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Abstract

The optimum atmosphere for a crop, with respect to oxygen, lies just above the

lower oxygen limit (LOL), at which maximum benefits in relation to fruit quality are

achieved and below which fruit qualty 1s compromised by fermentation. In contrast

to previous work, LOLs in this study were estimated on the basis of steady-state
internal atmospheres (LOL's) as well as external atmospheres (LOL®s) as it is the
internal Os partial pressure (po, , Pa), close to equilibrium with the cytosol, that

mediates important physiological processes. The study tested whether LOL's of

‘Cox’s Orange Pippin’ and ‘Braeburn’ apples were affected by temperature, elevated

CO,, and physiological age.

Two types of LOLs were 1dentified: the anaerobic compensation point (A CP) and

the fermentation threshold (F7). ACP was described in terms of plots of the internal

CO, (pc’()z) versus internal (po, ) and external (/)S2 ) Oz, and F7 in terms of plots of

both a measure of the respiratory quotient (R(,, ) and ethanol (EtOH) concentration

versus pg, and p{)’z . Mathematical solutions for estimating ACP and FT based on the

RQi, (FTgp ), and a statistical ‘bootstrap’ procedure suitable for estimating all LOLs

and their bias-corrected 95% confidence intervals, are described.

LOL's of postclimacteric fruit of both cultivars tended to increase slightly
between 0° and 28°C and sharply at 32°C. LOL's ranged between 0.5 kPa and 2.2
kPa ;7(’52; values for FTry and FTgon tended to be higher than for ACP'. Elevated
p(‘?oz (0 to 8 kPa at 0° and 20°C) did not significantly affect LOL's at 20°C, but
Increases in F’[}{»Q and FTgon occurred for fruit at 0°C. A small decrease in O;
uptake and RQ,, was measured for fruit in 2 to 8 kPa pco, at 20°C. No consistent
changes in LOL's were observed for either cultivar in relation to physiological age
(preclimacteric, climacteric, or postclimatceric fruit at 0° or 20°C).

In contrastto ACP' , ACP¢ increased markedly with temperature, resulting from
its dependence on both skin permeance and respiration rate (both of which change
with time fruit are in storage). Consequently, use of LOL's, rather than LOL’s is

recommended for optimising atmospheres for both sealed packages and controlled

atmosphere storage, to minimise risk of fermentation.
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partial pressure of gas j in the external atmosphere (Pa)
fruit permeance to ethane (mol s™' m*Pa’)

fruit permeance to CO; (mol s'm” Paly

partial pressure of CO; (Pa)

external (or package) partial pressure of CO, (Pa)

internal partial pressure of CO, (Pa)
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P, = skin or fruit permeability to gas j (mol s'mm?Pa’)
Pj = skin or fruit permeance to gas j (mol s'm?Pal)

Po, = partial pressure of O; in the intercellular air space (Pa)
p{)’3 = external (or package) partial pressure of O, (Pa)

p(')2 = internal partial pressure of O, (Pa)

Dot = total system partial pressure (Pa)

P(')2 = fruit permeance to O, (mol s'm?pPah

PPi-PFK = pyrophosphate phosphofructokinase

Qo = temperature coefficient (= [rate of O, uptake

at (T+10°C)] / [rate of O, uptake at 77)

r = square of the correlation coetficient (r), or proportion of the
total variability in the y-values that can be accounted for by
the independent variable x.

R = gas constant (8.3143 m” Pa mol K™

reo, = specific rate of transfer of CO, between internal and
external atmospheres (mol kg‘l s")

FCoHy = specific rate of transfer of C,H, between internal and

external atmospheres (mol kg™ s

pj-zu(,)(-e = density of fruit juice at 20°C (kg m'3)

pfi,(,),[ = density of cortical tissue of fruit at 20°C (kg m'3)

P = density of water at 20°C (kg m™)

r = specific rate of transfer of gas j between internal and e xternal

-
atmospheres (mol kg™ s h
ro, = specific rate of transfer of O, between internal and external

atmospheres (mol kg s

L ACP

ro, = rate of transfer of O, for the system at the ACP' (mols™)
r(‘)“zr' ! = specific rate of transfer of O, in air at temperature

T (mol kg"i sh
r{;’;‘ 0 = specific rate of transfer of O, in fruit in air at

0°C (mol kg"‘ s”l)
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r(');ir = rate of transfer of O, for the system in air (mol S'l)

r;)z = rate of transfer of O, for the system at temperature 7
(mol s'l)

r(T)2 = specific rate of transfer of O, at temperature 7 (mol kg'l sh

r(")f“‘[ = specific maximum rate of O, uptake when po, is non-
limiting, at temperature 7 (mol kg's™h

ron ’ = rate of transfer of O, for the system when po, is non-
limiting at temperature 7" (mol s”l)

RQ = respiratory quotient

ROB = respiratory quotient breakpoint

RO = respiratory quotient based on internal atmospheres

S = second

SAM = S-adenosylmethionine

SDH = succinate dehydrogenase

se = standard error

sed = standard error of the difference between means

sem = standard error of the mean

507,;,“2() = solubility of O, in H,O at a given temperature, T
(mol m™ Pa™)

SSC = total soluble solids content (%, ° Brix)

t = time (s)

T = fruit temperature (°C)

TCA = tricarboxylic acid cycle or Krebs cycle

Vi = volume of submerged portion of hook (mz)

Viar = volume of respiration jar (m?)

Vier = net volume, [jar volume - fruit volume] (m”)

Vitock = volume of stock gas (m")

Vi = total volume of combined standard (m3)

Vi = volume of wedge (m’)



