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Objective 

General objective of the project 

The general objective of the project is to prevent the development of tissue disorders in pears resulting 
in so called Brown Heart. The key element in the project is the development of technology which 
enables a rapid measurement and decision about the post-harvest treatments and storage conditions. To 
check the physiological hypothesis given, data is needed on climate and orchard conditions during the 
growing season and gas exchange rates, diffusion resistance and pear quality throughout the storage 
season. Research carried out thus far is strictly bound to one particular region. Therefore, the 
relationships found cannot simply be applied for other countries. Within this project, pears grown in a 
range of climate zones, including both climate zones with high and low risk on Brown Heart, are 
investigated. Six European groups are joined in this project, from five different countries: Belgium, 
Germany, Italy, the Netherlands and Spain. Because every year results in pears with different 
characteristics, the project is planned to be carried out in 4 successive years. Once a physiological 
explanation is found, storage conditions have to be adapted in order to prevent disorders. For this 
purpose predictive models are needed, which use information collected during the growth of the pear, 
or directly after harvest. 
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Agenda 2nd meeting 

Agenda of the 2nd meeting at Weingarten, Germany 

12 January 1998 

08.45 Welcome and outline of the 2nd meeting by the coordinator, Herman Peppelenbos 
09.00 Presentation of progress and planning at UHOH (Josef Streif, Claudia Rabus) 
09.30 Presentation of progress and planning at ATO-DLO (Herman Peppelenbos, Rob Veltman) 
10.00 Presentation of progress and planning at IRTA (Christian Larrigaudierre) 
10.30 Coffee/tea break 
11.00 Presentation of progress and planning at IVTPA (Paola Eccher-Zerbini) 
11.30 Presentation of progress and planning at FPO (Anton de Jager) 
12.00 Presentation of progress and planning at VCBT (Bert Verlinden) 

12.30 Lunch 

14.00 Discussion on methodology: Orchard treatments and measurements 
14.45 Discussion on methodology: Respiration measurements 
15.30 Coffee/tea break 
16.00 Discussion on methodology: Diffusion resistance 
16.45 Critical assessment of research progress and achievements regarding the objectives and 

deliverables mentioned in the technical annex; Dissemination of research results; 
Miscellaneous. 

17.30 Closure of the meeting 

19.30 Diner 

13 January 1998 

09.00 Excursion to research facilities of UHOH 
12.00 Lunch 
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Schedule of meetings 

Schedule of meetings 

Number Day * Month Year IKisi Location 

1 3 6 1997 VCBT Leuven (B) 

2 . 12/13 1 1998 UHOH Weingarten (D) 

3 15/16 6 1998 IVTPA Milan (I) 

4 11/12 1 1999 ATO Wageningen (NL) 

5 14/15 6 1999 IRTA Llerida (E) 

6 10/11 1 2000 FPO Wilhelminadorp (NL) 

7 14/15 6 2000 ? ? 

8 10/11 1 2001 ? ? 

9 9** 7 2001 ATO Wageningen (NL) 

* The days are provisional 
** Will be planned close before the 9th International Controlled Atmosphere Research Conference, to 

be held in the Netherlands. 
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Schedule of deliverables 

Schedule of deliverables 

Year Month Report Access to (k'liM'rahle 

1996 October Technical annex Public 

1997 June Start of the project 

1998 January Progress report 1 Confidential 

1998 June Progress report 2 Confidential 

1998 August Annual report 1 Public 

1999 January Progress report 4 Confidential 

1999 June Progress report 5 Confidential 

1999 August Annual report 2 Public 

2000 January Progress report 6 Confidential 

2000 June Progress report 7 Confidential 

2000 August Annual report 3 Public 

2001 January Progress report 8 Confidential 

2001 July Progress report 9 Confidential 

2001 October Final report Public 
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Instituut voor Agrotechnologisch Onderzoek 

Participant 1: ATO-DLO 
PO Box 17 
6700 AA Wageningen 
The Netherlands 

A. PARTNER INFORMATION 

1. (Siib)Project title 
Quality improvement of pears by predictive and adaptive technology 

2. Project coordinator 
Dr. H.W. Peppelenbos 

3. Project participants 
Ing. S.A. Robat 
A.C.R. van Schaik 
Drs. R.H. Veltman 

B. INTRODUCTION 

1. Description of the research topic or practical problem 
The main objective of the project is the optimization of Conference pear quality and the reduction of 
losses during storage, by preventing the development of disorders resulting in Brown Heart in 
Conference pears. Brown Heart in Conference pears is the browning of the flesh, especially the core 
region, and the subsequent development of cavities. The pears are not suitable for consumption, even 
with minor symptoms. Losses can add up to 16.5 mln Ecu per year. The causes that underlie the 
development of the disorder are unknown, although there is a lot of correlative knowledge on the 
development of Brown Heart. The occurrence is influenced by weather factors, orchard factors 
(location, nutrition), picking date, post-harvest treatments and storage conditions. However, 
relationships found in one country cannot simply be applied for other countries or growing seasons. 

2. Goal of the research 
To clarify and quantify physiological processes involved in the browning of pear tissue, and the 
development of technology which enables a rapid measurement and decision about the post-harvest 
treatments and storage conditions. 

3. Short description of the approach 
Because pear tissue has a very low porosity, small changes in metabolic rates or diffusion rates within 
the tissue can lead to very low internal oxygen levels. Increased fermentation can lead to an increase of 
toxic metabolites like acetaldehyde (Perata and Alpi, 1991). This may reduce cell viability and induce 
cell death, leading to the Brown Heart disorder. Another explanation is that the combination of 
oxidative and fermentative processes are not sufficient to maintain cell viability (Andreev et al, 1991; 
Zhang and Greenway, 1994). The reason for a difference in occurrence of Brown Heart between 
Northern and Southern European countries might be a the influence of different climate and/or 
agronomical factors on pear growth and development. This could result in different metabolic rates, 
resistance to gas diffusion, energy metabolism, energy needs for maintenance costs, etc. To check this 
hypothesis data is needed on climate and orchard conditions during the growing season and gas 
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exchange rates, diffusion resistance and pear quality throughout the storage season, carried out in 
different European countries. Once a physiological explanation is found, storage conditions have to be 
adapted in order to prevent disorders. For this purpose predictive models are needed, which use 
information collected during the growth of the pear, or directly after harvest. Recently several models 
are developed describing gas exchange based on enzyme kinetics. The model of Peppelenbos et al. 
(1996) might function as a basis for the models that will be developed. The model uses ATP production 
rate as the main inhibitor of fermentative C02 production. This model enables to describe the relation 
between gas (02 and C02) concentrations and 02 consumption and C02 and ATP production rates. 

CI. OVERVIEW OF THE WORK PERFORMED FROM 1-6-1997 TO 1-12-1998 

Objective 
The work of the first year is mainly focussed on testing the methodology on gas exchange and diffusion 
resistance measurements. In addition measurements have been carried out on pears in order to quantify 
variation caused by picking date, ripening stage and delaying ULO storage. The measurements in 
relation to picking date and ripening will clarify minimum and maximum values for gas exchange rates 
and diffusion resistance. Delaying ULO was carried out because in previous experiments this appeared 
to be a good treatment to lower the risk of brown-heart, however, without understanding the mechanism 
behind this result. This time gas exchange and diffusion characteristics were measured directly after 
harvesting and after a period of cooling or ULO. 

Material and Methods 
Conference pears were harvested on various dates: September 3, 10, 17, 24 and October 1st 1997. 
September 17 is considered to be the optimum harvest date for long term storage. Pears were harvested 
at a grower located at Ingen (provence Gelderland). The pears were stored at 0°C, 2% 02 and 0% C02. 
Pears from the optimal harvest date were stored at 2% 02 and 5% C02 as well. 
Gas exchange characteristics were measured at 18°C (to test the possibility of a rapid testing method). 
This comparison of harvest dates will be reported later. Gas exchange characteristics of the optimal 
harvest date were measured at 2 and at 18°C. This enables a comparison with the other harvest dates 
and with stored pears. 

Gas exchange rates 
Fresh weight and underwater weight (Baumann and Henze, 1983) were measured. Samples from pears 
were taken to measure the specific weight of pear juice (used in the calculation of the porosity). Outer 
surface area of the pears was estimated using the length and the maximum circumference of the pear 
(see figure 1). Two pears were put in 1500 ml cuvettes. The cuvettes were connected to a flow through 
system. Gas conditions were all combinations of 0, 0.5, 1, 2.5, 6 and 21% 02 with 0 and 5% C02. 
Relative humidity was high (>95%) since the gas was led through water flasks. AfterjJ and 5 days of 
storage 02 uptake and C02 production was determined. This was done by disconnecting the cuvettes 
from the flow through system, and sampling the head space directly and after a period of 6 hours. The 
GC used was a Chrompack CP 2002. The measured 02, C02 and N2 was corrected to 100% to account 
for possible pressure variations inside the GC. Then the concentration values (in %) were multiplied 
with the actual pressure inside the cuvette (in kPa). Because the volume of the cuvette and the volume 
of the pears is known, the gas exchange rates can be calculated in nmoles/kg.s. 

Diffusion resistance 
The method of measuring diffusion resistance as described by Peppelenbos and leksrud (in press) was 
slightly adjusted. The inert gas neon was used as well, but instead of measuring the diffusion of neon 
into the fruit the diffusion of neon out of the fruit was measured. First the fruit was stored in a cuvette 

FAIR-CT96-1803 Meeting #2 2 12-13 January 1998 



Instituut voor Agrotechnologisch Onderzoek 

with a high concentration of neon (5000-6000 ppm) for one night, assuming that by that time an 
equilibrium between the concentration inside the fruit and in the cuvette was reached. The final 
concentration was measured. Then the fruit was transferred to another cuvette, and after specific time 
intervals (seconds) the neon concentration was measured. The time intervals were selected based on the 
paper of Banks (1985), in order to compare two methods of analysis. One method calculates diffusion 
resistance based on an exponential change in concentration, and the second method is based on a linear 
change in concentration. For the 'exponential' method the final concentration in the second cuvette is 
necessary. For the 'linear' method many measurements are necessary directly after transferring the fruit. 
The exponential method results in a long period of measuring, which can be a disadvantage when a lot 
of repetitions have to be carried out. Also leaks of the cuvette will have a stronger influence on the 
results then the linear method. The linear method, however, can only be carried out when a quick 
gaschromatograph is available. Both methods were used in all the experiments described, and the 
difference in results will be analysed. 

Delaying ULO 
Pears from the optimal harvest date were put in ULO or stored at 0°C. Gas exchange characteristics 
were measured directly after harvest and after a storage period of 5 weeks (all at 2°C). 

Ripening i u 
Pears from the optimal harvest date were stored at V&aC and ambient air for 21 days. Gas exchange 
characteristics were measured after 3 and-5 days. Firmness and ascorbate levels were measured as well 
(see part C2). ~ j>!> 

Statistical analysis 
The gas exchange rates were analysed using the nonlinear regression analysis of the statistical package 
Genstat. The models used within the package were derived from Peppelenbos and van't Leven (1996) 
and Peppelenbos et al. (1996), and are mentioned in the technical annex page 11 as well. 

Results and discussion 

Gas exchange 
Gas exchange rates are expressed in nmoles/kg.s, following the guidelines of Banks et al.(1995). Gas 
exchange rates were measured at 6 different 02 concentrations (0, 0.5, 1, 2.5, 6 and 21 kPa). Although 
the differences between these gas concentrations used are not equal, the differences in respiration rates 
are comparable (Fig 3 and 4). In future experiments therefore comparable gas concentrations will be 
used. The percentage of explained variance is relatively high for the 02 uptake measurements, but 
relatively low for the C02 production measurements (Table 1). One of the reasons for this lower 
number could be the influence of C02 on fermentation rates. In figures 3B and 3D, this influence can 
be observed: at 0% 02 the C02 production (which can entirely be attributed to fermentation) is lower 
when the C02 is increased. If this influence is observed more often, it should be included in the C02 

production model. 

Diffusion resistance 
For calculating the resistance for gas diffusion, two methods were compared. Values obtained by the 
'exponential' or the 'linear' method do not show a good correlation (fig 8A). When instead of the 
internal gas volume as determined by the method of Baumann and Henze (1985), the internal gas 
volume estimated based on the end concentrations found in the cuvettes was used, a much better 
correlation was found (Fig 8B). After extensive analysis it appeared that the internal gas volume used 
has a strong influence on the final resistance value that was obtained. When the internal gas volume is 
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not exactly clear, this is a strong disadvantage of the exponential method. One explanation for the 
difference between the internal gas volumes obtained is the release of neon from the water phase of the 
pears. In the exponential procedure, where pears stay at least 4 hours in the cuvette, this release could 
contribute to the end concentration found, thereby suggesting a bigger internal volume. For the linear 
method the pears stay maximally 10 minutes in the cuvette. This difference in time period will also 
influence the role of leakages of the cuvette. Al these observations lead to the conclusion that the linear 
method is preferred for further research. 
The good correlation between both methods (using the estimated internal volume) suggests that there is 
only one main resistance for gas diffusion. According to Banks (1985) the exponential function will 
lead to bad results with tissues having more than one diffusion barrier, such as potatoes. 
To estimate internal concentrations of 02 and C02, Grahams law can be used. A validation of this 
procedure by actually measuring internal gas concentrations remains necessary. 

Delaying ULO 
Directly after harvest the respiration rate (expressed as the maximum 02 uptake) is about 19 
nmoles/kg.s. The fermentation rate (expressed as maximum fermentative C02 production) is about 11 
nmoles/kg.s. (see Table 1). When pears are put in ULO conditions directly after harvest, they show 
comparable gas exchange rates after 5 weeks of storage. Pears that were only cooled and stored in 
ambient air, show substantial higher respiration and fermentation rates (Table 1, Fig 4). 
One of the hypotheses of the project is that energy metabolism is related to the onset of Brown heart. 
Therefore the gas exchange rates were used to calculate ATP production, assuming that all 02 uptake 
can be attributed to respiration, and all C02 production exceeding the RQ for respiration (RQox, Table 
1) can be attributed to ethanolic fermentation. Also a limit value is used, resembling ATP production 
necessary to cover maintenance needs. This limit value is currently estimated as the ATP production at 
standard ULO conditions. The results are presented in Fig 5. In this figure it is demonstrated that at 5 
kPa of C02 the ATP production is equal to the limit value at about 6 kPa of 02, much higher than the 2 
kPa of 02 used at 0.1 kPa of C02. Another interesting observation is that at 2 kPa of 02 the pears that 
were cooled for 5 weeks show a substantial higher ATP production. This might explain the reduced risk 
for Brown heart, as found recently by partner 4. 

Ripening 
When pears ripen, respiration rates increase substantially (fig 8). Differences between individual pears 
are remarkably small (fig 8). When the 02 uptake rate at the start of the experiment (day 2) is compared 
with the experiment on delaying ULO, the influence of temperature becomes clear. Respiration 
measured at 2°C (delayed ULO) is fourfold lower than at 18°C (ripening). 
Diffusion resistance remains almost equal during ripening. The observed variation can not be attributed 
to a change in time, but to differences between individual pears (compare pear nr. 27 and 28 in Fig 8.) 
or to differences between measurements (Fig 8, pear nr. 5). The combination of increased respiration 
and equal diffusion resistance will result in a larger difference between external and internal gas 
composition. In other words, during ripening the 02 concentrations will be decrease and C02 

concentrations will increase in the internal gas volume of pears. 

Conclusions 
Methodology for gas exchange and diffusion resistance measurements was tested, and the methodology 
to be used can now be advised. Large differences in resistance for gas diffusion are found between 
individual pears. Advice on safe storage conditions should include the extent of this variation. An 
experiment, using a postharvest technique to reduce the risk for Brown heart, seems to confirm the 
central hypothesis of the project that ATP production plays an important role. 
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C2. OVERVIEW OF THE WORK PERFORMED FROM 1-6-1997 TO 1-12-1998 

Objective 
In the first research episode we investigated the factors influencing browncore in Conference pears, like 
harvesting date, growing location and storage conditions. Another objective was to induce the 
aberration. In the second episode experiments on PPO activity lead to the decompartmentation 
hypothesis: decompartmentation of intracellular structures induce browning independent of PPO 
activity and polyphenol concentrations in pears. Decompartmentation can be initiated by free radicals. 
One of the main objectives was to investigate the putative relation between antioxidant levels and 
browning. Vitamin C can possibly act as an indicator to predict browning. Antioxidant need to be 
(re)generated: an energy consuming process. Regeneration of antioxidants is expected to be dependent 
of diffusion and respiration characteristics and external gas conditions. 

Introduction 
Core browning is a disorder in pears, and can frequently be observed in the Conference cultivar. The 
phenomenon is characterized by tissue breakdown, and it develops during CA-storage (van Schaik, 
1990). Aberrations start in the core of the fruit and expand concentrically to the cortex tissue. In a later 
stage the pears form cavities in and nearby the core (Wang and Worthington, 1979; Hoehn et al., 1996). 
It is not sure if those cavities (also known as core breakdown) are a consequence of the flesh browning. 
In some cases they are formed in healthy tissue. Preharvest factors, like growing location, picking time 
of the fruit, and the climate, can affect the susceptibility of pears for core browning. During storage, 
temperature, oxygen and carbon dioxide influence the initiation and development of core browning. 
A fundamental step in core browning is the enzymatic oxidation of polyphenol substances to o-
quinones (Mayer, 1987; Steffens et al., 1993). This step is catalysed by the metallo-enzyme 
polyphenoloxidase (PPO). PPO-generated quinones are highly reactive molecules, which modify and 
crosslink with a variety of cellular substituents. Quinone reactions end in the formation of brown or 
black melanin polymers (Mathew and Parpia, 1971). There is a general agreement that PPO is a plastid 
enzyme (Hutcheson and Buchanan, 1980). It is located in the thylakoid membrane of chloroplasts and 
in vesicles, or other bodies, in non-green plastid types. However, in apples it was assessed that PPO was 
found both, in the chloroplasts and in the mitochondria (Mayer, 1987; Nicolas et al., 1994). 
At the subcellular level phenolics are compartmentalized in the vacuole. Yamaki concluded that 97% 
of the total phenolic content is accumulated in the apple vacuole, only three percent was located in the 
free space, and none in the cytoplasm (Yamaki, 1984). We hypothesize that browning is induced by 
decompartmentation of intracellular membrane structures. Due to leakage of internal membranes, 
PPO's can find their substrate, which results in browning of the tissue. Membrane damage can be 
caused by lipid peroxidation (Dahle et al., 1962; Pryor et al., 1976). During aging of the fruit more 
radicals are formed (Kumar and Knowles, 1996a). These radicals can be inactivated by radical 
scavengers like a-tocopherol (vitamin E), ascorbate (vitamin C) and glutathione (Winkler etal, 1994). 
The regeneration of these scavengers is an energy-consuming process. In potatoes a correlation was 
found between aging, the formation of radicals and the energy production (Kumar and Knowles, 
1996b). There is a strong indication that ascorbate is an important substance in the defence mechanism 
against free radicals (Bermond, 1990). Ascorbate has been demonstrated to reduce oxidized tocopherol 
directly (Chan, 1993). This can be an explanation for the synergistic effects of both antioxidants seen in 
peroxidase systems. Secondly, ascorbate is directly involved in the removal of alkoxyl (LO.) and 
peroxyl (LOO.) radicals (Chan, 1993). Subsequently the semidehydroascorbate molecule or ascorbate 
radical is enzymatically or non-enzymatically reduced, or broken down. Third, ascorbate is able to 
convert enzymatically formed o-quinones back to their precursor phenols (Nicolas et al., 1994). 
Our research focuses on the development of brown core and this paper reports that PPO-activity and the 
level of polyphenols are no indicators for the sensitivity to the aberration. Furthermore, the vitamin C 
content in pears stored under different gas mixtures might be indicative for the development of core 
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browning. 

Material and methods 

Material. 
To compare fruits with a different sensitivity towards brown core, pears were picked from two 
locations, at three harvest dates. Pears were harvested in Strijensas (grower 1) and Zuid Beijerland 
(grower 2), both in the west of the Netherlands (province Zuid-Holland). From an historical perspective 
the pears from Strijensas are relatively sensitive to the development brown of core, whereas the pears 
from Zuid Beyerland are usually not. The pears from both locations were picked at three dates. The 
optimal (second) pick, predicted by Streif-index, was harvested on the 18th of September 1996. The 
other pears were picked on the 11th of September (pick one) and the 25th of September (pick three). In 
1995 the pears were picked on the 6th, the 15th and the 26th of September respectively. The pears were 
stored in boxes, placed in 600 litre containers with a water sealing, at -1 °C and 2% oxygen (static 
system). Carbon dioxide was kept low (<0.5%), using a KOH scrubber. During monitoring pears were 
kept in 60 litre tanks connected to a flow-through system (Peppelenbos et al., 1996). A duplicate range 
of gas-conditions was selected at 5 °C. Every quarter of an hour the temperature was measured with a 
Vaisala thermometer (HMP 31UT). Relative humidity during storage was kept 97-99%. The right gas 
mixture of N2, 02and C02 was composed with the aid of Brooks 5850 TR series mass flow controllers. 
The total flow rate was established between 490 and 510 ml/min.. Every three hours gas compositions 
were measured with an ADC 7000 gas analyser (Analytical Development Company Limited, 
Haddesdon, England), and if necessary adjusted. 

Polyphenoloxidase activities. 
Parts of the cortex of the pear were frozen in liquid nitrogen and freeze-dried. The freeze-dried samples 
were grinded in a mortar. For the enzyme assays, the method of Gerritsen et al. (1994) was used. For 
measurement of laccase 0.5 mM Tropolone was added. Tropolone is a specific inhibitor of tyrosinase 
activity (Kahn and Andrawis, 1985). 

Total phenolic content. 
The method is based on the reaction between the Folin Ciocalteus reagent and substituted phenyl 
residues (Spies, 1957). Freeze-dried tissue was homogenized in water. Cell remainders were removed 
by centrifugation (15-30 min., 11000g). The homogenate (0.5 ml) was mingled with 0.5 ml 10% TCA 
to remove proteins. After vortexing and centrifugation (15-30 min., 11000g) 0.75 ml of the sample was 
transferred to a 3 ml cuvet and mixed with 1.5 ml 1.4 M Na2C03 and 0.45 ml Folin-Ciocalteus reagent 
(Merck nr. 9001). After 30 minutes the samples were again centrifuged, to avoid precipitation. The 
extinction was measured in triplicate at 650 nm. Calibration was done with tyrosine standards. 

Ascorbate measurements on HPLC. 
Samples were taken from individual pears (peel, cortex and core). What was left of the fruit was 
longitudinally divided in four quarters. The core tissue plus the middle vein were removed. The cortex 
was cut in small pieces. The three fractions were immediately frozen in liquid nitrogen. The extraction 
was performed in the dark on ice. Frozen samples were crushed in a kitchen mixer. Ten ml methanol, 
10 ml 9.5% oxalic acid and 70 ml Milli-Q was added to 10 gram homogenized tissue. This mixture was 
blended with an Ultra Turrax and filtered over a S&S 595 Vi filter, a 0.45 |am sterile filter and a Sep-
pak C-18 column. To determine the amount of vitamin C (total ascorbate), the dehydroascorbate 
fraction was chemically reduced with homocystein, after neutralizing the solution with 0.5 M TRIS-
buffer, pH 7.6. A Symmetry C-18 3.9 mm x 150 mm column (Waters) was used, with a particle size of 
5 |_im, in combination with a Sentry C-18 Guard column. The column temperature was 25 °C. Ascorbate 
was detected by a Waters 486 UV-VIS detector at 251 nm. Since ascorbate is light, temperature and pH 
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sensitive, a manual injection system was used with a 20 jal loop. Samples were injected immediately 
after isolation. The eluent consisted of 2.5 gram tetrabutylammoniumhydrosulfate (z.s. Merck 818858) 
and 55 ml methanol (p.a. Merck 6009) per litre Milli-Q. Before use, the eluent was filtered through a 
0.45 |im Millipore filter (HVLP 04700). The flow rate was 1 ml/minute. 

Firmness measurements. 
During monitoring the firmness of the pears was determined with an Effe-gi penetrometer with an 11 
mm a probe. 

Results 

No relation between occurrence of internal browning disorder and PPO activity. 
Pears were stored in the static system under 0.5% and 3.0% C02. Tyrosinase and laccase activities were 
measured from individual pears. The latent tyrosinase activity was determined after activation with 
SDS. The PPO activities were related to different growing and storage parameters of the pears, like 
carbon dioxide during storage, harvesting date, growing location, and size of the pears. Of all 
correlations possible only two were evident (table 2 and 3). 
A relation was found between laccase activity, harvesting date, and storage condition of the pears. 
Secondly, there is a relation between tyrosinase activity, harvesting date and growing location. Both 
relations can be explained by the fact that browning of the tissue lowers the activity of PPO. Pears of a 
later harvesting date and pears from grower 1 are more susceptible for browning. Pears stored under 
enhanced carbon dioxide concentrations also show a higher sensitivity towards browning. In table 2 and 
2 it is shown that pears of a later harvesting date (3), pears from grower 1 and pears stored under 3% 
carbon dioxide show a lowered PPO activity. In other words it seems that a higher PPO activity does 
not induce browning. Browning lowers PPO activity. 

Effects of gas conditions on PPO activity. 
The previous results do not seem to explain a relation between PPO activity and gas conditions. In this 
experiment pears under bad conditions became brown. In another experiment (figure 9) tyrosinase 
activity was determined in pears under different conditions before browning occurred. Laccase, 
tyrosinase and total tyrosinase (latent plus active) activities were determined after 25 days storage. Only 
total tyrosinase activity seems to be affected by high carbon dioxide concentrations. Tyrosinase and 
laccase activities (data not shown) were not affected. 

Vitamin C in pears 
In a flow-through system we are able to simulate practical situations. With this system we are able to 
induce browning in pears at a high carbon dioxide concentration and, if necessary, a higher 
temperature. During storage in the flow-through system it is possible to do experiments that give more 
insight in the induction of the browning process. One of the parameters monitored is the vitamin C 
concentration of pears. During normal storage (2% oxygen, carbon dioxide <0.5%) the vitamin C 
content of pears decreases minimally in time (table 4). 
Atmospheric conditions during storage play a key role. Decreased oxygen concentrations (0.3%) result 
in a 30% decrease of ascorbate in the cortex tissue and a 24% decrease in the core. Adding 10% carbon 
dioxide decreases the ascorbate content with 60% compared to standard conditions (figure 10). 
Figure 12 shows the ascorbate levels in mixed samples: samples of five individual pears were put 
together. This method masks the individual variations in vitamin C levels of the pears. Another point of 
criticism is that figure 10 only shows a static measurement. In a second experiment vitamin C content in 
pears were monitored, and vitamin C levels were determined in individual fruits (figure 11). 
Pears stored at normal conditions (2% 02, control) show an increase in vitamin C content after 31 days 
from 3.60 ± 0.79 to 5.18 ± 0.70 mg vitamin C per 100 gram fresh weight (data not shown). After 50 
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days the vitamin C concentration decreases sharply to 2.58 ± 0.47 mg. This is attributed to a ripening 
effect and was not seen in pears stored under 10% C02, because C02 inhibits ripening. At normal 
conditions, penetrometer values drop from 11.40 ± 0.91 at t=0 to 5.3 ± 2.0 at t=31. Under high C02 

conditions the firmness is nearly stable. There is a slight decrease to 10.7 ± 0.80 at t=31. 

Ripening 
Figure 12 shows a significant decrease in ascorbate during the last days of the experiment. At this time 
the pears are ripe and consumable. The decrease of ascorbate content is not as high as expected. In 
literature it is described that ascorbate level decreases sharply during ripening. An explanation can be 
that the pears used for this experiment have not been under CA conditions, the pears were stored 
cooled. During the experiment the ethylene emission was monitored. At 10, 14, 17 and 20 October the 
ethylene production was 46.08 ± 9.98, 273.44 ± 63.54, 431.33 ± 146.29 and 731.72 ± 109.31 ppb/min. 
respectively. 

Artificial accumulation of ascorbic acid in pears 
Ascorbic acid concentrations in pears decrease under enhanced carbon dioxide concentrations and 
lowered oxygen concentrations. The relation between browning and vitamin C content in pears, 
however is not clear. 
We tried to increase the vitamin C content in pears artificially by vacuum infiltration. Two sterilized 
needles were stung into the belly of the pear. The pears were placed in a waterbath containing 1 % w/w 
ascorbic acid. Control pears were placed in a bath containing only water. After infiltration the pears 
were stored at 2% oxygen and 10% C02. Indeed the pears infiltrated with the 1% w/w ascorbic acid 
solution contained more ascorbic acid for a couple of weeks. Over a longer period the differences 
between infiltrated and non-infiltrated pears were not evident. The little needle-holes in the peel 
induced rotting of the fruit flesh. Rotting tissue can be distinguished from enzymically browned tissue. 
Vitamin C vacuum infiltrated pears show less browning. Also water infiltrated pears show less 
disorders. Question is if the decreased incidence of browning can be attributed to vitamin C, or to an 
other factor, like differences in diffusion and respiration characteristics. Figure 13 shows the results of a 
pilot experiment but certain tendencies are clear. Only 20% of the pears that were Vitamin C infiltrated 
show -after 6 weeks storage- more or less browning. Without the vitamin C treatment about 70% of the 
pears show the disorder. 

Conclusions 
There is no clear relation between PPO activity and sensitivity for internal browning. Browning lowers 
PPO activity. Following our hypothesis intracellular membranedamage is a key factor in the browning 
process. Vitamin C acts as a radical scavenger in cooperation with other antioxidants and is known to 
play a role in the protection of membranes against peroxidation. Vitamin C levels in pears depend on 
external gas conditions during storage. There is a strong indication that vitamin C infiltrated pears show 
a decreased susceptibility towards browning. Vitamin C levels, and possibly other antioxidants, can 
putatively act as indicators for browning. 
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D. DESCRIPTION OF THE WORK PLANNED FOR THE SUBSEQUENT PART OF THF 
PROJECT (1-12-97 TO 1-6,98) 

In the next time period the stored pears will be sampled at regular time intervals for various 
measurements. Changes in gas exchange rates and diffusion resistance during ULO storage will be 
monitored. The experiment where pears were monitored during ripening (at a high temperature) will be 
repeated to compare ripening behaviour between pears that were stored for a short and a long time 
period. Based on experiments the 'linear method' of analysis of diffusion resistance measurements is 
adviced. This specific method will be further optimized so it can be implemented by other partners in 
the next season. Data on meteorology and orchard factors will be received from the other partners and 
analysed for use in the neural network type of model. Results of this analysis will be used for advice on 
measurements in the coming growing season. Work on the first version of the physiological model, 
focussed on relating internal gas concentrations to energy metabolism and the onset of disorders, will 
start in the next period. 
The biochemical part of our tasks will focus on two subjects. First monitoring vitamin C during storage 
at different gas conditions, and the consequences of changing conditions during the storage period. 
Secondly, we will focus our attention on energy metabolism. Especially fermentation and the effect of 
carbon dioxide at ULO conditions. Enhanced carbon dioxide concentrations during storage suppresses 
energy production. For measurements on fermentation products we will cooperate with the Department 
of Molecular and Laser Physics of the Catholic University Nijmegen. 
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Tables 

Table 1. Overview of the statistical results of fitting the gas exchange models to the data, using Genstat nonlinear 
regression analysis (Fit = fitted value, se = standard error, R2 = percentage of explained variance). 

Harvest Cooling ULO 

- Fit stcL Fit std Fit std 

R2 74.8 2.8 92.1 2.1 94.3 1.35 

Vm02 19.2 2.2 24.5 1.4 20.4 1.1 

Km02 1.37 0.52 0.90 0.18 1.80 0.28 

KmC02 16.9 8.4 14.4 3.8 10.9 2.1 

R2 50.5 2.0 74.9 2.0 77.4 1.6 

VmfC02 11.0 2.5 25.0 5.3 9.85 1.93 

Kmf02 0.39 0.26 0.07 0.03 0.14 0.09 

RQox 0.89 0.05 0.86 0.01 0.88 0.04 

Table 2. Relation between laccase activity, carbon dioxide concentration during storage and harvesting date of 
pears, (a) And (b) show significant differences (p<0.05). Activities are shown in nkatal. 

laccase (nkat) 

harvest 

C02 concentration 

harvest 0.5 3.0 

1 9.5 (a) 8.9(a) 
2 5.4 (ab) 9.4 (a) 
3 4.9 (b) 2.3(b) 
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Table 3. Relation between tyrosinase activity, growing location and harvesting date, (a) And (b) show significant 
differences (p<0.05). Activities are shown in nkatal. 

act tyrosinase (nkat) 

harvest 

Location 

harvest grower 1 grower 2 

1 27.9 (a) 14.8 (ab) 
2 17.6 (ab) 14.7 (ab) 
3 4.6 (b) 13.8 (ab) 

Table 4. Vitamin C content of pears stored under normal conditions: 2% oxygen, ,0.5% carbon dioxide (-1 °C). 
Pears are from grower 1 (second pick). Average values are given with standard deviations. January: n=8; 
November n=15. 

Vitamin C (mg/100 gr FW) 

avg. std. 

14 january 
cortex 3.403 0.319 
core 3.387 0.594 

5 november 
cortex 3.285 0.103 
core 3.364 0.101 
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Figures 

0=Pi*r*(r+h) 

0=4*Pi*r2 

0=Pi*r2 

r 

Surface 
2 2 

= Pi*r*(r+h) + 0.5*4Wr - Pi*r 
2 2 

= Pi*0.5*b*(0.5*b+l-0.5*b) + 0.5*4*Pi*(0.5*b) - Pi*(0.5*b) 
2 

= 0.5*Pi*b*l + Pi*(0.5*b) 

Figure 1 : Methodology for estimating pear surface 
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02 iptake Harvest 
after 5 days 

8 12 16 
02 partial pressure (kFà) 

20 24 

• data002=0.11% -rodel 002=0.11% 

• data002=5.39% --rodel002=5.39% 

C02 production Harvest 
after 5 days 

12 16 

02 partial pressure (kF&) 

• data002=0.11% -rodel 002=0.11% 

• data 002=5.39% -• model 002=5.39% 

ATP production Harvest 
after 5 days 

8 12 16 
02 partial pressure (kFà) 

- rodel 002=0.11%-lirrit 

- rodel 002=5.39% 

Figure 2.The 02- uptake and C02- production of pears directly after harvest, figure A and B. The 
respiration is measured after 5 days storage at different oxygen and carbondioxide conditions. Figure C 
gives the ATP production which is calculated after 5 days storage at different oxygen and carbon 
dioxide conditions. 
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02 uptake Cooled 
after 5 days 

8 12 16 

02 Förtial pressure (kF&) 

• data002=0.16% -rodel 002=0.16% 

• data002=5.33% --rodel002=5.33% 

CQ2 production Cooled 
after 5 days 

8 12 16 
02 F&rtial pressure (kF&) 

• data 002=0.16% -tnxlel 002=0.16% 

• data 002=5.33% - ntxtel 002=5.33% 

02 uptake ULO 
after 5 days 

8 12 16 

02 F&rtial pressure (kF&) 

• data002=0.16% -model 002=0.16% 

• data 002=5.33% -• rodel 002=5.33% 

C02 production ULO 
after 5 days 

8 12 16 

02 F&rtial pressure (kFà) 
• data002=0.16% -model 002=0.16% 

• data 002=5.33% - • model 002=5.33% 

Figure 3. The 02- uptake and C02- production of pears stored at normal air (cooled), figure A and B 
and at ULO, figure C and D, for 5 weeks. The respiration is measured after 5 days storage at different 
oxygen and carbon dioxide conditions. 
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Figure 4. The comparison of the 02- uptake (figure A) and C02- production (figure B) of pears stored at 
normal air (cooled) and ULO after 5 weeks storage. The respiration is measured after 5 days storage at 
different oxygen and carbon dioxide conditions. 
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Figure 5. The comparison of the ATP production of pears stored at normal air (cooled) and ULO after 5 
weeks storage. The ATP production is calculated after 5 days storage at different oxygen and carbon 
dioxide conditions. 
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Check on method 

time (s) 

• exponential method a linear method 

Figure 6. Check on method for calculating resistance, there is one sample of the experiment ripening 
used. The neon concentration after replacing the pears from flask 1 to flask 2 gives for both methods, 
exponential and linear, a straight line. 
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Figure 7. The reproducibility of the methods for calculating resistance and 02 uptake. All the results (4 
days) of the experiment ripening are used. Figure A gives the results of the resistance. Figure B gives 
the results of the 02 uptake. 
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Figure 8. Comparing methods for calculating resistance. All the results (4 days) of the experiment 
ripening are used. Figure A gives the results of the exponential analysis without a correction for the 
intern volume, figure B gives the results of the exponential analysis with a correction for the intern 
volume. Both are plotted against the results of the linear analysis. 
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