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Abstract
Charcoal is a widely used barbecue product that comes into direct and indirect contact with the foods ingested. Thus, it must 
have adequate technical characteristics so that its consumption is not harmful to the environment and human beings. This 
study aimed to investigate the quality of charcoal for use in domestic barbecue, relating different brands and commercial 
categories. Products from different brands were collected in two consecutive years, in five different commercial categories: 
supermarket chain; independent supermarkets; meat market; gas station; and other establishments. The physical, chemical 
and mechanical properties of charcoal were analyzed. Data were analyzed by uni- and multivariate methods. High variability 
of product characteristics according to brands, commercial categories and years of collection was detected. In addition, some 
briquettes marketed as charcoal had characteristics unsuitable for use in barbecue, such as high moisture content (> 9%), high 
ash content (> 10%) and high friability. Charcoal made available for domestic barbecue has high variability of its technical 
characteristics for combustion and not all of them were suitable for the use in barbecue.

1 Introduction

Reports that the different forms of food preparation prac-
ticed by humans have driven their evolution highlight the 
curiosity about what food preparation was like in the past 
centuries. Cooking was the first practice by humans to 
improve the palatability of food (Warnes 2008; Viksna et al. 
2015; Leavey et al. 2017). It has been practiced to this day 
with great development of the process, apparatus and more 
complex equipment enabling the barbecue in homes using 
vegetable biomass, especially charcoal. Globally, there are 
more people using solid fuels today than at any other time in 
human history (Bonjour et al. 2013), and yet it is considered 
a modern practice, referenced by its contribution to harm-
ful gas and particulate emissions to the environment. It is 

estimated that 9.15 t year−1 of particulate matter is emitted 
by restaurants and steakhouses in large urban centers such 
as Los Angeles, USA (Zhao et al. 2015; Gysel et al. 2017; 
Gordon et al. 2014).

Cooking using biomass is widely practiced, especially in 
developing countries such as Brazil, but it is also observed 
that charcoal is used in a gourmet way, by combustion and 
direct and indirect contact of charcoal with food, resulting 
in the traditional barbecue. In addition to contact with gases 
and particulates, some food recipes are made by direct con-
tact with charcoal, as in the case of dirty steaks, where meat 
rests directly on charcoal embers (Chambers et al. 2007; 
Wongmaneepratip and Vangnai 2017). Research on charcoal 
for household use that addresses only quality aspects is still 
in its infancy, but most studies do not correlate the effects 
of the product on emissions of toxic compounds and on 
changes in grilled foods, nor does the end consumer receive 
product guidance to help him choose a high quality charcoal 
for cooking use (Dias Júnior et al. 2015a, 2020). It has been 
observed in the literature that the variable most analyzed 
by recent research revolves around investigating the local-
ity of products, but there is still no approach on different 
brands of different commercial categories and with different 
seasonality.
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Barbecue charcoal is a product that can be purchased in 
the retail market all over the world in different commercial 
categories, such as supermarkets, steakhouses, gas stations, 
bakeries and others. Consumers do not interact with charcoal 
producers in order to contribute to the improvement of the 
production chain and, consequently, to the final quality of the 
products. Thus, price becomes the aspect most considered by 
consumers at the time of purchase (Dias Júnior et al. 2015a, 
2020; Rueda et al. 2015). Charcoal unsuitable for domestic 
use in cooking has had insufficient time or temperature for 
efficient pyrolysis, with traces of wood or untransformed 
biomass, resulting in great possibilities of emitting harmful 
gases and increasing the risk of food contamination by these 
toxic compounds (North et al. 2017; Sioutas et al. 2005; 
Gordon et al. 2014; Shen et al. 2013; Wang et al. 2012; 
Huang et al. 2014). The adequacy of products with consum-
ers is an urgent measure to be started in the world, includ-
ing consumers as a key element for enhancing the charcoal 
production chain and improving its quality. However, for 
this, the consumer needs to know and understand the main 
variables that permeate the quality of the product. There 
are many differences between the quality of charcoal and 
the commercial categories that make the product available 
to consumers. Some are very concerned about quality and 
offer excellent products, while others only think of offering 
the product to the consumer.

Thus, some questions need to be answered: What would 
be the main characteristics to be observed in charcoal for 
barbecue? Do the commercial categories market products 
of the same brand, but with different characteristics? Could 
charcoal of different brands be of the same quality for bar-
becue? Given the above, the aim of this study was to inves-
tigate the quality of charcoal for domestic use in barbecue, 
relating different brands and commercial categories.

2  Materials and methods

2.1  Charcoal sampling

The products were obtained in Piracicaba, São Paulo state, 
southeastern Brazil. A random sampling process was car-
ried out by dividing commercial establishments into five 
categories: (a) supermarket chains (R), large supermarket 
chains with branches distributed in various parts of Brazil; 
(b) independent supermarkets (I), medium and large super-
markets, but with exclusive location in the municipality; (c) 
meat markets and butcher shops (C), trade of beef, pork, 
chicken and other sausages of animal origin; (d) gas sta-
tions (A), trade of car fuels that also sell charcoal; and (e) 
category of establishments called “other” (O), consisting 
of grocery stores, mini-markets, bakeries, greengrocers and 
retailers that sell charcoal. This procedure was based on the 

hypothesis of the existence of more specific and rigorous 
quality control in higher, more organized commercial cat-
egories, hence offering differentiated products to consumers.

Ten commercial establishments of each category were 
drawn, located within the reference area of the 63 neighbor-
hoods that make up the municipality of Piracicaba, SP, Bra-
zil. The list of commercial establishments used for the draw 
was obtained from the Piracicaba Commercial and Industrial 
Association (ACIP). To investigate the seasonality of sup-
ply and variation of characteristics as a function of time, a 
two-stage sampling was conducted, with the first collection 
carried out in December 2014 and the second in December 
2015, revisiting the same establishments initially drawn. 
The products were purchased in their original packaging, 
and two packages (3 and/or 5 kg) of each charcoal brand 
marketed were collected, according to the availability of the 
product at the time of the visit to the selected establishment. 
This amount ensured material and sample randomness. For 
comparison purposes, in the second stage of the sampling, 
only the brands available in the first sampling stage were 
acquired; when not found they were named “absent”.

2.2  Analysis of the technical characteristics 
of charcoal collected

To verify the veracity of the identification provided in the 
packaging, analyses have been carried out to differentiate 
the origin material (charcoal of eucalyptus wood or other 
species) according to the methodologies of Rangel (2012) 
and Vital et al. (2014), in which the occurrence of diffuse 
tangential porosity indicates that charcoal comes from Euca-
lyptus spp. wood, while another type of porosity is catego-
rized as non-Eucalyptus spp. The charcoal was analyzed 
according to its geometric shapes and using reflected light 
magnifying glass, observing the cross section at 10 × magni-
fication. Approximately 500 g of each sample collected had 
the charcoal pieces individually analyzed. The result of this 
was the percentage of mass of the components in the pack-
age, whether briquette, eucalyptus coal or charcoal of other 
species. This procedure was carried out, as not all packages 
had information on which species of wood was used in the 
production of charcoal.

Moisture content (wet basis) was determined by drying 
the samples at 103 ± 2 °C (ASTM 2007). Apparent density 
was obtained according to ASTM D2395-17 (ASTM 2017a) 
and bulk density according to ASTM D5057-17 (ASTM 
2017b). True density and porosity were determined based 
on the procedures described by Dias Júnior et al. (2016). 
Immediate chemical analysis was performed following the 
methodology of ASTM D1762-84 (ASTM 2007) for the 
determination of volatile material (VM), ash content (AS) 
and fixed carbon content (FC). Higher heating value (HHV) 
was determined on an Ika C200 calorimeter pump according 
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to DIN (2010). The net heating value was obtained with the 
aid of Eq. 1.

where NHV = net heating value (kcal  kg−1); LHV = lower 
heating value (kcal  kg−1), obtained by subtraction HHV—
304 (water vapor formation energy); MC = moisture content 
(%), wet basis.

To evaluate the friability of charcoal, the rotating drum 
test was performed, adapting the standard ASTM D441-07 
(ASTM 2019), for coal. Charcoal was classified according 
to the percentage of fines generated (< 20 mm): extremely 
friable (> 30%), very friable (25–30%), moderately friable 
(15–25%), poorly friable (10–15%) and very poorly friable 
(< 10%). The combustion index (ICOM), which evaluates 
the burning performance, was determined based on the pro-
cedures of Quirino and Brito (1991) and Dias Júnior et al. 
(2015a).

2.3  Data analysis

Data were analyzed through a completely randomized design 
in a factorial arrangement: charcoal × seasonality (collection 
stage), and the number of dependent variables (brands) var-
ied between the two sampling stages (31 and 22), the number 
of seasonality was two and the number of repetitions was 
five. Care was taken to test the database with the Kolmogo-
rov–Smirnov test to verify adherence to normality and the 
Levene test to verify the homogeneity of variances. When 
significant difference was verified, the means were compared 
with each other by the Scott-Knott test at the 95% probabil-
ity level. Multivariate principal component analysis (PCA) 
was performed to group the brands by their similar technical 
attributes, based on the random vector variance structure 
composed of the charcoal characteristics (Mingoti 2005; 
Manley 2008). Only the averages of each variable analyzed 
were considered, using the correlation matrix of the data. 
The established linear combinations were interpreted by 
means of the normalized eigenvectors and the correlations 
between the original variables and the principal components.

(1)NHV = LHV ×

(

100 −MC

100

)

− 6 ×MC

3  Results and discussion

During the first stage of the study, the packages of two 
brands of products collected were labeled as charcoal, but 
when opening the package, it was found that the products 
were briquettes. The consumer purchased the wrong product. 
As these products are distinct from charcoal, the analysis 
was conducted separately.

3.1  Technical characteristics of charcoal briquettes

The characteristics of products of the same brand, collected 
in different categories, independent supermarkets and 
“other”, are presented in Table 1.

Moisture results for both products are high, almost double 
those recommended for barbecue use (≤ 5%) (AFNOR 2005; 
São Paulo 2015). Apparent density was high for product 
I15. The briquette is a compacted material to increase the 
density, but the apparent density of the product O15 was 
low when compared to the product I15, since they are of the 
same brand but with distinct properties. True density, vari-
able with influence on load flow in combustion (Dias Júnior 
et al. 2015a), was higher for product I15. Nevertheless, the 
porosity was significantly the same for both products, despite 
the different apparent density values possibly influenced by 
the composition of the briquettes. Based on visual analysis, 
mineral materials, ashes, residues from agricultural crops 
were detected in addition to charcoal fines.

The levels of volatile materials and fixed carbon are 
higher in the O15 product when compared to the I15 prod-
uct, which in turn has a higher ash content when compared 
to O15. However, the results obtained for both products are 
considered unsatisfactory for use in barbecue because they 
do not meet the maximum and minimum recommended 
standards (fixed carbon ≥ 73%; ash ≤ 1.5%) (AFNOR 2005; 
São Paulo 2015; Silva et al. 2020). When moisture and ash 
contents are high and the fixed carbon content is low, in 
practice, these products can result in poor ignition (high 
moisture content), uneven combustion (low fixed carbon), 
low caloric value, culminating in a greater performance of 

Table 1  Physical, chemical and 
mechanical characteristics of 
briquettes

where: I15 “15” brand categorized in independent supermarkets, O15 “15” brand categorized in other 
establishments. MC moisture content, AD apparent density, BD bulk density, TD true density, P poros-
ity, VM volatile material content, AS ash content, FC fixed carbon content. S. E. standard error of the 
mean. Lowercase letters compare the values in the same column by the Scott-Knott test at 95% probability. 
ns = non-significant values (p < 0.05)

Briquette MC (%) AD (g  cm−3) BD (kg  m−3) TD (g  cm−3) P (%) VM (%) AS (%) FC (%)

I15 9.94 ns 0.708a 359 ns 1.34a 49.67 ns 10.52b 52.85a 36.63b

S. E. (±) 0.09 0.03 1.37 0.13 3.88 0.96 1.94 0.982
O15 9.68 ns 0.544b 373 ns 1.12b 51.18 ns 19.84a 36.85b 43.31a

S. E. (±) 0.04 0.01 8.66 0.01 0.73 0.78 0.296 0.96
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the barbecue. In addition, the large amount of ash generated 
in the combustion process increases the need for frequent 
cleaning of barbecue grills and decreases the useful life of 
the equipment. These results were probably caused by the 
addition of binders and additives that are incorporated dur-
ing compaction and hinder the domestic use of briquettes. 
There are several types of binders used in briquetting, 
including starch, crop residues, wastewater treatment mate-
rials, or lignocellulosic residues from the pulp and paper 
industry (Kaliyan and Morey 2010; Martins et al. 2016). 
Thus, several interventions in the briquette production pro-
cess would be necessary to maintain minimum cooking 
conditions.

Regarding the higher heating value, the values ranged 
from 4150 ± 12 to 5498 ± 24 kcal kg−1 for I15 and O15 
products, respectively, being significantly different from 
each other. The average decrease in useful heating value was 
15%, due to the observed moisture content. These values are 
similar to those observed for several types of wood of some 
Eucalyptus spp. species, and for better cooking performance, 
briquettes would need adjustments to increase their quality. 
The products did not perform well in the rotating drum test, 
showing 100% friability, i.e., the briquettes turned into fines 
after being completely destroyed in the test. This may have 
been caused by the use of inadequate binder in addition to 
inadequate time, pressure force and raw material (Razuan 
et al. 2011; Obdzinski 2012). Considering the steps of pack-
aging, transport and storage, these briquettes do not have 
minimum conditions of use, because they are highly friable. 
The results of the combustion test (ICOMcv), Fig. 1, show 
different values for both types of briquettes.

The highest ICOMcv value (0.57) was observed in prod-
uct I15. This product had the highest maximum temperature 

as well as the lowest burning rate. The O15 product had 
a lower ICOMcv (0.18), lower maximum temperature and 
higher burning rate. No significant differences in final tem-
peratures were noted between the two products. Another 
factor to consider is that density has a strong influence on 
combustion performance (Fig. 2a) and burning rate (Fig. 2b) 
(Dias Júnior et al. 2014, 2015b).

Considering all the results, the briquettes showed quality 
between regular and bad for use as a barbecue fuel (AFNOR 
2005; Dias Júnior et al. 2015a, 2020; São Paulo 2015).

3.2  Technical characteristics of charcoal

Figure 3 presents the results of the properties evaluated in 
barbecue charcoal.

It was observed that some products had charcoal different 
from wood of the eucalyptus genus in their composition, 
most of them collected in supermarket chain establishments. 
Some of the branded products collected in different commer-
cial categories (e.g., R6 and O6) could not be differentiated 
between charcoal from eucalyptus wood or charcoal from 
wood of other species, based on the methodology used. In 
the independent supermarket category, all products indicate 
100% eucalyptus wood charcoal in their packaging; in the 
meat market category one product (C18) had a small propor-
tion of unknown material, and in the “other” category one 

Fig. 1  Combustibility test of the briquettes. where: I independent 
supermarkets, O other establishments. T. Max. maximum tempera-
ture obtained in the test, T.F. final temperature obtained in the test, 
BR burning rate. S. E. standard error of the mean. Lowercase letters 
compare the values in the same column by the Scott-Knott test at 95% 
probability. ns = non-significant values (p < 0.05)

Fig. 2  Correlations between apparent density and combustion index 
(a) and burning rate (b). *Significant at 95% probability (p < 0.05)
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product (O19) had 11% charcoal from non-eucalyptus wood. 
This may be the result of the region in which the products 
were produced, since most of them, especially those col-
lected from the supermarket chain, were from other Brazil-
ian states where the materials were collected. The products 

collected in the first stage had satisfactory characteristics, 
as recommended for use in barbecue (Fig. 3), with moisture 
content below 5% (AFNOR 2005; São Paulo 2015; Dias 
Júnior et al. 2020). Only product A13 had moisture content 
higher than 6% in the first stage. The charcoals collected 

Fig. 3  Physical, chemical and mechanical properties investigated in 
barbecue charcoal. where: R supermarket chain, I independent super-
markets, C meat market, A gas stations, O other establishments. E. 
charcoal from Eucalyptus spp., NI not identified. Values between (±) 

correspond to the standard error of the mean. Lowercase and upper-
case letters compare values in the same column and in the same row, 
respectively, by the Scott-Knott test at 95% probability
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in the second stage of the research showed values higher 
or equal to those collected in the first stage. For example, 
products R1, R4, R5 and R8 had a moisture content of more 
than 6%, which is above that recommended by resolutions 
(AFNOR 2005; São Paulo 2015). These values may not 
compromise combustion performance, but these results may 
have been influenced by the storage location of the products. 
In general, the moisture content of the products collected in 
the first stage was lower than that of the products obtained 
in the second stage of the research and, as the collection 
was carried out in the same period of two consecutive years 
(December), the environment may have an indirect influ-
ence, in that the poor packaging of the materials may have 
led to the result obtained. The fact that charcoal is highly 
hygroscopic implies the need to avoid storage near refrigera-
tors, freezers or humid places so that the quality is not com-
promised. (Andrade and Della Lucia 1996; Bergeron et al. 
2013; Dias Júnior et al. 2016). In addition, the high moisture 
content results in incomplete combustion, with high emis-
sions of gases and particulate matter that may be harmful 
to the environment and the people involved in the barbecue 
(Huang et al. 2014; Aung et al. 2016; Sparrevik et al. 2015).

The apparent density of the products (Fig. 3) was high, 
meeting the needs of barbecue consumers (Dias Júnior et al. 
2015a, 2020). For example, values from 0.283 g cm−3 (R9) 
to 0.481 g cm−3 (R2) were observed in the first stage, while 
in the second stage the values ranged from 0.307 g cm−3 
(O16) to 0.557 g cm−3 (R2). For grilling, denser charcoals 
are preferred to allow longer combustion time and lower 
addition of charcoal to grills or grilling equipment. One 
highlight is that one of the most commonly used species 
in the state of São Paulo, Brazil, for charcoal production 
is Eucalyptus saligna, popularly called “vermelhão” or red 
eucalyptus, which has high wood density and good char-
coal yields (Dias Júnior et al. 2020). Analyzing Fig. 3, it 
is observed that bulk density varied between the two study 
stages, with lower values for the same commercial product, 
as for example, in C13 and A13.

No significant correlation was found between apparent 
density and bulk density. The geometry of the material may 
have an influence on this result, since each piece of charcoal 
has a specific shape and size, which results in a different 
stacking factor for each material, thus influencing bulk den-
sity. In addition, no difference between the true densities 
of the different commercial products and collection stages 
was detected, and a variation between 1.10 g cm−3 (C16 
and A13, second stage) and 1.70 g cm−3 (C16, first stage) 
was observed. The study of densities is fundamental for 
the elevation of energy density. The higher this variable, 
the more power available per unit volume. In addition, true 
density makes it possible to identify the degree of charcoal 
transformation (graphitization), how the pyrolysis of char-
coal produced may have been. In summary, the higher the 

true density, the higher the purity of charcoal and the lower 
the possibility of emissions of toxic compounds to the envi-
ronment and human health (Andrade and Machado 2004; 
Ding et al. 2011; Surup et al. 2019; Dias Júnior et al. 2018).

For the porosity of the products collected during the first 
stage (Fig. 3), the highest result was found in product R9 
(82.68%) and the lowest value in product O20 (62.36%), a 
variation of 24.58%. In the second stage, porosity ranged 
from 50.24% (R2) to 72.93% (O16). By comparing the prod-
ucts in the two stages, it is noted that when the values were 
not equal, the products of the first stage had significantly 
higher porosity. This fact can be attributed to the apparent 
density, which was, in most cases, higher in the products 
of the second stage of the collection. With the increase in 
apparent density, there is an increase in mass in relation to 
volume, and consequently a decrease in voids, i.e., porosity 
(Demirbas 2004; Grioui et al. 2007), which is confirmed in 
Fig. 4.

In practice, porosity is related to the heat flux dur-
ing combustion, interfering with mass and heat transfer 
between charcoal pieces. Thus, a minimum porosity of 60% 
is required for satisfactory use in food cooking, as these val-
ues are observed for charcoal in a high degree of transforma-
tion, without compromising its mechanical resistance (Klose 
and Schinkel 2002; Grioui et al. 2007; Assis et al. 2016).

Fig. 4  Correlation between apparent density and porosity of products 
collected in the first (a) and second (b) stage of the study. *Signifi-
cant at 95% probability (p ≤ 0.05)
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Volatile material contents showed high variation among 
the products collected in the five commercial categories 
(Fig. 3). It can be observed that within the same commer-
cial category there is a high variation in the content of vola-
tile materials, also seen in the product brand collected at 
different times (2014 and 2015 years). According to SAA 
Resolution n°. 40 (São Paulo 2015) and AFNOR (2005), the 
recommended value for the content of volatile materials in 
barbecue charcoal should be < 25%. Values above this com-
promise its use, due to excessive flames. In this case, some 
products had incompatible values for domestic use, such as 
R7, I11, O7, O16 (first stage) and R6, I13 and O16 (second 
stage). In addition to excessive flames, volatile materials are 
largely responsible for the emission of gaseous compounds 
that come into direct contact with food and may contain 
harmful components, in poor or very poor quality charcoals. 
Aromatic compounds (PAHs), for example, are carcinogenic 
and contaminate food and the atmosphere, contributing to 
the occurrence of various diseases (Shen et al. 2013; Due-
dahl-Olesen et al. 2015; Vicente et al. 2018). An example 
of this is that North et al. (2017) identified an association 
between firewood and charcoal use with chronic respiratory 
diseases in residents of Uganda, East Africa. This correla-
tion is the reason for many questions involving food prepa-
ration with biomass in the world, especially in developing 
countries (Berube et al. 2007; Kreyling et al. 2006; Utell and 
Frampton 2000). Other studies demonstrate the importance 
of using good quality charcoal, such as those by Desalu et al. 
(2010) and Das et al. (2017), who identified that women in 
the city of Malawi (Africa), who use firewood for cook-
ing, had high chances of being affected by lung problems 
compared to those who used charcoal for food preparation.

The ash content negatively influences the heating value 
of charcoal, since ashes do not participate in combustion for 
being a mineral compound. According to AFNOR (2005), 
the ideal barbecue is that in which the charcoal has an ash 
content of less than 1.5%. Thus, the results presented in 
Fig. 3 show that the products collected in the two research 
stages varied greatly in relation to the recommended value. 
It was observed that the values ranged from 0.58% (C18, 
first stage) to 0.64% (R3, second stage) to 2.91% (R9, first 
stage) and 2.55% (O7, second stage). This feature is relevant 
because barbecues or grilling equipment require more con-
stant maintenance for the removal of ashes and incrustations 
promoted by them, which can reduce their useful life. The 
fixed carbon content (Fig. 3) is one of the most important 
variables in the qualification of barbecue charcoal, and lev-
els higher than 75% are suggested (Rosa et al. 2012; São 
Paulo 2015; AFNOR 2005; Dias Júnior et al. 2015b, 2020; 
Silva et al. 2020) for good combustion and heat performance 
for food. Satisfactory results obtained in this study were for 
products R1, R8, R9, R10, I10 and I12 in the first stage and, 
for the second stage, products R1, R4, R10, I10, I12, I16, 

C16, A13, O7 and O12 were the highlights. Given the lower 
levels of volatile materials occurred in the second sampling 
stage, most products collected in this stage had the highest 
values of fixed carbon content, when compared to the first 
stage of the research. The higher the calorific value, the bet-
ter the performance during barbecue and food preparation. 
For charcoal, values above 7000 kcal kg−1 are recommended 
(Dias Júnior et al. 2015a).

However, for a hygroscopic material, the energy required 
to evaporate the moisture content during charcoal combus-
tion must be considered. The net heating value already 
presents the available energy considering this aspect, and 
regarding this variable, the commercial products collected 
were suitable for use in barbecue. In general, if we were to 
consider heating value only as a requirement for charcoal 
heating, all the products investigated in this article, of differ-
ent brands and commercial categories, would be able to be 
used for domestic purposes and would meet minimum qual-
ity requirements determined by various international entities 
(São Paulo 2015; AFNOR 2005; Dias Júnior et al. 2020). 
However, this parameter should not be analyzed alone for 
decision making, since the combustion performance depends 
on other characteristics such as particle size, bulk density, 
porosity, immediate composition among others (Dias Júnior 
et al. 2015b, 2020; Silva et al. 2020).

The results of the friability test (Fig. 3) indicate a sat-
isfactory behavior of charcoal in the face of mechanical 
impacts (sieving, packing, transportation). Despite varia-
tions between product brands and commercial categories, 
the worst classifications were moderately friable (15% to 
25% fines). This result is considered satisfactory when 
compared to the briquettes collected (item 3.1). The good 
results for this test can be related to the high apparent den-
sity (Fig. 3) observed for the collected products (Assis et al. 
2016; Costa et al. 2017). Although some products had com-
paratively lower apparent density, such as products I11, I16 
and C16, they were classified as very friable. It is possible 
that the pyrolysis was conducted in a very controlled manner 
and a more suitable woody raw material.

The charcoal combustibility index (ICOMcv) varies 
from 0 to 1 (dimensionless) and its main purpose is to 
indicate the products that provide higher temperatures 
with less mass loss. The closer to 1, the more suitable 
the solid fuel for barbecue use (Dias Júnior et al. 2015b). 
This index gives the maximum temperature, the final tem-
perature and the burning rate per unit time in combustion. 
Based on Fig. 3, it can be concluded that the ICOMcv was 
higher for the products collected during the first stage and, 
fewer times, significantly equal between the two stages. 
The highest values were for the products I14 (0.84), O6 
and O7 (0.77) (first stage), while in the second stage the 
highest values were for the products I14 (0.60), C13 (0.56) 
and C16 (0.50). These results are considered low when 
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compared to the results found by Dias Júnior et al. (2015b) 
for charcoal for food cooking. It is possible that high bulk 
density will interfere with porosity and result in poor heat 
transfer and poor heat load permeability between charcoal 
pieces, making it difficult to achieve high combustion tem-
peratures. The maximum temperatures measured for the 
products of the first stage were higher than those collected 
in the second stage. The ICOMcv is calculated based on a 
minimum temperature of 150 °C, considered for the start 
of food cooking, and the final charcoal temperatures are 
close to this value. In practice, this means that even after 
the higher performance of charcoal during combustion, it 
would be possible to grill without immediate intervention 
to insert more charcoal into the barbecue or grill equip-
ment. Despite few studies addressing the burning rate of 
barbecue charcoal, Dias Júnior et al. (2014) analyzed bio-
mass briquettes and concluded that density is linked to this 
variable. However, briquette is a homogeneous and com-
pact fuel. It is known that in the same package of charcoal 
it is possible to find very different pieces, derived from 
wood from different parts of a tree, as well as different 
regions of the pyrolysis oven with different levels of car-
bonization. This explains the lack of correlation between 
charcoal density, ICOMcv and burning rate.

The analysis of the two new principal components with 
more than 50% of the total variation is very important for 
the study of data variation (Mingoti 2005; Manly 2008). Fig-
ure 5 illustrates the variable ordering diagrams as a function 
of the first two principal components.

In Fig. 5a it is observed that the products collected in the 
first stage of the research had high variability identified in 
the properties, which did not enable the formation of clear 
and differentiated groupings. There is a central group, com-
posed of most products and around them other dispersed 
products (R2, R9, I10, O6, O7 and O16). This behavior may 
have been caused by certain characteristics determined in 
the respective products. For example, the high moisture of 
product R9, and high bulk density, bulk density and fixed 
carbon content in products O6, R2, and I10, respectively. 
Burning rate and volatile material content also contributed to 
the distancing of O16 and O7 charcoals. Despite considering 
the formation of a central group, it is not difficult to note that 
the products are divided among the characteristics analyzed. 
These results allow us to infer that not even the products of 
the same brand or of a commercial category were grouped 
because they are distinct from each other. This strengthens 
the hypothesis that the same charcoal product may come 
from different suppliers, just as one supplier may make the 
same charcoal available to different brands and commercial 
categories. This can be confirmed by noting that I11 and I16 
products are closer in the diagram than other products of 
the same brand but in different commercial categories. Ide-
ally, products in the same brand should maintain a standard, 

so that consumers can identify and provide feedback for 
improvements to the production system.

In the second stage of the study (Fig. 5b), there was a 
similar formation; a central group, another group with few 
products (R6, I13, C13, O16) very close to the central group 
and other products scattered in the diagram. Other products 
that were in this grouping (PCA) in the first stage moved to 
form the second group. The products R6, I13, C13, O16 col-
lected in the second stage had higher values of fixed carbon 
content, burning rate and maximum reached temperature 
and lower low heating value and fixed carbon content. Some 
products (R6, R4, I14), formerly belonging to the central 
group in the first stage, now in the second stage partici-
pate in another group (R6) or are distributed randomly. To 
standardize characteristics in pursuit of quality, measures 
aimed at uniformity of barbecue charcoal characteristics 
should be taken, creating interaction between producers and 
consumers.

Fig. 5  Ordering diagram of the characteristics analyzed in the char-
coals collected during the first stage (a) and second stage (b). where 
R supermarket chain, I independent supermarkets, C meat market, A 
gas stations, O other establishments. MC moisture content, AD appar-
ent density, BD bulk density, TD true density, P porosity, VM volatile 
material content, AS ash content, FC fixed carbon content, T. Max. 
maximum temperature obtained in the test, T.F. final temperature 
obtained in the test, BR burning rate, HHV high heating value, NHV 
net heating value, F friability, ICOM combustion index
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4  Conclusion

In this study, it was detected that charcoals made available 
for domestic barbecue have high variability in their technical 
characteristics and not all of them are suitable for the use in 
barbecue. In addition, several brands of the product are not 
always available in the retail market, which makes it difficult 
to adopt a reference for consumer choice.

Although consumers are not aware of the technical char-
acteristics of barbecue charcoal, the search for references to 
choose a quality product with little impact on the environ-
ment and on human health are presented in this paper. It is 
recommend continuing this study based on the relationship 
between variations in barbecue charcoal characteristics and 
the types of gases emitted in combustion.
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