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1 INTRODUCTION

Work of doctor's degree is worked out on the topic ,Raw hide preservation
using vacuum under low temperature”. The choice of this subject is related to the
improvement of quality of environment developing such important process of leather
manufactory as hide preservation.

Within the work the significance of the history of leather manufactory has been
analysed on the different stages of historical development in Latvia, the import and
export data of raw hide/skin and leather in Latvia has also been clarified in time
period 2001 - 2012. Different preservation methods were analysed and compared for
the spotlighting of existing problems and for emphasize of necessity of development
of new and more environmentally friendly preservation method.

The urgency of the theme is confirmed by many scientists who are still trying
to find new and cleaner short term preservation methods. Investigations have been
carried on developing efficiency of preservation of raw hide/skins and reducing
pollution by preservative materials. Therefore, the investigation of new and more
effective short term preservation method is very welcome.

The main aim of the doctorate work is to develop simple and advanced short
term preservation method of hide using vacuum, to investigate the vacuum effect on
hide qualitative properties storing it at low temperature and to establish peculiarities
of vacuumed hide processing into leather. Accordingly, the set of tasks, which let
achievement of main aim of the work, was formed. During the research all tasks have
been executed and the aim of the work has been achieved.

New short term preservation method was developed. It allows refusing from
chemical materials which commonly are applied for curing of hide. The achieved
preservation duration (22 days) is enough for collection of hides’ amount, which
processing is profitable for tanneries.

Peculiarities of vacuumed hide processing into leather were studied in
laboratory and industrial conditions. It was confirmed that preservation of hides using
vacuum allows produce of qualitative leather.

1.1 Aim, objectives and hypothesis of doctoral thesis

The main aim of the doctorate work is to develop short term preservation
method of hide using vacuum under low temperature. Hypothesis: raw hide storing in
vacuum prolongs its’ preservation duration. For reaching the aim of doctorate work
these objectives will be solved:

e t0 gather data about situation in worldwide and Latvia leather industry and
carry out analysis of current methods of hides and skins preservation;

¢ to investigate the vacuum effect on hide qualitative properties storing it at low
temperature (organoleptic estimation of hide quality, investigation of
microorganisms activity on hide preserved by vacuum, determination of
nitrogen content and collagenous proteins, measurement of shrinkage
temperature) and its structural changes during storage time;

e t0 estimate the quality of hide after storage;

e to investigate peculiarities of vacuumed hide processing into leather;

e to examine technological processes of leather processing from vacuumed
hide;

e to verify suitability of vacuumed hide for processing of leather under industrial
conditions and establish leather properties.



1.2  Scientific novelty of doctoral thesis

Thorough analysis of current situation of leather manufactory in Latvia,
including data of import and export of hides, skins, leather and leather goods, data
about slaughterhouses, household animals, slaughtered animal count, was carried
out. On the basis of the obtained analysis results, the perspectives of leather industry
in Latvia are presented.

First time was investigated synergetic effect of vacuum and low temperature
on hide preservation time and properties change. It was proved that hide can be
preserved during 21 day when vacuum is 10-12:10° Pa at 4°C, and such storage
changes structure of hide negligible, and this doesn’t decrease the quality of
produced leather

1.3 Practical significance of doctoral thesis

New short term preservation method was developed. It allows refusing from
chemical materials which commonly are applied for curing of hide. The equipment
which is usually used for vacuuming of food is applied for hide preservation. The
achieved preservation duration is enough for collection of hides amount, which
processing would be profitable for tanneries.

Processing of vacuumed hide does not require a new equipment and new
processing technologies for tanneries. The processed leather from vacuumed hide is
of high quality.

1.4  Structure of thesis

The doctoral work consists of 122 pages and it consists of 5 Chapters and 48
subunits): Introduction (with 6 subsections), Chapter 2 Literature review (with 10
subsections), Chapter 3 Materials and methods (with 15 subsections), Chapter 4
Results (with 17 subsections), Chapter 5 Conclusions. There are used 105 literature
sources, 9 Formulas, 47 Figures, 26 Tables, and 3 Appendixes.

1.5 Thesis for defence

1. The hide storing under vacuum (10-12-10% Pa) at 4°C during 21 day does not
cause significant structural changes and does not worsen properties of hide as
raw material.

2. Qualitative leather is produced from that hide using conventional technology.
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2 SUMMARIZATION OF LITERATURE REVIEW AND
MOTIVATION OF THE AIM OF DISSERTATION WORK

The leather manufactory is not only the oldest but also one of the most
polluting branches of industry. The environmental requirements continually become
stricter and they are the main stimulus to develop new technological decisions, which
allow to the decrease of pollution. One of the directions of investigation is the
refusing from big amounts of materials which are commonly used for preservation of
hides and skins.

The preservation of raw material in this chain plays very important role
because qualitative leather cannot be produced from badly preserved hides or skins.
Preservation of raw stock has the objective of rendering the flayed pelt resistant to
putrefaction to allow transport and storage. Preservation is accomplished either by
destroying active bacteria, by preventing bacterial activity or by preventing bacterial
contamination. During preservation it is essential to avoid from usage of toxic
materials as these materials are very dangerous for environment due to their
chemical nature.

The literature analysis has shown that investigation of new and cleaner
preservation methods goes very intensely. Two main directions can be accentuated:
chemical preservation when various materials are used or physical preservation
without any use of chemical materials.

Unfortunately, there are not possibilities to deliver hides or skins for leather
processing directly after flaying. The analysis of leather industry in Latvia has shown
same situation. The shorter or longer period is needful for the collection of enough
amount of raw material for the leather industry.

The wet salting, the conventional method of curing is followed by most of the
tanneries because of its practical advantages; employs approximately 40-50%
sodium chloride on raw material and is subsequently removed during the soaking
operation. [1] So, it is very serious reason to pursue new and more environmentally
friendly preservation methods because sometimes is last 1-2 weeks for the gathering
for processing enough skins or hides.

This is the main reason why investigators pay their attention for the
development of short term preservation methods, which allow storage of hides/skins
during 1-3 weeks without symptoms of deterioration. Many scientists are still trying to
find new short term preservation methods. Investigations have been carried on
developing efficiency of preservation of raw hide/skins and reducing pollution by
preservative materials. Therefore, the investigation of new and more effective short
term preservation method is very welcome.

The presented work was aimed to investigate new preservation method of
hide. It is known method of food preservation using vacuum. The vacuum is very
good known for leather technologists because it is widely used for leather drying. [57]
Attempts to use vacuum for hide preservation were made and investigations of hide
preserved by vacuum processing into leather were carried out. For short term
preservation of hide was chosen method of hide storing in vacuum at low
temperature. The method could help to avoid the pollution by big quantities of sodium
chloride. On the other hand, the vacuum preservation can be applied in practise only
after thorough exploration of that method.
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3 MATERIALS AND METHODS
3.1 Scheme of investigation
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Figure 3.1 Scheme of investigation [author’s illustration]
3.2 Materials of investigation

Two fresh calf hides had been purchased from the local slaughterhouse, and
immediately after flaying cut into pieces. Test pieces for further processing and
analysis were taken according to standard [60]. Little samples (10-15x20 cm) were
prepared for laboratory investigations from one hide and the big samples (42x36 cm)
were prepared for test in industrial conditions from second one. All samples
(excepting eight little pieces) were enveloped into bilayered laminate material using
vacuum (10-12-103% Pa). Those hide samples titled as "vacuumed" were stored in a
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fridge at 4°C. Four little pieces were enveloped into simple polyethylene film and
stored in a fridge at 4°C ("not preserved" samples). Four little pieces were salted by
the use of 50% NaCl and stored at 20+£1°C (“salted” samples). All chemicals used for
the analysis were of analytical grade (Table 3.1).The commercial products
conventionally used for leather processing were given from tannery “Kedainiu oda”

(Lithuania).
N° Identification code
1 Acetone
CAS 67-64-1
2 Hydroxide Calcium
CAS 1305-62-0
3 Hydrogen peroxide
CAS 7722-84-1
4 Sodium formate
CAS 141-53-7
5 Sodium sulfide
CAS 1313-82-2
6 Sulfuric acid
CAS 7664-93-9
7 Sodium Chloride
CAS 7647-14-5
8 Sodium hydroxide
CAS 1310-73-2
9 Potassium iodide
CAS 7681-11-0
10 = Ammonium Sulfate
CAS 7783-20-2
11 | Enzyme preparation OROPON ON2
(R6hm GmhH, Germany)
12 | Methylene blue
CAS 7220-79-3
13 | Cromium extract Chromal, ("Alwernia" S.A., Poland)
14 | Neutrogene MG120
(Codyeco s.p.a., ltaly)
15 | Prevocel NG-12 (surfactant)
CAS 9062-77-5
16 | Nickel Sulfate
CAS 10101-98-1
17 | Sodium thiosulfate
CAS 7772-98-7
18 | Hydrochloric Acid
CAS 7647-01-0
19 | Copper(ll) sulfate
CAS 7758-98-7
20 | Starch
CAS 9005-25-8
21 | Carbamide
CAS 57-13-6
22 | 4-(Dimethylamino)benzaldehyde
for the determination of hydroxyproline
CAS 100-10-7
23 | Potassium Sulfate
CAS 7778-80-5
24 | Dichlormethane
CAS 75-09-2
25 | Ethyl alcohol
(“Stumbras”, Lithuania)
26 (1-((4-(phenyldiazenyl)phenyl)azonaphthalen-2-ol) CAS 85-
86-9
27 Nitric Acid (70%)
CAS 7697-37-2
28 Perchloric Acid (60% to 70
CAS 7601-90-3
29 Orthophosphoric Acid
CAS 7664-38-2
30 Sodium thiosulfate

Chemicals used for investigation [61]

CAS 72-98-7

Formula
CH3HsO

Ca(OH),
H.0,
HCOONa
Na,S
H,SO,4
NaCl
NaOH
Kl
(NH,)2S0,4

C16H1sN3sSCI-3H,0

C19H3203
Ni;SO,4 7H,0
Na;S,03
HCI
CuSOq4
(CsH100s)n

NH,CONH,
(CH3).NCeH,CHO

K2SO,
CHCl,
CzHsOH
C2H16N4O
HNO3
HCIO,
H3PO4

Na,S,03

Table 3.1
Purity class
p.a./G.R. 99.5%
p.a./G.R. 99.5%
p.a./G.R. 29.0 - 32.0%
p.a./G.R. 98.0%
Technical product 60.0%
p.a./G.R. 96.0%
p.a./G.R. 99.9%
p.a./G.R. 98.5%
p.a./G.R. 99.5%
p.a./G.R. 299.0%
Technical product

Dye content, 282%.

basicity 33 - 34%,
~25% Cr203
Technical product for increasing
of chromium compounds
basicity

60%
p.a./G.R. 99.0%

p.a./G.R. 99.0%

p.a./G.R. 236.5%

p.a./G.R. 98.0%
puriss. p.a.

<0.1% Insoluble matter
299.0% (HPLC)

p.a./G.R. 299.0%

ACS reagent

Technical product, rectificate
296.0%
purity dye content, 285%

ACS reagent, 70%
ACS reagent, 60%
p.a./G.R. 285.0%

purum p.a. 298.0%
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3.3 Equipment for packing in vacuum

Hide samples were packed in vacuum using special vacuum equipment
MULTIVAC C300 (manufacturer: MULTIVAC, Germany, supplier: Multivac Oy branch
office in Latvia).

3.4 Processing of samples under laboratory and industrial conditions

A part of little samples was processed into wet blue under laboratory
conditions described in Table 3.2. The processing was performed in a laboratory
drums with capacity of 3 litres.

Table 3.2
Parameters of hide processing in laboratory conditions
Process parameters
Process  Material title and amount, %

title from hide/unhaired hide Tempe;ré:lture, Duration and regimen
mass
Washing H:0 - 200 20+2 1 h, run continuously
a) H20 - 100;PAM - 0.1 a) 30 min., run continuously
b) Ca(OH)2 (60%) - 2.3; b) 1 h, run continuously
Liming- Naz2S (60%) - 2
L c) Ca(OH)z (60%) - 2.3 20+2 c¢) 1 h, run continuously
unhairing d) H20 - 100 d) 21 h, 30 min run continuously, later
5 min. every 4 h, drain in the process
end
. a) H20 - 200 a) 30 min., run continuously, drain
Washing b) H20 - 200 37+l b) 30 min., run continuously, drain
a) H20 - 40;(NH4)2S04- 2 a) 30 min., run continuously
Deliming- b) (NH4)2S0s- 2 37+1 b) 30 min., run continuously
bating c) H20 - 100; Enzyme Oropon c) 1 h, run continuously, drain
ON2-0,15
: a) H20 - 200 a) 20 min., run continuously, drain
Washing b) H20 - 200 20+2 b) 20 min., run continuously, drain
a) H20 - 40; NaCl - 5.5 a) 15 min., run continuously
b) HCOONa - 1 b) 20 min., run continuously
Pickling c) H2SO4- 0.5 2012 ¢) 15 min., run continuously
d) H2SO4 - 0.5 d) 15 min., run continuously
e) H2SO4 - 0.5 e) 5 h, run continuously
a) Chromeco - 6 2012 a) 20 h, run continuously
Chroming b) Neutragene MG-120 - 0.35 b) 2 h, run continuously
c) 60+1 c) 2 h, run continuously, drain
Washing Hz0 - 100 4442 1 h, run continuously, drain

Big samples were processed into wet blue under industrial conditions in
tannery “Kedainiu oda” (Lithuania) according to technology of upper leather
processing, which was valid in this enterprise.

3.5 Methods of investigation of hide properties

According to literature analysis such methods of investigation of hide
properties were employed:

Organoleptical estimation of hide quality. The quality of hide was assessed
organoleptically observing any hair slip, appearance of bad odour and appearance of
mucous surface of skin and by using analytical methods. The hide was considered as
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deteriorated when any symptom of decay appeared: hair slip, bad odour, or mucous
surface of skin.

Calculation of amount of microorganisms in hide. For determination
amount of bacteria method of Feldman and Lishansky was used [64].

Nitrogen amount determination according to Kjeldahl method. The level
of hide preservation can be assessed measuring amount of released ammonia in
hide tissue. The ammonia forms as product of proteins degradation resulted by the
action of microorganisms [53]. Kjeldahl method is used for nitrogen amount
determination.

Determination of collagenous proteins. The determination of the
collagenous proteins amount is based on the evaluation of amount of hydroxyproline,
which forms after hydrolysis of hide tissue or hide treatment solutions. Modified
Neiman-Logan [65] method was used for the determination of hydroxyproline
content.

Measurement of shrinkage temperature. Measurement of shrinkage
temperature of hide and leather up to 100°C. Shrinkage temperature was determined
after liming, deliming and pickling processes according to the method described in
standard [66]. Measurement of shrinkage temperature of leather over 100°C. The
shrinkage temperature of chromed leather samples was determined as described in
literature [67] using a special equipment and glycerol instead of the distilled water. It
is because chromed leather shrinkage temperature is higher than 100°C.

Leather physical-mechanical tests. 5 and 19 days hide samples stored
under vacuum were processed under the industrial conditions in the tannery
“‘Kedainiu oda” (Lithuania) into shoe upper leather. Strength properties were
determined according to standard [68]. Thickness of samples was measured as
described in literature [69].

Determination of chromium amount. Determination of chromium oxide
concentration in solution was made according to literature [67]. Chromic oxide
content in leather was determined according to standard [70].

Determination of matter soluble in dichlormethane. Amount of matter
soluble in dichlormethane in leather was determined according to standard [71].

Determination of volatile matter. Content of volatile matter of hide or leather
was determinate using standard [72].

Hide investigation by optical microscopy. Hide samples for the optical
microscopy were prepared according to the method described in standard [74].

Infrared spectroscopy analysis. The changes of hide samples structure
were estimated by infrared (IR) spectroscopy analysis. An IR absorption spectrum
was obtained with a Perkin-Elmer FTIR Spectrum GX (USA) spectrometer using KBr
pellets. Prepared samples were cut into piece with dimensions approximately 1x1
cm. The resolution was 1 cm™, scan rate 0.2 cm/s and scan number 16 times. The
software "Spectrum 5.0.1% was used calculating the area of peaks in spectra AS
(T%-cm™).

Differential scanning calorimetry. Differential scanning calorimetry (DSC)
analysis was performed with the Netzsch Geratebau GmbH (Germany) thermal
analyzer in nitrogen atmosphere; heating rate of -10°C/min. Reference sample was
empty aluminium capsule. The hide samples were taken after the fixation with
acetone.
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4 RESULTS AND DISCUSSIONS
4.1 Investigation of hide condition during storage time
4.1.1 Organoleptic evaluation of preservation quality

The quality of preservation was assessed organoleptically observing any hair
slip, appearance of bad odour and appearance of mucous surface of hide. There
were compared all listed indexes of not preserved hide and differently preserved:
salted or vacuumed hide. All tests had been carried out during 22 days period when
samples were stored at 4°C.

The bad odour appeared from not preserved hide, kept 11 days at
temperature 4°C. During next 2 days hair slip also appeared very evidently: the
surface of the hide was almost destroyed by bacteria, and bad odour was almost
insufferable and the surface was intense mucous.

Salted hide quality didn’t change during all experiment time: till 22 days. There
wasn’t discovered any hair slip or mucous surface, only slightly bad odour appeared
at 20" day of storage, but that could be described as negligible.

Bad odour on vacuumed hide begun to appear only after 20 days of storage (it
can be seen that amount of bacteria approached to limit showing the deterioration
start: 20 millions bacteria per 1 gram of hide.

But the bad odour also can be described as negligible comparing with not
preserved hide stored. There wasn’t observed any mucous on surface of hide, but
was recognized hair slip start after 19t day of storage in vacuum.

For better understanding the results of organoleptic estimation were collected
into Table 4.1.

Table 4.1
Appearance of hide deterioration symptoms on hide during 22 days of storage
Preservation Appearance of deterioration symptom
method Bad odour Hair slip Mucous surface
Not preserved After 11 days After 13 days After 13 days
Salted Not appeared Not appeared Not appeared
Vacuumed After 20 days After 19 days Not appeared

Organoleptic analysis had shown that during 20 days vacuumed hide had not
hair slip, bad odour and other symptoms of serious deterioration etc.

4.1.2 Microbiological assessment of hide preservation quality

Occurrence of putrefaction of the raw skins and hides, if not cured by physical
or chemical method, is a traditional understanding. The symptoms of putrefaction
beginning can be spot organoleptically as described in previous subsection.

But more clear picture of hide decay can be obtained only by use of
instrumental investigation methods.

One of the components responsible for the putrefaction is a bacterium, and
this is a reason why it is very important to know the microbiological situation in hide
preserved by various methods. [55]

So, the next method of the preservation quality assessment was the
determination of bacteria amount on hide.

The method worked out by Beleska K. and described in literature was used
[53]. According to the literature data [53], hide was considered as deteriorated when
the amount of microorganisms in it exceeded 20x10° units in 1 g of hide.
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The hides and skins without a preservative can allow the growth of
microorganisms instantaneously which can reach a level of several million per gramm
and damage the hides in only 5-6 h.

The predominant bacteria found in soaking baths are Enterobacteraerogenes,
Bacillus mycoides, Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris,
Staphylococcus aureus and other gelatine-liquefying bacteria. [30]

Therefore, the first step was to determine action of vacuum on the bacteria
growth. The results obtained have shown that the vacuum and low temperature block
the vigorous multiply of bacterium. During 22 days amount of microorganisms
increases from 8 up to 18 million and does not reach the critical value (Figure 4.1).

21 Day 17.07
180.19

20 Days 18.07

120.35

16 Days 16.2

110.5

13 Days 12.5

237.7

9 Days 19.5

194.7

14.07

6 Days
53.3

3 Days 11.2

Amount of bacteria, millionsg-1 of hide

B Not preserved W Vacuumed Salted

Figure 4.1 Microorganisms reproduction kinetics in hide

On the other hand, bacteria presented on hide during that time slowly but act.
Due to this, a weakened bond of hair with derma is observable after the 22 days
storage. Also, slight odour begins to float around. This indicates the slow beginning
of decay process. Very interest picture was obtained observing bacteria growth on
not preserved hide stored at ambient (20+2°C) temperature. During 2 weeks is
observed impetuous multiplicative process of microorganisms. After that, the amount
of bacteria begins to decrease because old bacteria become as a nutritional medium
for new generation of microorganisms.

4.1.3 Hide shrinkage temperature changes during storage

Next step was to discover action of microorganisms on derma collagen. Index,
which is very sensitive to collagen structure changes, is a shrinkage temperature of
hide [75]. Changes of shrinkage temperature indicate formation (when shrinkage
temperature increases) or break (when decreases) of intra-molecular or
intermolecular bonds in collagen of derma.
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Intra-molecular bonds act in molecules of collagen and intermolecular:
between collagen molecules. The results of hide shrinkage temperature
determination are presented in Table 4.2.

Table 4.2
Kinetic of hide shrinkage temperature during storage
Hide storage Shrinkage temperature (°C) of hide
duration, days not preserved vacuumed salted
3 63.3+2 64.3+2 64.3+2
6 63.7+2 63.7+2 63.4+2
9 61.7+2 62.3+2 62.3+2
13 62.3+2 63.3+2 63.0+2
16 62.3+2 62.7+2 63.0+2
20 62.0+2 62.0+2 63.0+2
21 61.3+2 62.3+2 62.0+2

*Note. Shrinkage temperature of fresh hide was 64.7 °C.

The data obtained had not shown serious changes in derma structure. For all
samples (independently on preservation method used) was observed only negligible
decrease of shrinkage temperature: for not preserved, vacuumed and salted hide by
3.4°C, 2.7°C and 2.7°C accordingly. It means that microorganisms’ action, which
takes place only on surface of hide, does not effects deeper layers of hide. This
situation stands good even when bacteria act very intensive (case with not preserved
hide). So, it can be concluded, that shrinkage temperature change does not enough
reflects a level of hide deterioration when any chemical material is not used for hide
preservation, and collagen, accordingly, is not affected by this material.

On the other hand, negligible reducing of shrinkage temperature points that
hide structure stays without serious changes and this lets supposition that
preservation using vacuum and storage during 21 day does not decrease quality of
hide as raw material for leather producing.

4.1.4 Determination of content of nitrogen extracted from hide

Another index indicating a condition of preserved hide is an amount of
released ammonia, which is formed when hydrolysis of proteins begins due to the
action of microorganisms.

The data in Table 4.3 show that observable increase of the extracted nitrogen
amount begins for not preserved hide after 13 days of storage. This result confirms a
proposition that hide can be stored at 4°C during 2 weeks without decrease of quality
[27]. After this time during last week, the amount of nitrogen in hide increases almost
1.5 times: from 4.56 up to 7.06 g/ from 1 g of hide. It confirms that microbiological
deterioration goes enough intense, and this leads to lowering of hide, as material for

leather processing, quality.
Table 4.3
Change of nitrogen content extracted from hide

Hide storage Amount (g/kg of hide) of nitrogen extracted from hide

duration, days not preserved vacuumed salted
3 4.14+0.21 3.45+0.17 3.07+0.15
13 4.56+0.22 3.824+0.19 3.2340.16
16 4.62+0.23 3.40+0.17 3.26+0.16
20 5.48+0.27 4.07+0.20 3.88+0.19
21 7.06+0.35 4.24+0.21 4.12+0.20
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In the case of salted hide samples the increment of nitrogen content is
negligible during all time of storage. There is the question why, because salting stops
bacterial attack.

It seems that nitrogen is produced from soluble non-collagen proteins in such
case due to their dissolving in salt solution having very high concentration. After such
dissolution, the nitrogen containing materials are very easy washed when preparing
extract for the nitrogen amount analysis. So, they fall into extract and after the
determination show slight increase of released nitrogen.

Analysing nitrogen content change in the vacuumed hide, it can be concluded
that amount of nitrogen slowly increases during 21 day of the hide storage. But the
increase is similarly negligible as for salted hide.

Because in the vacuumed hide exclusive reason of such increase can be
explained only through action of bacteria, it means that the mentioned action is very
weak in vacuumed hide and it should not to lead to the decrease of the hide quality.

4.1.5 Assessment of hide quality using optical microscopy

One of deterioration beginning symptom is a change of the hide exterior. Due
to this the comparison of the vacuumed hide samples was carried out. Samples kept
in vacuum 1 and 22 days were observed. Optical microscopy images were prepared
from natural and dyed with dye Sudan Ill samples. The images are presented in
Figure 4.2 and in Figure 4.3, p.21.

Comparing both non-dyed and dyed samples it is seen that there are not any
noticeable differences in the images of samples stored 1 and 22 days. Observable
mucus does not form on the both lower and upper layers surfaces of 22 days stored
hide, despite the weak, but permanent action of bacteria. Therefore, the exploration
of images allows drawing a conclusion that any observable changes of the vacuumed
hide outside and inside exterior do not occur during 22 days storage.

Figure 4.2 Imags of auﬁe hide samples (non-coloured) (magnification 40 times) stored 1 day
(a) (b) (c) and 22 days (d) (e) (f) ((a) (d) - lower layer; (b) (e) - middle layer; (c) (f) - upper layer

20



: .\‘L}f 5, %\ 'v;;' J v V
Figure 4.3 Images of vacuumed hide samples (coloured) (magnification 40 times) stored 1 day (a) (b)
(c) and 22 days (d) (e) (f) ((a) (d) - lower layer; (b) (e) - middle layer; (c) (f) - upper layer

4.1.6 Infrared spectroscopy investigation of vacuumed hide

Further a possible changes of supermolecular structure during the storage
under vacuum where investigated. Firstly IR spectroscopy was employed for this
purpose. (Figure 4.4, p.23., Table 4.4, p.22.). The structural changes reflect in IR
spectra as the changes of individual bands in position and in intensity [31].

Comparison of values of peaks areas allows concluding about formation of
functional groups and degrading or formation of bonds during hide storing. The most
typical bands in spectra were chosen for the evaluation of structural changes.

The vibrations in range 3400-2500 cm™ are attributed to hydrogen bond of
associated functional groups O-H, N-H and C-H. [76][77][78] [79] Analysis of data in
IR spectra of the vacuumed hide stored various time show that intensity of peaks in
the mentioned range slightly increases. This increase can be related with the forming
of new hydrogen bonds in derma structure.

Peaks in ranges 1655-1658 cm™; 1523-1549 cm~ and 1235-1240 cm™ are
attributed to I, Il and Il amide bands respectively. The area of peaks in the range
1655-1658 cm~ depends on amount of carboxyl groups. The obtained data (Figure
4.4, p.23, Table 4.4, p.22) allows conclusion about negligible increase of intensity of
peaks in the mentioned ranges.

According to data in literature, peaks at 1081 cm and 1030 cm™ are specific
to collagen. [79] Unfortunately, it is not clear what groups vibrate in these ranges. In
vacuumed hide spectra the peaks in the range 1081 cm also is visible but any
changes of this peak are not observable in the variously long time stored vacuumed
hide.

In summary, the exploration of the hide samples spectra (Figure 4.4, p.23) has
shown that new peaks do not appear or old disappear. This allow conclusion that any
serious changes in supermolecular structure of collagen do not occur during 22 days
storage. On the other hand, the intensity of all peaks increases as mentioned above
(Table 4.3, p.22). Author supposes that during storage owing to the action of vacuum
the fibres of collagen slowly become closer, accordingly, the derma becomes denser,
and this leads to the increased all peaks intensity in the stored 22 days hide’s
spectra.
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4.1.7 Estimation of vacuumed hide by differential scanning calorimetry

The DSC analysis had objective to approve or deny conclusions about stored
vacuumed hide quality and evaluate possible changes occurred in hide structure.
Vacuumed hide samples after 1 and 22 days storage were used for the analysis
(Figure 4.5).

The results of DSC analysis are presented in Figure 4.5 and Table 4.5. It is
seen (Figure 4.5) that DSC curves have three distinct thermal effects. The obtained
effects are absolutely typical for hide. [80] The first endothermic effect can be
attributed to shrinkage (denaturation) of hide [81]. But more credible slant is to
associate that effect with the removal of capillary moisture [82]. It is known [83] that
degree of linking of capillary moisture in collagen is higher when capillaries are
smaller. Presumably, the approach of fibre each to other during storage under
vacuum leads to the decrease of capillaries dimensions, and accordingly, to the
increase of initial and finish temperatures of the first endothermic effect.

Heat flow
«— endo exo —
o

80 130 180 230 280 330 380
Temperature, °C

w
o

Figure 4.5 DSC curves of vacuumed hide samples stored 1 (a) and 22 (b) days

Therefore, the movement of start and finish temperatures of the first
endothermic effect to the range of higher values approves the supposition obtained
after IR spectroscopy analysis: during the storage of vacuumed hide samples the
fibres of derma approach each to other under the action of vacuum and change
dimensions of capillaries in derma structure.

Table 4.5
Delimitation of thermal effects in DSC curves
First endothermic Second Third endothermic
Hide storage effect, °C endothermic effect, effect, °C
time, days °C

start finish At start finish At start finish At

1 73 111 38 204 211 7 274 321 47

22 87 128 41 204 212 8 265 325 60

Various authors interpret second thermal effect variously. Kutianin et al. relate
the second temperature effect to the change of crystal phase to amorphous state
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[84]. Similar opinion is expressed by Romanian investigators [85][86]. They proposed
that the second endothermic peak obtained for temperature is higher than 200°C,
was attributed to melting of crystalline zone of the leather. The temperature of
minimum of this peak is characteristic parameter for deterioration of the crystalline
zone. When processing a hide, the level of crystallinity changes as stronger as
stronger the hide is affected during processing [87]. In our case the start and the
finish temperatures of the second endothermic effect coincide for both hide samples,
and this proves that collagen is not affected absolutely. The third endothermic effect
is related with destruction of hide tissue. For hide sample after 22 days of storage
this effect has lower start and higher finish temperature comparing with the sample
stored 1 day. The lower start temperature indicates the beginning of deterioration of
outer layers of the hide but due to pressed collagen fibres the thermal effect ends at
higher temperature.

Summarising the DSC analysis results it can be said that the obtained DSC
curves are absolutely characteristic for native collagen. The negligible changes of
first and third thermal effects temperatures does not indicate the serious structural
changes in derma collagen during storage of vacuumed hide samples.

4.1.8 Summary of results of investigation of hide condition during storage

time
Table 4.6
Summary of results of investigations of hide condition during storage time
Qualitative index Vacuumed Salted
Bad oddour After 20 days Not appeared
Hair slip After 19 days Not appeared
Mucous surface Not appeared Not appeared
Amount of bacteria
(millions-g-1g of hide) after 17077000 14946000
22 days of storage
1 o
dCha_mges of shrinkage t 2700 2.7 0C
uring storage
Changes of amount of
nitrogen extracted from
hide, comparing with 3 23% 34.3%
day of storing (%)
Assessment of hide quality
using optical microscopy No any noticeable No any noticeable
(comparing samples stored differences differences

1 and 22 days)

Infrared spectroscopy
investigation of vacuumed
hide

Estimation of vacuumed
hide by differential
scanning calorimetry

New peaks do not appear
and old do not disappear

Obtained effects are
absolutely typical for hide
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4.2 Behaviour of vacuumed hide during technological processes of leather
manufacturing

As it was mentioned in Chapter 3 Materials and methods, processing of
samples under laboratory and industrial conditions, a part of little samples was
processed into wet blue under laboratory conditions and big samples were processed
into wet blue under industrial conditions in tannery “Kedainiu oda” (Lithuania)
according to technology of upper leather processing. During beamhouse and
chroming processes the changes of hide properties were observed aiming to
understand the peculiarities of vaccumed hide processing into tanned leather.

The purpose of the beamhouse is to prepare the hide/skin for tanning. Another
way of putting that would be to say the beamhouse is for purifying the hide/skin
(remove of preservative materials, flesh, hair and epidermis, soluble proteins) and
“opening up” the hide/skin structure. Opening up is a generic term that has two
components:

1. The removal of non-collagenous skin components: the hyaluronic acid and other
glycosaminoglycans, the non-structural proteins, the fats. This is not done to
completion, so the process in a tannery must be geared to the degree of
removing these materials, required to produce the desired properties of the final
leather.

2. Splitting the fibre structure at the level of the fibril bundles, to separate them. [5]

The beamhouse processes requires big amount of water, which becomes
lower or higher polluted depending on the concrete process. Usually, all waste
waters after beamhouse processes (excepting pickling) are mixed and pass into
cleansing as waste water after beamhouse processes. The cleaning of tannery waste
water is very complicate and expensive business. The very serious reason of it is
great amount of waste water which must be treated. In Table 4.7 are presented
needs of water for typical leather processing process. So, any attempt, which leads
to decrease of water consumption is very welcome from environmental and
technological point of view. Table 4.7 average amounts of water on raw weight basis
and times merely represent typical industrial conditions. [5]

Table 4.7
Indicative process conditions for bovine hides [5]
Process step Water (% on hide pH Time (hours/h)
weight)
Washing 200 6-10 1-2
Soak (often more
than a single step, nx200 6-10 4-8
n=1-4)
Unha!rlng (lime and 200 12-13 18-24
sulphide)
Washing 200 12-13 1
Deliming (ammonium 100 8-9 1-2
salt)
Bating (proteolytic 100 8-9 1-2
enzyme)
Washing 100 8-9 1
Totally: 1100-1700 10-11 27-40*

* Presented total duration does not include time for mechanical operations (trimming,
fleshing, loading, dumping), pouring and draining of water and solutions etc.
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4.2.1 Evaluation of vacuumed hide rehydration level

Soaking is the first of beamhouse processes. In the process known as
soaking, the hides are soaked in clean water to remove the salt left over from curing
and increase the moisture so that the hide or skin can be further treated. [5]

The effectiveness of the soak depends on the amount of water used: the
efficiency of salt removal depends on the amount of water, since the salt is effectively
partitioned between the two phases and the solubilisation rate depends on the
difference in concentration between the soak liquor and the rehydrated pelt.

Nearly 6.5 million tons of raw hides and skins in various preserved forms are
processed worldwide annually [88]. Based on this figure, it can be estimated that
about 2.6 million tons of salt are discharged in the first unit operation of leather
processing called soaking, alone. The soaking process contributes to more than 40%
of the total dissolved solids (TDS) load that is generated in the entire process of
leather manufacturing [89].

In conventional processing salt-preserved hides are commonly used.
Calculated on the basis of wet salted weight, the amount of soaking (with washing)
effluent discharged varies from 4 m3/t up to 10 m3it raw hide. When soaking dry
hides, up to 20 m?3 water/t dried hide is required. The most important pollutants in
soaking effluents are: salt, hide surface impurities, dirt and globular protein
substances dissolved in water and salt solution.

The soaking is very important process because insufficient and uneven
rehydration of derma leads to not qualitative run of subsequent processes: liming-
unhairing, deliming etc.

It was the reason, why firstly the moisture content change in preserved by
vacuum hide was investigated and compared with the moisture content change

during washing-soaking of salted hide. Results are presented in Table 4.8.
Table 4.8
Hide moisture content change during preservation and washing and washing-soaking processes
Moisture content, %

Preservation Before preservation  After preservation After washing or

method (fresh hide) and storage during washing-soaking
21 day

Vacuumed hide 65.7 63.6 69.2* (69.2*)

Salted hide 65.7 58.2 67.6

* - washing duration 0.5 h; ** - washing duration 1 h.

The data in table 4.8 show that due to vacuum action the hide loses about 2%
of moisture. The rehydration of vacuumed hide stored 21 day goes very fast and
during 0.5 h reaches and even exceeds moisture content of fresh hide.

After salting during 21 day hide loses about 10% of moisture and only after
washing and soaking processes reaches value 67.6%.

Therefore, preservation of hide by vacuum leads to significantly shortened
rehydration process: from 9 h for salted down to 1 h or even to 0.5 h for vacuumed
hide. This means the markedly economy of electric energy for rotation of drums
during soaking process.

Secondly, big quantity of water is saved: the demand of water for vacuumed
hide is about three times less.

Thirdly: the waste water after the vacuumed hide washing id absolutely free
from chlorides, what significantly reduces cost of the effluent cleansing.
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4.2.2 Structural changes of hide during liming-unhairing process

After soaking, the hides/skins are taken for liming: treatment with lime (usually
Ca(OH)2 as a basic agent) solution that may involve the addition of "sharpening
agents" (disulfide reducing agents) like sodium sulphide or sodium hydrosulphide etc.
The objectives of this process are mainly focused to:

e remove the hair, epidermis and other keratinous matter;

« remove some of the interfibrillary soluble proteins like mucins;

o swell up and split up the fibres to the desired extent;

e remove the natural grease and fats to some extent;

« bring the collagen in the hide to a proper condition for satisfactory

tannage.[89]

Processing soaked hides in a bath containing sodium sulphide/hydrosulphide
and lime constitutes a basis for conventional unhairing and liming methods. The
amount of liming effluents, including washing, fluctuates between 9 and 15 m3/t raw
hide. Sulphides, lime, decomposed hair keratin, globular protein and other non-
collagen protein, as well as saponified fractions of native fat constitute the load of
liming effluents making them the most polluted wastewater streams. [89]

As reports Beleska [39], liming-unhairing of hide preserved using chemical
methods for short term goes more intensely comparing with salted one.

So, it is very important to know how the vacuumed hide behaves during
conventional liming-unhairing, how the collagen of vacuumed hide is acted during the
process.

Therefore, the liming-unhairing of fresh and salted hide samples, and hide
samples stored 5 and 19 days under vacuum was carried out and effect on collagen
accessed. After process the amount of collagenous proteins in treatment solution

was evaluated (Table 4.9).
Table 4.9
Dependence of amount of removed from hide collagen proteins during liming unhairing process
technological process
Amount of removed collagen proteins (g/1 kg of hide)

Sort of hide during process
washing-soaking liming
Not preserved 0.00 0.34
Vacuumed (stored 5 days) 0.00 0.30
Vacuumed (stored 21 day) 0.00 0.38
Salted (stored 21 day) 0.07 0.20

It is known that usually amount of removed collagen proteins during liming
varies in the range 0.2-0.5 g/kg of hide [90] [91]. When liming the vacuumed hide
stored 5 or 21 days, the amount of removed collagen proteins is higher than level of
those removed from salted hide. Also, it somewhat exceeds amount removed from
not preserved or less time store vacuumed hide. On the other hand, the amount of
removed collagen proteins during liming in no one case is not higher than above
mentioned value (0.5 g/kg of hide).

Higher amount of collagenous proteins removed from 21 day stored vacuumed
hide once again confirms the proposition about microorganisms action on hide, which
is not strong and does not injure the hide but has influence on collagenous proteins
content increase in the liming-unhairing solution.
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Table 4.10
Hide shrinkage temperature after liming-unhairing process

Sort of hide Shrinkage temperature, °C
Not preserved 56.0+2
Vacuumed (stored 5 days) 55.3+2
Vacuumed (stored 21 day) 55.0+2
Salted (stored 21 day) 54.0+2

The evaluation of hide shrinkage temperature after liming-unhairing process
has shown similar effect of the process on the all treated hides. On the other hand,
less affected hide (through preservation and storage) has higher shrinkage
temperature after liming-unhairing. It lets supposition that during this process
removing of noncollagen proteins goes on for fresh and vacuumed hide more
qualitative than for salted one. Due to this collagen fibrils closes each to other
forming interfibrillar bonds, and this leads to higher shrinkage temperature value,
despite the fact, that amount of collagenous proteins after process in the liming-
unhairing solution is higher.

Organoleptical assessment has shown that all samples were unhaired
qualitative, well-swelled, without observable defects, such as grain loose or wrinkles.

The obtained results let a speculation that liming-unhairing process can be
shortened when processing vacuumed hide, seeking to reduce effect of alkaline
materials on derma collagen.

4.2.3 Action of deliming-bating on hide dependently on preservation method

The pH of the collagen is brought down to a lower level so that enzymes may
act on it, in a process is known as deliming.

Depending on the end use of the leather, hides may be treated with enzymes to
soften them, a process called bating. Usually deliming and bating processes are
carried out in single solution one by one.

Conventional deliming and bating methods are based on processing pelts in a
bath containing salts derived from a strong acid and a weak alkali (mainly ammonium
salts) together with proteolytic enzymes.

The amount of deliming and bating effluents, including washing waters,
fluctuates between 7 and 11 m3/t raw hide. Calcium salts (mainly sulphates), sulphide
residues, degraded proteins (collagen and hair) and residual proteolytic enzymatic
agents and the like constitute the main pollution load of deliming and bating effluents.
[89]

As the main aim of deliming is to remove calcium compounds from derma, the
deliming process parameters depend on the method of liming. So, it means that after
conventional liming must be done the conventional deliming.

Absolutely other situation is with bating, because the proteolytic enzyme acts
stronger when collagen is affected somehow before the bating. [92]

As the vacuumed hide structure is similar to fresh hide structure, it can have
influence on enzyme effect level on collagenous proteins. Therefore, the amount of
removed collagenous proteins during deliming-bating was evaluated. The results are
presented in Table 4.11, p.30.
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Table 4.11
Influence of preservation method hide shrinkage temperature and amount of removed from hide
collagen proteins during deliming-bating
Sort of hide Amount of removed Shrinkage temperature, °C
collagen proteins
(9/1 kg of hide)

Not preserved 0.23 60.0+2
Vacuumed (stored 5 days) 0.22 61.7+2
Vacuumed (stored 21 day) 0.18 59.7+2
Salted (stored 21 day) 0.13 62.7+2

Evidently that not preserved or vacuumed hide during deliming-bating is
affected more than salted hide. There again, the absolute values of mentioned
amounts are not so high that we can begin to speak about enzymatic destruction of
collagen. The presented values are in the ordinary range. [93]

The determined shrinkage temperature values of the bated hide confirm the
trend, discussed above: ,not preserved or vacuumed hide during deliming-bating is
affected more than salted hide”. When comparing vacuumed hide stored accordingly
5 and 21 day, it is seen that stored longer time hide is affected more and has lower
value of shrinkage temperature.

So, it once again proves that bacterias during mentioned time slightly act on
the hide, and this action reflects as lower shrinkage temperature after enzymatic
process.

Organoleptical estimation of the samples also was carried out. It has shown
that semblance of all samples was very similar independently on the preservation
method.

The obtained results leads to the supposition that bating process should be
investigated separately and more widely having the aim to establish more optimum
parameters for the bating of the vacuumed hide.

4.2.4 Pickling effect

Once bating is complete, the hides and skins are treated with a mixture of
common (Table 4.12, p.31) salt and sulphuric acid, in case a mineral tanning is to be
done. This is done to bring down the pH of collagen to a very low level so as to
facilitate the penetration of mineral tanning agent into the substance.

This process is known as pickling. The common salt (sodium chloride)
penetrates the hide twice as fast as the acid and checks the ill effect of sudden drop
of pH.

The method of pickling depends on the raw hide/skin sort and on the type of
manufactured leather (sole, upper, garment etc.) [94] [95]

The changes of derma structure during pickling depend on method of the
pickling, on parameters of processes before pickling (how the hide was affected
before pickling).

So, it depends on the hide structure during preservation and storing as well.
The estimation of the effect of pickling on the hide proteins was carried out evaluating
removed collagenous proteins and hide shrinkage temperature. Results are
presented in Table 4.12., p.31.
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Table 4.12
Influence of preservation method hide shrinkage temperature and amount of removed from hide
collagen proteins during pickling process
Sort of hide Amount of removed Shrinkage temperature, °C
collagen proteins
(9/1 kg of hide)

Not preserved 0.02 47.0+2
Vacuumed (stored 5 days) 0.02 48.7+2
Vacuumed (stored 21 day) 0.03 46.0+2
Salted (stored 21 day) 0.02 46.3+2

The obtained results show that the preservation method had not observable
influence on the pickled hide properties. Since the typical pickling with sulphur acid
was used, the action on collagen was negligible because according to literature [96]
the strong inorganic acid in the presence of high concentration sodium chloride does
not degrade the collagen during pickling process. The values of shrinkage
temperature also are very close for all hide samples.

In Table 4.13 are presented amounts of removed collagenous proteins during
all beamhouse processes (washing, soaking, unhairing-liming, deliming-bating and
pickling).

Table 4.13
Amount of removed collagenous proteins during beamhouse processes
Sort of hide Amount of removed collagen proteins

(9/1 kg of hide)
Not preserved 0.59
Vacuumed (stored 5 days) 0.54
Vacuumed (stored 21 day) 0.59
Salted (stored 21 day) 0.42

Comparison of totally removed collagen proteins during all beamhouse
processes shows very close situation in cases of vacuumed or not preserved hide. It
can be conclude that vacuumed hide is not affected stronger than not preserved hide
when it is processing.

Also, the evaluation of derma protein change during beamhouse processes
proved the conclusion that parameters of the mentioned processes should be studied
separately with aim to optimize them. On the other hand, conventional methods also
can be applied for the processing of the vacuumed hide.

4.2.5 Investigation of chroming process

So, the tanning is the main process, which converts hide/skin into leather.
During tannin derma becomes thermostable and resistant to putrefaction. This occurs
due to formation of crosslinks between macromolecules of collagen. Formally,
tanning can be carried out using inorganic or organic tanning compounds, or
combining inorganic tanning materials with organic ones.

As natural organic tanning materials can be used natural tannins: oak [97],
guebracho [98], mimosa, chestnut [99] etc.

As synthetic tanning compounds can be used melamine-formaldehyde based
resins [100] aldehydes [101] and other synthetic organic compounds having
capability to penetrate into derma and form new crosslinks in derma structure [102].
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Application of inorganic tanning materials such as aluminium, zirconium,
titanium [103], iron [104], was investigated.

Of course, the chrome tanning remains as mostly conventional and convenient
tanning method [5]. Evaluation of leather properties after tanning allows conclusion
about leather quality and suitability for manufacture of further products from leather.

Therefore, next step was the establishment of leather properties after chrome
tanning process. After the tanning the exhaustion of chromium compounds, the total
content of Cr20s in leather, the distribution of Cr203 in separate leather layers and the
shrinkage temperature were evaluated. Data are presented in Table 4.14.

Table 4.14
Qualitative indexes of chroming process and tanned leather
Leather produced from hide
Index vacuumed not salted
stored 5 days stored 21 day preserved stored 21 day

Exhaustion of chromium 93.3 879 95.2 79.0
compounds, %
Shrinkage temperature, °C 101.2+2 100.0+2 102.742 102.0+2
Cr203 content in leather, % 3.95 4.04 4.23 3.69
Cr203 content in leather’s
separate layers, %

upper 4.76 5.28 5.06 4.15

middle 3.38 3.92 3.39 3.07
lower 4.74 4.62 5.77 4.33

The comparison of chroming process indexes shows that better results are
achieved when processing the not preserved hide samples. Highest exhaustion of
chromium compounds and accordingly highest content of chromium in derma, and
highest shrinkage temperature was achieved in such case. The vacuumed hide
samples after chrome tannage had middle values of chromium salts exhaustion and
chromium content in leather. Therefore, the leather from salted hide samples had
lowest content of chromium but shrinkage temperature was sufficiently high.

Of course, the differences of shrinkage temperature values were
comparatively negligible. Herewith, all samples were of good thermo stability: the
shrinkage temperature for all samples was not less than 100°C.

The distribution of Cr203 in all leather samples is sufficient and similar.

Summarising the results of chrome tanning process can be proposed that
samples obtained from vacuumed hide had not worse properties comparing with
leather produces from salted hide. Contrary, they joined more chromium compounds
and this led to better exhaustion of chroming solution. So, the conventional chroming
method is absolutely suitable for the chroming of vacuumed hide.

4.2.6 Industrial trials of vacuumed hide processing

Of course, the most reliable estimation of the preserved longer time under
vacuum hide suitability for the processing can be done only after industrial trials. So,
the vacuumed and stored 5 and 19 days big hide samples were processed under the
industrial conditions in the tannery “Kedainiu oda” (Lithuania) into shoe upper leather.
The leather processing technology valid in this enterprise was employed. The
parameters of this technology are not presented in this description because they are
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commercial secret. The produced leather samples were tested and qualitative
indexes determined (Table 4.15).

Table 4.15
Chemical and physical properties of leather produced under industrial conditions from preserved by
vacuum hides

Leather produced from hide stored in vacuum

e 5 days 19 days
Tensile strength, N/mm? 18.8 19.7
Relative elongation when the strain of
10 N/mm? is reached, % 54.5 47.3
Relative elongation at break, % 78.7 70.3
Strain when grain breaks, N/mm? 15.6 18.1
Cr203 content, % 3.15 3.34
Matter soluble in dichloromethane, % 4.93 5.04
Volatile matter, % 15.3 15.3
Shrinkage temperature, °C 10442 108+2

The comparison of the values of main qualitative indexes shows that in both
cases the leathers of high quality were produced. The strength properties entirely
satisfy the requirements for leathers of such assortment. The leather produced from
19 days stored vacuumed hide characterized by higher tensile strength, higher strain
when grain breaks and lower relative elongation.

Also, it contained more chromium compounds and matter soluble in
dichloromethane. So, industrial trials had confirmed the result obtained under
laboratory conditions: after longer storage hide joined higher amount of chromium
compounds during chroming and had higher thermo stability comparing with the
stored shorter time hide. The content of matter soluble in dichloromethane was
sufficient and similar for both leathers.

Organoleptically, both leathers were soft, elastic, had fine grain and their
exterior does not differ from leather produced from conventionally preserved by
salting hide.

After the industrial trials the main conclusion gained was that all leather
qualitative indexes absolutely met requirements for shoe upper leather. Therefore, it
lets the proposition that preservation of hide by vacuum does not worsen the quality
of leather produced from this hide.
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4.2.7 Summary of results of behaviour of vacuumed hide during technological
processes of leather manufacturing

For proving necessity to store hides in vacuum, vacuumed and salted leather
hide parameters during technological processing was compared.

Table 4.16
Savings in technological processes

Salted No No No No No
Vacuumed Yes No No No No
Salted No
Vacuumed Yes No No No No
Salted No No No No No
Vacuumed Yes No No No No
Salted No No No No No
Vacuumed Yes No No No No
Salted No No No No No
Vacuumed Yes No No No No
Salted No No No No No
Vacuumed No No No No No
Salted No No No No No
Vacuumed Yes No No No No
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5 CONCLUSIONS

1. Analysis of situation in Latvian leather industry has shown that nowadays it is
practically abounded with only one working leather manufactory joint-stock company
A/S Ritales located in Jelgava city. Latvia exports either raw hides or wet blue leather
mostly to Italy and Poland leaving main pollution in country and does not produce
finished leather.

2. There is not solved question with delivery of raw hides from slaughterhouses to
leather manufacture. Because of the distance it is difficult to deliver all country raw
hides to the only manufacture. And that is the reason why foreign by - sellers outdo
local raw hide dealers.

3. The development and investigation of new hide preservation method has shown
that when hide is stored in 10-12-10% Pa vacuum at 4°C, the symptoms of hide
deterioration: bad odour and weakened bond of hair with derma appear after 22 days
of storing. The decrease of shrinkage temperature and nitrogen content increase
during 21 day is negligible. Therefore, this fact and observance of hide interior and
exterior confirm that hide stays without symptoms of deterioration during 21 day.

4. Differential scanning calorimetry and infrared spectroscopy analysis results confirm
that any serious changes in supermolecular structure of collagen do not occur during
22 days storage. The increase of intensity of all peaks in infrared spectrums can be
explained by approaching of collagen fibres and compaction of derma under action of
vacuum.

5. The beamhouse processes for vacuumed hide can be carried out using
conventional technology of salted hide processing, excepting soaking process. As
the vacuumed hide loses 2% of moisture, the.complete rehydration of such hide is
reached during 0.5 h of washing process, and it is about 8 h shorter than soaking of
salted hide.

6. Liming and deliming-bating, lead to higher level of removed collagen proteins and
lower shrinkage temperature of vacuumed hide comparing with salted one. On the
other hand, conventional unhairing-liming lets getting of well swelled qualitatively
unhaired hide, without observable defects, such as grain loose or wrinkles.

7. The new preservation method has not observable influence on the pickled hide
properties. The action of pickling solution on collagen is negligible, and values of
shrinkage temperature are very close for vacuumed and salted hide. Vacuumed hide
during chroming exhausts more chroming compounds than salted one: 87.9-93.3%
and 79%, respectively. This leads to higher content of chromium in leather: 3.95-
4.04% in leather from vacuumed hide and 3.69% in leather from salted hide. The
leather from vacuumed hide has shrinkage temperature not less than 100°C. The
method of preservation has not influence on uniformity of distribution of chromium
compounds in derma.

8. Industrial trials approved suitability of vacuumed hide for processing into leather.
The leather processed from vacuumed hide met to requirements of shoe upper
leather. It has good strength properties, and high shrinkage temperature. Leather
samples produced from stored various time vacuumed hide were soft, elastic, had
fine grain and their exterior did not differ from leather produced using salted hide.
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1 IEVADS

Doktora darba izstradata téma ir ,Jéladu konservéSana vakuuma zema
temperattra”. Darba témas izvéle ir saistita ar apkartéjas vides kvalitates uzlabosSanu
tada adu rlpnicas procesa ietvaros ka jeladu konservéSana un uzglabasana.

Darba ietvaros tika pétita Latvias adu apstrades rOpnicu vésture dazados
laika periodos, tika salidzinati Latvijas 41/42/43 nomenklatlras grupas importa un
eksporta dati laika perioda no 2001.-2012. gadam, tika izanalizétas, aprakstitas un
salidzinatas dazadas jeladu konservéSanas metodes, lai pieraditu nepiecieSamibu
péc jaunas un videi draudzigakas jéladu konservéSanas metodes pilnveidoSanas.

Temas aktualitati pastiprina vairaku pasaules zinatnieku pétijumi, kuru ietvaros
autori mégina atrast tirakas Tsa perioda jéladu konservéSanas metodes. Pétniecibas
nozare galvenokart saistita ar ekologiskakas jéladu konservéSanas metodes izveidi,
samazinot piesarnojumu, kuru rada konservéjosas vielas.

Doktora darba meérkis ir izstradat vienkarsu 1sa perioda konservésanas metodi
lietojot vakuumu. Lai novértétu vakuuma ietekmi uz $adi konservétam un uzglabatam
jéladam tiek pétitas to kvalitativas 1pasibas uzglabasanas laika, zema temperatira
un izpétitas tas Tpatnibas un parametri, kuri mainas no $ada veida jéladas izgatavojot
gatavu adu. Pakartoti darba mérkim, tika sastaditi vairaki darba uzdevumi. Darba
pétnieciskas dalas ietvaros visi uzdevumi tika izpilditi un darba mérkis tika sasniegts.

Doktora darba tika izstradata jauna, 1sa perioda jéladu konservéSanas
metode. Metodes ietvaros nav nepiecieSams lietot dazadus kimisko konservantus,
kuri visparigi tiek pielietoti jeladu konservéSana. Sasniegtais, nepiecieSamais laika
periods (21 dienu) jéladu uzglabasSanai vakuuma ir pietiekams un izdevigs adu
apstrades rapnicam.

Vakuuma uzglabatas jeéladas TpaSibu izmainas tas izgatavoSana uz gatavu
adu tika pétitas laboratorija un rapnicas apstaklos. Tika secinats, ka Sada jeladu
uzglabasanas metode atlauj izgatavot kvalitativu gatavu adu.

1.1 Promocijas darba mérkis, uzdevumi un izvirzita hipotéze

Promocijas darba meérkis ir izstradat vienkarSu un uzlabotu Tsa perioda
konservéSanas metodi lietojot vakuumu, konservéto jéladu uzglabajot zema
temperatira. Promocijas darba izvirzita hipotéze: j€ladu konservéSana vakuuma
pagarina tas uzglabasanas laiku. Pakartoti darba mérkim, tika sastaditi vairaki darba
uzdevumi:

e apkopot datus par adu apstrades rdpniecibu situaciju pasaulé un Latvija, ka ar
izpétit un analizét paSreizéjas jéladu konservésanas metodes;

e jzpétit jéladu kvalitativo ipaSibu izmainas (organoleptiskais jéladas kvalitates
novértéjums, mikrobiologiskais jéladas kvalitates novértéjums, j€ladas izdalita
slapekla daudzuma novértéjums, jéladu sarukSanas temperatiras izmainas ka
ari strukturalads izmainas uzglabasanas laika) konservéjot tas vakuuma zema
temperatra;

e novértét jeladas kvalitati péc konservésanas un uzglabasanas;

e izpétit parametrus, kuri mainas no $ada veida konservétas jéladas izgatavojot
gatavu adu;

e izpétit, ka atSkiras vakuuma konservétas jéladas adu apstrades tehnologiskie
procesi;

e parbaudit vakuuma uzglabatas jéladas piemérotibu apstradei riapnieciskos
apstaklos, ka ari novértét sadi izgatavotas gatavas adas ipasibas.
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1.2 Promocijas darba zinatniska novitate

Promocijas darba ietvaros veikta rapiga paSreiz€jas situacijas analize adu
apstrades rdpnicu joma Latvija, tostarp apkopoti jeladu un adu importa un eksporta
dati, apzinatas Latvija esoSas lopu kautuves, analizéti nokauto lopu Tpatsvara dati.
Pamatojoties uz iegutajiem analizu rezultatiem, ir izstradatas perspektivas adu
apstrades rapniecibai Latvija.

Promocijas darba ietvaros pirmo reizi pétita jauna jéladu konservéSanas
metode, izmantojot vakuumu zema temperatiara.

Promocijas darba ietvaros, istenojot eksperimentus, tika noteikts, jélada var
tikt konservéta vakuuma (10-12-10% Pa) un uzglabata zema temperatira (4°C) 21
dienu. Sadi konservétas jéladas strukturalas izmainas uzglabasanas laika ir
nenozimigas un tas nesamazina gatavas adas kvalitati.

1.3 Promocijas darba praktiska nozimiba

Promocijas darba tika izstradata jauna, 1sa perioda jéladu konservéSanas
metode. Metodes ietvaros nav nepiecieSams lietot dazadus Kimisko konservantus,
kuri tiek pielietoti jeladu konservé$ana. Sasniegtais, nepiecieSamais laika periods
jéladu uzglabasanai vakuuma ir pietiekams un izdevigs adu apstrades rapnicam.
Jéladu uzglabasSanai vakuuma nav nepiecieSams izgatavot jaunu iepakoSanas
iekartu. Gatavas izstradatas adas, kuras uzglabatas péc Sadas metodes, ir augstas
kvalitates.

1.4  Promocijas darba struktira

Promocijas darba apjoms ir 122 lapaspuses, tas sastav no 5 nodalam un 48
apaksnodalam: levads (ar 6 apak8nodalam), 2. Nodala Literatdras analize (ar 10
apaksnodalam), 3. Nodala Materiali un metodes (ar 15 apaksnodalam), 4. Nodala
Rezultati (ar 17 apakSnodalam) 5. Nodala Secindjumi. Darba izmantoti 105
literatdras avoti, 9 Formulas, 47 attéli un ilustracijas, 26 tabulas un 3 Pielikumi.

1.5 Promocijas darba aizstavésanai izvirzitas tézes

1. Jéladu konservésana vakuuma (10-12:10% Pa) un uzglabasana zema
temperatira (4°C) 21 dienu ilga laika posma, neizraisa nozimigas jéladas
strukturalas izmainas un nepazemina jéladas Tpasibas.

2. lzmantojot atbilstoSas adu apstrades tehnologijas, no $ada tipa konservétas un
uzglabatas jéladas, var tik izgatavota kvalitativa ada.

1.6 Promocijas darba aprobacija
Daliba zinatniskajas konferencées

2009

1. 1.Gudro, I.Beikule, G.Strazds, A.UIme. Adas resursu apzina$ana un izmanto$anas
iespéju izpéte Latvijas tautsaimniecibas attistibas veicinaSanai. RTU 50.
Starptautiska zinatniska konference. 15. Oktobris 2009 (mutisks zinojums)

2010

2. Gudro |., Strazds G., Ulme A. The exploration of unutilized hide resources and the
research of utilization possibility of such resources for the promotion of
development of national economy of Latvia, poster presentation, 41th
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International Symposium on Novelties in Textiles 2010, Ljubljana, Slovenia, 27t-
29" of May, 2010 (stenda referats)

3. Gudro |., Strazds G., Baltina I., The exploration of unutilized hide resources and
the research of utilization possibility of such resources for the promotion of
development of national economy of Latvia, poster presentation, 10th World
Textile Conference AUTEX2010, Vilnius, Lithuania, 21%-23 of June, 2010
(stenda referats)

4. Gudro I., Strazds G., Ulme A. The exploration of unutilized hide resources and the
research of utilization possibility of such resources for the promotion of
development of national economy of Latvia, Tulcea, Romania, 81"-9™ of July, 2010
(mutisks zinojums)

5. Gudro I., Strazds G., Uime A. The exploration of unutilized hide resources for the
promotion of development of national economy of Latvia, ITC & DC, 5th
International Textile, Clothing&Design Conference, Dubrovnik, Croatia, 3"-6™ of
October, 2010 (stenda referats)

6. Gudro I., Ulme A., Strazds G. Jéladas resursu apstrades apzinasana un situacijas
izpéte Latvija. RTU 51. Starptautiska zinatniska konference, Azenes iela 18-
modes zinibu kabinets, Riga, Latvija 15.oktobris, 2010. gads (mutisks zinojums)

7. Gudro |., Lejniece Z., Freivalde L. Macibu iestades interjera nozZime musdienu
komunikacija. RTU 51. Starptautiska zinatniska konference, Azenes iela 18-
modes zinibu kabinets, Riga, Latvija 15.oktobris, 2010. gads (stenda referats)

2011

8. Gudro I, Ulme A. Augstskolu loma dizaina specialistu konkurétspéjas
palielinasana. Starptautiska zinatniski praktiska konference ,Musdienu tendences
un tehnologijas dizaina izgltibas attistiba Bolonas procesa ietvaros” Baltijas
Starptautiska akadémija, Lomonosova iela 4, Riga, Latvija, 20.- 21.janvaris, 2011
(mutisks zinojums)

9. Gudro I., Uime A. Opportunities of use of Latvian rapidly renewable resources in
the context of sustainable development. “Telpiska stratégija ilgtspéjigai attistibai”,
3. starptautiska zinatniska konference, 26.-28. aprilis, 2011, Kuldiga (mutisks
zinojums)

2012

10.Gudro 1., Valeika V., Sirvaityté J. Structural changes of hide preserved for short
time by vacuum. Polymer Chemistry and Technology. Proceedings of Scientific
Conference. Chemistry and Chemical Technology. Kaunas University of
Technology, Kaunas, Lithuania 23rd-24th of April 2012 (stenda referats)

11.Gudro |., Valeika V., Sirvaityté J. and Ume A. Vacuum as tool for hide
preservation at low temperature. 26th International conference on Surface
modification technologies, June 20th-22nd 2012, Ecully, Lyon, France (stenda
referats)

12. Gudro I. Sirvaityte J., Virgiljus V., Ulme A. Short term raw hide storing using
vacuum preservation method. 6th International textile, clothing & design
conference - Magic world of textiles, 7th-10th of October, 2012, Dubrovnik,
Croatia (stenda referats)

Zinatniskas publikacijas, kopsavilkumi, raksti zurnalos:
Kopsavilkumi:

2010

1. Gudro I., Strazds G., Ulme A. The exploration of unutilized hide resources and the
research of utilization possibility of such resources for the promotion of
development of national economy of Latvia, Book of Absrtacts/41th International
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Symposium on Novelties in Textiles and 5th International Symposium on
Novelties in Graphics and 45th International Vongress IFKT/ University of
Ljubljana, Faculty of Natural Sciences and Engineering, Department of Textiles,
Ljubljana, Slovenia, 2010 [255], p.65. (ISBN 978-961-6045-79-7)

Gudro I., Strazds G., Baltina I. The exploration of unutilized hide resources and
the research of utilization possibility of such resources for the promotion of
development of national economy of Latvia, Absract book/10th World Textile
Conference AUTEX2010/ Kaunas University of Technology, Faculty of Design
and Technologies, Department of Textile Technology/Local Organizing
Committee, Kaunas, Lithuania, 2010 [208], p.177. (ISBN 978-9955-25-829-2)

Avizes:

2010

3.

Viksne |., Gudro I. Adu bizness pusspradzis. [1.lpp. turpindjums 8.lpp.]. Latvijas
Neatkariga Avize. Piektdiena, 2010.gada 17.decembris. # 291 (5881) (ISSN 1407
-3463)

Zinatniskas publikacijas:

2009

4.

Gudro 1., Ulme A. Presentation of the social responsibility within the public
space image of higher educational establishments. Management of
technological changes. Proceedings of the 6th International Conference on
Management of Technological Changes. Book 1. Democritus Uniersity of
Thrace. September 3rd - 5th, Alexandroupolis, Greece, 2009, p.89-92. (ISBN
978-960-89832-7-4)

2010

5.

Gudro I., Strazds G., Ulme A. The exploration of unutilized hide resources and the
research of utilization possibility of such resources for the promotion of
development of national economy of Latvia. Symposium Proceedings. 41th
International Symposium on Novelties in Textiles. Narodina in univerziterna
knjiznica, University of Ljubljana, Faculty of Natural Sciences and Engineering,
Department of Textiles, Ljubljana, Slovenia, 2010 [1224.] p.312-319. (ISBN 978-
961-6045-80-3)

Gudro I, Strazds G., Uime A. The exploration of unutilized hide resources
and the research of utilization possibility of such resources for the
promotion of development of national economy of Latvia. Quality
Management in Higher Education, Proceedings of the 6th International
Seminar on the Quality Management in Higher Education, Book Il, Gheorghe
Asachi Technical University of lasi Romania, UTC Press-Cluj Napoca,
Tulcea, Romania, 2010, [716] p.689-692. (ISBN 978-973-662-566-4)

Gudro 1., Strazds G., Ulme A. The exploration of unutilized hide resources for the
promotion of development of national economy of Latvia, ITC & DC: Book of
Proceedings of the 5th International Textile, Clothing & Design Conference, Magic
World of Textiles, Faculty of Textile Technology, University of Zagreb, 2010 [967]
p.833-838. (ISSN 1847-7275)

2011

8.

Gudro 1., Ulme A. Augstskolu loma dizaina specialistu konkurétspé€jas
palielinasana. BSA starptautiskie zinatniskie raksti. The catcher in the lie.
Communicator. KomnbioTepHas BepcTka, gusanH, Riga, 2011 -1/2 [233] p.223-
228. (ISSN 1691-5356)
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9. Gudro I., Ulme A. Sustainable and rapidly renewable material in design objects in
Latvia. Baltic Horizons. Euroacademy. Art&Design, Tallin, Estonia, 2011 p.61-68.
(ISSN 1736-1834)

10.Gudro I., Ulme A. High School role in magnification of design specialist
competitiveness in Latvia. Management of Technological changes.
Proceedings of the 7th International Conference on Management of
Technological Changes, book 2, Democritus University of Thrace,
Alexandroupolis,  Greece, 1st-3rd  September, 2011 p.513-516.
(ISBN 978-960-99486-3-0)

2012

11.Gudro l., Valeika V., Sirvaityté J. Structural changes of hide preserved for
short time by vacuum. Polymer Chemistry and Technology. Proceedings of
Scientific Conference. Chemistry and Chemical Technology. Kaunas
University of Technology, Kaunas, Lithuania 2012 p.135-139. (ISSN 2029-
2457)

12.Gudro |., Valeika V., Sirvaityté J. and Ulme A. Vacuum as tool for hide
preservation at low temperature. Surface Modification Technologies, Vol 26,
Published by Valardocs, Chennai, India 2012 p.251-256. (ISBN 978-81-926196-0-
6)

13. Gudro ., Sirvaityte J., Valeika V. Ulme A. Short term raw hide storing using
vacuum preservation method. 6th International Textile Clothing and Design
Conference "Magic World of Textiles" (ITC&DC) October 07th to 10th 2012: Book
of Proceedings, University of Zagreb, Dubrovnki, Croatia, 2012 p.53-58. (ISSN
1847-7275)

Raksts Zurnala:

2014
14.Gudro |, Valeika V, Sirvaityté J. Short Term Preservation of Hide Using
Vacuum: Influence on Properties of Hide and of Processed Leather. PLoS
ONE 9(11): e112783. doi:10.1371/journal.pone.0112783, 2014
RTU zinatniskas publikacijas:

2009

15.Gudro |., Beikule |., Strazds G., Ulme A. Adas resursu apzinaSana un
izmantoSanas iespéju izpéte Latvijas tautsaimniecibas attistibas
veicinaSanai.//Rigas Tehniskas universitates zinatniskie raksti, Materialzinatne,
Sérija 9, Séjums 4, RTU izdevnieciba, Riga, 2009 [150] 45-49.Ipp. (ISSN 1691-
3132)

2010

16.Gudro I., Ulme A., Strazds G. Jéladas resursu apstrades apzinaSana un situacijas
izpéte Latvija.//[Rigas Tehniskas universitates zinatniskie raksti, Materialzinatne,
Sérija 9, Séjums 5, RTU izdevnieciba, Riga, 2010 [198] 34-40.lpp. (ISSN 1691 -
3132)

17.Gudro I., Lejniece L., Freivalde L. Macibu iestades interjera nozime masdienu
komunikacija.//Rigas Tehniskas universitates zinatniskie raksti, Materialzinatne,
Sérija 9, Séjums 5, RTU izdevnieciba, Riga, 2010 [198] 41-46.lpp. (ISSN 1691 -
3132)

2011

18.Gudro I., Ulme A. Opportunities of Raw Hide Using as a Sustainable Material in
Latvia.//[Rigas Tehniskds universitates zinatniskie raksti. ligtspéjiga telpiska
attistiba. Serija 14/Séjums 3. RTU izdevnieciba, Riga, 2011, [115.lpp.] 103-
107.lpp. (ISSN 1691-6174)
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2 APKOPOTAS LITERA:I'l_JRAS ANAL_TZE UN PROMOCIJAS
DARBA MERKA MOTIVACIJA

Adu apstrade ir viena no vecakajam ripnieciskajam nozarém, tomér ta ir ari
viena no vispiesarnojosakajam rupnieciskajam nozarém. PieaugoSais vides
piesarnojums uzliek stingrdkus noteikumus tas aizsardzibai, un tie rada
priekS§nosacijumus, lai zinatnieki izstradatu jaunas tehnologijas adu rpniecibas
nozaré, kas lautu So piesarnojumu samazinat. Viens no zinatnes izmekléSanas
virzieniem ir atteikSanas no lieliem Kimisko materialu daudzumiem, kuri tiek izmantoti
jéladu un adu konserveésanai.

Jéladu konservésSanai ir |oti svariga loma visad tas apstraddes procesa, jo
kvalitativa ada nevar tik izstradata no jeladam, kuras zaudé&judas kvalitati nepareizas
konservacijas dél. Jéladu konservéSanas mérkis ir nodroSinat to nepusanu, droSu
parvadasanu un uzglabasanu. Konservésana nodroSina baktériju
samazinasanu/iznicinaSanu gan jélada, gan to nokliSanu apkartéja vidé. Izvéloties
jéladu konservéSanas metodi ir svarigi izvairities no toksisku materialu pielietojuma,
jo Sie materiali ir loti bistami videi to Kimisko sastavu dél.

Dazreiz nav iespéjams jeéladas nogadat apstradei uzreiz péc to nodirasanas
no dzivnieka. Par Sadu situaciju liecina ari Latvija veikta analize. Atkariba no
pieejama jeéladu apjoma, dazadi laika periodi ir nepiecieSami, lai varétu apkopot
pietiekamu jéladas materialu daudzumu, kur$ atbilstu adu rGpniecibas vajadzibam.
L1dz ar to jeladas ir jakonservé, lai tas nebojatos Iidz piegades un apstrades bridim.
Pasaulé plasi tiek pielietota Tsa perioda jéladu konservéSana, kas ilgst apméram 30
dienas.

Biezi vien, lai iegutu nepiecieSamo jéladas materialu daudzumu adu apstrades
ripnicam, jéladu piegadatajiem nepiecieSamas 1-2 nedélas. Sis ir viens no
iemesliem, lai pétnieki raditu un attistitu ne tikai 1sa perioda konservéSanas metodes,
kuras nodroSinatu jéladu kvalitativu uzglabaSanu no 1-3 nedélam, bet arT meklétu
risindjumus par mazak kaitigu vielu izmatoSanu konservéSana. Lidz ar to izmeklgjumi
tiek versti uz jaunu, efektivu jéladu konservéSanas metoZu izveidi, samazinot
apkartéjas vides piesarnotibu, t.i. izmantojot konservéjamos materialus, kuri ir
nekaitigi apkartéjai videi, vai art vispar neizmantot materialus, kuri kaité apkartejai
videi.

LiteratGras avotu analize liecina, ka jaunu un tiraku konservéSanas metozu
mekléjumi notiek loti intensivi. lzcelti divi galvenie virzieni: Kimiska konservésana,
izmantojot dazadus kimiskos materialus, un fiziska konservéSana bez Kimisko
materialu pielietojuma.

Sobrid Latvija darbojas tikai viens adas apstrades uznémums A/S Ritales
(neskatoties uz to, ka adu rdpnieciba ir visvecaka rupniecibas nozare Latvija), kura
tiek nodarbinati apméram 50 darbinieki. A/S Ritales adu miecéSanai izmanto Latvija
audzéto dzivnieku adas (parsvara liellopu) no konkrétam lopkautuvém. |k gadu
Latvija tiek nokauti apméram 134 000 tOkstoSi liellopu (nokauto dzivnieku vidé€jais
kopskaits ap 380 000), no kuriem ménest tiek iegita ap 200 t adu. A/S Ritales katru
ménesi apstrada ap 100 t adas, ieglstot apméram 14 300 m? adas pusfabrikatu, kas
tiek eksportéti uz citam Eiropas valstim. Rezultata otra puse no nokauto liellopu adas
netiek izmantota.

Latvija paSreizéja situacija plasi tiek pielietota saliSanas metode. Lielakoties
jéladas uz adu apstrades ripnicu A/S Ritales nonak jau salita veida, tomér dazreiz
tas nonak tikai nogérétas, kas neapSaubami rada bojajumus adas struktira. Slapja
salidana ir viena no popularakajam jéladu konservéSanas metodém gan lopu
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kautuvés, gan arT adu apstrades rapnicas. KonservéSanas metode ir ar relativi
zemam izmaksam, atri izmantojama, nepiecieSami 45-50% natrija hlorida uz jéladas
masu un atmeércéSanas procedura sals tiek viegli izskalots [1]. Tomér tai ir art
trdkumi, jo konservéjamais materials tiek gan nelietderigi izmantots, gan ar piesarno
apkartéjo vidi, nokltstot notektidenos péc jeladu apstrades operacijam. Tadél tas ir
arT viens no iemesliem, lai raditu jaunas un videi draudzigakas konservéSanas
metodes.

Promocijas darbs tika izstradats ar mérki izmeklét jaunu 1sa perioda jéladu
konservéSanas metodi, kura butu mazak kaitiga apkartéjai videi. K& metode Tsa
perioda jéladu konservéSanai tika izveléta jeladu konservéSana vakuuma zema
temperatira. Vakuums ka instruments tiek pielietots partikas produktu uzglabasanai.
Adu rapnieciba vakuums tiek pielietots adu Zavésanai [2].

Darba ietvaros veikti méginajumi izmantot vakuumu ka jéladu konservéSanas
metodi, k& arT Sada veida konservéta un uzglabata jélada tika izstradata gatavas
adas izstradajuma. Metode lautu izvairities no piesarnojuma, ko rada natrija hlorids.
Tomeér, lai metode varétu darboties arT praksé, nepiecieSams veikt ripigaku metodes
izpéti.
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3 MATERIALI UN METODES
3.1 Peétijjuma shéma
Svaiga jélada
gaistoso vielu noteik§ana i +

.."

Vakuuméta jelada Salita jélada ""‘ra'l‘::;"m

....... ‘ v

< v

organoleptiskas parbaudes

mikroorganismu daudzuma
noteikSana

=

sarukSanas temperatiras
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+ + +
+

UZGLABASANA

UZGLABASANA

UZGLABASANA

optiska mikroskopija

infrasarkana spektroskopija

UZGLABASANA

diferenciala skanéjosa
kalorimetrija

izdalita slapek|a daudzuma
noteikSana

+ + + + + + +

<
G
<
4

gaistosSo vielu noteikSana

saruk$anas temperatiras
mérisana

ka apstrade

kolagéna olbaltumvielu
daudzuma noteikSana

rapniecis

hroma maisijuma dauzuma
noteikSana Skiduma

+ + + +
laboratoriska apstrade
+ + + +
laboratoriska apstrade

+ + + +

<
<
<
|

4=
-

gaistoso vielu noteikSana

hroma maisijuma daudzuma
noteik$ana ada

+
e
+

biezuma mérisana

stiepes stipribas noteikSana

ADA
ADA
ADA
ADA

relativa pagarinajuma
noteikSana

dihlormetana skistoSo
vielu noteikSana

+ + + + + + +

saruks$anas temperatiras +
mérisana

+ =

Attéls 3.1 Pétijuma shéma [autora ilustracija]

3.2  Petijuma materiali

Divas svaigas, tikko nodiratas telu adas, tika panemtas no lopu kautuves un
sagrieztas gabalos. Talakai apstradei un analizei paraugi tika izgriezti, vadoties péc
standarta. [60]. Mazie paraugi (10—-15x20 cm) tika sagatavoti laboratorijas apstradei
no vienas jéladas, savukart lielie paraugi (42x36 cm), kuri tika sagatavoti ripnieciskai
apstradei, tika nemti no otras jéladas. Cetri paraugi (iznemot astonus mazus
paraudzinus) tika iepakoti divslanu laminatmateriala, izmantojot vakuumu (10-12-103
Pa). Sie paraugi tika apziméti ar nosaukumu ,vakuuma konservéta jélada”
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("vacuumed"—,vakuuméta” JAD) un tie tika uzglabati ledusskapt 4°C temperatira. Vél
Cetri paraugi tika ielikti parastd polietiiéna maisinad un uzglabati ledusskapi 4°C
temperatira, un tika apziméti
,nekonservéta” JAD). Vél Eetri paraugi tika sasaliti, izmantojot 50% NaCl un uzglabati
20+1°C (apziméti “salted’—,salita” JAD). Visas kimiskas vielas, kuras tika izmantotas

eksperimentu laika, apkopotas Tabula 3.1.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

,nhekonservéta

Pétijuma izmantotas kimiskas vielas [61]

Identifikacijas kods
Acetons
CAS 67-64-1
Kalcija hidroksids
CAS 1305-62-0
Udenraza peroksids
CAS 7722-84-1
Natrija formiats
CAS 141-53-7
Natrija sulfids
CAS 1313-82-2
Sérskabe
CAS 7664-93-9
Natrija hlorids
CAS 7647-14-5
Natrija hidroksids
CAS 1310-73-2
Kalija jodids
CAS 7681-11-0
Amonija Sulfats
CAS 7783-20-2
Enzimu preperats OROPON ON2
(R6hm GmhH, Vacija)
Metilénzilais
CAS 7220-79-3
Hroma ekstrakts Chromal, ("Alwernia" S.A., Polija)

Neutrogene MG120
(Codyeco s.p.a., Italija)

Virsmas aktiva viela Prevocel NG-12 (surfactant)
CAS 9062-77-5

Nikela Sulfats

CAS 10101-98-1

Natrija disulfats

CAS 7772-98-7

Salsskabe

CAS 7647-01-0

Vara (Il) sulfats

CAS 7758-98-7

Ciete

CAS 9005-25-8
Karbamids

CAS 57-13-6
4-Dimetilaminobenzaldehids
Lai noteiktu hidroksiprolinu
CAS 100-10-7

Kalija sulfats

CAS 7778-80-5
Dihlormetans

CAS 75-09-2

Etilspirts

(“Stumbras”, Lietuva)

(1-((4-(phenyldiazenyl)phenyl)azonaphthalen-2-ol) CAS 85-

86-9

Slapeklskabe (70%)
CAS 7697-37-2
Hlorskabe (60% to 70)
CAS 7601-90-3
Fosforskabe

CAS 7664-38-2
Natrija disulfats

CAS 72-98-7

Formula
CH3HsO

Ca(OH),
H.0,
HCOONa
Na,S
H,SO,
NaCl
NaOH
Kl
(NH,)2S0;4

C16H18N3sSCI-3H.0

C19H3203
Ni;SO,4 7H,0
Na,S,03
HCI
CuSO,
(CsH1005)n

NH,CONH,
(CH3):NCeH4CHO

K2SO4
CHCl;
C2HsOH
C2H16N4O
HNO3
HCIO,
H3PO,

Na,S,0;

jélada”

("not preserved'—

Tabula 3.1
Tiribas klase
p.a./G.R. 99,5%
p.a./G.R. 99,5%
p.a./G.R. 29,0 - 32,0%
p.a./G.R. 98,0%
Tehniskais produkts 60,0%
p.a./G.R. 96,0%
p.a./G.R. 99,9%
p.a./G.R. 98,5%
p.a./G.R. 99,5%
p.a./G.R. 299,0%
Tehniskais produkts

Sausais sastavs, 282%.

Valence 33 — 34%,
~25% Cr203
Tehniskais produkts, lai
paaugstinatu hroma maisijuma
veértibu)

60%

p.a./G.R. 99,0%

p.a./G.R. 99,0%

p.a./G.R. 236,5%

p.a./G.R. 98,0%
puriss. p.a.

<0,1% nesKisto$a viela
299,0% (HPLC)

p.a./G.R. 299,0%

ACS reagents

Tehniskais produkts, rektifikats
296,0%
Sausa satura tiriba, 285%

ACS reagents, 70%
ACS reagents, 60%
p.a./G.R. 285,0%

purum p.a. 298,0%
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3.3 Vakuuma iekarta jeladu iepakosanai

Jéladu paraugi tika iepakoti vakuuma, izmantojot specialu vakuuma iekartu
MULTIVAC C300 (izgatavotajs: MULTIVAC, Vacija, piegadatajs: Multivac Oy filiale
Latvija).

3.4 Paraugu apstrade laboratorijas un rapnieciskos apstaklos

Dala no mazajiem paraugiem tika izstradati hrométa jélada (wet blue)
laboratorijas apstaklos Tabula 3.2. Apstrade tika veikta laboratorijas cilindros ar
ietilptbu 3 litri.

Tabula 3.2
Parametri j€ladu apstradei laboratorijas apstaklos
Process parametri
Materiala nosaukums un

n;;ggfj;S daudzums, % no Temperatiira, il .
jeladas/atmatotas jeladas °C gums un rezims
masas
Mazgasana | H20 — 200 20+2 1 h, nepartraukti
a) H20 — 100;PAM - 0,1 a) 30 min., nepartraukti
b) Ca(OH)2 (60%) — 2,3; b) 1 h, nepartraukti
Kalko$ana- NazS (60%) — 2 .
atmatodana c) Ca(OH)z (60%) — 2,3 20+2 ¢) 1 h, nepartraukti
d) H20 — 100 d) 21 h, 30 min nepartraukti,
Péc 5 min. katras 4 h, procesa
beigas nosusinat
— a) H20 — 200 a) 30 min., nepartraukti, nosusinat
GG b) H20 — 200 3£l b) 30 min., nepartraukti, nosusinat
a) H20 — 40;(NH4)2S04— 2 a) 30 min., nepartraukti
Atkalkosana- | b) (NH4)2SO4— 2 37+1 b) 30 min., nepartraukti
mikstinasana c) H20 — 100; Enzyme Oropon ¢) 1 h, nepartraukti, nosusinat
ON2 -0,15
— a) H20 — 200 a) 20 min., nepartraukti, nosusinat
GG b) H-0 — 200 20+2 b) 20 min., nepartraukti, nosusinat
a) H20 — 40; NaCl - 5,5 a) 15 min., nepartraukti
b) HCOONa -1 b) 20 min., nepartraukti
Pikelesana @ c) H2SO4—-0,5 2042 ¢) 15 min., nepartraukti
d) H2SO4 - 0,5 d) 15 min., nepartraukti
e) H.SO4 - 0,5 e) 5 h, nepartraukti
a) Chromeco — 6 20+2 a) 20 h, nepartraukti
MiecéSana @ b) Neutragene MG -120 - 0,35 b) 2 h, nepartraukti
c) 60+1 ¢) 2 h, nepartraukti, nosusinat
Mazgasana H20 — 100 4442 1 h, nepartraukti, nosusinat

Lielie paraugi tika miecéti ripnicas apstaklos adu apstrades rapnica “Kedainiu
oda” (Lietuva) atbilstosi virsadu apstrades tehnologijai, kada bija pieejama ripnica.

35 Metodes

Saskana ar literatiras analizi, lai noteiktu jéladas kvalitati un TpaSibas péc
dazadiem apstrades procesiem, tika izvélétas Sadas metodes:

Organoleptiskais jeladas kvalitates novertejums. JEladas kvalitate
novértéta organoleptiski, vérojot spalvu izkriSanu, nelabas smakas paradisanos un
glotainas virsmas izveidoSanos. Jélada novértéta ka sabojata, kad tika atklats kads
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no pusanas simptomiem: apmatojuma zudums, nelaba smaka vai glotaina jéladas
virsma.

Mikroorganismu skaitiSana jelada. Lai noteiktu baktériju daudzumu jélada,
tika pielietota Feldman un Lishansky metode [64].

Slapekla daudzuma noteikSana, izmantojot Kjeldahl metodi. Jéladu
konservéSanas limenis var tikt izteikts ar izdalito amonjaka daudzumu uzglabasanas
laika. Amonjaks veidojas olbaltumvielu noardiSanas rezultata mikroorganismu
iedarbiba. [53]. Lai noteiktu slapekla daudzumu, tiek lietota Kjeldahl metode.

Kolagéna olbaltumvielu daudzuma noteik§ana. Kolagéna olbaltumvielu
noteik8ana balstas uz hidroksiprolina daudzuma, kur$ veidojas no jéladu audiem vai
no jéladu apstrades Skidumiem hidrolizes rezultata. Parveidota Neiman—Logan [65]
metode tika pielietota, lai noteiktu hidroksiprolina daudzumu.

Saruksanas temperatiras meérisana. SarukSanas temperatiras noteikSana
Jéladai un &dai lidz 100°C. SarukSanas temperatira tika mérita péc kalkoSanas,
atkalkoSanas un pikeléSanas procesiem saskana ar standartu [66]. SarukSanas
temperatiras noteikSana adai virs 100°C. SarukSanas temperatira hrométas adas
paraugiem tika mérita péc metodes, kas minéta literatira [67], izmantojot specialu
iekartu ar glicerinu destiléta Gdens vieta. ST metode tika izmantota, jo hromadas
saruk$anas temperatdra ir augstaka par 100°C.

Adas fizikalo un mehanisko Tpasibu testi. 5 un 19 dienu vakuuma
konservétas jéladas paraugi apstradati ripnieciskos apstaklos adu apstrades ripnica
“‘Kedainiu oda” (Lietuva) k& apavu virsadas. Stipruma ipaSibas noteiktas péc
standarta [68]. Paraugu biezumi mériti péc standarta [69].

Hroma daudzuma noteikSana. Hroma oksida koncentracija Skiduma noteikta
saskana ar literatira minéto metodi [67]. Hroma oksida daudzuma noteikSana ada
veikta saskana ar standartu [70].

Dihlormetana $kisto$o vielu noteik§ana. Adas $kisto$o vielu noteik$ana
dihlormetana veikta saskana ar standartu [71].

Gaistoso vielu noteikSana. GaistoSo vielu daudzuma noteikS8ana jélada un
ada veikta saskana ar standartu [72].

Jéladas izmeklejumi ar mikroskopu. Jéladas paraugi optiskai mikroskopijai
tika sagatavoti saskana ar metodi, kura aprakstita standarta [74].

Infrasarkana starojuma spektru analize. Jéladas paraugu strukturalas
izmainas noteiktas, izmantojot Infrasarkana starojuma spektru analizi. Infrasarkana
starojuma absorbcijas spektri iegati ar Perkin—Elmer FTIR Spectrum GX (USA)
spektrometru, izmantojot KBr tabletes. Sagatavotie paraugi sagriezti ~1x1 cm izméra
kvadratos. |zSkirtsp&ja 1 cm™, skenéSanas atrums 0,2 cm/s un skenéSanas biezums
16 reizes. Programmu "Spectrum 5.0.1“ tika izmantota, lai aprékinatu spektru smailu
laukumus AS (T%-cm™).

Diferenciala skenéjosa kolorimetrija (DSK). Diferencialas skenéjosas
kolorimetrijas analize veikta ar Netzsch Geratebau GmbH (Vacija). Termala analize
slapekla atmosfera; sildiS8anas atrums -10°C/min. References paraugs bija tuk3a
aluminija kapsula. Jéladu paraugi nemti no iepriek§ sagatavotiem un acetona
nofiksétiem jéladu gabaliniem.
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4 REZULTATI
4.1 Konservésanas metodes ietekme uz jéladas TpasSibu izmainam
uzglabasanas laika
4.1.1 Dazadi konservéeto jeladu oganoleptiskais novertéejums uzglabasanas
laika

Jéladas kvalitate organoleptiski novertéta, vérojot spalvu izkriSanu, nelabas
smakas paradiSanos un glotainas virsmas izveidoSanos. Tika salidzinatas tris
dazadu tipu konservétas/uzglabatas jeladas: jelada bez konservéSanas
(nekonservéta jélada (JAD)), salita jeélada (JAD) un jélada, kura konservéta vakuuma
(vakuuméta jélada (JAD)). Visi testi veikti lTdz 22. uzglabasanas dienai, kad paraugi
turéti 4°C temperatara.

Jéladai, kura netika konservéta, slikta smaka paradijas jau 11. uzglabasanas
diena pie temperatiras 4°C. Nakoso divu dienu laika tika novérots arT apspalvojuma
zudums. Jéladas virsma gandriz pilniba tika sagrauta baktériju ietekmé, bija liela
sliktas smakas intensitate, ka art jéladas virsma bija glotaina.

Salitas jeladas kvalitate nemainijas visu eksperimenta gaitu lidz pat 22.
uzglabasanas dienai. Netika novérots ne apmatojuma zudums, ne ari glotaina
virsma, nelielas intensitates sliktas smakas paradiSanas konstatéta 20.
uzglabasanas diena, tomér to var raksturot ka nenozimigu.

Vakuuma konservétas un uzglabatas jeladas sliktd smaka paradijas pec 20.
uzglabasanas dienas (par to liecina art baktériju skaits, kur§ norada uz Iénu jéladas
bojasanos: t.i. 20 miljoni uz 1 g jéladas). Tomér slikta smaka, salidzinot ar
nekonservéto jéladu, arm raksturojama ka nenozimiga. UzglabasSanas laika netika
novérota glotainas virsmas paradiSanas, bet tika konstatéts neliels apmatojuma
zudums 19. uzglabasanas diena.

Lai parskatamak batu apskatams organoleptiskais jéladu uzglabasanas
novértéjums, visas 1pasSibas apkopotas Tabula 4.1.

Tabula 4.1
Jéladu bojasanas simptomi I1dz 22 dienam uzglabajot ar attiecigo konservéSanas metodi
Konservésanas Pusanas/bojajuma simptomi
metode Slikta smaka Apmatojuma Glotaina virsma
zudums
Nekonservéta JAD Péc 11 dienam Péc 13 dienam Péc 13 dienam
Salita JAD Neparadijas Neparadijas Neparadijas
Vakuuméta JAD Péc 20 dienam Péc 19 dienam Neparadijas

Péc organoleptiskajiem novérojumiem tika secinats, ka jéladu konservéjot
vakuuma un uzglabajot pie noteiktas temperatiras, 20 dienas nopietnas novirzes no
iepriek$ uzstaditajiem parametriem netika novérotas.

4.1.2 Dazadi konservéto jéladu mikrobiologiskais kvalitates novértéjums
uzglabasanas laika

Ja adas un jéladas netiek fizikali vai Kimiski apsrtradatas uzglabasanai, tas
sak put. PGSanas simptomi ir novérojami organoleptiski, kas art tika aprakstiti 4.1.1
apaksnodala.

Skaidraku priekSstatu par adu un jéladu sadaliSanos sniedz pielietotas
instrumentalas metodes pielietojums.
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Viens no adas pusanas iemesliem ir baktérijas. Tas ir arT viens no iemesliem,
dazadas konservéSanas metodes. [55]

Lidz ar to, lai noteiktu jéladu kvalitati, bija piemé&rota metode, kuras uzdevums
bija noteikt baktériju daudzumu jélada.

Saja noldka tika izmantota K.Beleska aprakstita metode [53]. Saskana ar
literatiras datiem, jélada tiek raksturota ka sabojata, kad baktériju skaits taja
parsniedz 20x108 vienibu uz 1 g jéladas. Baktériju skaits nekonservétas adas un
jéladas palielinas loti intensivi, sasniedzot vairakus miljonus uz vienu gramu jau
dazas stundas un sabojajot jéladas jau pirmajas 5—6 stundas. KalkoSanas vannas
tika atrastas dominéjoSas baktérijas Enterobacteraerogenes, Bacillus mycoides,
Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, Staphylococcus aureus
un Zelatinu saskidrino8as baktérijas. [30] Tadé| viens no pirmajiem soliem bija noteikt
vakuuma ka konservanta ietekmi uz baktériju augSanu. legatie rezultati noradija, ka
vakuums un zema temperatira bloké straujo baktériju skaita pieaugumu. 22
uzglabasanas dienu laika mikroorganismu skaits palielinas no 8 lidz 18 miljoniem,
nesasniedzot kritisko véertibu (Attéls 4.1).

21 Diena h 17,07

20 Dienas | 18,07

16 Dienas [ 16,2
13 Dienas [ 12,5
9 Dienas [ 19,5

6 Dienas [N 14,07

3 Dienas F 11,2

Baktériju daudzums, miljons+g-1 jélada

Nekonservéta JAD W Vakuuméta JAD Salta JAD

Attels 4.1 Mikroorganismu kinétikas reprodukcija jelada

No otras puses, baktérijas Iénam iedarbojas uz vakuuma konservéto un zema
temperatira uzglabato jéladu, ko varéja novérot péc 19. uzglabasanas dienas, kad
apmatojums lénam saka atdalities no dermas. Arl nelabas smakas paradiSanas
liecina par baktériju iedarbibu. Sie parametri ataino |énu jéladas bojasanos. Loti
interesanti dati tika ieglti no nekonservétas jéladas, kura uzglabata istabas
temperatira (20+2°C). 2 nedélu laika tika novérots strauj§ multiplikativs baktériju
process. Péc 2 nedélam baktériju skaits saka sarukt, jo vecas baktérijas kluva ka
uzturlidzeklis jaunajiem mikroorganismiem.
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4.1.3 Dazadi konservéto jéladu sarukSanas temperatiiras maina uzglabasanas
laika

Nakamais solis, lai noteiktu mikroorganismu ietekmi uz jéladas dermu, ir
saruk$anas temperatira. Sis indekss ataino kolagéna struktiras izmainas [75].
SarukSanas temperattras izmainas norada uz starpmolekularo un iekSmolekularo
saiSu veidoSanos sarukSanas temperaturai pieaugot, un sarausSanu, tai pazeminoties.
lekSmolekularas saites veidojas starp spirdlveida kolagéna Skiedras atseviSkiem
vijumiem, bet starpmolekularas saites kolagéna un inter—-molekularajas saités starp
kolagéna molekulam. SarukSanas temperattras rezultati ir attéloti Tabula 4.2.

Tabula 4.2
Dazadi konservéeto jéladu sarukSanas temperatiras kinétika uzglabasanas laika
Jéeladu Jéladu saruksanas temperatira (°C)
I}‘;Sr':gajg’r‘g Nekonservéta JAD  Vakuuméta JAD Salita JAD
3 63,32 64,312 64,312
6 63,72 63,72 63,412
9 61,72 62,3+£2 62,312
13 62,3+2 63,312 63,012
16 62,3+2 62,7+2 63,012
20 62,0+2 62,012 63,012
21 61,312 62,312 62,0+£2

*Piezime. Saruk8anas temperatira svaigai jéladai bija 64,7 °C.

legltie dati neliecina par nopietnam izmainam dermas struktdra. Visiem
paraugiem (atkartbda no konservéSanas metodes) tika novérota nenozimiga
saruk8anas temperatliras pazeminasanas: nekonservétai jéladai, vakuuma
konservétai jéladai un salitai jeladai attiecigi 3,4°C, 2,7°C un 2,7°C. Tas nozimég, ka
baktérijas, kuras ietekméja jéladu virsmas bojasanos, neietekmé jéladu dzilakas
kartas. Sie raditaji ir stabili pat tad, kad baktériju ietekme (péc to skaita) ir loti liela
(nekonservétai jéladai). Péc iegltajiem datiem var secinat, ka saruk8anas
temperatiras izmainas nepietiekami atspogulo jéladu bojasanos, kad jélada nav
apstradata ar kimiskajam vielam un kolagéns nav ietekméts ar atbilstoSo Kimiju. No
otras puses, maznozimiga temperatlras samazinasanas norada, ka jéladas struktdra
saglabajas bez nopietnam izmainam, un tadél tiek pienemts, ka vakuuma konservéta
jélada var tikt uzglabata l[dz 21 dienai zema temperatira, un jéladas kvalitate ir
pietiekama, lai no tas varétu izgatavot adu.

4.1.4 Dazadi konservéto jeladu izdalita slapekla daudzuma novértéjums
uzglabasanas laika

Cits indekss, kur$ norada uz jeladu stavokli, ir izdalita amonjaka daudzums,
kur$ veidojas hidrolizes rezultata, kad uz olbaltumvielu iedarbojas mikroorganismi.
Tabuld 4.3, 50.lpp. var redzét lielu izdalitd slapekla daudzuma pieaugumu
nekonservétai jéladai péc 13. uzglabaSanas dienas. Rezultati apliecina literattras
analizes datus, ka jélada var tikt uzglabata 2 nedélas 4°C bez konservésanas,
nesamazinot tas kvalitati [27]. Péc ST laika slapekla daudzuma palielinas 1,5 reizes:
no 4,56 lidz 7,06 g/no 1 g jéladas. Rezultati apstiprina negativo mikroorganismu
ietekmi, to strauja vairoSanas jéladas izraisa butisku jéladu kvalitates
samazinasanos, no kuras vairs nevar izgatavot adu.
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Slapekla daudzuma izmainas dazadi konservéto jéladu struktira

Tabula 4.3

3 4,14+0,21 3,45+0,17 3,07+0,15
13 4,56+0,22 3,82+0,19 3,2340,16
16 4,62+0,23 3,40+0,17 3,26+0,16
20 5,48+0,27 4,07+0,20 3,88+0,19
21 7,06+0,35 4,24+0,21 4,12+0,20

Salitai jeladai $1 indeksa izmainas tiek novértétas k& nenozimigas visa
uzglabasanas laika. Tas izskaidrojams ar to, ka sals bremze baktériju vairoSanos un
letekmi uz jéladu.

Analizéjot slapekla daudzuma izmainas vakuuma konservétai jéladai, tika
secinats, ka tas lenam pieaug lidz 21. uzglabaSanas dienai. Bet arT Saja gadijuma
slapekla daudzuma izmainas noveértétas ka nenozimigas, lidzigi ka salitas jéladas
gadijuma, un tade| var izteikt apgalvojumu vai pienémumu par to teikt, ka baktérijas
neietekmé jéladu kvalitates samazinajumu.

4.1.5 Dazadi konservéeto jeladu kvalitates novertéjums, izmantojot optisko
mikroskopiju

Viens no puSanas simptomiem ir jéladu aréja izskata izmainas, kuras tiek
pétitas ar optisko mikroskopiju. Tika salidzinati divéjadi konservéti jeéladu paraugi:
salita un vakuuma, uzglabati 1 un 22 dienas. Lai labak redzétu jeladu virsmas
strukturalas izmainas, tika salidzinati dabigi paraugi un iekrasoti ar Sudan Il paraugi
(Attels 4.2 un 4.3, 51.Ipp.).

Salidzinot abus paraugus, secinats, ka ievérojamas strukturalas izmainas
paraugos, kuri uzglabati 1 un 22 dienas, netika novérotas.

Var secinat, ka jélada, kura konservéta vakuuma, var tikt uzglabata zema
temperatura 22 dienas, bez ipasam strukturalam izmainam jéladas virsma.

A% LA AT 8 ‘ &
Attéls 4.2 Vakuuma konservétas jéladas paraugu mikroskopijas attéli (nekrasoti) (palielindjums x40)
uzglabati 1 dienu (a) (b) (c) un 22 dienas (d) (e) (f) ((a) (d) — apakséja karta; (b) (e) — vidéja karta; (c)
(f) — augseja karta.
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¥ _ >
Attéels 4.3 Vakuuma konservétas Jeladas paraugu m|kroskop|jas attéli (krasotl) (palielindjums x40)
uzglabati 1 dienu (a) (b) (c) un 22 dienas (d) (e) (f) ((a) (d) — apaks$gja karta; (b) (e) — vid&ja karta; (c)
(f) — augseja karta.

4.1.6 Vakuuma konserveétas jeladas infrasarkana starojuma spektru analizes
rezultati

Talako eksperimentu gaitd tika izmeklétas supermolekularas struktiras
izmainas vakuumakonservétai jéladai, kura uzglabata uz noteiktu laika periodu.
Vispirms tika pétitas infrasarkana starojuma spektru analizes (Attéls 4.4, 53.Ipp.,
Tabula 4.4, 52.Ipp.). Strukturalas izmainas atspogulojas infrasarkana starojuma
spektras ka izmainas individualo saiSu pozicijas un intensitaté. [31]

Smailu laukumu vértibu salidzinaSana deva iespéju apkopot informaciju par
funkcionalo grupu forméSanos un samazinaSanos vai saiSu veidoSanos jéladu
uzglabasanas laika.

Svarstibas diapazona 3400-2500 cmir attiecinamas uz Gdenraza saitém no
saistitam funkcionalajam grupam O-H, N-H un C-H. [76][77][78] [79]. Dazadu laika
posmu uzglabatds vakuuma konservétas jeladas infrasarkana starojuma spektru
analizes rada, ka smailu intensitite minétaja diapazona lénam palielinas. Sis
palielindjums var but saistits ar jaunu Udenraza saiSu forméSanos dermas struktara.

Smailes diapazona 1655-1658 cm™; 1523-1549 cm~ un 1235-1240 cm™ ir
attiecinamas uz |, Il un Ill amidu saitém. Smailu laukums diapazona 1655-1658 cm
ir atkarigs no karboksila (carboxyl) grupam. Péc iegutajiem datiem var secinat, ka
smailu laukuma intensitates palielindjums ir nenozimigs minétajos diapazonos.

Saskana ar literatGras avotu datiem, smailes 1081 cm™ un 1030 cm™ ir
specifiskas kolagénam. [79] Tomér nav skaidrs, kadas grupas svarstas attiecigaja
diapazona. Vakuuma konservétas jéladas spektros tapat ir novérojamas smailes
1081 cm™ apgabala, bet netiek novérotas smailu izmainas ilgaka laika perioda.

Gala rezultata, apkopojot iegltos infrasarkana starojuma spektru analizes
datus, tiek secinats, ka jaunas smailes neparadas un vecas nepazud (Attéls 4.4,
53.lpp.). Tas nozimé&, ka nopietnas izmainas kolagéna supermolekularaja struktara
nenotika I1dz vakuuma konservétas jéladas uzglabasanas 22.dienai.

Tomer, ka ieprieks tika minéts, smailu virsmas laukuma intensitate pamazam
pieaug (Tabula 4.4, 52.lpp.). Autore uzskata, ka vakuuma konservétas un zema
temperaturad uzglabatas jéladas kolagéna Skiedras atkaribd no uzglabasanas laika
klast tuvakas un derma klast blivaka, un tas rada smailu intensitates palielinajumu,
kad jelada konservéta un uzglabata vakuuma 22 dienas.
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Tabula 4.4

Infrasarkana starojuma spektru kvantitativas analizes dati (visas spektras) [38]
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4.1.7 Vakuuma konservétas jeladas diferencialas skenéjosas kolorimetrijas
analizes rezultati

Diferencialas skenéjoSas kolorimetrijas analizes (DSK) tika veiktas, lai
apstiprinatu vai noliegtu iespéju konservét jéladu vakuuma, uzglabajot zema
temperatara, izvertét tas kvalitati un novértét iespéjamas izmainas jéladas struktara.

Lai veiktu DSK analizes, tika izvéléti vakuuma konservétas jeéladas paraugi
péc 1 un 22 dienu uzglabaSanas zema temperatira (Attéls 4.5).

DSK rezultati aplikojami Attéla 4.5 un Tabula 4.5. Ka redzams Attéla 4.5,
DSK likném ir izteikti tris termalie efekti. legutie efekti ir tipiski jeladam. [80] Pirmais
endotermiskais efekts ir attiecinams uz jéladu saruk$anu (denaturaciju) [81]. Vel
ticamaks viedoklis tiek attiecinats uz kapilara mitruma izveSanu [82]. Ir zinams, ka
kapilara mitruma saistibas pakape kolagéna ir augstaka, kad kapilari ir mazaki [83].
Visticamak, ka Skiedru tuvoSanas viena otrai, vakuuma ietekmé, uzglabasanas laika
samazina kapilaru izmérus un attiecigi palielina galéjas un beigu temperatiras
pirmajam endotermiskajam efektam.

Siltuma plisma
endo exo ?

9

30 80 130 180 230 280 330 380
Temperatira, °C

Attels 4.5 Vakuuma konservétas jéladas DSC liknes-: uzglabatie paraugi 1 (a) un 22 (b) dienas

Lidz ar to pirma endotermiska efekta sdkuma un beigu temperatiru kustiba
augstaku vertibu diapazona pierada iegltos datus no infrasarkanas starojuma
spektru analizes: vakuuma konservétas jéladas dermas Skiedras klust tuvakas
uzglabasanas laika, ilgaka perioda, kas izmaina kapilaru dimensijas dermas
struktdra.

Tabula 4.5
DSK Itknu termisko efektu norobezojums
o Pirmais Otrais Tresais
Jeladu endotermiskais endotermiskais endotermiskais
uzglabasanas efekts, °C efekts, °C efekts, °C
ilgums, dienas sakums  beigas At sakums  beiga At  sakums  beigas At
S
1 73 111 38 204 211 7 274 321 47
22 87 128 41 204 212 8 265 325 60

Pétnieki, zinatnieki un zinatnisko rakstu autori otro endotermisko efektu
interpreté dazadi. Kutianin otro temperatiras efektu sasaista ar amorfa stavokla
kristalisko fazi [84]. Lidzigs viedoklis ir art Rumanu pétniekiem [85][86], kuri norada
uz to, ka otra endotermiska efekta smailu ieguta temperatura ir augstaka par 200°C,

54



kas ir saistita ar adas kristiliskds zonas ku$anu. Sis virsotnes temperatiras
minimums ir raksturigs parametrs kristaliskds zonas sabrukSanai. Kad ada tiek
apstradata, kristaliskuma Iimenis izmainas atbilstosSi tam, cik stipri jélada ir ietekméta
apstrades laika [87]. Otrais endotermiskais efekts sakrit abiem jéladu paraugiem
(konservétiem vakuuma un uzglabatiem pie noteiktas temperatiras 1 un 22 dienas),
kas apliecina to, ka kolagéns netika ietekméts.

TreSais endotermiskais efekts raksturo jéladas Stnu sagrauSanu. Jéladai, kas
konservéta vakuuma un kas uzglabata 22 dienas, ir zemakas sakuma un augstakas
beigu temperatiras, salidzinot ar vakuuma konservéto paraugu, kur$ pie noteiktas
temperatiras uzglabats 1 dienu. Zemaka sdkuma temperatira norada uz jéladas
aréjo slanu sabrukSanas sakumu, bet sakara ar saspiestajam kolagéna Skiedram
vakuuma ietekme, termalais efekts beidzas ar augstaku temperataru.

Apkopojot DSK analizes rezultatus, var secinat, ka iegutas DSK liknes ir
raksturigas kolagénam. Maznozimigds temperatlras izmainas pirmaja un treSaja
termalaja efekta nerada nopietnas strukturalas izmainas dermas kolagéna, jéladas
konservéjot vakuuma, uzglabajot zema temperatitra noteikta laika perioda.

4.1.8 Dazadi konservéto jeladu kopéjo ipasibu salidzinajums un novertéjums
uzglabasanas laika

Tabula 4.6
Dazadi konservéto jéladu kopé€jo Tpasibu salidzindjums un novértéjums uzglabasanas laika
Kvalitativais indekss Vakuuméta JAD Salita JAD
Slikta smaka Péc 20 dienam Neparadijas
Apmatojuma zudums Péc 19 dienam Neparadijas
Glotaina virsma Neparadijas Neparadijas
Bakteriju skaits (miljoni/g-
1g jelada) péc 17077000 14946000
uzglabasanas 22 dienas
Saruks:avnas t° izmainas 2.7°C 2.7°C
uzglabasanas laika
Slapekla daudzuma
izmainas 22 diena 2304 34.3%
salidzinot ar 3
uzglabasanas dienu (%)
Jéladu kvalitates
novértéjums izmantojot - Co - S
. . ” Nav nekadas ievérojamas Nav nekadas ieverojamas
optisko mikroskopiju Lo i
. atSkiribas atSkiribas
(salidzinot paraugus ’ ’
uzglabatus 1 un 22 dienas)
Vakuuma konservétas
jeladas infrasarkana Jaunas smailes neparadijas
starojuma spektru analizes un vecas nepazuda

rezultati

Diferencialas skenéjosas
kolorimetrijas analizes
rezultati vakuuma
konservétai jeladai

legltie efekti ir tipiski jéladam
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4.2 Vakuuma konservétas jéladas 1pasibu izmainas jéladu un adu apstrades
tehnologiskajos procesos

Ka minéts 3.nodala (Materiali un metodes), viena dala paraugu, t.i., vakuuma
un salt konservétas jéladas paraugi, tika miecéti laboratorijas apstaklos, un otra dala
paraugu: vakuuma konservétas jéladas paraugi, tika miecéti ripnieciskos apstaklos
adu apstrades ripnica "Kedainiu oda” (Lietuva) atbilstoSi apavu virsadas apstrades
tehnologijai.

Pirmsmiecé$anas procesos noveértétas vakuuma konservétas JAD ipasibu
izmainas. Pirmsmiec&$anas mérkis ir sagatavot jéladu miecéSanai. Sajos procesos
jélada tiek atbrivota no konservéjoSajiem materidliem, galas, apmatojuma,
epidermas, SkistoSam olbaltumvielam un “atver” jéladas strukturu. "AtvérSana” ir
visparéjs termins, kurs ietver divas komponentes:

1. Adas atbrivosana no ne—kolagéna komponentém: hialuronskabes skabes un
citiem glikozaminoglikaniem, nestrukturétam olbaltumvielam, taukiem.
2. ékiedru strukttru SkelSana Iidz fibrillu kaliem, lai tas atdalitu [5].

PirmsmiecéSanas operacijai nepiecieSams liels daudzums udens, kurs tiek
vairak vai mazak piesarnots atkariba no konkréta procesa. Visbiezak, visi notektdeni
no visiem pirmsmiecéSanas procesiem (iznemot pikeléSanu) tiek sajaukti kopa un
attiriti. PirmsmiecéSanas un miecéSanas notektdenu tirisana ir dargs un sarezgits
process, jo izlietotais Gdens daudzums ir loti liels. Tabula 4.7 apkopoti dati par
nepiecieSamo Udens daudzumu katra no pirmsmiecéSanas procesiem.
NepiecieSams jebkur§ mégindjums samazinat Udens patérinu adu apstrades
procesos, lai patérétu mazak resursus un samazinatu apkartéjas vides piesarnojumu.
Tabula 4.7 redzams vidéjais nepiecieSamais Udens daudzums uz jéladas masu
apstrades laika un apstrades laika patérins tipiskas &du apstrades rapnicas. [5]

Tabula 4.7
Jéladu indikativo procesu noteikumi [5]
Process Udens (% no jéladas pH Laiks (h)
svara)
Mazgasana 200 6-10 1-2
MércéSana (bieZi
vairak ka vienu reizi, nx200 6-10 4-8
n=1-4)
Atma@osana (kalki un 200 12-13 18-24
sulfidi)
Mazgasana 200 12-13 1
AEkajlgosana (amonija 100 8-9 1-2
sals)
Mikstina8ana 100 8-9 1-2
Mazgasana 100 8-9 1
Kopa: 1100-1700 10-11 27-40*

*Prezentétais kopéjais laiks neieklauj mehaniskas operacijas (izkrauSanu, apgrieSanu, atgalosanu),
ddens un Skidumu ielieSanu un susina$anu utt.

4.2.1 Vakuuma konserveétas jeladas rehidratacijas limena novértéjums
meércésanas procesa ietvaros

MeércéSana ir viena no pirmajam adu apstrades procediram. Procediras
ietvaros jéladas tiek iemérktas tira ddeni, lai atdalitu sali un palielinatu mitruma
daudzumu, lai jeélada varétu tikt apstradata talak. [5]
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MércéSanas efektivitati ietekmé izmantota Odens daudzums: loti svarigs Sis
process ir salitam jeladam, jo sals uzstc tdeni un ,izzavé jeladu”.

Ik gadu pasaulé tiek parstradati aptuveni 6,5 miljoni tonnu jéladu ar dazadam
konservésanas metodém [88]. Pamatojoties uz So skaitli, var aptuveni aprékinat, ka
Saja procesa ap 2,6 miljoni tonnu sals tiek izmantoti nelietderigi. MércéSanas process
veido vislielako piesarnojumu: Saja procesd izdalds vairak ka 40% no visam
SkistoSajam cietajam vielam, kas tiek atdalitas adu apstrades procedura. [89]

Vispopularaka konservéSanas metode ir sals konservéSana. Atkariba no slapiji
salitas jeladas svara, mércéSanas notekidenu daudzums (ar mazgasanu) varié no 4
m3/t Iidz 10 m3/t. Kad tiek mércétas sausas jéladas, ir nepiecieSami vairak ka 20 m?
udens/t. Lielakie piesarnojumi no ST procesa ir: sals, jéladas virsmas piemaisijumi,
netirumi un globularie proteini, kuri izSkist adent un sals Skiduma.

Mércésanas process ir loti svarigs, jo nepietiekama un nevienmériga dermas
rehidratacija izraisa nekvalitativus nakamos procesus: kalkoSanu—atmatoSanu,
atkalkosanu utt.

Tas ir arT viens no iemesliem, lai vispirms parbauditu un salidzinatu mitruma
daudzuma izmainas vakuuma konservétai un salitai jéladai mazgaSanas-
meércéSanas procesa laika. Rezultati atspoguloti Tabula 4.8.

Tabula 4.8
Jéladu mitruma izmainas konservédanas, mazgasanas un mazgasanas—kalkoSanas laika
Gaistoso vielu daudzums, %

Konservésanas Pirms Pec konservésanas Pec mazgasanas
metode konservésanas un 21 dienas vai mazgasanas un

(svaiga jelada) uzglabasanas kalkoSanas
Vakuuméta JAD 65,7 63,6 69,2* (69,2**)
Salita JAD 65,7 58,2 67,6

* — mazgasanas ilgums 0,5 h; ** — mazgasanas ilgums 1 h.

Tabulas 4.8 dati rada, ka vakuuma ietekmé jelada zaudé 2% mitruma.
Rehidratacijas limenis vakuuma konservétai jéladai uzglabatai 21 dienu aug loti
strauji un 0,5 h laika sasniedz un pat parsniedz svaigas jéladas mitruma daudzumu.

Sali konservéta jélada, uzglabata 21 dienu, zaudé 10% mitruma un tikai péc
mazgasanas un méercéSanas sasniedz 67,6%.

Tadeéjadi var secinat, ka vakuuma konservétas jéladas rehidratacijas process
ir 1sdks neka salitai jéladai: no 9 h salitai jéladai Iidz 1h vai pat 0,5 h vakuuma
konservétai jéladai. Procesa ietaupijums un priekSrocibas vakuuma konservétai
jéladai ir neapSaubams: Gdens un elektroenergijas ietaupijums, ka ari piesarnojuma
samazinajums notekidenos, jo netiek pielietots sals.

4.2.2 Jeladas strukturalas izmainas kalkoSanas—atmatosanas procesos

Péc mércésanas jéladas tiek kalkotas: visbiezak ar dzésto kalku suspensiju
Ca(OH)2, arf dzésto kalku un natrija sulfida maisijumu (Ca(OH)2+NazS) utt. ST
procesa meérki ir:

« apmatojuma atbrivoSana no jéladas dermas vai to izSkidinaSana;

» daléja tauku atbrivoSana;

» daléja atbrivosanas no Skistosajam olbaltumvielam;

« jeladas struktiiras uzbriedinaSana sekojoSajai mieceésSanai. [89]

KalkoSanas notekudenu daudzums kopa ar mazgasanas procesu svarstas no
9 Iidz 15 m3t jéladas. Sulfidi, kalki, sadalitais matu keratins, globularie proteini un
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citas ne—kolagénas olbaltumvielas notekudenos veido vislielako piesarnojumu, kas
neapSaubami piesarno ari apkartéjo vidi. [89]

K& minéts K.Beleskas disertacija, jélada, kura konservéta ar kimiskam vielam,
ir daudz vieglak apstradajama kalkoSanas—atmatoSanas procesos salidzinajuma ar
salitu jeladu. Tadel svarigi parbaudit vakuumétas jéladas uzvedibu kalkoSanas—
atmatoSanas procesa ietvaros, Tpasi novértéjot kolagéna daudzuma izmainas.

Lai varétu salidzinat dazadi konservétu JAD uzvedibu pirmsmiecé$anas un
miecéSanas procesos, tika salidzinats kolagéna zudums nekonservétai JAD, salitai
JAD un vakuuma konservétam JAD uzglabatam 5 un 19 dienas, Tabula 4.9.

Tabula 4.9
Kolagéna olbaltumvielu zuduma sakariba daZzadi konservétam jeéladam kalkoSanas—atmatoSanas
tehnologiskajos procesos
Kolagéna olbaltumvielu zudums (g/1 kg uz

Jéladas veids jéeladu) procesa ietvaros
Mazgasana-mércésana Kalkosana
Nekonservéta JAD 0,00 0,34
Vakuuméta JAD (uzglabata 5 dienas) 0,00 0,30
Vakuuméta JAD (uzglabata 21 dienu) 0,00 0,38
Salita JAD (uzglabata 21 dienu) 0,07 0,20

Ir zindms, ka zaudéta kolagéna olbaltumvielu daudzums kalkoSanas procesa
varié no 0,2-0,5 g/kg jeéladas [90] [91]. KalkoSanas procesa ietvaros 5 un 19 dienu
vakuuma konservétas JAD kolagéna olbaltumvielu zudums ir lielaks ka salitai JAD.
ArT nekonservétas JAD kolagéna olbaltumvielu zudums ir lielaks ka salitai JAD.
Zaudétais kolagéna daudzums kalkoSanas procesa nav lielaks ka literattras avotos
minétais, tas neparsniedz pielaujamo vértibu (0,5 g/kg uz jeladu).

Lielaks kolagéna olbaltumvielu zudums novérojams vakuuma konservétai
jéladai, kura uzglabata 21 dienu. Tas izskaidrojams ar mikroorganismu iedarbibu uz
jéladu, kuri neietekmé JAD struktiru, bet kolagéna olbaltumvielu zudumu tie$i $aja
procesa.

Tabula 4.10
Jéladu sarukSanas temperatira daZzadi konservétam jéladam péc kalkoSanas—atmatoSanas
procesiem
Jéladas veids Saruksanas temperatiira, °C
Nekonservéta JAD 56,042
Vakuuméta JAD (uzglabata 5 dienas) 55,3+2
Vakuuméta JAD (uzglabata 21 dienu) 55,0+2
Salita JAD (uzglabata 21 dienu) 54,0+2

SarukSanas temperatira kalkoSanas—atmatoSanas procesos visas tris
konservé$anas metodés ir [ldziga. Tomér, vismazak apstradatas JAD (nekonservéta
JAD) saruk$anas temperatira ir vislielaka. Tiek pienemts, ka procesa ietvaros
nekonservétas un vakuuma konservétas jéladas zaudé vairak ne—kolagénu
olbaltumvielas ka salita JAD. Saruk$anas temperatira ir augstaka, jo kolagéna
fibrillas satuvinas, veidojot ieksfibrillaras saites, neskatoties uz to, ka zaudétais
kolagéna olbaltumvielu daudzums kalkoSanas—atmatoSanas procesos ir lielaks.

Organoleptiski tika novéerots, ka dazadi konservéto un uzglabato jeladu
atmatoSanas process norité€ja kvalitativi: bez manamiem virsmas defektiem, virsmas
grauda zudumu vai grumbam. Pé&c rezultatu analizes secinats, ka vakuumétas JAD
kalkoSanas—atmatoSanas process var tikt saisinats, samazinot sarmu ietekmi uz
dermas kolagénu.
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4.2.3 AtkalkoSanas—-mikstinaSanas procesu ietekme uz jéladu atkariba no
konservéSanas metodes

Jéladu atsarmosanas meérkis ir atbrivot tas no kalcija hidroksida un nonemt
uzbriedumu péc sarmosanas.

Veicot atsarmoSanu, kolagéna pH tiek samazinats Iidz Iimenim, kad talakai
apstradei var izmantot enzimus. Sis process ir zinams ka atkalkosana.

Atkariba no ta, kada veida ada tiks izgatavota talak, jeladas/kailadas tiek
apstradatas ar enzimiem, lai tas mikstinatu, un So procesu sauc par mikstinasanu.

Biezi vien atkalkoSanas—mikstinasanas Skidumi tiek sajaukti kopa un veikta
viena proceddara.

Jéladas pirms atsarmoSanas mazga udenr, lai atbrivotos no kalcija hidroksida,
kas nav Kimiski saistits. Atsarmosanas process ir sarezgits un to nevar saistit tikai ar
kalcija hidroksida atdaliSsanu un neitralizaciju. Skabju un sarmu mijiedarbibas
rezultata, jélada notiek ne tikai kalcija hidroksida neitralizacija, bet art skabes
sasaistisanas ar olbaltumvielam, kas jau ir pievienojuSas sarmu.

Savukart mikstinaSana ir jéladu apstrade ar fermentu preparatiem
paaugstinatd temperatira. MikstinaSanas rezultata tiek atdaliti olbaltumvielu un
starpskiedru vielas sadaliSanas produkti, arT epidermas paliekas.

AtkalkoSanas—mikstinaSanas notekldenu daudzums ir no 7 Iidz 11 m3t
jéladas. Kalcija sali (visbiezak sulfati), sulfidu atliekas, sasSkeltas olbaltumvielas
(kolagéns un mati), ka ar7 proteolitisko enzimu atliekas ir lielakais piesarnojums Saja
procesa. [89]

Ta ka atkalkoSanas mérkis ir atbrivot jeladas dermu no kalcija, atkalkoSanas
procesu parametri ir atkarigi no kalkoSanas. Tas nozimé, ka péc kalkoSanas tiek
veikta atkalkoSanas operacija. Pavisam cita situacija veidojas mikstinaSanas procesa
ietvaros. Tas ir tadél, ka proteolitiskie enzimi iedarbojas uz jéladu spécigak, kad tas
kolagéns ir ietekméts pirms mikstinasanas. [92]

Ta ka vakuumétas jéladas struktara ir lidziga svaigai/nekonservétas jéladas
struktdrai, tas kolagéna proteiniem, atkariba no enzimu efektivitates, jabut
ietekmé&jamiem lidzigi. Zaudéta kolagéna olbaltumvielu daudzums redzams Tabula

4.11.
Tabula 4.11
KonservéSanas metodes ietekme uz jéladas saruk8anas temperatiru un kolagéna olbaltumvielu
zudumu atkalkoSanas—mikstinaSanas procesa ietvaros

Jéladas veids Kolagéna olbaltumvielu Saruksanas
zudums temperatira, °C
) (9/1 kg uz jeladu)
Nekonservéta JAD 0,23 60,0+2
Vakuuméta JAD (uzglabata 5 dienas) 0,22 61,7+2
Vakuuméta JAD (uzglabata 21 dienu) 0,18 59,7+2
Salita JAD (uzglabata 21 dienu) 0,13 62,7+2
Acimredzami, ka nekonservétas un vakuumétas j€ladas

atkalkoSanas/mikstindSanas procesa ietvaros tika ietekmétas vairak ka salita jelada.
Tomér iegutas kolagéna olbaltumvielu zuduma vértibas nav tik lielas, lai varétu runat
par enzimu izraistto kolagéna destrukciju. Uzraditas vértibas ir normas robezas. [93]

ArT noteiktas sarukSanas temperatiras apstiprina tendenci, ka nekonservétas
un vakuumeétas jélada paraugi atkalkoSanas—mikstindSanas procesa tiek ietekméti
vairak ka salitas jéladas paraugi.
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Salidzinot vakuuma konservéto jéladu paraugus, kuri uzglabati 5 un 19
dienas, var noverot, ka ilgaks laika periods ietekmé jéladu kvalitati, arT saruk8anas
temperatiru, kas Saja situacija ir zemaka. Tas pierada baktériju I€no iedarbibu uz
jéladu, kas atspogulojas ar zemaku sarukSanas temperatiru péc apstrades ar
enzimiem.

AtkalkoSanas-mikstindSanas procesa ietvaros tika veiktas arf paraugu
organoleptiskas parbaudes. Novérots, ka visi paraugi ir vizuali I1dzigi, neatkarigi no
konservéSanas metodes.

Péc iegutajiem rezultatiem tiek secinats, ka vakuumétai jéladai atkalkoSanas
un mikstinaSanas procesi bitu javeic atseviski.

4.2.4 Pikelésanas efekts

Péc mikstinaSanas jéladas tiek apstradatas ar Skidumu, kurS satur skabi
(visbiezak sérskabi) un neitralu sali (natrija hlorids vai amonija sulfats). So procesu
sauc par pikelésanu. PikeléSanu izmanto, lai uzirdinatu dermas mikrostruktiru un lai
noteiktu adas skabumu (pH) pirms hrommiecéSanas. PikeléSans metodes izvéle
atkariga no vélamas gala adas ieguves. [94] [95]

Dermas struktdras izmainas pikeléSans procesa ietvaros ir atkarigas ne tikai
no pikeléSans procesa izvéles, bet ari no ta, cik iepriekSejie procesi ir ietekméjusi
jéladu (t.sk. konservéSanas metodem).

Lai noteiktu pikeleSanas procesa ietekmi uz jéladu, zaudéto kolagéna
olbaltumvielu daudzums un sarukSanas temperatira tika aprékinadta visam
konservéetajam jéladam. Rezultati aplikojami Tabula 4.12.

Tabula 4.12

KonservéSanas metodes ietekme uz jéladas sarukSanas temperatiru un kolagéna olbaltumvielu
zudumu pikeléSanas procesa ietvaros

Jéladas veids Kolagéna olbaltumvielu Saruksanas
zudums temperatira, °C
(9/1 kg uz jeladu)
Nekonservéta JAD 0,02 47,042
Vakuuméta JAD (uzglabata 5 dienas) 0,02 48,742
Vakuuméta JAD (uzglabata 21 dienu) 0,03 46,042
Salita JAD (uzglabata 21 dienu) 0,02 46,312

legltie dati liecina, ka konservéSanas metode neietekmé pikelétu jéladu
ipaSibas. Ta ka pikelesana tika izmantota sérskabe, ietekme uz kolagénu ir
maznozimiga, jo saskana ar literatiras datiem [96] stipras neorganiskas skabes
augstas koncentracijas natrija hlorida klatbatné nedegradé kolagénu pikeléSanas
procesa ietvaros. Arl sarukSanas temperatiras visam trijam dazadi konservétam un
uzglabatam jeladam ir lidzigas.

Tabula 4.13 apkopoti kolagéna olbaltumvielu zuduma dati no visiem
pirmsmiecéSanas procesiem (mércéSana, kalkoSana, atkalkoSana, mikstinasana,
pikeléSana) visdm konservétajam jeladam.

Tabula 4.13
Kolagéna olbaltumvielu zudums visos jéladu pirmsmiecésSanas apstrades procesos
Jéladas veids Kolagéna olbaltumvielu zudums
(9/1 kg uz jeladu)
Nekonservéta JAD 0,59
Vakuuméta JAD (uzglabata 5 dienas) 0,54
Vakuuméta JAD (uzglabata 21 dienu) 0,59
Salita JAD (uzglabata 21 dienu) 0,42
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Salidzinot visu kolagéna olbaltumvielu zuduma datus no visiem
pirmsmiecéSanas procesiem, tiek secinats, ka vakuumétas jéladas dati ir loti tuvi
nekonservétas jeladas datiem. Var izdarit secinajumu, ka vakuuméta jélada netiek
ietekmeéta stiprak ka nekonservéta jelada.

Kolagéna olbaltumvielu zuduma izmainas dazados pirmsmiecéSanas
procesos pierada, ka visi apstrades procesi ir javeic atseviski ar mérki tos optimizeét.
No otras puses, rezultatu dati liecina, ka vakuuméta jélada var tikt apstradata ar
tradicionalam metodém tapat ka nekonservéta vai salita jélada.

4.2.5 Hroma miecésanas procesa novértésana

MiecéSana ir galvenais process, kura jéladu tiek parstradata ada. MiecéSanas
procesa ietvaros derma klist termostabila un izturiga pret ptsSanu. MiecéSana ir
miecvielu iedarbiba uz olbaltumvielam, kuras rezultatd starp polipeptidu kédém
izveidojas Skérssaites, kas izsauc neatgriezeniskas kolagéna struktiras ipasSibu
mainas. MiecéSanas materiali var bat neorganiski vai organiski, biezi tiek izmantoti
ari kombinétie miecéSanas materiali.

Ka dabigas miecvielas var tikt izmantotas: ozols [97], kvebrao (quebracho)
[98], mimoza, kastanis [99] utt. Ka sintétiskas miecvielas var tikt izmantotas:
melamina—formaldehida sveki [100], aldehidi [101] un citi sintétiski organiski
savienojumi, kas spéj iespiesties derma un veidot jaunas Skérssaites dermas
struktara [102].

Ka neorganiskas miecvielas var tikt izmantoti: aluminija, cirkonija, titana [103]
un dzelzs [104] sali.

Hroma miecéSana ir viena no pasaulé visvairak lietotajam miecéSanas
metodém. [5] Adas Tpasibu noteik$ana péc miecé$anas |auj noteikt adas kvalitati un
piemérotibu rpnieciskajai raZzoSanai gatavas adas izstradajumos.

Lidz ar to visiem trim, dazadi konservétajiem un uzglabatajiem jéladu
paraugiem péc miecéSanas tika noteikts Cr20s daudzums ada, Cr203 sadalijums
dazadas adas kartas un izmiecéto adas paraugu sarukuma temperatira. Rezultati
aplukojami Tabula 4.14.

Tabula 4.14
HrommiecéSanas procesa un izmiecétas adas kvalitativie indeksi
Ada izgatavota no jéladas
Indekss Vakuuméta JAD Nekonservéta  Salita JAD
uzglabata 5 uzglabata 21 JAD uzglabata 21
dienas dienu dienu
g;‘;”r:% :ﬁ;"e(;o’”m“ 93,3 87,9 95,2 79,0
| , 70
(,S‘Car“ksanas temperatra, 101,242 100,042 102,742 102,042
Cr,03 daudzums ada, % 3,95 4,04 4,23 3,69
Cr203 daudzums adas
atseviSkas kartas, %
aug$éja 4,76 5,28 5,06 4,15
vidéja 3,38 3,92 3,39 3,07
apakséja 4,74 4,62 577 4,33

Salidzinot hroma miecéSanas procesa datus, labaki rezultati tika sasniegti
miecé&jot nekonservétas jéladas paraugus: respektivi, augstaks hroma saturs derma
un augstaka sarukSanas temperatara.
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Vakuumétas jeladas iegutie rezultati péc miecéSanas, t.i. iznemtais hroma
daudzums, bija vidéjas vertibas, salidzinot ar paréjam divam konservéSanas
metodém. Salitu jéladu hroma daudzums bija vismazakais izmiecétas adas derma3,
bet sarukSanas temperatura pietiekami augsta.

Kopéji, salidzinot sarukSanas temperatiras, secinats, ka to atskiribas ir
nenozimigas, un visiem trijiem dazadi konservétu jéladu paraugiem tas ir lidzigas.
Visu paraugu termostabilitate raksturota ka laba, jo nevienam paraugam sarukSanas
temperatira nav zemaka par100°C.

Cr203 sadalijums visos dazadi konservétajos jéladu paraugos péc miecéSanas
ir vienmerigs.

Apkopojot hrommiecéSanas rezultatus var secinat, ka paraugu 1pasSibas, kas
iegdti no vakuumétam jéladam, nav sliktakas par tam, kadas ir jéladam, kas
konservétas ar sali. Pretstata tas saista lielaku hroma savienojumu daudzumu, kas
nodroSina labaku hroma Skidumu iznem$8anu. Lidz ar to var secinat, ka
visparpienemta hrommiecéSanas metode ir piemérota vakuumeétu jéladu miecésanai.

4.2.6 Vakuuma konservétas jéladas 1pasibu novéertéjums péc riupnieciskas
apstrades

Lai novertétu vakuuma konservétas jeladas uzglabasanas laika ietekmi uz tas
Tpasibam, nepiecieSams parbaudit tas iespéju apstradat rupnieciski Iidz gala
izstradajumam.

Tadéjadi vakuuma konservétie paraugi, uzglabati pie atbilstoSas
temperatdras, vakuuma 5 un 19 dienas tika parstradati gatavas adas izstradajumos
ripnieciski adu apstrades rapnica “Kedainiu oda” (Lietuva) péc apavu virsadas
izgatavo$anas tehnologijas. Adu apstrades parametri darba ietvaros nav attéloti, jo
tas ir komercials noslepums. Gatavas adas paraugi tika testéti un tika noteiktas to

kvalitativas Tpasibas, Tabula 4.15.
Tabula 4.15
Kimiskas un fizikalas 1pasibas adai, kura ripnieciski izgatavota no jéladas, kura konservéta vakuuma
un uzglabata zema temperatara
Ada izgatavota no vakuuma konservétas un

Indekss zema temperatiura uzglabatas jeladas
5 dienas 19 dienas

Stiepes stipriba, N/mm? 18,8 19,7
Relativais pagarinajums, kad
izstiepums 10 N/mm? ir sasniegts, % 54,5 473
Re_zla_ltlvals pagarinajums trikSanas 78.7 70.3
bridt, %
Izstlepzums, Skiedru trikSanas bridr, 156 181
N/mm
Cr,03 daudzums, % 3,15 3,34
Dihlormetana Skisto&as vielas, % 4,93 5,04
Gaistosas vielas, % 15,3 15,3
SarukSanas temperatira, °C 104+2 108+2

Salidzinot iegltos datus, secinats, ka no paraugiem, kas konservéti vakuuma
dazados laika periodos (5 un 19 dienas), iesp&jams izgatavot kvalitativu adu.
Stipruma Tpasibas ir apmierinoSas atbilstoSajai izgatavotajai adai. Vakuuma
konserveétajam paraugam, kur$ tika uzglabats 19 dienas, stiepes stipriba ir pat
augstdka. Sim paraugam bija arl lielaks hroma daudzums derma un lielaks
daudzums dihlormetana skistoso vielu.
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Péc rapnieciskas jéladu apstrades tiek secinats, ka vakuuma konservétas
jéladas paraugs, kas uzglabats ilgaku laika periodu (t.i.19 dienas), pievieno vairak
hroma sastavdalu, ir ar augstaku termostabilitati neka vakuumétas jéladas paraugs,
kur$ uzglabats 5 dienas.

Organoleptiski novértéjot abus adu paraugus, secinats, ka abas adas ir
mikstas, elastigas, ar labu graudu un to virsma neatskiras no salitam jéladam, kas
apstradatas rupnica.

Péc pétijumiem, kuros jéladas paraugi rupnieciski izgatavoti gatava adas
izstradajuma, tiek secinats, ka abiem vakuuma konservétajiem j€ladas paraugiem
neatkarigi no uzglabasanas laika ir atbilstoSas kvalitates 1paSibas, lai no Sada veida
adas varétu izgatavot kurpju virsadas.

Secinats, ka vakuums ka konservé$anas instruments nepasliktina adas
kvalitativas Tpasibas.

4.2.7 Rezultatu kopsavilkums par vakuuma konservétas jéladas 1pasibu
izmainam jeladu un adu apstrades tehnologiskajos procesos

Tabula 4.16
Tehnologisko procesu ietaupijums
Jéladas veids Rehidratacija G CEETED GG ENED | peqpyerey | ITEAETE
atmatosana mikstinasana ; ar hromu
Laika ietaupijums
Salita JAD Nav Nav Nav Nav Nav
Vakuuméta JAD Ir Nav Nav Nav Nav
Elektro-energijas ietaupijums
Salita JAD Nav Nav Nav Nav Nav
Vakuuméta JAD Ir Nav Nav Nav Nav
Udens ietaupijums
Salita JAD Nav Nav Nav Nav Nav
Vakuuméta JAD Ir Nav Nav Nav Nav
Kimisko vielu ietaupijums
Salita JAD Nav Nav Nav Nav Nav
Vakuuméta JAD Ir Nav Nav Nav Nav
Nodarbinato skaita ietaupijums
Salita JAD Nav Nav Nav Nav Nav
Vakuuméta JAD Nav Nav Nav Nav Nav
NepiecieSama rapnieciska platiba
Saltta JAD Vienads Vienads Vienads Vienads Vienads
Vakuuméta JAD Vienads Vienads Vienads Vienads Vienads
Piesarnojuma daudzums samazinajums
Salita JAD Nav Nav Nav Nav Nav
Vakuuméta JAD Ir Nav Nav Nav Nav
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5 SECINAJUMI

1. Apkopotie dati par Latvijas adas rUpniecibu liecina, ka &1 rOpniecibas nozare
praktiski netiek attistita, un eso$aja situacija darbojas tikai viena adu apstrades
ripnica A/S Ritales, Jelgava. Latvija jéladas un izmiecétas j€ladas (wet blue)
eksporté uz citam valstim, galvenokart Italiju un Poliju, un rapnieciski neizgatavo
gatavu adu.

2. Latvija nav atrisinats jautajums par jéladu piegadi uz adu apstrades rapnicam no
kautuvém. Attaluma dél, ka art ierobezoto parstrades apjomu dél, A/S Ritales iegust
tikai dalu no Latvijas teritorija pieejamajiem jéladu materialiem. Lidz ar to jéladu
uzpircgji var konkurét ar vietéjiem uzpircéjiem.

3. Promocijas darba ietvaros tika izveidota jauna Tsa perioda jeéladu konservéSanas
metode, izmantojot vakuumu. Tika noteikts, ka konservéjot un uzglabajot jéladu
vakuuma (10-12-10% Pa) 4°C temperatdra, tadi jéladas sabojasanas simptomi ka
slikta smaka, novajinata matu saikne ar dermu, tika novérota tikai péc 22 dienu
uzglabasanas. Sarukuma temperatiras samazindjums un izdalitd slapekla
daudzuma pieaugums l1dz 21 uzglabasanas dienai raksturojams ka nenozimigs.

4. Diferencialas skenéjosas kolorimetrijas un infrasarkana starojuma spektru analizes
rezultati liecina, ka nopietnas izmainas kolagéna supermolekularaja struktira
neparadijas 22 dienu uzglabasanas laika. Visu infrasarkano spektru virsmu
intensitates pieaugumu var izskaidrot ar kolagéna Skiedru satuvoSanos un dermas
sablivéSanos vakuuma ietekmé.

5. Vakuumeétai jeladai var tikt pielagoti visi pirmsmiecéSanas procesi, kuri tradicionali
tiek izmantoti salitai jéladai, iznemot mércésanu. Ta ka vakuuméta jelada zaude tikai
2% mitruma, noteikts, ka, lai pilnigi to rehidrétu 30 min mazgasanas operacija ir
pilnigi pietiekama. Un Sis mérceédanas process ir par 8 h 1saks ka salitai jeladai.

6. KalkoSanas un atkalkoSanas—mikstindSanas procesa ietvaros vakuuma
konservétas jeéladas zaudéeto kolagénu olbaltumvielu daudzums ir augstaks ka salitai
jéladai. Tomér izmantojot tradiciondlo kalkoSanas—atmatoSanas procediru, gala
rezultata tika iegdta kvalitativa jelada bez tadiem redzamiem defektiem ka grauda
zudums vai krunkainiba.

7. legltie dati liecina, ka jauna konservéSanas metode neietekmé pikelétu jéladu
ipasSibas. PikeléSanas procesa ietekme uz kolagéna olbaltumvielu zudumu ir
nenozimiga un sarukSanas temperatiras vakuumeétai un salitai jéladai ir loti tuvas.
Vakuumeéta jelada hrommiecéSanas procesd uzsnem vairdk hroma maisijumu ka
salta jélada: 87,9-93,3% un 79,0%. Tas noved pie augstaka hroma satura ada:
3,95-4,04% adai, kura uzglabata vakuuma, un 3,69% adai, kura uzglabata sall.
Vakuumeéta jelada raksturojama ka termostabila, tas saruk$anas temperatira péc
hrommiecéSanas procesa nav zemaka par 100°C. KonservéSanas metodei nav
ietekme uz hroma maisijuma sadalijuma vienméribu derma.

8. Rdapnieciskie pétijumi apstiprinaja vakuumétas jéladas piemérotibu parstradei
gatava ada. Vakuumétas jeladas paraugi rupnieciskos apstaklos tika izstradati ka
apavu virsadas. Adai ir labas stipribas ipadibas un augsta saruk3anas temperatira.
Adas, kuras tika izstradatas no vakuumétas jéladas, uzglabatas dazados laika
periodos, bija mikstas, elastigas, ar labu virsmas graudu, un to virsma neatskiras no
salitam jéladam, kas apstradatas rupnica.
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