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EDITORIAL

As You know the Journal of Food Physics (paralel with Elelmiszerfizikai
Ko6zlemények) was published first in 1988, so this is the 20" volume. Based on
the decision of the Editorial Board in 2000, we combined the English and
Hungarian versions, so the authors have the right to publish their articles both in
English and Hungarian.

This volume has practically 2 parts. In the first part of the XX volume we
publish 2 scientific articles about the following topics:

- COMPUTER SUPPORTED PROFILE ANALYSIS OF SENSORY
QUALITY OF HUNGARIAN MINERAL WATERS

- DETERMINATION OF THE POSTHARVEST QUALITY CHANGE OF
SWEET PEPPER

The second part of the issue is a publication list of the editor-in-chief for the
time period 1973-1982. In the later volumes I am going to try to give a survey
about the publication activity also for the following decades, next time for the
time period 1983-1992.

The next volume of the Journal of Food Physics will be focused on the
presentations of the 8" International Conference of Food Physics, Plovdiv,
Bulgaria, 24-27 September, 2008.

Finally let me mention that in 2005 we founded the Food Physics Public Utility

Foundation, you can find information about it in this issue, as well. We need
your support and effective help.

Prof. A.S. SZABO
Editor-in-chief
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COMPUTER SUPPORTED PROFILE ANALYSIS OF SENSORY
QUALITY OF HUNGARIAN MINERAL WATERS

L. SIPOS
Sensory Laboratory, Faculty of Food Sciences, Corvinus University of
Budapest,
H-1118 Budapest, Villanyi Gt 29-43. Hungary

ABSTRACT

Quality is of ever-growing importance today in every field of life, including food
and agriculture. Several quality evaluation methods are available for the
assessment of food and beverage products. These methods are of high accuracy
and they use state-of-the-art technology. Instrumental and sensory analysis
provides different kind of information, which supports professionals in decision
making. To investigate the real importance of this quality parameter we analyzed
several still bottled waters, which are available on the Hungarian market, with
the aim of searching for differences between the products. The applied
qualitative method — software-supported profile analysis — is suitable for
comparing samples in a much detailed way. In the current paper we publish the
result of a recent study, which involved the majority of the relevant still bottled
waters available in Hungary. The examined waters were: Mohai Agnes, Veritas,
Obudai Gyémant, Balfi, Fonyodi, tap water (as a control sample). Some major
findings in our research are the following. The high HCO; content waters (like
Mohai and Balfi), showed a more intense acidic character. The low mineral
content waters did not differ significantly from each other. The tap water, which
served as a control sample, was clearly distinguishable by the panellists.

INTRODUCTION

Sensory analysis is an essential part of food quality. It involves several fields of
consumer sciences (e.g. marketing, psychology, decision making and behaviour
sciences) and also integrates food technology and physiology issues. Majority of
sensory tests are applied in product developments. Mineral water from that point
of view is an ’outlier’ product, since in this industry the role of product
development is much smaller. The natural mineral water shall be bottled with
minimal changes in the product (e.g. reducing Fe or Mn content). However, the
differences between products, or batches can be measured by the application of
sensory tests.

Since in the literature there is only a limited number of publication on this topic,
it seemed reasonable to investigate this research area.
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The first water related survives were dealing with drinking water samples. The
quality of tap water is an important issue not only in poor, or developing
countries, but in other regions as well. In this latter case the quality complaints
are usually focusing on sensory faults or defects. Two American papers (Krasner
et al., 1985; Suffet et al. 1988) were the first in the literature in this field,
followed by two more recent, South-Korean research (Bae et al., 2002, 2007).
Just as a comparison, I did not find any Hungarian publication in the
international literature about drinking water sensory evaluation.

Certainly, the mineral water industry is applying sensory investigations in
production quality control, but these projects are not public, so it gives no
contribution to the scientific committee. In these ‘in-house’ tests usually trained
panellists or experts are performing the evaluation. The primary goal of these
procedures is to provide, that the water is free from any sensory bias.

In my research I set up a different approach. My goal was to compare products
of different origin in order to establish their sensory profiles. This approach was
used in an earlier study of Aishima (2007) and colleagues, who also compared
the sensory profiles of mineral waters available in Japan. During the procedure I
tried to confirm or reject a hypothesis, whether the average consumer is able to
percieve those differences between them.

To investigate another issue concerning waters, I involved a tap water sample in
my research. There are different type of consumer attitudes towards water. Some
people say, that mineral water is superior to tap water, because the latter has
poorer quality. But there is another segment, who contradicts this statement. I
found two similar studies, one in France, and one in Japan. In the French
research (Teillet et al., 2007) consumers compared tap water samples and bottled
mineral water products. In a Japanese study (Koseki et al., 2003) 4 European and
2 Japanese mineral waters were compared to three tap water samples, which
were treated with different technologies (alkali-ionization and activated carbon
filtration). This latter study was initiated by the fact, that between 1990 and 1999
bottled water consumption doubled (from 10 to 20 l/capita), and at the same time
4 million household water treating devices were sold.

MATERIALS AND METHODS

Mineral water samples

In my research I’ve investigated the sensory quality of the following Hungarian
mineral waters:

Mohai Agnes, Veritas, Obudai Gyémant, Balfi, Fonyodi, tap water (as a control
sample, taken in Budapest, at the University Campus).
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Sensory test method

Profile analysis was the applied test method (ISO 11035:1994). This is a longer
test procedure, with at least four phases, as follows:

1. In the first step of profile analysis the assessors are introduced with the
samples to be tested. They define those sensory attributes, which are the most
characteristic to the samples. At that time each panellist works individually,
separated in the test booths. Everyone uses his own words to describe the
sensory impressions.

739 n { | D
54 61 ¢ | D
_ 287 32 { | ]
1. Acidic taste 756 10 none y J Lmtemse
502 60 ¢ | ]
£39 40 ¢ | 3
Figure 1

Evaluation of the acidic taste on an unstructured scale, created by ProfiSens.

2. In the following phase the panel members work together. This step is called
consensus group. The panellists are trying to create a common list of descriptors
from the individual lists, which were created in the first step. The main criteria
for this common list: each sensory attribute on the list has to be clearly defined
and understood by all panel members. In case of every attribute the panel have to
find an evaluation method. Mostly, scales were applied to measure the intensity
of the attributes. For each scale a minimum and maximum label was necessary.
These labels were created by the panel. For example, the ’intensity of acidic
taste’ is a sensory attribute. The two labels were 'not perceivable’ (for the
minimum value), and ’intense’ for the maximum value (see Figure 1.).

Once, the consensus is reached the panel leader creates the score sheet. It can be
most effectively done by the application of a specialized software (in my case it
was the ProfiSens). First the major parameters of the evaluation shall be
specified through a dialogue box (see Figure 2.). The panel leader can choose
from three major options. Firstly, the software is able to create uniform test
codes for the purpose of the consensus group. Secondly, the collected attributes
can be entered here, creating a new test project. And thirdly, the data analysis
can be initiated. This way we can analyze data of non-computerized tests, if the
results are properly tabulated. For this purpose the software creates a basic file
only, which is necessary to start the analysis. So if a lab uses only a single
computer, evaluations can be performed on paper, but data analysis can be
automated. In my research I used a fully-computerized lab, so all the procedures
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were done electronically. It is also necessary to specify the evaluation method
(see Figure 3.).

Scoresheet editor R i

Title of scoresheet:

I Mineral water profile analysis

Name of institute:

I Corvinus University of Budapest

Name of dept/lab:

I Sensory Laboratory

Number of samples? (max b)

4

Number of assesments?

18 él PSCommander

Create scoresheet from datasheet

" Create basic scoresheet only 0K

{* iCreate scoresheet series and kitchen lists

1 Conzensus (kitchen lists only) Back

Figure 2
Main dialogue box of ProfiSens.

Identification of the evalualion method | x|
Attribute’s 1 Evaluati hod
There are altogether 0 attributes ¢ Unstructured line scale
defined.

~
Currently edited attribute’s Eateyniy soals

number:

¥ ‘Descriptive evaluation

Back | Create

Figure 3
Choice of evaluation method for the sensory attributes.

During the consensus group the attributes are usually listed in a file. Our
software makes it possible to import this file into the system. This feature is
called ProfiSens Commander because of its similarity to the well-known Norton
Commander (see Figure 4.).
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Figure 4
Importing the consensus list by the ProfiSens Commander.

ProfiSens also generates the test design (sample codes and a presentation order
for each assessor). The score sheets are copied to the panellists’ computers
through the LAN (see Figure 5.).

3. Assessors work separately in the sensory booths. They evaluate the samples
according the previously defined terminology. Samples are presented in a
random order for each panellist to balance the carry-over effects. Sample codes
are three-digit random numbers.

4. After score sheets have been filled out, data analysis protocols begin to
explore differences among the tested samples. Statistical evaluation can be
performed with built-in modules or sheets can be exported to several statistical
applications (Kokai et al., 2002).

RESULTS AND DISCUSSION
The major result of a profile analysis is a special type of graph, which is often
called spider-web or radar-plot in other applications. However in sensory

research this graph is called the sensory profile of the evaluated products (see
Figure 6.).
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Figure 5

Structure of the score sheet
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Number of bubbles
a0

Chlorine odor

Tap water taste (chlorine) \

Natural character ——li==

Intensity of other odors

=—#=nlohai

B—\Jeritas

== (budal
Balfi

Carbonation —H—Fanydd
- c3apviz

Metallic taste

Acidic taste

Figure 6
Sensory profiles of the evaluated mineral waters
and the tap water sample.

As two people can significantly differ in their profiles, similarly two products
can be projected in a two-dimension space this way. Where the profiles are
almost overlapping each other, there are not real differences between them, in
the other attributes the different might be significant. Of course, if we want to
understand the importance of these differences, statistical evaluation is
necessary. This evaluation is performed separately for each sensory attribute. To
demonstrate the principles of the analysis one attribute will be discussed
thoroughly, in case of the other characteristics only the conclusions will be
drawn.

First a one-way ANOVA is performed on the tabulated results of the individual
panellists data. If the calculated ‘F’-value is larger or equal with the critical ‘F’-
value, then it can be concluded, that at least two samples are different at the
given significant level (rejecting the Hy zero hypothesis, that the samples did not
differ in this attribute). First the analysis is executed on the p=5% level, and if
the zero hypothesis can be rejected, then the p=1% level should be also
investigated. In case of the acidic taste the ANOVA gave significant result on
both levels (see Table 1.), so I rejected the zero hypothesis.
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Table 1
One-way ANOVA of the intensity values in acidic taste

ANOVA

Source of sS df | MS F |P-value |F crit
Variation

Between Groups | 10405,19 |5 2081,04 [3,22 [0,00961 | 2,30
Within Groups 65839,06 | 102 |645,48

Total 7624425 107 | | \

In every attribute, where the Hy was rejected a pair wise significant comparison
is necessary to find out, which samples are different from each other. If the
difference between the intensity values of two samples is larger or equal than the
least significant difference (sd), than this is a significant difference. This
comparison is usually summarized in a table or matrix (see Table 2.).

Table 2.
Matrix of the least significant differences in acidic taste
Acidic taste $d(5%)=16,80, sd(1%)=22,23
Eg::ﬁ: Mohai | Veritas | Obudai | Balfi | Fonyodi | tap water

Mohai - 1% 1% no 5% 1%
Veritas 26,83 - no no no no
Obudai 29,67  |2.83 |- no no no
Balfi 16,72 10,11 | 12,94 - no no
Fonyodi 20,78 6,06 8,89 4,06 |- no
tap water 25,17 1,67 4,50 8,44 14,39 -
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Acidic taste
intense 70

60 +
50

39|78
40 1
30 +

23)06
19/00
20 -
1204 14{61
1011
i .
none
[ t t t t t
Mohai Veritas Obudai Balfi Fonyédi tap water
Figure 7

Intensity of the acidic taste in the water samples.

In acidic taste the ‘Mohai’ and ‘Balfi’ samples are rather different from the other
waters, The hydrogen-carbonate content of this two water is 1450,0 mg/l and
1098,0 mg/l, respectively. Those waters which contain lower amount of this
component (Obudai = 445,0 mg/l, Fony6di = 543,0 mg/l, Veritas = 311,0 mg/1)
did not differ from each other significantly. So the untrained panellists were able
to differentiate between the high and the low hydrogen-carbonate content waters.
The intensity values of the acidic taste is represented on Figure 7.

Number of bubbles

many 50 T
45 +
40 +
35
30 T 27/28
25(17
25 +
207 T6[83
157 11[72
10 +
51 372
Mohai Veritas Obudai Balfi Fonyédi tap water
Figure 8

Differences in the number of bubbles among the water samples.
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Table 3.
Matrix of the least significant differences in the number of bubbles

N&‘ﬁi:f sd(5%)=15,11, sd(1%)=20,00

between

samples Mohai Veritas | Obudai | Balfi Fonyddi | tap water
Mohai - no no no no 5%
Veritas 5,67 - no no no no
Obudai 2,67 8,33 - no no 1%

Balfi 4,78 10,44 2,11 - 5% 1%
Fonyodi 10,78 5,11 13,44 15,56 - no

tap water | 18,78 13,11 21,44 23,56 8,00 -
The most bubbles were found in the ‘Obudai’ and ‘Balfi’ samples. The
difference between ‘Obudai’ and “Veritas’ was significant only at the p=5%
level. ‘Balfi’ and ‘Veritas’ did not differ in this attribute according to the
statistical evaluation. The least bubbles are in ‘Fonyddi’, ‘Mohai’ and the tap
water samples. The intensity values of this attribute and the pair wise statistical
comparison is shown in Figure 8. and Table 3.

Chlorine odor

intense 60

50 T+

40 1 36|78

30 +

20 —

8,83
10 8,50

4,50
1,89 056
none 0 } t — t t

Mohai Veritas Obudai Balfi Fonyddi tap water

Figure 9
Intensity of chlorine odour in the water samples.
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Tap water taste (chlorine)
intense 100

90

80

70

6367

60

50 +

40 +

2828 20/39

30 +

2 1811 16.61 18,61

i :. . .

4 1 1 1 1 1

none ’ Mohai Veritas Obudai Balfi Fonyodi tap water
Figure 10
Intensity of chlorine taste in the water samples.
Table 4.
Matrix of the least significant differences in chlorine odour
Cilgélrne sd(5%)=13,19, sd(1%)=17,45

between tap
samples Mohai | Veritas | Obudai |Balfi Fonyoddi | water
Mohai - no no no no 1%
Veritas 6,94 - no no no 1%
Obudai 8,28 1,33 |- no no 1%
Balfi 433 2,61 3,94 - no 1%
Fonyodi 0,33 6,61 7,94 4,00 - 1%
tap water 27,94 134,89 36,22 32,28 |28,28 -

The panellists were able to surely distinguish the tap water according to the
chlorine odour and the chlorine taste. The intensity values of these two attributes
were moving together. Tap water was separated from the other samples on the
p=1% significance level (see Figure 9-10. and Table 4-5.). Among the bottled
waters there was no significant difference in this sensory attributes.
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Table 5.
Matrix of the least significant differences in chlorine taste
Tap water
taste sd(5%)=19,60, sd(1%)=25,94
(chlorine)
between
samples Mohai | Veritas |Obudai |Balfi |Fonyodi |csapviz
Mohai - no no no no 1%
Veritas 1,50 - no no no 1%
Obudai 10,17 11,67 |- no  |no 1%
Balfi 0,50 2,00 9,67 - no 1%
Fonydédi 11,28 12,78 1,11 10,78 |- 1%
tap water 45,56 147,06 35,39 45,06 [34,28 -

All the water samples were non-carbonated, however there was a certain level of
difference among them. According to mineral water experts, the cause of this
phenomenon is the natural carbon-dioxide content of the samples. In carbonation
‘Mohai’ and ‘Balfi’ differed on p=0,05 level from ‘Fonyodi’ and from the tap
water sample (see Figure 11. and Table 6.).

Carbonation

storng 60 -+

50

40 +

30 +

19|33
20 +
1 7,94 7,89
10 6.28 611
weak 0+ t - t . } } .
Mohai Veritas Obudai Balfi Fonyodi tap water
Figure 11

Intensity of carbonation in the water samples.
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Table 6.
Matrix of the least significant differences in carbonation
Carbonation sd(5%)=14,56, sd(1%)=19,26
between | \y 1ot | Veritas | Obudai | Balfi | Fonyédi | 2P
samples water
Mohai - 1% 1% no 1% 1%
Veritas 26,39 |- no no no no
Obudai 24,72 | 1,67 - no no no
Balfi 13,33 13,06 |[11,39 - no no
Fonyodi 24,78 | 1,61 0,06 11,44 |- no
tap water 26,56 0,17 1,83 13,22 | 1,78 -

According to the panellists ‘Veritas’ was the sample with the most natural
character, however in this attribute the difference was not significant. In the
mouth feel, in the metallic taste and in the intensity of other odours there was
also no significant difference among the tested samples.

On the summarized profile diagram of the samples the different character of the
tap water can be clearly seen. The differences among the mineral waters are also
demonstrated in an objective way. Table 7. summarizes the minimal level of
significant differences between the samples for each attribute.

Table 7.
Significant differences in the sensory attributes among the samples
Minimal level of the
Attributes significant differences
p=0,05 p=0,01

Number of bubbles v v
Chlorine odor v v
Intensity of other odors x x
Mouthfeel x x
Carbonation v v
Acidic taste v v
Metallic taste x x
Natural character x x
Tap water taste (chlorine) v v
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Discussion

According to the sensory evaluation of the water samples there is a strong
difference between the tap water and the bottled waters in the intensity of
chlorine odour and chlorine taste. It is important to emphasize, that the quality of
tap water differs widely, depending on the water network and water resource
conditions. However it was an important part of this research to involve this
sample from two points. Firstly, there are certain common beliefs whether the
tap water differs from mineral water or not, and secondly because other
researchers also involved that type of samples in their studies. In acidic taste the
high hydrogen-carbonate content ‘Mohai’ and Balfi’ were different from the low
ones. The panellists were not able to make difference between the members of
this latter group (low hydrogen-carbonate content) from the sensory point of
view. There were some attributes in which the samples did not differ
significantly: natural character, mouth feel and metallic taste. It does not mean
that those attributes are not important, only indicates that in this sample group
there were no differences in these issues. On the other hand, during a profile
analysis all the sensory attributes are contributing to the value of the test result.
My studies confirmed that profile analysis is a suitable method for the sensory
analysis of bottled waters. It is especially true, if there is a special software,
which supports the procedure, e.g. ProfiSens”. By the application of this
software the design of the test can be done automatically, data collection is much
easier, and data analysis is faster. The time necessary for the study has been
decreased, and the panellists can see the test results almost in real-time. The test
outcomes can be integrated in to the production or research activities. The
sensory attributes of the waters can be described in a comprehensive way.

My survey showed that a product, which seems to be very simple, can be rather
complicated from the consumer of the producer point of view. The research
outcomes proved that the applied research methods are effective in the analysis
of mineral waters. Since consumption patterns and market conditions are
changing continuously, similar studies are necessary in the future to monitor
these factors, and to contribute to the success of the bottled water market.
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ABSTRACT

The aims of my work were the examination and determination of postharvest
pepper quality change. The work focused on the determination of postharvest
behaviour of sweet pepper varieties at different storage conditions,
determination of optimal storage conditions, determination of the role and effect
of quality effecting internal and external factors, evaluation of the applicability
of non-destructive measuring methods for pepper quality determination. H6 and
HRF varieties were found to be chilling sensitive, storage temperature threshold
is 7 °C with stable RH 90-95 %. Stiffness and quality change can be
characterized by the elasticity modulus (E), the impact stiffness coefficient (D)
and the acoustic stiffness coefficient (S) evaluated by non-destructive texture
analysis, impact stiffness and acoustic stiffness measurement, respectively.
Surface colour related postharvest maturity change was characterized objectively
by digital image analysis and chlorophyll fluorescence analysis. Maturity stage,
physiological state, variety and temperature dependence of sweet pepper’s
respiratory intensity was determined.

INTRODUCTION

Excellent quality and prolonged shelf-life are the main criteria for fresh
horticultural products in connection with the increasing demand of the fresh
product market. Fruits and vegetables are complex living biological systems
with continuous postharvest vital processes resulting in changes of the internal
and external product properties. The storage among improper postharvest
storage conditions can lead to fast quality and shelf-life decrease. The complex
property of a product, called quality, depends on internal and external product
properties and even on the consumer‘s experiences, preferences and expectations
(Abbott, 1999; Tijskens, 2004). For the precise, fast and reliable quality
determination, objective quality determination methods and systems are needed,
especially non-destructive ones in case of horticultural products susceptible to
rapid quality changes.
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Several novel non-destructive methods are available nowadays for scientific
research offering the possibility for the quantification and/or prediction of
produce quality and the characterisation of fruit responses (maturation,
physiological state, etc.) to different postharvest conditions and maintenance.
Concerning textural and firmness changes the acoustic impulse-response method
and the dynamic impact stiffness measuring methods are found to be suitable
(e.g. De Keteleaere et al., 2006; Felfoldi and Fekete, 2003; Gomez et al., 2005).
For the characterization of fruit and vegetable responses to different external
stress factors chlorophyll fluorescence analysis is frequently used (e.g. Bron et
al. 2004; Kosson, 2003; Saquet and Streif, 2002).

Concerning the great diversity (size, shape, internal structure, colour, texture,
etc.) of fruits and vegetables, the currently available objective destructive and
non-destructive methods for quality determination are not for universal use. In
case of sweet pepper (Capsicum x annuum L.) consistent quality (texture, colour,
shape and size) and uniform maturity are the main criteria influencing consumer
acceptance, purchase decisions and market value. Pepper is susceptible to
relatively fast negative quality changes and shelf-life decrease among improper
postharvest conditions (loss of freshness/firmness, water potential, post-
colouration). These changes are really difficult to determine objectively by the
conventional quality measuring methods. Pepper texture and firmness are not
easy to measure because of the unique structure, maturity and freshness are
mainly subjective conditions really difficult to determine objectively, size and
shape and colour are variety dependent properties. In case of perishable
horticultural products, such as sweet pepper, objective quality determination
methods and the exact knowledge about postharvest behaviour are needed.

The aims of my work were the examination and determination of postharvest
pepper quality change together with the selection of suitable objective quality
determination methods. The work focused on the determination of postharvest
behaviour of sweet pepper varieties at different storage conditions considering
the physiological changes, determination of optimal storage conditions,
determination of the role and effect of quality effecting internal and external
factors, evaluation of pepper quality categories, evaluation of the applicability of
non-destructive measuring methods for pepper quality determination.

MATERIALS AND METHODS

Experiments were carried out using H6, HRF and Karpia varieties considering
maturity stage, packaging (LDPE, PP, PE+PA and without packaging),
humidity, storage temperature (4 °C, 7 °C, 10 °C and 20-22 °C) and storage air
composition (normal air, MAP, CA). Intact and sound paprika samples were
harvested in maturity stage ready for harvest and consumption characterized by
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freshness and stiffness of the berry, glossy surface with variety dependent colour
(Ho, HRF — yellowish-white, Karpia — green, greenish-red or red) according to
the general harvest practice based on the subjective decision of a professional
grower.

For the description and characterization of variety characteristic postharvest
behaviour, physiological changes and shelf-life of sweet pepper varieties H6 and
HREF, storage experiments at different storage conditions (4 °C, 7 °C, 10 °C and
20-22 °C, in normal air and in MAP) were carried out, together with the
identification and the determination of optimal postharvest storage conditions.

In order to determine the postharvest texture changes of sweet pepper varieties
Ho and Karpia, computer aided universal texture analysers (SMS-TA-XT2i with
Texture Expert for Windows; Zwicki 1120 with testXpert®) were used for the
non-destructive texture analysis on intact peppers with Magness-Taylor probe
(9=11 mm). The novel non-destructive acoustic impulse-response and impact
stiffness methods were used for the stiffness determination of intact peppers.

For the determination of postharvest quality change concerning surface colour
change, tristimulus surface colour measurements were carried out by Minolta
CR-200 and CM-2600d. Digital image analysis of digital pictures of whole
peppers were performed using the software SPOTS in order to determine the
change in red to green surface colour ratio. Chlorophyll fluorescence
measurements and data analysis were carried out by FluorCAM 690MF system
and FluorCAM for Windows, respectively in order to determine the change in
photosynthetically active chlorophyll content related to colour change.

For the postharvest vitality characterization of sweet pepper, respiratory
intensity and respiration characteristics were evaluated considering temperature,
storage time, humidity, variety, maturity, intactness and storage air composition
(normal and CA-storage). Two custom made respiration measuring systems
were used. The PLC controlled system with continuous flow-through operation
(‘open system’) was equipped with an ABB Advanced Optima IR CO,-sensor
and the ‘closed system’ with Ahlborn high sensitivity IR CO,-sensors based
upon the concentration dependent infrared absorption of CO,.

For data conversion MS-Excel, for statistical evaluation at 95 % significance
level and for the comparison of the dependent variables SPSS for Windows 10.0
(ANOVA function) were used.

RESULTS AND DISCUSSION
Concerning the determination of the effect of internal (variety, maturity stage)
and external factors (temperature, humidity and packaging, storage time, etc.)

influencing quality change, the pepper varieties of H6 and HRF varieties were
found to be chilling sensitive to storage temperatures under 7 °C. The suggested
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optimal conditions for postharvest quality maintenance are storage temperatures
not lower than 7-8 °C and stable relative humidity between 90-95 % provided by
e.g. LDPE packaging. Under these storage conditions the keeping quality of
sweet pepper is about 2-3 weeks and the shelf-life after cold storage at
temperature not under 7-8 °C is about 5 to 7 days.
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Figure 1
Change in elasticity modulus (E, N/mm), impact stiffness coefficient (D, m/s?),
acoustic stiffness coefficient (S, N/mm) and relative mass loss (%) of Karpia
pepper stored at 10 °C and 20 °C (signed with A and B, respectively) and with
and without LDPE-packaging (signed with P and N, respectively).

As a major pepper quality feature, the firmness/stiffness of pepper berry was
determined using nondestructive texture analysis methods. It was proven by the
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use of methodological examinations that the stiffness and quality change of
sweet pepper can be characterized by the elasticity modulus (E), the impact
stiffness coefficient (D) and the acoustic stiffness coefficient (S) evaluated by
non-destructive texture analysis, impact stiffness and acoustic stiffness
measurement, respectively (Fig. 1). Serving as a base for a special decision-
supporting expert system concerning postharvest pepper quality, the relationship
between the objective non-destructive texture coefficients (E, D, S) and the
empirically, organoleptically evaluated pepper stiffness was determined (Table
1). This relationship can be used as a base also for the determination of objective
pepper stiffness categories and therefore the objective determination of pepper
quality.

Table 1

Relationship between the stiffness data of H6 and Karpia pepper determined by
objective texture measuring methods and the subjective, organoleptically
evaluated pepper firmness.

Elasticity
modulus
(E, N/mm)
Judgement of firmness Point Hé Karpia
Fresh and firm berry by touch 5 4-5 3,2-4
Still fresh and firm berry by touch 4 3-39 2,5-3,1
Slightly softened berry 3 2-2.9 2-2.4
Hardly softened berry 2 1-1,9 1,9-1,1
Unacceptable soft berry 1 <1 <1
Impact stiffness A?oustlc
. stiffness
coefficient .
(D, 1/ms?) coefficient
’ (S, N/mm)
Judgement of firmness Point Ho Karpia Karpia
Fresh and firm berry by 0,65-
touch 5 0.85 0,85-1 10-11
Still fresh and firm berry 0,55-
by touch 4 0.64 0,7-0,84 7-9,9
. 0,54- 0,55-
Slightly softened berry 3 0.35 0.69 5-6,9
Hardly softened berry 2 0,34-0,3 %3,'554_ 3-4,9
Unacceptable soft berry 1 <0,3 <0,35 <3
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The postharvest respiratory intensity of sweet pepper shows a special pattern of
change at normal atmosphere gas conditions increasing up to a maximum in a
relatively short time and later decreasing to a so called steady state level. The
maturity stage, the physiological state, the variety and the temperature
dependence of sweet pepper’s respiratory intensity was determined and the
respiratory intensity decreases with storage time at normal atmosphere gas
conditions. Due to the textural changes of the pepper tissue (caused by
mechanical injuries, physiological changes like aging, chilling injury,
microbiological disorders, etc.) the respiratory intensity increases for a relatively
short time and the steady state intensity is found to be higher than the one
measured in the initial fresh state. The increased respiratory activity, measured at
room temperature and normal atmosphere of sweet peppers, which were CA-
stored at 7 °C at low O, and high CO, concentrations and taken out from the
CA-cabinets, suggests that the physiological injuries of pepper are caused by the
unfavourable CA gas conditions but without the appearance of the visible
symptoms of injury.

0™ day Fv/Fm=0,55 1* day Fv/Fm=0,52
2"" day Fv/Fm=0,473 3" day Fv/Fm=0,467

6™ day Fv/Fm=0,1 7" day Fv/Fm=0,059

Figure 2
Chlorophyll fluorescence images of the LDPE-packed samples stored at 20 °C
(PB). The false-colour fluorescence images show the spatial and the temporal
variation of the F,/F,. Bright colour indicates high and dark colour low
photosynthetically active chlorophyll content.
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The surface post-colouration with inhomogeneous distribution during sweet
pepper’s postharvest maturation follows the change in maturity. However, only
local information can be obtained by the use of fast and easy to use tristimulus
colorimeters about the change in maturity suggested by the surface colour
change. The maturity stage of pepper varieties undergo a green to red surface
post-colouration (i.e. Karpia) can be objectively characterised and the change in
surface post-colouration can be quantified by the use of digital image analysis
providing information about the pepper surface’s colour change in percentages
(red to green ratio).
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Figure 3

The change in F,, (a) and F,/F,, (b) of Karpia pepper stored at 10 °C, 20 °C
(signed with A and B, respectively), with and without LDPE-packaging (P and
N, respectively).

Chlorophyll activity and photosynthetically active chlorophyll content decreased
with progressive ripening (dark colour) only in the fruit bodies, while the stalks
clearly retain a high (bright colour) photosynthetic potential (Fig. 2). All
fluorescence parameters (Fy, F,,, F, and F,/F,) showed significant decrease
versus storage time. The chlorophyll fluorescence change referred to and
characterized well the temperature effect on post-ripening. In case of the Karpia
samples, undergo a green to red surface post-colouration, even before the final
mature red maturity stage (8) chlorophyll fluorescence activity is measurable
referring to photosynthetically active chlorophyll content. In contrast to the
results found in literature, the variable fluorescence (F,) and the maximum
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fluorescence (F,,) characterised more reliably the change in sweet pepper’s
maturity than the F,/F, respectively (Fig.3).

Controlled atmosphere storage at 7 °C of Ho and Karpia peppers under different
O, and CO, concentrations and ultra low oxygen (ULO) concentration resulted
that the gas composition of 1-1,5 % O, and 0-1 % CO, provided suitable
conditions for shelf-life prolongation for up to 4 weeks in case of Ho variety in
contrast to the conventional cold storage. Controlled atmosphere storage of
Karpia peppers under different storage gas concentrations was not found to have
significant effect to the keeping quality.

Conclusions

The pepper varieties of Ho6 and HRF were found to be chilling sensitive and the
storage temperature threshold is 7 °C. The conditions for postharvest quality
maintenance are the storage temperatures not lower than 7-8 °C and the stable
RH 90-95 %. The mass loss does not depend on maturity, but on water pressure
difference between the product and its environment.

Concerning the stiffness/firmness related change in postharvest quality, the
stiffness change can be characterized by the elasticity modulus (E), the impact
stiffness coefficient (D) and the acoustic stiffness coefficient (S). The stiffness
and the textural change of pepper depends on relative humidity and not on
maturity. Serving as a base for a special decision-supporting expert system, the
relationship between the objective non-destructive texture coefficients (E, D, S)
and the empirically, organoleptically evaluated pepper stiffness was determined.
The postharvest respiratory characteristics of sweet pepper were determined by
the measurement of respiratory intensity. The respiratory intensity of sweet
pepper shows a special pattern of change at normal atmosphere gas conditions
and it depends on maturity stage, physiological state, variety, temperature.

The post-colouration of sweet pepper during postharvest maturation follows the
change in maturity, but with inhomogeneous surface colour distribution. Digital
image analysis provides objective information about the colouration of the
whole pepper surface, related to the change in maturity. An algorithm was
developed for the determination of the red to green surface colour ratio for
pepper varieties undergo a green to red surface colour change. The maturity
stage of peppers can be objectively characterised and the change in surface
colour referring to the change in maturity can be quantified.

The chlorophyll fluorescence method was found to be suitable for the
determination and characterization of the change in maturity stage and
physiological state of Karpia sweet pepper. The maximum (F,), the variable
chlorophyll fluorescence (F,) and the maximum photochemical efficiency
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(F/F,) were found to be suitable for the characterization of maturity, and their
change sensibly referred to the change of photosynthetically active chlorophyll
content.

Digital image analysis and chlorophyll-fluorescence method offer great
opportunity for their practical application in the postharvest chain after having
the automatizated the processes for measurement and analysis.
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SZAKMAI PUBLIKACIOK ES TUDOMANYOS ELOADASOK LISTAJA

Ugy vélem, hogy az elmult néhany évtizedben meglehetésen aktiv publikacios
tevékenységet fejtettem ki s ezen tal nagyon nagyszami tudoméanyos elGadast
tartottam magyar, angol, orosz €s német nyelven. Szeretném remélni, hogy talan
érdemes e tevékenységet Osszesiteni, s évtizedenkénti bontdsban nyomtatott
formaban is megjelentetni.

Magamrol roviden annyit, hogy 1971-ben szereztem meg a Veszprémi
Vegyipari Egyetemen (VVE) vegyészmérnoki oklevelemet. 69 oldalas
diplomadolgozatomnak — ami a Radiokémia tanszéken késziilt Veszprémben, s
1971-ben védtem meg — a kovetkezd cimet adtam: Vas foszfatozasanal
alkalmazott gyorsitok hatdsmechanizmusanak vizsgalata P-32-es izotoppal.
Azért pontositom ennyire a diplomadolgozatomat, mert ez az els6, tudomanyos
jellegli munkam, ami ma is hozzaférhetd, hivatkozhat6. A publikacids listan
szerepld elsé tudomanyos cikkem egyébként 2 évvel késébb, 1973-ban latott
napvilagot.

A VVE befejezése utan 1973-ban a Budapesti Miszaki Egyetemen (BME)
felséfoku izotoptechnikai tanfolyamot végeztem s 1976-ban a BME-n
kornyezetvédelmi szakmérndki képesitést nyertem. Allami nyelvvizsgat tettem
oroszbol, németbdl és angolbol. 1975-ben kaptam meg természettudomanyi
egyetemi doktori cimemet az ELTE-n, s 1982-ben lettem a kémiai tudomany
kandidatusa. 1992-ben nyertem el a mezdgazdasagi tudomany doktora fokozatot
(MTA doktora), s 1996-ban habilitaltam.a Kertészeti és Elelmiszeripari
Egyetemen. A Magyar Testnevelési Egyetemen lettem 1996-ban egyetemi
magantanar, majd 1997-ben a koztarsasagi elnok egyetemi tanarra nevezett ki.
Az 1998-2001 kozotti iddszakra Széchenyi Professzori Osztondijat nyertem el.
1971 és 1972 kozdtt a mosonmagyarévari Timfoldgyarban dogoztam
diszpécserként, majd 3 évig Gyérott, az Elelmiszervizsgalo Intézet
laboratoriumvezetéje voltam. Ezt kdvetden 5 évig, 1975 és 1980 kozott
dolgoztam Oroszorszagban (a volt Szovjetinidban), Dubnaban, az Atomkutato
Intézetben tud. munkatarsként. 1980 és 1983 kozott foeléadd voltam a MEM-
ben a Szakoktatasi és Kutatasi Féosztalyon, majd 1983 ota oktatok a Kertészeti
Egyetemen ill. jogutéd intézményeiben tud. fOmunkatirsként, majd egyetemi
docensként s végiil egyetemi tanarként, ill. 6raadoként a Testnevelési Foiskolan
ill. jogutdd intézményeiben. Oktatoként egyébként szamos hazai és kiilfoldi
kozép- és felsdoktatasi intézményben toltdttem hosszabb-rdvidebb id6t. A vilag
nagyon sok orszadgaban jartam kongresszuson, konferencidn, szimpo6ziumon,
tudomanyos koordinacids értekezleten, szakmai rendezvényen, kiallitason,
Osztondijas tanulmanyuton, eléadoi koruton, valamint kiilonbdzo kurzusok
vezetdjeként.
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Megemlitem, hogy bar publikacidoim nagy részében egyediili szerz6 vagyok, de
szamos szerzétarsam — joval tobb, mint 200 f6 - is van, nagyon sok kollegaval
dolgoztam egyiitt tudomanyos témakon az elmult években, évtizedekben.
Szerzotarsaim nevérél az Osszeallitas végén az évek megadasaval ABC
sorrendben egy kis kimutatas is talalhatd. Kollegdim, munkatirsaim ¢&s
szerzotarsaim koziil is ki kell emelnem a 70-es években Bende Edét és Bogancs
Janost, a késébbi évtizedekben elsdsorban Simon Jozsefet ¢s Mednyanszky
Zsuzsat, az utobbi években pedig foleg Tolnay Palt. K6szonom segitségiiket,
kozremiikodésiiket.

Szakmai tevékenységem kozéppontjaban mindig is az élelmiszerfizika allt és
jelenleg is az 4ll, tehat azon interdiszciplinaris tudoményag, ami az alkalmazott
fizika s az ¢élelmiszertudomany kozos szakteriilete, s ami lényegében az
¢lelmiszerek fizikai modszerekkel (pl. aktivacios analizis) torténd vizsgalatat s
az élelmiszerek fizikai jellemzdinek (pl. radiometriai paraméterek)
tanulméanyozasat oleli fel. 1988 6ta vagyok az Elelmiszerfizikai Kozlemények
(és a Journal of Food Physics) foszerkesztoje, s 1992 o6ta a megalakult ISFP
(International Society of Food Physicists) elndke. 1994 6ta pedig 2 évente
nemzetkozi élelmiszerfizikai konferenciakat szerveziink, idérendi sorrendben a
kovetkezd helyeken: 1994 Budapest, 1996 Bukarest, Romania, 1998 Lublin,
Lengyelorszag, 2000 Isztambul, Toérokorszag, 2002 Brno, Csehorszag, 2004
Pécs, 2006 Zenta, Szerbia. A kovetkezOd konferenciat 2008-ban Plovdivban,
Bulgaridban tervezziik megrendezni.

A mostani s a késdbb megjelentetni kivant kotetekben feltiintetett publikéaciok és
tudomanyos eldadasok jelentds része besorolhatd az élelmiszerfizika
témakorébe, de ezen tul a tudomanyos tevékenységem a kovetkezd, gyakran
szorosan kapcsolddo szakteriileteket érinti: élelmiszerkémia, élelmiszeranalitika,
¢élelmiszerellendrzés, agrokémia, novényélettan, ndovénytermesztés, allatélettan,
allattenyésztés, takarmanyozas, humanfiziologia, dkologia, kornyezetvédelem,
hulladékgazdalkodas, toxikoldgia, élelmiszeripari technologia, élelmiszeripari
kutatas ¢és miiszaki fejlesztés, ¢élelmiszergazdasdg, mindségellendrzés,
mindségbiztositas, mindségszabalyozas, mindségiranyitas, taplalkozastudomany,
izotoptechnika, nuklearis technika, sugérzastechnika, radiobiologia, biofizika,
sporttudomany, edzéselemélet, valamint oktataspolitika és szakoktatas.
Természetesen a szakmai munkanak a publikaciés és tudomanyos eléadoi
tevékenységen tll szerves részét jelenti a napi oktatoi és kutatdoi munka (pl.
egyetemi eldadésok tartdsa, diplomdz6 hallgatok, tudoményos fokozatra aspirald
szakemberek, PhD hallgatdk témavezetése, szakdolgozatok, értekezések biralata,
tudomanyos kozleményeknél, szakcikkeknél lektori feladatok ellatésa,
szakanyagok biralata, szakoktatasi, szakképzési programok kidolgozasa, kutatasi
projektekben valo részvétel, kutatasi beszamolok elkészitése, elndki, bizottsagi
tagi, opponensi feladatok diplomavédéseknél, PhD és akadémiai doktori
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védéseknél, szakértdi feladatok ellatasa), a tudomanyszervez6i munka (pl.
szerkesztOi, szerkesztObizottsagi tagsagi feladatok tudomanyos folyoiratoknal,
elndki, szekcidelnoki, szervezoi feladatok ellatasa tudomanyos rendezvényeken,
TDK konferencidkon) s a szakmai ill. ismeretterjeszté tevékenységhez
kapcsolodd szamos egyéb feladat (pl. eléadasok lakossagi forumokon és TIT
rendezvényeken, jsagcikkek megjelentetése a napi sajtoban, kurzusok vezetése,
irott sajtd, radid és TV nyilatkozatok) is. Itt azonban e feladatokrol és
tevékenységekrél nem esik szo, tehat mondjuk az nem szerepel, hogy mely
konferencidkon vagy tudomanyos védéseken voltam levezetd elndk, de pl. a
Kertészmérnokben vagy a Magyar Hirlapban megjelent irasaim ill. a kiilonb6zo
oktatasi intézményekben (pl. Veszprémi Egyetem, Pannon Agrartudomanyi
Egyetem) tartott egyedi eldadasaim sem szerepelnek az 0Osszesitésben.
Ugyancsak nem szerepelnek a szdmos folyodiratban megjelentetett
konyvismertetések, recenziok, szerkesztéi és foszerkesztéi gondolatok, riportok,
szakirodalmi figyel6k, konferencidkon, tud. rendezvényeken az elndki vagy
szervez6i koszontOk, bevezetOk, Osszegezések sem. Ugyanigy — részben a
meglehetdsen nagy szam miatt - nem Osszesitettem az iranyitasom alatt késziilt
kandidatusi, PhD, MSc és BSc értekezéseket ill. diploma- és szakdolgozatokat
sem. S — természetesen — nem adok tajékoztatast e kiadvanyban az
utikdnyveimrdl, szépirodalmi irdsaimrol, nyomtatdsban megjelent verseimrol
sem.

Viszont — lévén elég sokféle témakorben tartottam felsdoktatasi intézményekben
onallo targyként (legalabb 1 szemeszteren keresztiil) el6addsokat, az altalam
tantargyfelel6sként oktatott targyak listajat is Osszeallitottam, s ez a kdvetkezd
targyakra terjed ki a gradualis és posztgradualis (PhD, szakmérndki oktatas)
képzésben, kiegészitve a szakforditdé képzésben orosz, német és angol nyelven
oktatott targyak listajaval :

A kornyezettudomany biologiai alapjai

A kemodokologia alapjai, kémia és kornyezet
Az ¢lelmiszeripari mingségiranyitas alapjai
Bevezetés a kemookologidba

Bevezetés a radiodkoldgidba, sugarvédelem
Elelmiszerek érzékszervi vizsgalata
Elelmiszerek fizikai és kémiai jellemzi
Elelmiszeripari minségbiztositas
Elelmiszeripari mindségellendrzés
Elelmiszeripari minéségszabalyozas
Elelmiszeripari minéségvizsgalat
Elelmiszerkémia

Elelmiszertorvény és szabvanyositas
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Erzékszervi mindsités

Food chemistry and food analysis

Himija i analiz produktov pitanija (orosz)

Korszerii miiszeres analitika

Lebensmittelchemie und Lebensmitteluntersuchung

Mikroelemek az élelmiszerlancban

Mindségbiztositas az élelmiszeriparban

Mindségellen6rzés- €s szabalyozas az élelmiszeriparban

Miiszeres élelmiszeranalizis

Miiszaki fejlesztés az élelmiszeriparban

Nutrition

Radioaktivitas az élelmiszerlancban

Radionuklidok agrokémidja

Sport nutrition

Téplalkozasélettan

Taplalkozastan

Taplalkozastudomany
Megemlitem, hogy 1979-ig a Szabé Andras (ill. A. Szabd vagy Szabo A.) nevet
hasznaltam a publikaciokban, 1979-t6] kezdddden viszont — sziiletésemkor a
keresztségben az Andras Sandor nevet kaptam — Szabd S. Andrasként (A. S.
Szabo ill. Szabo S. A.) szerepelek.
Végiil 6szinte koszonetet mondok a Léaszlo Péter altal alapitott ELELMISZER
FIZIKA KOZHASZNU ALAPITVANY kuratoriumanak, amelynek anyagi
tamogatasa lehetové tette e kiadvany (s remélem a késébbi kiadvanyok)
megjelentetését. Ez az els6 kotet az elsd évtized szakmai publikacios és
tudoméanyos eldadoi tevékenységébe enged bepillantast. Mivel az elsd
tudomanyos dolgozatom — mint mar emlitettem - 1973-ban jelent meg, ez a kotet
az 1973 és 1982 kozotti 10 évet regisztralja. A tervezett masodik kotet az 1983
és 1992 kozotti tevékenységet dleli fel, a harmadik fiizet pedig az 1993 és 2002
kozotti évtized publikacidit és tudomanyos eléadasait tartalmazza majd. S6t —
optimista ember 1évén — azt remélem, hogy a késobbi évtized (esetleg évtizedek)
munkadi is Osszesitésre keriilhetnek majd. Ez az optimizmus természetesen nem
csupan azt jelenti, hogy még sokdig szeretném folytatni tudoményos, szakmai és
szakir6i tevékenységemet, hanem azt is, hogy Oszintén bizom benne, hogy az
ELELMISZER FIZIKA KOZHASZNU ALAPITVANY még hosszii ideig
miikddni fog, s hi marad az alapitdskor megfogalmazott célhoz. Ez pedig a
kovetkez6: az élelmiszertudomény meglévd fizikai ismereteinek, fejlesztésének
¢és kutatasi eredményeinek publikalasa az ¢élelmiszer-termelés, élelmiszeripari
oktatas ¢és kutatds résztvevoi szdmara.

Szab6 S. Andras
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stroncium tartalmarol. 25(3), 225-229, 1976.

OLAJ SZAPPAN KOZMETIKA

1. Szabd A., Bende E.: Felmérés az iz- és illatanyagok érzékelhetdségérol.
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JOURNAL OF RADIOANALYTICAL CHEMISTRY
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ANALIZU, 1-3 ijunja, 1977, Tbiliszi, SZSZSZR.

1. J. Bogancs, A.S. Szabo: Primenenije reakcii '’B(n, alfa)’Li dlja resenija
naucsno-tehnicseszkij zadacs.
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7th International Conference on Atomic Spectroscopy, 30.8-7.9. 1977, Prague,
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1978, majus-junius.

HIDROLOGIAI KOZLONY
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1978.

RADIOCHEMICAL AND RADIOANALYTICAL LETTERS

1. J. Bogancs, J.Gyulai, A. Nagy, A. Szabd, T. Zanati: Die Anwendung der
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kalium- és kalcium-anyagcsere alapjan. 23(2), 77-83, 1980.

KERNENERGIE
1. E. Gorgei, A. Szabo: Uravnenija dlja opiszivanija probegov alfa-csasztic

v zaviszimoszti ot energii szrednogo porjadkovogo nomera vesesztva. 23(7),
266-269, 1980.

RADIOCHEMICAL AND RADIOANALYTICAL LETTERS
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pulsing reactor for investigation of boron distribution in solid materials

ESNA (European Society of Nuclear methods in Agriculture) meeting,
Debrecen, 1980, Hungary
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