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RECENT ADVANCES IN LOW O, AND LOW ETHYLENE
STORAGE OF APPLES IN POLAND

Edward Lange, Dept. of Fruit Storage
Institute of Pomology and Floriculture
Skierniewice, Poland

The apple production in Poland in the period 1981-1984 ranged from
1.7 to 2.1 million tons annually. Part of the crop are summer apples.
The main apple cultivars are McIntosh, Spartan, Idared, Cortland,
Jonathan, Bancroft, Melrose, and some other cultivars of minor importance.
Polish growers are encountering great difficulties in marketing apples
because a tremendous amount of apples is supplied on the market in a
rather short time.

The total apple storage capacity in Poland amounts only less than 500
thousand tons. However, only about 100 thousand tons of apples are stored
in refrigerated stores, and about 400 thousand tons in common stores,
cooled by cold air during the night. Apples stored in common stores ripen
too fast, loose their quality and contribute to the excess supply of the
market.

Therefore there exists a great interest in extending the storage
period and in raising the quality of apples supplied on the market.
Controlled atmosphere storage in addition to expanding the amount of
refrigerated storage in normal air should be developed, to improve the
situation in the fruit trade. CA will enable extension of the storage
period and supplying the domestic as well as foreign market with fresh,
firm fruits in the spring.

The first CA rooms were constructed in 1968. Now the total capacity
of CA stores amounts about 25 thousand tons of apples. Almost entirely
domestic equipment is used in CA stores - activated carbon CO, scrubbers,
0, converters, ethylene scrubbers and gas tight materials have been
developed.

Experimentation with CA storage of apples began in Poland in 1962.

Up to now approximately 20 apple cultivars have been tested. During the

first years apples were stored in standard CA atmosphere of 5% CO, + 3%

0o, and in 5% CO, + 16% 0y and 0% CO, + 3% 0p. The standard CA atmosphere

2h CO, + 3% 0, proved to give best results - the softening of apples was
e slowest.

Low Oxygen Storage

After North et al. (24) reported that Cox's Orange Pippen apples may
be stored in 1% 0, at least for 28 weeks, and after Lougheed et al. (23)
reported that McIntosh, Empire and Spartan apples may be stored in Tow 05,
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we started research with low 0 storage of McIntosh apples in the storage
season 1978/79. The results obgained with McIntosh after 150 days storage
in 2% CO, + 1-1.5% 0, were surprisingly good. Apples maintained very high
flesh firmness (7.2 kgf) after storage at 3°C versus 8.5 kgf at harvest
and 5.5 kgf at 5% COp + 3% 05. This high firmness persisted even after
additional storage for 7 days at 18°C. The overall quality of the apples
was excellent. Apples stored in 0% CO, + 1-1.5% 0, were as good or almost
as good as apples stored in 2% C0p + T-1.5% 0 (f%b1e 1). These two gas
compositions retarded fruit softening the most. It was thus obvious that
the threshold of 02 for apple storage is lower than 2% and that there
exists possibility 1n storing apples in atmospheres with 0, close to 1%.

Further reports from abroad have shown that McIntosh (4,17,18,19),
Golden Delicious (18), Spartan (23), and Empire (23) apples stored in low
oxygen atmospheres maintain higher flesh firmness and better quality than
when stored in the conventional controlled atmosphere.

Six year's storage results with McIntosh apples in Poland (12,13)
have also shown that low 0 atmospheres retard ripening and flesh
softening much more than the s%andard CA atmosphere 5% CO, + 3% 0,.

Lowering 02 from 3% to 1.5% and maintaining it in a range within
$0.2-0.3 results in higher fruit firmness and acidity (Table 1) and juice
content after cold storage and after a 7-day shelf life period, than
conventionally stored apples. The retention of firmness of apples stored
in 2% CO, + 2% 02 is very much 1ike that of apples stored in 5% CO», + 3%
0. Two percent of 0, is still too much to retard significantly softening
and firmness loss. However, the most significant effect on retarding
softening was in 1% COy + 1% 0. Apples stored in 1% CO» + 1% 0, and in
2% C0, maintained the Eighest flesh firmness and titratable acidity and
lookeg very much like apples freshly harvested. When these apples were
stored at 18° to 20%Cfor several weeks they did not show symptoms of
normal ripening.

McIntosh apples stored in 2% COp + 1.5% 05, 0% COp + 1.5% 05, 1% €Oy
+ 1% 022, and 0% CO, + 1% 0, have not shown core flTush or any other
physiological disorder. However, core flush was observed in fruits from
2% COp + 1% 0, atmosphere.

McIntosh apples stored in 0% CO, + 1% 05 and 0% CO, + 1.5% 0, were
usually also firmer than those stored Tn 5% C0p2 + 3% 0. The skin colour
of these apples was usually bright green, more appea?ing to consumers,
than of those stored in low 0, with CO,.

Fruits of other cultivars, like Spartan and Melrose, and also
Bancroft and Cortland (results not shown here) retained the highest flesh
(14,15,16) firmness, similarly to McIntosh, in 2% CO, + 1.5% 05. The only
exception was Idared apples, which have shown core f]ush.in every gas
composition applied. Up to now we have had bad experience with CA storage
of Idared apples, and the best storage results were obtained by the
farmers when stored in common stores. We have never observed low oxygen
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preclimacteric stage is a necessary condition for apples to be benefited
by ethylene removal in CA for the studies conducted in 1980-84, the fruit
of the apple cultivar McIntosh, Spartan and Golden Delicious were
harvested in preclimacteric stage. To verify whether or not the apples
were preclimacteric the ethylene content in the seed cavities of fruits
was measured. For the storage season 1980-81 McIntosh apples were picked
at the time when the commercial apples were harvested. For the storage
season 1984-85 McIntosh apples were harvested twice for the experiment.
The first picking was at the time of commercial harvest on September 19
when the apples contained less than 0.1 ppm ethylene. The second picking
was on September 27, and the apples still had a low internal ethylene
level. It may be mentioned here that one year earlier, in 1983, McIntosh
apples from trees on another rootstock contained very high internal
ethylene by September 2. This means that under climatic conditions in
Poland the maturity of apples differs from year to year very much. This
is influenced mostly by climate but also by rootstocks of which several
types are used in Poland.

In the preliminary studies in the season 1980-81 McIntosh apples
stored in low ethylene CA with 2% COo + 1.5% 0, were significantly firmer
than apples stored in high ethylene. In 5% C0y + 3% 0y there were no
differences in firmness. In the storage season 1984-85 McIntosh apples of
both harvests were preclimacteric. Apples of both pickings stored in 5%
COp + 3% 0o with ethylene at less than 1 ppm were significantly firmer
af%er storage at 3°C and after additional storage at 18°C than appies
stored under high ethylene conditions. Apples from second harvest stored
in 2% COp + 2% Oy LE, 0% COp + 1% 0p LE and in 5% COp + 3% 0p LE were also
significantly firmer than apples stored with ethylene at a high level.
However, after the storage at 189C the differences in flesh firmness
leveled off. It should be noticed that apples stored under low ethylene
conditions exhibited slight core flush.

Spartan apples used for experiment in the storage season 1984-85 were
harvested on September 26 and October 4. At the first harvest 7 apples
out of 10 had an ethylene content higher than 0.1 ppm and 3 apples
contained 5-10 ppm. At the second harvest 9 out of 10 apples had more
than 0.1 ppm and 5 apples contained more than 10 ppm. The apples v:ve
stored in similar atmospheres as McIntosh apples. Only apples which weie
stored in 5% COp + 3% 0p responded to ethylene removal and the firmness of
these apples stored under low ethylene (LE) conditions was significantly
higher than that of apples stored under high ethylene conditions. Here
again, as with McIntosh apples, the flesh firmness after additional
storage for 7 days at 18°C leveled off. There were no significant
differences in acid content between apples stored in CA under high (HE)
and low (LE) ethylene level. Spartan apples from first picking stored in
5% CO% + 3% 0o LE exhibited core flush after additional storage for 7 days
at 189C (Table 2,3).

Golden Delicious apples harvested at the preclimacteric stage were
stqred in two seasons. For the 1982-83 season apples were harvested
twice, on Sept. 28 (immature) and October 7 (mature). Apples from both
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injuries in the experiments.

In conclusion it can be said that low oxygen levels of 1 and 1.5%
with CO, at 1 and 2% during the CA storage of McIntosh apples strongly
retard éﬁesh softening in comparison with 5% CO, and 3% 0,. Retardation
of flesh softening in 2% CO, + 2% 0, is similar fo that in%% COy + 3% 0,.
The gas composition 2% Cop + 1% 0, may cause core flush and it is proposed
to lower COo content if the oxygen is maintained on the level of 1%
While storing McIntosh apples in 1% CO, + 1% 0, strongly retards
softening, it leads to abnormal ripening. gtoring of McIntosh apples in
0% COp atmospheres with 0, at 1 to 1.5% retards softening but not as
much as atmospheres with C 2, but this is better than the standard CA of
5% C0p + 3% 0. Gas composition of 0% CO, + 3% 0, is of no value for
McIntosh apple storage. For the long term EA storage of McIntosh. apples
in Poland, the best atmospheres to employ are 2% C0p + 1.5% 05 or 1% COp +
1-1.5% 05. Spartan and Melrose apples have shown greatest firmness
retention in 2% CO, + 1.5% 0,.

Low Ethylene Storage

Since the work of Kidd and West in England it has been known that
limiting oxygen supply to fruit retarded ripening and that ethylene is
responsible for ripening. Further studies have also shown that ethylene
produced by the fruits itself promotes ripening and senescence of apples
stored in CA and hypobaric conditions (8,1). It was reported also that
fruits should be in the preclimacteric stage to be benefited by ethylene
removal (20).

In 1969 Forsyth et al. (7) reported that McIntosh apples stored for
189 days at 3.3°C in CA with ethylene at a Tow level were 2 1bs higher in
flesh firmness than apples from atmospheres with ethylene. Then other
researchers confirmed the information that lowering ethylene in CA retards
flesh firmness loss of apples (2,9,10,13,20,21,22,25). Among the methods
applied for ethylene removal, very effective was the LPS storage of apples
(3?. Dilley has shown (5,6) that McIntosh apples and apples of other
cultivars stored under 0.1 atmosphere storage pressure maintained very
high flesh firmness. Fruits stored under hypobaric conditions ripened and
softened slowly because no ripening took place under hyponormal ethylene
level. It is well known for many years that only few ppm of ethylene in
the atmosphere is sufficient to cause fruit ripening, and it is also well
known that ethylene accumulates in CA atmospheres to several hundred or
even thousand ppm. It is necessary and now possible to remove most of the
ethylene from the environment of the fruit. The ethylene inside rather
than outside the fruit is involved in ripening, it is necessary to
restrict ethylene production by the fruit and to inhibit the action of
ethylene. The ethylene content in the fruit should be kept to less than 1
ppm. ‘

In our experiments the ethylene content in the atmosphere surrounding
the fruit was maintained by a flow through ethylene scrubber with a heated
catalyst. The ethylene scrubber worked in a closed circuit. Since the
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pickings responded to ethylene removal when stored 230 days in 5% CO, + 3%
0, at 3°C, and from the second picking when stored in 2% C0, + g% 05.
However, after additional storage for 7 days at 189C there were no
differences in flesh firmness. In the storage season 1983-84
preclimacteric Golden Delicious apples also responded to ethylene removal
when stored in standard CA at 3°C. After additional storage for 7 days at
189C the flesh firmness differences still existed. The apples previously
stored in standard CA maintained significantly higher firmness.

In conclusion, McIntosh, Spartan, Golden Delicious and Jonathan
apples ripen more slowly during CA storage at 5% COp + 3% 0o when ethylene
js removed than when ethylene is allowed to accumulate in the storage
atmosphere. Ethylene removal during CA storage at 1% COp + 1% 0, delayed
ripening of Jonathan apples but the other cultivars showed no differences
whether or not ethylene was removed. The effects of ethylene removal
during CA storage at 2% CO, + 2% 0, were not always evident. Research is
being continued.
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Table 1.
Response of apple cultivars to low oxygen CA storage
Storage ; Flesh i Titratable : Core : Flesh ! Superficial
firmmess acids flush browning scald
atmosphere ! 1 malie/100, 1 1 !
1 kgt 108 ton.] @ of fruits | 4 of fruits ! » of fruite
® °°2‘ % ozgnﬁer storage :after shotage : ; H

1
at 3°C at IB°C§at 3°C at lB°C§at 3°c at 18°C:nt 3°C at !3°c:et 3% at 18°%

! ! ! 1 !
1 : 2 ! 3 " 4 H 5 H 6

- b st > G S S o v

7

¥g _Intosh - 1978/79; 150 deys of etorage; harvested Sept. 20; firmneses 6,5 kgf; titr.ac. 73) mg m.a./100g 1w,

Eormal 4,7 3,4 100 100 0 () 17 n
5+3 5,7 5,1 () 0 0 0 ) 0o
5+ 16 4,9 4,6 17 83 0 0 0 17
0+2,53 5,3 4,7 8 100 41 50 0 29
0+1-1,5 7,9 6,0 () 0 () 6 ) 0
242,53 6,4 5,5 0 0 0 )
2+41-1,5 7,2 6,8 0 o 0

H¥cintoph ~ 1979/80; 150 daye of setorage; hurvested Sept. 15; titr.ac. 780 ng m.a./100gfw.;firmess 7,2 kgf

Normal 3,8 3,5 335 278 17 65 o [ 16 50
5+3 4,5 4,1 513 402 0 0 o 0 0 0
2 +1,5 5,9 5,1 525 444 0 0 0 0 o 0
0+3 4,5 4,1 386 369 0,7 0 49 44 0,4 4
0 +1,5 5,3 5,0 451 412 0 0 7 S 0 0

dcintosh - 1980/81; 190 days of storage; harvested Sept. 18; firzmess 7,5 kgf; titr.ac. 804 mg T.a./100g tw.

Normal 3,7 - 297 - 100 - o 0 100 -
5+ 5,5 4,7 503 - 0 12 0 0 ) )
0+3 4,8 4,0 A1 - - 0 ) o 0,4
2+1,5 6,7 5,8 511 - 0 0 0 0 0
0+1,5 6,2 5,3 496 - 0 0 0 0 0

HelIntosh - 1981/82; 270%days of storage, harveated Sept. 16; firmness 7,3 kgf; titr.ac. 771 og 2.a./100g fw.

Normal 3,3 - - - 85 - 0 - - -
5+ 3 4,3 - 410 - 0 15 0 0 0 o o n
2+1,5 5,5 5,2 415 - 0 0 0 0 0 0 g;;";g;ggf
141 6,2 5,4 455 - 0 0 0 0

icIntosh - 1982/83; 215%days of storage; harvested Sept. 16; firmness 7,9 kgf; titr.ac. 760 mg m.s8./100g fw.

Normal 3,7 - - - 46 - - - 2 10
5+ 4,2 4,0 48) - 0 0 0 0 0
2 +2 4,7 4, 476 - o 0 ) 0
1+ 6,2 5,2 503 - 0 0 o 0

x.\m:\].es from normal atmosphere removed ealier
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! 1
! 6 1 7
1

1
! 1
1

Melntosh - 1984/85; 194 days of storage; hurvested Sept. 27; firamness

Normal
5+3
2 +2
2 +1
0+

3,7
5,3
5,2
547
5,4

4,9
4,8
5,5
5,4

240
407
293
430
437

353
m
413
403

90

0O O O o

10
0
15
0

0O O O ©o

o

O O o o

5,5 kgf; titr.ac. 686 mg m.s./100g fw.

0O O O ©o
0o O 0O ©o

Spartap - 1979/80; 180 days of storage; harvested Sept. 25, firmmess 7,7

Normal
5+3
2+1,5
0+1,5

4,8
5,4
6,6
5,6

4,
5,1
5,9
5,2

218
347
349
15

164
27
265
263

4

0
0
Y

44
1

(3

(o]
0
0

o

o
o
0

kgf; titr.ac.502 og m.8./100g fw.

o )

0 0
0 0
o 0

Spartan-1980/81; 180 days

of storage;

harvested Oct. 10; firmness 7,6 kgf;

titr.ac. 556 mg m.a./100g fw.

Normal 5,3 4,9 230 - 82 100 0 3 3

5+3 6,0 9,4 360 - 35 48 [o (o} 0 (o

2 +1,5 7,0 6,5 350 - 12 15 0 (o] 0 0

0+1,5 6,1 5,8 3%0 - 0 6 o o] o o

Melrose - 1979/80; 200 days of storage; harvested Oct. 16; firmness 7,4 kgf; titr.sc. A9/ g m.a./100g fw.
Normal 4,6 4,4 375 - 0 o o 0 28 s1

5+3 6,1 5,4 448 - 4] 0 [») 0 11 14

2 + 1,5 6,0 5,5 429 - 0 0 0 0 1

0 +1,5 5,5 5,1 419 - 0 () 0 (o} 7

Helrose - 1960/81; 200 days of storage; harvested Oct. 20; firmmness 7,9 kgf; titr.ac. 657 mg D.8./100g fw.
Normal 5,8 545 370 - 0 0 0 0 43 57

5+3 7,2 6,1 430 - 0 0 0 (o

2 + 1,5 7,8 6,9 470 - 0 0 0 (o] o

0+ 1,5 7,3 6,6 480 - 0 0 0 0 (] (o}

Idared ~ 1979/80; 2CO days of storage; harvested Oct. 12;

Normal
5+ 3
2+1,5
0+ 1,5

5,4
6,8
6,7
5,6

5,1
6,1
5,8
5,1

362
407
465
426

0

0
0
0

10
36
39
22

firmness 7,6 kgf; titr.ac. 810 og m.a./100g fw.

0

0
0
0

0

0
o
o

0 0

0 o
0 0
0 0

Idared=1980/81; 186 days of storage; harvested Oct. 17; firmness 9,4 kgf, titr.ac. 583 mg m.a./100g fw.

Normal
5+ 3

2 +1,5
0+ 1,5

T43
&,8
8,6
7,8

6,9
7,7
7,5
Tyl

280
330
300
330

35

76
99
83
80

O O O o

0

0
o
0

0 0

o 0
o o
0 0
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Table 2.

The effect of low ethylene controlled atmosphere storage
on idclntosh apples

a/ dcIntosh - storage season and harvest day - 1980/81; Sep. 18; storage duration at 3°C - 190 days;

flesh firmness /kgf/ at harvest - 7,5; titratable acids /ng . malic/100g fw./ - 604

1 M [} ' [] ! 1 ] 1 R !
! Storage ! Flesh firaness after storage! Titratable acids after sto- 1Physiclogical disorders ;
: atmosphere : ! rage : % of fruits 1
! ! ! 6-7 daye in: ! ! 6-7 dags in: ! 16-7a :
! ! 3% ! 1% ! 3% ! 18% ! 3% ie%e "y
1 #C0+ %0, Ty 1 1 1 ! 1 1 1o ! ! 1 1
! : HE ! LE ! HE ! LS ! HE : LS ! HE : LE ! HE | LE | HE | LE |
1 1 1 1
1 [} ] 1 1 . 1 ! 1 ! 1 ! 1 !
! 1
: 0+3 : 4,4 : 4,3': 4,0 : 4,0 ; 389 : an : - : - : 100£d : lOOfb; - : -
!
: 2+ 1,5 ; 6,7 g 7,2 ; 610 ; 5.9 ; 5"’ : 5“ : - : - : (o] : ] 1 0 1 0 ]
1 ] 1
R B Ao T S L L S S S S S |
| ¥ ! H A o -1 -] oer | 1doer
! ! ! ! 1 1 1 ! 1 100ss |

b/ McIntosh - storage season and harvest day = 1984/85; Sep. 19; storage duration at 3°C - 202 days;

flesh firmness /kgf/ at harvest - 5,8; titratable acids’ /mg malic/100g fw./ - 604

! 1 ] r! 1 'l . 1 1 1 ! 1 ! ] 1
bo5+3 L5 ! 5,6; 5001 5,571 427 ! 463; 431 42 1o ! 10el 0 ! 10cf
1 2+ ! 5,7 1 581! 5,71 5,6 1 497 1 4831 457! 450 ! O | O ! Ot O 1
! 1 ! ! 1 ! 1 1 1 ! 1 1 1 1
Lo+ ;5,1;5,8;5.7:5.1:461;477;433:457: o ! o! o1 o !
! 2+2 1 5,5 1 5,61 5,01 5,4%1 440 1 4331 3971 407 1 O 1 10ef!l C ! Sef!
! R SRR NG NSNS S TGS SRSt MG SR S N
L] $ ] 4 L) 4 ) ]

6/ MgIntosh - storage semson and harvest day - 1984/85, Sep. 27; storage duration at 3°C - 194 daye;

flesh firzness /kgf/ at barvest - 5,5; titratable acids /mg malic/100g fw./ - 666

1 [] 1 x! 1 1 1 1 [] ] 1 1 1
b5+ 50 1 5,6% 4,91 4,8 1 407 1 4201 3531 397 I 0 & ot ioefl 10ef
b2 ;5,7:5,7;s,s:s.z;m:.seo;m}no; ° ol et 0
1 0+1 D5, s,s"; 551 5,3 1 431 1 4471 4031 400 I o 1 asert ol 0
! 1 1 1

P22 ! 5,2!5.6"; 491 46 1 39 1 467! 331 37T 1 o ol o1t o
! N 1 3,7 ] - 1 - ! 240 ! - 1 - 1 90ef 1 (o]

1 1 1 1 1 1 1 i 1

*® s et ben s o s aue 00 o ]

Notice:

fb - flesh browning
cf - core flush
88 - superficial scald

X = means that differences were statistically significant
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Table 3.

The effect of low ethylene controlled atmosphere storage

on 3partan, Golden Delicious and Jonathan apples

- storage season and harvest day - 1964/85, Sep.26; storage duration at 3% - 202 days;
flesh firmmess /kgf/ at harvest - 6,2; titratable acids /og malic/100g fw./ - 5T}
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Cont.table 3.

. - storage season and harvest day - 1963/84; Sep. 30; storage duration at 3°C - 207 days,

flesh firmess /kgf/ at harvest - 7,3; titratable acide /2g malic/100g fw./ - A72
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