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THE QUALITY OF PLUM FRUITS AFTER STORAGE
DEPENDEND OF QUALITY PARAMETERS

DURING HARVEST

JAKOŒÆ OWOCÓW ŒLIWY PO PRZECHOWYWANIU
W ZALE¯NOŒCI OD PARAMETRÓW JAKOŒCOWYCH

W CZASIE ZBIORU

Abstract: European plums ‘Bluefre’, ‘Valor’, ‘Valjevka’ and ‘Elena’ cvs. were harvested and graded

according to colour and firmness, and on this basis divided into three maturity fractions. The fruits were

analysed for mass loss, flesh firmness, total soluble solids (TSS), skin ground colour as well as incidence of

fungal diseases and physiological disorders after 4 weeks of cold storage at 1 oC and 2 days of ripening at 20 oC.

Significant differences were found in fruit weight loss, skin colour, firmness and TSS among maturity

fraction during and after storage. A decrease in firmness, fruit mass, and skin colour as well as an increase in

TSS were observed, however all changes depended on the maturity stage during harvest. Less mature fruits

withstood better cold storage than more mature. All fruits showed flesh browning symptoms after 4 weeks of

storage and the least browning symptoms were found for ‘Valor’, regardless of the fruit maturity during

harvest. The most browning symptoms were observed for ‘Valjevka’, which indicates the low suitability of

this cultivar for 4-week storage. The best storability was observed for ‘Valor’ due to the best after-storage

quality. Both firmness and skin colour can be applied to the assessment of the optimum harvest date of fruits

intended for storage.
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Plums are highly perishable and, depending on the cultivar, may only have

a commercial life of 2–6 weeks even when stored at 0 oC, due to the appearance of

physiological disorders such as internal browning and gel formation [1]. Maturity at

harvest is the most important factor that determines storage-life and final fruit quality.

Immature fruits are more subject to shrivelling and mechanical damage, and are of

inferior flavour quality when ripe. Overripe fruits are likely to become soft and mealy

with insipid flavour soon after harvest. Fruits picked either too early or too late in their
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season are more susceptible to postharvest physiological disorders than fruits picked at

the proper maturity [2]. An immature fruit may ripen off the tree but it will be of poor

quality [3]. Ripening involves changes that transform the mature fruit into one ready to

eat. Changes associated with ripening include loss of green colour and development of

yellow, red and other colour characteristics of the cultivar [4]. Once the fruit ripens,

senescence begins; physical and chemical changes continue after “optimum” ripeness is

reached, including further softening, loss of desirable flavour and complete breakdown

[5]. Fruits harvested at an earlier maturity withstand cold storage better than more

mature fruit. However, less mature fruits initially have poorer quality than those which

are more mature [6].

Flesh firmness can be used as a maximum maturity index to determine how late fruits

can be harvested and still ensure good quality after transport, shipping and marketing,

and as the minimum firmness that plums can be harvested in order to avoid bruising

during standard postharvest handling [4]. The use of only firmness or TSS as a maturity

index alone is limited by variation among cultivars, production area and season [7, 8].

Parameters such as fruit size, skin colour, flesh firmness, soluble solids or acidity are

used to determine the maturity of fruit at harvest [4, 9]. However, the decision when to

harvest should also take into account other factors, such as fruit drop, environmental

conditions, hand labour availability, market prices, distance to market, potential

transportation damage and storage temperature [10].

This study was undertaken to establish the influence of harvest maturity on

cold-storage life and quality, and to evaluate the maturity parameters of four important

cultivars in Poland.

Materials and methods

The four autumn plum cultivars used in this study were of the European type (Prunus

domestica Lindl.). The experiments were performed during the 2008 season, with fruit

harvested according to visual symptoms of maturity (colour and firmness) at the

following dates: August 25th – ‘Valor’, September 1st – ‘Bluefre’ and ‘Valjevka’, and

September 8th – ‘Elena’. Fruits were selected from 12-year-old trees on a ‘Wegierka

Wangenheima’ rootstock grown in an experimental farm 25 km west from Poznan. All

fruits were handpicked and transported on the day of harvest to the Postharvest

Laboratory at the Poznan University of Life Sciences.

For each cultivar a sample of around 60 kg of fruits (5 boxes) was harvested. The fruits

within each sample were graded according to colour and firmness and on this basis

divided into three fractions: first – hard fruits not fully coloured, described as harvest

maturity fruits (HM1), second – fruits fully coloured, softer than the first fraction but not

in edible maturity yet (HM2), and third – fruits close to consumption maturity (CM).

From the afore-mentioned fractions samples of fruits for preliminary measurements were

taken and the rest of fruits were stored immediately at 1 oC, RH 90 % for 4 weeks.

Twenty-five fruits from each fraction were numbered for identification on the peel

surface, in order to make non-destructive mass loss measurements during and after

storage. The fruits were assessed for mass loss, skin ground colour, firmness and TSS
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content. In addition, fruit quality was also evaluated by determining levels of shrivelling

and rot incidence by examining all boxes after storage. Mass loss and skin ground

colour after the 2-days shelf-life period was evaluated by weighing samples at room

temperature, just before the fruits were destructively sampled for physicochemical

assessments. Skin ground colour was measured on each fruit with a colorimeter

(Minolta, CR-200) as L*, a*, b* values. Three determinations of the colour parameters

were made along the equatorial axis of each fruit. Flesh firmness was determined after

peeling, using an Effegi penetrometer mounted on a hand-operated press, to minimize

loading rate variations associated with the operator, and fitted with an 7.9 mm diameter

plunger. Measurements were taken at three equatorial positions on each fruit at 120o

with the 8 mm deep and the results were expressed in kilogram force (kG).

After the assessment of fruit firmness, fruit juice was extracted by homogenising

fruit flesh in a blender, making 4 unified sample. The TSS of the juice was measured for

each sample with a digital refractometer.

The data were subjected to analysis of variance. The mean comparisons were perform-

ed using the Duncan test to examine differences (p < 0.05) among the harvest dates.

Results and discussion

All fractions of fruits were significantly different with regard to firmness and skin

colour a* value during harvest (Table 1). The skin colour a* value is the most

interesting and representative colour attribute of plums because it describes the colour

changes from green to red which are typical of the maturation of fruits, so it could be

used to select different ripeness stages of these plums, which was proved as well for the

plum fruits ’Green Gage’ by Guerra and Casquero [6].

Table 1

Quality parameters during harvest

Cultivar
Maturity

at harvest

Colour of fruit Firmness

[kG]
TSS**

L a b

‘Bluefre’ HM1 35.1 a* 2.2 b –7.4 a 5.85 c 13.6 a

HM2 34.1 a 1.6 ab –7.7 a 4.03 b 14.2 a

CM 33.9 a 1.2 a –7.5 a 2.75 a 16.3 b

‘Valjevka’ HM1 35.3 a 1.0 b –7.3 a 4.40 a 13.0 a

HM2 35.1 a 0.9 b –7.1 a 3.55 a 14.1 b

CM 34.3 a –0.1 a –7.1 a 2.95 a 15.9 c

‘Valor’ HM1 32.5 a 3.6 b –5.1 a 5.20 c 18.0 a

HM2 31.8 a 3.2 b –5.2 a 3.60 b 17.9 a

CM 31.6 a 2.3 a –5.4 a 2.10 a 21.2 b

‘Elena’ HM1 33.4 b 5.3 b –2.9 a 3.90 b 12.7 a

HM2 31.5 ab 4.4 b –4.7 a 3.30 ab 13.1 a

CM 30.1 a 1.0 a –6.4 b 2.75 a 14.1 b

Explanation: * Different letters indicate significant differences between maturity stages, according to Dun-

can’s test (p 0.05); ** Total Soluble Solids; 1 kG = 9.807 N; 1 N = 1 kg × m × s–2
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Differences of TSS content were observed for each maturity group of ‘Valjevka’, but

for other cultivars there were no significant differences between HM1 and HM2.

TSS increased significantly during the ripening period from 2 weeks of cold storage

onwards (Table 2).

Table 2

Quality parameters after 2 weeks of cold storage

Cultivar
Maturity

at harvest

Colour of fruit Firmness

[kG]
TSS**

L a b

‘Bluefre’ HM1 35.5 a* 0.3 a –8.6 a 1.5 a 16.0 a

HM2 36.2 a 0.1 a –7.5 a 1.7 a 15.5 a

CM 38.0 b –0.5 a –10.4 a 1.6 a 16.1 a

‘Valjevka’ HM1 33.5 a 0.8 b –7.9 a 3.75 b 12.8 a

HM2 34.0 a 0.5 b –6.9 a 2.6 a 15.3 b

CM 34.5 a –1.6 a –8.1 a 2.6 a 15.4 b

‘Valor’ HM1 32.8 a 4.8 c –6.9 a 4.5 c 17.9 a

HM2 32.9 a 3.0 b –6.1 a 2.8 b 18.5 a

CM 32.8 a 0.3 a –8.9 a 1.4 a 20.7 b

‘Elena’ HM1 36.9 b 2.2 a –5.5 a 3.4 b 13.2 a

HM2 33.5 a 3.1 a –5.5 a 2.65 a 15.3 c

CM 33.7 a 1.4 a –5.1 a 2.55 a 14.4 b

Explanation: See Table 1.

The change in TSS during harvesting and cold storage resembles that found for

‘Songold’ plums by Taylor et al [11] and by Guerra and Casquero [6]. No difference of

TSS between HM2 and CM for ‘Bluefre’ and ‘Valjevka’ suggests quicker ripening at

cold storage as compared with the two other cultivars. The low and equal level of fruit

firmness, as well as no differences of skin colour a* value for ‘Bluefre’ fruits confirm

the above conclusion, too.

TSS content in HM1 and HM2 of all plum cultivars increased during 4 weeks of cold

storage (Table 3). Except ‘Bluefre’, where there were no differences in the sugar level,

the lowest sugar level was found in fruits which where the most mature during harvest

(CM). TSS of ‘Elena’ fruits neither at harvest nor after storage reached the values

described in other papers [12]. Only the last measurement after 4 weeks of storage

showed values over 17 % for HM1. These low values could be influenced by a high

crop load [6].

Firmness after the whole period of storage depended on the maturity stage during

harvest, but in this study the differences in firmness were not big and significant

differences were observed only between the HM1 and the remaining two fractions

of ‘Valor’ and ‘Elena’. There were no differences of skin colour after four week of

storage.

Mass loss of fruits during storage was highly influenced by the date of harvest (Fig. 1).
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Table 3

Quality parameters after 4 weeks of cold storage

Cultivar
Maturity

at harvest

Colour of fruit Firmness

kG]
TSS**

L a b

‘Bluefre’ HM1 35.8 a* –0.7 b –7.4 a 0.6 a 17.1 a

HM2 35.4 a –0.9 b –7.8 a 0.5 a 16.9 a

CM 34.7 a –1.5 a –8.9 a 0.5 a 16.6 a

‘Valjevka’ HM1 31.8 a 0.2 a –7.3 a 1.6 a 20.7 b

HM2 32.2 a 0.1 a –7.2 a 1.3 a 16.0 a

CM 32.6 a –0.8 a –6.9 a 1.4 a 17.3 a

‘Valor’ HM1 34.7 b 0.4 a –7.1 a 1.6 b 17.9 a

HM2 34.2 b 1.2 a –7.3 a 1.2 a 20.2 b

CM 32.6 a 0.0 a –6.7 a 0.9 a 16.4 a

‘Elena’ HM1 36.6 b 1.8 a –5.9 a 3.1 b 17.7 c

HM2 33.8 a 1.9 a –5.1 a 2.1 a 16.7 b

CM 32.2 a 1.6 a –5.7 a 2.3 a 14.8 a

Explanation: See Table 1.

Fruits of the ‘Valor’ cultivar which were softer during harvest lost more mass, with

mass loss being the biggest for CM and the lowest for HM1. This was not found for

other cultivars, in which the HM2 fraction had the lowest mass loss. The ripest fruits

usually start shriveling sooner, which causes higher transpiration [6], but unripe fruits

often lose more weight, too, because of a thinner wax cover on the skin [13].

Storability of fruits could be measured by loss caused by infection with fungal

diseases (rotten fruits) and incidence of physiological disorder (flesh browning) (Fig. 2).
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Fig. 1. Mass loss of plums fruits during and after cold storage
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The percentage of rotten fruits varied from 0.2 % for HM1 of ‘Bluefre’ fruits to 12.9 %

for CM of ‘Elena’ fruits, nevertheless the biggest losses among cultivar were observed

for CM of all cultivars. Only incidence of flesh browning of ‘Valor’ fruits did not show

any influence of treatment. All fruits showed flesh browning symptoms after 4 weeks of

storage. The least browning symptoms were found for ‘Valor’, regardless of the fruit

maturity during harvest, which suggests the highest storability of ‘Valor’ of all

examined cultivars. In the remaining cultivars the CM fraction showed the most

browning symptoms and the browning symptoms in most of fruits of ‘Valjevka’

indicate the low suitability of this cultivar for 4-week storage. Because of high rotting of

each ‘Elena’ fraction seems to be as well not good cultivar for longer storage at NA

condition.

Conclusions

1. The best storability was observed for ‘Valor’ due to the smallest losses of fruits

and the best after-storage quality.

2. The minimum firmness of large fruit cultivars (‘Valor’ and ‘Bluefre’) required for

cold storage should be approx. 5 kG, whereas the firmness of small fruit cultivars

(‘Valjevka’, ‘Elena’) should be 4 kG.

3. Both firmness and skin colour can be applied to the assessment of the optimum

harvest date of fruits intended for storage.
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Fig. 2. Loss of fruits after storage caused by rotting and physiological browning
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JAKOŒÆ OWOCÓW ŒLIWY PO PRZECHOWYWANIU
W ZALE¯NOŒCI OD PARAMETRÓW JAKOŒCOWYCH W CZASIE ZBIORU
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Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Odmiany œliwy ‘Bluefre’, ‘Valor’, ‘Valjevka’ i ‘Elena’ po zbiorze zosta³y rozsortowane w za-

le¿noœci od wybarwienia i jêdrnoœci na trzy grupy ró¿ni¹ce siê stadium dojrza³oœci. Po 4 tygodniach prze-

chowywania w ch³odni zwyk³ej w temperaturze 1 oC i 2 dniach dojrzewania w temperaturze 20 oC anali-

zowano stratê masy owoców, jêdrnoœæ, zawartoœæ ekstraktu, barwê skórki oraz wystêpowanie chorób grzy-

bowych i fizjologicznych.

Stopieñ dojrza³oœci owoców w czasie zbioru wp³ywa³ na utratê masy na skutek transpiracji, na

zabarwienie owoców, jêdrnoœæ i zawartoœæ ekstraktu po 2 i 4 tygodniach przechowywania. Jêdrnoœæ i masa

owoców mala³a, a zwiêksza³a siê zawartoœæ ekstraktu, jednak tempo i stopieñ tych zmian by³y œciœle

uzale¿nione od stadium dojrza³oœci w czasie zbioru. Mniej dojrza³e owce wykazywa³y mniejsze straty

spowodowane chorobami grzybowymi, jednak u wszystkich odmian po 4 tygodniach stwierdzono fizjo-

logiczne przebarwienia mi¹¿szu. Najmniejsze zbrunatnienie stwierdzono u owoców odmiany ‘Valor’, a po-

nadto nie by³o ono uzale¿nione od pocz¹tkowej dojrza³oœci. Najwiêksze zbrunatnienie mi¹¿szu stwierdzono

po przechowywaniu owoców odmiany ‘Valjevka’, natomiast najwiêksze straty powodowane chorobami

grzybowymi u owoców odmiany ‘Elena’, co pozwala uznaæ je za ma³o przydatne do 4-tygodniowego

przechowywania w ch³odni.

S³owa kluczowe: œliwa, przechowywanie, data zbioru, ekstrakt, jêdrnoœæ, barwa
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