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Abstract 

The characteristics and the quality of vegetable crops during storage are 
influenced by environmental conditions and production technology. Some pre-
harvest factors are closely related while others act independently. To provide high 
quality product throughout the year, it is required to start from high quality 
material and to optimize the different postharvest stages. Modified atmospheres 
depend on the properties of the packaging material and on the respiration activity. 
This last one is affected by intrinsic factors, such as size, variety and maturation 
stage, and extrinsic factors, such as temperature, processing conditions, relative 
humidity and fresh-cut vegetable volume. The objective of this study was to evaluate 
the influence of preharvest factors on the quality of fresh cut lettuce. Three 
experiments were conducted with different maturity stages (harvest time and leaf 
expansion grade) and lettuce types. Measurements were made of weight loss, 
ascorbic acid and chlorogenic acid concentrations, colour changes, O2, CO2 and 
ethylene production in the package atmosphere, general overall visual quality and 
organoleptic quality. Preliminary results showed that variation in enzymatic 
activities was related to the lettuce type and the permeability of the packaging 
material to O2 and CO2. In general, a lower chlorogenic acid concentration was 
related to a better organoleptic quality depending on the film permeability. A higher 
postharvest quality on butterhead fresh cut lettuce was found with lettuce heads 
harvested at 45 days. Fresh cut lettuce with moderately expanded leaves showed the 
best general overall visual quality. Ascorbic acid concentration decreased during 
storage in all lettuce types. Optimization of all the steps of production, preparation 
and distribution of fresh cut vegetable and selection of the most suitable cultivar will 
yield products of extended shelf life with fresh-like quality. 
 
INTRODUCTION 

The characteristics and the quality of vegetable crops during storage are 
influenced by environmental conditions and production technology. Some pre-harvest 
factors are closely related while others act independently. To provide high 
qualitythroughout the year, it is required to start from high quality material and to 
optimize the different postharvest stages. 
 The best quality of any commodity exists at the moment of harvest. From that 
point on, quality cannot be improved, only maintained. Many pre and postharvest factors 
influence the composition and quality of horticultural crops. The variety influence on 
nutritional value of vegetables has been reviewed by Kader (1992), who provided several 
examples of large genotype variation in vitamin content. Other preharvest factors include 
fertilisation, production technology system, nutrient and water supply, climatic 
conditions, temperature, light, rainfall, growing season, maturity at harvest, and 
harvesting method. Postharvest handling conditions also affect the nutritional quality of 
vegetables. 

During the last decade, the availability of minimally processed products has been 
expanded in diversity and quantity. The purpose of these products is to provide to the 
consumer economy of time, a product very similar to the fresh vegetable with a long 
shelf-life, and to guarantee foodsafety and quality. The equilibrium gas conditions of the 
modified atmosphere depend on the properties of the packaging material and on the 
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respiration activity. This last one is affected by intrinsic factors, such as size, variety and 
maturation stage, and extrinsic factors, such as temperature, processing conditions, 
relative humidity and fresh-cut vegetable volume. 

The aim of this study was to evaluate the influence of preharvest factors such as 
harvestime, leaf expansion grade and lettuce type on the fresh cut produce. 
 
MATERIAL AND METHODS 
 
Experiment 1 

In order to evaluate the postharvest behaviour of fresh cut lettuce with different 
maturity stages, a trial was carried out in a greenhouse, a metal structure covered with 150 
µ LDT polyethylene with lateral ventilation, at the Horticulture Department (FAUBA) 
during fall-winter season (2001) with a butterhead lettuce cultivar Titán. Seeds were sown 
in multi-cellular polystyrene planter flats with 216 cells of 20 cm3. A substrate with 
similar percentage of compost, sand and peat were used. After the nursery period, 
transplants were transferred to the greenhouse. Crop management was similar to a 
commercial one. Lettuce leaves were harvested at three maturity stages (30, 45 or 60 
days). Lettuce leaves were dipped in a 200 ppm chlorine solution for 1 min at 5ºC and 
then centrifuged at 2800 rpm for 15 sec to remove surface moisture. Minimally processed 
lettuce was weighted, packed in multilayered polyolefin bags PD-961EZ (oxygen 
permeability: 6000-8000 cm³ m² 24 h, 1 atm at 23 °C, carbon dioxide permeability: 
19000-22000 cm³ m² 24 h, 1 atm at 23 °C, and water vapor transmission: 0,90-1,10 g 100 
square inch, 24 h, 73ºF, 100% RH). Treatments were stored at at 1°C or approximately 12 
°C (12 ± 3 °C) for 7 days. Samples were taken at 0, 2, 4 and 7 days after harvest for the 
following measurements: a) general overall visual quality was evaluated according López 
Galvez et al.(1996), b) colour changes (a* value and ‘H’ hue angle) were measured with a 
Minolta chromameter CR-300, c) weight loss (%) was calculated, d) the O2 and CO2 
concentrations in the packages were measured with a gas analyzer (Abbispack) and e) 
ethylene production was measured with gas cromatograph HP 5890 Serie ll.  
 
Experiment 2 

The aim of this study was to evaluate the postharvest behaviour of fresh cut lettuce 
with different leaf expansion grade. The trial was carried out in the greenhouse described 
for experiment 1 during fall-winter season (2001) with a butterhead lettuce cultivar 
Floresta. Seeds were sown in multi-cellular polystyrene planter flats with 216 cells of 20 
cm3. A substrate with similar percentage of peat and vermicompost were used. After the 
nursery period, transplants were transferred to the greenhouse. Crop management was 
similar to a commercial one. Lettuce was harvested at the commercial maturity stage. 
Leaves were classified as: a) Outer leaves (fully expanded), length: 14-18 cm, width: 16-
14 cm, b) Intermediate leaves (moderately expanded), length: 10-13 cm, width: 9-13cm, 
and c) Inner leaves (non expanded leaves), length: ≤ 9 cm, width: ≤ 8 cm. Treatments 
combined leaf types such as outer leaves, intermediate leaves, inner leaves and a mix of 
them with two storing temperature, 1 ºC or approximately 12 °C (12 ± 3 ºC) for 10 days. 
Leaves were selected, washed, weighted (80 g per bag) and packed in multilayered 
polyolefin bags (PD 961-EZ) with passive modified atmosphere. Samples were taken at 0, 
2, 4, 6, 8 and 10 days after harvest for the following measurements: a) general overall 
visual quality was evaluated according López Galvez et al. (1996), b) colour changes (a* 
value and ‘H’hue angle) were measured with a Minolta chromameter CR-300, c) weight 
loss (%) was calculated, d) the O2 and CO2 concentrations in the packages were measured 
with a gas analyzer (Abbispack), Serie ll, d) nitrate concentration according Cataldo et al. 
(1975) and dry matter content.  
 
Experiment 3 

The aim of this study was to evaluate the ascorbic acid and chlorogenic acid 
concentration changes in different fresh cut lettuce types during the storage period. Trials 
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took place in open field during winter season with four types of lettuce: leafy, latin, 
crisphead and butterhead. Treatments were cut leaves in 3 x 5 cm pieces of different 
lettuce types. Poliolefin bags (PD 961-EZ) were used. Fresh cut lettuce was stored at 4 ºC. 
Measurements were taken immediately after harvest, and after 3, 7 and 10 days of 
storage. Ascorbic acid concentration was determined by capilar electrophoresis (Pañak et 
al., 1998). Chlorogenic acid concentration was measured according Ke and Saltveit 
(1986). A randomized design was used. All data were tested by an analysis of variance, 
and mean comparisons were made by Tukey test. The slope of the curve for ascorbic acid 
concentration changes during storage was calculated by a non linear regression analysis. 
 
Statistical Analysis and Experimental Design 

A randomized design with four replicates was used. All data were subjected to 
analysis of variances procedures. Treatment mean values were compared with the Tukey 
test (p<0.05). Visual quality was tested with non-parametric test. 
 
RESULTS AND DISCUSSION 
 
Effect of Lettuce Maturity Stage 

To obtain a high quality product that satisfies consumer’s demand, regarding both 
nutritional and organoleptic quality, one must choose an optimal maturity stage at harvest. 
The use of modified atmosphere packaging combined with low temperature storage will 
maintain the fresh cut quality. Lettuce maturity stage selection is one of the preharvest 
factors determining the quality of the final product. 
1. Package Atmosphere. At the end of the storage period, the O2 concentrations in the 
packages ranged from 15.85 to 16.3 % for fresh cut lettuce stored at 1 ºC, and from 9.0 to 
11,4 % for lettuce stored at approximately 12 °C. The CO2 concentration ranged from 4.9 
to 5.3 % for fresh cut lettuce stored at 1 ºC, and from 5.5% to 6.7% stored at 
approximately 12 °C (Figure 1). Our results are in agreement with Stanley (1989), Kader 
(2002) and Artés et al. (1996). 
We hypothesized a lower O2 and a higher CO2 concentration for fresh cut lettuce 
harvested at 30 days assuming a higher metabolic activity of young tissue (Poulsen et al., 
1994). However, our results didn´t show that trend. 
At the beginning of storage, high ethylene production rate were found with lettuce 
harvested at 60 days while lettuce harvested at 30 days showed lower levels, 9.825 nl 
ethylene.g-1.h-1 and 1.677 nl ethylene.g-1.h-1 respectively. Lettuce harvested at 45 days 
showed an average ethylene production rate between both maturity stages of 5.312 nl 
ethylene.g-1.h-1. Our results are in agreement with previous studies about the maturity 
stage effect on the ethylene production reported by Kader (2002), Krarup et al. (1987) and 
Saltveit (1999). 
2. General Overall Visual Quality. There were significant differences in general overall 
visual quality between the two storage temperatures and among the three lettuce maturity 
stages evaluated. At the end of storage, the quality of the different maturity stages stored a 
1ºC was above the limit of acceptability. On the other hand, acceptable quality after 
storage at approximately 12 °C was only found with lettuce harvested at 45 days.  
In conclusion, our results showed that the highest postharvest quality for minimally 
processed butterhead lettuce was found with lettuce harvested at 45 days. A statistically 
significant effect on the gas evolution and general overall visual quality was found for 
storage at 1° C. 
 
Effect of Lettuce Leaf Expansion Grade 

Maturity stage related to the leaf expansion grade at harvest has a significant 
impact on postharvest life and the nutritional value of vegetables (Sorensen et al., 1994; 
Drews et al., 1995; Watada et al., 1999). 
1. Package Atmosphere. There were significant differences in the O2 and CO2 
concentrations between the two storage temperatures. A pronounced decrease in O2 
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concentration was found after 2 days of storage at both temperatures. Both temperatures 
exhibited a similar profile for the O2 concentration. At the end of storage O2 concentration 
was higher after storage at 1ºC than at approximately 12 °C.  
The CO2 concentration showed a larger increase after 2 days of storage. Both 
temperatures exhibited a similar profile for the CO2 concentration. At the end of storage 
CO2 concentration was higher after storage at approximately 12 °C than at 1ºC. Our 
results are in agreement with Kader (2002) and Segall and Scanlon (1996). 
Package atmosphere of fresh cut lettuce with non-expanded leaves showed the lowest O2 
concentration during storage without significant differences with regard to the other 
treatments. No differences were found between fully and moderately expanded leaves.  
Fresh cut lettuce with non-expanded leaves showed the highest CO2 concentration 
without differences with mixed leaves. Both treatments showed significant differences 
with fully and moderately expanded leaves. 
2. General Overall Visual Quality. Fresh cut lettuce stored at approximately 12 °C 
showed strong browning on leaf surface and leaf edge. These results are consistent with 
those of López-Gálvez et al. (1996) and Castañer et al. (1999). The higher quality losses 
at approximately 12 °C are in agreement with previous studies that reported the 
importance of storage temperature (Stanley, 1989; Kader, 2002; Willey, 1997). Fresh cut 
lettuce with non-expanded leaves showed a higher general overall visual quality loss as 
consequence of a higher respiration rate and surface/volume ratio, and were more 
perishable. Moderately expanded lettuce showed the best general overall visual quality at 
the end of the storage period. 
3. Nitrate Concentration. Neither storage temperature nor leaf expansion degree showed 
significant effects on nitrate concentration. A higher nitrate concentration was found at 
the end of storage period. 
 
Lettuce Type and Nutritional Value 
1. Ascorbic acid concentration. All lettuce types showed a decrease in acid ascorbic 
concentration during storage with a strong decrease after 3 days of storage (Figure 2). 
Leafy lettuce showed the highest ascorbic acid concentration during the whole storage 
period, and crisphead lettuce the lowest. Ascorbic acid concentration decreased during 
storage in all lettuce type. Butterhead lettuce showed a higher ascorbic acid concentration 
decrease during the storage period because of leaf texture and a higher relative water 
content (Wills et al., 1998). 
Ascorbic acid concentration changes during storage was tested by correlation analyses 
(correlation coefficients between 0.74 and 0.97) showing an exponential decrease  
Y = e(-kx) in function of time (Table 1). A non linear regression was assumed because the 
initial ascorbic acid concentration affects its degradation mechanism (Fennema, 1989). 
2. Chlorogenic Acid Concentration. Phenolic compounds are present in all fruits and 
vegetables and in all their derived food products. Phenolic composition is modified by 
oxidative reactions during processing and storage. As antioxidant, these compounds are 
also of a great interest. A high chlorogenic acid concentration was found in lettuce 
(Tomás-Barberán et al., 1997). A chlorogenic acid concentration increase was found for 
all lettuce types. Leafy lettuce had the highest ascorbic acid and chlorogenic acid 
concentration without quality losses by enzymatic browning during the whole storage 
period. Its incorporation to the diet as a source of ascorbic acid and natural antioxidant 
would be healthy. 
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Tables 
 
Table 1. Predicted ascorbic acid concentration changes in fresh cut lettuce during storage 

period at 4ºC according to lettuce type 
 

Regression equation r2

Butterhead y = 7.11(-0.71.x) + 0.73 0.97

Crisphead  y = 0.83(-0.18.x) + 0.17 0.85

Latin y = 5.42(-0.33.x) + 0.58 0.86

Leafy  y = 12.29(-0.08.x) + (-1.65) 0.75

Lettuce type

 
 
 
 
Figurese 
 

 
Fig. 1. Oxygen (left) and carbon dioxide (right) concentrations in fresh cut lettuce bags 

during storage at 1ºC for 7 days. Lettuce heads were harvested at three maturity 
stages (30, 45 and 60 days). 
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Fig. 2. Ascorbic acid concentration changes in lettuce during storage period at 4 ºC. Each 

point is the average that include four fresh cut lettuce types  
 
 


