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Introduction 
On request of the Marine Survey Bureau H.A. van Ameyde in Rotterdam ATO Agrotechnologie 
assessed the quality of 6 samples pears and apples from the vessel m.v. MIDELT, arrived at 
Rotterdam on 27-03-1991. The research was executed at Seaport Terminals B.V. Merwehaven 
Rotterdam on 28-03-1991 . 
The fruits were transported from San Antonio Este to Rotterdam. This is normally a voyage of 
approximately 20 days. However in this case m.v. MIDELT departed from San Antonio op 21-02-
1991 and arrived at Rotterdam on 27-03-1991, which is about 34 days. 
During discharge at Rotterdam quality problems in both pears (overripeness) and apples (bitter pit) 
were discovered. Van Ameyde asked ATO to assess the quality some fruit samples of the load. An 
important question to ATO is: can the delay of 14 days be the cause of the observed quality 
problems. 

Quality assessment 
Quality assessment was executed in a shed at Seaport Terminals B.V., Merwehaven in Rotterdam. 
Samples were taken by a representative of van Ameyde; 5 samples of pears (3 Williams, 1 
Packham's Triumph and 1 d'Arjou) and 1 sample of apples (Golden Delicious). They were 
assessed by ATO's representatives. 
Ripeness of the pears was assessed by measuring colour, firmness, and both external and internal 
disorders. Colour was determined with the Belgian colour chart (Edited by: Verbond van 
Coöperatieve Tuinbouwveilingen, Tiense Vest 142, 3000 Leuven) for the determination of the 
picking date of Golden Delicious. This chart is divided into 8 sectors between dark green and 
yellow. Every sector shows a hole through which a comparison can be made between the colour of 
the fruit and the colour of the chart sector. The sectors show numbers : 1 = dark green and 8 = 
yellow. 
Firmness was determined with an Effe-Gi penetrometer, which follows the principle of Magness 
and Taylor. This instrument consists of a plunjer connected with a spring. By pushing the plunjer 
into the fruit flesh the spring is stretched out by the resistance of the fruit flesh. The firmer the 
fruit the bigger this stretching, which can be read on the instrument in kg. For the pears the 8 mm 
plunjer was used; for the apples we took the 11 mm plunjer. 
Inspection on internal disorders was done by visual inspection after cutting the fruits. 
Assessment of bitter pit in apples was done by visual inspection of the peel and the flesh after 
cutting. The degree of bitter pit was assessed as none, light and moderate attack. 

From every sample (= 1 box) 25 fruits were assessed. They were taken from the central part of the 
box. The assessments were done on all 25 individual fruits. 

Results 

Sample 1 
Variety: Williams 
Packing date: 09-02 
Quality: cat I commercial 
Size: 120 
Package: wooden box, liner, fruits packed individually in white paper. 
Brand: FEDERADO 
Connossement: 7 

Colour (G.D. colourchart): 1 = maximal green; 8 = maximal yellow 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 7  
Average: 7.960 



Firmness (Effe-Gi penetrometer): measurements in kg 
4.0 3.0 2.4 2.2 2.2 5.0 3.2 3.2 3.0 3.8 2.8 2.6 4.3 2.8 3.4 2.8 5.2 2.2 3.2 1.9 1.6 3.3 2.4 1.8 2.3 
Average: 2.984 

Internal disorders: 
3 from the 25 fruits showed a beginning of brownheart. 
Remarks: 
5 from the 25 fruits showed a mild form of superficial scald. 

Sample 2 
Variety: Williams 
Packing date: 23-01 
Quality: cat I Elegido 
Size: 90 
Package: the same as mentioned for sample 1. 
Brand: RICAFRUIT 
Connossement: 10 

Colour: 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 7 7 7 7 7 7 6 6  
Average: 7.600 

Firmness: 
2.7 3.4 3.0 4.2 3.0 3.8 3.5 3.7 3.2 3.5 3.3 3.2 3.1 4.3 3.3 4.0 4.6 2.8 4.6 5.3 1.8 3.6 3.2 3.3 2.2 
Average: 3.464 

Internal disorders: 
1 from the 25 fruits showed a beginning of brownheart. 

Sample 3 
Variety: d'Anjou 
Packing date: 09-02 
Quality: cat I 
Size: 110 
Package: the same as mentioned for sample 1. 
Brand: DOLE 
Connossement: 16+17+18 

Colour: 
4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2  
Average: 2.840 

Firmness: 
5.3 6.3 6.8 4.5 5.3 4.3 5.3 5.2 5.1 6.8 5.8 7.0 5.5 6.0 5.3 6.8 6.0 5.8 5.3 5.4 5.8 7.0 6.5 6.0 
Average: 5.800 

Internal disorders: 
none 

Sample 4 
Variety: Packham 's Triumph 
Packing date: 12-02 



Quality: cat I Elegido 
Size: 80 
Package: the same as mentioned for sample 1. 
Brand: DOLE 
Connossement: 16+17+18 

Colour: 
5 5  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  3  3  3 2 2 2  
Average: 3.720 

Firmness: 
5.3 7.0 5.8 6.3 6.8 5.0 6.0 5.3 5.3 5.4 5.8 5.5 5.3 5.3 5.0 5.5 5.0 5.5 5.8 5.3 5.1 5.3 5.0 5.7 5.1 
Average: 5.536 

Internal disorders: 
none 

Sample 5 
Variety: Williams 
Packing date: 22-01-1991 
Quality: cat I commercial 
Size: 120 
Package: the same as mentioned for sample 1. 
Brand: RICAFRUIT 
Connossement: 10 

Colour: 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 7 7 7 7 7 7 7 7 6  Average: 7.6 

Firmness: 
4.3 5.5 5.6 4.4 4.0 4.0 5.8 4.3 5.0 4.8 4.8 5.0 4.3 4.0 4.7 4.3 4.3 3.3 3.5 3.7 4.0 4.0 4.5 4.3 4.5 
Average: 4.436 

Internal disorders: 
none 

Sample 6 
Variety: Red Delicious 
Packing date: 15-02 
Quality: cat I 
Size: 100 
Package: layered packing on trays, half of the fruits individually packed in blue paper. 
Brand: RECORD 
Connossement: 8 

Colour: 
not to be assessed in the same way as pears as a consequence of red colour. 
Impression: variation between 7 and 5 

Firmness: 
2.8 4.2 4.8 5.2 4.8 4.8 5.0 6.0 6.0 4.5 4.7 4.3 4.3 5.1 5.8 6.4 5.3 4.5 5.3 4.8 5.2 4.2 4.2 6.8 5.3 
Average: 4.972 



Bitter pit: 
external internal 

apple 1: none none 
apple 2: light none 
apple 3: moderate light 
apple 4: light light 
apple 5: light light 
apple 6: none none 
apple 7: none none 
apple 8: light none 
apple 9: none none 
apple 10 moderate moderate 
apple 11 none none 
apple 12 none none 
apple 13 none none 
apple 14 moderate light 
apple 15 moderate moderate 
apple 16 moderate moderate 
apple 17 light light 
apple 18 moderate moderate 
apple 19 light light 
apple 20 none none 
aplle 21: none none 
apple 22 none none 
apple 23 none none 
apple 24: light none 
apple 25 none none 

In total: external: 12 times none, 7 times light and 6 times moderate, 
internal: 15 times none, 6 times light and 4 times moderate. 

Discussion 

Pears 
During ripening of pears many things are changing. Amongst others chlorophyl, responsible for the 
green colour is being broken down. Firmness is decreasing as a consequence of the increased 
activity of several enzymes, which break down cell wall components. Especially polygalacturonase 
is important in this respect as it dissolves the pectine middle lamellae in the cell wall. 
During ripening many chemical changes also occur: production of volatile compounds is increasing 
strongly for example the production of esters. Total acidity is decreasing during ripening, and 
starch is being hydrolyzed giving a rise in the amount of sugars. 
Overripeness is characterized by a very yellow peel, a soft texture, development of disorders as 
brownheart and finally pathological breakdown. 
For practical assessments of ripeness colour and firmness can be used. 

Ripening of pears may be influenced by several factors before and during storage. The picking date 
is very important for storage life. If the fruits are picked from the tree too late, ripening will 
proceed quickly and storage life will be shortened. Also delays in cooling of the harvested fruits 
may lead to the same quick ripening. During storage a too high temperature may promote ripening. 
In the opposite case : picking on the right moment, prompt cooling and storage on the right 
temperature will lead to an optimal storage life. 



Finally the genetic background of the pears is off course also very important for the storage life for 
example storage lives of Williams, d'Anjou and Packham's Triumph are 3.5, 4-6 and 5-6 months 
respectively at -1°C (Lit 1,2). 

The results given above show that: 
- Williams pears are all very yellow and soft (see Table 1) and in some fruits a beginning of 
brownheart became visible. We state, that they showed a very advanced stage of ripening i.e. the 
fruits may be indicated as overripe. It must be expected that these fruits would cause serious 
problems during distribution. 
- Packham's Triumph and d'Anjou pears showed a much greener appearance. They were also 
firmer. These varieties were therefore in a much better condition than Williams. It must be 
expected that d'Anjou and Packham's Triumph will not cause quality problems during distribution. 

Tabel 1: Average colour and firmness of 5 pear samples. 

Sample No Variety Colour* Firmness** 

1 Williams 7.960 2.984 
2 Williams 7.600 3.364 
3 d'Anjou 2.840 5.800 
4 Packham's 3.720 5.536 
5 Williams 7.600 4.436 

* 1 = dark green; 8 = yellow 

As indicated above a safe storage duration for Williams is 3.5 months. This means that pears 
picked on the right moment, cooled down without delay and stored at the right temperature 
may be stored up till 3.5 months at -1°C. 

A storage period of 34 instead of 20 days will therefore have minimal consequences concerning 
ripening. So it is impossible, that this delay of 14 days has caused overripeness in the Williams 
pears on the m.v. MIDELT, assuming that no cooling delay has occurred at San Antonio and the 
storage took place at he right temperature. 

MIDELT was loaded from 19-02-1991 at 7.00 hours untill 21-02-1991 at 11.35 hours. The ship 
left San Antonio on 21-02-1991. Pulp temperatures of the fruits ranged between 6 and 10°C upon 
loading. From MIDELT's temperature readings we see that temperatures in the pear rooms were 
between 2 and 6°C on 21-02-1991 at 00.00 hours, whereas the temperatures in the same rooms 
were between +0.5 and -1°C on 23-02-1991 at 00.00 hours. This indicates an adequate cooling of 
the fruits. 
The temperatures during the rest of the voyage ranged between -1 and 0°C, indicating the right 
storage temperature for the pears. 

Apples 
Bitter pit in apples is a disorder, which is caused by a mineral imbalance in the fruit flesh. 
Especiallly low calcium levels are important as they increase chances on the development of bitter 
pit. Also magnesium and potassium have some influence on the disorder. Bitter pit may already 
appear in the fruits on the tree before harvest. Many cultural conditions favour bitter pit and 
especially early harvest enhances the problem. Bitter pit may also develop in storage. Storage 
conditions, that minimize bitter pit include prompt cooling, high relative humidity and CA storage. 



However also under the most favourable storage conditions bitter pit will develop to a certain 
extent 

In our research we found an average of 52% apples with external and 40% of the fruits with 
internal bitter pit. This must be regarded as a serious attack. 
From the ship's readings of the temperatures of the rooms, in which the fruits were stored during 
the voyage we saw a prompt cooling after loading. During the whole voyage a temperature of 0-
1°C was maintained. 
These conditions do not favour further development of bitter pit The cause of the bitter pit in the 
Golden Delicious apples must be sought in cultural conditions and not in the storage. 

Conclusions 
- Overripeness was found in 3 samples of Williams pears, which were transported from San 
Antonio Este to Rotterdam by the vessel m.v. MIDELT. This conclusion could be drawn after 
measuring colour and firmness of the fruits. The ripeness of 1 sample d'Anjou and 1 sample 
Packham's Triumph was much less advanced. 
- Bitter pit was found in 1 sample Golden Delicious apples, which were transported on the same 
vessel. 
- The cause of the overripeness of Williams pears must be sought in events before the storage on 
m.v. MIDELT. Cooling and storage of the pears has been done correctly and it can be excluded 
that the prolongation of 14 days of the voyage from San Antonio Este to Rotterdam 
has caused the overripeness. 
- The cause of bitter pit in Golden Deliocious must be sought in cultural and not in storage 
conditions. 

Summary 
On request of the Marine Survey Bureau H.A. van Ameyde at Rotterdam ATO Agrotechnologie 
assessed the quality of 5 samples of pears (3 Williams, 1 Packham's Triumph and 1 d'Anjou) and 
1 sample of apples (Golden Delicious). Overripeness was found in Williams pears and bitter pit in 
Golden Delicious. The cause of both quality problems must not be sought in a longer duration of 
of 14 days of the voyage with the vessel m.v. MIDELT. The cause of the overripeness and of 
bitter pit should be found in cultural conditions or events between harvest and loading on the ship. 

Literature 
1. ASHRAE (American Sciety of Heating, Refrigeration and Airconditioning Engineers, Inc) 
Handbook 1986, section n, pp 16.5. 
1791 Tullie Circle, NE Atlanta, GA 30329. 
2. Hilkenbaumer F. Obstlagerung, Grundlagen, Durchfuhrung und Kosten, pp 45 (1962). 
Verlag Paul Parey, Berlin und Hamburg. 


