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1. Background and aims of the work

In order to make apricot a successful fruit of the Hungarian fruit-growing sector, it is
essential to re-define the quality and develop the sequential systems of production, storage,
processing and sales. This essentially requires wide range collaboration between the sector-
participants and the researchers of horticulture, food science and commercial disciplines. New
ideas, professionally cared and designed plantations created at the best growing lands, modern
harvest- and storage technologies and coordinated marketing concepts are needed to exploit

the capabilities of our country and to export marketable commodity in the global fruit market.

In my Ph.D. work, a section of the above mentioned complex development concept, and
the postharvest and storage possibilities of apricot were studied with the aim of a good quality
product and thus a longer marketing period (season). Harvest time of apricot allows to take
advantage of the controlled-atmosphere storage capacity built up for apple. The current
domestic practice did not use these storehouses for other fruits, but considering the economic
aspects they might be worth to use. With the modern and prevailing controlled-atmosphere
storage we could preserve the quality of the Hungarian apricot for a longer term, but the
application of this technology requires great caution and care, since a wrong gas composition

or temperature setting may result in complete spoilage of fruits.

The main aim of the PhD work was to investigate the biological activity of apricot, the

effect and kinetics of low oxygen storage conditions. Research tasks:

1. Application of non-destructive investigation methods for determination of apricot
ripening.

2. Analysis of the respiration kinetics of apricot. Develop a testing method and to
construct a measuring system for the detection of the respiratory process.
Investigation of temperature and gas concentration (O,, CO;) dependence of
respiration.

3. Method development for the determination of optimal gas content during controlled
atmosphere storage of apricot.

4. Method development for the detection of components present in the gas atmosphere
of apricot which indicate the quality.

5. Making storage experiments with apricots under normal and controlled atmosphere

storage conditions.



2. Materials and methods

In my doctoral work 'Ceglédi biborkajszi', 'Gonci Magyar kajszi' and 'Panndnia’ apricot
cultivars were investigated which came from Pomaz, Hungary. I picked the fruits myself to
ensure the highest homogeneity of the sample set.

Based on visual judgement (coloration) apricot fruits were ranked into three groups
according to their ripeness: 1 — unripe (ripeness less than 75%); 2 — ripe for storage (80-85%
ripe); 3 — table ripe (above 95% ripeness). In the color measurements the greenest point of the
ground color and the reddest point of the skin color were chosen. Color measurements were
carried out by a Minolta CR-200 type (Minolta Co., JPN) tristimulus chroma meter. SMS
TA.XTPlus texture analyzer (Stable Micro Systems Ltd., GBR) was used for the non-
destructive texture measurements and the so called mechanical hysteresis was measured.
Acoustic and impact texture analyses were performed by AFS texture analyzer (JT28-01-09,
AWETA BV., NED), while NIR spectra of fruits were recorded in the 700-1700 nm
wavelength range in 2 nm steps by a MetriNIR 1017 PR type instrument (MetriNIR Kutat6,
Fejlesztd és Szolgaltatd Kft., HUN).

A 2-chamber open system respirometer which could be transformed to a closed one as
well, fitted with high sensitivity (0-9999ppm) infrared CO, sensors (ALMEMO 3290,
Ahlborn Mess- und Regelungstechnik GmbH., GER) was used for the analysis of the
respiration kinetics of apricot. Temperature and oxygen concentration dependence of
respiration were examined.

Photosynthetic activity was measured by a portable, pulse-amplitude modulated (PAM)
Plant Efficiency Analyser (PEA) fluorescence detector (FMS-2, Hansatech Ltd., GBR), while
for the determination of lower oxygen limit Moni-PAM (Heinz Walz GmbH, GER.)
chlorophyll fluorometer was used.

For the determination of the lower oxygen limit solid phase microextraction (SPME)
sampling was involved to detect the volatile compounds resulting from the anaerobic
respiration of apricot at low oxygen level. Perichrom 2100 type gas chromatograph
(Perichrom, FRA) was used for the measurements and a DB-WAX type column (SGE
Analytical Science Pty Ltd., USA) was used for the separation. The SPME fiber was a
PDMS-DVB copolymer with 65 pm film thickness (Supelco Inc., USA).

Stock-solution and dilution series were prepared by sterile physiological saline for
microbiological examinations. Mesophilic aerobic cell count was determined on Nutrient agar

by streak plate method. Yeast and mould counts were determined on DRBC (dichloran rose



bengal chloramphenicol) agar also by streak plate method. For the detection of volatile
compounds developing during microbiological spoilage processes gas chromatography
coupled with mass spectrometric identification and SPME sampling (SPME-GC-MS) was
chosen. PR2100 type gas chromatograph (Perichrom, FRA), Agilent 5975 B VL type mass
spectrometer (Agilent Technologies Inc., USA) and for the separation BPX5 column (SGE
Analytical Science Pty Ltd., USA) were used in the measurements. The SPME fiber was
again a PDMS-DVB copolymer with 65 pm film thickness (Supelco Inc., USA).

Normal and controlled-atmosphere storage experiments on fruits were also carried out
based on the information obtained during preliminary experiments. Effects of increased
carbon dioxide levels and reduced oxygen levels were examined by instrumental (weight loss,

respiration, firmness, shelf-life tests) and sensory tests during storage.

3. Results

Mathematical and statistical models have been made from the results of the color
measurements, the acoustic and impact test and the precision texture analysis to discern the
different stages of apricot ripeness. With the application of the near-infrared spectroscopy and
using the canonical discriminant analysis method I created a model to identify the cultivar and
determine the ripeness of apricots.

I determined that the respiration of the investigated apricot cultivars had exponential
relationship with the temperature and determined the activation energy requirements of each
cultivar by the Arrhenius kinetic equation based on statistical thermodynamic representation
of the In (LI) - 1 / T slope of linear fit.

For determining the lower oxygen limit the testing method of fruit photosynthetic
activity, the determination of anaerobic metabolites over the fruit airspace by application of
GC, and the measurement method for the respiratory effects of oxygen concentration were
developed. I found and proved that the lower oxygen limit of 'Ceglédi biborkajszi', the 'Gonci
magyar kajszi' and the 'Pannonia' apricot cultivars was between 1.1 and 1.2 vol% oxygen
concentration.

I found that the air space above the micro-biologically contaminated apricot has
different volatile compounds like over the intact, uninfected apricots. Clearly identified the
compounds, which characterized the microbiologically contaminated apricots.

Fruits showed an increased tendency of internal flesh browning when 8 vol% CO;

concentration was used during storage therefore it should be avoided. Application of



extremely low oxygen concentrations (0.9 vol%) can be unfavorable for the taste and smell of
the fruit by the accumulation of anaerobic metabolites. Results of the instrumental and
sensory tests have proved that the investigated apricot cultivars could keep good quality for
28 days in controlled atmosphere with 1.2% O, and 4% CO, concentrations, 1°C temperature

and 95% relative humidity.

4. New scientific results

1. Mathematical statistical models were created by near infrared spectroscopy (NIR) for
the identification and species-independent determination of ripeness stage of *Ceglédi

biborkajszi’, ’Gonci Magyar kajszi’ and ’Pannonia’ apricot cultivars.

2. Temperature dependence of respiration intensity of ’Ceglédi biborkajszi’, *Gonci
Magyar kajszi’ and ’Pannonia’ apricot cultivars was determined. I proved that
respiration changes exponentially with temperature and I determined the activation

energy requirement of each cultivar.

3. Methods were developed for the determination of the lower oxygen limit of apricot by
applying respiration intensity measurement, chlorophyll fluorescence measurement
technique and gas chromatography combined with solid phase microextraction

(SPME) sampling.

4. 1 determined and proved that the lower oxygen limit of ‘Ceglédi biborkajszi’, *’Gonci

Magyar kajszi’ and *Panndnia’ cultivars is at 1,1-1,2 vol% oxygen level.

5. I determined that storage of ’Ceglédi biborkajszi’, *Gonci magyar kajszi’ and
’Panndnia’ apricot cultivars in an atmosphere with 1.2vol% O, and 4vol% CO;
concentrations, at 1°C temperature and 95% relative humidity does not cause any
detrimental physiological changes. Results of instrumental and sensory tests proved
that the produce could keep good quality for 28 days by the suggested controlled

atmosphere storage technology.



5. Conclusions and suggestions

A basic condition of apricot storage is the proper ripeness of the fruit. Its determination
is done typically by visual judgement. In the course of my investigations I created a
multivariate mathematical statistical model by the use of non-destructive test methods that
affords possibility to sort out apricot fruits on a sorting line based on their ripeness. Beside
ripeness, selection of the investigated cultivars could be attained by the use of near infrared
(NIR) spectroscopy. I think it’s worthy to test the adaptability of this method on other
cultivars as well and further refine the model.

I could develop three different measurement methods for the determination of lower
oxygen limit of apricot. Possibility of the measurement of oxygen dependence of respiration
intensity and the use of gas chromatography provide new opportunities to determine the
optimal gas composition, however, precise measurement of the lower oxygen limit is time-
consuming, can be less automated, and results can be obtained only by indirect measurements.
Whereas chlorophyll fluorescence measurement technique is rapid, can be well automated,
requires only slight control, reaction of the fruit is immediate that makes precise
determination of the lower oxygen limit possible. Measurement of photosynthetic activity
permits us to intervene in conformity with the physiological state of fruits during controlled
atmosphere storage (dynamic control) when the instrument and the method is integrated into
the monitoring system of storage and control of oxygen limit is related to the change in Fy
basic fluorescence value. Amount of acetaldehyde and ethanol produced during anaerobic
respiration and measured in the airspace around fruits is a good indicator value. It might be
worth to use a target instrument for the detection of these two compounds since its investment
costs are much lower and requires less technical skills than the nowadays still expensive gas
chromatography. Such an ethanol/acetaldehyde sensor might be suitable for the optimization
of gas composition during controlled atmosphere storage. I intend to test the three methods
with other fruit and vegetable species and to develop their practical use.

Optimal gas composition of the controlled atmosphere storage technique was
determined up to now mostly based on positive empirical research results. Determination of
lower oxygen limit provided possibility for longer preservation of quality, however, some
physiological changes (e.g. flesh browning) occur even in spite of the optimization of oxygen
concentration. Thus empirical research is still justified. More thorough knowledge of
biochemical and physiological changes taking place in fruits during storage and their non-
destructive monitoring and early detection of undesirable processes determine my research

work and the future direction of this area of science.
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