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Abstract

This study analyzes rice husking residues management in the city of Man (Tonkpi Region, Céte d’Ivoire), through a census of
husking facilities, a quantification of the residues produced, and an assessment of current management practices. To this end,
field observations and a survey were conducted at active rice husking mills in the city of Man, in collaboration with the
Association of Rice Husking Machine Owners of Man. A total of 31 mills were surveyed, comprising 9 large semi-industrial
mills (29%) and 22 small artisanal mills (71%), spread across 16 neighborhoods. The main residues from husking are husks,
bran, and a husk-bran mixture. In large mills, husks and bran are produced separately; while in small mills, an undifferentiated
mixture is generated. Over seven months of operation, total byproducts amounted to approximately 1,436.23 metric tons,
including 645.71 metric tons of husks and 580.89 metric tons of bran from the large mills, and 209.76 metric tons of husk bran
mixture from the small mills. The main recipients of the residues are poultry farmers (47% from large mills) and pig farmers
(42% from small mills), as well as crop farmers, fish farmers, and cattle farmers.
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1. Introduction

Rice (Oryza sativa L.) plays a strategic role in global food
systems and serves as a staple food for more than half of the
world’s population [1]. It is grown in more than 110 countries,
including, to varying degrees, all countries in West Africa [2].
Global rice production is estimated at between 455 and 460
million metric tons, 90% of which comes from Asia. Africa
and Latin America account for the bulk of the remaining 10%

[3]. In West Africa, and particularly in C&e d’Ivoire, rice con-
sumption is growing steadily, driven by rapid urbanization,
changing dietary habits, and population growth [4]. In C&e
d’Ivoire, rice is the primary cereal consumed, with national
demand estimated at over 2 million metric tons of milled rice
per year, while local production remains insufficient to meet
domestic needs [5].

Man region, characterized by favorable climatic conditions,
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extensive lowlands, and an abundant agricultural workforce,
is gradually emerging as a major rice-producing area [6].
However, production and processing of rice intensification is
accompanied by a significant increase in the production of ag-
ricultural byproducts, particularly residues from rice husking.
In fact, paddy husking primarily generates byproducts, which
account for between 20 and 25% of the total mass of processed
paddy rice [1, 7, 8]. Although these byproducts are rich in or-
ganic matter and lignocellulosic compounds, they are most of-
ten considered waste with no economic value in husking fa-
cilities. Their uncontrolled accumulation thus poses a major
environmental problem, particularly in rural and peri-urban
areas, where infrastructure for managing agricultural waste is
virtually nonexistent [9]. Numerous studies have highlighted
their potential use as organic soil amendments, composting
substrates, sources of renewable energy (biomass, briquettes,
biogas), and as raw materials in the construction and agro-in-
dustrial sectors [10, 11], in the production of biochar [12, 13],
or as animal bedding [14]. Rice residues utilization is thus
consistent with circular economy and sustainable develop-
ment principles, promoting waste reduction, the creation of lo-
cal added value, and environmental protection [15].

The burning of rice byproducts is generally carried out di-
rectly by farmers after the main harvest. Farmers believe that
burning rice byproducts can fertilize the rice fields and pre-
pare them for replanting [16]. However, a study by
Glushankova et al. [17] indicates that burning rice straw can
deplete soil nutrients. In addition to its negative impact on soil,
burning rice straw is also a source of air pollution. According
to Bodor et al. [18] and Zorena et al. [19], combustion releases
various pollutants such as SOz, NO,, CO, PMyo, and PMas,
which can harm environmental health. Air pollution affects
humans, animals, and plants.

In C&e d'lvoire, a study has highlighted the importance of
documenting and analyzing the husk residue management
chains. Messou et al. [20] found that the L&h-Djiboua region
has an average annual rice production of over 21,000 metric
tons, generating several thousand metric tons of husk residues,
the management of which remains poorly documented. In the
city of Man, scientific research on assessing the stockpiles of
these residues and analyzing their recovery pathways remains
fragmented and insufficient. Against this backdrop, the over-
all objective of this study is to assess the management of rice
husking residues in the city of Man. More specifically, the
study aims to identify the rice husking facilities in the city of
Man and the different types of residues they generate; to quan-
tify the residues produced by these mills; and to evaluate cur-
rent management practices.

2. Material and Methods

1) In large mills

Mass of rice bran = Paddy rice production received X —
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2.1. Study Area

This study was conducted in the city of Man, the capital of
the Tonkpi region, located in western C&e d’Ivoire (Figure 1).
It covers an area of approximately 3,450 km? and has an esti-
mated population of over 400,000 [21]. The region’s climate
is characterized by a humid tropical mountain climate, with
estimated annual rainfall ranging from 1,400 mm to 1,800 mm,
distributed across two rainy seasons and two dry seasons. The
vegetation is dominated by dense forest interspersed with food
crops, notably rain-fed rice, upland rice, and lowland rice. The
region’s rugged terrain, marked by the presence of Mount
Nimba and the Dan Mountains, provides agroecological con-
ditions that are particularly favorable for rice cultivation [22].

2.2. Data Collection

Data collection took place over a period of seven (7) months,
from December 2025 to June 2026, and consisted of a field
survey, field observations, and direct weigh-ins.

2.2.1. Identification and Geolocation of Mills and
Determination of Different Types of Residues

A census of all active rice-hulling units (mills) in the city of
Man was conducted in collaboration with the Association of
Rice Hulling Machine Owners of Man (APMM). This prelim-
inary work identified the mills that hull rice, and all of them
were visited. During the visits, a GPS device was used to rec-
ord the geographic coordinates of the sites. These coordinates
were then entered into the QGIS 3.14.16 software to generate
a map of the rice hulling mills in the city of Man. The different
types of residues generated at the mills were determined
through a survey of mill managers and employees. In addition,
field observations were used to confirm the information gath-
ered from the survey.

2.2.2. Quantification of Residues in Mills

The quantification of residues is based on data for husked
paddy rice collected over a 7 month period during the study,
which were provided by the managers or owners of the mills
in question. To determine the various residue fractions ob-
tained after husking paddy rice, a 100 kg bag of paddy rice
was used as a reference sample. The rice was then hulled un-
der the mills” normal operating conditions. The various resi-
dues obtained (bran, husks, or a mixture of husks and bran)
after hulling were weighed separately using a scale to deter-
mine their respective masses and to evaluate their proportions
relative to the initial mass of paddy rice. Thus, the following
is obtained:
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2) In small mills

Mass of rice husk = Paddy rice production received X11_050 2
Mass of husk + bran mixture = Paddy rice production receivedx% 3)
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Figure 1. Map of the City of Man.

2.2.3. Analysis of Rice Husking Residues
Management Practices

The analysis of residue management practices was con-
ducted using questionnaire surveys administered to owners,
managers, and employees, followed by field observations of
the methods used for collecting, storing, recycling, and dis-
posing of residues.

2.3. Data Analysis

The collected data were grouped by neighborhood within
the city of Man. The relative frequencies of each variable were
calculated based on the number of mills visited, using Equa-
tion (4):

X

where:
F: Frequency; X: Number of observations in the category
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(number of mills per neighborhood); Y: Total number of ob-
servations.

3. Results

3.1. Map of Rice Huskers in the City of Man

In Man city, there are 31 rice huskers (Figure 2). These
mills are distributed across the neighborhoods of Mouhaka-
dougou, Gbeupleu, Dioulabougou, Commerce, Koko, Mistro,
Therese, Soleil, Lycee Club, Kennedy, Libreville, Grand
Gbapleu, Petit Paris, Mindeba, CNPS, and Kpangouin 2. The
mills observed in the city of Man are classified into two types:
large mills (semi-industrial system) and small mills (artisanal
system) (Figure 3). There are few large mills (9), and they are
mainly concentrated in the neighborhoods of Koko, Mahouka-
dougou, Grand Gbapleu, Kpangouin 22, Kennedy, Mindeba,
and Libreville. In contrast, small mills are found in the neigh-
borhoods of Mouhakadougou, Gbeupleu, Dioulabougou,
Commerce, Koko, Mistro, Therese, Soleil, Lycee Club, Grand
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Gbapleu, Petit Paris, CNPS, and Kpangouin 2.
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Figure 2. Geolocation of rice husking mills in Man.

Figure 3. Different types of mills in Man; A: Large mills, B: Small mills.

3.2. Types of Rice Hulling Residues rice bran) are produced separately. There is a pipe connected
) ) ) ) to the outside of the mill through which the rice husks are dis-
According to the survey conducted in Man, the main resi-  charged, while the bran is collected inside via a separate pipe.

dues produced by rice hulling are rice husks and rice bran | contrast, in small mills, the two are mixed together and col-
(Figure 4). In large mills, these two residues (rice husks and lected directly inside (husk bran mixture).
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Figure 4. Different types of byproducts in Man; A: Rice husks, B: Rice bran, C: Rice husk bran mixture.

3.3. Amount of Byproducts Produced by Mills

3.3.1. Large Mills

Figure 5 shows the average amount of rice by products pro-
duced by large mills. It can be seen that, in all the districts
shown, rice husks quantities exceed those of rice bran. Large
mills produced a total of 645.71 tons of rice husks and 580.89
tons of rice bran. The corresponding average quantities of rice
husks and rice bran are 92.2 tons/month and 83 metric
tons/month, respectively. Koko and Mindeba districts account
for the largest share of these residues.
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Figure 5. Average amount of rice byproducts (husk and bran) pro-
duced over 7 months by large mills.

3.3.2. Small Mills

Small mills generated 209.76 tons of husk bran mixture,
with an average production of 30 tons/month. Petit Paris
neighborhood accounts for the largest share of these residues,
with approximately 75.7 tons of husk bran mixture, while the
Lycee Club neighborhood accounts for the smallest share,
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with approximately 1.4 tons (Figure 6).
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Figure 6. Average amount of rice residues (husk-bran mixture) pro-
duced over 7 months by small mills.

3.4. Rice Husking Residues Management
Practices

Rice husking residues produced at large and small mills in
the city of Man are either dumped outdoors (near the mills or
into waterways) or stored in bags before being sent to various
recovery channels. Figure 7 shows the proportion of collectors
of rice husking residues in Man city. Generally speaking, the
residues are collected by poultry farmers, fish farmers, cattle
farmers, charcoal producers (Figure 8), and crop farmers.
However, at large mills, poultry farmers account for the high-
est proportion (47%), followed by farmers at 29%. In contrast,
at small mills, pig farmers dominate (42%), followed by cattle
farmers (32%).
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Figure 7. Residue collection systems in mills.

Figure 8. Residue collection systems in mills.

3.5. Economic Value of Residues

The survey reveals that rice husking residues utilization is
a widespread practice in mills in Man city. In fact, 96.88% of
the mills surveyed reported generating income from the sale
of bran in large mills and of a husk bran mixture in small mills,
confirming the existence of an active local market for these
byproducts. The amount received for 100 kg of byproducts is
approximately 2,500 FCFA.

4. Discussion

This study, which analyzes rice husking waste management
in Man city, identified a total of 31 active mills, consisting of
22 small (artisanal) mills accounting for 71% and 9 large
(semi-industrial) mills accounting for 29%. The predomi-
nance of small mills is consistent with the situation observed
in C&e d’Ivoire. Indeed, Messou et al. [20] note that in under
equipped regions of CGe d’Ivoire, such as L&h-Djiboua, arti-
sanal systems remain more numerous than semi-industrial
systems, reflecting the limited economic capacity of local pro-
ducers and the lack of investment in mechanization. The main
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byproducts of husking in mills are husks, bran, and a mixture
of husks and bran. In large mills, husks and bran are separated
during husking via two distinct conveyor lines, whereas in
small mills, a mixture of husks and bran is generally produced.
This difference is due to the technology of the husking ma-
chines. Studies such as those by UNIDO [23] and [7] highlight
that large mills generally use disc hullers, which allow for ef-
ficient separation of byproducts. In contrast, small mills often
use older hullers, which results in a mixture. This observation
is important because, according to Bhattacharya et al. [24],
separating the husks and bran facilitates their recovery. Over
a period of seven (7) months, approximately 1,436.23 metric
tons of byproducts were generated at the mills in the city of
Man, including 645.71 metric tons of rice husks and 580.89
metric tons of rice bran from the large mills, and 209.76 metric
tons from the small mills (a mixture of rice husks and rice
bran). Large mills produce the largest quantity of this rice husk
residue. This predominance of rice husks over bran is con-
sistent with the work of IRRI [7] and Goyon et al. [8], which
indicate that rice husks constitute the majority of husking res-
idues. The accumulation of these residues poses a major envi-
ronmental challenge, particularly in a context where agricul-
tural waste treatment infrastructure remains limited, as high-
lighted by Kemausuor et al. [9] for West Africa. Hulling resi-
dues produced in large and small mills in the city of Man are
either dumped outdoors (near the mills or into waterways) or
stored in bags before being sent to various recovery channels.
Generally speaking, by products are collected by poultry
farmers, fish farmers, cattle farmers, charcoal producers, and
crop farmers. However, at large mills, poultry farmers account
for the highest proportion (47%). In contrast, at small mills,
swine farmers dominate (42%). The high demand for residues
from large mills by poultry farmers is due to the superior qual-
ity of the separated bran, which serves as a valuable protein-
rich feed supplement in poultry farming, in accordance with
the recommendations of [25] and the [26]. At small mills, the
predominance of pig farmers (42%) is due to the nature of the
mixture of rice husks and bran produced. This mixture is less
valuable for poultry, as it is better suited as bedding or a coarse
feed supplement for pigs and cattle [14]. The uncontrolled
dumping of rice husks into waterways is a practice of particu-
lar environmental concern. Due to their low natural biodegra-
dability resulting from their high silica content (approximately
90% of mineral compounds) and lignin content (22%) rice
husks can persist for a long time in aquatic environments, de-
grading water quality and disrupting aquatic ecosystems [27,
28]. This practice is all the more problematic in the context of
Man, a city crisscrossed by waterways whose ecological bal-
ance also determines local fish farming activities. The use of
rice husks as a cover during wood carbonization (9%) consti-
tutes a rudimentary but locally adapted form of energy recov-
ery. It is similar to the indirect combustion practices docu-
mented in the literature [29]. However, this open-air combus-
tion, carried out without specialized equipment, generates air
pollutants (SO,, CO, PMz;s fine particles) that are harmful to
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public health, according to Bodor et al. [18] and Zorena et al.
[19]. These forms of informal recovery, while positive, remain
insufficient given the total volume of residues generated. A
significant portion of these byproducts escapes any form of
recovery and ends up in the environment. The establishment
of formal collection and recovery systems such as composting,
biofuel production, and bran oil extraction is a key lever for
improving the management of husking residues in Man, in line
with a circular economy approach [11, 15].

5. Conclusions

This study analyzed rice husking residues management in
Man. The results of the mill survey identified 31 active mills
spread across 16 neighborhoods, including 22 small artisanal
mills (71%) and 9 large semi-industrial mills (29%). Two
main types of byproducts were identified: rice husks and rice
bran, which are produced separately in large mills via con-
veyor belts and mixed together in small mills. Over the 7
month period, residues are estimated at approximately
1,436.23 metric tons, including 645.71 metric tons of husks
and 580.89 metric tons of bran from the large mills, and
209.76 metric tons of a husk bran mixture from the small mills,
based on a production of 4,746.7 metric tons of paddy rice re-
ceived. The husking residues produced at large and small mills
in the city of Man are either dumped outdoors (near the mills
or into waterways) or stored in bags before being sent to vari-
ous recycling channels. The residues are collected by poultry
farmers, fish farmers, cattle farmers, charcoal producers, and
crop farmers. However, at large mills, poultry farmers account
for the highest proportion (47%), while at small mills, pig
farmers predominate (42%).
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APMM  Association of Rice Hulling Machine Owners of
Man
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