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The analytical methods used for the 
identification and quantification of 

carotenoids have been improved and 
refined over time (Rodriguez-Amaya, 
2000). However, analytic inaccuracies 
have been detected, mainly related to 
the existence of discrepant data on the 
levels of these compounds reported for 
the same vegetable (Provesi & Amante, 
2015). Among the main factors of 
quality loss in the results generated 
by the analyses of carotenoids, it 
is possible to highlight incomplete 

extraction; inefficient chromatographic 
separation; errors in the identification of 
peaks, quantifications, and calculations; 
samples are not representative of 
the lots under investigation; physical 
losses; isomerization and oxidation 
of carotenoids during analyses or 
during storage of samples (Rodriguez-
Amaya & Kimura, 2004). These factors 
are distributed among all analysis 
steps, since sampling to quantification 
(Rodriguez-Amaya, 2000).

Sampling is the first step in the 

analysis of carotenoids content. 
Typically, it encompasses a sequence 
of steps, from obtaining a bulk sample, 
collection of increment in different parts 
of the lots to be analysed, to reduce the 
amount of the bulk sample in order 
to generate a sub-sample and, finally, 
reduction of particle size of the sub-
sample to obtain an analytical sample 
(Vogel, 2000). The latter is also known 
as laboratory sample, from which 
aliquots are collected for individual 
determinations (Harris, 2010).
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ABSTRACT
In the chemical and nutritional analyses of pumpkin, the size of 

bulk sample recommended by the method of reference, makes the 
process time consuming and difficult to execute. The purpose of the 
present study was to evaluate different sampling methods to indicate 
the most suitable one to replace reference method to determine 
the levels of total carotenoids, total soluble solids, and moisture 
in pumpkin. A completely randomized design was used with four 
treatments and 18 replications. The proposed methods consisted 
basically in changing the way of taking bulk samples from the fruits: 
cylinders method, quartile method, and the slice method. Samples 
obtained by proposed methods were analyzed for moisture content, 
total carotenoids and total soluble solids. Results obtained by each 
proposed method were compared against the method of reference. 
Cylinders method showed the best results and was the easiest to 
be carried out, consuming only about 1/10 of the time required in 
relation to the method of reference. The cylinder method was rapid, 
efficient, reliable and exhibited the greatest suitability for replacing 
the reference method.

Keywords: Cucurbita moschata, food analysis, carotenoid, sampling 
procedure, quartering.

RESUMO
Um método rápido e simples de amostragem para estimar 

características químicas e nutricionais em abóboras

Nas análises químicas e nutricionais da abóbora, o tamanho da 
amostra bruta recomendada pelo método de referência (dois quartis 
opostos), torna o processo demorado e difícil de executar. O objetivo 
do presente estudo foi avaliar diferentes métodos de amostragem para 
indicar o mais apropriado para substituir o método de referência na 
determinação de carotenóides totais, sólidos solúveis totais e umidade 
em abóbora. Utilizou-se o delineamento inteiramente causalizado 
com quatro tratamentos e 18 repetições. Os métodos propostos, 
denominados método dos cilindros, método do quartil e método da 
fatia, consistiram na mudança da amostra bruta a ser coletada nos 
frutos. As amostras obtidas por meio dos métodos propostos foram 
analisadas para os teores de umidade, carotenóides totais e sólidos 
solúveis totais. Os resultados obtidos pela aplicação de cada método 
proposto foram comparados com os resultados obtidos por meio da 
aplicação do método de referência. O método dos cilindros exibiu os 
melhores resultados e foi o mais fácil de ser executado, consumindo 
apenas 1/10 do tempo requerido pelo método de referência, sendo 
por essa razão, indicado como o mais rapido, eficiente e confiável   
para substituir o método de referência. 

Palavras-chave: Cucurbita moschata, análise de alimentos, 
carotenoide, procedimento de amostragem, quarteamento.
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The importance of sampling for the 
accuracy of the results is equivalent 
to any other step of the analysis. The 
variance of the analytical procedure, 
as a whole, is equivalent to the sum 
of accumulated errors in each step 
(Harris, 2010; Miller & Miller, 2010). 
On the other hand, in terms of the 
accuracy of the process, it is known 
that the most effective way to approach 
the analytical results to the values 
considered to be the most accurate is 
improving the reliability of the step 
with greatest variance, which normally 
corresponds to the sampling step 
(Morawicki, 2010). Studies based on 
analyses of foods have shown increased 
attention devoted to sampling, unlike 
studies on carotenoids, which have not 
devoted enough attention to that step 
(Rodriguez-Amaya, 2001). Most of the 
scientific articles have not mentioned 
the sampling procedures used, and some 
have done it in a superficial manner 
(Condurso et al., 2012; Carvalho et al., 
2014; Jaswir et al., 2014; Chan-Léon 
et al., 2017). In addition, specialized 
literature has few studies focused on the 
preparation of sampling methods for the 
quantification of carotenoid content in a 
particular plant. Normally, they include 
generic recommendations to analyse 
different analytes in plant groups with 
similar agronomic characteristics.

For  pumpkin ,  the  proposed 
sampling method is that recommended 
for large fruits and vegetables. It 
consists of longitudinal quartering of 
the fruit; random collection of two 
opposing quarters; peel removal; and 
homogenization of the quarters in food 
processors (Carvalho et al., 2012). 
This method determines how the bulk 
sample (the two opposite quarters 
collected) should be obtained from 
the lot (whole fruit). It also determines 
how to reduce particle size (ground in 
food processor). However, it does not 
inform how the bulk sample should be 
reduced to obtain the laboratory sample. 
For fruits weighing from 1.9 to 7.2 kg, 
as those mentioned by Ramos et al. 
(2010) the bulk sample would weigh 
between 0.95 and 3.6 kg, whereas the 
weight of aliquots used for individual 
determinations would range from 2 to 
15 g. This fact makes it clear that there 

is a need of a procedure for bulk sample 
reduction, or that the collection of fruit 
increments to obtain the bulk sample is 
changed so that the reduction becomes 
unnecessary. Saini et al. (2015) mention 
the reduction of sample volume as an 
important point to consider in sample 
preparation.

The use of the method currently 
recommended for the sampling of 
pumpkin requires time due to the 
weight and size of the fruit. It favors the 
occurrence of oxidative degradation and 
isomerization of carotenoids resulting 
from long exposure to oxygen, and 
enzymes and acids released from the 
cells after cutting the fruits (Rodriguez-
Amaya, 2002). It also makes the 
removal of the thin and rigid peel of 
the pumpkin difficult, poses a risk 
of accidents to teams working in the 
processing due to the use of knives for 
long periods in low-light environments. 
The processing of samples under low 
light conditions is a requirement of 
the methodology for the analysis of 
carotenoids due to the photosensitivity 
of carotenoids (Luterotti et al., 2013). 
It is necessary to obtain a method 
equivalent to the traditional one in terms 
of representativeness of the fruit. This 
new method should be able to minimize 
the problems caused by the reference 
method.

This study was carried out to 
evaluate different sampling methods in 
order to indicate the most suitable one to 
replace reference method to determine 
the levels of total carotenoids, total 
soluble solids, and moisture content in 
pumpkin (Cucurbita moschata)

MATERIAL AND METHODS

Plant material
Pumpkin landraces fruits with 

globular, flattened and cordiform shapes 
were harvested in the Agricultural 
Experiment Station “Pedro Arle” 
(Frei Paulo, Sergipe State) and were 
transported to Embrapa Tabuleiros 
Costeiros (CPATC), Aracaju, Sergipe 
State, Brazil. Those fruits were cleaned 
with water and stored under room 
refrigeration at 18ºC.

Eighteen healthy, ripe and non-

injured fruits were evaluated. The 
analyses were carried out from 
December, 2015 to March, 2016 in the 
Post-Harvest Laboratory, at  CPATC. A 
completely randomized experimental 
design was used containing four 
treatments (sampling methods) and 18 
replications.

Sampling methods 
The proposed methods (PMs) 

were prepared considering that the 
distribution of constituents throughout 
the equatorial axis of pumpkins is 
homogeneous, and the assumption that 
the longitudinal direction exhibits the 
greatest variation, as noted in the edible 
parts of other vegetables. In addition, 
it was established that the PMs should 
take into account all the thickness of the 
fruit pulp, avoiding the need of having 
to assess this effect. Before collecting 
the samples, the fruits had the four 
longitudinal quarters (Q1; Q2; Q3; and 
Q4) delimited to the latitudinal direction 
by four lines, called: L1; L2; L3; and L4. 
Q1 was defined by L1 and L2, Q2 by L2 
and L3, and so on. After the delimitation 
of the quarters, additional marks were 
done in order to guide sample collection 
when using the other PMs evaluated. 

Cylinder method
Arbitrarily, it was defined that 

bulk samples would be composed of 
cylindrical portions collected around 
the fruits using a core sampler (coconut 
opener tool). Cylinders were collected 
using a collecting strategy based on 
quarters. To perform the collection of 
cylinders in a quarter, that portion of 
the fruit was longitudinally divided into 
three slices (F1Q1, F2Q1, F3Q1) having 
the same height (one third of the distance 
between the peduncle and the flower 
scar) and being laterally delimited by 
the same lines that delimited the quarters 
(Figure 1).

For a better representation of the 
fruit, the ratio between the mass of the 
cylinders collected in each slice (CMSn) 
was determined to coincide with the 
ratio between the mass of each slice 
(MSn), i.e

CMS1:CMS2:CM3 = MS1:MS2:MS3
(Equation 1)

After the delimitation of the slices, 
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the quarters were cut in order to separate 
the slices to be weighed and obtain the 
MS1:MS2:MS3 ratio. The collection of 
different numbers of cylinders in each 
slice was tested until the sum of the 
mass of the cylinders collected in each 
slice was in accordance with equation 
1. For purposes of convenience, it was 
determined that the tests of number of 
cylinders would begin with one cylinder 
taken from the lowest-mass slice. After 
these tests, the cylinder method was 
established as described below:

-To draw on the fruit, straight lines 
perpendicular to each other, starting in 
the peduncle and ending in the flower 
scar;

-To draw on the fruit three divisions 
with equal length on each line; one 
division near the peduncle, one division 
in the center, and one division near the 
flower scar;

-To collect five cylinders from each 
line; one near the peduncle, three from 
the central division of the lines, and one 
near the flower scar. The cylinders from 
the upper and lower divisions should be 
positioned approximately in the middle 
of each division and the cylinders of 
the central part would be approximately 
positioned in an equidistant manner;

-The collection of cylinders should 
be performed using a core sampler 
(coconut opener tool) of approximately 
1 cm in diameter and whose length was 
greater than the thickness of the fruit 
(pulp plus peel);

-To remove the peel and the mucilage 
from the cylinders using a knife;

-To cut the cylinders into smaller 
portions (about 1 cm high) and grind 
using a domestic food processor.

Quarter method (QM) and slice 
method (SM)

These two sampling methods 
are similar and consist of using a 
whole quarter of the fruit (QM) and a 
longitudinal slice taken from one of the 
quarters (SM). It was established that 
the slice corresponding to the SM should 
have one-fourth of the quarter width. 
Prior to the collection, the slices were 
drawn on the peel of the fruits.

Reference method (RM)
The RM consisted of using two 

quarters located in a diametrically 
opposing position with respect to the 
fruits, as recommended by Rodriguez-
Amaya et al. (2008).

Physical analysis
Before collecting the samples for 

applying the methods to be evaluated, 
the fruits were weighed and had their 
dimensions measured, i.e., diameter (D) 
and height (H) (Brasil, 2004).

Sample preparation and chemical 
analyses

The sampling methods were 
evaluated to obtain bulk samples from 
each fruit used for replications in the 
experiment. Subsequently, each bulk 
sample was processed. The processing 
of the raw sample was carried out 
according to the methodology of 
Carvalho et al. (2014). The peels and 
seeds were removed, the pulps were 
sliced to obtain 1-cm-edge cubes, or 
1-cm high cylinders (for the CM), and 
the resulting sliced pulps were ground. 
Analytical samples for each sampling 
method were collected from the pulp 
ground. The analytical samples were 
defined as 100 g. The order for obtaining 
the analytical samples and performing 
the chemical analyses was determined 
by drawing. For comparison purposes 
between the methods, times required 
to obtain the analytical sample in each 
method was recorded and measured in 
minutes. For determining the content 
of total soluble solids (TSS), five 
grams of ground pulps were pressed to 
obtain juice, which was filtered through 
cotton, and finally dripped on the 
prism of a digital refractometer (Atago 
PR-32α [alpha] Pallete-Series). The 
results were expressed as percentage 
(grams of TSS/100 g of sample. The 
moisture content (MC), expressed in 
grams of water/100 g of fresh sample, 
was determined acoording to Bhat 
& Bhat (2013), except for using two 
grams of sample instead of 30 g, and 
drying the samples at 105°C instead 
of 130°C. Total carotenoids (TCA) 
were determined after extracting these 
compounds with acetone, partition of 
the resulting extract into petroleum 
ether, and measurement of the extract 
absorbance in petroleum ether at 450 
nm, as described  by Carvalho et al. 

(2014).
Classif ication of  evaluated 

methods
The results obtained by the methods 

under study were used to identify 
“the most suitable” method to replace 
the RM. The criteria used to classify 
the methods were 1) not differing 
statistically from the RM with regard 
to the chemical characteristics assessed; 
2) less time required for processing; 3) 
easy to be performed.

Statistical analysis
Each of the eighteen fruits used in the 

experiment was regarded as repetition. 
The results of the physical characteristics 
assessed were described as mean, 
standard deviation (SD), and coefficient 
of variation (CV) corresponding to each 
shape and, also, to all of them together, 
i.e., all the fruits of all shapes used in 
the experiment. The assessments of 
the chemical characteristics of each 
fruit and each evaluated method were 
performed in triplicate. The mean, the 
SD and the CV “between” and “inside” 
the fruits were calculated using the 
results obtained by the RM. The SD 
“inside” the fruit (SDI) was calculated 
using the equation (Barros Neto et al., 
2001):

SDI = {[(N1-1) SA2 + (N2-1) SB2 + … 
+ (NN-1) SN2]/[( (N1-1) + (N2-1) + … 
+ (NN-1)]}1/2 (Equation 2)

where N1, N2, and NN correspond to 
the number of tests replicated for the 
quantification of a given characteristic 
in each fruit, from the first to the nth fruit 
assessed; SA, SB, and SN correspond to 
the SD between replicate analyses of a 
given characteristic assessed in a given 
fruit. The CV “inside” the fruit expected 
for each chemical characteristic assessed 
was calculated using equation:

[CV (%) = 2(1 - 0.5 log C)] 
(Equation 3)
known as Horwitz equation or Horwitz 
trumpet (Sieber et al., 2019), where C 
is the constituent concentration.

The statistical comparison between 
the mean of each characteristic 
in each method evaluated and the 
characteristic corresponding to the RM 
was accomplished using the paired 
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t-test. The comparisons that resulted in 
p<0.05 were considered indicative of 
statistical difference between the PMs 
and the RM.

Time spent by each method to obtain 
the analytical sample was compared 
using analysis of variance (one-factor 
ANOVA). The Tukey test at 5% 
probability was used to compare means 
of sampling methods. These statistical 
analyses were performed using the 
GraphPad Prism software (GraphPad 
Software, Inc., San Diego, USA).

RESULTS AND DISCUSSION

Mean values of 5.8 kg (CV = 37.0%), 
25.0 cm (CV = 12.1%), 20.5 cm (CV = 
20.4%) were identified for the weight, 
diameter and height of the fruit, 
respectively. For pulp thickness, the 
value was 3.4 cm (CV = 17.4%). The 
values obtained in the present study 
are slightly higher than those obtained 
for pumpkin progenies by Borges et al. 
(2019), who reported values between 
2.3 and 4.2 kg for fruit weight and 1.6 
to 3.2 cm for pulp thickness. The high 
variability in these characteristics was 
due to the phenotypic variability in 
pumpkin landraces; it made it possible 
to test the robustness of the methods 
evaluated checking their applicability in 
fruits with such different weight values 
and shapes. High phenotypic variability 
for fruit weight and pulp thickness has 
also been found in other studies with 
Cucurbita sp. landraces (Priori et al., 
2018).

As the statistical analysis considered 
the fixed model the results presented in 
this study could only be related to the 
fruits within the dimensions and weight 
range assessed. At the same time, the 
method currently recommended (RM) 
does not derive from specific studies 
for the quantification of TCA, MC, 
and TSS in pumpkins, but consists of 
a generic recommendation for fruits of 
any species considered big in size, and 
weight (Rodriguez-Amaya et al., 2008).

The TCA, MC, and TSS values were 
measured using raw samples obtained 
by the RM. Those values ranged from 
115.57 to 392.60 µg of carotenoids/g of 
fresh matter, from 84.05 to 93.08 g of 

H2O/100 g of fresh matter, and from 6.5 
to 14.9%, respectively. This amplitude 
in the results, demonstrated that the 
variability in the results was only low 
for MC. This high variation resulted 
from genetic variability between the 
fruits used in the study. This variability 
represents a difficulty for the statistical 
comparison of methods because a given 
PM will only differ from the RM if the 
magnitude of the difference between the 
results obtained by its application, and 
the results obtained by the application of 
the RM is greater than the experimental 
error (Harris, 2010).

On the other hand, this variability 
allows the assessment of the robustness 
of the PMs, subjecting them to the 
comparison with the RM in a large range 
of chemical characteristics.

The levels of TCA, MC, and TSS 
found in the present study were like 
those reported previously (Carvalho 

et al., 2012), in which was observed 
236 µg of carotenoids/g fresh sample, 
85.29 g of H2O/100 g of fresh sample, 
and 12.1% of TSS. The use of equation 
2 to calculate a joint estimation of the 
SD enabled us to assess the variability 
in one fruit, but with 32 degrees of 
freedom (Table 1). This deviation 
corresponded to the precision of the 
analytical procedure, considering all 
its stages, including the sampling 
step performed with the RM, and is 
independent of the variability between 
the fruits.

The CVs, calculated from the SDs, 
indicated an excellent experimental 
precision for the quantification of all 
chemical and nutritional characteristics 
assessed. The value of the CV was 
inversely proportional to the magnitude 
of  the  resul ts .  The lowest  CV 
corresponded to the characteristic 
with the greatest magnitude (MC), and 

Table 1. Estimate of intra-fruit variability exhibited by pumpkin varieties relating to chemical 
and nutritional characteristics. Aracaju, Embrapa, 2016.

Evaluated 
characteristic Mean SD

Experimental 
CV (%)

Predicted
CV (%) 

TCA 223.1 5.54 2.28 3.54

MC 89.2 0.21 0.29 1.02

TSS 10.4 0.17 1.29 1.40

TCA= total carotenoids content (g of carotenoids/g); MC= moisture content (g of water/100 
g); TSS= total soluble solids (%); SD= standard deviation of eighteen replicates. Experimental 
CV= coefficient of variation of all the fruits assessed in the experiment, and predicted; CV= 
coefficient of variation predicted by Horwitz curve.

Table 2. Total carotenoids content (TCA), moisture content (MC), and total soluble solids 
(TSS) of pumpkin samples collected with the methods proposed {quartile method [QM] and 
slice method [SM]} and the reference method (RM). Aracaju, Embrapa, 2019.

Statistics Characteristic
Methods

Reference 
(RM)

Cylinders 
(CM)

Quartile 
(QM) Slice (SM)

Mean TCA 227.24 232.45 228.06 240.05
CI -14.3 to 3.9 -13.5 to 11.9 -25.0 to -0.6
P 0.2252 0.8870 0.0414
Mean MC 88.64 88.61 88.66 88.21
CI -0.34 to 0.36 -0.35 to 0.29 -0.10 to 0.94
P 0.9496 0.8350 0.1022
Mean TSS 10.91 10.93 10.80 11.14
CI -0.43 to 0.43 -0.12 to 0.38 -0.61 to 0.15
P 1.0000 0.2740 0.1993

SD= Standard deviation; CV= Coefficient of variation; CI = 95% Confidence interval; P=, 
Probability value.

BT Cardoso et al.
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the largest CV corresponded to the 
characteristic with the lowest magnitude 
(TCA).

The behaviors of the CVs based 
on magnitudes of the characteristics 
assessed were also provided by the 
Horwitz curve. This equation estimates 
the CV from the concentration of 
constituent and establishes that 
c h a r a c t e r i s t i c s  w i t h  g r e a t e r 
concentrations tend to exhibit lower 
CVs in comparison to characteristics 
with lower concentrations (Speakman 
& Shackley, 2013).

The values of CVs predicted by the 
Horwitz curve for TCA, MC, and TSS 
were arranged in a manner identical 
to the values obtained experimentally 
(Table 1). Nevertheless, it should be 
noted that the experimental values were 

always lower than the values predicted 
by the curve. This fact can be in part 
explained by the great experimental 
accuracy of the determinations, as 
previously mentioned. In addition the 
original curve was created using the 
results of interlaboratory tests, for 
which, from 1/2 to 2/3 of CV magnitude, 
are due to the variation within the same 
laboratory (Horwitz & Albert, 1995; 
Sieber et al., 2019). This variation 
was expected in the present study. 
The CV value obtained for TCA in the 
present study is similar to that obtained 
by Sánchez et al. (2014) in carotene 
analysis.

The variability between the fruits 
used as replicates in the present study 
was taken into consideration for the 
comparison between the PMs and the 

RM. For this reason, it was decided 
to use the paired t-test. The use of this 
type of test is recommended when the 
experimental conditions are similar 
to those found in the present study, 
i.e., when the aim is to compare 
two different methods by means of 
individual measurements (using each 
of the methods to measure each sample) 
of different samples (Harris, 2010). This 
type of test is used when an association 
between repetitions of treatments is 
expected. The results of the statistical 
comparison indicated that none of the 
methods assessed showed significant 
differences for MC and TSS (p>0.05) 
(Table 2).

The difference between the results of 
SM and the RM for TCA was observed. 
These results demonstrated that the 
CM and the QM can be used to replace 
the RM for sampling and pumpkin 
pulp processing to determine the three 
characteristics assessed, whereas the SM 
is only restricted to MC and TSS.

The confidence intervals exhibited 
considerably narrow limits for TCA, 
MC, and TSS, especially by the CM 
and QM. This observation allowed us 
to confirm the excellent accuracy and 
precision of these methods, because, 
when confidence intervals are narrow, 
the results will be close to each other 
and to the results of the RM. The 
confidence intervals, defined in a more 
understandable manner, though less 
accurately, correspond to the range of 
values in which there is 95% probability 
of finding the population mean (Harris, 
2010). Considering that in the paired 
test the mean did not correspond to 
an individual value, but rather to the 
difference between each PM and the 
RM, the confidence intervals (Table 3) 
indicate that 95% of the results obtained 
with the application of each PM for 
a given characteristic will differ from 
the results obtained using the RM by a 
value within the limits of the confidence 
interval. Therefore, it is expected that, 
in 95% of the analyses, the TCA values 
obtained by the CM and the QM will 
not differ from the results of the QM by 
values greater than 14.3 and 13.5 µg/g, 
respectively (limits with higher absolute 
value for each method).

All the PMs assessed achieved the 

Figure 1. Slices used to determine the number and position of the cylinders to be collected 
in pumpkin fruit. Aracaju, Embrapa, 2016.

Figure 2. Scheme demonstrating the steps to obtain analytical samples using Reference and 
Cylinder methods. Aracaju, Embrapa, 2019.

Table 3. Average time for obtaining the analytical samples of pumpkin pulp and the weight 
of the bulk samples, using different sampling methods. Aracaju, Embrapa, 2019

Sampling method Time (min) CV (%) Weight of bulk 
sample (g) CV (%)

Reference (RM) 58.6a 30.2 2906.0 35.49
Quartile (QM) 27.2b 34.3 1475.1 32.53
Slice (SM) 7,4c 39.2 336.3 32.30
Cylinder (MC) 5.4c 16.1 83.4 7.05

Time values and Weight of bulk sample = means of eighteen replicates; CV= coefficient 
of variation. Values in the same column with different superscript letters are significantly 
different (Tukey, p<0.05).

A simple and fast sampling method for assessing chemical and nutritional characteristics of pumpkins
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goal of reducing the processing time and 
obtained inferior results in comparison 
to those of the RM (Tukey’s test at 5% 
probability) (Table 3).

The comparison between the PMs 
indicated that the CM and the SM did 
not differ statistically between them, and 
the two methods featured processing 
times which were statistically lower 
than that of the QM. The differences 
in processing times of the different 
methods were mostly due to the mass 
of the fruits collected to compose the 
bulk sample since it is necessary to 
slice larger portions of pulp when the 
bulk sample is greater. In addition, 
larger mass samples impose the need 
for additional steps of successive 
quartering, so that the size of the bulk 
sample is reduced to the size of the 
analytical sample.

Another factor to be noted is that in 
the RM, the QM, and the SM, whose 
surfaces (and also the masses) collected 
corresponded to 1/2, 1/4, and 1/16 of 
the total fruit, respectively, there was 
a proportional growth between the 
surface and the mass collected and the 
size and weight of the fruit, so that the 
processing time was also related to these 
dimensions.

On the other hand, the surface of 
the fruits collected using the CM was 
approximately 15.7 cm2 (collection 
of 20 cylinders with 1 cm diameter), 
regardless of the size and weight of the 
fruits. For this reason, the processing 
time of the CM varied lesser than in 
the other methods, as can be observed 
by the comparison between the CVs, 
which was an advantage in favor of 
this method. Additionally, the short 
processing time and the smaller sample 
mass required by the CM allow the 
assessment of groups of fruits in the 
same analytical procedure, by means 
of obtaining samples composed of 
different fruits, for example, two or three 
fruits per plant, per retail store, etc. The 
Figure 2 shows the simplification of 
the sampling process by the cylinder 
method.

The cylinder method was considered 
the most suitable to replace the reference 
methodology, allowing a faster, safer 
sampling and with results statistically 
comparable to those provided by the 

reference methodology. Besides that, 
this method was also considered safer 
than the other analyzed methods because  
decrease of strength applied, associated 
with less processing time, impacted 
positively on the safety of sample 
processing, given that this procedure 
requires the use of knives in dark places.
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