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Abstract 
In West Africa, promoting renewable energy and recovering energy from ag-
ricultural waste are sustainable alternatives in the face of pressure on natural 
resources. Thus, this study evaluated the energy performance of briquettes 
made from agricultural residues that can be substituted for wood for fish 
smoking. Five types of briquettes were developed from rice husks (BriqRi), 
pineapple peels (BriqAn), and three combinations: rice husk-pineapple peels 
(BriqRiAn), pineapple peels-orange (BriqAnO), and rice husk-pineapple 
peels-orange (BriqRiAnO). The binder used was cassava starch. The physical 
and energetic characteristics of the raw materials and those of the formulated 
briquettes were evaluated before and after sun-drying. Our study shows that 
rice hulls and dried orange peels have the best energy performance, with low 
moisture (9.33% and 10.99% respectively) and a high flash point (208.4˚C and 
224˚C respectively). Regarding dried briquettes, BriqRi had the highest calo-
rific value (2872.25 Kcal/kg), low moisture (9.35%), high ash content 
(14.32%), and the highest mechanical strength (10). BriqAnO had the lowest 
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impact index (7.00), the highest moisture content (12.03%) and the highest 
flash point (213.60˚C). At the end of our study, we can conclude that BriqRi 
briquettes are one of the best candidates for replacing firewood in fish smok-
ing due to their physical and energetic characteristics and high ash content, 
which allows smoking to continue without PAH emissions after the disappear-
ance of organic matter.  
 

Keywords 
Smoked Fish, Smoking Briquette Formulation, Agricultural Residues,  
Moisture 

 

1. Introduction 

In West and Central Africa, nearly 79% of deforested land is converted to agricul-
tural land, 13% to pasture, while the rest is used for domestic energy [1]-[4]. This 
dynamic leads to accelerated degradation of forest ecosystems, with environmen-
tal and health impacts (loss of biodiversity, destruction of carbon sinks) by con-
tributing to climate change, emissions of harmful gases (CO2, CH4, NOx, SO2) and 
fine particles responsible for respiratory and cardiovascular diseases [5]-[7]. In 
response to this situation, the promotion of renewable energies and waste-to-en-
ergy conversion appears to be sustainable alternatives capable of reducing pres-
sure on natural resources, improving living conditions, and contributing to en-
ergy security [4] [6] [8]-[12]. 

In Benin, traditional smoking of fish and meat, which relies heavily on fire-
wood, remains an essential preservation method, reducing post-capture losses es-
timated at 20% [13]-[15]. In mangrove areas, individual energy consumption of 
wood and charcoal remains below estimated needs, revealing an energy deficit of 
nearly 36% [16] [17]. This increasing pressure on wood resources has led to the 
use of alternative fuels, some of which (e.g., plastic bags, cardboard packaging) 
pose significant health risks [18]-[20]. To address this challenge, agricultural res-
idues (fruit peelings, rice husks) have been recycled into briquettes for smoking 
as a sustainable alternative [7] [15] [21]-[23]. Previous studies [24] experimented 
with the use of crop residues and fruit peelings as fuels for fish smoking in Benin. 
The same authors subsequently converted these residues into briquettes for fish 
smoking in Benin [15], proposing them as a sustainable alternative to firewood 
and other fuels. However, characterization of both the raw materials and the re-
sulting briquettes in terms of physicochemical properties remains necessary to 
standardize production technology and identify the most suitable briquettes for 
smoking. This study, conducted in Southern Benin, therefore aims to evaluate the 
physicochemical and energy properties of local raw materials used in briquette 
production, as well as those of the briquettes themselves. This approach adds value 
by generating novel scientific data to guide the selection of the most suitable bri-
quettes. 
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2. Materials and Methods 
2.1. Materials 
2.1.1. Experimental Framework and Sample Collection 
The study was conducted at the Animal Biotechnology and Meat Technology La-
boratory (LBATV) of the Abomey-Calavi Polytechnic School, University of 
Abomey-Calavi (EPAC) of the University of Abomey-Calavi in southern Benin, 
in collaboration with the Lafarge cement plant laboratory in Onigbolo and the 
Human Nutrition and Bio-Ingredient Valorization Laboratory of the Faculty of 
Agricultural Sciences of the University of Abomey-Calavi. The raw materials used 
are identical to those used by [15] and come from the same sources. These are rice 
husks, pineapple peels, orange peels, and cassava starch. The pineapple and or-
ange peels were collected from local fruit retailers, and the rice husks were col-
lected from a mini rice mill in southern Benin. The cassava starch was purchased 
at the local market from food vendors in Benin. 

2.1.2. Pretreatment of Raw Materials 
The pineapple and orange peels were sorted and dried for three and two weeks, 
respectively, in the sun after collection. The cassava starch was also dried for two 
weeks in the sun. The drying process took place during the dry season under av-
erage ambient conditions with a temperature of 30˚C and relative humidity of 
72%. Only the rice husks did not require a drying phase before use.  

All these raw materials, with the exception of starch, were cleaned of impurities 
(stones, pieces of wood, plastic debris, etc.) after drying and then finely ground 
into small particles of 0.2 mm using an RX 9FQ-400 grinder (Henan, China). 

Before drying, 10 g samples of each raw material except rice husks were taken 
and their moisture content was determined. After drying and just before grinding, 
samples of each raw material, including rice husks, were taken again and used for 
various analyses. Fifty (50) raw material samples were analyzed, with ten (10) sam-
ples per raw material for the various analyses. The analyses performed on the raw 
materials were moisture content, ash content, flash point temperature and time, 
and gross and dry lower calorific value. A mechanical piston hydraulic press con-
sisting of six molds with a manual cylinder actuator (compression and extraction), 
with molds 6 cm high and 10 cm in diameter, was used to mold the briquettes. 

2.2. Methods 
2.2.1. Briquette Production 
Agricultural residues (rice husks, orange peel, pineapple peel) and cassava starch, 
which had been dried and ground beforehand, were used to produce five (05) 
types of briquettes in accordance with the method used by [15], but using a me-
chanical piston hydraulic press to compact the briquettes for 6 minutes at a pres-
sure of 150 MPa instead of the manual production described by these authors. The 
five formulas used to manufacture the five types of briquettes are: 
 Rice husk briquettes (BriqRi): ground rice husks (53%) + Cassava starch (19%) 

+ Water (28%) 
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 Pineapple peel briquettes (BriqAn): ground pineapple peel (53%) + Cassava 
starch (19%) + Water (28%) 

 Rice husk and pineapple peel briquettes (BriqRiAn): ground rice husks (18%) 
+ground pineapple peel (19%) + cassava starch (25%) + water (38%)  

 Pineapple peel and orange peel briquettes (BriqAnO): ground pineapple peel 
(19%) + ground orange peel (18%) + cassava starch (25%) + water (38%)  

 Rice husk, pineapple peel, and orange peel briquettes (BriqRiAnO: ground rice 
husks (18%) + ground pineapple peel (18%) + ground orange peel (18%) + 
cassava starch (19%) + water (27%). 

Five (5) batches of briquettes were produced for each type of briquette, and two 
briquettes were taken from each batch for various analyses, ten briquettes per for-
mula and 50 briquettes in total were analyzed. The briquettes were dried in the 
sun for approximately 11 days to reach a moisture content of no more than 14%. 
They were then stored in a dry place until use. 

2.2.2. Physicochemical, Thermal, and Mechanical Characteristics of Raw  
Materials and Briquettes  

The samples taken from the raw materials and the briquettes were subjected to 
various analyses. These were carried out in accordance with the methodologies 
described by [6]. The raw material and briquette samples were ground before be-
ing used for analysis. 

1) Moisture content of raw materials and briquettes 
This was determined on samples of raw materials and briquettes taken and by 

drying each sample at 105˚C in a ventilated oven until a constant weight was ob-
tained, according to the method described by [6]. 

2) Ash content of raw materials and briquettes 
The ash content of the raw material and briquette samples taken was assessed 

in accordance with the method described by [6]. Each sample was weighed in cru-
cibles and heated to 550˚C for 24 hours in a muffle furnace. 

3) Temperature and time to reach flash point of raw materials and briquettes 
According to the international standard [25], flash point is a measure of the 

tendency of a test sample to form a flammable mixture with air under controlled 
laboratory conditions. It is only one of many properties to consider when as-
sessing the overall flammability risk of a material. Flash point is used in transpor-
tation and safety regulations to define flammable and combustible materials. It 
can indicate the possible presence of highly volatile and flammable substances in 
a relatively non-volatile or non-flammable material. This test method is used to 
measure and describe the properties of materials, products, or assemblies in re-
sponse to heat and a test flame under controlled laboratory conditions. It is not 
intended to describe or assess the fire risk of materials, products, or assemblies 
under actual fire conditions. However, the results of this test method may be used 
as part of a fire hazard assessment taking into account all factors relevant to a 
given end use. 

The flash point determination was carried out in accordance with [25]. Each 
sample was gradually heated at a constant rate with continuous stirring from 
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50˚C, with a rise in 10˚C increments, until ignition was observed and the ignition 
time was recorded. 

4) Gross lower calorific value and dry lower calorific value 
The lower calorific value (gross and dry) was determined for the raw materials 

and briquettes in a calorimeter according to method [26]. 
5) Drop Test  
The Drop Test was performed only for briquettes in accordance with the 

method described by [27] and identified the five types of briquettes that have good 
impact resistance. The assessment grid for the impact resistance test results is pre-
sented in Table 1. 
 
Table 1. Impact resistance test assessment grid. 

Evaluation Criteria Score 
Resistance 

Rating 
Briquette remained intact after free fall: no cracks or breaks 10 Very good 
Briquette remained intact after free fall, but with cracks and 

slight edge breakage 
[8 - 10[ Good 

Briquette broken into two or three pieces after free fall [5 - 8[ Weak 
Briquette crumbled after free fall [1 - 5[ Very weak 

2.2.3. Statistical Analyses 
The Statistical Analysis System (SAS, 2012) software was used for data analysis. 
The Proc means procedure was used to calculate the means of the different varia-
bles. The General Linear Model (GLM) procedure was used for the analysis of 
variance, and the sources of variation taken were the type of raw material or the 
type of briquette. The F test was used to determine the significance of each effect 
of the analysis of variance model, and the calculated means were compared using 
Student’s t-test. 

3. Results 
3.1. Physicochemical Properties of Rice Husks, Pineapple Peelings, 

and Orange Peelings, and Cassava Starch 

The physicochemical characteristics of the raw materials used in the study are 
presented in Table 2. All parameters analyzed varied significantly from one raw 
material to another (p < 0.001). 
 
Table 2. Physicochemical parameters of rice husks, pineapple peels, orange peels, and cas-
sava starch (mean ± standard deviation). 

Parameters 

Moisture 
before 
drying 

(%) 

Moisture 
after 

drying 
(%) 

Ash 
content 

(%) 

Flash 
point 

temperature 
(˚C) 

Flash 
point 
time 

(Min) 

Gross 
lower 

calorific 
Value 

(Kcal/kg) 

Dry 
lower 

calorific 
Value 

(Kcal/kg) 

Rice husks ND 
9.33 

± 
0.46c 

18.85 
± 

0.11a 

208.4 
± 

7.53ab 

6.4 
± 

0.89c 

2672.61 
± 

107.54b 

2900.73 
± 

99.80b 
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Continued 

Pineapple 
peelings 

81.08 
± 

0.74a 

12.47 
± 

0.40b 

9.45 
± 

0.42b 

196.4 
± 

14.44b 

12.4 
± 

4.33b 

2919.08 
± 

38.16a 

3532.08 
± 

39.93a 

Orange 
peelings 

51.10 
± 

4.09b 

10.99 
± 

1.08bc 

9.19 
± 

0.42b 

224 
± 

21.54a 

7.2 
± 

1.64c 

2971.4 
± 

86.94a 

3500.94 
± 

120.13a 

Cassava 
starch 

46.56 
± 

4.45c 

15.21 
± 

0.37a 

0.48 
± 

0.02c 

168 
± 

8.03c 

24.4 
± 

1.67a 
ND ND 

Significance 
test 

*** *** *** *** *** *** *** 

*** p < 0.001; Min: minutes; ˚C: degrees Celsius; %: percentage; Kcal/Kg: kilocalories/kilo-
gram; ab: Means in the same column followed by different letters differ significantly at the 
5% threshold; ND: Not Determined. 
 

1) Moisture content of raw materials 
Fresh orange and pineapple peels had significantly different moisture contents, 

51.10% and 81.08% respectively (p < 0.001). These values are higher than that ob-
tained for rice husks, which were already dry at the time of purchase (9.33%). The 
moisture content of fresh starch was 46.56% and lower than that of fresh orange 
and pineapple peels (p < 0.001). After drying, the opposite trend was observed; 
orange peels and rice husks had similar moisture contents (10.99% and 9.33%, 
respectively, p > 0.05) and lower than that of dried pineapple peels (12.47%; p < 
0.001). The moisture content of starch decreased to 15.21% after drying (p < 
0.001), but this value was significantly the highest of all values recorded after dry-
ing. 

2) Ash content of raw materials 
The ash content also varied from one raw material to another. Rice husks had 

the highest ash content (p < 0.001), at 18.85%. They were followed by pineapple 
peelings (9.45%) and orange peelings, which had similar levels (9.45% and 9.19%, 
respectively) (p > 0.05). Dry cassava starch had the lowest ash content (0.48%). 

3) Temperature and time to reach flash point of raw materials 
The flash point time and temperature, which indicate the flammability of the 

raw materials used, varied significantly overall (p < 0.001). Cassava starch had the 
highest flash point time (24.40 min) with the lowest flash point temperature over-
all (168.00˚C). All other raw materials had similar flash point temperatures (p > 
0.05) with different flash point times (p < 0.001). Orange peel had the highest 
temperature (224.00˚C), while similar values were recorded for all other raw ma-
terials used (p > 0.05). 

4) Gross lower calorific value and dry lower calorific value of raw materials 
The gross and dry lower calorific values varied significantly from one raw ma-

terial to another. Orange and pineapple peel had similar gross (2971.40 Kcal/kg 
and 2919.08 Kcal/kg, respectively) and dry (3500.93 Kcal/kg and 3532.07 Kcal/kg, 
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respectively) lower heating values (p > 0.05) and the highest overall. Rice husks 
had the lowest gross (2672.61 Kcal/kg) and dry (2900.73 Kcal/kg) calorific values 
(p < 0.001) overall. 

3.2. Physicochemical Properties of Briquettes Made from  
Agricultural Residues 

Table 3 shows the physicochemical characteristics of the different briquettes made 
from agricultural residues. 
 

Table 3. Physicochemical properties of briquettes made from agricultural residues used for fish smoking (mean ± standard devia-
tion). 

Parameters BriqRi BriqAn BriqRiAn BriqAnO BriqRiAnO 
Significance 

test 

Moisture before 
drying (%) 

43.23 ± 4.39ab 43.33 ± 3.42ab 45.38 ± 3.48a 44.00 ± 3.08ab 41.86 ± 2.41b * 

Moisture after 
drying (%) 

9.35 ± 0.73d 10.74 ± 0.39b 10.16 ± 0.34c 12.03 ± 0.37a 10.62 ± 0.33b *** 

Ash content (%) 14.32 ± 1.16a 10.06 ± 0.27b 6.79 ± 0.38d 8.82 ± 2.27c 8.48 ± 0.15c *** 

Flash point 
temperature (˚C) 

167.60 ± 9.52cd 177.20 ± 6.09b 162.80 ± 1.09d 213.60 ± 5.54a 171.60 ± 3.84bc *** 

Flash point 
time (Min) 

24 ± 4.58b 22 ± 5.24b 15.80 ± 1.92b 33.60 ± 12.13a 16.40 ± 2.30b * 

GLCV (Kcal/kg) 2872.25 ± 58.12a 2590.75 ± 31.80cd 2690.00 ± 28.71b 2555.50 ± 40.03d 2647.00 ± 34.12bc *** 

DLCV (Kcal/kg) 3220.47 ± 53.31a 2948.42 ± 41.85c 3008.36 ± 17.71b 2910.61 ± 29.83c 2904.92 ± 17.60c *** 

Shock rating 10.00 ± 0.00a 9.80 ± 0.44a 8.80 ± 1.64ab 7.00 ± 2.73b 8.80 ± 1.64ab NS 

Shock resistance Very good Good Good Low Good  

NS: Not significant, *p < 0.05; ***p < 0.001; Min: minutes; ˚C: degree Celsius; %: percentage; Kcal/Kg: kilocalories/kilogram; BriqRi: 
Briquette of ground Rice husks; BriqAn: Briquette of ground Pineapple peels; BriqRiAn: Briquette of ground Rice husks and ground 
Pineapple peels, BriqAnO: Briquette of ground Pineapple peels and ground Orange peels; BriqRiAnO: Briquette of ground Rice 
husks, ground Pineapple peels and ground Orange peels, GLCV: Gross Lower Calorific Value, DLCV: Dry Lower Calorific Value, 
ab: Means of the same line followed by different letters differ significantly at the 5% threshold. 

 
1) Moisture content of briquettes 
Immediately after manufacture, all five types of briquettes had moisture con-

tents that were not significantly different, with the exception of BriqRiAnO bri-
quettes, whose moisture content (41.86%) was lower than that of BriqRiAn 
(45.38%) (p < 0.001) but not different from those of BriqRi (43.23%), BriqAn 
(43.33%) and BriqAnO (44.00%) (p > 0.05). After drying, the briquettes had dif-
ferent moisture contents. BriqAnO had the highest moisture content (12.03%), 
followed by BriqRiAnO (10.62%) and BriqAn (10.74%), which had similar values 
(p > 0.05). BriqRiAn and BriqRi had the lowest moisture contents, but these were 
different (p < 0.001) (10.16% and 9.35%, respectively). 

2) Ash content of briquettes 
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The highest ash contents were obtained in rice husk-based briquettes (BriqRi), 
(14.32%; p < 0.001). These were followed by pineapple-based briquettes (BriqAn), 
(10.06%; p < 0.001). Briquettes containing orange peel (BriqAnO: 8.82%; 
BriqRiAnO: 8.48%) had similar ash contents (p > 0.05). BriqRiAn briquettes had 
the lowest ash contents (6.79%; p < 0.001). 

3) Temperature and time to reach the flash point of briquettes 
In terms of flash point temperature, BriqAnO had the highest value (213.60˚C) 

(p < 0.001); while BriqAn (177.20˚C) and BriqRi (167.60˚C) had the lowest and 
most similar values (p > 0.05). The value for BriqRiAn (162.80˚C) was also not 
different from that of BriqRi (p > 0.05). As for flash point time, BriqAnO always 
had the highest value (33.60 min), followed by BriqRi (24.00 min) and BriqAn 
(22.00 min), whose values were similar (p > 0.05). BriqRiAn and BriqRiAnO also 
showed values that were not significantly different (p > 0.05), respectively 15.80 
min and 16.40 min, and similar to that of BriqAn. 

4) Gross lower calorific value and dry lower calorific value of briquettes 
For lower calorific value, rice husk-based briquettes had the highest gross 

(2872.25 Kcal/kg) and dry (3220.47 Kcal/kg) lower calorific values, followed by 
BriqRiAn (2690.45 Kcal/kg and 3008.36 Kcal/kg). BriqAn (2590.75 Kcal/kg and 
2948.42 Kcal/kg), BriqAnO (2555.50 Kcal/kg and 2910.61 Kcal/kg) and BriqRiAnO 
(2647.00 Kcal/kg and 2904.92 Kcal/kg) had the lowest gross and dry calorific val-
ues (p < 0.001). 

5) Impact resistance (drop test) 
For the impact resistance of the briquettes, the highest values (p < 0.001) were 

recorded for BriqRi, BriqAn, BriqRiAn, and BriqRiAnO briquettes (10.00, 9.80, 
8.80, and 8.80, respectively). The lowest impact resistance of the briquettes was 
recorded for BriqAnO briquettes (7.00). The briquettes that showed very good 
impact resistance were BriqRi briquettes. Impact resistance was good for BriqAn, 
BriqRiAn, and BriqRiAnO briquettes. Overall, the briquettes with poor (low) re-
sistance were BriqAnO briquettes.  

4. Discussion 
4.1. Characteristics of the Raw Materials: Rice Husks, Pineapple  

Peelings, Orange Peelings, and Cassava Starch 
4.1.1. Moisture Content of Raw Materials 
The high moisture content obtained for fresh pineapple peelings (81.08%) and 
orange peelings (51.10%) proves their high water content. They are therefore 
highly perishable and require immediate drying after collection. The moisture 
content of fresh pineapple peelings is close to the values obtained by [28] (85.60%) 
and lower than that (92.2%) reported by [29] in their respective studies on “Bio-
methanization of pineapple waste using efficient anaerobic consortia as a replace-
ment for cow manure” and “Food uses of pineapple waste and by-products”. 
These differences may be due to the method of peeling the pineapple and/or to 
peelings from different varieties of pineapple produced in different areas (climatic 
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conditions and cultivation practices) [30] [31].  
After drying, the moisture content recorded for all briquettes is below 15%, 

which is favorable for their use in briquette production. In general, the recom-
mended moisture content of biomass for briquette production is between 5% and 
15% [27]. The moisture content of orange peels (10.99%) was reduced to levels 
comparable to those of rice husks (9.33%), reflecting the effectiveness of the de-
hydration process. In contrast, pineapple peel retained a higher residual moisture 
content (12.47%), which can be explained by its fibrous structure and high water 
retention capacity. The low moisture content recorded for rice husks (9.33%) is 
well above that obtained by [32] (4.1%) for the same briquette.  

As for cassava starch, although its initial moisture content (46.56%) was lower 
than that of the peelings, its moisture content after drying (15.21%) remained the 
highest. This finding can be explained by the hygroscopic capacity of starch, which 
makes it more difficult to dry. 

4.1.2. Ash Content of Raw Materials 
The ash content, an indicator of the mineral load of the materials, also varied sig-
nificantly (p < 0.001). Pineapple and orange peel showed moderate and compara-
ble ash contents (around 9%), while dry cassava starch had the lowest value 
(0.48%), reflecting its high degree of purification. This low content could make 
starch attractive for applications requiring a low mineral load, but its low calorific 
value limits its energy potential. Ash content has a significant influence on heat 
transfer at the fuel surface as well as on oxygen diffusion at the fuel surface during 
combustion [6] [33] [34]. In the present study, rice husks had the highest ash con-
tent (18.85%), which was higher than the content (16.96%) obtained by [35] in 
their study on the effectiveness of rice husk powder and ash against two insect 
pests, Sitophilus zeamais (Motsch) and Tribolium castaneum (Herbst), in stored 
rice in Senegal. The high ash content of rice husks could be attributed to their 
highly siliceous outer shell. [6] [35] [36] have pointed out that the high ash content 
of rice husks is due to the presence of silica oxides, which have significant thermal 
stability and resistance to oxidation during the pyrolysis process. This generates 
more ash after combustion. However, this high ash content limits their energy 
value, as a high mineral load is often associated with greater residue production 
after combustion. 

Pineapple peel and orange peel had moderate and similar ash contents (around 
9%). This value is higher than those reported (8.08% to 4.54%) by [23] for pine-
apple peel and orange peel, respectively. Dry cassava starch, on the other hand, 
had the lowest value (0.48%), indicating its high degree of purification. This low 
content could make starch attractive for applications requiring a low mineral load, 
but its low calorific value limits its energy potential. Low-ash biomass fuels are 
better suited for thermal use than high-ash fuels [33] [37]. 

4.1.3. Temperature and Time to Reach Flash Point of Raw Materials 
Flammability varied depending on the raw material, with a higher temperature of 
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224˚C in 7.2 minutes for orange peel, suggesting better thermal stability before 
ignition, and a lower temperature of 168˚C coupled with a longer flash point time 
(4 minutes) for dry cassava starch. These values are comparable to those reported 
by [38], who showed that tropical biomasses rich in volatile compounds generally 
have higher flash point temperatures. The other briquettes had similar flash point 
temperatures (p > 0.05), but with significant differences in time, which could re-
flect differences in density or fine organic composition. 

The variation in flash point temperatures and times recorded between rice 
husks, pineapple peelings, orange peelings, and cassava starch can be explained by 
their differences in chemical composition, volatile matter content, and moisture 
content. Furthermore, in this work, the use of non-carbonized agricultural resi-
dues, rich in volatile matter, is consistent with the results of [36] [39] [40], who 
showed that charcoal, which has undergone carbonization, has a much lower vol-
atile matter content than green charcoal, which retains a greater proportion of 
volatile matter. Thus, the chemical nature (cellulose, lignin, sugars, oils), moisture 
content, and physical structure of biomasses strongly influence their thermal be-
havior [36] [41] [42]. 

4.1.4. Gross Lower Calorific Value and Dry Lower Calorific Value of Raw  
Materials 

The highest lower calorific values, both in their raw and dry states, were obtained 
from orange and pineapple peelings. This makes them potential candidates for 
energy recovery. On the other hand, rice husks, despite their low moisture con-
tent, have lower calorific values (2672.61 Kcal/kg in raw form), probably due to 
their high ash content and more rigid lignocellulosic structure. The values ob-
tained overall are similar to those of [32], who obtained 2938.86 Kcal/kg to 
3227.78 Kcal/kg for the lower calorific value of the corn cob, sawdust, and rice 
husk samples. The calorific value of the samples analyzed in this study was higher 
than that reported by [23] for pineapple and orange peels, which yielded the same 
values (2959.59 Kcal/kg), and lower than that reported by [43] for rice husks (3410 
kcal/kg) in their research. [41] demonstrated that materials rich in fiber and sim-
ple sugars have a higher PCI. However, [42] demonstrated that fruit peels contain 
considerable amounts of sugars, cellulose, pectin and hemicellulose, ash, and 
moisture. Calorific value significantly influences energy density, which is a factor 
to be taken into account when combining one or more residues during agglomer-
ation, as it allows the density of the briquettes to be standardized [44].  

The results obtained for the physicochemical parameters of the rice husks, pine-
apple peelings, and orange peelings studied confirm the findings of certain au-
thors [6] [23] [27] [29]-[31] [42] [43] [45] that agricultural residues can be used 
as briquettes to produce renewable energy sources. Overall, the results reveal a 
high energy potential for fruit peels, particularly orange and pineapple peels, 
which combine good drying properties, low ash content, and high calorific value. 
In contrast, rice husks, despite their availability, appear to be less efficient from 
an energy standpoint due to their high ash content. 
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4.2. Characteristics of Briquettes Crafted from Agricultural  
Residues 

4.2.1. Moisture Content of Briquettes 
The results of the analyses carried out on the briquettes show that all briquettes 
initially had similar moisture contents (43% - 45%) except for BriqRiAnO 
(41.86%). After drying, these levels diverged significantly: BriqAnO retained the 
highest moisture content (12.03%), while BriqRi (9.35%) remained the driest, fol-
lowed by BriqRiAn (10.16%) and BriqAn (10.74%). According to [46], moisture 
must be ≤10% to ensure combustion efficiency and minimize excessive steam and 
smoke emissions. BriqAnO (12%) and BriqRiAnO (10.62%) therefore had mois-
ture content levels above the recommended standard and problems with durabil-
ity, density, and ease of combustion (less efficient if water absorbs thermal energy) 
could arise with these briquettes. Excessive moisture can reduce energy efficiency 
and promote microbial degradation or self-ignition under certain conditions.  

The low moisture content obtained before drying BriqRiAnO briquettes 
(41.86%) is lower than that reported by [47] (48.89%) for ecological charcoal 
based on Prosopis juliflora bound to Eichhornia Crassipes before drying. It was 
found that rice husks and rice husk-based briquettes had similar (9.33% and 
9.35%) and the lowest moisture content after drying. This finding was made by 
[15] for rice husk briquettes manufactured in the same way, except that in their 
study the briquettes were compacted manually, whereas here they were com-
pacted using a hydraulic press. The value of 9.35% obtained for rice husk bri-
quettes is between the values obtained by [34] on the moisture content (5.76% to 
12.09%) of briquettes made from a mixture of rice husks and sawdust and is lower 
than those obtained (14.29% to 16.33%) by [48] on rice husk briquettes after car-
bonization.  

The difference in the trend observed in moisture content before and after dry-
ing the briquettes indicates that the rate of water release during drying is not the 
same for all types of briquettes. The hydrophilic affinity of cassava starch accen-
tuates this phenomenon, and the structure of the initial briquettes also influences 
the speed of the drying process, even after the same exposure time to drying [6] 
[34] [49]-[52]. 

4.2.2. Ash Content of Briquettes 
BriqRi briquettes had the highest content (14.32%), followed by BriqAn (10.06%), 
BriqAnO (8.82%), and BriqRiAnO (8.48%), while BriqRiAn came in last with the 
lowest content (6.79%).  

The high ash content of rice husks has already been reported by [46], who 
indicated rates of 10% - 16% for this type of biomass. As for [53], a range of 15% 
- 20% was reported as the average ash content of rice husk briquettes. The EN 
ISO 17225-6 standard recommended an ash content of between 1% and 3% for 
biomass briquettes, while specifying that lower values are preferable for better 
combustion and reduced residues. According to [46], briquettes with an ash 
content of <4% are preferred according to standards to reduce furnace fouling 
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and equipment corrosion. None of the briquettes produced in this study met the 
standard requirements in terms of ash content, except potentially BriqRiAn 
(6.79%, still above 4%). These drops in ash mass in briquettes compared to bri-
quettes result from a dilution of the briquette masses in the briquettes. The com-
bination of rice husk and pineapple (BriqRiAn) is an effective option for reduc-
ing ash content. 

A negative correlation was found between the moisture content and ash content 
of the briquettes. The ash content increases with low moisture content. For exam-
ple, the moisture content of rice husk briquettes is the lowest, while these same 
briquettes have the highest ash content. This finding confirms the conclusion of 
[48] that the lower the moisture content of the briquettes, the higher the ash con-
tent, reflecting complete combustion of the organic matter. 

It was also found that, for equal weight, the ash content of a briquette is lower 
than that of the briquette from which it was made. This finding can be explained 
by the use of starch paste as a binder during the manufacture of briquettes, leading 
to a reduction in the proportion of briquette used to manufacture a briquette of 
the same weight as the briquette. 

[36] obtained a very slight decrease in the ash content (47% to 44%) of rice husk 
biochar briquettes produced when binders based on cassava, matooke, and sweet 
potato peelings were added. The ash contents obtained in the study for the bri-
quettes are lower than those reported (33.82% to 58%) by [6] for briquettes with 
a high binder content and higher than those reported by [54] for briquettes bound 
with gum arabic (1.36%) and those bound with starch (2.84%). 

Ash content directly influences the combustion quality of briquettes. Complete 
combustion produces mainly CO2, water vapor, and ash, the quantity of which 
depends on the non-volatile minerals contained in the organic matter used for the 
test sample. This hot ash resulting from the combustion of organic matter pro-
motes, through radiation, a more uniform emission of heat energy without PAH 
emissions, while influencing the smoke profile and organoleptic quality of smoked 
fish [11] [12] [55] [56]. On the other hand, incomplete combustion generates car-
bon sawdust, CO, and a large number of PAHs, which impact the chemical quality 
of smoked fish. At the same time, carbon sawdust blackens smokehouses, racks, 
and smoked fish, impairing their health and marketability. 

4.2.3. Temperature and Time to Reach the Flash Point of Briquettes 
The high values observed for BriqAnO (213.6˚C and 33.6 min) can be explained 
by the higher moisture content of this briquette. They indicate slow ignition and 
therefore thermal stability beneficial for storage in hot or humid environments, 
thus reducing the risk of self-ignition. However, the excessively high flash point 
can make ignition more difficult, thereby requiring the use of combustible initia-
tion materials. 

Briquettes containing rice husks provided low flash points with the highest ash 
content, indicating lower thermal efficiency and making them less suitable for en-
ergy use compared to other types of briquettes. Finally, the results are consistent 
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with the conclusions of [57], according to which briquettes made from rice husk 
biochar require higher flame temperatures to achieve effective ignition. 

4.2.4. Gross Lower Calorific Value and Dry Lower Calorific Value of  
Briquettes 

The gross and dry lower calorific values obtained in the study range from 2555.50 
kcal/kg to 3220.47 kcal/kg. These values indicate good energy potential, especially 
for rice husk briquettes, whose dry lower calorific values are around 3220 kcal/kg, 
or 13.5 MJ/kg. This level is consistent with those expected for well-dried rice husk 
briquettes, 13.8 to 15.1 MJ/kg [53].  

[46] reported NCVs of 17 - 18 MJ/kg for rice husk briquettes after optimal dry-
ing. The rice husk briquettes in the study have good energy performance. How-
ever, the high ash content and high moisture content (>5%) combined may limit 
the net usable energy and reduce the actual efficiency during combustion. The 
PCI values in the study are lower than the average calorific values obtained by [48] 
for charcoal (6700 Kcal/kg) and firewood (4350 Kcal/kg). [15] found values of 
2887.68 to 3450.38 Kcal/kg for these same briquettes. 

4.2.5. Impact Resistance (Drop Test) 
The results of the impact resistance test reveal that BriqRi briquettes (10) have 
very good impact resistance and that all briquettes containing rice husks have 
good resistance. This is consistent with the observations of [27] on manually man-
ufactured rice husk briquettes and those of [34], who evaluated the performance 
of an improved stove using rice husks mixed with sawdust. It appears that the 
variation in the impact resistance of briquettes depends heavily on the composi-
tion of the briquettes, the binder used, the internal structure, and the manufactur-
ing process [27] [34] [51] [58]. The high strength of BriqRi (10) and mixtures such 
as BriqRiAn (8.8) is consistent with high-density briquettes made from resistant 
fibers [59] [60]. 

In contrast, BriqAnO with a strength of 7 probably suffers from insufficient 
cohesion, likely due to excessive moisture or the absence of an adequate binder. 
Additives with natural binders other than cassava starch (cornstarch, gum arabic, 
and clay) could improve durability while controlling ash content. 

In summary, BriqRi and BriqRiAn, and BriqRiAnO briquettes with their rela-
tively acceptable flash point (167.60˚C, 162.80˚C and 171.60˚C), their slow com-
bustion (24 min, 15 min and 16 min), and their ash content (14.32%, 6.79% and 
8.48%) would be ideal for optimal heat energy production. To this could be added 
the possible natural aromatization of the products smoked by these briquettes due 
to the orange peels which can give a light fruity smoke, favorable to the smoking 
of fish, poultry or cheese. An improvement in the formulation of the components 
of these briquettes or better drying can be considered in the direction of reducing 
their humidity and strengthening their mechanical resistance. As for the bri-
quettes, they would be a good compromise between aroma, stability and solidity, 
due to their good mechanical resistance, their moderate ash content. Rice-based 
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briquettes (BriqRi) and rice-pineapple-based briquettes (BriqRiAn) are highly 
recommended because the former are high in ash and could maintain heat energy 
production without PAH emissions, with their low flash point, will ignite very 
quickly. Adjustments in terms of binders, drying, or combination of briquettes 
could improve their performance so that they are suitable for food smoking. 

Furthermore, the combustion of organic matter at a relatively low temperature 
can generate polycyclic aromatic hydrocarbons (PAHs). The toxicological effects 
of all PAHs are not fully known, but some can cause systemic, reproductive, gen-
otoxic and/or carcinogenic effects [61]. Regulations strictly limit the presence of 
benzo[a]pyrene (BaP), which represents approximately 58% of the carcinogenic 
risk of PAHs, between 2 - 5 µg/kg of smoked fish [62]-[65]. Similarly, the total 
PAH content must not exceed 12 µg/kg according to [62] [63] [65]. Studies by 
[15] on the chemical quality of fish smoked with agricultural residue briquettes 
revealed that the lowest PAH concentrations in smoked fish were obtained with 
rice husk briquettes (BriqRi), while those smoked with pineapple peel briquettes 
(BriqAn) had the highest levels for the majority of PAHs. Similarly, the search for 
BaP in the smoked fish samples analyzed by the authors led to an indeterminacy. 
Also, the study suggested that to reduce exposure to PAHs, consumers should re-
move the skin from smoked fish before consumption, as the latter often concen-
trates these compounds. However, it is noted that the routes and duration of ex-
posure to PAHs strongly influence the level of contamination of target groups. 
These routes include ingestion (consumption of smoked fish), inhalation (com-
bustion fumes), and dermal contact (handling smoked products). While in our 
case, the oral route is the main source of contamination for the end consumer, for 
processors, all routes of contamination are possible. In light of all the above, the 
briquette most suitable for use as fuel in fish smoking would be the one that gen-
erates the fewest PAHs for health and environmental reasons. 

5. Conclusion 

The study characterized the physical and energetic performances of briquettes for-
mulated from rice husks, pineapple peels and orange peels. The results highlighted 
a marked difference between the types of briquettes. BriqRi briquettes had the best 
calorific values and a high ash content capable of maintaining fish smoking with-
out PAH emissions after the disappearance of organic matter. Conversely, while 
BriqAnO briquettes showed excellent thermal behavior (high flash point and slow 
combustion), they have low mechanical resistance and generate a lot of PAHs. 
BriqRiAnO composite briquettes offered an optimal balance between thermal per-
formance, low ash content and good impact resistance, but high total PAH con-
tents, which put them out of the category compared to BrqRi briquettes and there-
fore poor candidates for food smoking applications. Optimizing the drying pro-
cess and the binder used without increasing the ash content could improve the 
stability and strength of most briquettes. Carrying out additional analyses, such as 
evaluating the technological and health qualities of fish or other foods smoked 
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with each briquette, will allow for a complete description of the profile of each 
briquette. Also, an assessment of the techno-economic viability of these briquettes 
will allow for the practical interest of briquettes compared to traditional fuels. 

Acknowledgements 

This research was funded by the International Foundation for Science (IFS).  

Contributions of Authors 

C. F. A. S. drafted the experimental plan, supervised data collection, and edited 
the article.  

K. A. I. G. collected the data and proposed the first draft of the article. 
S. P. K. analyzed the data.  
A. N. M. G. contributed to the flash point tests carried out on the briquettes and 

corrected the article. 
E. G. D., H. G. M. T., E. E. C. E. S., and C. G. O. contributed to the manufacture 

of the briquettes and the collection of data. 
D. S. D., L. B-M., and I. Y. A. K. contributed to the validation of the experi-

mental design and the correction of the article.  
All authors contributed to this scientific and intellectual work and gave their 

consent for its publication. 

Conflicts of Interest 

The authors declare that they have no financial interests or personal relationships 
that could have influenced the work presented in this article.  

References 
[1] FAO (2021) Évaluation des ressources forestières mondiales 2020: Rapport princi-

pal. 1-192. https://doi.org/10.4060/ca9825fr  

[2] FAO (Food and Agriculture Organization) (2022) FRA 2020 Remote Sensing Sur-
vey. FAO Forestry Paper No. 186. 1-92. https://doi.org/10.4060/cb9970en  

[3] IEA (2023) A Vision for Clean Cooking Access for All. IEA.  
https://www.iea.org/reports/a-vision-for-clean-cooking-access-for-all  

[4] Lamouille, S., Pagnoux, C., Py-Saragaglia, V. and Blanc, S.R. (2024) Intérêts, enjeux 
et limites d’une approche croisée en sciences humaines et en sciences de l’envi-
ronnement: État de l’art et données du problème. Pallas. Revue d’études antiques, 
125, 13-29. https://hal.science/hal-04655339v1 

[5] Obame, J.A.E., Ango, S.B.E., Pitti, R.M. and Moungomo, J.B.M. (2020) Fabrication 
de briquette combustible à base de la sciure du bois. 9èmes journées scientifiques du 
GDR 3544 «Sciences du bois», Grenoble, France, November 2020, 154-157. 
https://hal.science/hal-04825353v1  

[6] Andrianaivo, L., Andriamiharimanana, N., Rasoanaivo J.L. and Ravoninjatovo A.O. 
(2021) Efficacité, efficience énergétique et écologique des briquettes combustibles a 
base de balle de riz. Facteurs influant sur le pci/pcs: Cas du district de morombe. Ma-
da-Hary, 10, 135-155. 

https://doi.org/10.4236/jacen.2025.144028
https://doi.org/10.4060/ca9825fr
https://doi.org/10.4060/cb9970en
https://www.iea.org/reports/a-vision-for-clean-cooking-access-for-all
https://hal.science/hal-04655339v1
https://hal.science/hal-04825353v1


K. A. I. Gadé et al. 
 

 

DOI: 10.4236/jacen.2025.144028 424 Journal of Agricultural Chemistry and Environment 
 

[7] Amponsah, S.K., Asare, H., Okyere, H., Owusu-Asante, J.O., Minkah, E. and 
Ketemepi, H.K. (2022) Performance Characterization of a Locally Developed Fish 
Smoke-Drying Kiln for Charcoal and Briquette. Journal of Agricultural Science, 14, 
43-53. https://doi.org/10.5539/jas.v14n11p43 

[8] Baguian, A.F., Ouiminga, S.K., Gado, I.H., Sidibé, S.S. and Béré, A. (2021) Caractéri-
sation Expérimentale de Briquettes à Base de Déchets Papiers/Cartons et Étude de 
L’Impact du Liant Lors de Leur Conception. Journal de Physique de la Soaphys, 3, 
C21A04-1-C21A04-9. https://doi.org/10.46411/jpsoaphys.2021.01.04 

[9] Ali, R.K.F.M. (2023) Impacts Socio-économiques et Environnementaux de l’Exploi-
tation des Ressources Ligneuses dans la Commune de Kétou au Sud-Est du Benin. 
European Scientific Journal, ESJ, 19, 170-189.  
https://doi.org/10.19044/esj.2023.v19n18p170 

[10] Tazebew, E., Addisu, S., Bekele, E., Alemu, A., Belay, B. and Sato, S. (2024) Enhancing 
Wood to Charcoal Conversion Efficiencies from Smallholder Plantation Charcoal 
Production Systems: Implications for Carbon Emissions and Sustainable Livelihood 
Benefits in North Western Ethiopia. Environmental Monitoring and Assessment, 
196, Article No. 162. https://doi.org/10.1007/s10661-024-12354-2 

[11] Nikiforov, A., Prikhodko, E., Kinzhibekova, A., Karmanov, A. and Alexiou Ivanova, 
T. (2024) Analysis of the Efficiency of Burning Briquettes from Agricultural and In-
dustrial Residues in a Layer. Energies, 17, Article 3070.  
https://doi.org/10.3390/en17133070 

[12] Wu, M., Wei, K., Jiang, J., Xu, B.B. and Ge, S. (2025) Advancing Green Sustainability: 
A Comprehensive Review of Biomass Briquette Integration for Coal-Based Energy 
Frameworks. International Journal of Coal Science & Technology, 12, Article No. 44.  
https://doi.org/10.1007/s40789-025-00779-0 

[13] FAO (2016) La situation mondiale des pêches et de l’aquaculture. Contribuer à la 
sécurité alimentaire et à la nutrition de tous. 224.  

[14] Mohanty, B.P., Mahanty, A., Ganguly, S., Mitra, T., Karunakaran, D. and Anandan, 
R. (2019) Nutritional Composition of Food Fishes and Their Importance in Providing 
Food and Nutritional Security. Food Chemistry, 293, 561-570.  
https://doi.org/10.1016/j.foodchem.2017.11.039 

[15] Salifou, C.F.A., Gadé, K.A.I., Kiki, P.S., Hounhoui, F.H., Vinankpon, S.Z. and Yous-
sao, I.A.K. (2024) Assessment of Quality of Smoked Fish Using Briquettes Crafted 
from Rice Husks and Fruit Peels. Journal of Culinary Science & Technology, 23, 627-
648. https://doi.org/10.1080/15428052.2024.2326849 

[16] Adanguidi, J., Padonou, E.A., Zannou, A., Houngbo, S.B.E., Saliou, I.O. and 
Agbahoungba, S. (2020) Fuelwood Consumption and Supply Strategies in Mangrove 
Forests—Insights from RAMSAR Sites in Benin. Forest Policy and Economics, 116, 
Article ID: 102192. https://doi.org/10.1016/j.forpol.2020.102192 

[17] Padonou, E.A., Sinsin, B., Avocevou, C., Houedjofonou, E., Tete, P. and Gbongboui, 
C. (2024) Énergie solaire et biotechnologies pour les femmes entrepreneurs dans les 
mangroves du site Ramsar 1017 au Bénin (SEWomen): Rapport technique final-1er 
janvier 2021-31 décembre 2023. https://creativecommons.org/licenses/by/4.0/  

[18] Coulibaly, A., Bouatené, D., Traoré, O.D., Traoré, S.K. and Amani, N.G.G. (2021) 
Contribution à la sécurité alimentaire et à la nutrition: Utilisation du four amélioré 
(Thiaroye) dans la réduction de la teneur en HAP de deux espèces de poissons (thon 
et mâchoiron) fumés en Côte d’Ivoire. International Journal of Innovation and Ap-
plied Studies, 33, 482-490. 

[19] Bara Dème, E.H., Sow, E.H., Licette, L., Dia, N. and Failler, P. (2023) Femmes et 
transformation artisanale des poissons pélagiques au Sénégal: Un secteur à bout de 

https://doi.org/10.4236/jacen.2025.144028
https://doi.org/10.5539/jas.v14n11p43
https://doi.org/10.46411/jpsoaphys.2021.01.04
https://doi.org/10.19044/esj.2023.v19n18p170
https://doi.org/10.1007/s10661-024-12354-2
https://doi.org/10.3390/en17133070
https://doi.org/10.1007/s40789-025-00779-0
https://doi.org/10.1016/j.foodchem.2017.11.039
https://doi.org/10.1080/15428052.2024.2326849
https://doi.org/10.1016/j.forpol.2020.102192
https://creativecommons.org/licenses/by/4.0/


K. A. I. Gadé et al. 
 

 

DOI: 10.4236/jacen.2025.144028 425 Journal of Agricultural Chemistry and Environment 
 

souffle. L’Espace Politique, 46, 1-20. https://doi.org/10.4000/espacepolitique.11049 

[20] Iwu, G.I., Lajide, L., Madu, P.C. and Isah, I.A. (2024) Assessment of Polycyclic Aro-
matic Hydrocarbon (PAH) Profiles in Heat-Processed Meat and Fish: A Study on 
Health Risk Evaluation. Discover Food, 4, Article No. 46.  
https://doi.org/10.1007/s44187-024-00116-5 

[21] Adamon, G.D.F. (2017) Modélisation de la cinétique de gazéification étagée de la bi-
omasse tropicale: Cas des balles de riz et des rafles de maïs. Master’s Thesis, Univer-
sité d’Abomey-Calavi. 

[22] Bello, S.R., Olorunnisola, A.O., Omoniyi, T.E. and Onilude, M.A. (2023) Combustion 
Characteristics of Briquettes Produced from Three Binders and Torrefied Gmelina 
Arborea (Robx.) Sawdust. Trends in Applied Sciences Research, 18, 71-93.  
https://doi.org/10.3923/tasr.2023.71.93 

[23] Owusu Boakye, S. and Zakpaa, H.D. (2025) Proximate Characterization of Discard-
ed Fruits and their Valorization to Obtain Pectin.  
https://doi.org/10.2139/ssrn.5104947 

[24] Salifou, C.F.A., Vinankpon, S.Z., Kiki, P.S., Agossa, R., Konsaka, B.M. and Youssao 
Abdou Karim, I. (2021) Evaluation of the Physico-Chemical Characteristics and Sen-
sory Qualities of Mackerel and Horse Mackerel Smoked with Fruit Peels and Rice 
Husk Residues in Benin. Journal of Aquatic Food Product Technology, 30, 1249-
1263. https://doi.org/10.1080/10498850.2021.1988017 

[25] ASTM International (2024) Standard Test Method for Flash and Fire Points by Cleve-
land Open Cup Tester (ASTM D92-24). ASTM International.  
https://www.astm.org/d0092-24.html  

[26] NF EN 15400 (2011) Combustibles solides de récupération-Méthodes de détermina-
tion du pouvoir calorifique. 1-67.  
https://www.boutique.afnor.org/fr-fr/norme/nf-en-15400/combustibles-solides-de-
recuperation-methodes-de-determination-du-pouvoir-c/fa156239/37725  

[27] Koala, L. (2012) Fabrication manuelle de briquettes de balles de riz et évaluation des 
performances du foyer amélioré à balles de riz. Mémoire d’Ingénieur, Université Pol-
ytechnique de Bobo-Dioulasso, 1-130. 

[28] Banerjee, R., Kumar, M., Jacob, S. and Upadrasta, L. (2017) Biomethanation of Pine-
apple Wastes Using Potent Anaerobic Consortia Substituting Cow Manure. Environ-
mental Engineering and Management Journal, 16, 2647-2655.  
https://doi.org/10.30638/eemj.2017.275 

[29] Roda, A. and Lambri, M. (2019) Food Uses of Pineapple Waste and By-Products: A 
Review. International Journal of Food Science & Technology, 54, 1009-1017.  
https://doi.org/10.1111/ijfs.14128 

[30] Sankhon, A., Sylla, M.M.B., Kourouma, K., Loua, T., Keita, S.O. and Sylla, A. (2023) 
Etudes comparatives des propriétés physico-chimiques, microbiologiques et nutri-
tionnelles des ananas cayenne lisse et baronne de guinée produits à friguiagbé 
(kindia) et à mafèreinya (forécariah) en république de guinée. Revue Ivoirienne des 
Sciences et Technologie, 42, 254-264. http://www.revist.ci/  

[31] Agognon, P., Adjahossou, S., Gbaguidi A.N.M. and Kpadonou, D. (2023) Valorisa-
tion des sous-produits issus de la transformation de l’Ananas comosus L. Merril: Etat 
de l’art. African Scientific Journal, 3, 256-281.  
https://hal.science/hal-04239368v1  

[32] Awulu, J.O., Omale, P.A. and Ameh, J.A. (2018) Comparative Analysis of Calorific 

https://doi.org/10.4236/jacen.2025.144028
https://doi.org/10.4000/espacepolitique.11049
https://doi.org/10.1007/s44187-024-00116-5
https://doi.org/10.3923/tasr.2023.71.93
https://doi.org/10.2139/ssrn.5104947
https://doi.org/10.1080/10498850.2021.1988017
https://www.astm.org/d0092-24.html
https://www.boutique.afnor.org/fr-fr/norme/nf-en-15400/combustibles-solides-de-recuperation-methodes-de-determination-du-pouvoir-c/fa156239/37725
https://www.boutique.afnor.org/fr-fr/norme/nf-en-15400/combustibles-solides-de-recuperation-methodes-de-determination-du-pouvoir-c/fa156239/37725
https://doi.org/10.30638/eemj.2017.275
https://doi.org/10.1111/ijfs.14128
http://www.revist.ci/
https://hal.science/hal-04239368v1


K. A. I. Gadé et al. 
 

 

DOI: 10.4236/jacen.2025.144028 426 Journal of Agricultural Chemistry and Environment 
 

Values of Selected Agricultural Wastes. Nigerian Journal of Technology, 37, 1141-
1146. https://doi.org/10.4314/njt.v37i4.38 

[33] Deepak, K.B., Manujesh, B.J., Vivek, and Yashas, B.K. (2019) Development and Study 
of Fuel Briquettes from Areca Leaves: A Potential Renewable Energy Source. AIP 
Conference Proceedings, 2080, Article ID: 030004. https://doi.org/10.1063/1.5092907 

[34] Pelumi, I.P., Tobiloba, O., Wallace, O., Oluwatoba, O., Akanni, A.A., Oluwole, A.O., 
and Sola, O.T. (2019) Performance Evaluation of Briquette Produced from a De-
signed and Fabricated Piston-Type Briquetting Machine. International Journal of En-
gineering Research and Technology, 12, 1227-1238.  
https://www.researchgate.net/publication/336364463_Performance_Evalua-
tion_of_Bri-quette_Produced_from_a_Designed_and_Fabricated_Piston-Type_Bri-
quetting_Machine?enrichId=rgreq-f87288957f645eacfcc78e6ec84248f8-XXX&en-
richSource=Y292ZXJQYWdlOzMzNjM2NDQ2MztBUzo4MjUx-
OTQ1NzQ3OTg4NDlAMTU3Mzc1MzEyNjk2NQ%3D%3D&el=1_x_2&_esc=pub-
licationCoverPdf  

[35] Ka, A., Gueye, M.T., Diop, S.M., Cissokho, P.S. and Gueye, A.N. (2018) Etude de 
l’efficacité de la poudre et des cendres de balle de riz contre deux insectes ravageurs 
du riz stocké au Sénégal, Sitophilus zeamais (Motsch.) et Tribolium castaneum 
(Herbst). International Journal of Biological and Chemical Sciences, 12, 1731-1739.  
https://doi.org/10.4314/ijbcs.v12i4.17 

[36] Lubwama, M., Birungi, A., Nuwamanya, A. and Yiga, V.A. (2024) Characteristics of 
Rice Husk Biochar Briquettes with Municipal Solid Waste Cassava, Sweet Potato and 
Matooke Peelings as Binders. Materials for Renewable and Sustainable Energy, 13, 
243-254. https://doi.org/10.1007/s40243-024-00262-x 

[37] Akowuah, J.O., Kemausuor, F. and Mitchual, S.J. (2012) Physico-Chemical Charac-
teristics and Market Potential of Sawdust Charcoal Briquette. International Journal 
of Energy and Environmental Engineering, 3, Article No. 20.  
https://doi.org/10.1186/2251-6832-3-20 

[38] Saidur, R., Abdelaziz, E.A., Demirbas, A., Hossain, M.S. and Mekhilef, S. (2011) A 
Review on Biomass as a Fuel for Boilers. Renewable and Sustainable Energy Reviews, 
15, 2262-2289. https://doi.org/10.1016/j.rser.2011.02.015 

[39] Ajimotokan, H.A., Ibitoye, S.E., Odusote, J.K., Adesoye, O.A. and Omoniyi, P.O. 
(2019) Physico-Mechanical Properties of Composite Bri Quettes from Corncob and 
Rice Husk. Journal of Bioresources and Bioproducts, 4, 159-165.  
https://doi.org/10.12162/jbb.v4i3.004  

[40] Rawat, S. and Kumar, S. (2021) Critical Review on Processing Technologies and Eco-
nomic Aspect of Bio-Coal Briquette Production. Preparative Biochemistry & Biotech-
nology, 52, 855-871. https://doi.org/10.1080/10826068.2021.2001754 

[41] Demirbas, A., Ahmad, W., Alamoudi, R. and Sheikh, M. (2016) Sustainable Charcoal 
Production from Biomass. Energy Sources, Part A: Recovery, Utilization, and Envi-
ronmental Effects, 38, 1882-1889. https://doi.org/10.1080/15567036.2014.1002955 

[42] Ayala, J.R., Montero, G., Coronado, M.A., García, C., Curiel-Alvarez, M.A., León, 
J.A., et al. (2021) Characterization of Orange Peel Waste and Valorization to Obtain 
Reducing Sugars. Molecules, 26, Article 1348.  
https://doi.org/10.3390/molecules26051348 

[43] Azlinando, R.F., Afandi, A.N. and Samsurizal, S. (2024) Techno-Economic Evalua-
tion of Rice Husk Co-Firing as a Sustainable Biomass Fuel Alternative. ITEGAM—
Journal of Engineering and Technology for Industrial Applications, 10, 28-33.  
https://doi.org/10.5935/jetia.v10i50.1292 

https://doi.org/10.4236/jacen.2025.144028
https://doi.org/10.4314/njt.v37i4.38
https://doi.org/10.1063/1.5092907
https://www.researchgate.net/publication/336364463_Performance_Evaluation_of_Bri-quette_Produced_from_a_Designed_and_Fabricated_Piston-Type_Briquetting_Machine?enrichId=rgreq-f87288957f645eacfcc78e6ec84248f8-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2NDQ2MztBUzo4MjUxOTQ1NzQ3OTg4NDlAMTU3Mzc1MzEyNjk2NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/336364463_Performance_Evaluation_of_Bri-quette_Produced_from_a_Designed_and_Fabricated_Piston-Type_Briquetting_Machine?enrichId=rgreq-f87288957f645eacfcc78e6ec84248f8-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2NDQ2MztBUzo4MjUxOTQ1NzQ3OTg4NDlAMTU3Mzc1MzEyNjk2NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/336364463_Performance_Evaluation_of_Bri-quette_Produced_from_a_Designed_and_Fabricated_Piston-Type_Briquetting_Machine?enrichId=rgreq-f87288957f645eacfcc78e6ec84248f8-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2NDQ2MztBUzo4MjUxOTQ1NzQ3OTg4NDlAMTU3Mzc1MzEyNjk2NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/336364463_Performance_Evaluation_of_Bri-quette_Produced_from_a_Designed_and_Fabricated_Piston-Type_Briquetting_Machine?enrichId=rgreq-f87288957f645eacfcc78e6ec84248f8-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2NDQ2MztBUzo4MjUxOTQ1NzQ3OTg4NDlAMTU3Mzc1MzEyNjk2NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/336364463_Performance_Evaluation_of_Bri-quette_Produced_from_a_Designed_and_Fabricated_Piston-Type_Briquetting_Machine?enrichId=rgreq-f87288957f645eacfcc78e6ec84248f8-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2NDQ2MztBUzo4MjUxOTQ1NzQ3OTg4NDlAMTU3Mzc1MzEyNjk2NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/336364463_Performance_Evaluation_of_Bri-quette_Produced_from_a_Designed_and_Fabricated_Piston-Type_Briquetting_Machine?enrichId=rgreq-f87288957f645eacfcc78e6ec84248f8-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2NDQ2MztBUzo4MjUxOTQ1NzQ3OTg4NDlAMTU3Mzc1MzEyNjk2NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://doi.org/10.4314/ijbcs.v12i4.17
https://doi.org/10.1007/s40243-024-00262-x
https://doi.org/10.1186/2251-6832-3-20
https://doi.org/10.1016/j.rser.2011.02.015
https://doi.org/10.12162/jbb.v4i3.004
https://doi.org/10.1080/10826068.2021.2001754
https://doi.org/10.1080/15567036.2014.1002955
https://doi.org/10.3390/molecules26051348
https://doi.org/10.5935/jetia.v10i50.1292


K. A. I. Gadé et al. 
 

 

DOI: 10.4236/jacen.2025.144028 427 Journal of Agricultural Chemistry and Environment 
 

[44] de Oliveira, P.R.S., Trugilho, P.F. and de Oliveira, T.J.P. (2021) Briquettes of Acai 
Seeds: Characterization of the Biomass and Influence of the Parameters of Production 
Temperature and Pressure in the Physical-Mechanical and Energy Quality. Environ-
mental Science and Pollution Research, 29, 8549-8558.  
https://doi.org/10.1007/s11356-021-15847-6 

[45] Andriatoavina, D.A.S., Fakra, A.H., Ratiarison, A.A. and Andriamampianina, J.M.M. 
(2021) Potentiel de l’hybridation de la gazéification de la biomasse, de l’électrolyse de 
l’eau et de l’énergie solaire photovoltaïque pour l’électrification rurale à Madagascar. 
Afrique Science: Revue internationale des sciences et technologies, 18, 133-147.  
https://hal.science/hal-03608621v1  

[46] Chaves, B.S., Macedo, L.A., Galvão, L.G.O., Carvalho, A.C.R., Palhano, A.X., Vale, 
A.T. and Silveira, E.A. (2021) Production and Characterization of Raw and Torrefied 
Phyllostachys aurea Pellets and Briquettes for Energy Purposes. 29th European Bio-
mass Conference and Exhibition, 26-29 April 2021, 657-661. 

[47] Dzokom, A. (2024) Ecologic Index of Ecological Charcoal Based on Mix Prosopis 
Juliflora_Eichhornia crassipes and Their Carbon Sequestration Potential. SSRN Elec-
tronic Journal. https://doi.org/10.2139/ssrn.4885557 

[48] Rasoanaivo, J.L., Issa, A., Rakotoson, R., Ravoninjatovo, A. and Andrianaivo, L. 
(2021) Potentialités en Déchets Rizicoles: Gage de l’Electrification et du Développe-
ment Durable. Cas de la Commune Rurale d’Ambohijanahary, District d’Ampara-
faravola, Région Alaotra Mangoro, Madagascar. International Journal of Progressive 
Sciences and Technologies (IJPSAT), 29, 392-419.  

[49] Shone, C.M. and Jothi, T.J.S. (2015) Preparation of Gasification Feedstock from Leafy 
Biomass. Environmental Science and Pollution Research, 23, 9364-9372.  
https://doi.org/10.1007/s11356-015-5167-2 

[50] Ai, Y. and Jane, J. (2024) Understanding Starch Structure and Functionality. In: Nils-
son, L., Ed., Starch in Food, Elsevier, 55-77.  
https://doi.org/10.1016/b978-0-323-96102-8.00018-8 

[51] Afsal, A., David, R., Baiju, V., Suhail, N.M., Parvathy, U. and Rakhi, R.B. (2020) Ex-
perimental Investigations on Combustion Characteristics of Fuel Briquettes Made 
from Vegetable Market Waste and Saw Dust. Materials Today: Proceedings, 33, 3826-
3831. https://doi.org/10.1016/j.matpr.2020.06.222 

[52] Obi, O.F., Pecenka, R. and Clifford, M.J. (2022) A Review of Biomass Briquette Bind-
ers and Quality Parameters. Energies, 15, Article 2426.  
https://doi.org/10.3390/en15072426 

[53] FAO (Food and Agriculture Organization) (2000) FAO Proposal under Discussion. 
FAO. 
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://
www.fao.org/3/x4400e/x4400e.pdf&ved=2ahUKEwjxjLHU87SPAxVRVEEAHYSi-
FYwQFnoECBcQAQ&usg=AOvVaw3aTb_qX7Rira4k2fNKQk6d  

[54] Anguruwa, G.T., Adetunji, B.B., Ademola, I.T., Omidiran, M.O., Alawode, A.R., 
Oyediran, R.I. and Adekunle, E.A. (2024) Production and Characterisation of Corn 
Chaff Briquette Using Cassava Starch and Gum Arabic as Binders. Agriculture, Food, 
and Natural Resources Journal, 3, 282-288.  
https://www.re-
searchgate.net/deref/https%3A%2F%2Fwww.doi.org%2F10.5281%2Fzeno-
do.14210301?_tp=eyJjb250ZXh0Ijp7Im-
ZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwic
HJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ  

https://doi.org/10.4236/jacen.2025.144028
https://doi.org/10.1007/s11356-021-15847-6
https://hal.science/hal-03608621v1
https://doi.org/10.2139/ssrn.4885557
https://doi.org/10.1007/s11356-015-5167-2
https://doi.org/10.1016/b978-0-323-96102-8.00018-8
https://doi.org/10.1016/j.matpr.2020.06.222
https://doi.org/10.3390/en15072426
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.fao.org/3/x4400e/x4400e.pdf&ved=2ahUKEwjxjLHU87SPAxVRVEEAHYSiFYwQFnoECBcQAQ&usg=AOvVaw3aTb_qX7Rira4k2fNKQk6d
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.fao.org/3/x4400e/x4400e.pdf&ved=2ahUKEwjxjLHU87SPAxVRVEEAHYSiFYwQFnoECBcQAQ&usg=AOvVaw3aTb_qX7Rira4k2fNKQk6d
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.fao.org/3/x4400e/x4400e.pdf&ved=2ahUKEwjxjLHU87SPAxVRVEEAHYSiFYwQFnoECBcQAQ&usg=AOvVaw3aTb_qX7Rira4k2fNKQk6d
https://www.researchgate.net/deref/https%3A%2F%2Fwww.doi.org%2F10.5281%2Fzeno-do.14210301?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/deref/https%3A%2F%2Fwww.doi.org%2F10.5281%2Fzeno-do.14210301?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/deref/https%3A%2F%2Fwww.doi.org%2F10.5281%2Fzeno-do.14210301?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/deref/https%3A%2F%2Fwww.doi.org%2F10.5281%2Fzeno-do.14210301?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/deref/https%3A%2F%2Fwww.doi.org%2F10.5281%2Fzeno-do.14210301?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ


K. A. I. Gadé et al. 
 

 

DOI: 10.4236/jacen.2025.144028 428 Journal of Agricultural Chemistry and Environment 
 

[55] Umeocho, C.E., Ezidi, C.O., Nwosu, E.N., Nwankwo, C.I., Ezejiegu, K.C. and 
Onuegbu, T.U. (2024) Comparative Study of the Combustion Properties of Briquettes 
Produced from Blends of Mung Beans Shell, Uncarbonized and Carbonized Sawdust. 
Chemical Reports, 5, 285-290. https://doi.org/10.25082/cr.2024.01.003 

[56] Haider, G., Lalji, S.M., Ali, S.I., Abbasi, F.A. and Burney, M. (2024) Synthesis of Coal-
Biomass Blended Fuel through Coal-Wet Briquetting Technology. Arabian Journal 
of Geosciences, 17, Article No. 111. https://doi.org/10.1007/s12517-024-11922-7 

[57] Lubwama, M. and Yiga, V.A. (2017) Development of Groundnut Shells and Bagasse 
Briquettes as Sustainable Fuel Sources for Domestic Cooking Applications in 
Uganda. Renewable Energy, 111, 532-542.  
https://doi.org/10.1016/j.renene.2017.04.041 

[58] Gadé, K.A.I. (2020) Evaluation de la qualite physico-chimique et sensorielle des pois-
sons fumés avec les briquettes fabriquees à base de balles de riz et d’epluchures de 
fruits. Ph.D. Thesis, Université d’Abomey-Calavi.  
https://scholar.google.com/citations?user=0gh7p-8AAAAJ&hl=fr  

[59] Kindie, A. and Nigussie M. (2013) Experimental Investigations on Briquettes Pro-
duced Frommaize Cobs and Rice Husks. International Journal of Engineering Re-
search & Technology (IJERT), 2, 515-522.  
https://www.academia.edu/66849676/Experimental_Investigations_on_Bri-
quettes_Produced_Frommaize_Cobs_and_Rice_Husks  

[60] Mibulo, T., Nsubuga, D., Kabenge, I. and Wydra, K.D. (2023) Characterization of 
Briquettes Developed from Banana Peels, Pineapple Peels and Water Hyacinth. En-
ergy, Sustainability and Society, 13, Article No. 36.  
https://doi.org/10.1186/s13705-023-00414-3 

[61] INERIS (2015) Rapport d’étude n° DRA-15-148940-03446A: Étude de dangers d’une 
installation classée. INERIS-DRA-15-148940-03446A. 

[62] Codex Alimentarius (2009) Code d’usages pour la réduction de la contamination des 
aliments par les hydrocarbures aromatiques polycycliques (hap) issus des processus 
de fumage et de séchage direct. 18.  
https://www.fao.org/fao-who-codexalimentarius/sh-
proxy/es/?lnk=1&url=https%253A%252F%252Fwork-
space.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-
2009%252FCXC_068f.pdf  

[63] European Commission (EC) (2023) Commission Regulation (EU) 2023/915 of 25 
April 2023 on Maximum Levels for Certain Contaminants in Food and Repealing 
Regulation (EC) No 1881/2006. http://data.europa.eu/eli/reg/2023/915/oj  

[64] République du Bénin (2007) Arrêté 2007-0362/MAEP/D-CAB/SGM/DRH/DP/SA du 
30 octobre 2007 portant fixation des teneurs maximales pour certains contaminants 
dans les denrées alimentaires en République du Bénin. 
https://faolex.fao.org/docs/pdf/ben146450.pdf  

[65] WHO (2021) Human Health Effects of Polycyclic Aromatic Hydrocarbons as Ambi-
ent Air Pollutants-Report of the Working Group on Polycyclic Aromatic Hydrocar-
bons of the Joint Task Force on the Health Aspects of Air Pollution  
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://
www.who.int/europe/publications/i/item/9789289056533&ved=2ahUKEwjItISwjb-
SPAxUkVkEAHbHI-ADgQFnoECBcQAQ&usg=AOv-
Vaw1_2k4czi7BY889emMqDBZM  

 
 

https://doi.org/10.4236/jacen.2025.144028
https://doi.org/10.25082/cr.2024.01.003
https://doi.org/10.1007/s12517-024-11922-7
https://doi.org/10.1016/j.renene.2017.04.041
https://scholar.google.com/citations?user=0gh7p-8AAAAJ&hl=fr
https://www.academia.edu/66849676/Experimental_Investigations_on_Briquettes_Produced_Frommaize_Cobs_and_Rice_Husks
https://www.academia.edu/66849676/Experimental_Investigations_on_Briquettes_Produced_Frommaize_Cobs_and_Rice_Husks
https://doi.org/10.1186/s13705-023-00414-3
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXC_068f.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXC_068f.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXC_068f.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXC_068f.pdf
http://data.europa.eu/eli/reg/2023/915/oj
https://faolex.fao.org/docs/pdf/ben146450.pdf
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.who.int/europe/publications/i/item/9789289056533&ved=2ahUKEwjItISwjbSPAxUkVkEAHbHI-ADgQFnoECBcQAQ&usg=AOvVaw1_2k4czi7BY889emMqDBZM
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.who.int/europe/publications/i/item/9789289056533&ved=2ahUKEwjItISwjbSPAxUkVkEAHbHI-ADgQFnoECBcQAQ&usg=AOvVaw1_2k4czi7BY889emMqDBZM
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.who.int/europe/publications/i/item/9789289056533&ved=2ahUKEwjItISwjbSPAxUkVkEAHbHI-ADgQFnoECBcQAQ&usg=AOvVaw1_2k4czi7BY889emMqDBZM
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.who.int/europe/publications/i/item/9789289056533&ved=2ahUKEwjItISwjbSPAxUkVkEAHbHI-ADgQFnoECBcQAQ&usg=AOvVaw1_2k4czi7BY889emMqDBZM

	Evaluation of the Physical and Energetic Properties of Briquettes Based on Agricultural Residues for Use in Food Smoking 
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.1.1. Experimental Framework and Sample Collection
	2.1.2. Pretreatment of Raw Materials

	2.2. Methods
	2.2.1. Briquette Production
	2.2.2. Physicochemical, Thermal, and Mechanical Characteristics of Raw Materials and Briquettes 
	2.2.3. Statistical Analyses


	3. Results
	3.1. Physicochemical Properties of Rice Husks, Pineapple Peelings, and Orange Peelings, and Cassava Starch
	3.2. Physicochemical Properties of Briquettes Made from Agricultural Residues

	4. Discussion
	4.1. Characteristics of the Raw Materials: Rice Husks, Pineapple Peelings, Orange Peelings, and Cassava Starch
	4.1.1. Moisture Content of Raw Materials
	4.1.2. Ash Content of Raw Materials
	4.1.3. Temperature and Time to Reach Flash Point of Raw Materials
	4.1.4. Gross Lower Calorific Value and Dry Lower Calorific Value of Raw Materials

	4.2. Characteristics of Briquettes Crafted from Agricultural Residues
	4.2.1. Moisture Content of Briquettes
	4.2.2. Ash Content of Briquettes
	4.2.3. Temperature and Time to Reach the Flash Point of Briquettes
	4.2.4. Gross Lower Calorific Value and Dry Lower Calorific Value of Briquettes
	4.2.5. Impact Resistance (Drop Test)


	5. Conclusion
	Acknowledgements
	Contributions of Authors
	Conflicts of Interest
	References

