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Abstract — The aim of this study was to estimate sample size for the physical and phys-
ico-chemical characteristics of the peduncles and nuts of the cashew (Anacardium
occidentale L.) as an aid in research using classical analytical methods and near-in-
frared (NIR) spectroscopy. Sample sizes were estimated by means of uniform strati-
fied sampling, comprising six strata (S1, S2, ..., S6) corresponding to the clones A+C
276/1, BRS 226, CCP 76, HI58-92-2, PRO 553/2 and PRO 555/2. Determining the size
of the sample for each stratum depends on the variance of the characteristic under
evaluation and the accepted margin of error B of the estimates, or on the desired
precision in the results. The greater the variance of the stratum, the greater the size
of the sample, the smaller the acceptable margin of error of the estimates, and the
greater the desired precision of the results. For an error B = 0.2 g, the sample size
for nuts of the A+C276/1 clone (stratum S1), with variance s> = 5.1568, was n, = 30
nuts. For firmness, with B = 0.50 N, the sample size for the PRO 555/2 clone (S6)
was n, = 22 peduncles. For vitamin C, which presented the highest variances, the
sample size of the BRS 226 clone (S2), with B =10 mg100*'g, was n, = 38 peduncles.
The variables pH, soluble solids, titratable acidity and soluble sugars presented the
smallest variances, giving the smallest sample sizes for each of the clones.
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near-infrared spectroscopy.
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Tamanho de amostras de caracteristicas
fisicas e fisico-quimicas de caju

Resumo - O objetivo deste trabalho foi estimar tamanhos de amostras de caracteristicas fisi-
cas e fisico-quimicas de pedunculos e castanhas-de-caju (Anacardium occidentale L.) para
apoio as pesquisas, por métodos analiticos classicos e por espectroscopia no infravermel-
ho préoximo (NIR). Os tamanhos de amostras foram estimados por amostragem estratifica-
da uniforme, constituida de seis estratos (S1, S2, ..., S6) correspondentes aos clones: A+C
276/1, BRS 226, CCP 76, HI58-92-2, PRO 553/2 e PRO 555/2. O dimensionamento da amos-
tra de cada estrato depende da variancia da caracteristica avaliada e da margem de erro B
admitida nas estimativas ou na precisao desejada nos resultados. O tamanho da amostra
sera maior quanto maior a variancia do estrato, menor a margem de erro admitida nas es-
timativas e maior a precisdao desejada nos resultados. Para um erro B=0,2 g, o tamanho da
amostra de castanhas do clone A+C276/1 (estrato S1), com variancia s* = 5,1568, foi n, = 30
castanhas. Para firmeza, com B = 0,50 N, o tamanho da amostra do clone PRO 555/2 (S6) foi
n, = 22 pedunculos. Para vitamina C, que apresentou as maiores variancias, o tamanho da
amostra do clone BRS 226 (S2), com B = 10 mg1007g, foi n, = 38 pedunculos. As varidveis
pH, sélidos soluveis, acidez titulavel e acucares sollUveis apresentaram as menores varian-
cias, possibilitando os menores tamanhos de amostras para todos os clones.

Termos de indexagao: dimensionamento de amostra, amostragem aleatdria estratificada
uniforme, precisdo de amostragem, espectroscopia no infravermelho préximo.

Several studies that involve evaluating these
characteristics in the nut and peduncle of
the cashew for the most varied of purpos-
es, have used samples of various sizes with-
out explaining how the respective values
were arrived at, or the level of precision of
the results. Others mention, inaccurately or
vaguely, or don’t mention at all, the sample
size used, which can weaken any conclusions
reached.

Introduction

In addition to the size, precocity and pro-
duction of cashew trees, the characteristics
of the nut and the peduncle are also consid-
ered fundamental as parameters that define
desirable genotypes. Quality characteristics,
such as the weight and firmness of the nut,
pH, soluble solids (SS °Brix), titratable acidi-
ty (TA%), the soluble solids/titratable acidity
ratio (SS/TA), vitamin C (mg100-g), and solu-

ble sugars (%) from the stalk, among others,
are critical factors in evaluating the quality
of the cashew (nut and peduncle).

As the cashew tree produces large amounts
of cashews during each crop, evaluating
these characteristics in each of the cashews
from all the plants in the experiment, and
even from each plant in one experimental
unit (plot), would not be practical. Even if
it were feasible, it would involve a long and
costly period of collection, weighing and lab-
oratory evaluation, all of which are nearly al-
ways subject to error.

In view of this, it is essential that appro-
priate sampling techniques and adequate
sample sizes be used as reliable estimators
of these characteristics, which, according to
Rossetti and Andrade (2002), contribute to
the precision of estimates of this type of pa-
rameter. However, a sample study is always
subject to some degree of uncertainty since
only part of the population is assessed. This
uncertainty can be reduced by having more
sample units (or larger samples) and using
better measuring instruments, which usually
takes both time and money.



This requires that sample sizes be estimat-
ed and the desired level of precision in the
results be defined to indicate the sampling
accuracy or the acceptable size of any error
in the sampling process, and the probability
of this error occurring in the sampling plan
or in the accuracy of the sampling process
(Cochran, 1977). Unfortunately, many stud-
ies found in the literature that involve sam-
pling do not take such important principles
into account.

As in other crops, near-infrared (NIR) spec-
troscopy is already used for the non-de-
structive characterisation of the cashew
peduncle to evaluate certain characteristics
of interest to agroindustry and to fresh con-
sumption, and to develop multivariate cali-
bration models. Again, the size of the sam-
ples is often variable, imprecise, vague and/
or not even mentioned.

Lopes et al. (2012) used 15 peduncles, di-
vided into three replications of five pedun-
cles each, in a physical and physico-chemical
characterisation employing classical ana-
lytical methods. Souza (2012) used cashew
peduncles “from a plantation located in the
city of Alto Paraiso, Rondonia” to study the
physico-chemical characteristics of cashew
pulp, both in natura and industrialised, but
did not mention the number of peduncles
that were used.

Souza et al. (2019) used three replications of
fifteen cashews each to investigate the ef-
fects of the individual and joint application
of gibberellic acid (GA3, 180 mg L) and am-
inoethoxyvinylglycine (AVG, 180 mg L?) on
pre-harvest shedding in the cashew, and its
effects on the physical and physico-chemi-
cal quality of the peduncle and nut. Almeida
et al. (2018) evaluated the influence of the
region, year of production and genotype
on the physical characteristics of peduncles
from three dwarf cashew clones. From the
total of 30 plants per clone, “around 30 ripe
cashews were harvested” and evaluated in
the laboratory.

Evangelista (2017) evaluated 25 dwarf ca-
shew clones for post-harvest quality in the

peduncle to indicate clones to produce ca-
shews intended for fresh consumption and/
or processing based on the qualitative at-
tributes of the peduncle. “Between 15 and
40 cashews from each clone” were used
and the following characteristics evaluated:
weight (total, peduncle and nut), size (apical
and basal diameters and length), firmness,
pH, titratable acidity (TA%), soluble solids
(SS), SS/TA ratio, soluble sugars (%), total ex-
tractable polyphenols and vitamin C.

Silva (2019) analysed the post-harvest qual-
ity of peduncles from 25 dwarf cashew
clones, with a view to fresh consumption
and/or processing. “Approximately 30 fruits
were harvested per clone” and, among oth-
er variables, their firmness (N), pH, titrat-
able acidity (TA%), soluble solids (SS °Brix)
and SS/TA ratio were evaluated.

Alves Filho et al. (2019) used 21 cashew
plants chosen from the set of accessions of
the Cashew Germplasm Bank (BAG-Caju) to
evaluate the physico-chemical and nutri-
tional characteristics of cashew peduncles,
with the aim of developing an advanced
tool for rapid phenotyping based on near
infrared spectroscopy (NIR). With the same
goal, Silva et al. (2021) used four replica-
tions of samples of unspecified size to “de-
velop a method of monitoring the vitamin
C content of acerola, based on the near in-
frared (NIR)”.

Ribeiro et al. (2016) collected 129 samples
of unspecified size of the peduncles from
eight dwarf cashew clones to investigate the
potential of using the NIR spectrometer as a
useful, robust, low-cost and non-destructive
alternative for predicting quality parameters
in the cashew. Samamad et al. (2018) used
23 samples of peduncles from 17 dwarf
cashew genotypes to estimate, using the
near-infrared (NIR) spectrometer, quality
characteristics of the cashew, such as firm-
ness, pH, soluble sugars (%), soluble solids
(SS), titratable acidity (TA), SS/TA ratio (fla-
vour) and vitamin C (VC), without giving the
size of the samples.



Galdino et al. (2019) analysed the peduncles
of 25 dwarf cashew clones to infer the phys-
ical and physico-chemical characteristics
and functional compounds, and suggest the
best clones for fresh consumption and/or
processing based on a sample of 12 cashew
plants harvested from plots of four plants.
Neves et al. (2020) collected pseudo-fruit
from a cashew plant and analysed the phys-
ico-chemical characteristics of the cashew,
such as pH, acidity, ethanol concentration,
SS and sensory qualities for the production
of fermented cashew using the pulp of the
fresh pseudo-fruit. They do not state the
number of peduncles used.

Freitas et al. (2020) evaluated the physi-
co-chemical and sensory qualities of the
peduncles of five cashew clones to aid in
the selection of new materials suitable for
commercialisation as table fruit or for pro-
cessing. They evaluated titratable acidity,
pH, soluble solids, SS/acidity ratio, ascorbic
acid and total polyphenols in peduncles har-
vested from three lots, without stating how
many peduncles were used. Magwaza et al.
(2012) made an excellent review of the prog-
ress of non-destructive evaluations of citrus
fruits using NIR spectroscopy, but again did
not mention sample size or the degree of
sampling accuracy.

Silveira et al. (2018) developed protocols to
evaluate the physical and physico-chemical
characteristics of the bioactive compounds
and antioxidant activity in the cashew pe-
duncle. For the physical evaluations, they
recommend that “the analyses should be
determined in samples comprising at least
21 fresh peduncles per plant, which should
be evaluated individually”. “To carry out
the physico-chemical analysis, each sample
should comprise at least 21 peduncles, di-
vided into a minimum of seven replications,
each of three peduncles”. They do not give
the sampling methodology used to estimate
the sample size, nor the level of sampling
precision or the margin of error allowed in
the results, which may weaken application
of their protocols in other studies.

Although the use of sampling in research
with perennial crops is common, few studies
have explained the sampling methodology
used to estimate sample size and the level
of sampling precision, and/or the allowed/
acceptable margin of error in the sampling
process. Using these methodological princi-
ples, Rossetti et al. (2014) estimated sample
size to assess the average weight of cashew
nuts. Similarly, Rossetti et al. (2019, 2020,
2021) used this methodology to estimate
the size of cashew nut samples based on the
weight of the nut and the type of clone.

The aim of this study was to estimate sam-
ples size in the peduncle and nut of the
cashew (Anacardium occidentale L.) from
dwarf cashew clones in evaluating physical
and physico-chemical characteristics using
classical analytical methods and near-infra-
red (NIR) spectroscopy.

Material and Methods

Six dwarf cashew clones (A+C276/1, BRS
226, CCP 76, HI58-92-2, PRO 553/2 and PRO
555/2) were used in the research, selected
from among those showing the best per-
formance. The experiment was conduct-
ed in the Experimental Area of Embrapa
Agroindustria Tropical in Pacajus, Ceara,
(4°11°26.62" S; 38°29°50.78” W; altitude 60
m), and included 25 genotypes, three blocks
(replications) and four plants per plot.
During the 2018, 2019 and 2020 seasons,
45 cashews were collected from each clone
in each crop; these were taken from three
plants selected from each plot in each of the
blocks, all at the same stage of maturation
(ready for harvest).

In the post-harvest laboratory, the follow-
ing characteristics were evaluated in the
peduncle using an ultra-compact near-in-
frared spectrometer (MicroNIR) connected
to a laptop: weight of the nut (g), firmness
(N), potential hydrogen (pH), soluble solid
content (SS °Brix), titratable acidity (TA%),
soluble solids/titratable acidity ratio (SS/
TA), vitamin C (mgl00g?) and soluble sug-
ars (%). At the same time, the weight of the



nuts (g) was determined individually using a
semi-analytical balance (Mark, Model 3100,
with a maximum capacity of 3,100 g and a
precision of 0.01 g).

The firmness of the peduncle (N) was eval-
uated using a Bishop model FT 011 manual
penetrometer equipped with an 8 mm di-
ameter flat tip, by means of two readings
taken on opposite sides of the basal area.
The pH, soluble solids (SS °Brix) and titrat-
able acidity (TA%) were determined as rec-
ommended by AOAC (2005). Vitamin C was
obtained by direct titration with Tillman’s
solution (2,6 dichloro-phenol-indophenol —
DFI 0.02%), and expressed in mg100g™. The
soluble sugar content (%) was obtained us-
ing the anthrone method, as per Yemm and
Willis (1954).

The research followed the uniform stratified
random sampling methodology, which con-
sists in subdividing the population into ho-
mogeneous subgroups (strata), in such a way
that there is homogeneity within the stra-
ta and heterogeneity between them (Ryan,
2013; Scheaffer et al., 2011; Cochran, 1977).
The sampling plan consisted of six strata (S1,
S2, ..., S6), with each stratum represented by
one clone: A+C 276/1, BRS 226, CCP 76, HI58-
92-2, PRO 553/2 and PRO 555/2. The consti-
tuted strata were as postulated by Scheaffer
et al. (2011) and Pfeffermann and Rao (2009),
i.e. large strata, each the same size.

After the laboratory evaluation, the hypoth-
esis of normality for each variable/charac-
teristic in each stratum was proved using
the Shapiro and Wilk (1965) method; the
statistical analysis was carried out using the
Statistical Analysis System software (SAS,
2009). At a probability level of a = 0.05, the
guantile of the standard normal is approxi-
mately 2.0. As such, the variance from the
mean in the precision of the sampling plan
is associated with the maximum margin of
error B allowed in the estimates or with the
desired levels of precision in the results, i.e.
02 = B2/4. Under these conditions, and con-
sidering that the costs per observation were
the same for each stratum, the allocation or
sample size n, of the i-th stratum (Neyman

allocation), as per Scheaffer et al. (2011) and
Pfeffermann and Rao (2009), is obtained by:

R, =Nl 77—
' Eiziﬂ?{ak

Equation 1.

where:

n.: is the sample size for the i-th stratum: (i=1,
2,..,6);

n: is the total sample size;

N.:is the size of the i-th stratum: (i=1, 2, ..., 6);
o0, is the standard deviation of the i-th stratum
(i=1,2,..6);

L: is the number of strata, in this case 6 (six
clones);

N,: is the sample size for the k-th stratum (k =
1,2, ..,6);

o, is the standard deviation of the sample of
the k-th stratum (k=1, 2, ..., 6).

Under these conditions, i = k, so:

i
;=N E'EL:;LJ:'

where, according to Scheaffer et al. (2011), the
total sample size n is obtained by:

_ [Ei:1Nkﬂ-k:]2
NZD 4+ 30 Nyol

Equation 2.

Equation 3.
Asi=k:
[E T
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Equation 4.
where:

N: is the number of sampling units in the
population: N=N, + N, + ..+ N ;

crf: is the variance of the i-th stratum (i = 1, 2,
., 6);

D: is the estimator of the fixed variance from
the mean in the precision of the sampling
plan, associated with the maximum margin of
error allowed in the estimates: D = B%/4.

Is should be noted that the sample size n,
in each stratum (clone) and the total size of
sample n presuppose a knowledge of the
position and dispersion values of the vari-
ables, the object of the study; these were
estimated, and the results shown in Table 1.



Table 1. Observed values (minimum, maximum, mean) and measurements of variability of the phys-
ical and physico-chemical variables of the six dwarf cashew clones under study.

Clone (stratum)/Variable Minimum Maximum  Mean (&% Variance (s?) S. deviation (s) CV (%)
Firmness (N) 3.61 16.34 9.56 13.8857 3.7264 38.99
Nut mass (g) 4.88 19.35 10.28 5.1568 2.2709 22.09
% PpH 3.97 4.99 4.39 0.0714 0.2672 6.08
S SS(°Brix) 9.90 14.15 12.38 1.0803 1.0394 8.39
5 TA (%) 0.15 0.82 0.40 0.0326 0.1804 45.34
% SS/TA 13.59 81.87 38.38 331.7207 18.2132 47.45
Vitamin C (mg100-'g) 142.57 953.74 285.63 28673.5938 169.3328 59.28
Soluble sugars (%) 5.18 9.31 7.26 1.0525 1.0259 14.14
Firmness (N) 4.45 14.46 9.06 10.5093 3.2418 35.79
Nut mass (g) 6.91 13.26 9.93 1.4612 1.2088 1217
& pH 3.80 4.47 4.10 0.0186 0.1364 3.33
§ SS (°Brix) 7.85 14.35 12.50 0.7796 0.8829 7.06
o TA(%) 0.17 0.55 0.33 0.0126 0.1122 34.29
& SS/TA 21.47 71.88 43.11 241.7178 15.5473 36.06
Vitamin C (mg100-'g) 241.63 793.30 430.66 31571.2669 177.6831 41.26
Soluble sugars (%) 4.86 13.88 8.61 5.1179 2.2623 26.28
Firmness (N) 3.06 13.77 8.85 12.9241 3.5950 40.61
Nut mass (g) 4.91 9.68 8.24 1.1092 1.0532 12.79
) pH 4.05 4.65 4.33 0.0213 0.1460 3.37
o SS(°Brix) 11.10 14.90 12.56 0.7894 0.8885 7.07
g TA (%) 0.16 0.59 0.23 0.0103 0.1016 43.45
O SS/TA 20.19 80.76 59.78 232.5568 15.2498 25.51
Vitamin C (mg100-'g) 210.97 781.64 379.77 32011.5497 178.9177 4711
Soluble sugars (%) 5.44 12.89 8.97 2.7017 1.6437 18.33
Firmness (N) 4.45 14.74 9.21 12.3061 3.5080 38.10
Nut mass (g) 8.76 14.28 12.11 2.0969 1.4481 11.96
g pH 3.39 4.66 4.34 0.0450 0.2122 4.89
S SS (°Brix) 12.10 14.95 13.19 0.4483 0.6696 5.08
3 TA(%) 0.14 0.56 0.22 0.0080 0.0894 39.91
£ SS/TA 22.12 91.16 64.87 299.6144 17.3094 26.68
Vitamin C (mg100-'g) 218.71 636.29 327.15 14287.8761 119.5319 36.54
Soluble sugars (%) 5.95 17.63 9.23 3.8698 1.9672 21.32
Firmness (N) 4.45 13.63 8.74 8.5886 2.9306 33.52
__ Nutmass (g) 5.71 12.16 10.31 2.0513 1.4322 13.89
@# pH 3.89 5.01 4.48 0.0777 0.2787 6.23
S SS(°Brix) 9.40 13.80 11.68 0.9570 0.9783 8.37
g TA (%) 0.1 0.64 0.29 0.0160 0.1265 43.00
e SS/TA 14.84 111.54 47.47 428.5640 20.7018 43.61
Vitamin C (mg100-'g) 84.26 652.93 290.04 36292.2192 190.5052 65.68
Soluble sugars (%) 3.16 9.39 6.45 1.8978 1.3776 21.37
Firmness (N) 4.31 17.80 9.96 16.2357 4.0294 40.44
__ Nutmass (g) 9.21 16.47 12.48 2.2061 1.4853 11.90
& pH 4.20 5.24 4.56 0.0543 0.2331 5.1
oSS (°Brix) 9.40 14.00 12.05 0.6424 0.8015 6.65
g TA (%) 0.12 0.95 0.33 0.0425 0.2062 63.26
e SS/TA 13.05 103.20 49.04 560.0752 23.6659 48.25
Vitamin C (mg100-'g) 151.93 663.00 299.87 24529.4182 156.6187 52.23
Soluble sugars (%) 3.68 9.81 7.31 2.3420 1.5304 20.94

'CV (%): Coefficient of variation expressed as a percentage.



Results and Discussion

Once the variances (s?) and the respective
standard deviations (s) of the variables of
each stratum (Table 1) had been estimated
and substituted in equations 2 and 4, the
sample sizes n (i =1, 2, .., 6) and the total
sample size n of each stratum were esti-
mated for the maximum margin of error B
allowed in the estimates or the desired pre-
cision of the results.

It can be seen (Table 1) that cashew clones
are variable in firmness and other vari-
ables, both within each clone (stratum)
and between clones, in line with EMBRAPA
AGROINDUSTRIA TROPICAL (2020). However,
in this case, the Shapiro and Wilk (1965) test
showed that each variable had a normally
distribution.

As the values set for B should be related to
the unit of measurement of the phenome-
non under study, care must be taken when
they are chosen. In this respect, values of B
were simulated for each variable under eval-
uation. For firmness, for example, a value
for B from 0.25 (N) to 2.00 (N) was allowed;
for the weight of the nut, as the values are
very small, a value from 0.1 g to 1.0 g was
accepted, and so on (Tables 2 to 4).

Sample sizes for cashew nuts

Assuming B = 0.2 g, for example, as the max-
imum margin of error accepted in the es-
timates or the desired level of precision of

Table 2. Sample sizes of total cashew nuts (n) per clone/stratum (n,, n,,

the results, the sample size for nuts of clone
A+C276/1 (stratum S1), which had the great-
est variance s? = 5.1568 (Table 1), was n, =
30 nuts (Table 2). For the same margin of
error, the sample size of clone CCP 76 (stra-
tum S3), which had the smallest variance s?
= 1.1092 (Table 1), was n, = 14 nuts. Under
the same conditions, for clone PRO 555/2
(stratum S6), of intermediate variance s? =
2.2061, the sample size was n, = 20 nuts.

In this case, based on stratified sampling
methodology, which states that the total
sample size (n) for the independent random
variables, as in the present case, is the sum
of the sample sizes, the total sample size
would be n = 64 nuts. Consequently, consid-
ering the samples from each of the clones
(strata), the total sample size for all the
clones would be n = 118 nuts (Table 2).

Note that, for the same margin of error al-
lowed in the estimates or desired precision
in the results, the sample size varies as a
function of the variance of the weight of the
nut from the clone (stratum); that is, smaller
sample sizes are obtained from strata with
smaller variances. The sample size of cashew
nuts for the strata under study varied as a
function of the variance of the weight of the
nut from each stratum and the margin of er-
ror allowed or tolerated in the estimates or
in the desired level of precision in the results
(Table 2). Therefore, the smaller the margin
of error (B) allowed in the estimates or the
greater the level of precision desired in the

..., Ng), for nut weight (g), as

a function of the maximum margin of error B (g) allowed in the estimates or in the precision of the

results.

Clone/Strata (S;: i=1, 2, ..., 6)

Error B (g) n

A+C276/1S1  BRS226S2  CCP76S3  HI58-92-2S4 PRO553)2S5 PRO555/2 S6
(n,) (n,) (ny) (n,) (ny) (ng)
0.1 197 50 27 23 32 32 33
0.2 118 30 16 14 19 19 20
0.3 71 18 10 8 12 11 12
0.4 45 12 6 5 7 7 8
0.5 31 8 4 5 5 5
0.6 22 6 3 2 4 3 4
0.7 17 4 2 2 3 3 3
0.8 13 3 2 2 2 2 2
0.9 10 2 1 1 2 2 2
1.0 8 2 1 1 1 1 2




results, the larger the sample size regardless
of the clone (stratum), as such agreeing with
the literature.

It should be noted that with a margin of
error B > 0.9 g, even with variances from
1.1092 to 2.2061, for strata S2 to S5 (Table 1)
the sample size was only one nut (Table 2),
which, from a practical point of view, is nei-
ther representative nor to be recommend-
ed. For example, in this case, the margin of
error B > 0.9 g is equivalent to more than
10% of the average weight of the nuts (8.24
g) from the S3 stratum (Table 1). Therefore,
margins of error with high proportions rela-
tive to the mean value of the variable under
evaluation are to be avoided.

Sample sizes for the physico-chemical
characteristics of cashew peduncles

If when evaluating the firmness of the pe-
duncle the maximum margin of error adopt-
ed is B = 0.75 N, for example (Table 3), the
sample size n, =9 peduncles is obtained with
the PRO 553/2 clone (stratum S5), which
showed the smallest variance s?> = 8.5886
(Table 1). For the same margin of error, the
largest sample sizes, n, = 13 and n, = 12 pe-
duncles, were obtained with the PRO 555/2
(stratum S6) and A+C276/1 (stratum S1)
clones, whose variances were, respectively,
s?2 =16.2357 and s? = 13.8857. Under similar
conditions, given the similarity of the vari-
ances s? = 10.5093 (stratum S2), s> =12.3061
(stratum S4) and s? = 12.9241 (stratum S3)

Table 3. Sample sizes of total cashew peduncles (n) per clone/stratum (n,, n,,

(Table 1), the sample sizes were similar (n, =
10 and n, = n, = 11 peduncles) (Table 3).

Vitamin C was the characteristic that showed
the greatest variation among the clones
(strata). The PRO553/2 (S5) clone ranged
from 84.26 mgl00'g to 652.93 mgl00ig
with a mean of 290.04 mgl100'g and CV =
65.68%, while A+C276/1 (S1) ranged from
142.57 mgl1001g to 953.74 mgl00'g with a
mean of 285.63 mgl100'g and CV = 59.28%.
The clones with the lowest variation indices
were HI58-92-2 (S4) and BRS 226 (S2), whose
variation was, respectively, 218.71 to 636.29
and 241.63 to 793.30 (mg100g), with mean
values of 327.15 and 430.66 (mg100g) and
CVs of 36.54%, and 41.26% (Table 1); even
so, these values were still quite high.

In view of this, the variable, vitamin C, reg-
istered the highest variances for the clones
under study, and as such, also the largest
sample sizes. Setting B = 10 mg100-g as the
smallest margin of error, for the PRO553/2
clone (stratum S5), whose variance was s? =
36292.2192 (Table 1), the sample size was
n. = 41 peduncles (Table 4). For the CCP 76
clone (stratum S3), where the observed vari-
ance was s? = 32011.5497, the sample size
was n, = 39 peduncles with the same mar-
gin of error. In this case, the total sample
size would be n = 80 peduncles. Clearly, with
greater margins of error B, the samples are
smaller, as can be seen in Table 4.

..., Ng), for firmness

(N), as a function of the maximum margin of error B (N) allowed in the estimates and/or in the pre-

cision of the results.

Clone/Strata (S;: i=1, 2, ..., 6)

Error B (N) n

A+C276/1S1 BRS226S2  CCP76S3  HI58-92254 PRO553/)285 PRO555/2 S6
(n,) (n,) (ny) (n,) (ng) (ng)
0.25 200 36 31 34 33 28 38
0.50 114 20 18 19 19 16 22
0.75 66 12 10 11 11 9 13
1.00 42 7 7 7 7 6 8
1.25 29 5 5 5 5 4 5
150 21 4 3 4 3 3 4
175 16 3 2 3 3 2 3
2.00 12 2 2 2 2 2 2




Table 4. Sample sizes of total cashew peduncles (n), per clone/stratum (n,, n,, ..., n/), for vitamin
C (mg100g), as a function of the maximum margin of error B (mg100-!g) allowed in the estimates

and/or in the precision of the results.

Clone/Strata (S;: i=1, 2, ..., 6)

Error B

(mg100'g) " A#C276/1S1 BRS226S2  CCP76S3  HI58-92-2S4 PRO553)285 PRO555/2 S6

(n,) (n,) (ny) (n,) (ng) (ng)

10 214 36 38 39 26 41 34

20 135 23 24 25 16 26 21

30 84 15 15 15 10 16 13

40 55 9 10 10 7 10 9

50 38 6 7 7 5 7 6

60 27 5 5 5 3 5 4

The variables pH, soluble solids (SS), ti-
tratable acidity (TA) and soluble sugars (%)
showed the greatest uniformity, and as a re-
sult, the smallest variances for each of the
clones under study (Table 1). Therefore, even
with the smallest margins of error B, it is also
possible to obtain smaller sample sizes for
each of the clones (strata). For pH, for exam-
ple, where the variances ranged from 0.0186
for BRS 226 (S2) to 0.0777 for PRO 553/2 (S5)
(Table 1), a sample of n = 17 peduncles can
be obtained, with a margin of error B=0.1.

For titratable acidity (TA), with variances
from 0.0080 for the HI58-92-2 (S4) clone to
0.0425 for PRO 555/2 (S6), the same mar-
gin of error B would give a sample of size n
= 7 peduncles. For soluble solids (SS °Brix),
where the variances ranged from 0.4483 for
HI58-92-2 (S4) to 1.0803 for A+C276/1 (S1),
samples are obtained of size n = 42 and n
= 12 peduncles, with a margin of error B =
0.25 and B = 0.50, respectively. In the case
of soluble sugars, where the variances var-
ied from 1.0525 for the A+C276/1 clone (S1)
to 5.1179 for the BRS 226 clone (S2), with a
margin of error B = 1.0%, a sample of size of
n =11 peduncles would be sufficient.

The results obtained in this study agree with
those found by Rossetti et al. (2020, 2021)
sizing cashew nut samples using this meth-
odology. When comparing sampling meth-
ods used in similar situations to those of the
present research, Sabino and Villaga (1999)
and Rossetti (2001) among others, conclud-
ed that the use of this technique afforded

better results than those found using oth-
er sampling methods. Compared with the
examples presented by Ryan (2013) and
Scheaffer et al. (2011) regarding a reduction
in sampling error and the precision of the es-
timates of sample sizes with this methodol-
ogy, they are consistent with the literature.

Furthermore, they agree with Thompson
(2012), Pfeffermann and Rao (2009) and
Ryan (2013), among others, that three fac-
tors influence sample size: (a) confidence
level (the greater the confidence level, the
larger the sample size); (b) maximum error
allowed in the estimates (the smaller the ac-
ceptable error, the larger the sample size);
and (c) the variability of the phenomenon
being investigated (the greater the variabil-
ity, the larger the sample size).

Based on the variable, vitamin C, which had
the highest variance, it can be inferred that
for a study involving each of these charac-
teristics together, allowing a margin of error
of B = 30mg100g for vitamin C, B=0.75 N
for firmness, and B = 0.3 g for the weight of
the nut, a sample size of 15 cashews (nut
and peduncle) each for of the BRS 226, CCP
76 and PRO553/2 clones, and of 18 and 12
each for A+C276/1 and HI58-92-2, respec-
tively, would be reasonable (Tables 2 to 4).

In the same way, with greater precision de-
sired in the results, i.e. with smaller margins
of error, e.g. B=10mg100g for vitamin C, B
= 0.25 N for firmness, and B = 0.1 g for the
weight of the nut, for example, a sample size
of 38 cashews (nut and peduncle) for the BRS



226 clone, 39 for CCP 76, 41 for PRO553/2,
34 for PRO 555/2, 50 for A+C276/1 and 32
for HI58-92-2, respectively, would be recom-
mended (Tables 2 to 4). In either case, the
total sample size (n) cannot be determined
by the sum of the sample sizes as they are
not independent random variables.

The results shown in Tables 2 to 4, and the
remarks concerning the variables pH, soluble
solids (SS), titratable acidity (TA) and soluble
sugars (%), can serve as a basis for choosing
the sample size to be used in research that
requires sampling of the physical and physi-
co-chemical characteristics of cashew based
on the margin of error that the researcher
accepts as reasonable or desires for the preci-
sion of the results of the research he/she un-
dertakes, using both classical analytical meth-
ods and near infrared (NIR) spectroscopy. The
information in this study can only be used for
other genotypes if the variances of the vari-
ables under evaluation are identical to those
obtained here, observing the error margins
accepted/allowed by the researcher.

Procedures for cashew collection
to determine sample sizes for the
physical and physico-chemical
characteristics of the cashew

For the purpose of standardising the sam-
ple size in the laboratory (selection of ca-
shews that were possibly damaged during
transport or otherwise), it is prudent to col-
lect around 20% more cashews than the re-
quired sample size.

Ripe cashews should be harvested once
they are ready for harvest (same stage as
maturation).

Cashews should be harvested in propor-
tion to the required sample size, from all
the plants selected in the plots of each
of the blocks from all the genotypes and
years/crops that make up the research
population.

Conclusions

Cashew sampling, for the purpose of eval-
uating the physical and physico-chemical
characteristics of cashew populations should
be based on genotype.

The sample size, whether for studies using
analytical methods or by NIR spectroscopy,
should be estimated based on the variable/
characteristic of interest.

The sample size, for the same accepted mar-
gin of error, varied according to genotype
and the characteristic under evaluation.

The sample size should be chosen based on
the accepted margin of error and the de-
sired degree of precision in the result.

The characteristics with the lowest variance
for each of the clones were pH, soluble sol-
ids, titratable acidity and soluble sugars; the
greatest was vitamin C.
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