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ABSTRACT

A 2-phase study was undertaken to investigate the viability and safety of utilizing corn-mill sweep-
ings (CMS) as a sustainable agro-industrial by-product (AIBP) in swine nutrition. The research
characterized the usage patterns, incidence, and types of contaminants present in these materials to
determine their potential for effective integration into local feed systems. In the first phase, 20kg of
CMS were collected from three (3) different mills each in ten different suburbs of the Kumasi Me-
tropolis of the Ashanti Region of Ghana for physical examination. Phase 2 involved a field survey
specifically targeting the Ejisu-Juaben Pig Farmers and Processors Association. Nineteen semi-
structured questionnaires were administered to association members to capture data on their de-
mographic characteristics and livestock inventory, as well as to evaluate their professional percep-
tions of the practical challenges and benefits of CMS as a feed resource. Data collected were ana-
Iyzed using descriptive statistics via the Statistical Package for Social Sciences (SPSS) version 20.
Physical examination of CMS samples was conducted to quantify contaminant weight and percent-
age across the study area. Results showed that a 20 kg sample of CMS contains a 1.34% mean con-
taminant load (0.292 kg), requiring an average of 40 minutes of manual sorting for safety utilisa-
tion. These contaminants primarily consist of caked or mouldy feed items (67 %), wood (15%), plas-
tics (7%), metals (4%), and miscellaneous debris (7%,). Economically, CMS prices fluctuated be-
tween GH(4.00 and GH(6.00 per 20 kg, predicated on mill proximity to livestock hubs. The survey
of the Ejisu-Juaben Pig Farmers and Processors Association revealed that 95% of farmers utilize
CMS, with 84% managing stock sizes exceeding 100 pigs. Key utilization challenges identified in-
cluded high contaminant incidence (52%), product deterioration (29%), and erratic supply (17%).
It was concluded that while CMS offers a strategic opportunity for nutritional valorization, its safe-
ty is compromised by extraneous materials that increase labor costs and animal health risks. Con-
sequently, mill operators must implement improved collection and storage protocols to enhance the
ingredient's reliability for the livestock industry.

Keywords: Agro-industrial by-products (AIBP), corn mill sweepings (CMS), contaminants, piglet
diarrhoea, swine production.

INTRODUCTION 2007). Over the last decade, global feed costs
The production of monogastric livestock is  have remained highly volatile, with prices esca-
heavily dependent on the efficiency and cost-  lating by approximately 40% to 60% due to a
effectiveness of feeding regimes (Hutjens, combination of geopolitical instability, global
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supply chain disruptions, and the rising cost of
international grain trade (Trostle, 2012). In the
Ghanaian context, these price hikes are exacer-
bated by an overdependence on conventional
feedstuffs, specifically maize, fishmeal, and soy-
bean meal, most of which are imported and sub-
ject to volatile market conditions (Boateng et al.,
2008). Furthermore, the intensifying competition
between humans, industries, and the livestock
sector for these limited primary grains has creat-
ed a critical need for sustainable alternative feed
resources. While maize and soybean meal re-
main the gold standard for monogastric nutri-
tion, their cost is increasingly influenced by
shifting agricultural policies and global oil pric-
es (Hutjens, 2007). Although researchers are
exploring advanced alternatives such as hydro-
lyzed proteins and free amino acids to mitigate
environmental impacts and costs (Biagi et al.,
2017), the practical application of locally formu-
lated diets using available regional resources
remains the most viable strategy for small-to-
medium scale producers. Empirical evidence has
demonstrated that utilizing locally available in-
gredients can significantly reduce the financial
burden on pig production compared to commer-
cial alternatives (Pierer et al., 2016). The strate-
gic valorisation of agro-industrial by-products
(AIBPs) and non-conventional feed resources
(NCFR) represents a promising solution to these
economic constraints (Aboh et al., 2013). Glob-
ally, various AIBPs have been successfully inte-
grated into animal diets to alleviate the pressures
of feed scarcity (Devendra and Leng, 2011). In
Ghana, corn-mill sweepings (CMS), a composite
by-product gathered from the floors of milling
processing units, have emerged as a significant
non-conventional resource (Boateng et al.,
2020). This material, locally referred to as "B-
Co" (Vitamin B-complex) due to its diverse in-
gredient profile, typically consists of residuals
from the processing of maize, sorghum, millet,
cassava, groundnut, and other legumes (Boateng
et al.,2014; Boateng et al., 2015).

Recent investigations indicate that CMS produc-
tion is substantial; approximately 75% of mill
operators generate between 6 and 25 kg of
sweepings daily, providing a consistent supply
for dietary supplementation (Boateng et al.,
2020). Nutritionally, CMS exhibits a wide ana-
lytical range, with crude protein levels between

8.53% and 14.51% and metabolizable energy
reaching up to 3574.65 kcal/’kg DM (Boateng et
al., 2020). Despite this nutritional potential, the
utilization of CMS, predominantly by pig farm-
ers, is hampered by significant structural chal-
lenges (Balogu et al., 2017; Boateng et al.,
2020).

A critical research gap exists concerning the
safety validation and physical characteristics of
CMS. The central hypothesis of this study posits
that the floor-level collection of corn-mill
sweepings inherently predisposes the material to
contamination by diverse extraneous and poten-
tially deleterious physical agents. Such contami-
nants present a physiological risk to the gastroin-
testinal integrity of pigs and may significantly
attenuate the overall digestibility of the diet. To
date, empirical evidence characterizing the sys-
tematic acquisition protocols, the specific physi-
cal contaminant profiles, and the subsequent
health implications within the Ghanaian swine
value chain remains critically deficient.

To address these research gaps and facilitate the
safe integration of CMS into swine diets, this
study systematically evaluated the socio-
demographic perspectives and utilisation prac-
tices of CMS within the Ejisu-Juaben Pig Farm-
ers and Processors Association. The main goal
was to physically examine CMS to identify the
types and amounts of contaminants present and
to study how the product is currently used. This
was done to provide a scientific basis for vali-
dating the safety and nutritional value of this by-
product.

MATERIALS AND METHODS

Phases of the experiment and study areas

The study was carried out in 2 phases (Figure 1).
In phase 1, samples of CMS were collected from
ten different communities in the Kumasi Me-
tropolis and transported to Kwame Nkrumah
University of Science and Technology
(KNUST), Department of Animal Science, for
physical examination. Phase 2 involved conduct-
ing a survey on CMS use and the challenges
experienced by pig farmers in the Ejisu-Juaben
Municipality of the Ashanti Region of Ghana
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1. Collection of CMS from 10 suburbs.

2. Transport to KNUST Dept. of Animal Science.

3. Visual analysis for contaminants (caked feed,
wood, plastic, metal) and quantification.
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3. Perceived constraints.
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Figure 1: Graphical representation of the two-phase study design: Phase 1 involves the collec-
tion and laboratory examination of corn mill sweeping (CMS) samples from ten suburbs in the
Kumasi Metropolis at KNUST, and Phase 2 details the survey on CMS utilization and farmer
challenges in Ejisu-Juaben Pig Farmers and Processors Association

Phase 1: Sample collection and physical ex-
amination of samples

Twenty kilograms of corn mill sweepings
(CMS) were collected from three separate mills
across ten suburbs in the Kumasi Metropolis,
including Ayeduase, Appiadu, Kentinkrono,
Ayigya, Oforikrom, Sisankyi, Aboabo, Anloga,
Atonsu, and Ahinsan. Samples were randomly
examined for the presence and quantities of con-
taminants. To ensure the objectivity and repro-
ducibility of the contaminant recovery process,
the physical examination was conducted by two
independent investigators. This dual-investigator
approach was combined with a strictly timed
protocol, where each investigator processed only
one 20 kg sample per day. This measure was
implemented to eliminate observer fatigue and
maintain a consistent level of scrutiny across all
thirty samples. During the procedure, samples
were spread evenly on a polythene sheet to facil-
itate the manual removal of macro-contaminants
through hand-picking (Figure 2). Following this,
a bar magnet was systematically passed through
the samples to isolate ferrous micro-

contaminants. All recovered foreign materials
were subsequently categorized into specific
groups and quantified using a Master Chef digi-
tal kitchen scale (5 kg x1 g capacity) to deter-
mine the mass proportions of the contaminants.

Phase 2: Survey on Utilization of CMS by Pig
Farmers

Before the study, a reconnaissance survey was
undertaken in the Municipality and the relevant
establishments visited were the offices of the
Ministry of Food and Agriculture (MOFA),
Ejisu-Juaben Pig Farmers and Processors Asso-
ciation (EJPFPA), and some pig farms located in
Kwamo, Besease, Asotwe and Donyina. Semi-
structured questionnaires were then prepared and
administered to 19 pig farmers who were all
members of the EJPFPA. Questions asked were
related to their biodata, their stock size, the sys-
tems of management, sources of feed and feed
ingredients, types of feeds used, CMS acquisi-
tion, usage, and challenges associated with the
use.
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(b)

Figure 2: Protocols for sample collection and physical contaminant examination of corn

mill sweepings

(a) Sample collection: Field collection of corn mill sweepings (CMS) from the milling hubs.(b)
Magnetic screening: Pass of a bar magnet through the samples to separate ferrous materials
(micro contaminants).(c) Physical (hand-picking) screening: Manual examination and removal of
macro contaminants spread evenly on a polythene sheet.(d) Weighing and packaging of contami-
nants: Quantification of separated foreign materials using a digital scale and subsequent packag-

ing into brown envelopes.

Data analysis

Data obtained from the survey were coded into
similar views after which they were analyzed
with the Statistical Package for Social Sciences
(2007) version 16. Results obtained from the
analysis were presented in tables and charts as
frequencies and percentages. However, results
from the physical examination of the samples
were presented as mean values in tables.

RESULTS AND DISCUSSION

Physical Characterization of Contaminants in
Corn Mill Sweeping

Physical examination of corn mill sweeping
(CMS) samples revealed a diverse range of ex-
traneous materials, accounting for 0.292 kg
(1.45%) of the total 20 kg sample mass ana-
lyzed. The quantitative distribution of these con-
taminants is summarized in Table 1, while their

visual characteristics are presented in Figure 3.
The results indicated that caked feed products
were the most prevalent contaminant, represent-
ing 66.8% of the recovered extraneous mass.
Following caked items, wooden materials
(14.5%) and miscellaneous organic debris
(7.2%) constituted the next most significant frac-
tions, followed by plastics (6.8%), and (4.2%).
highlighting a general lack of sanitary control
during the collection of sweepings for use in pig
nutrition.

The high incidence of caked feed materials is
associated with the practice of bagging sweep-
ings while still wet, as observed among the mill
operators during field visits to mill centers. Such
practices retain residual moisture, a critical driv-
er for fungal proliferation and the subsequent
formation of caked masses. Field observations
further revealed a significant correlation be-
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Table 1: Mean proportions and mass distri-
bution of contaminants in CMS samples

Contaminant “Ef(igg)ht Percentage
Caked feed items 0.195 66.8
Pieces of wood 0.042 14.5
Plastics 0.020 6.8
Metals 0.012 4.2
*Miscellaneous items 0.021 7.2
Total 0.292 ~100

*Includes cloth fragments, feathers, glassware,
groundnut husks, and fruit peels.

tween the degree of moldiness and the type of
grain processed. Samples obtained from mills
processing cassava in conjunction with maize
exhibited consistently higher moisture levels and
advanced spoilage. This phenomenon suggests
that the high intrinsic moisture content of cassa-
va leaches into the surrounding maize sweep-
ings, facilitating rapid fungal development. The-

(@) (b)

@

se findings align with established literature (EI-
Shafey et al., 2004; Bijay and Singh, 2013),
which identifies elevated moisture content as the
primary factor predisposed to mold infestation
and nutritional deterioration in stored feed ma-
trices.

Physical Purity and Market Value of Corn
Mill Sweepings

The physical purity and market value of corn
mill sweepings (CMS) across the ten studied
communities are summarized in Table 2. Across
the entire sample pool, the average contaminant
weight was 0.292 kg, resulting in a mean con-
tamination level of 1.34%. Analysis of individu-
al locations revealed significant variances in
purity. Atonsu exhibited the highest level of
impurity, with a mean contaminant weight of
0.609 kg (3.05%), followed by Kentinkrono
(0373 kg; 1.87%) and Appiadu (0.348 kg;
1.74%). Conversely, the cleanest samples were
obtained from Ayeduase, which recorded the
lowest contaminant weight of 0.111 kg (0.56%),
and Sisankyi (0.168 kg; 0.84%). A critical ob-
servation made during the field collection was
the relationship between the proximity of mills

(©)

Figure 3: Morphological representation of identified contaminants.

(a) Caked feed items (b) Wood fragments (c) Plastics (d) Metallic debris

(e) Miscellaneous items.
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to livestock farms and the resulting contaminant
load. In communities such as Atonsu, where
livestock farms were either absent or located at
significant distances from the milling centers at
the time of data collection, a higher degree of
contamination was recorded. This trend is likely
attributable to the inventory turnover rate; in the
absence of immediate demand from nearby live-
stock farmers, mill operators stored the CMS for
extended periods. This prolonged storage in-
creased the handling frequency and the likeli-
hood of "adulteration" through routine floor
sweepings and the accumulation of environmen-
tal debris. In extreme cases, samples from these
distant mills exhibited signs of decomposition
and were discarded.

The labor intensity required to ensure the safety
of this unconventional feed resource was high.
On average, it required 40 minutes for the two
trained investigators to manually sort and re-
move macro and micro-contaminants from a
single 20 kg sample. The sorting time was high-
est in Atonsu (59 mins) and Appiadu (53 mins),
correlating with their higher contaminant loads.
This substantial time investment represents a

hidden labor cost that pig farmers must account
for when incorporating CMS into their feeding
regimes.

Economically, the price of a 20 kg bag of CMS
fluctuated between GH¢4.00 and GH¢6.00, with
a mean price of GH¢4.50. The highest price
point was observed in Appiadu (GH¢6.00),
which corresponds to an observed strong local-
ized demand driven by the high concentration of
livestock farms in the surrounding area. This
price-demand elasticity confirms that while
CMS is a cost-effective alternative, its market
value is sensitive to the geographical density of
livestock production and the resulting freshness
of the product.

Phase 2: Survey of CMS Utilization and
Stakeholder Profiles

Demographic Characteristics of Pig Farmers
in the Study Area

The demographic profile of the respondents,
specifically age, sex, and educational attain-
ment, serves as a critical indicator of physical
labour capacity and the rate of technological
adoption in agricultural systems (Idowu et al.,

Table 2: Quantitative assessment of contaminant load, processing labor requirements, and
market pricing of corn mill sweepings (CMS) across ten study locations
. Mean Contami- Percentage Contami- Average Sorting Price of CMS

Location nant Weight (kg) nation (%) Time (mins)” (GH¢/20kg)
Appiadu 0.348 1.74 53 6.00
Atonsu 0.609 3.05 59 4.00
Ayeduase 0.111 0.56 21 5.00
Aboabo 0.252 1.26 43 4.00
Ahinsan 0.245 1.23 44 4.00
Ayigya 0.250 1.25 31 4.00
Oforikrom 0.249 1.25 35 5.00
Kentinkrono 0.373 1.87 33 5.00
Sisankyi 0.168 0.84 35 4.00
Anloga 0.310 1.55 35 4.00
Average 0.292 1.34 40 4.50

*Sorting conducted by two independent investigators per 20 kg sample.
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2012; Awunyo-Vitor et al., 2013). As detailed in
Table 3, the study revealed a youthful and pre-
dominantly male workforce. As detailed in Ta-
ble 3, the study identified a predominantly male
workforce (68%) compared to female partici-
pants (32%). This male domination is likely at-
tributed to the high labor intensity associated
with medium-to-large-scale pig rearing in the
region.

The age distribution of the farmers reveals a
blend of experience and physical vigor. While
42% of respondents are above 50 years of age,
the majority (58%) fall within the active age
bracket of 20 to 49 years. These findings are
consistent with previous studies conducted in the
same Municipality by Frimpong (2010) and Mo-
hammed (2010), who reported that 76% and
78% of pig farmers, respectively, were within
this productive age group. The alignment of the-
se results over a decade later highlights a stable
demographic trend in the Municipal ’s swine
industry, where the workforce remains primarily
composed of individuals in their productive
years. This suggests that with appropriate exten-
sion education, production efficiency and the

Table 3: Demographic statistics of pig farm-
ers

Frequency Percent-
Item (n'=19) ages
Age
20-29 1 5
30-39 2 11
40-49 8 42
Above 50 years 8 42
Total 19 100
Sex
Male 13 68
Female 6 32
Total 19 100
Educational Background
Formal education' 12 63
No formal education 7 37
Total 19 100
Position Held on Farm
Owner 16 84
Manager 2 11
Caretaker 1 5
Total 19 100

"Number of respondents

adoption of safer CMS processing techniques
could be significantly enhanced.

Educational background also plays a pivotal role
in the management of non-conventional feed
resources. In this study, 63% of the farmers had
received formal education, while 37% had none.
This level of literacy mirrors the findings of
Boateng et al. (2015), who reported that 75% of
pig farmers in the area were formally educated.
Such educational levels are advantageous for the
successful communication of CMS processing
and safety protocols.

Regarding farm management, the vast majority
of respondents (84%) were owner-managers of
their operations, while 11% served as managers
and 5% as caretakers. This high rate of self-
management is driven by both economic and
qualitative factors. Respondents indicated that
hiring professional external managers is often
prohibitively  expensive, making owner-
operation a financial necessity. Furthermore,
owners expressed a lack of trust in third-party
personnel, reporting that hired caretakers fre-
quently fail to treat livestock with appropriate
care or may even engage in financial malpractice
(Mohammed, 2010; Boateng et al., 2015). This
finding aligns with broader concerns regarding
animal welfare and neglect in the absence of
direct owner oversight. For instance, negligence
is a recurring theme in animal cruelty cases,
often stemming from the failure of third-party
handlers to provide essential care. This is sup-
ported by research in Curitiba, Brazil, which
found that 13.5% of animal abuse cases were
directly attributable to a lack of care by third-
party agents (Alrahman, 2019). Consequently,
the preference for owner-management in the
Ejisu-Juaben Municipality appears to be a strate-
gic choice to safeguard both the financial integ-
rity of the farm and the physical well-being of

the livestock.

Pig Management Systems and Stock Sizes

The management framework adopted by pig
farmers is a fundamental determinant of enter-
prise productivity, influencing growth trajecto-
ries, reproductive efficiency, and disease resili-
ence (Herawati et al., 2019). In this study, a total
transition toward commercialization was ob-
served, as 100% of the respondents utilized the
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intensive management system (Table 4). Unlike
extensive or semi-intensive systems where scav-
enging is common, all farmers interviewed pro-
vided confined housing, structured feeding re-
gimes, and veterinary care. This universal adop-
tion of intensive husbandry is consistent with
observations by Rekwot et al. (2005) and is
largely attributed to the peri-urban nature of the
study area, where land constraints and local reg-
ulations discourage free-roaming livestock. This
shift toward intensive confinement has signifi-
cant implications for regional biosecurity. By
eliminating free-roaming, farmers drastically
reduce the risk of environmental pathogen trans-
mission, including African Swine Fever (ASF).
As noted by Ifende et al. (2025), the adoption of
intensive systems often correlates with an in-
creased willingness among farmers to invest in
disease control measures to protect their grow-
ing capital. Such a system ensures the produc-
tion of healthier animals and stabilizes the sup-
ply chain for unconventional feed resources like
corn mill sweepings (CMS).

Furthermore, the data reveals a substantial ex-
pansion in livestock inventory compared to his-
torical benchmarks. The majority of the farmers
(84.2%) maintained stock sizes exceeding 100
pigs, with over a quarter of the respondents
(26.3%) managing large-scale operations of
more than 300 pigs. This represents a significant
upward trend from earlier reports by Boateng et
al. (2015) in the same municipality, where 55%
of farmers managed fewer than 100 pigs. The
current proliferation of larger stock sizes con-
firms that pig rearing has evolved into a primary
vehicle for household financial improvement
and nutritional security in the region (Okai and
Boateng, 2007). In contrast, pig production in
the Northern parts of Ghana remains largely
traditional; Afari (2012) reported that 80% of
farmers there maintained fewer than 50 pigs,
often utilizing semi-intensive systems that revert
to extensive roaming during the dry season. The
stark contrast between those findings and the
100% intensive adoption observed in this study
highlights the geographical shift toward modern-
ized, high-density swine production. This pro-
gression reinforces the argument that intensive
systems are best suited for maximizing the po-
tential of pig enterprises in developing peri-

urban economies.

Table 4: Distribution of management systems
and stock sizes

Item Fl(’f)‘;l:f ;l)c y Percentages
System of

Management

Intensive 19 100
Semi-intensive 0 0
Extensive 0 0
Stock Size

1-100 3 15.8
101-200 6 31.6
201-300 5 26.3
>300 5 26.3

-Number of respondents

Pig Feeding Systems and Feedstuffs Utiliza-
tion

As shown in Table 5, 100% of the surveyed
farmers practiced restricted feeding, a controlled
management approach where specific quantities
of feed are provided at set intervals rather than
allowing continuous access (ad-libitum). This
finding is consistent with Boateng et al. (2014),
who observed that 95% of pig farmers in the
Afigya-Kwabre District also utilized restricted
feeding regimes. The universal application of
this method in the Ejisu-Juabeng Municipality
suggests a highly disciplined approach to re-
source management, likely aimed at minimizing
feed wastage and controlling the growth rates of
the animals.

Regarding the choice of ingredients, a vast ma-
jority of the respondents (79%) relied on agro-
industrial by-products (AIBPs), such as cassava
peels, brewer’s spent grains, spent yeast, and
corn mill sweepings (CMS). The adoption of
non-conventional feed resources (NCFR), spe-
cifically agro-industrial by-products (AIBP),
represents a strategic response to the excessive
costs of conventional feedstuffs. In contrast,
only 5.7% of farmers utilized commercial prepa-
rations, citing the high cost of balanced concen-
trates as the primary barrier to their use. The
preference for AIBPs is supported by Amoah et
al. (2013) and Darkwa et al. (2013), who identi-
fied AIBPs as under-exploited resource pool that
is significantly more economical than conven-
tional grains. This data indicates a high level of
"nutritional survivalism," where pig farmers in
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the study area have successfully decoupled their
production costs from volatile global grain mar-
kets by localizing their feed sources. The inte-
gration of these by-products into pig diets pro-
vides both environmental and economic ad-
vantages. From an ecological perspective,
Erukainure et al. (2010) noted that AIBPs often
become environmental pollutants if not chan-
neled into productive uses such as animal feed.
Economically, the use of AIBPs has been shown
to reduce overall feed costs by 10% to 15%
without compromising the growth performance
of pigs (Llop, 2016). Furthermore, utilizing the-
se resources alleviates competition between
humans and livestock for land and cereal crops
(Georganas et al., 2023).

Table 5: Systems of feeding pigs

Frequency Percent-
Item (n =19 ages
System of feeding
Restricted feeding 19 100
Ad-lib feeding 0 0
Type of ingredients used
Qommercial prepara- 2 57
tions
Kitchen waste 15.3
AIBP 12 79

*Number of respondents

Utilization Patterns and Economic Drivers of
Corn Mill Sweepings

As illustrated in Figure 4, a significant majority
of the interviewed farmers (94.7%) utilize CMS
in their swine diets, while a small minority
(5.3%) refrain from its use. This high level of
integration confirms that CMS has transitioned
from a mere by-product to a primary constituent
of pig nutrition in the region. The adoption rate
of corn mill sweepings (CMS) within the Ejisu-
Juaben Municipality accentuates its importance
as a staple non-conventional feed resource. The
widespread preference is fundamentally driven
by cost-efficiency as the pig farmers noted that
CMS is substantially cheaper than maize, mak-
ing it an economically viable alternative for re-
ducing overall production costs. This trend
aligns with the findings of Boateng et al. (2014;

2015), who identified CMS as an essential in-
gredient in swine feeding across both the Afigya
-Kwabre and Ejisu-Juaben Districts, primarily
due to its competitive pricing relative to conven-
tional grains. However, this heavy reliance on
CMS necessitates a rigorous cautionary ap-
proach. While CMS serves as a vital cost-saving
tool, the inherent nutritional variability of such
by-products poses a significant challenge to
precise formulation (Llop, 2016). To ensure that
the dietary requirements of pigs, specifically
energy and protein densities, are consistently
met, periodic evaluation of CMS quality is man-
datory. This is particularly critical in light of the
1.34% mean contaminant load identified in the
physical examination phase of this study. Such
contamination levels can dilute the ingredient's
nutritional value and undermine the efficacy of
the restricted feeding systems (100% adoption)
currently practiced by the farmers.

Interestingly, the small fraction of farmers
(5.3%) who opted out of using CMS cited health
-related concerns as their primary deterrent. This
highlights a divergence in risk perception
among stakeholders; while most prioritize eco-
nomic relief, others view the potential for physi-
cal or biological contamination as a risk to herd
health that outweighs the financial benefits.
Consequently, improving the sanitary quality of
CMS at the point of collection could potentially
bridge this gap, encouraging universal adoption
while safeguarding animal welfare.

E=3 94.70% Yes
E3 5.30% No

Total=100

Figure 4: Percent utilization of CMS by pig
farmers in the Ejisu-Juaben Municipality
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Acquisition Dynamics, Physical Forms, and
Pricing of CMS

The procurement patterns of corn mill sweep-
ings (CMS) reveal a highly localized market
driven by proximity and logistical convenience.
The majority of respondents (74%) sourced
CMS from milling centers within the Ejisu-
Juaben Municipality, while 26% utilized dual
sourcing from both internal and external munici-
pal boundaries (Table 6). This reliance on local
supply chains mirrors findings from Phase 1,
which established that the spatial proximity of
milling centers to livestock hubs is a primary
determinant of adoption frequency and procure-
ment volume.

In terms of the physical state of the feed re-
source, 88.9% of farmers were non-selective,
obtaining the product in either wet or dry forms
based on immediate availability. However, spe-
cific preferences highlight the trade-off between
labour and cost. Dehydrated CMS (5.6%) was
preferred by some for its reduced susceptibility
to spoilage and the elimination of on-farm dry-
ing requirements. This preference is consistent
with the findings of El-Shafey et al. (2004) and
Amoah et al. (2013), which demonstrate that
thermal stabilization of agro-industrial by-
products (AIBPs), particularly brewer’s spent
grain, extends shelf life by reducing moisture-
related deterioration and enhances microbiologi-
cal safety. Conversely, high-moisture CMS
(5.6%) was preferred by farmers seeking lower
entry prices, as mill operators often apply a
price premium to dried CMS to recoup the ener-
gy and labour costs associated with manual de-
hydration.

The commercialization of CMS is absolute, as
evidenced by the 0% frequency of free acquisi-
tion. Market prices for a 50 kg unit ranged from
GH(C11.00 to GH(25.00, with a significant ma-
jority (73%) paying the upper-tier price of
GH(21.00-GH(C25.00. These findings validate
the price-distance correlations observed in Phase
1, where CMS was valued at approximately
GH(C4.00-GHC6.00 per 20 kg. The data sug-
gests that the "proximity-price paradox" is ac-
tive in the study area, where closer proximity to
mills increases demand, subsequently driving up
the unit price. This competitive pricing structure
likely compels the 26% of farmers who source

externally to bypass local high-demand zones in
favour of more cost-effective suppliers outside
the municipality. Consequently, while CMS
remains an economically strategic alternative to
conventional maize, its cost-benefit ratio is
heavily moderated by geographic location and
the physical state of the product at the point of
sale.

Table 6: Procurement sources, physical
states, and market prices of CMS

ITEM Frequency Percentages
Sources of acquisition of CMS (n =19)

Within the Municipality 14 75.0
Both within and outside 5 26.0
the Municipality

Forms in which CMS is obtained (n=18)

Dry 1 5.6
Wet 1 5.6
Both 16 88.9
Price of CMS (C)/50kg obtained by farmers (n=19)
Free 0 0.0
<5 0 0.0
6-10 0 0.0
11-15 2 11.0
16 -20 3 16.0
21-25 12 73.0

*Number of respondents

Transportation Logistics and Intersectoral
Mobility of CMS

The logistical framework for transporting corn
mill sweepings (CMS) from processing centers
to swine production units is characterized by a
decentralized, small-scale operational model
and a predominant reliance on intermediate
transport vehicles (ITVs). Empirical data
(Figure 5) indicate that 61% of producers utilize
motorized tricycles, locally termed "Aboboyaa",
reflecting their critical role in the Ghanaian peri-
urban agricultural economy as a maneuverable,
cost-effective solution for short-to-medium dis-
tance bulk conveyance. This modal dominance
aligns with findings by Kokov et al. (2022),
who observed that 94% of stakeholders reported
significant overhead reductions following ITV
adoption, effectively mitigating "last-mile" de-
livery costs which can constitute up to 33% of
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total  agricultural logistics  expenditures
(Wajszczuk, 2005; Dramaretska, 2023).

However, the remaining modal distribution,
comprising tractor-trailers (11%), wheelbarrows
(11%), manual portage (11%), and light pickups
(6%), highlights a fragmented landscape that
contrasts sharply with other agro-industrial by-
products. For instance, while the procurement of
brewers’ spent grains is often managed through
centralized, association-led logistics in the study
area (Boateng et al., 2015), CMS procurement
remains an isolated, individual-level activity.
This lack of institutionalized coordination likely
exacerbates supply volatility and prevents small-
holders from achieving the economies of scale
necessary for consistent feed security. Further-
more, the continued reliance on manual labour
and primitive transport reflects systemic infra-
structural deficits; poorly maintained networks
artificially inflate trade costs and intensify the
"price-distance paradox,” where increasing
transit labour eventually eclipses the nutritional
value of the biomass (Mercer, 2013; Gebre-
senbet and Oodally, 2006). Consequently, de-
spite the potential for digital or policy-driven

Total=100

6.00% Pickup

61.00% Motor—powered tricycle
11.00% Tractor-trailer

11.00% Wheelbarrow

11.00% Over-head

BEEDAE

Figure S: Distribution of transportation mo-
dalities utilized by pig farmers for CMS pro-
curement

optimization, the modernization of the CMS
value chain remains hindered by significant in-
frastructure and policy gaps (Martens et al.,
2012).

On-farm Post-acquisition Handling and Utili-
zation of CMS

The post-acquisition management of Corn Mill
Sweepings (CMS) is characterized by a high
degree of rudimentary on-farm processing, with
approximately 95% of surveyed producers en-
gaging in manual refinement techniques (Table
7). Storage protocols predominantly involve the
use of synthetic sacks (60%) or shaded ambient
storage (35%); notably, the anaerobic pit storage
and open-air exposure typical of high-moisture
by-products like brewers’ spent grain (Boateng
et al., 2015) are entirely absent, likely due to the
lower moisture content and susceptibility of
CMS to rapid fungal degradation. Regarding
nutritional application, 94% of farmers incorpo-
rate CMS into daily rations, though only 67%
utilize it as part of a multi-ingredient mixture.
While 33% of respondents utilize CMS as a sole
dietary source due to acute feed scarcity, they
acknowledged this as a sub-optimal strategy.
This is consistent with swine nutrition princi-
ples, as individual agro-Industrial by-products
(AIBPs) are generally insufficient to serve as a

Table 7: Post-acquisition processing, storage,
and feeding strategies for CMS

Item Frequency Percentages
On-farm Processing of CMS (n =18)

Yes 18 94.7
No 1 53
Storage of CMS (n*=19)

In sack 12 60.0
Under shade 7 35.0
In pits 0.0
In the open 0 0.0
Feeding of CMS (n*=18)

As a mixture with different

AIBP’s 12 66.7
Only CMS . 6 333
Frequency of Feeding (n =19)

Daily basis 18 94.0
Once a week 1 6.0

*Number of respondents
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basal diet. Although AIBPs can be formulated to
meet specific caloric and protein requirements, a
singular source typically lacks the essential ami-
no acid profile and micronutrient density re-
quired for optimal physiological development
(Zimmerman, 2000). Furthermore, the inherent
fibrous fractions of many AIBPs can limit di-
gestibility in non-ruminants, leading to dimin-
ished average daily gain (ADG) and gain-to-
feed ratios when not balanced with complemen-
tary protein sources or enzymatic supplements
(Parrini et al., 2023; Richli et al., 2023). Thus,
while CMS is a critical cost-saving constituent,
its role in a nutritionally precise regimen is as a
component of a diversified ration rather than a
standalone feedstuff.

Logistical and Supply-Chain Constraints in
CMS Utilization

The integration of corn mill sweepings (CMS)
into swine nutritional regimens is impeded by a
multifaceted matrix of logistical and qualitative
constraints, with 100% of surveyed producers
identifying systemic obstacles to efficient utili-
zation. A systematic analysis of these impedi-
ments reveals a hierarchy of challenges ranging
from supply-chain volatility to acute safety con-
cerns. A critical threshold in CMS procurement
is defined by biomass scarcity and intra-sectoral
competition (Figure 6). While acute unavailabil-
ity was cited by 17% of respondents, the under-
lying driver is a supply-demand disequilibrium
exacerbated by the concentration of pig farms
around a finite number of milling hubs. This
scarcity is fundamentally temporal; CMS availa-
bility exhibits marked seasonality, peaking dur-
ing periods of high grain processing, such as
Muslim festive occasions (Boateng et al., 2015).
Such seasonality creates significant supply gaps,
undermining the consistency of nutritional regi-
mens. These findings align with the framework
proposed by MoFA (2013), which identifies
high bulk density and geographical fragmenta-
tion as inherent barriers for agro-industrial by-
products (AIBPs). The low value-to-volume
ratio of CMS necessitates a localized utilization
strategy, as the marginal cost of transport rapid-
ly exceeds the feed's economic utility beyond
immediate municipal boundaries, a phenomenon
known as the "economic distance" threshold.

Qualitative challenges represent the most perva-

Sasu et al
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Figure 6: Categorical distribution of quality
and logistical challenges associated with CMS
utilization in smallholder swine production.

sive barrier, affecting 72% of the surveyed pop-
ulation. Among these, the presence of extrane-
ous physical contaminants was identified as the
primary concern by 52% of respondents. The
influx of wooden debris, plastics, lithic frag-
ments, and metallic shards, confirmed via physi-
cal examination in the first phase of this study,
necessitates intensive manual sorting. This cre-
ates a significant labour constraint; indeed, some
producers reported bypassing the sorting process
due to high labour opportunity costs, despite the
inherent risks to animal health. Such contamina-
tion is often an artifact of inefficient milling
processes and the use of locally manufactured
milling plates, which have been documented to
introduce elemental iron and other pollutants
into the biomass (Bahnasawy et al., 2015).

Rapid biological deterioration was identified as
a major challenge by 29% of respondents, pri-
marily attributed to the short shelf-life of CMS
in its raw state. This observation is consistent
with trends in other high-moisture AIBPs; for
instance, Boateng et al. (2015) reported that
65% of pig farmers in the Afigya-Kwabre Dis-
trict faced similar spoilage issues with brewers'
spent grains. In the current study, CMS deterio-
ration is likely accelerated by high intrinsic
moisture and suboptimal storage in synthetic
sacks, which facilitates heat retention and micro-
bial proliferation. Furthermore, 2% of farmers
reported clinical diarrhea in piglets following
CMS ingestion. This pathogenic response may
be linked to mould infestation and potential afla-
toxin contamination, which are prevalent in corn
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-based by-products handled under inadequate
drying and storage conditions (Hurburgh and
Elmore, 2009; Dabbour et al., 2015).The sys-
temic nature of these challenges suggests that
the current CMS value chain lacks the technical
interventions necessary for stabilization. Opti-
mizing grinding parameters, such as grain mois-
ture and sieve hole diameters, could enhance the
initial quality of the product (Kwofie et al.,
2011). Moreover, the adoption of stabilization
techniques, such as solar drying or microbial
fermentation, could extend the shelf-life and
enhance the nutritional profile of CMS, trans-
forming it from an erratic, low-quality waste
stream into a standardized feed ingredient
(Vukmirovi¢ et al., 2015; Rodrigues et al.,
2014). Without such interventions, the "price-
distance paradox" and qualitative risks will con-
tinue to limit the scalability of CMS in the
smallholder sector.

Mitigation Strategies and Technical Interven-
tions for CMS Valorization

The inherent limitations of corn mill
sweepings (CMS) identified in this study, rang-
ing from physical contamination and rapid oxi-
dative rancidity to seasonal availability, require
a systematic approach to quality assurance. To
transition from the current "nutritional survival-
ism" toward a stabilized feed resource, several
scientific and logistical remedies are proposed.

Firstly, a fundamental approach to overcoming
the logistical bottlenecks of CMS is the estab-
lishment of centralized processing hubs. As sug-
gested by Birhan (2014), localized processing
plants can effectively manage ingredients that
are traditionally challenging for individual
smallholders to handle. For the pig farmers in
Ejisu-Juaben, the formation of a specialized unit
within their association could streamline the
collection, dehydration, and distribution of
CMS. This collective model would not only
stabilize the supply but also ensure standardized
quality control, potentially transforming a raw
mill by-product into a reliable commercial feed
ingredient.

Secondly, the substantial proportion of farmers
surveyed (52.6%) reporting the presence of ex-
traneous materials in CMS highlights the need
for improved pre-collection handling and

strengthened on-farm quality control measures.
The removal of hazardous debris can be effec-
tively achieved through a multi-stage physical
separation process, involving manual sorting
(hand-picking) to eliminate coarse contami-
nants, followed by sieving to remove finer par-
ticulate matter, and magnetic separation to ex-
tract ferrous metallic fragments. These proce-
dures, as applied during the physical inspection
phase of this study, are critical for minimizing
the risk of internal injury and hardware-related
disorders in swine. In addition, promoting the
adoption of improved sweeping and handling
practices among mill operators can reduce con-
tamination at the source.

Thirdly, the high moisture content and rapid
deterioration of CMS, reported by 31.6% of
farmers, highlight a key concern for its long-
term storage stability. Although Amoah et al.
(2013) and El-Shafey et al. (2004) discussed
preservation techniques in the context of brew-
ers’ spent grain (BSG), the underlying principles
remain applicable to CMS. These include mois-
ture reduction and anaerobic preservation
through ensilage in high-density polyethylene
(HDPE) sheets, which creates an oxygen-limited
environment that suppresses aerobic spoilage
organisms, as well as solar or mechanical dry-
ing, which reduces water activity to levels that
inhibit microbial growth. In addition, blending
wet CMS with dry fibrous carriers such as rice
bran or wheat bran can facilitate drying by in-
creasing surface area exposure and reducing
overall moisture content, thereby improving
shelf-life stability.

Lastly, to address health risks such as piglet
diarrhea, CMS feeding protocols must be age-
specific. Highly perishable or variable ingredi-
ents like CMS should be restricted to older,
more robust animals with developed gastrointes-
tinal tracts, as neonatal pigs are highly suscepti-
ble to the pathogenic loads often found in im-
properly stored by-products (Wyss, 1997). Fur-
thermore, the inclusion of dietary additives, spe-
cifically mycotoxin binders and organic acids in
CMS-based diets, could serve as an important
risk mitigation strategy. These additives neutral-
ize fungal toxins and lower the pH of the feed,
reducing the incidence of enteric diseases and
mitigating the biological effects of spoilage
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(Crawshaw, 2003). Given that CMS availability
is seasonal, farmers are encouraged to diversify
their agro-industrial by-product (AIBP) portfo-
lio to ensure nutritional continuity throughout
the year.

CONCLUSION

This study demonstrates that corn mill sweep-
ings (CMS) constitute a widely utilized agro-
industrial by-product in pig feeding systems
within the Ejisu-Juaben Municipality, reflecting
its economic importance as a low-cost alterna-
tive feed resource. However, its utilization is
constrained by notable quality challenges, in-
cluding the presence of extraneous materials,
high moisture content, and rapid deterioration,
which collectively compromise storage stability,
handling efficiency, and potential animal health
outcomes. Despite these limitations, CMS re-
mains a key component of pig diets, with most
farmers incorporating it in combination with
other agro-industrial by-products, although a
minority rely on it exclusively due to feed scar-
city and cost considerations. The findings fur-
ther highlight that while CMS offers clear eco-
nomic advantages, its inconsistent quality intro-
duces hidden costs related to labour-intensive
sorting and potential health risks to livestock.
Improving the safety and nutritional reliability
of CMS therefore requires targeted interventions
along the value chain, particularly at the milling
and handling stages. Strengthening hygiene
practices, reducing contamination, and adopting
simple preservation techniques could signifi-
cantly enhance its feed value and safety. Over-
all, CMS holds strong potential as a sustainable
feed ingredient, but its full benefits can only be
realized through improved quality control and
appropriate processing strategies.
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