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1 Introduction
Among the vegetables widely consumed in Brazil is the 

lettuce cultivar Lactuca sativa L., a leafy vegetable belonging to 
the Astereceae family (FELTRIM et al., 2005).

In the state of Sao Paulo, the volume of commercialized leafy 
vegetables increased between 1999 and 2009 from 84 thousand 
to 136 thousand tons, totaling 63%. The Asteraceae family had 
the highest growth, from 27 thousand to 52 thousand tons, 
totaling 93% increase, and the lettuce reached 82% of the volume 
in 2009. (INSTITUTO…, 2008; SISTEMA..., 2010).

Fruits and vegetables are valued food because they play an 
important role in human nutrition and health. However, some 
are highly perishable, especially leafy vegetables, requiring 
attention and special handling in all stages of the production.

One of the reasons they are extremely perishable, besides 
their high water content, is that they are still alive even after 
harvest, thus maintaining their vital processes. Hence, they 
are forced to use their reserves of substrate (such as sugars and 
starch) to breathe and to produce necessary energy to stay alive 
(CHITARRA; CHITARRA, 2005).

When subjected to physical stresses, these products have 
their metabolism accelerated, leading to an increase in the 
respiratory rate causing faster deterioration (PORTE; MAIA, 
2001).

The lettuce postharvest processing operations in tropical 
countries such as Brazil presents several challenges to those 
involved in the production and marketing chain due to the 
high perishability of this product. Moreover, the value of leafy 

vegetables is low in most markets, which makes difficult the 
adoption of more advanced techniques of postharvest (TIVELLI, 
2007).

There are few similar studies related to this proposal since 
most of the studies on crop systems available in the literature 
are focused specifically on the product and productivity. There 
are very few studies on differentiated crop systems of lettuce 
plants or on the optimization and improvement of crop systems. 
Therefore, the present study aimed to compare the different 
processes of lettuce plant harvesting in order to verify the best 
system to prolong the useful life of lettuce plants.

Sensory analysis, a tool widely used due to its ease and 
speed of implementation, can be used for quality control. It is 
carried out in different stages starting from the receipt of raw 
materials up to finished products. The Qualitative Descriptive 
Analysis method (QDA) evaluates all the sensory attributes of 
food products, namely appearance, aroma, flavor, and texture.

In the sensory evaluation of lettuce, appearance has a 
major influence in choosing the product since brown spots on 
the leaves and extremities are factors that lead to the refusal to 
purchase the product (KADER, 2002; HEIMDAL et al., 1995). 
Thus, physiological parameters are associated to sensory quality, 
which are essential requirements for the acceptance and success 
of these products. This study aimed to evaluate the lettuce shelf 
life harvest process (cut in different ways - on the stem or with 
the whole root - using the traditional method of cutting in the 
control sample) under controlled conditions of temperature and 
relative humidity using sensory analyses.
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For the choice and definition of the concepts and attributes 
to be analyzed, the most important product qualities were taken 
into consideration.

The purpose was to train the testers using the same 
vocabulary to describe the sensory properties of the lettuce 
plants (Table  1). During the training, the concept of each 
attribute was also introduced through photos and lettuce 
samples that were selected according to the end-points of the 
scale used.

Next, an evaluation sheet composed of nine-point hedonic 
scale was used, in which the end points were lack of quality 
and excellence in quality. The same sheet model was used to 
each vegetable.

The experimental design consisted of a completely 
randomized in a 4 × 4 factorial arrangement (four varieties of 
lettuce  -  ’Graciosa’, ‘Vanda’, ‘Marcela’ and ‘Lavínia’) and four 
different cuttings - with root on (WR); producer’s cut (PC); cut 
on the stem -root transition (C1); and between the beginning 
of the root zone and the first leave (C2).

A total of 320 lettuce plants were analyzed, and they were 
acquired according to the number of replications and treatments 
(4 × 4 × 5 = 80); four varieties of lettuce, four harvest systems, 
and 5 repetitions, totaling 80 units per cultivar.

The results were subjected to descriptive analysis, and when 
it was confirmed that the data followed a normal distribution, 
the analysis of variance was performed and, if significant, the 
mean comparison between the treatments by the Tukey test with 
confidence level of 95% using the statistical ASSISTAT® version 
7.6 beta (SILVA, 2011).

A multivariate analysis method, called principal 
component analysis (PCA), was also used; the data obtained 
in this study were analyzed using the R® software version 2.14.1 
(R DEVELOPMENT…, 2011).

3 Results and discussion
According to Almeida (1995) and Gonzales, Burin and 

Buena (1999), the instrumental color can be used as a parameter 
to establish the quality standard of an in natura or processed 
product. It can also be used as a factor to determine the shelf life 
of a product, when variation during storage is studied.

The parameters freshness and brightness are also essential 
for product acceptance by the consumer, and they are directly 

2 Materials and methods
The experiment was conducted at the Laboratory of 

Postharvest Technology (LTPC) of the School of Agricultural 
Engineering (FEAGRI), University of Campinas (UNICAMP), 
located at the University City “Zeferino Vaz,” Barão Geraldo 
district, Campinas/SP, in September 2011. During that time, the 
maximum and minimum temperature of 27.8 °C and 15.8 °C, 
respectively, were detected in Campinas.

Four varieties of lettuce (American ‘‘Graciosa’ (Tecnoseed), 
‘Vanda’ (Sakata), ‘Marcela’ (Hortec), and ‘Lavinia’ (Sakata)) were 
used. The plants were obtained from a commercial plantation 
located on Sítio Noda s/n, Colônia Tozan, Mogi Mirim km 10, 
Campinas-SP.

All lettuce plants collected were grown under the same 
conditions the lettuce beds dimensions were 1.00 m/100 m, the 
number of vegetables per bed was 1.200 units, and the spacing 
between rows was 12 seedlings per m2. Around 45 days after 
planting, they were harvested in the morning with the root on by 
the producer. The cut was performed ± 1 cm above the soil level 
using a knife. The most damaged outer leaves were discarded. 
Another cut was made (±3 cm) aiming at the removal of part 
of the stem that did not had leaves in order to obtain cleaner 
product.

The plants were transported to the LTPC in plastic boxes 
(40 × 60 × 23 cm; ten units per box). Next, the plants were rinsed 
with tap water and stored in cold chamber (Profrio Modular 
Serie 34512) under temperature and relative humidity of 10 °C 
± 1 °C and 80% ± 2%, respectively.

Some samples were harvested with the root on and were 
cut in different regions at the laboratory: cut 1, root  -  stem 
transition, and cut 2, from the beginning of the root zone and 
the first leave. A caliper was used to standardize the cutting 
height with the distance of 1mm above the root (cut 1) and the 
distance of 15 mm (cut 2). The cuts were made ​​by carbon steel 
blade, like a scalpel, sterilized.

The plants were analyzed on days 1, 3, 6, and 9 after harvest 
by a team of twelve trained testers.

The following visual attributes: color, freshness, mechanical 
damage, brightness, and general appearance were analyzed using 
the Qualitative Descriptive Analysis (QDA) (KADER, 2002; 
MEILGAARD; CIVILLE; CARR, 1999).

Table 1. Profile Attributes used in conventional lettuce, definitions, and references.

Attributes Definitions References
Color Bright green color, characteristic of lettuce quality. 1: Absence of chlorophyll

2: Presence of chlorophyll
Freshness Liveliness and brightness characteristic of the vegetables before losing vigor. Wilt: Absence of freshness

Fresh: Presence of freshness
Mechanical damage Damage of any kind in the leaves, browning in the midrib and edges, and 

presence of lesions.
Damaged: Presence of damage
Integrate: Absence of damage

Brightness Characteristic of the vegetation when in good condition; when it gives the 
consumer a feeling of freshness and quality

Opaque: Absence of brightness
Shiny: Presence of brightness
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the general appearance is given by the grouping of these 
parameters perceived by the consumer. All of these factors 
and the customer’s quality expectations are taken into account 
before purchasing.

 The sensory profiles of the lettuce samples obtained by 
quantitative descriptive analysis are shown in the radar chart 
(Figures from 1 to 4). The center of the figure represents the 
point 1 of a range of attributes, while the intensity increases 
from the center to the periphery.

Every attribute analyzed had a tendency to linear regression. 
It can be said that this loss of quality is an expected result since 
quality cannot be improved; only maintained. Changes were 
observed in the lettuce plants over the storage period.

associated with the water present in vegetables. Moisture stress 
begins with the loss of moisture to the environment, which is 
characterized by the loss of turgidity, and therefore it is necessary 
to control the temperature and relative humidity in an attempt 
to maintain this parameter (THOMPSON, 2004).

Another important factor is the preservation of vegetables 
with regards to mechanical damage, which can be caused by 
many factors and at any time during the life cycle of raw materials. 
Any damage to the vegetable tissue induces physiological and 
biochemical activities resulting in deterioration of the product 
(PORTE; MAIA, 2001). Thus, good handling practices are 
essential throughout the production chain to assure food quality.

Considering all of the attributes mentioned above: color, 
brightness, freshness, and damage; it can be concluded that 

Figure 1. Sensory Profile of the Lettuce ‘Graciosa’ for the treatments With Root (WR), Producer’s Cut (PC), Cut 1 (C1), and Cut 2 (C2).

Figure 2. Sensory Profile of the Lettuce ‘Vanda’ for the treatments With Root (WR), Producer’s Cut (PC), Cut 1 (C1), and Cut 2 (C2).
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values ​​ranging from 2.31 to 2.95; the highest values were found ​​
for this attribute on the last day of analysis. The lettuce ‘Vanda’ 
(Figure 2) presented values ​​from 1.25 to 3.28, highlighting the 
best performance of the cut 1 treatment, since the quality of this 
lettuce was maintained longer.

The literature on the sensory analyzes in whole lettuce plants 
is scarce; most studies focus on sensory analyses in minimally 
processed lettuce plants. However, scientific publications on 
postharvest changes are informative enough.

Significant differences (p ≤ 0.05) were found for every 
attribute during the storage period, except for the American 
variety with root and the producer’s cut for color parameter.

According to Chitarra and Chitarra (2005), senescence is 
considered as a period of the life cycle of a vegetal when there 
is a predominance of catabolic processes (degradation), which 
are responsible for the death of tissues since the synthesis ability 
of a vegetal is very limited in the final stage of life.

Analyzing the results, it appears that the lettuce ‘Marcela’ 
(Figure  3) was more prone to degradation with notes 
concentrated in the center of the graph. This fact is attributed 
to the characteristics of leaf structure specific of each type of 
lettuce.

Regarding the general appearance parameter on the 9th 
day of storage, the lettuce ‘Lavinia’ (Figure 4) presented values ​​
ranging from 1.47 to 2.30; higher than those found for the lettuce 
‘Marcela’ 0.73 to 1.70. The lettuce ‘Graciosa’ (Figure 1) presented 

Figure 3. Sensory Profile of the Lettuce ‘Marcela’ for the treatments With Root (WR), Producer’s Cut (PC), Cut 1 (C1), and Cut 2 (C2).

Figure 4. Sensory Profile of the Lettuce ‘Lavínia’ for the treatments With Root (WR), Producer’s Cut (PC), Cut 1 (C1), and Cut 2 (C2).
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day of storage, and the treatment with root had greater losses 
than those of other types of lettuce (2.57).

According to the hedonic scale, considering the undesirable 
values ​​below 4.5, it can be said that regarding the general 
parameter aspect that on the 6th day of storage the lettuce plants 
were considered unfit for consumption, with the exception of 
the lettuce ‘Lavínia’ for the treatment with root and cut 2. On 
the 9th day of storage, all samples were considered improper 
for consumption.

It can be seen in Figure 5, similar performance between the 
attributes, represented in the graph by the vectors, the smaller 
the angle between the vectors, the greatest correlation between 
the attributes, i.e., the attributes freshness, mechanical damage, 
and brightness are strongly correlated.

4 Conclusion
The quality of lettuce plants reduced from the 1st to the 6th 

day of storage, and on the 6th day the plants in all treatments were 
considered inappropriate for consumption, with the exception 
of the lettuce ‘Lavínia’ in the treatments with the root and cut 
2. On the 9th day of storage, all samples were considered unfit 
for consumption.

Acknowlegments
The authors acknowledge the financial support provided 

by FAPESP (Proc. No. 2011/50036-6) and CNPq for granting 
the master’s degree scholarship.

References
ALMEIDA, C. Determinação da firmeza e cor do tomate 

(Lycopersicum esculentum Mill) visando o estabelecimento de 
correlações entre medidas sensoriais e físicas ao longo do tempo 
de maturação. 1995. 102 f. Dissertação (Mestrado em Tecnologia de 
Alimentos)-Faculdade de Engenharia de Alimentos, Universidade 
Estadual de Campinas, Campinas, 1995.

CHITARRA, M. I. F.; CHITARRA, A.B. Pós-colheita de frutos e 
hortaliças: fisiologia e manuseio. Lavras: Editora UFLA, 2005.

FELTRIM, A. L.  et al. Produção de alface americana em solo e em 
hidroponia, no inverno e verão, em Jaboticabal, SP. Revista 

Chlorophyll is responsible for the green color of plants. 
Since their chemical structure is unstable, they are easily 
degraded resulting in decomposition products that change the 
perception and food quality (SCHOEFS, 2002). This aspect 
is entirely related to the acquisition of these products by 
consumers; the decrease in chlorophyll content result in market 
losses, thus, encouraging research in an attempt to find methods 
to better preserve them.

It was observed that during the day the green color of the 
leaves decreases, as pointed out by Schoefs (2002). It can be 
said that the samples reached the 6th day of storage presenting 
acceptable color. According to Chitarra and Chitarra (2005), 
changes in pH, due to increased concentration of organic acids 
in the vacuoles, activation of the enzyme chlorophyllase, and 
endogenous oxidant systems, contribute to loss of color.

As for the attributes freshness and brightness during 
storage, it was observed loss of vigor associated with water 
loss. With regards to freshness, there were statistical differences 
(p ≤ 0.05) between the treatments on the 3rd and 9th days for the 
lettuce ‘Vanda’, to which the producer’s cut treatment presented 
the worst results.

After harvest, the loss of only 5 to 10% water is sufficient 
to cause changes in the structure, texture, and appearance 
(CHITARRA; CHITARRA, 2005). Thus, the reduction of water 
loss during storage is important for maintaining the vigor and 
quality of the products.

Guimarães  et  al. (2006), when working with sensory 
analysis of minimally processed lettuce stored at temperatures 
of 10 °C and 2 °C confirming that the two temperatures were 
efficient in maintaining the most of sensory qualities. However, 
it was observed a better performance during storage at 2 °C.

Once again, it is evident the importance of controlling the 
temperature and the ideal relative humidity during the storage 
of lettuce.

Mechanical damage was intensified during storage. It is 
importantly to emphasize that the level of damage will influence 
dramatically the shelf life of the product. The lettuce cultivar 
‘Vanda’ presented statistically difference (p ≤ 0.05) on the 6th 

Figure 5. Principal Component Analysis graphs from the 1st and 9th days of storage.



Food Sci. Technol, Campinas, 33(2): 239-244, Apr.-June 2013244

Sensory attributes of lettuce obtained by different harvesting systems

do CEPPA, v. 19, p. 105-118, 2001. Disponível em: <http://calvados.
c3sl.ufpr.br/ojs2/index.php/alimentos/article/view/1227>. Acesso 
em: fev. 2010.

R DEVELOPMENT CORE TEAM. R: a language and environment 
for statistical computing. Vienna: R Foundation for Statistical 
Computing,  2011. Disponível em: <http://www.R-project.org>. 
Acesso em: dez. 2011.

SCHOEFS, B. Chlorophyll and carotenoid analysis in food products. 
Properties of the pigments and methods of analysis. Trends in Food 
Science & Technology, v. 13, n. 11, p. 361-371, 2002. http://dx.doi.
org/10.1016/S0924-2244(02)00182-6

SISTEMA DE INFORMAÇÃO E ESTATÍSTICA DE MERCADO DA 
CEAGESP - SIEM. As famílias botânicas das hortaliças folhosas. 
SIEM, ago. 2010. Disponível em: <http://www.hortibrasil.org.br/
jnw/index.php?option=com_content&view=article&id=892:as-
familias-botanicas-das-hortalicas-folhosas&catid=64:frutas-e-
hortalicas-frescas&Itemid=82>. Acesso em: jan 2011.

SILVA, F. A. S. ASSISTAT versão  7.6 beta. Campina Grande: 
Universidade Federal de Campina Grande, Centro de Tecnologia 
e Recursos Naturais, Unidade Acadêmica de Engenharia 
Agrícola, 2001. BR n. PI 00040512. Assistência Estatística.

THOMPSON, J. F. Precooling and storage facilities. Washington: 
United States Dept. of Agriculture  -  USDA,  2004. (Agriculture 
Handbook, n. 66).

TIVELLI, S. W. Valor agregado. Revista Cultivar HF, v. 2, n. 42, p. 35, 
fev./mar. 2007. Disponível em: <http://www.abhorticultura.com.br/
Biblioteca/Default.asp?id=5722>. Acesso em: maio 2010.

Brasileira de Engenharia Agrícola e Ambiental, v.  9, n.  4, 
p.  505-509, out./dez.  2005. http://dx.doi.org/10.1590/S1415-
43662005000400010

GONZALES, A. P.; BURIN, L.; BUENA, M. P. Color changes during 
storage of honeys in relation to their composition and initial color. 
Food Research International, v. 32, p. 185-191, 1999. http://dx.doi.
org/10.1016/S0963-9969(99)00075-7

GUIMARÃES, A. P. C. et al. Análise sensorial em alface hidropônica 
cv. Elba minimamente processada e armazenada sob duas diferentes 
temperaturas de refrigeração. Horticultura Brasileira, v. 24, p. 219-
219,  2006. Disponível em: <http://www.abhorticultura.com.br/
biblioteca/arquivos/Download/Biblioteca/46_0563.pdf>. Acesso: 
abr. 2011.

HEIMDAL, H.  et  al. Biochemical changes and sensorial quality 
of shredded and MA-packaged iceberg lettuce. Journal of 
Food Science, v.  60, n.  6, p.  1265-1276,  1995. http://dx.doi.
org/10.1111/j.1365-2621.1995.tb04570.x

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA - IBGE. 
Censo Agropecuário: Brasil,  2008. IBGE,  2008. Disponível em: 
<http://www.sidra.ibge.gov.br/>. Acesso em: jan. 2011.

KADER, A. A. Postharvest technology of horticultural crops. 3rd ed. 
Davis: Division of Agriculture and Natural Resources, University 
of California, 2002. n. 3311.

MEILGAARD, M.; CIVILLE, G. V.; CARR, B. T. Sensory evaluation 
techniques. 3rd ed. Boca Raton. Florida: CRC press, 1999.

PORTE, A.; MAIA, L. H. Alterações fisiológicas, bioquímicas e 
microbiológicas de alimentos minimamente processados. Boletim 

http://calvados.c3sl.ufpr.br/ojs2/index.php/alimentos/article/view/1227
http://calvados.c3sl.ufpr.br/ojs2/index.php/alimentos/article/view/1227
http://www.R-project.org
http://dx.doi.org/10.1016/S0924-2244(02)00182-6
http://dx.doi.org/10.1016/S0924-2244(02)00182-6
http://www.hortibrasil.org.br/jnw/index.php?option=com_content&view=article&id=892:as-familias-botanicas-das-hortalicas-folhosas&catid=64:frutas-e-hortalicas-frescas&Itemid=82
http://www.hortibrasil.org.br/jnw/index.php?option=com_content&view=article&id=892:as-familias-botanicas-das-hortalicas-folhosas&catid=64:frutas-e-hortalicas-frescas&Itemid=82
http://www.hortibrasil.org.br/jnw/index.php?option=com_content&view=article&id=892:as-familias-botanicas-das-hortalicas-folhosas&catid=64:frutas-e-hortalicas-frescas&Itemid=82
http://www.hortibrasil.org.br/jnw/index.php?option=com_content&view=article&id=892:as-familias-botanicas-das-hortalicas-folhosas&catid=64:frutas-e-hortalicas-frescas&Itemid=82
http://www.abhorticultura.com.br/Biblioteca/Default.asp?id=5722
http://www.abhorticultura.com.br/Biblioteca/Default.asp?id=5722
http://dx.doi.org/10.1590/S1415-43662005000400010
http://dx.doi.org/10.1590/S1415-43662005000400010
http://dx.doi.org/10.1016/S0963-9969(99)00075-7
http://dx.doi.org/10.1016/S0963-9969(99)00075-7
http://www.abhorticultura.com.br/biblioteca/arquivos/Download/Biblioteca/46_0563.pdf
http://www.abhorticultura.com.br/biblioteca/arquivos/Download/Biblioteca/46_0563.pdf
http://dx.doi.org/10.1111/j.1365-2621.1995.tb04570.x
http://dx.doi.org/10.1111/j.1365-2621.1995.tb04570.x
http://www.sidra.ibge.gov.br

