are not significantly different (p > 0.05)./ Vertibas viena
rinda ar vienadu burtu nav butiski atskirigas (p > 0.05).

Nutrient coverage (%) of new products from of one serving (50 g) of pulse
spreads is 3.9-4.9% protein for adolescents and 4.7-5.6% for adults,
2.8-3.4% fat for adolescents and 4.1-4.9% for adults, and 2.2-3.3% energy for
adolescents and adults. The coverage of dietary fibre is 13.7-16.9% for
adolescents and 16.9-20.5% for adults from cowpea spreads, and 16.9-20.8%
for adolescents and 20.8-25.4% for adults from maple pea spreads. Pulse spreads
are a good source of dietary fibre for all investigated age and gender groups,
especially for female adults as one serving of maple pea spreads covers Y4 of their
dietary fibre daily needs.

CONCLUSIONS

1. The results of the study confirm the proposed hypothesis: shelf-life of pulse
spreads can be significantly extended through high pressure processing and
sous vide treatment.

2. The developed technology and selected raw materials ensure the production
of pulse spreads with high protein and dietary fibre content which are safe
for consumption. Seasonings had a significant influence on the degree of
preference, dietary fibre and total phenolic content, colour and firmness of
pulse spreads (p < 0.05). Total plate count in pulse spreads after preparation

34



was 3.3 £ 0.1 log CFU g! and after 3-day storage it exceeded the admissible
level of 3.69 log CFU g,

The following pulse spreads were selected as the most suitable for further
research according to integrated evaluation: cowpea spread (CS), cowpea
spread with bruschetta (CS_B), maple pea spread (MS) and maple pea spread
with bruschetta (MS_B).

Chosen sous vide and high pressure processing regimes are suitable to
maintain consistent product quality and safety for prolonged storage.
Optimal regimes for pulse spread processing are sous vide treatment at
80.0 °C temperature for 15 min and high pressure processing at 700 MPa
pressure for 10 min. A 1.5 to 1.7 log reduction of microorganisms was
observed after processing.

Modelling the inactivation kinetics of microorganisms in sous vide treated
maple pea spread suggested that survival curves were non-linear with
discrete populations present. The linear D values of inactivation curve were
significantly lower (p < 0.001) than tail D values at all temperatures studied,
indicating that the initial proportion of microorganisms (vegetative cells of
Bacillus spp.) is less resistant to thermal processing than the tail proportion
(spores of Bacillus spp.).

Sous vide and high pressure processing maintained the microbiological
quality of pulse spreads during 62-day storage without significant
differences between spreads in different packaging materials (p > 0.05).
Sensory quality of sous vide treated spreads was good at the end of storage
(57 days for spreads with seasoning, 62 days for spreads without seasoning),
whereas high pressure processed spreads maintained very good sensory
quality (62 days). Both processing technologies had an insignificant
influence on pH, water activity, mass losses, total phenolics, antiradical
activity and chemical composition of pulse spreads throughout storage,
irrespective of packaging materials (p > 0.1).

The total colour component difference in pulse spreads was significantly
higher after sous vide treatment compared to high pressure processing
(p <0.05). The total colour component difference for all sous vide and high
pressure processed pulse spread samples packed in transparent PA/PE
reached AE*<2.13 units at day 62 compared to untreated samples. The
difference for spreads packed in PET/ALU/PA/PP (AE*<0.52) was
significantly lower (p < 0.05).

Nutritional value analysis showed that pulse spreads are eligible for ‘high
protein’ and ‘high fibre’ nutrition and health claims. Energy value of pulse
spreads ranged from 537.51 to 550.56 kJ 100 g™'. Protein and dietary fibre
coverage (%) by one serving (50 g) of pulse spreads was dependent on the
consumer age and gender.
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PETIJUMA AKTUALITATE

Paksaugi ir taurinziezu dzimtas Fabaceae augi, kuru se€klas izmanto partikai.
Paksaugi ir svarigs olbaltumvielu avots lielai dalai pasaules iedzivotaju, jo tie ir
salidzinosi 1&ti, tacu ar augstu uzturvertibu, nodrosSinot labas kvalitates augu
izcelsmes olbaltumvielas, saliktos oglhidratus un B grupas vitaminus.

Neskatoties uz paksaugu nozimigumu cilvéku uztura, to patérin$ Eiropa ir
tikai %5 no vidgja paksSaugu patérina pasaulé (7.21 kg uz vienu iedzivotaju);
vidgjais pakSaugu pat€rin§ uz vienu iedzivotaju Latvija 2015. gada bija
7.8 g diena, sastadot ikgad€jo patérinu ~2.83 kg uz dienu iedzivotaju. Nemot
vera, ka galvenais paksaugu zema paterina iemesls ir to ilgais pagatavosanas
laiks, inovativi produkti no paksaugiem, kas samazina vai izsledz to laikietilpigo
pagatavosanu, ir lieliska izv€le paterétajiem, jo musdienu dzivesveids ir bitiski
maindjis €Sanas paradumus visa pasaulé, ka rezultata ir ieverojami audzis
pieprasijums péc gataviem produktiem tailitgjai lietoSanai. Turklat, Apvienoto
Naciju Organizacijas Generalas asamblejas 68. sesija 2016. gads oficiali tika
pasludinats par ‘Starptautisko paksaugu gadu’, lai palielinatu sabiedribas
informétibu par paksaugu uzturvertibas nozimi ka dalu no ilgtspgjigas partikas,
kas vérsta uz partikas droSibu un pieejamibu.

Augu izcelsmes pastétes ir svariga ikdienas sastavdala veseliga dzivesveida
piekritgjiem, tomér augu izcelsmes pasteésu dazadiba Latvijas tirgi ir ierobezota.
Turklat Eiropa audzgti / vietgjas izcelsmes pakSaugi nav parstaveti komerciali
pieejamajas augu izcelsmes pastetes.

Neskaitoties uz jaunu pakSaugu pastésu izstrades prieksrocibam, Sie produkti
ir paklauti dazadiem mikroorganismiem, kas izraisa partikas bojasanos. Tadg]
nepiecieSams apsvert progresivu apstrades panémienu izmantoSanu, jo paterétaji
izvairas no konservantiem, tacu pieprasa produktus ar pagarinatu deriguma
terminu (Can, Harun, 2015).

Sous vide apstrade mikstaja iepakojuma ir saméra jauns termiskas apstrades
panémiens, kas lauj uzlabot produkta droSibu, nodroSinat ta kvalitati un
pagarinat deriguma terminu. Apstrade augstspiediena ir veiksmigi
komercializets ne-termiskais apstrades panémiens (Frakas, 2016), kuru
galvenokart izmanto atdzes€tu produktu ar zemu vides skabumu pasterizesSanai
(Sarker et al., 2013); EK Regula Nr. 2283/2015 Sis pan@miens ir atzits par
inovativu apstrades metodi, kas ieviesta nesen, lai uzlabotu produktu drosibu,
kvalitati un deriguma terminu. Abi apstrades pan€mieni tiek raksturoti ka
pieméroti, lai iznicinatu vegetativas mikroorganismu §inas un sporas
neveidojoSus partikas patogénus, tadejadi pagarinot partikas produktu deriguma
terminu.

Promocijas darba hipotéze: pakSaugu pasteéSu deriguma terminu var butiski
pagarinat izmantojot augstspiediena vai sous vide apstrades panémienu.
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Promocijas darba hipotézi pierada ar $adam aizstavamam tézém:

Izstradata tehnologija ir piemérota kvalitativu un droSu pastéu ieguvei no
Eiropa audzétiem / vietgjas izcelsmes paksaugiem. Pievienotas garSvielas
butiski ietekmé pakSaugu pastésu kvalitativi.

Izveleto apstrades panémienu rezimi ietekm& pakSaugu pastesu
mikrobiologiskos, fizikali-kimiskos un sensoros parametrus.
Mikroorganismu inaktivacijas kinétikas modeli ir izmantojami sous vide
termiskas apstrades eksperimentalo datu izvertésanai

Sous vide un augstspiediena apstradatas pakSaugu pastStes saglaba
mikrobiologisko, sensoro un fizikali-kimisko kvalitati uzglabasanas laika.
Eksperimentali izstradatajam pakSaugu pastétém ir piemérojamas sadas
uzturvertibas un veseliguma norades — ‘daudz obaltumvielu’ un ‘daudz
Skiedrvielu’.

Promocijas darba pétjjuma objekts: augu valsts izcelsmes pakSaugu

pastveida produkti.

Promocijas darba mérkis ir izstradat jaunus pakSaugu produktus un izvertet

augstspiediena un sous vide apstrades pan€mienu ietekmi uz to kvalitati
uzglabasanas laika.

Darba mérka sasniegSanai izvirziti §adi uzdevumi:

izstradat tehnologiju jaunu augu izcelsmes olbaltumvielu pastésu razoSanai
no melnacotajam pupinam un pelekajiem zirpiem un noteikt pastéSu
kvalitativos raditajus;

. noteikt optimalos sous vide un augstpiediena apstrades panémienu rezimus

paksaugu pastésu kvalitates nodrosinasanai uzglabasanas laika;

modelét mikroorganismu inaktvacijas kinétiku sous vide apstradatas
paksaugu pastetes;

izvertet pakSaugu pastéSu mikrobiologiskas, sensoras un fizikali-kimiskas
kvalitates izmainas uzglabasanas laika;

izvertét jauno produktu uzturvertibas atbilstibu uzturvertibas un veseliguma
noradém un salidzinat uzturvielu segumu ar uzturvielu ieteikumiem
pusaudziem un pieaugusajiem.

Promocijas darba novitate un zinatniskais nozimigums:

1.

2.

pirmo reizi pétita melnacoto pupinu un peléko zirnu piemérotiba inovativu
augu valsts izcelsmes pastveida produktu razoSanai;

izstradati jauni paksaugu produkti — pastétes, kuru gatavoSanas panémiens
registréts ar LR patentu nr. 14705 (2014);

izpetita augstspiediena un sous vide apstrades panémiena ietekme uz
paksaugu pastesu kvalitati, un noteikti piemérotakie apstrades reZimi;
izvertéta paksSaugu pastesu kvalitate uzglabasanas laika, un noteikts to
ieteicamais deriguma termins;
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5. veikta mikroorganismu inaktivacijas kingtikas modeléSana sous vide
apstradatas pakSaugu pastét€s, izmantojot linearo un nelinearos
matematiskos modelus.

Promocijas darba tautsaimnieciska nozimiba:

1. pakSaugu izmantoSana jaunu olbaltumvielam un Skiedrvielam bagatu
produktu razosana;

2. jaunie produkti izslédz patérinam paredz&to paksaugu laikietilpigo
sagatavos$anas procesu;

3. izstradatas pakSaugu pastétes paplasina patérétajiem, ipaSi vegetarieSiem,
piedavato produktu sortimentu.

ZINATNISKA DARBA APROBACIJA

Pétijuma rezultati ir apkopoti 12 recenzetos zinatniskos izdevumos,
ieskaitot 5 publikacijas, kas indeksétas starptautiski cit€jamas datubazes
SCOPUS un Web of Science, sanemts viens LR patents Nr. 14705.

Par rezultatiem zinots 14 starptautiskas zinatniskas konferencés un
seminaros Latvija, Igaunija, Lietuva, Cehija, Portugalg, Bulgarija, Italija, ka art
starptautiskaja partikas izstadé “Riga Food” Latvijas Lauksaimniecibas
unversitates stenda 2013., 2014., 2015. un 2016. gada (publikaciju un
prezentaciju sarakstu skatit 6.-9. Ipp.).

MATERIALI UN METODES

Pétijuma laiks un vieta
Eksperimenti veikti laika posma no 2013. I1dz 2016. gadam. Produktu izstade
un analizes veiktas:
» Latvijas Lauksaimniecibas universitates Partikas Tehnoogijas fakultaté
un Agronomisko analizu zinatniska laboratorija,
» SIA J.S. Hamilton Baltic,

» Starptautiskaja izstazu centra Kipsala, starptautiskas partikas izstades
“Riga Food” laika 2013., 2014., 2015. un 2016 gada.

Pétijuma izmantotie materiali

Paksaugu pastétes gatavotas no divu veidu pakSaugiem: melnacotajam
pupinam (Vigna unguiculata (L.) Walp. cv. Fradel), 2013. gada raza, Portugale,
un pelékajiem zirniem (Pisum sativum var. arvense L. cv. Bruno), 2014. gada
raza, Priekuli, Latvija. Tika izmantotas S$adas papildizejvielas: rapsSu ella,
citronskabe, Himalaju sals, sezama séklas, sipolu garSviela, paprika garsviela,
brusetas garsviela (kaltéts tomats, baziliks, kiploks), zalumu garsviela (kaltéts
pétersilis, dilles, locini). Sesi dazadi pastésu veidi izstradati no katra pakSauga:
viens bez garSvielam (1. tabula) — kontroles paraugs un pieci ar garSvielam
(2. tabula) pastésu garSas dazadoSanai. Jauno paksaugu produktu izstradé merkis
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bija iegiit pastétes ar augstu olbaltumvielu un Skiedrvielu saturu, bet zemu tauku
saturu, balstoties uz uzturvértibas un veseliguma noradém EK Regula nr.
1924/2006 un MK noteikumiem nr. 172/2012.

Pétijuma struktiira
Péttjums veikts piecos posmos (1. att.).

| posms — Jaunu paksSaugu pastésu izstrade un kvalitativais novertéjums

Paksaugu pastéSu razoSanas tehnologija ir balstita uz vegetaro pastéSu
razoSanas panémienu, kas aprakstits Latvijas Republikas patenta nr. 14705
(2014). Tehnologija ietver pakSaugu mérc€Sanu tdeni (pievienots NaHCOs,
21.5 gkg™!) 2042 °C temperatira 15 stundas, tam sekojoSu rehidratétu pakSaugu
skaloSanu un varisanu spiediena katla lidz gatavibai (t = 35 + 5 min, un 15 min
dabiskam spiediena samazinajumam). Karsti, variti pakSaugi péc tam tiek
sasmalcinati virtuves kombaina (Philips HR 7761/00, Philips Ltd., Niderlande),
kopa ar sali un citronskabi, pastétei tick pievienotas garsvielas (ja nepieciesams);
ella tiek pievienota samaisiSanas beigas.

Kvalitativais pakSaugu pastéSu novertejums veikts, izmantojot sensoro
vertesanu (hedoniska skala, nerem;i = 120), fizikali-ktmiskos (olbaltumvielas,
pelnvielas, kopg€jas Skiedrvielas, kopgjie fenoli, sausna, pH, L* vertiba,
konsistence) un mikrobiologiskos (mezofili aerobo un fakultativi anaerobo
mikroorganismu kopskaits (MAFAm), raugu un peléjumu skaits) parametrus.
Integrétais daudzkriteriju novert§jums izmantots, lai izvélétos pasttes ar
augstako razoSanas potencialu deriguma termina petjjumam.

Il posms — IepakoSanas materiilu un pakSaugu pastéSu apstrades

panémienu reZimu izvéle

Paksaugu pastésu iepakoSanai izvéleti $adi materiali: divslanu caurspidiga
PA/PE laminata maisini ar augstam barjeripasibam (SIA PTC, Latvija) un
gaismu necaurlaidiga PET/ALU/PA/PP laminata maisini ar augstam
barjeripasibam (SIA Nordvak, Latvija); maisinpu izmérs 45 x 170 mm.
Iepakojumi tika hermétiski aizkaus@ti, izmantojot kameras tipa vakuuma
iepakosanas iekartu C300 (Multivac Ltd., Lielbritanija), péc tam veikta pastesu
apstrade ilgstosas uzglabasanas nodro§inasanai (2. att.)

Sous vide apstrade tika veikta fidens vanna (Clifton Food Range, Nickel-
Electro Ltd., Lielbritanija), savukart augstspiediena apstrade notika apkartgjas
vides temperatira, izmantojot Iso-Lab  augstspiediena  pilotiekartu
(S-FL-100-250-09-W, Stansted Fluid Power Ltd., Eseksa, Lielbritanija) ar 2.0 1
spiediena tvertni. Vakuuma iepakoti neapstradati (kontrole), sous vide un
augstspiediena apstradati paraugi tika uzglabati atdzesgtos apstaklos (2. att.).

Apstradatu paraugu apzimgjumi sastav no diviem burtiem, kas raksturo
apstrades panémienu, un diviem skaitliem, no kuriem pirmais skaitlis apzime
temperattru (°C) vai spiedienu (MPa) un otrais skaitlis apzimé izturésanas laiku
(min):

» SV 80 15 —sous vide apstrade 80 °C temperatiira 15 minttes,
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» HP 700 10 — augstspiediena apstrade 700 MPa spiediena 10 miniites,
» C —kontroles paraugs.

111 posms — Mikroorganismu kinétikas modelé$ana sous vide apstradatas

paksSaugu pastétes

Peleko zirnu pastétes ar brusetu (MS_B) apstrade sous vide tika veikta piecos
temperatiiras rezimos (2. att.). P&c 5, 10, 15, 20, 25, 30, 35 un 40 min no sildosas
vides tika iznemti divi iepakojumi, nekav€joties atdzeseti 2.0+1.0 °C ledusiident
Iidz temperatiirai 5.0+1.0 °C iepakojuma iekSpusé 10 min laika.

Inaktivacijas kingtikas modelésana tika veikta, izveidojot mikroorganismu
inaktivacijas (izdzivosanas) Iiknes ka funkciju no temperatiras. Sim nolikam
tika izveidota diagramma ar log KVV g! atkaribu no laika (min) katram
atseviskam meéginajumam. Dazadu modelu (3. tabula) piem&rotiba sous vide
inaktivacijas kin&tikai tika parbaudita.

Savienojumpunktu regresija izmantota inakcivacijas liknu ldzumpunktu
noteiksanai, lai aprékinatu D un z vertibas mikroorganismu Iiknu linearajai un
astes proporcijai. Apréekini veikti saskana ar Li et al. (2017) pétijuma metodiku.

IV posms — PakS$augu pastésu kvalitates izvertéjums uzglabasanas laika

Paksaugu pastéSu mikrobiologiska kvalitate uzglabasanas laika raksturota
ar MAFAm kopskaitu, raugu un pel&jumu skaitu, ka art patogénu klatbiitni. Sesi
eksperti piedalijas pasteSu sensoras kvalitates izmainu vertesana uzglabasanas
laika. Katrs sensorais raditajs (argjais izskats, smarza, konsistence un garsa) tika
vertets skala no 5 (loti laba kvalitate) 1Tdz 1 (neapmierinosa kvalitate), un katram
paraugam tika pieskirts kvalitates skaitlis (KS). Hedoniska vérteéSana izmantota,
lai noteiktu apstradatu pastéSu patérétaju patikSanas pakapi. PakSaugu pastesu
fizikali-kimiska kvalitate uzglabasanas laika raksturota ar pH, tdens
aktivitates, mitruma, masas zudumu, krasas, olbaltumvielu, Skiedrvielu,
pelnvielu, tauku, kopgjo fenolu un antiradikalas aktivitates izmainam.

V posms — Uzturvértibas novértéjums

PakSaugu pastéSu energétiska vertiba aprékinata saskana ar uzturvielu
koeficientiem, kas aprakstiti Regula (EK) Nr. 1169/2011, un atbilstiba
uzturvertibas un veseliguma noradém izverteta saskana ar Regulu (EK)
Nr. 1924/2006. Uzturvielu segums ar vienu pastésu porciju (50 g) pusaudziem
un pieaugusajiem salidzinats ar ieteicamo dienas uzturvielu devu.

Péetijuma izmantotas metodes
Metodes, kas izmantotas fizikali-kimisko, sensoro un mikrobiologisko
raditaju noteikSanai, apkopotas 4. tabula.

Datu matematiska apstrade

Iegtto datu apstrade veikta, izmantojot statistikas programmas ‘R 3.0.2’,
‘Microsoft Office Excel v16.0’ un ‘Statistica for Windows v10’. Rezultati
izteikti ka vidgja vertiba + standartnovirze. Stjudenta tests, vienfaktora un
daudzfaktoru dispersijas analize (ANOVA) un Tjikija tests izmantoti, lai
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salidzinatu vertibas. Atskiribas starp vertibam uzskatitas par bitiskam, ja
p <0.05. Pirsona korelacijas koeficients aprékinats, lai novertétu sakaribas starp
rezultatiem. Mikrooganismu inaktivacijas kin€tikas modeléSana veikta,
izmantojot GInaFiT v1.6 inaktivacijas modelu pielagosanas riku. ‘Joinpoint
Regression Program v4.3.1.0” izmantota, lai iegiitu savienojumpunktu regresijas
Iiknes. Inaktivacijas modelu statistiskai analizei aprékinats pielagotais
determinacijas koeficients (R%qj) un vidgjas kvadratiskas klidas kvadratsakne
(RMSE), lai novertetu modela sakritibu ar eksperimentalajiem datiem.

REZULTATI UN DISKUSIJA
1. Jauno paksaugu pastéSu kvalitativie raditaji

Izejvielu analize paradija, ka melnacotas pupinas un pelékie zirni ir pieméroti
augu izcelsmes olbaltumvielu pastéSu izstradei, pamatojoties uz to augsto
olbaltumvielu saturu (attiecigi 25.5+0.20 un 26.0+£0.30 g 100 g' sausnad),
tomer, metionins bija limit&josa aminoskabe abos paksaugos.

Produkta garSas kvalitate ir cieSi saistita ar patérétaju pieprasijumu, ka
apgalvo Singh-Ackbarali un Maharaj (2013), tapéc ir nepiecieSams izstradat
produktus, kas atbilst patérétaju velmém. SeSas pastétes no katra paksauga
(1. tabula) tika novertetas ar hedonisko skalu (3. att.).

Patéretaji deva prieksroku melnacoto pupinu pastétei ar sipoliem (CS_O) un
brusetu (CS_B) (p < 0.05), salidzinot ar par&jiem melnacoto pupinu pastesu
paraugiem. Cetriem peléko zirpu pasté§u paraugiem bija augsta patikSanas
pakape bez butiskam atskirtbam sava starpa (p = 0.221): peleko zirnu pastetei ar
sipoliem (MS_0), brusetu (MS_B), papriku (MS_P) un bez garSvielam (MS).
Pievienotajam gars§vielam bija butiska ietekme uz pastésu patikSanas pakapi.

Fizikali-ktmiskas analizes, kuras tika veiktas ar kontroles paraugu un augstak
novertetajiem paraugiem (patikSanas pakape > 4.0), paradija butiskas atskiribas
starp pastéSu kop€jo skiedrvielu un kopgo fenolu saturu, L* vértibu un
konsistenci. Olbaltumvielu saturs paksSaugu pastétés bija no 7.10 lidz
7.43g100g"! (p = 0.065), ar1 pelnvielu saturs (1.00-1.10 g 100 g') nebija
atkarigs no izmantotajam garSvielam (p = 0.480). Paksaugu pastétes bija labs
Skiedrvielu avots (10.70 lidz 14.24 g 100 g"). Kop&jo fenolu saturs bija augstaks
pastetés ar brusetu. Melnacoto pupinu pastétes bija gaisakas (L* 58.70-60.70)
neka peleko zirnu pastétes (L* 50.15-57.30), un garSvielu pievienoSanai bija
bitiska ietekme uz produkta gaiSuma pakapi (L*) (p = 0.010). Produktu pH
vertiba bija robezas no 5.50 Iidz 5.63, iznemot peleko zirnu pastéti ar papriku
(pH 5.05). Paksaugu pastésu konsistence bija robezas no 9.00 lidz 12.20 N, un to
ietekmg&ja pievienotas garsvielas (p = 0.018).

Mikroorganismu kopskaits pakSaugu pastétés bija no 3.20 Iidz
3.40 log KVV g'!, kas ir ievérojami vairak neka varitos pakSaugos (MAFAm
<1.0log KVV g"). PakSaugu pastétes ir paklautas Skerspiesarnojumam no
sastavdalam, piederumiem un apkart€jas vides pastéSu gatavosanas laika.
MAFAmMm neparsniedza pielaujamo Iimeni (< 3.69 log KVV g™), kas liecina, ka
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paksaugu pastétes ir drosas paterinam. Uzglabasanas laika analize paradija, ka
paksaugu pastétes parsniedz pielaujamo MAFAm skaitu 3 Iidz 5 dienu laika
uzglabdjot ledusskapi. Sis sais uzglabasanas laiks norada, ka ir jaapsver
apstrades metodes un atbilstosi iepakojuma risinajumi, lai samazinatu
mikroorganismu kopskaitu un izvairitos no pastéSu paatrinatas bojasanas,
tadejadi pagarinot jauno produktu deriguma terminu.

Integrétais daudzkritériju novertéjums (4. att.) tika veikts, pamatojoties uz
sensoro VvertéSanu, kimiskajiem un fizikalajam parametriem, lai noteiktu
paksaugu pastesSu paraugus ar augstako razosanas un uzglabasanas laika izp&tes
potencialu.

Analize paradija, ka gan melnacoto pupinu pastétei ar brusetu (CS_B), gan
peleko zirnu pastétei ar brusetu (MS B) bija zemaka integréta novertgjuma
vertiba, kas rada, ka Siem paraugiem ir labaks lidzsvars starp sensorajiem un
uzturvertibas raditajiem. Past€tém ar zemako integrétd novertgjuma vertibu ir
lielaks razoanas potencials patérinam. Sadi pakSaugu pastéSu paraugi tika
izveéleti uzglabasanas laika pétjjumam: melnacoto pupinu pastéte (CS),
melnacoto pupinu pastéte ar brusetu (CS B), peleko zirnu pastéte (MS) un
peléko zirnu pastéte ar brusetu (MS_B).

2. Progresivu apstrades panémienu ietekme uz pakSaugu pastésu kvalitati

Vairaku sous vide apstrades reZimu analize paradija, ka mikroorganismu
kopskaits (MAFAm) kontroles parauga (C) bija ievérojami lielaks (p < 0.05)
neka sous vide apstradatos paraugos dazadas termiskas apstrades rezimos
(5. att.). Termiska apstrade 60 °C un 70 °C temperatiira (5.a att.) sp&ja samazinat
MAFAm kopskaitu, salidzinot ar kontroles paraugu, tomér mikroorganismu
skaita samazinajums bija neliels, tadgl Sie sous vide apstrades reZimi tika atziti
par nederigiem paksaugu pastesu apstradei.

Tresais pétitais termiskas apstrades rezims (80 °C) iev€rojami samazindja
MAFAm, salidzinot ar kontroles paraugu (5.b att.), visos izturéSanas laika
rezimos ar dilstoSu efektivitati: SV 80 15=SV 80 20 =SV 80 25=SV 80 30
(2-log samazinajums) > SV 80 05 =SV 80 10 (1-log samazinajums) (p < 0.05).
MAFAm samazinajums 90 °C temperatiira (5.c att.) bija sads: SV 90 15 =
=SV 90 20 = SV 90 25 = SV 90 30 (2-log samazinajums) > SV 90 05 =
=SV 90 10 (1-log samazinajums) (p < 0.05). Apstradé 100 °C temperatiira tika
novertots 2.5-log samazinajums ar butiskam atsSkirtbam starp izturéSanas laiku
(p <0.05) (5.d att.); paraugi SV 100 _15, SV 100_20, SV 100 _25 un SV 100_30
uzradija ieverojami zemaku mikrobialo piesarnojumu neka citi paraugi
(p=0.011).

Turklat, lai gan ar mazaku efektivitati, arT termiskas apstrades rezimi
SV 100_05un SV 100 10 uzradija ievérojamu mikroorganismu samazinajumu,
salidzinot ar kontroles paraugu (p < 0.05). IzturéSanas laiks Ti;turssanas = 15 min
bija tikpat efektivs ka Tisturssanas = 30 min 80 °C, 90 °C un 100 °C apstrades
temperatura.
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Uzglabasanas laika priekSméginajuma tika parbaudita termiskas apstrades
ietekme uz mikroorganismu dzivotsp&ju 120 dienu laika. Apstrade 90 °C
temperatira netika pétita, jo ta neuzradija ieveérojamu mikrorganismu
samazinajumu salidzinot ar apstradi 80 °C (p > 0.05). Pétitie rezZimi bija
SV 80 _15 (ty = 80.0+0.5 °C, T = 15 min) un SV 100 15 (t, = 100.0+0.5 °C,
T =15 min), pamatojoties uz Tsaku termiskas apstrades ciklu un to mikrobialo
piesarnojumu. Termiski apstradatie paraugi parsniedza pielaujamo MAFAm
(Nmax < 3.69 log KVV g!) péc 3 ménesiem. Sous vide apstrade 80 °C un 100 °C
temperatiira ar izturéSanas laiku 15 min bija piemeérota zirnu pastesu apstradei no
mikrobiologiska viedokla, tomér pasterizacija 80 °C temperatiira ir Skietami
ekonomiski izdevigaka. Sous vide apstradatu zirnu pastéSu mikrobiologisko
kvalitati ir iesp€ams nodrosinat Iidz 96 dienam, veicot apstradi 80 °C
temperatiira 15 min, un lidz 106 dienam — ar apstradi 100 °C temperattira 15 min.
Mikroorganismu augsanas dinamika uzglabasanas laika p&c sous vide apstrades
paradija, ka mikroorganismi pielagojas videi 50 Iidz 60 dienu laika, p&c tam
noverojams straujaks to skaita pieaugums, tad€] uzglabasanas laikam ir jabut
proporcionalam strauja pieauguma sakumam.

Vairaku augstspiediena apstrades rezimu analize paradija, ka
mikroorganismu kopskaits (MAFAm) kontroles parauga (C) bija ievérojami
lielaks (p < 0.05) neka augstspiediena apstradatas zirnu pastétes (6. att.).
Salidzinot ar kontroles paraugu, augstspiediena apstrade samazinaja MAFAm ar
dilstosu efektivitati: HP 800 10 = HP 700 30 = HP 700 20 = HP 700 10 =
= HP 600 20 (1.5-log samazinajums) > HP 600 10> HP 500 _20 > HP 500 10.
Bitiskas atskirtbas starp mikroorganismu kopskaitu augstspiediena apstradatos
paraugos 600 MPa, 700 MPa un 800 MPa spiediena netika novérotas (p = 0.289).

Uzglabasanas laika priekSméginajuma tika novertéta augstspiediena
apstrades icteckme uz mikroorganismu dzivotsp&ju 45 dienu laika.
Augstspiediena apstradatos paraugos MAFAm neparsniedza pielaujamo Itmeni
pec 7 nedelam. Apstrade 500 MPa spiediena nebija piemerota, jo MAFAm
paraugos HP 500 10 un HP 500 20 bija augstaks neka citos augstspiediena
apstradatos paraugos (p < 0.05). Uzglabasanas laika paraugi HP 600 10 un
HP 600 20 uzradija ieverojamu MAFAm pieaugumu, salidzinot ar apstradi
augstaka spiediena. Apstrades rezimi HP 700 10, HP 700 20 un HP 700 30
uzradija lidzigas mikroorganismu kopskaita vertibas péc apstrades un
uzglabasanas, ka bija salidzinamas ar paraugu HP 800 10. No visiem pétitajiem
rezimiem, paraugam HP 700 10 bija visaugstakais potencials, pamatojoties uz
zemako mikroorganismu kopskaitu un mazako resursu patérinu.
Mikroorganismu dinamika uzglabasanas laika péc augstspiediena apstrades
noradija, ka mikroorganismi pielagojas videi 20 Iidz 30 dienu laika, p&c tam
verojams lens, bet stabils mikroorganismu pieaugums.

Mikroorganismi, kas tika atrasti peleko zirnu pastétes ar brusetu paraugos p&c
apstrades, bija grampozitivas Bacillus spp. baktérijas. Sis sporu veidojosas
bakterijas ir biezi sastopamas dazadas garSvielas, turklat sporas var izturét
pasterizaciju un spiedienu Iidz 1500 MPa (Zhang, Mittal, 2008). Sous vide un
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augstspiediena apstrade ir piemérotas vegetativo mikroorganismu $tinu un sporu
neveidojoSo partikas patogénu likvidéSanai; tomér apstradatos produktos
saglabajas gandriz nemainigs patogéno un partikas bojasanos izraiso$o bakteriju
sporu daudzums, kas atrodams neapstradata partika (Sarker ef al., 2013; Shin et
al.,2014).

Lai noteiktu, vai izv€letie apstrades panémieni ir piemeroti pakSaugu pastesu
apstradei, tika izvertéti fizikalie un sensorie parametri uzreiz péc apstrades sous
vide un augstspiediena. Produkta krasa ir biitisks ta sensoras kvalitates raditajs,
kam paterétaji pievers uzmanibu pirms produkta iegades un paterina (Garber et
al., 2015). Krasas izmanas tika analizétas potenciali piemérotajiem paraugiem
SV 80 15, SV 100 _15un HP 700 10, ka arT apstrades reZimiem ar minimalo un
maksimalo temperatiiras / spiediena vertibu katram apstrades pan€mienam
(7. att.). Rezultati paradija, ka sous vide apstrade bitiski ietekmgja peleko zirnu
pastétes ar brusetu kopgjo krasas diferenci pretgji augstspiediena apstradei. Sous
vide termiskas apstrades ietekmé produkts kluva tumsaks, kopgja krasu diference
sous vide apstradatiem paraugiem svarstijas no AE* 2 lidz 8.2, salidzinot ar
kontroli. Pastétes iepakojuma materiala ar gaismu necaurlaidigam ipasibam
(PET/ALU/PA/PP) uzradija ievérojami mazak izteiktas krasas izmainas,
salidzinot ar pastétém caurspidigaja (PA/PE) iepakojuma 80 °C un 100 °C
temperatira ar apstrades laiku > 15 min (p < 0.05). Augstpiediena apstradei
nebija bitiskas ietekmes uz produkta krasu, turklat starp gaismu necaurlaidigo
un caurspidigo iepakojuma materialu nebija ievérojamu atskiribu (p > 0.05).
Sous vide un augstspiediena apstradei bija nenozimiga ietekme uz peleko zirnu
pastétes ar bruSetu pH, tdens aktivitati, konsistenci un mitruma saturu, kas
liecina, ka abi apstrades panémieni ir pieméroti, lai pakSaugu pastetem
nodrosinatu fizikalo stabilitati p&c apstrades, iznemot krasu. Augstspiediena
apstrade neietekméja pakSaugu pastésu sensoros parametrus (5 vertétaji), bet pec
sous vide apstrades 80.0 °C temperatiira zirnu pastetei bija ieveérojami izteiktaka
zirnu un garSvielu smarza, salidzinot ar termisko apstradi 100.0 °C temperattra.

Optimalie apstrades reZimi pakSaugu pastétém ir §adi: sous vide apstrade 15
miniites 80.0 °C temperattira un augstspiediena apstrade 10 miniites 700 MPa
spiediena.

3. Mikroorganismu inaktivacijas kinétikas modelésana sous vide
apstradata peleko zirnu pastete

Sous vide apstradatas peleko zinu pasttes ar brusetu mikroorganismu
inaktivacijas liknes dazadas apstrades temperatiras (8. att.) liecina, ka
mikroorganismu samazinajums 60.0 °C un 70.0 °C apstrades temperatiiras starp
15 un 40 min bija mazak bitisks (p>0.05) neka augstakas apstrades
temperatiiras. Termiskas apstrades efekts 100.0 °C temperatiira tika sasniegts pec
30 min, kad dzivotsp&jigo Stnu skaits samazinajas zem nosakama limena.
Mezofili aerobo un fakultativi anaerobo mikroorganismu (MAFAm)
inaktivacijas liknes ar tam piemérotajiem modeliem — linearo, linearu ar asti,
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Veibula un bifazisko — redzamas 8. attéla. legiitie dati liecina, ka liknes novirzijas
no linearitates un tam tika noverotas astes, pasi augstakas temperatiiras; termiska
inaktivacija neatbilst pirmas kartas king&tikai. 60 °C, 70 °C un 80 °C temperatiira
inaktivacija bija tuvu linearitatei, tom&r 100 °C temperattra tika novérota izteikti
lejupejosa izliekta Iikne, kurai pec 25 min novérota aste, kas atbilst apméram
2.5-log samazinajumam. Ar1 Scanlon ef al. (2015) norada, ka, mikroorganismus
paklaujot termiskai apstradei, ir raksturigas inaktivacijas Iiknes ar asteém.

Lai gan pirmas kartas kinétika tiek plasi izmantota mikroorganismu
inaktivacijas model&Sanai, $aja gadijjuma noverotas Itknu astes liecina, ka log-
linearais modelis ir nepiemérots sous vide inaktivacijas kingtikas eksperimentalo
datu aprakstiSanai; $adi rastos ieveérojamas klidas nosakot inaktivacijas laiku.
Pieméram, ja peleko zirpu pasteéte paredzEts samazinat mikroorganismu
kopskaitu par 1.5-log vienibam, tad apstrades laiks biitu 9 min 100 °C, 14 min
90 °C un 20 min 80 °C temperatira pamatojoties uz bifazisko modeli.
Inaktivacijas laiks péc Veibula modela butu 8, 16 un 22 min attiecigi 100 °C,
90 °C un 80 °C temperatiira. Savukart pamatojoties uz linearo modeli,
atbilstosais inaktivacijas laiks batu 14 min 100 °C, 20 min 90 °C un 24 min 80 °C
temperatira, tadejadi palielinot apstrades laiku par 36%, 20% un 8%, salidzinot
ar Siem nelinedrajiem modeliem.

Log-linearais ar asti modelis uzradija labu saderibu ar mikroorganismu
inaktivacijas Itkném, tomér, nesp&ja piemerot Iiknes eksperimentalajiem datiem
70 °C, 80 °C un 90 °C temperatra, tadel netika pétits talak. Veibula modelis ir
biezi izmantots nelinearas mikroorganismu termiskas apstrades inaktivacijas
kingtikas aprakstiSanai (Coroller, 2006). Tacu $aja pétijuma bifazikais modelis
uzradija labako piemérotibu visu inaktivacijas ltknu aprakstiSanai; to parada
zemakas vidgjas kvadratiskas klidas kvadratsaknes un augstakas R%q; vértibas
visas petitajas temperatiiras. Rezultati liecina, ka pirms Itkném paradas
pretestibas astes, mikroorganismu inaktivacijas aprakstiSanai sous vide
apstradatas peleko zirnu pastet€s iespgjams dalgji piemérot pirmas kartas
kinétiku. Inaktivacijas liknu bifaziskais raksturs noradija uz divu dazadu
populaciju klatbatni. Tapéc tika izmantota savienojumpunktu regresija, lai
sadalttu inaktivacijas Itknes divas atseviskas linearas regresijas Imijas —
sakotngja un astes proporcija (9. att.) ar atseviskiem vienadojumiem un
determinacijas koeficientiem, lai labak varétu izvertet paredzamas D vertibas.

D vertibas tika aprékinatas liknes linearai (sakotng&jai) un astes dalai (5.
tabula). Abu liknes dalu z veértibas tika iegiitas, grafiski att€lojot log D vértibas
atkaribu no temperattiras. D vertiba, kura aprékinata balstoties uz pirmas kartas
kingétiku (5 tabula), norada decimala samazinajuma laiku (laiks, kas
nepiecieSams, lai mikroorganismu skaitu samazinatu par vienu kartu), bet
parametrs J, kurs raksturo Veibula modeli, norada pirmo decimala samazinajuma
laiku. ¢ vértiba 60 °C temperatiira ir 66.93 min, 70 °C — 23.76 min, 80 °C —
10.45 min, 90 °C — 6.22 min un 100 °C temperatiira — 2.76 min. D vértiba 60 °C
apstrades temperatiira bija zemaka neka pirma decimala samazinajuma laiks
(p <0.001), bet pargjas petitas temperatiiras uzradija zemaku pirma decimala

45



samazinajuma laiku neka D vértiba (p < 0.05). 90 °C temperatiira J bija divreiz
zemaka, un 100 °C temperatiira — tris reizes zemaka neka aprékinata D vertiba.
Situacija, kad inaktivacijas Iiknes nav linearas, D vertibas aprékinasana (laiks
1-log samazinaSanai), kas tiek veikta balstoties uz linearam inaktivacijas ltkném,
nav labaka pieeja, jo rezultata tiek iegilits nepietickosi vai parak ilgi apstradats
produkts atkariba no inaktivacijas liknu formas, saskana ar Chen un Hoover
(2004) pétijuma rezultatiem. Lai iegiitu mikroorganismu skaita pirmo decimalo
samazinajumu, apstradajot zirnpu pastétes 60 °C temperatira, produkts tiktu
nepietiekosi apstradats par 18 min, ja decimala samazinajuma laika aprekins tiek
veikts, balstoties uz linearam inaktivacijas likném. Savukart termiska apstrade
augstakas temperatiiras, balstoties uz D vertibu, nodrosSinatu butiski parak ilgu
produkta apstradi, jo pirma decimala samazinajuma vértiba ir ievérojami zemaka
saskana ar Veibula modeli.

Inaktivacijas liknes linearas D vértibas bija ievérojami zemakas (p < 0.001)
neka inaktivacijas Itknes astes D vertibas visas pétitajas temperatiiras, noradot,
ka 1-log samazinajuma iegiiSanai nepiecieSams ieverojami vairak laika pec tam,
kad ir iznicinata mikroorganismu sakotn&ja proporcija. Dati liecina, ka
mikroorganismu inaktivacijas liknes sakotn&ja (lineara) proporcija ir mazak
izturiga pret termisko apstradi neka mikroorganismu inaktivacijas liknes astes
proporcija, Ipasi augstakas temperatiiras. Pamatojoties uz mikroorganismiem,
kas identificéti sous vide apstradata peleko zirmpu pastéteé ar brusetu,
mikroorganismu sakotngja proporcija sastav no Bacillus spp. vegetativajam
$inam, bet astes proporcija — no Bacillus spp. sporam, kuras nav iespg&jams
iznicinat termiskas apstrades temperatiras zem 100.0 °C (Shin et al., 2014).
Tade] nepieciesams izvertet mikroorganismu attistibu uzglabasanas laika, lai
noteiktu produktu optimalo deriguma terminu un varétu piedavat paterétajiem
drosu produktus.

4. Kvalitates izmainas pakSaugu pastéSu uzglabasanas laika

Pamatojoties uz 2. nodala aprakstitajiem rezultatiem, no katra apstrades
panémiena talak analiz&ts viens rezims: sous vide apstrade 80 °C temperatiira
15 min (SV 80 _15) un augstspiediena apstrade 700 MPa spiediena 10 min
(HP 700 _10). Pétitais uzglabasanas laiks apstradatam pastétem bija 62 dienas.
Tika analizEtas Cetras pakSaugu pastetes: melnacoto pupinu pastéte (CS),
melnacoto pupinu pastéte ar brusetu (CS_ B), peleko zirnu pastéte (MS) un
peléko zirnu pastéte ar brusetu (MS_B).

Kovalitates izmainas sous vide apstradatas pakSaugu pastétes
Mikrobiologiska kvalitate. Sous vide apstradei bija pozitiva ietekme uz
mikroorganismu kopskaita (MAFAm) samazinasanu; pec apstrades tika novérots
vairak neka 1.5-log MAFAm samazinajums bez bitiskas atSkiribas starp
paksaugu pastét€m un paraugiem dazados iepakojuma materialos (p < 0.05).
MAFAm dinamika uzglabaSanas laika pastétés dazados miksta iepakojuma
materialos norada, ka pakSaugu pastétés péc 62 dienu uzglabasanas bija
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ievérojami augstaks mikroorganismu kopskaits neka talit péc apstrades
(»=0.011) (10. att.).

Sakotngjais MAFAm daudzums pakSaugu pasteteés PA/PE  un
PET/ALU/PA/PP iepakojuma péc sous vide apstrades bija 1.62 Iidz
1.77 log KVV g'!. Péc 62 dienu uzglabasanas melnacoto pupinu un peleko zirmu
pastétés tika novérots MAFAm vienas log vértibas pieaugums bez biitiskam
atSkirtbam starp pakSaugu past€t€m un paraugiem dazados iepakojuma
materialos (p < 0.05); MAFAm skaits neparsniedza pielaujamo Itmeni
(Nmax < 3.69 log KVV g') neviena parauga. Raugu un pel&jumu klatbiitne netika
apstiprinata neviena sous vide apstradata parauga. Vairaki pétijumi liecina, ka
uzglabasana ledusskapja temperatira lidz 63 dienam sp&ja nodroSinat
mikrobiologisko kvalitati sous vide apstradatiem produktiem (Levkane et al.,
2010; Can, Harun, 2015; Pino Hernandez et al., 2017). Pamatojoties uz
mikroorganismu kopskaitu sous vide apstradatas pakSaugu pastétes, 62 dienu
deriguma termins ir optimals, jo MAFAm kopskaits pastét€s neparsniedza
pielaujamo Itmeni.

Sensora kvalitate. PakSaugu pastéSu sensoras ipasSibas (arjais izskats,
smarza, konsistence un garsa) novértétas Iidz 62. dienai, un rezultati doti ka
kvalitates skaitlis (KS). PakSaugu pastesu sensora kvalitate [idz 29. uzglabasanas
dienai vertgjama ka loti laba (KS = 4.96-4.75), neatkarigi no iepakojuma
materiala. Melnacoto pupinu (CS) un peleko zirnu (MS) pastétes 62 dienu
uzglabasanas laika saglabaja labu kvalitati abos iepakojuma materialos, tacu
pastétes ar brusetu saglabaja labu kvalitati Iidz 57 dienai (KS = 4.31-4.67), bet
vidgju kvalitati — péc 57 dienas (KS = 4.20-4.21). Eksperti raksturoja sous vide
apstradas pastétes ar pattkamu garsu un skabumu, tacu mazak izteiktu paksaugu
smarzu un garsu pec apstrades (0. diena), salidzinot ar svaigiem (neapstradatiem)
paraugiem. Pec 29 dienu uzglabasanas melnacoto pupinu pastéteém konstateta
graudaina konsistence, bet peleko zinu pastétém bija cieti, gruti sakoslajami
apvalcinu gabalini. Pamatojoties uz ekspertu sensoro vertgjumu, sous vide
apstrade sp&ja nodroSinat paksaugu pastéSu kvalitati 2 ménesu uzglabasanas
laika.

Lidzigi rezultati par sous vide apstradatu produktu sensoro kvalitati
uzglabasanas laika noraditi tadiem produktiem ka bolonjas galas mérce un calis
tikka masala mércé (Armstrong, Mcllveen, 2000), makreles steiks (Singh ef al.,
2016) un sparida (Espinosa et al., 2015), kas liecina, ka sous vide apstradatiem
produktiem ir pienemama sensora kvalitate 40 Iidz 65 dienu uzglabasanas laika
ledusskapja temperatiira.

Fizikali-kimiska stabilitate. Neapstradatu pakSaugu pastésu fizikalie
raditaji bija lidzigi visiem pastésu veidiem (p > 0.1), pH bija robezas no 5.379
Iidz 5.491, tidens aktivitate — no 0.977 lidz 0.978 un pastéSu mitruma saturs bija
66.91-67.71%.

Bitiskas pH vertibas atsSkiribas starp pétitajam sous vide apstradatajam
paksaugu pastéteém dazados iepakojuma materialos 62 dienu uzglabasanas laika
netika noverotas (p > 0.05). Vairaki pétijumi norada, ka sous vide apstradati
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partikas produkti saglaba relativi nemainigu pH uzglabasanas laika ((Mol ef al.,
2012; Can, Harun, 2015; Singh et al., 2016). Sous vide apstradatas pastétes
PA/PE un PET/ALU/PA/PP iepakojuma 62 dienu uzglabasanas laika 5.0+1.0 °C
temperatiira netika novérotas ievérojamas idens aktivitates svarstibas (p > 0.1).
Ari masas zudumi caur produkta iepakojumu 62 dienu uzglabasanas laika netika
noveroti.

Krasa visbiezak ir pirmais kvalitates parametrs, kuru novertg paterétaji. CIE
L* parametrs norada pakSaugu pasteSu krasas intensitati, un to btiski ietekmgja
sous vide apstrade (p <0.05), ar ievérojami mazaku L* vertibu sous vide
apstradatiem paraugiem PA/PE iepakojuma. Sadilova et al. (2009) zinoja, ka
palielinata krasas degradacija parasti ir saistita ar termisko apstradi, kas ir
saskana ar Dutta et al. (2006) petijumu, kura noradits, ka termiskas apstrades
laiks un temperatiira pazemina L * vertibu termolabilo savienojumu degradacijas
rezultata, veidojot tumsSu krasu ar samazinatu intensitati. Kopg&jas krasas
diferences diagramma (11.a att.) parada pakSaugu pastéSu paraugu AE* vertibu
pec sous vide apstrades. PakSaugu pastéSu paraugiem PA/PE iepakojuma bija
lieclaka AE* vertiba neka sous vide apstradatiem paraugiem PET/ALU/PA/PP
iepakojuma (p = 0.004). Pec apstrades sous vide pastétes PA/PE iepakojuma
atrodas labi redzama krasas atskiribu kategorija (3 < AE* < 6), ka aprakstijusi
Cserhalmi ef al. (2006) un Andrés ef al. (2016). Zepka et al. (2009) noradija uz
korelaciju starp kopgjo krasas diferenci un produktu patikSanu patérétajiem.
Fernandez-Vazquez et al. (2013) atklaja, ka AE* vertiba 2.8 ir jauzskata par
krasas diferences robezu, kuru uztver neapmaciti vertetaji un pateretaji.

Uzglabasanas laika AE* vértiba sous vide apstradatiem paraugiem PA/PE
iepakojuma palielingjas Iidz 2.13 vienibam 62. diena (11.b att.). PakSaugu
pastétes tika uzglabatas dienasgaisma, lai imitétu uzglabasanu lielveikala
plaukta; pastétem PA/PE iepakojuma tika novérotas bitiskas krasas izmainas, jo
krasu savienojumi ir jutigi uz tadiem apstakliem ka pH izmainas, oksidéSanas,
termiska apstrade, un 1pasi gaismas iedarbiba (Ghidouche ef al., 2013). AE* 2.8
vienibu robeza netika sasniegta péc 62 dienu uzglabasanas (11.b att.), tomér
paksaugu pastétem PA/PE iepakojuma bija bitiski lielaka kopgja krasas
diferences vértiba, salidzinot ar paraugiem PET/ALU/PA/PP iepakojuma
(» <0.001). Rezultati liecina, ka gaismas necaurlaidigais PET/ALU/PA/PP
iepakojuma materials sp€ja saglabat paksSaugu pastéSu krasu labak neka
caurspidigas PA/PE pléves maisini.

Aptuvenais pakSaugu pasteéSu Kimiskais sastavs norada, ka pastétes satur
7.31 £0.14 g olbaltumvielu, 6.08 +0.02 g tauku, 1.04 £0.02 g pelnvielu un
12.87 + 1.47 g &kiedrvielu uz 100 g paksaugu pastesu. Saja pétijuma noteiktas
olbaltumvielu, pelnvielu un Skiedrvielu satura vértibas ir salidzinamas ar
literatiiras datiem (McCrory et al., 2010; Kirse, Karklina, 2013), kuros tiek
noradits, ka pakSaugi un to pastetes ir labs uzturvielu avots. Olbaltumvielu, tauku
un pelnvielu saturs biitiski neatskiras starp melnacoto pupinu un peleko zirnpu
pastétém. Kopgjo fenolu saturam un antiradikalai aktivitatei sous vide
apstradatas paksaugu pastetes nebija butisku atskiribu uzglabasanas laika.
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Izveletais termiskas apstrades rezims (SV 80 15) un iepakojuma materiali
neietekméja fizikali-kimiskos parametrus péc apstrades un 62 dienu
uzglabasanas (p > 0.1), noradot, ka p&c papildus apstrades un uzglabasanas tiek
nodrosSinata nemainiga produkta kvalitate.

Kvalitates izmainas augstspiediena apstradatas pakSaugu pastétes

Mikrobiologiska kvalitate. Augstspiediena apstradei bija pozitiva ietekme
uz mikroorganismu kopskaita (MAFAm) samazinasanu; péc apstrades tika
noverots vairak neka 1.5-log MAFAm samazinajums bez butiskas atskiribas
starp pakSaugu past€t€m un paraugiem dazados iepakojuma materialos
(p <0.05). MAFAm dinamika uzglabasanas laika dazados miksta iepakojuma
materialos uzradija lidzigu tendenci sous vide apstradatam pastétém — péc
62 dienu uzglabasanas bija ieveérojami augstaks mikroorganismu kopskaits neka
talit peéc apstrades (p=0.017) (12. att.). Sakotng&jais MAFAm daudzums
paksaugu pastétes PA/PE un PET/ALU/PA/PP iepakojuma péc augstspiediena
apstrades bija 1.75 Iidz 1.87 log KVV g!. Péc 62 dienu uzglabasanas pastétes
tika noverots MAFAm vienas log vértibas pieaugums bez biitiskam atskirtbam
starp pakSaugu past€t€m un paraugiem dazados iepakojuma materialos
(p <0.05); MAFAmM skaits neparsniedza pielaujamo Itmeni
(Nmax < 3.69 log KVV g') neviena parauga. Raugu un pel&jumu klatbiitne netika
apstiprinata neviena sous vide apstradata parauga. Vairaki pétijumi norada, ka
augstspiediena apstradati produkti uzglabasanas laika ledusskapja temperatiira
saglaba mikrobiologisko kvalitati lidz 56 dienam (Masegosa et al., 2015;
Stratakos et al., 2015). Pamatojoties uz mikroorganismu kopskaitu
augstspiediena apstradatas paksaugu pastéts, 62 dienu deriguma termins ir
optimals, jo MAFAm kopskaits past&tés neparsniedza pielaujamo Iimeni.

Sensora kvalitate. Tadu sensoro ipasibu ka argjais izskats, smarza,
konsistence un gars$a izmainas augstspiediena apstradatas pakSaugu pastetes tika
vertetas 11dz 62. dienai. Augstspiediena apstradatu melnacoto pupinu pastétes
visu uzglabasanas laiku saglaba loti labu kvalitati (KS = 4.99-4.79), turklat
iepakojuma materialam un bruSeta garSvielai bija nenozimiga ietekme uz
melnacoto pupinu pastésu kvalitati. Savukart peleko zirpu pastéte (MS)
vert€jama ar labu kvalitati no 57. uzglabasanas dienas (QN < 4.67); peleko zirnpu
pastéte ar brusetu (MS_B) PA/PE iepakojuma saglaba labu kvalitati (QN < 4.68),
bet PET/ALU/PA/PP iepakojuma — loti labu kvalitati (QN > 4.71). PakSaugu un
garSvielu smarzas un garSas izmainas augstspiediena apstradatas pakSaugu
pastetes netika noverotas. Peleko zirnu pastéteém konstateti izteikti cietaki, grati
sakoslajami apvalcinu gabalini, salidzinot ar melnacoto pupinu pastetem.
Augstpiediena apstradatas peleko zirnu pastétes eksperti raksturoja ar izteiktu
zirpu smarzu un patitkamu garsu, bet peleko zirnu pastétem ar brusetu (MS_B)
PA/PE iepakojuma p&c 57. dienas tika novérota nedaudz riigta un skabena garsa.
Pamatojoties uz ekspertu sensoro vertejumu, sous vide apstrade sp&ja nodrosinat
paksaugu pastesu kvalitati 2 ménesu uzglabasanas laika.
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Lidzigi rezultati ir ieghiti par augstpiediena apstradatu lazanju (Stratakos et
al., 2015), tulitgjai lietosanai gatavu vitinatu skinki ‘lacéon’ (Del Olmo et al.,
2014) un gatavam darzenu maltitem (Masegosa et al., 2015), noradot, ka
augstspiediena apstradatiem produktiem ir pienemama sensora kvalitate
uzglabasanas laika.

Fizikali-kimiska stabilitate. Augstspiediena apstradei (HP 700 10) un
izveletajiem iepakojuma materialiem nebija bitiskas ietekmes uz pakSaugu
pastesu fizikali-kimiskajiem raditajiem pec apstrades (p > 0.1). Butiskas pH
atSkirtbas starp pétitajam augstspiediena apstradatam pakSaugu pastetem
dazados iepakojuma materialos 62 dienu uzglabasanas laika netika konstatétas
(p > 0.05). Lidzigi rezultati par pH stabilitati augstspiediena apstradatos
produktos uzglabaSanas laika tika zinoti par gatavam darzenu maltitém
(Masegosa et al., 2015) un lazanju (Stratakos et al., 2015). Turklat Vercammen
et al. (2011) noradija, ka augstspiediena apstradata gala pH vertiba bija
nemainiga visu uzglabasanas laiku, neskatoties uz pienskabes baktériju un citu
partikas bojasanos izraisoSu baktériju attistibu. Biitiskas tidens aktivitates un
masas zudumu atskiribas starp pétitajiem augstpiediena apstradatu pakSaugu
pastéSu paraugiem PA/PE un PET/ALU/PA/PP iepakojuma 62 dienu
uzglabasanas laika 5.0+1.0 °C temperatiira netika konstatetas (p > 0.05).

Augstpiediena apstradatu paksaugu pastéSu hromatiskas krasas parametru
izmainas bija nenozimigas (p > 0.1), neatkarigi no iepakojuma materiala. Kopgja
krasas diferences diagramma (13.a att.) paradija, ka AE* vértiba augstspiediena
apstradatiem paraugiem bija lidziga PA/PE and PET/ALU/PA/PP iepakojuma
(»>0.1).

Augstspiediena apstradei bija nenozimiga ietekme uz pakSaugu pastésSu
kopgjo krasas diferenci (p = 0.836). Oey et al. (2008) norada, ka augstspiediena
apstradei ir ierobezota ietekme uz kovalentajam saitém, tade] tiek saglabata
produktu krasa (Patras ef al., 2009; Andrés et al., 2016). Uzglabasanas laika AE*
vertiba augstspiediena apstradatiem paraugiem PA/PE iepakojuma palielinajas
Iidz 2.01 vienibam 62. diena (13.b att.). PakSaugu pastétem PA/PE iepakojuma
bija bitiski lielaka kopgja krasas diferences vertiba, salidzinot ar paraugiem
PET/ALU/PA/PP iepakojuma (p < 0.001). AE* 2.8 vienibu robezvertiba, kura ir
ieteikta ka uztverama (pamanama) krasas atskiriba neapmacitiem vertétajiem un
paterétajiem (Fernandez-Vazquez et al., 2013), netika sasniegta péc 62 dienu
uzglabasanas (13.b att.). Gaismas necaurlaidigais PET/ALU/PA/PP iepakojuma
materials augstpiediena apstradatu pakSaugu pastéSu krasu dienasgaisma
saglabaja ieverojami labak neka PA/PE iepakojums.

Paksaugu pastésu kimiska sastdva analize paradija, ka augstpiedienam
nebija butiska ietekme uz pétito pakSaugu pasteSu olbaltumvielu, tauku,
pelnvielu, un skiedrvielu saturu (p > 0.1) pec apstrades. Tapat kop&jo fenolu
saturam un antiradikalai aktivitatei augstspiediena apstradatas paks§augu pastétes
nebija biitisku atSkirtbu uzglabasanas laika.

Izveletais augstspiediena apstrades rezims (HP 700 _10) un iepakojuma
materiali neietekmgja fizikali-ktmiskos parametrus péc apstrades un 62 dienu
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uzglabasanas (p > 0.1), noradot, ka p&c papildus apstrades un uzglabasanas tiek
nodros§inata nemainiga produkta produkta kvalitate.

Sous vide un augstspiediena apstradatu pakSaugu pastéeSu kvalitates
salidzinajums uzglabasanas laika

Abi apstrades panémieni uzradija ievérojamu mikroorganismu kopskaita
(MAFAm) samazinajumu (virs 1.5-log), salidzinot ar neapstradatiem paksaugu
pastéSu paraugiem, bez butiskam atSkirtbam starp pakSaugu pasteteém un
paraugiem dazados iepakojuma materialos (p < 0.05) 0. diena. Péc 62 dienu
uzglabasanas gan sous vide, gan augstpiediena apstradatas paksaugu pastetes tika
noveérots MAFAm pieaugums, tomé&r MAFAm skaits neparsniedza pielaujamo
normu (Nimax <3.69 log KVV g'!) neviena apstradatu pakSaugu pastésu parauga.

Mikroorganismu skaits, kas uzglabasanas laika neparsniedz pielaujamo
normu, tomér negaranté, ka produkts nesatur patogénus. Tap€c iesp&jama
patogénu klatbiitne tika noteikta visos pakSaugu pastéSu paraugos, kas tika
uzglabati 5.0+1.0 °C temperatiira (6. tabula). E. coli un C. perfringens klatbuitne
netika konstatéta pakSaugu pastétés pirms apstrades un pec sous vide un
augstspiediena apstrades, ar tai sekojosu 62 dienu uzglabasanu abos iepakojuma
materialos. B. cereus piesarnojuma Itmenis pakSaugu pastet€s péc pastesu
pagatavosanas bija zem 2.41 x 10> KVV g, bet péc 62 dienu uzglabasanas
B. cereus daudzums bija < 10> KVV g'!. Izvélétie termiskds un spiediena
apstrades pan€mieni pozitivi ietekm&ja B. cereus samazinajumu visos paraugos.
Starp paksaugu pastétém dazados iepakojuma materialos bija nenozimigas
atSkiribas (p < 0.05). Literatiiras dati norada, ka tikai B. cereus Iimenis starp 10°
un 108 §tinu/sporu veido toksinus, kas izraisa vem3anu vai caureju (Ceuppens et
al., 2015) ar optimalo temperatiiru 10-43 °C (caureju izraisoSais toksins) un
12-37 °C (vems$anu izraisosais toksins) (Finlay et al. 2000, Banerjee, Sarkar,
2004). Uzglabasanas laika netika novérots B. cereus skaita pieaugums, tadel
B. cereus nerada risku, ja temperatiira tick pienacigi nodrosinata visa pakSaugu
pastesu uzglabasanas laika.

Paksaugu pastéSu ekspertu sensoras vérteéSanas rezultati 62 dienu
uzglabasanas laika liecina, ka melnacoto pupinu un peleko zirnu pastétem
augstspiediena apstrades panémiens nodrosinaja labaku kvalitati, salidzinot ar
sous vide apstradi. Patérétaju hedoniskais veértéjums paradija, ka melnacoto
pupinu pastesu (CS) patikSanas pakape bija no ‘ne patik, ne nepatik’ [idz ‘mazliet
patik’(3.8-4.0), melnacoto pupinu pastésu ar brusetu (CS_B) — ‘mazliet patik’
11dz ‘loti patik’ (4.4—4.5), un pastétém no pelekajiem zirniem — no ‘mazliet patik’
11dz ‘loti patik’ (4.5-4.8). Hedoniska vert€juma rezultati rada, ka jauno produktu
patikSanas pakapi neietekm&ja sous vide un augstpiedeina apstrade, salidzinot ar
svaigiem pastéSu paraugiem (p > 0.1). Lielaka dala patérétaju apstiprinaja
(75% 2015. gada, 78% 2016. gada), ka vElctos Sos produktus iegadaties partikas
veikala. Patérétaju vairakums arT apstiprinaja, ka vélétos jaunos produktu lietot
ikdiena. Produkta patikSanas pakape un sensorie parametri ir cieSi saistiti ar
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produktu pieprasijumu. Tadel paterétaju petijumi ir Tpasi svarigi jaunu produktu
izstrades procesa (Singh-Ackbarali, Maharaj, 2013).

Sous vide un augstspiediena apstrades, ka arT izvéléto iepakojuma materialu
ietekme uz pétito paksaugu pastésu pH, idens aktivitati un masas zudumiem
nebija bitiska (p > 0.1) p&c apstrades un 62 dienu uzglabasanas. Produkti ar
augstu mitruma saturu (~70%), idens aktivitati (> 0.96) un ap pH 5.5 ir ideala
vide mikroorganismu attistibai (Stratakos et al., 2015), tadel janodroSina preciza
temperatiira uzglabasanas laika, jo temperatiira virs 5 °C var izraisit strauju
produktu mikrobialo bojasanos (Baldwin, 2012).

Augstspiediena apstrade paksSaugu pasteéSu krasas parametrus ietekmgja
mazak neka sous vide apstrade. Biitiskas atskiribas tika konstatétas (p < 0.001)
starp apstrades panémieniem un pastéSu paraugiem dazados iepakojuma
materialos. PEc sous vide apstrades AE* vertiba pastéSu paraugos bija ievérojami
lielaka neka augstspiediena apstradatos paraugos (p < 0.001). Uzglabasanas laika
AE* vertiba sous vide un augstspiediena apstradatos paraugos PA/PE
iepakojuma palielinajas Iidz attiecigi 2.13 un 2.01 vienibam 62. diena.
Uzglabasanas apstaklu ietekmé (dienas gaisma 400-1000 1x) AE* vértiba bija
I1dziga paksSaugu pastetém caurspidiga iepakojuma maisinos (p > 0.1) neatkarigi
no apstrades panémiena, tomér krasas diferences robeza (AE* 2.8) neviena
parauga netika parsniegta. Nemot vera, ka vienas porcijas iepakojuma produkti
parasti netiek pardoti primaraja iepakojuma, apgaismojums, kas tika nomerits
kartona kastes iekSpusg, deva 0 Ix vertibu. Tapéc, ja produkti tiek pardoti
sekundaraja iepakojuma ar gaismu aizturosam ipasibam (piem&ram, kartons),
iespgjams izmantot jebkuru no pétitajiem iepakojuma materialiem, neietekm&jot
produktu kvalitati.

Pétito apstrades panémienu un izveléto iepakojuma materialu ietekme uz
petito pakSaugu pastéSu kimisko sastavu pec apstrades un 62 dienu
uzglabasanas bija nenozimiga (p > 0.1).

PakSaugu pastéSu deriguma termina noteikSana

Papildus mikrobialai drosibai, nevélamas sensoras un fizikali-kimiskas
izmainas uzglabasanas laika var novest pie neatbilstosas kvalitates partikas
produktiem. Tapéc deriguma termina noteikSana balstds uz vairakiem
faktoriem — mikrobiologiskiem, sensoriem un fizikali-kimiskiem raditajiem
(Dermesonluoglu et al., 2016). Paksaugu pasteSu ieteicamais deriguma termins
ir dots 7. tabula. Nemot vera, ka sous vide un augstspiediena apstrade nodrosinaja
nemainigu mikrobiologisko un fizikali-kimisko kvalitati 62 dienu uzglabasanas
laika, deriguma termina noteikSana balstfjas uz sensoras verteSanas rezultatiem.

Paksaugu pastétem japieméro ‘minimalais deriguma termins’ (Komisijas
Regula (EK) Nr. 2073/2005) un iepakojumam jaietver ‘ieteicams lidz ...’
mark&ums (Komisijas Regula (EK) Nr. 1169/2011), jo pielaujamais
mikroorganismu daudzums netika parsniegts 62. uzglabasanas diena.

Pamatojoties uz sous vide un augstspiediena apstradatu paksSaugu pastesu
kvalitates izmainam uzglabasanas laika, abi apstrades panémieni ir piemeroti, lai
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nodrosinatu augstas kvalitates pakSaugu pastéSu razoSanu ar ievérojami garaku
deriguma terminu.

5. PakSaugu pastéSu uzturvértibas novertéjums

Produktu uzturvertiba ir tiesi saistita ar cilveku veselibu (Ajibola et al., 2012;
Dangour et al., 2010). Paksaugu pasteSu uzturvertiba (8. tabula) tika aprékinata
pamatojoties uz neapstradato paraugu uzturvielu vertibam, jo butiska apstrades
panémienu un uzglabaSanas laika ietekme netika kostateta (p>0.1).
Olbaltumvielu un tauku saturs visas pastétés bija lidzigs (p > 0.05). Kopgjo
Skiedrvielu saturs bija augstaks abas peleko zirnu pastétes, salidzinot ar
melnacoto pupinu pastétem (p = 0.013). Melnacoto pupinu pastéteém bija
augstaks pieejamo oglhidratu saturs neka pelekajiem zirniem (p = 0.016).
PakSaugu pastéSu energétiska vertiba bija robezas no 537.51 lidz
550.56 kJ 100 g'! bez biitiskam at3kiribam starp pasté$u paraugiem (p > 0.05).

Paksaugu pasteSu uzturvielu sastdvs lauj piemérot Regula (EK)
Nr. 1924/2006 definétas uzturveértibas un veseliguma norades. Visu cetru
pakSaugu pasteSu obaltumvielu saturs lauj piemérot noradi ‘daudz
olbaltumvieluw’, jo 21.7-22.9% no pastéSu energétiskas vértibas nodroSina
olbaltumvielas. ST regula norada, ka visam izstradatajam pakSaugu past&tém
piemérojama norade ‘daudz Skiedrvielu’, jo pastétes satur > 6.0 g Skiedrvielu
100 g pastesu. Salidzinot pakSaugu pastétes ar analogiem produktiem veikalos,
jaunas pastétes ir ar ‘samazinatu kaloriju daudzumu’ par 45-60%. Attieciba uz
sals saturu pakSaugu pastétes, jaunajiem produktiem nedrikst piemérot noradi
‘maz natrija/sals’, jo pievienota sals daudzums produktos ir 0.38 g 100 g
pielaujamais sals daudzums $ai noradei ir < 0.30 g 100 g'. Tomér produkti ir
pieméroti pirmsskolas vecuma bérnu uztura, pamatojoties uz MK noteikumiem
Nr. 172/2012, kas nosaka maksimalo pievienota sals daudzumu (0.4 g 100 g™')
produktiem, kuri tiek piedavati pirmsskolas izglitibas iestades.

Jauno paksaugu produktu uzturvielu segums (%) ar vienu pastéSu porciju
(50 g) ir 3.94.9% olbaltumvielu pusaudziem un 4.7-5.6% pieaugusajiem,
2.8-3.4% tauku pusaudziem un 4.1-4.9% pieaugusajiem, un 2.2-3.3% energijas
pusaudziem un pieaugusajiem. Skiedrvielu segums ar melnacoto pupinu
pastétem ir 13.7-16.9% pusaudziem un 16.9-20.5% pieaugusajiem, savukart ar
peleko zirnu pastétem — 16.9-20.8% pusaudziem un 20.8-25.4% pieaugusajiem.
Paksaugu pastetes ir labs skiedrvielu avots visam pétitajam vecuma un dzimuma
grupam, 1pasi sievietém, jo viena pel€ko zirnu pastétes porcija sedz Y diena
nepiecieSamo Skiedvielu daudzuma.
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SECINAJUMI

Petjjuma iegltie rezultati apstiprina izvirzito hipotézi: pakSaugu pastesu
deriguma terminu var bitiski pagarinat izmantojot augstspiediena un sous
vide apstrades panémienu.

Izstradata tehnologija un izvelétas izejvielas nodrosina pakSaugu pastésu
ieguvi ar augstu olbaltumvielu un Skiedrvielu saturu, kas ir drosas paterinam.
Pievienotas garsvielas biitiski ietekm@ pasteSu patikSanas pakapi, Skiedrvielu
un kopgjo fenola saturu, krasu un paksaugu pastésu konsistenci (p < 0.05).
Mikroorganismu kopskaits tikko pagatavotas pakSaugu pastétes bija
33+£0.1 log KVV g! un péc 3 dienu uzglabasanas tas parsniedza
pielaujamo normu 3.69 log KVV g'l.

Balstoties uz integréto novertgjumu, par piemeérotakajiem turpmakiem
petljumiem izveleti §adi pastéSu paraugi: melnacoto pupinu pastéte (CS),
melnacoto pupinu pastéte ar brusetu (CS_B), peleko zirnu pastéte (MS) un
peléko zirnu pastéte ar brusetu (MS_B).

Izveletie sous vide un augstspiediena apstrades pan€mienu reZimi ir
pieméroti pakSaugu pastésu kvalitates un droSibas nodrosinasanai. Optimalie
paksaugu pastesu apstrades rezimi ir sous vide apstrade 80.0 °C 15 minttes
un augstspiediena apstrade 700 MPa 10 minttes. Mikroorganismu kopskaita
samazinajums p&c apstrades bija 1.5 1idz 1.7 log vienibas.

Mikroorganismu inaktivacijas kingtikas modeléSana sous vide apstradata
peléko zirnu pastéte paradija, ka inaktivacijas Iiknes ir nelinearas, jo pastetes
novérota dazadu mikroorganismu populaciju klatbutne. Inaktivacijas Iiknes
linearas dalas D vertibas bija ievérojami zemakas (p = 0.001) neka liknes
astes dalas D vertibas visas pétitajas temperatiiras, jo sakotng&ja
mikroorganismu skaita proporcija (Bacillus spp. vegetativas $tinas) ir mazak
izturiga pret termisko apstradi neka mikroorganismu skaita astes proporcija
(Bacillus spp. sporas).

Sous vide un augstspiediena apstrades pan@miens nodrosinaja pakSaugu
pastésu mikrobiologisko kvalitati 62 dienu uzglabasanas laika bez butiskas
atsSkirtbas starp past€tém dazados iepakojuma materialos (p < 0.05). Sous
vide apstradatu pastéSu sensora kvalitate uzglabasanas beigas bija laba
(57 dienas pastétem ar garSvielu, 62 dienas pastét€m bez garsvielas), bet
augstspiediena apstradatas pastétes saglabaja loti labu kvalitati (62 dienas).
Paksaugu pastésu pH un Gidens aktivitates vertibas, masas zudumu, kopgjo
fenolu satura, antiradikalas aktivitates un kimiska sastava izmainas
uzglabasanas laika nebija butiskas (p > 0.05), neatkarigi no izveléta
apstrades pan@miena un iepakojuma materialiem.

Kopégja krasas komponensu diference pastétém péc sous vide apstrades bija
ievérojami augstaka neka péc augstspiediena apstrades (p < 0.05). Kopgja
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krasas komponensu diference visiem sous vide un augstspiediena
apstradatiem paksSaugu pastéSu paraugiem caurspidigaja PA/PE iepakojuma
62. uzglabasanas diena sasniedza AE* <2.13, salidzinot ar neapstradatiem
paraugiem. Diference pastéteém PET/ALU/PA/PP iepakojuma (AE* <0.52)
bija butiski mazaka (p < 0.05).

Uzturvertibas analize rada, ka pakSaugu pastétém ir piem&rojamas $adas
uzturvertivas un veseliguma norades — ‘satur daudz olbaltumvielu’ un ‘satur
daudz Skiedrvielu’. PakSaugu pastéSu energétiska vertiba ir robezas no
537.51 Iidz 550.56 kJ 100 g'. Olbaltumvielu un $kiedrvielu segums (%) no
vienas pastésu porcijas (50 g) ir atkarigs no patérétaju vecuma un dzimuma.
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