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1. I N T R O D U C T I O N 

The market value of fruits and vegetables has a tendency to increase during 
storage. This tendency may reverse at the appearance of symptoms of a storage 
disease. Hence, economic losses are prevented when the storage is discontinued 
before the outbreak of a disease. 

Elsewhere (BOEKE, 1961), the assumption was made that the appearance of 
the typical symptoms of a storage disease would be preceded by a deviation 
from the 'normal' trend of one or more physiological functions of the stored 
produce. If such a deviation could be detected immediately, appropriate 
measures could be taken, both to prevent economic loss and to obtain a better 
insight into the nature of a particular storage disease. 

Normal trends may be defined as those resulting in optimum market quality. 
Some aspects of optimum market quality are open to quantitative evaluation; 
the same applies to the trends leading to these aspects. 

Deviations from normal trends may occur in response to changes in the 
environment of the test objects. Other deviations can be considered spontaneous 
and are presumed to mark the onset of "some kind of physiological disorder, 
e.g. a storage disease. 

The phenomenology of spontaneous deviations must, of necessity, be studied 
under controlled conditions. Uncontrollable factors occuring in specimens 
stored together should be avoided, at least in the first stage of a quantitative 
study. Therefore, test objects should be single specimens, each enclosed separ­
ately in a container that provides the predetermined storage conditions. 

Another reason for studying specimens that are isolated is that a spontaneous 
change of C0 2 production rate cannot be expected to happen simultaneously 
in different specimens. A one per cent increase occurring in one specimen in a 
composite sample of ten will most probably be overlooked since it causes only 
a 0.1 % increase in the combined production. 

As a deviation may occur at any moment during the usual storage period, 
trends in individual specimens should be followed for weeks or months at a 
stretch without being interrupted or altered as a consequence of the observation. 
The type of research intended calls for techniques enabling observation from a 
distance, i.e. from outside the experimental place of storage, and allowing the test 
specimens to function the way they would under undisturbed storage conditions. 

This excludes chemical and biochemical investigations which require dis­
integration of the test object. Studies requiring the test object to be temporarily 
transferred to a measuring device would not suit either as they might affect a 
respiration trend because of 
- thermal stimulus, 
- water vapour condensation, either on the outside of the cuticula or on the 

inside (GAC, 1955), 
- disturbance of a wax layer, 
- bruising. 
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Also visual inspection, necessitating illumination of the object, would inter­
fere with trends that depend on constant darkness (WOLF, 1955, VAN DER MEER 

and WASSINK, 1962). Nevertheless, studies in storage physiology cannot do 
without visual inspection, probably. 

Observation from a distance although excluding several sources of informa­
tion leaves some ways open for investigation, for instance gas exchange rate. 
Among these the consumption of oxygen as well as the production of carbon 
dioxide, water vapour and volatile organic substances have provided useful 
information and continue to be of interest. 

In addition bioelectric measurements have attracted interest (LUYET, 1932; 
ULRICH, 1946; CURTIS, 1950; SCHWAN, 1957; DE PLATER and GREENHAM, 1959; 

LABRIQUE, 1960, 1961 a and b ; BOEKE, 1961). Changes of impedance were found 
by BAIN and MERCER (1964) in the surface of Williams pear, during ripening 
after cold storage; 50 % decrease in three days was reported. 

Among a few other items suggested by BOEKE (1961), a continuous record of 
the intercellular gas composition should provide a valuable counterpart of the 
data on respiratory activity of test specimens, according to ULRICH (1952). 

Measuring intercellular gas composition as well as electric impedance re­
quires the use of probes to be inserted into the tissue. As will be shown in 
fig. 20, III insertion of a probe having the dimensions of a hypodermic needle 
may cause the gas exchange of an apple to change only temporarily. 

We also found no more than a very thin layer of affected (brownish) tissue 
around non-sterilized hypodermic needles that had been inserted into Cox' 
apples and left there several weeks at room temperature. The conclusion that 
chemically inert probes will do no harm when left inserted throughout the 
storage period of fruits, is confirmed by work of TROUT e.a. (1942), SMITH 

(1947), HULME (1952) and WILLIAMS and PATTERSON (1962). 
It should be noted that each of the effects mentioned is non-specific; a change 

occurring in one of them may serve only as an indication that 'something is 
happening' in the test object. Coincidence of changes in two or more functions 
might give additional information. In the present study, special attention was 
paid to carbon dioxide production and softening in relation to external appear­
ance - as will be described in chapters 4 and 5. 

The effects to be studied should be measured while the objects are enclosed in 
suitable containers providing the predetermined storage conditions. A com­
promise has to be found between several requirements; many test objects will 
have to be transferred rapidly into the containers, an operator should be able 
to view the test objects from all sides at any time, and measurements must be 
possible throughout the storage period. We have attempted to realize these 
requirements in a conditioning machine, described in chapter 3. This unit, 
originally designed for respiration measurements, was called a 'respirotron'. 

Conclusions as to the relation between a storage disease and the course of 
events preceding its outbreak, should be based on a large number of experimen­
tal data. In chapter 2, special attention is given to an efficient way of gathering, 
recording and compairing the data. 
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2. RECORDING OF TRENDS 

The record of a particular trend in the storage life of a specimen may be a 
protocol, a table or a graph. Graphs are most convenient to handle when 
significant differences in various trends should be recognized without delay. 
This is necessary when conclusions are to be derived from the results of several 
series of measurements and when deviations from the 'normal trend' call for 
immediate action such as a biochemical analysis of the anomalous specimens. 

Tables are indispensable when the significance of deviations between two 
sets of data is doubtful and should be evaluated by statistical analysis. 

In physiological experiments series of data are most often provisionally 
recorded as tables and afterwards processed into graphs. Our data on C02 

production rates and on gas flow rates were worked into graphs directly, saving 
man-hours and possible mistakes. Each trend was recorded as a series of dots, 
each dot showing a quantity at the time the reading was taken. 

The practice of direct graphical recording implied that an operator had to 
carry out a series of actions many times in succession: connect a measuring 
instrument with a test object, take out the corresponding sheet of graph paper, 
take a reading from a scale, put a dot on the sheet, replace the sheet, and dis­
connect the instrument. 

Precision and perseverance in this type of routine were greatly aided by the 
following factors: 

- a span of at least ten centimeters between extreme readings on the measuring 
instrument; 
- a few minutes to spare between two successive recordings; 
- a time unit (day) of 1.5 mm on the abscissa of the graph paper, and 
- one millimetre on the ordinate corresponding to one per cent difference 

between readings. The latter requires the use of a logarithmic ordinate with 
20 cm unit length. 

Recording had to be performed not only with optimal rapidity and accuracy 
but also should allow the graphs to be readily compared. 

If 1.5 mm on the abscissa represents one day, and 1 mm on the ordinate 
represents 1 % difference, a 200 days' record of the respiratory activity of a 
specimen would occupy a surface of 10 x 30 cm2. A hundred graphs laid side 
by side would provide a general view of a hundred trends, but would be very 
impractical; an investigators eyes would have to travel either over a distance of 
thirty meters or over a surface of three square meters all covered with dots. 

This discouraging prospect does not exist if the viewing is done with the aid 
of a technique apparently not applied in similar investigations elsewhere, to 
make dot diagrams on transparent plastic foil (0.06 mm cellulose acetate has 
been used, as well as 0.125 mm polystyrene) with a sheet of graph paper lying 
underneath. A number of such graphs, when stacked properly and viewed 
through would reveal significant deviations (discontinuities) that might other-
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wise escape attention. This is demonstrated in figs. 10 and 11. In fig. 11 the dots 
have been omitted, for easy comparison. 

Whenever a sheet was put in position on top of the others and wiped with a 
dry cloth or with filter paper or even with the back of the hand, electrostatic 
adhesion prevented shifting during viewing of the graphs, but did not hinder 
regrouping of the sheets. For semi-permanent adhesion, when a pile of graphs 
was to be photographed, each sheet was sealed on top of the others by punc­
turing one or two of its corners with a hot soldering iron. 

Cellulose acetate or polystyrene can be written on with Indian ink, after the 
film has been rubbed with dry cloth or filter paper. Although the ink adheres 
strongly, when dry, it can be wiped off easily with moistened filter paper. As 
an aid to rapid recording, the high price of the film is compensated by the 
saving in labour. 
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3. D E S C R I P T I O N OF T H E C O N D I T I O N I N G M A C H I N E 

3.1. I N T R O D U C T I O N 

For the purpose of measuring C02-production rates, the object should be 
placed in an atmosphere of unchanging temperature and composition. Also, 
each test object should be visible from all sides at any time wanted. 

Both conditions are met when a test unit consists of a thermostated, ventila­
ted, transparent container enclosing a single specimen. The ventilation rate 
should be such that the C02-content of the atmosphere inside the container 
(and of the gas mixture released through its outlet) will not rise much above 
that of air, otherwise respiration rates are known to be reduced (CLAYPOOL et al. 
1955). For lemons, BIALE and SHEPHERD, as cited by BIALE (1950), found 0.2% 
C0 2 to be an upper limit. It may be safe to assume that for exact measurements 
on apples, the C02-content should not surpass 0.1 %. On the other hand, to 
simulate storage conditions, it should not be much lower than that, so that the 
respiration containers should not be flushed excessively. In work with single 
apples, each producing 0.5 to 1.0 mg C02/hour, an hourly supply of 1.0 to 1.5 
litres of COa-free air would keep the C02-content in the containers somewhere 
between 0.015 and 0.05%. 

For these slow respiration rates, the PETTENKOFER method of COa-measure-
ment is rather inadequate (BIALE, 1950). Both the space required for the neces­
sary parallel sets of PETTENKOFER tubes, as well as the amount of work required 
to obtain the data (according to CLAYPOOL and KEEFER, 1942, the output of 
one operator is 20 to 25 tests a day) would not allow the concurrent study of a 
reasonable number of samples. 

The method of CLAYPOOL and KEEFER is claimed to be much more rapid, 
enabling one person to take 40 readings in an hour. However, to express results 
as milligrams C02/hour, the readings need correction for barometric pressure. 
In the case of rapid and frequent barometer changes a source of errors is 
introduced that may add considerably to the 3.5 % error claimed to be inherent 
in the method. 

The same applies to respiration studies made with other types of instruments 
measuring C02-percentages, such as the katharometer (diaferometer) and the 
infrared absorption meter. An estimate supported by personal statements of 
users of these instruments in this country, shows the speed of consecutive 
measurements on individual apples to be about the same as with the PETTEN­

KOFER method. This is because the individual apple containers have to be con­
nected to the instrument one after another. The low gas flow rates (about one 
liter/hour), the dead volume of the apparatus, and other factors would result in 
a relatively slow reaction of the instrument. 

The ideal method should allow rapid reading of respiration rates (of apples) 
while sets of readings should be converted into graphs without previous correc­
tion for barometric pressure. 

Ventilation of the test produce at constant pressure - by a method described 
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below - was considered advantageous. Without that, any percentage of COa 

read in respiratory gases would need a correction for barometric pressure. Also, 
a rising barometer would have a retarding effect on a flow of air leaving a 
container, and in this way simulate a decreased output of C02 . A falling 
barometer would more than compensate for a previous output that had been 
retarded since it would cause some of the expanding intercellular gas - containing 
several per cent of C0 2 - to escape into the container atmosphere, increasing 
once more the output of COa. Also, the ventilation of the intercellular space 
caused by fluctuations in the atmospheric pressure would add an uncontrollable 
physiological factor to the response of the test object. 

Considering these disadvantages the arrangement commonly used in res­
piration measurements with open circuit has been modified as described below. 

3.2. CONTROL OF SIMULATED STORAGE CONDITIONS 

3.2.1. Constant pressure 

Fig. 1 shows1 how the test objects were ventilated at a constant rate by means 
of an aspirator2, a constant air flow resistance and a constant pressure dif­
ference between the inlet and the outlet of the ventilating system.3 

The pressure difference was regulated by means of an overflow. The system 
did not exhaust into the open atmosphere, but via an outlet tube that was im­
mersed in the same water column as the overflow, securing a constant pressure 
difference regardless of the water level. The absolute pressure in the system was 
Jcept constant by having the water level rise and fall to compensate for changes 
in the barometric pressure (figs. 2 and 3). 

This is how in each apple container a pressure of about 1080 millibar was 
maintained constant to within 0.01 millibar. The high pressure enabled rapid 
detection of leaks, a valuable aid that more than compensates possible objec­
tions against the increase of the partial pressure of oxygen (108 % of the normal 
value) to which the test fruits were exposed. 

3.2.2. Gas- tigh t connections 

More than in any other part of the ventilating circuits gas leaks occurred in 
the metal-to-glass connections of the apple containers (fig. 4). In the course of a 
storage period, at least one out of every ten metal-to-glass connections, how­
ever carefully made, would sooner or later show a leak (see section 3.2.3). When 
discovered by an apparent decrease either of the C02-supply or of the air-flow 

1 The legends of figs. 1-5 constitute a running description that is commented on in the text of 
pages 6,12 and 13. 
2 The aspirators mentioned in this work were all of the vibrating diaphragm type; capacity at 
zero pressure difference 1.5 to 2.5 liters/min; maximum pressure 15 to 20 cm/Hg; suction 6 to 
12 cm/Hg. Unfortunately the type used has been taken off the market. 
3 It was not considered necessary to have the air humidified before it entered the containers as 
shrivelling of test objects (Jonathan apples) did not occur at an alarming rate. 
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FIG. 1. General outline and flow diagram of the ventilating system. A flow of air, about 2 
liters/min, leaves compressor A, is dried and made C02-free in trap B, partly escapes through 
overflow tube C and is divided in the manifold D. Each of the branched-off leads passes an air 
flow resistance F and a fruit respiration chamber G. The leads are reunited in manifold M and 
the air escapes through exhaust tube N which is immersed in water tank Q. In each of the con­
tainers G the air flow rate, the absolute pressure and the temperature are kept constant. Con­
stant air flow rate is achieved with the aid of a constant pressure drop (bx = 1.2 m water 
column) along the capillary air flow resistance F (details in fig. 4) The pressure drop is neglig­
ible upstream from F as well as downstream from F. The absolute pressure is kept constant 
since fluctuations of the barometric pressure are compensated by movements of the water level 
in Q, commanded by the pressure regulating system P (details in figs. 2 and 3). The temper­
ature is kept constant by thermostat E-H (details in fig. 5). At K apparatus for measuring air 
flow rate (details in fig. 8) or for measuring C02 production rate (details in figs. 6, 7 and 9) can 
be incorporated without disturbing the air flow through a container G. 
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FIG. 2. Principle of pressure regulating system (details of fig. 1-P) 
A small flow of air, about 1 liter/hour, leaves compressor Ap and escapes through exhaust tube 
H, the depth of immersion (h2) of which can be regulated because B is flexible. The hydrostatic 
pressure h2 is transmitted to manometer C (details in fig. 3) which by closing or breaking an 
electric circuit commands the air compressors D and F. The cylinder M, 2 meter long and 4 cm 
inside diameter, is fixed inside water tank Q (corresponds with Q in fig. 1); M encloses the ex­
haust tube H as well as the intake K of airlift pump system D-K-G- and the discharge E of the 
airlift pump system F-P-E; by means of the hole R, diameter 2 cm, the cylinders M and Q 
communicate. The water reservoir N has the same size as Q: height 2.4meter, diameter 25 cm; 
water can either be taken from it via F-P-E or discharged into it via D-K-G. Pumping causes 
the water level in the cylinder M either to rise or to fall. The hydrostatic pressure transmitted 
to manometer C will change accordingly. If the total pressure (hydrostatic plus barometric) is 
below a predetermined value, D-K-G automatically stops pumping and F-P-E starts. The re­
verse occurs when the total pressure in manometer C exceeds the predetermined value. The 
antagonistic pumping systems cause about 20 cm3 water to be transferred either from or into 
cylinder M every two or three seconds. This alternating action causes the water level in M (and 
in Q) to oscillate around a certain position that rises and falls in contrast to the barometric 
pressure. The amplitude of the oscillation is about 2 cm in M but less than 0.2 mm in Q be­
cause the restricted communication between the two cylinders acts as an attenuator and causes 
these rapid fluctuations to be flattened out. In a range between 970 and 1040 millibar, any 
change of the barometric pressure was found to be completely compensated, which allowed 
the tank Q to be used as a manostat as shown in fig. 1-C. 
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FIG. 3. Pressure regulator (detail of fig. 2-C). 
This is essentially a closed U-tube dual-liquid manometer. 
Its closed end D and its open end B are co-axial. B is con­
nected by means of flexible tube K to the pressuresensitive 
system (fig. 2-AH). The regulator contains mineral oil C 
floating on sulphuric acid H-F. Movements of the liquid 
interface E make and break the electric contact between 
electrodes A and G. The electrodes are connected to an 
electronic relay that commands the air-lift pump systems 
shown in fig. 2; the relay operating on a few microwatts 
prevents the formation of gas bubbles on the electrodes. 
The regulator is enclosed in a transparent water bath 
through which cooling water M from the respirotron 
circulates; it is placed in such a way that the interface E is 
easily visible. As parts B and D are wide, an incidentally 
large rise or fall of the liquid interface E will not allow 
an escape of gas from D or of mineral oil from B. 
Preparation of the pressure-regulating system. The system must be adapted to the barometric 
conditions prevailing in the area where it is used. The water tank (fig. 2-Q) should not overflow 
at a low barometric pressure, nor should its level fall below the exhausts (fig. 1-N, fig. 2-H) 
in a high-pressure period. Therefore, the lowest and highest barometric pressures ever register­
ed locally should be taken into account. If they are e.g. 970 and 1040 millibar respectively, the 
critical lower level of the water tank (fig. 2-Q) is 1040-970 = 70 cm below its brim. If the 
barometric pressure at the time the regulating system is being set to work is e.g. 1010 millibar, 
the tank should be filled with water up to 1010-970 = 40 cm below the top. The exhaust (fig. 
2-H) should be fixed provisionally about 50 cm below the critical level, that is 70 + 50 = 
120 cm below the top of the water tank. 

The manometer is placed upright and filled with the appropriate volumes of acid and mi­
neral oil - acid first. The mineral oil should be coloured, e.g. with a Sudan dye. To see whether 
the volumes of the two liquids are suitable, the air pressure in Bis changed for instance with 
the aid of a hypodermic syringe connected to K till the liquid interface reaches the position 
shown in fig. 3, By then the positions of the other two liquid levels should also be as shown in 
fig. 3. If necessary a little acid and/or oil can be added to (or removed from) the manometer 
with the aid of an all-glass syringe connected to a piece of flexible plastic tubing of 20 cm 
length and 3 mm outside diameter. 

As soon as the two liquids both have reached the right volume the manometer is connected 
to the pressure-sensitive system (fig. 2-A-H) and the water mantle is connected to the cooling 
system of the respirotron. When temperature equilibrium has been reached, the liquid inter­
face is brought to the level shown in fig. 3 by either lowering or raising the exhaust (Fig. 2-H). 
If no appropriate position can be found over a vertical distance of more than a meter between 
the bottom and the critical level of the water tank, a little air should be added to or removed 
from D. For this purpose K has to be disconnected from the system (fig. 2-A-H). To remove 
some air from D, suction is applied to K. To add some air to D, the thin plastic tubing (that 
was previously used for transfering acid and/or mineral oil) is inserted down to the bottom of 
the manometer, and a little air is made to bubble through F. 

As soon as the liquid interface is in the right position the pressure regulating system should 
be set to work. Additional corrections can be made by raising or lowering the exhaust (fig. 
2-H), which should not be fixed above the critical level. 
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FIG. 4. Apple container 
Apple B is suspended in a dome-shaped glass jar, by means of a loop of metal wire, a small 
hook and a piece of cork A that has been cemented inside the jar, with picein wax. The glass 
jar is cemented (with a mixture of picein wax and anhydrous lanolin) to a copper disk that is 
provided with a circular groove D, and with tubules E and F. The tubules hold the air inlet G 
and outlet H, the construction assuring leak-proof connection and easy removal (bicycle tire 
valves with the tip pi clipped off were found suitable). The inlet is connected to an air flow 
resistance C (a few centimeters length of thermometer capillary, 0.1 mm bore, that keeps the 
air circulation rate at about one liter/hour and that is easily replaced in case of failure). When 
the bell jar is to be connected to or disconnected from its metal bottom, G and H are removed, 
the ventilation rate is increased to one liter/min (by means of an auxiliary aspirator) and the 
circular groove D is heated with a micro-flame. The heat and the fumes generated during the 
heating are removed by the strong ventilation. 
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rate - which was checked once a week - a leaky container had to be removed 
from the respirotron, its metal bottom had to be heated with a flame, and the 
connection had to be remade. 

The temporary change was found to affect the test fruit in the container, the 
result being a sudden rise of its C02-production, which would not regain its 
previous rate until several days later (fig. 20). 

3.2.3. Improved type of container 
Although the containers described above have been in use for four con­

secutive storage periods, they did not entirely suit the purpose. It takes 15 
minutes to assemble one and this is too much for prompt transferral of several 
tens of specimens into the experimental conditions. Tests have been made with 
another type of container, consisting of two transparent plastic hemispheres 
(poly methyl metacrylate, diameter 10 cm, wall thickness 1 mm) provided with 
2 cm flanges that are glued together with luting wax. Air inlets and outlets, the 
same as those depicted in fig. 4, are screwed in the plastic hemispheres. So far, 
these containers are satisfactory, both in speed of assembly and resulting gas 
tightness. 

3.2.4. Thermoregulation 
The containers were arranged in two rows on metal platforms, so that the 

test apples could be studied from all sides, if necessary with a dentist's mirror. 
Between inspections each container was suffused with water of constant 
temperature. A jet of water, about one liter/min, was directed onto each 
container from a soft copper tubule provided with a tap. A detergent (a quater­
nary ammonium compound added to the water) made the water run down 
from all sides of each container as an unbroken film, without causing excessive 
foaming. After having passed the containers, the water ran down into an 
insulated tank, from which it was pumped up again to the taps via a manifold. 

A contact thermometer was positioned in the exhaust of the water pump; 
by means of an electronic relay it directed the compressor motor of a refrige­
rating unit the evaporator coils of which were in the water tank. The compressor 
made one start and stop about every half hour, keeping water temperature 
fluctuations within 0.1 °C. An aluminium foil tent lightly*covered the apparatus, 
providing additional thermal insulation of the containers. 

An earlier type of respirotron, without the refinements that were added 
later, is shown in fig. 5. A more recent type is covered with a protective case. In 
the latest version, the containers - of the kind described in section 3.2.3 - are 
suspended in an insulated tank and sprayed with the circulating water. 

3.2.5. Evaluation ofC02 diffusion 
Each of the 72 test objects required about three meters of 2 mm bore tubing 

for connection with the two manifolds D and M (fig. 1). At first, copper and 
stainless steel capillaries were used and connections were soldered or made with 
short pieces of rubber tubing. Later, faulty parts were replaced by polyethene 
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tubing, 2 mm bore, 4 mm outer diameter. 
C02-diffusion through this tube proved negligible. This conclusion was 

based on gravimetric tests. In these tests, a one meter length of the tubing was 
flushed with CO-2-free air, which then passed a series of sodium asbestos 
absorption tubes, while the tubing was surrounded with virtually pure C02, 
flowing through a glass mantle. No more than 0.65 mg COa/hour was found to 
diffuse along the given gradient of 100 to 0 % C02. The gradients existing in our 
apple respiration studies may have induced both inward and outward diffusion, 
as inside the tubing 0.015 to 0.1 % C02 would occur, and 0.03 % outside of it. 
As calculated from the above data, diffusion rates in both directions were 
likely to be less than 0.001 mg COa/hour at all times, which is negligible in 
comparison to the apple production rates of 0.5 to 1.0 mg C02/hour. 

Among the different types of determination that are of interest in the study of 
gas exchange of apples, the measurement of COa production rates has been 
chosen. The method adopted is described in chapter 4. 
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4. M E A S U R E M E N T OF C 0 2 P R O D U C T I O N RATES 

4.1. METHODS 

4.1.1. Introduction 
The method used to measure COa production rates was based on direct 

titration, as described by BLOM and EDELHAUSEN (1955). These authors deter­
mined C0 2 in air by titration with sodium methanolate. They led air from a 
compressor through two absorption vessels connected in series. Both vessels 
contained acetone (the C0 2 dissolving capacity of which, at room temperature, 
is about eight times that of water) with thymol blue added as a pH indicator. 
The pH of the mixture was raised to the thymol blue range (pH tb) with 0.01 N 
sodium methanolate in methanol ( a sharper colour change than with methanol 
as a solvent was said to be obtained with a methanol-pyridine mixture, 1:4 
(vol/vol)). To maintain pH tb during the passage of the air, the flow of the 
methanolate titrant into both absorption vessels was manually controlled at a 
rate corresponding to the flow of COa absorbed. After equilibrium had been 
maintained for fifteen minutes, the volumes of air and titrant used were read 
from a gas flow meter and from two burettes respectively; the C02-content of 
the air sample was calculated from the titer of the methanolate solution, which 
was determined with the aid of benzoic acid. 

The results reported warrant the conclusion that the mixture in the first 
absorber vessel, while being kept at pH tb, would absorb virtually all the 
C0 2 from air passing at a rate of 2 liters/hour. 

4.1.2. Modifications of the method of Blom and Edelhausen 
In order to measure C0 2 production rates of individual apples, the method of 

BLOM and EDELHAUSEN has been modified as follows. 
4.1.2.1. Cons t an t gas p r e s su re 

As described before, fluctuations in barometric pressure were automatically 
compensated in the ventilating system; the stream of gas through each apple 
container had a constant pressure P 0 of for instance 1080 millibar. This pressure 
was maintained constant during analysis since the scrubbed gas escaped at a 
variable pressure P&, being P 0 minus the variable pressure drop in the absorber. 

In the 1962/63 season, the pressure drop in the absorber was reduced to zero 
with the aid of an auxiliary aspirator as shown in fig. 6, and the somewhat 
awkward manipulation with P» was no longer necessary. 
4.1.2.2. I n d i c a t o r 

Thymolphthalein was used as an indicator; its shift between blue and colour­
less allows equilibrium to be observed better than with thymol blue. 
4.1.2.3. Ab so r p t i on vessel 

The modified vessel (fig. 6) allowed the titrant to be administered continuously. 
It also allowed less than 2 ml of the liquid to circulate. This small volume can 
be expected to increase sensitivity at least six times as compared to the vessel 
described by BLOM and EDELHAUSEN, which held at least 11 ml. Although the 
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