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Abstract

Palm wine is a traditional fermented beverage consumed by over 10 million people in West Africa, yet comprehensive data on
hygiene practices and associated health risks remain limited in C&e d'lvoire. This cross-sectional study assessed
sociodemographic characteristics, contamination risk practices, and health outcomes across the palm wine value chain in four
Ivorian cities. A total of 560 participants including 80 producers, 80 retailers, and 400 consumers were interviewed using
structured questionnaires in Abidjan, Aboisso, Toumodi, and Hiréduring the period from September 2019 to April 2020. Data
on demographics, production methods, hygiene practices, and self-reported health symptoms were collected and analyzed using
chi-square tests and Marascuilo's procedure. Results showed that all producers were male, predominantly Baoulé&ethnicity
(84.81%), aged 25-34 years (60%), with 43.75% having no formal education. Critical hygiene deficiencies were widespread:
97.82% of producers wore unclean clothing, 21.25% had direct hand contact with the beverage, 98.75% of retailers lacked food
safety training, and 72.5% exposed products to open air during sales. Oil palm wine dominated both production (95%) and
consumption (80.75%). Among consumers, who were predominantly male (91%) and better educated than producers, 38%
reported adverse health effects following consumption. Diarrhea was the most common symptom (69.08% of affected
individuals), followed by headaches (15.79%) and abdominal pain (9.87%). Statistical analyses revealed significant associations
between production levels and ethnicity, age, education, and palm species (p<0.05). These findings demonstrate that palm wine
production in C&e d'lvoire is characterized by poor hygiene practices that correlate with substantial consumer morbidity. Urgent
interventions are needed including mandatory hygiene training, development of good production practices guidelines, and
establishment of regulatory frameworks to ensure food safety while preserving this culturally important beverage.
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1. Introduction

Palm wine is a traditional alcoholic beverage obtained species of palm trees belonging to the Arecaceae family. This
through the natural fermentation of sap extracted from various ~ milky-white to pale yellow beverage, characterized by its
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sweet-sour taste and varying alcohol content, represents one
of the most widely consumed traditional fermented drinks in
tropical Africa, with an estimated consumer base exceeding
10 million people across West Africa alone [1]. The beverage
holds profound socioeconomic and cultural significance in nu-
merous African societies, where it serves not only as a nutri-
tional source but also plays important roles in social gather-
ings, traditional ceremonies, and local economies [2].

In C&e d'lvoire, palm wine production primarily utilizes
three palm species: The African oil palm (Elaeis guineensis),
raffia palm (Raphia hookeri), and r&ier palm (Borassus ae-
thiopum). Among these, oil palm wine constitutes the predom-
inant variety due to the widespread cultivation and natural oc-
currence of Elaeis guineensis throughout the country's forest
and pre-forest zones. The extraction process typically involves
tapping the sap from felled palm trees, with the extracted lig-
uid undergoing spontaneous fermentation driven by naturally
occurring yeasts and bacteria present in the environment, the
palm tree itself, and the collection vessels [3]. This spontane-
ous fermentation process, while producing a beverage rich in
vitamins, minerals, and probiotics, also creates significant
food safety concerns due to the potential for contamination by
pathogenic microorganisms. Additionally, palm wine is
highly perishable, with quality and microbial composition
changing rapidly within hours of extraction if not stored
properly, highlighting the importance of appropriate storage
and conservation methods to maintain safety and sensory
characteristics.

The microbiological quality of palm wine has been a sub-
ject of increasing scientific scrutiny in recent years. Studies
conducted across West Africa have documented the presence
of diverse microbial populations in palm wine samples, in-
cluding both beneficial fermenting organisms such as Saccha-
romyces cerevisiae and Lactobacillus species, as well as po-
tentially pathogenic bacteria including Escherichia coli (E.
coli), Staphylococcus aureus (S. aureus), and various coliform
bacteria [2, 4]. Research by [1] in Burkina Faso revealed sig-
nificant variations in microbial loads depending on production
methods, storage conditions, and handling practices. Similarly,
investigations in Nigeria have reported microbiological con-
tamination levels that frequently exceeded recommended
standards for beverages intended for human consumption,
raising concerns about potential foodborne disease transmis-
sion [5].

The food safety risks associated with palm wine consump-
tion are particularly concerning given the predominantly arti-
sanal and informal nature of its production and distribution
systems. Unlike industrial beverage production, which oper-
ates under controlled conditions with standardized hygiene
protocols, traditional palm wine production remains largely
unregulated, with practices varying considerably between pro-
ducers and regions. The absence of formal training in food hy-
giene and safety among producers and vendors, combined
with inadequate infrastructure and limited access to clean wa-
ter and sanitation facilities, creates multiple points of potential
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contamination throughout the value chain from extraction to
consumption [6]. This situation constitutes a major public
health problem, as contaminated palm wine can serve as a ve-
hicle for enteric pathogens, contributing to gastrointestinal ill-
nesses and other adverse health outcomes among consumers.

Despite its widespread consumption and recognized im-
portance in local food systems, comprehensive data on the so-
ciodemographic characteristics of palm wine value chain ac-
tors and systematic documentation of hygiene practices and
associated health outcomes remain scarce in C8e d'lvoire.
Previous studies have primarily focused on microbiological
analysis of palm wine samples, with limited investigation into
the human factors, practices, and behaviors that contribute to
product contamination. Understanding these sociodemo-
graphic determinants and risk practices is essential for devel-
oping contextually appropriate interventions to improve food
safety while preserving this culturally significant traditional
beverage.

This knowledge gap is particularly critical given C&e d'lv-
oire's position as one of the largest palm oil-producing nations
in Africa, with extensive palm cultivation supporting both in-
dustrial oil production and traditional wine extraction. The in-
tersection of commercial palm cultivation and artisanal wine
production creates unique challenges and opportunities for
improving food safety in this sector. Furthermore, as urbani-
zation continues to reshape consumption patterns and market
structures, understanding current practices becomes increas-
ingly important for policy development and public health
planning.

The present study was therefore designed to address these
knowledge gaps through a comprehensive cross-sectional sur-
vey examining the palm wine value chain in C&e d'lvoire. The
specific objectives were threefold: first, to characterize the so-
ciodemographic profiles of producers, retailers, and consum-
ers involved in the palm wine sector across four representative
cities; second, to identify and quantify hygiene practices and
storage practices and behaviors that pose risks for microbial
contamination at each stage of the value chain from produc-
tion through retail to consumption; and third, to document the
occurrence and nature of health problems reported by consum-
ers following palm wine consumption. By systematically ex-
amining these interrelated dimensions, this research aims to
provide evidence-based insights that can inform targeted in-
terventions to enhance food safety in traditional palm wine
production while respecting its cultural and economic im-
portance in Ivorian society.

2. Materials and Methods

2.1. Study Design and Site Selection

This study employed a cross-sectional survey design to in-
vestigate hygiene practices and health risks associated with
palm wine production, distribution, and consumption in C&e
d'lvoire. The research was conducted in four cities selected to
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represent different geographical zones and palm wine produc-
tion systems across the country (Figure 1). Abidjan, located in
the southern coastal zone, served as the primary urban center
and largest consumer market. Aboisso, situated in the south-
eastern region near the border with Ghana, represented an area
with traditional raffia and oil palm wine production. Toumodi,
located in the central region, was selected for its diversity of
palm species including both oil palm and r&nier palm. Hiré
positioned in the center-west, represented a zone dominated
by oil palm cultivation and wine production. These four cities
were chosen based on three principal criteria: accessibility for
research activities, documented availability of palm wine sam-
ples from multiple palm species, and diversity of production
techniques reflecting the heterogeneity of palm wine systems
in C&e d'lvoire.

Cote d'lvoire

Toumodi

Figure 1. Geographic distribution of study sites in C&e d'lvoire.

Map showing the four study sites: Abidjan (southern coastal, 5<20'N,
492'W), Aboisso (southeastern, 528'N, 3<12'W), Toumodi (central,
633N, 501'W), and Hiré(center-western, 6 28'N, 5248'W). Sites
were selected to represent diverse palm wine production sys-
tems across different agro ecological zones. Total sample: 80
producers, 80 retailers, and 400 consumers.

2.2. Study Population and Sampling

The study population comprised three distinct groups of
stakeholders along the palm wine value chain: producers who
extract palm sap and oversee initial fermentation, retailers
who sell palm wine in markets and informal drinking estab-
lishments, and consumers who purchase and consume the bev-
erage. A total of 560 participants were enrolled in the study,
including 80 palm wine producers, 80 retailers, and 400 con-
sumers. The sample size for each city was distributed to reflect
both population size and production intensity, with 20 produc-
ers and 20 retailers recruited from each of the four cities, and
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100 consumers recruited from each location. Producers were
identified and recruited directly at palm wine extraction sites
in outlying and rural areas surrounding each city, where palm
trees are tapped and initial collection occurs. Retailers were
recruited at established sales points including traditional bars,
market stalls, and roadside vendors in urban and peri-urban
zones of each city. Consumers were selected through conven-
ience sampling at palm wine consumption sites including bars,
social gathering places, and retail points, with efforts made to
diversify the sample by approaching potential participants at
different times of day and different days of the week. Partici-
pation was voluntary and based on informed verbal consent
after explanation of the study objectives and procedures. In-
clusion criteria for producers required active involvement in
palm sap extraction and palm wine production for at least six
months prior to the survey. Retailers were required to be ac-
tively engaged in palm wine sales as either a primary or sec-
ondary economic activity. Consumers were eligible if they re-
ported consuming palm wine at least once per month and were
present at the time of survey administration.

2.3. Data Collection Instrument and Variables

Data were collected using structured questionnaires specif-
ically designed for each stakeholder group, with questions
adapted to the roles and experiences of producers, retailers,
and consumers respectively. The questionnaires were devel-
oped in French, the official language of C&e d'lvoire, with
provision for translation into local languages when necessary
to ensure participant comprehension. The producers' and
sellers' questionnaire focused on topics such as the type of
palm wine produced and sold, fermentation duration for pro-
ducers, the use of adulterating practices like adding water
and/or artificial sweeteners, sanitation methods for produc-
tion/sales sites, and hygiene conditions related to production
and marketing. As for consumers' questionnaires, they cov-
ered the type of wine consumed, frequency of consumption,
and the presence or absence of health issues after consumption.
For producers, the questionnaire captured sociodemographic
information including age, gender, ethnicity, nationality, level
of formal education, and whether palm wine production con-
stituted their principal economic activity. Technical produc-
tion information included the species of palm tree utilized, the
number of daily sap collection rounds, production volumes,
and daily income derived from palm wine sales. Questions on
hygiene and food safety practices addressed the cleanliness of
protective clothing worn during production, use of appropriate
protective equipment, cleaning and sanitization of production
tools and collection vessels, sanitization of tapping sites, and
the occurrence of direct hand contact with the palm sap or fer-
mented beverage. For retailers, sociodemographic data were
similarly collected, along with information on the type of palm
wine sold, whether retailing represented their primary eco-
nomic activity, sales volumes, and income. Hygiene practice
questions for retailers focused on cleaning methods for sales
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vessels and serving containers, storage conditions for palm
wine, exposure of the product to open air or environmental
contamination, types of containers used for storage and ser-
vice, attire worn during sales activities, and whether they had
received any training in food hygiene and safety principles.
For consumers, sociodemographic data included age, gender,
and educational level. Consumption pattern questions ad-
dressed the type of palm wine preferred, frequency of con-
sumption, typical volume consumed per occasion, and reasons
for palm wine consumption. Critically, consumers were asked
whether they had experienced any health problems following
palm wine consumption, and if affirmative, to describe the
specific symptoms experienced including diarrhea, abdominal
pain, headaches, vomiting, fever, or other manifestations.
Questionnaires were administered through face-to-face inter-
views conducted by trained enumerators at production sites,
retail points, and consumption locations during the period
from September 2019 to April 2020. Each interview required
approximately 15 to 20 minutes to complete.

2.4. Data Management and Statistical Analysis

Completed questionnaires were checked for completeness
and consistency before data entry. All data were coded and
entered into a computer database using Microsoft Excel, then
imported into statistical software packages for analysis. Sta-
tistical analyses were performed using IBM SPSS Statistics
version 25.0 and XLSTAT 2022 software. Descriptive statis-
tics were calculated for all variables, with categorical varia-
bles presented as frequencies and percentages, while continu-
ous variables were summarized using means and standard de-
viations where appropriate. Chi-square tests of independence
were employed to assess associations between categorical var-
iables, including relationships between sociodemographic
characteristics and production levels, sales levels, or con-
sumption patterns. The chi-square test statistic was calculated
and compared against theoretical chi-square values at the 0.05
significance level to determine whether observed associations
were statistically significant. In cases where chi-square tests
revealed significant differences among three or more groups,
Marascuilo's post-hoc procedure was applied to conduct pair-
wise comparisons and identify which specific groups differed
significantly from one another. This procedure controls for
multiple comparisons and provides critical value ranges for
assessing the significance of differences between proportions.
For chi-square tests involving two-by-two contingency tables,
Yates' continuity correction was applied where appropriate to
improve the approximation of the test statistic. Statistical sig-
nificance for all tests was set at an alpha level of 0.05, meaning
that p-values less than 0.05 were considered to indicate statis-
tically significant associations or differences.

2.5. Ethical Considerations

All participants provided informed verbal consent prior to
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participating in the study after receiving a clear explanation of
the research objectives, procedures, voluntary nature of par-
ticipation, and confidentiality of responses. Formal ethical ap-
proval was not required for this observational survey study as
it involved no interventions, collected only anonymous socio-
demographic and behavioral data through questionnaires, and
posed minimal risk to participants. The study was conducted
in accordance with ethical research principles including vol-
untary participation, informed consent, confidentiality protec-
tion, and participant autonomy. Participants were informed of
their right to withdraw from the study at any point without
consequence and to decline to answer any questions that made
them uncomfortable. No personal identifying information
such as names or precise addresses was recorded on question-
naires to protect participant confidentiality. All data were
stored securely and accessible only to members of the research
team.

3. Results

This cross-sectional survey of 560 stakeholders across four
Ivorian cities documents sociodemographic characteristics,
hygiene practices, and health outcomes throughout the palm
wine value chain.

3.1. Sociodemographic Characteristics of Value
Chain Actors

Table 1 presents comparative sociodemographic profiles of
producers (n=80), retailers (n=80), and consumers (n=400)
surveyed across Abidjan, Aboisso, Toumodi, and Hiré

3.1.1. Production Workforce

The production workforce was exclusively male with
strong ethnic concentration among Baoulé (84.8%), Attié
(5.1%), and other groups (11.3%), reflecting cultural embed-
dedness of production knowledge. Producers concentrated in
prime working years (60.0% aged 25-34, 36.3% >35 years),
with minimal youth involvement (3.8% aged 18-24).

Educational attainment revealed substantial deficits: 43.8%
had no formal education, 22.5% completed only elementary
school, and just 6.3% possessed higher education (Figure 2).
This inverse relationship between education and production
involvement has direct food safety implications, as limited
schooling correlates with reduced hygiene awareness. For
80.0% of producers, palm wine represented secondary eco-
nomic activity, potentially limiting investment capacity. Oil
palm wine dominated production (95.0%), with twice-daily
tapping by 83.8% of active producers. Direct hand contact
with beverages occurred in 21.3% of producers.

3.1.2. Retail Sector

Retailers showed gender reversal from production, with
women comprising 63.7% and men 36.3%. Ethnic distribution
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remained Baoulédominated (78.8%) but with greater diver-
sity. Retailers skewed older (72.5% >35 years) than producers,
suggesting retail as established adult economic activity.

Educational patterns paralleled production: 50.0% lacked
formal schooling, and only 1.3% possessed higher education
(Figure 2). Critically, 98.8% reported no food hygiene training,
meaning virtually all vendors operate without compensatory
specialized knowledge. Unlike producers, 71.3% of retailers
depended primarily on palm wine sales, suggesting greater re-
sponsiveness to quality improvement incentives. Palm wine
types handled showed oil palm dominance (80.0%), r&ier
(13.8%), and raffia (6.3%). Direct hand contact was signifi-
cantly higher among retailers (47.5%) than producers (21.3%,
p<0.001), representing critical pre-consumption contamina-
tion risk.

3.1.3. Consumer Profile

Consumers showed male predominance (91.0% vs 9.0% fe-
male, p<0.001), reflecting cultural norms. Age distribution
balanced across 18-34 years (69.1% combined) with 28.5%
>35 years. Educational attainment substantially exceeded pro-
ducers and retailers: 25.3% possessed higher education, 23.0%
completed high school, and only 16.8% lacked formal school-
ing (Figure 2). This profile suggests consumers represent
more educated population segments who nonetheless engage
with informally produced beverages.

Oil palm wine dominated preferences (80.8%), with 12.5%
consuming all types. Daily consumption showed 30.3% con-
suming >3 liters (heavy), 27.3% consuming 2 liters, 24.8%
consuming 1 liter, and 17.8% consuming 0.5 liters (light), in-
dicating substantial exposure potential.

Table 1. Sociodemographic characteristics of palm wine value chain actors.

Characteristics Producers (n=80) Retailers (n=80) Consumers (n=400) p-value
Gender, n (%)

Male 80 (100.0) 29 (36.3) 364 (91.0) <0.001
Female 0(0.0) 51 (63.7) 36 (9.0)

Age group (years), n (%)

12-17 0(0.0) 3(3.8) 10 (2.5) <0.001
18-24 3(3.8) 5(6.3) 135 (33.8)

25-34 48 (60.0) 14 (17.5) 141 (35.3)

>35 29 (36.3) 58 (72.5) 114 (28.5)

Educational attainment, n (%)

No formal education 35(43.8) 40 (50.0) 67 (16.8) <0.001
Elementary school 18 (22.5) 18 (22.5) 55 (13.8)

Middle school 16 (20.0) 19 (23.8) 85 (21.3)

High school 6 (7.5) 3(3.8) 92 (23.0)

Higher education 5 (6.3) 1(1.3) 101 (25.3)

Dominant ethnic group, n (%)

Baoulé 67 (84.8) 63 (78.8) — <0.001
Attié 4 (5.1) 6 (7.5) —

Other 9(11.3) 11 (13.8) —

Primary economic activity, n (%)

Palm wine related 16 (20.0) 57 (71.3) — <0.001
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Characteristics

Gender, n (%)

Other activity

Palm wine type, n (%)
Oil palm wine

R&nier wine

Raffia wine

All types

Direct hand contact, n (%)
Yes
No

Daily consumption (liters), n (%)
0.5

1

2

>3

(—) indicate "not applicable™ for specific actor categories; p-values from chi-square tests; Statistical comparisons made across actor

groups

60 4

50 -

e
=
\

Percentage (%)
Lt
&

20 4
10 4
D A
No
education

Figure 2. Educational attainment across palm wine value chain actors. Comparison of educational levels among producers (n=80, blue bars),
retailers (=80, red bars), and consumers (n=400, green bars). Producers and retailers show high concentrations of individuals with no formal

education.

Producers (n=80)

64 (80.0)

76 (95.0)
4 (5.0)
0(0.0)

17 (21.3)
63 (78.8)

Elementary

Retailers (n=80)

23 (28.8)

64 (80.0)
11 (13.8)
5 (6.3)

38 (47.5)
42 (52.5)

Middle
school
Educational Level

62

Consumers (n=400) p-value

323 (80.8)
10 (2.5)
17 (4.3)
50 (12.5)

<0.001

— <0.001

71 (17.8)
99 (24.8)
109 (27.3)
121 (30.3)

=== Producers (n=80)
mmm Retailers (m=80)
mm  Consumers (n=400)

High Higher
school education
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3.2. Hygiene Practices and Contamination
Risks

Table 2 and Figure 3 document systematic hygiene defi-
ciencies across production and retail stages.

3.2.1. Production Stage

Unclean protective clothing affected 97.8% of producers,
establishing persistent contamination reservoirs. Additional
risks included lacking protective equipment (42.5%), un-
washed tools (25.0%), unsanitized production sites (21.3%),
and direct hand contact (21.3%). Figure 3 Panel A categorizes
these by severity: critical (>90%, red), high (50-90%, orange),
and moderate (<50%, yellow) (Table 2).

3.2.2. Retail Stage

Retail deficiencies equaled or exceeded production. No
food hygiene training affected 98.8% of retailers, representing
critical knowledge gaps. Environmental hygiene was severely
deficient: 98.8% cleaned by sweeping rather than washing,
96.3% wore inappropriate attire. Product handling risks in-
cluded open-air exposure (72.5%), open container storage
(48.8%), and direct hand contact (47.5%, significantly higher
than producers, p<0.001). Tool hygiene was inadequate: 46.3%
used water only without soap, 16.3% never washed tools be-
tween customers (62.6% combined inadequate cleaning).

Figure 3 illustrates comparative prevalence, demonstrating
retail concentrates more critical-risk practices (three >96% vs
one in production).

Table 2. Prevalence of hygiene deficiencies and contamination risk practices.

Producers (n=80)

Risk practice n (%)
Personal hygiene

Wearing unclean protective clothing 78 (97.8)
Not wearing appropriate protective equipment 34 (42.5)
Wearing inappropriate sales attire —
Direct hand contact with beverage 17 (21.3)
Equipment and environmental hygiene

Tools/vessels not washed before use 20 (25.0)
Tools washed with plain water only —
Production/sales site not sanitized 17 (21.3)
Cleaning by sweeping (not washing) —
Product exposure and storage

Palm wine exposed to open air —
Storing in open containers —
Training and knowledge

No training in food hygiene/safety —
Overall risk classification

High risk (>3 practices) 62 (77.5)
Moderate risk (1-2 practices) 18 (22.5)
Low risk (0 practices) 0(0.0)

Retailers (n=80)

n (%) p-value

77 (96.3) 0.557

77 (96.3) —
38 (47.5) <0.001

13 (16.3)
37 (46.3) —

0.164

79 (98.8) —

58 (72.5) —
39 (48.8) —

79 (98.8) —

71 (88.8) 0.048
9 (11.3)

0(0.0)

(—) indicate "not applicable" for specific actor categories; p-values from chi-square tests; Statistical comparisons made across actor
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Producers (n=80) Retailers (n=80)

Risk practice n (%) n (%) p-value

groups; Overall risk classification based on number of risk practices present per actor

A. Producers B. Retailers
Mo toed washing 1 16.3
Direct hand contact 1.3 |
Wister-anly washing - 6.3
S not sanitized a3 Direct hard contact 4 ar5
Qpen cantainers a8.8
Tools not washed 3.0 l
Open-air exposure + 725
I W3
No protective equipment a5 nappropriate attine
Cleaning by sweeping 988
Unclean protective clothing 97.8
Mo hygiene training 988
0 20 40 &0 &0 100 ] 20 40 =] ED 100
Prevalence (%) Prevalence (%)
— Critical (>90%) High [50-20%} Moderate [<50%)

Figure 3. Prevalence of hygiene deficiencies and contamination risk practices.

A: Risk practices among producers (n=80). B: Risk practices among retailers (n=80). Bars color-coded by risk severity: red (critical, >90%),
orange (high, 50-90%), yellow (moderate, <50%). Direct hand contact significantly higher among retailers (47.5%) versus producers (21.3%,
p<0.001). No actors classified as low-risk in either group.

or environmental differences.

3.3. Risk Classification
3.4.2. Symptom Profile

Overall risk assessment (Table 2) classified actors by num-
ber of risk practices engaged: high risk (>3 practices), moder-
ate (1-2), or low (0). Among producers, 77.5% qualified as
high risk, 22.5% moderate. Among retailers, 88.8% qualified
as high risk, 11.3% moderate (p=0.048). Critically, zero actors
qualified as low risk in either group, indicating systematic ra-
ther than isolated deficiencies requiring comprehensive inter-

Among symptomatic consumers (n=152), diarrhea over-
whelmingly predominated at 69.1% (n=105), strongly impli-
cating enteric pathogens (Figure 4 Panel A, Table 3). Head-
aches affected 15.8% (n=24), abdominal pain 9.9% (n=15),
vomiting 4.6% (n=7), and fever only 0.7% (n=1). Near-ab-
sence of fever suggests predominantly non-invasive, toxin-
mediated illness rather than systemic invasion. Vomiting

ventions. showed geographic specificity (p=0.003), occurring exclu-
sively in Abidjan (14.0% of affected), potentially indicating
3.4. Health Outcomes site-specific contamination (Figure 4A).

Table 3 and Figure 4 document adverse health effects

3.4.3. Temporal Onset
among consumers.

Figure 4B and Table 3 show 58.6% (n=89) experienced
3.4.1. Prevalence acute onset within 2 hours, 31.6% (n=48) at 2-6 hours, and 9.9%
(n=15) after 6 hours. Acute onset predominance is character-
istic of preformed bacterial toxins (particularly staphylococcal
enterotoxins), consistent with high retail hand contact (47.5%)
and documented Staphylococcus presence in palm wine else-
where.

Overall, 152 consumers (38.0%) reported adverse effects
following consumption versus 248 (62.0%) reporting none
(p<0.001). Prevalence varied by site: Abidjan and Hiré&each
showed 50.0% affected, while Aboisso and Toumodi each
showed 26.0% (p<0.001), likely reflecting production, storage,
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Health outcome

Adverse effects, n (%)

Any adverse effect

No adverse effects

Symptoms (among af-
fected, n=152)

Diarrhea
Headaches
Abdominal pain
Vomiting

Fever

Table 3. Health outcomes and symptom profiles among palm wine consumers.

Total (n=400)

Temporal onset (n=152)

Within 2 hours
2-6 hours

>6 hours

By consumption volume

0.5 liter/day
1 liter/day

2 liters/day
>3 liters/day

152 (38.0) 50 (50.0)
248 (62.0) 50 (50.0)
105 (69.1) 32 (64.0)
24 (15.8) 8 (16.0)
15 (9.9) 3(6.0)
7(4.6) 7 (14.0)
1(0.7) 0 (0.0)
89 (58.6) —

48 (31.6) —

15 (9.9) —
2171 (296)  —
33/99 (33.3)  —

43/109 (39.4) —
55/121 (455) —

Abidjan (n=100)

Aboisso (n=100)

26 (26.0)
74 (74.0)

21 (80.8)
3(11.5)
2(1.7)
0(0.0)
0(0.0)

Toumaodi (n=100) Hiré&(n=100)

26 (26.0)
74 (74.0)

21 (80.8)
3(11.5)
2(1.7)
0(0.0)
0(0.0)

50 (50.0)
50 (50.0)

31 (62.0)
10 (20.0)
8 (16.0)
0(0.0)
1(2.0)

p-value

<0.001

0.231
0.678
0.371
0.003
0.529

0.079

(—) indicate "not applicable" for specific actor categories; p-values from chi-square tests; Statistical comparisons made across sites
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Fever{ 0.7

A. Symptom distribution
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Figure 4. Symptom distribution and temporal onset among affected consumers. A: Prevalence of symptoms among consumers reporting ad-
verse effects (n=152 of 400 total). Diarrhea predominated (69.1%), followed by headaches (15.8%), abdominal pain (9.9%), vomiting (4.6%),
and fever (0.7%). B: Time from consumption to symptom onset. Majority (58.6%) experienced acute onset within 2 hours, consistent with
preformed bacterial toxins.
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3.5. Dose-Response

Table 3 and Figure 6 demonstrate progressive risk increase
with consumption volume: 29.6% adverse effects at 0.5 li-
ter/day, 33.3% at 1 liter/day, 39.4% at 2 liters/day, and 45.5%
at >3 liters/day (1.54-fold increase). Linear trend shows strong
fit (R=0.944) though marginally non-significant (p=0.079),
likely due to limited sample size in lowest category and over-
lapping confidence intervals. Pattern suggests cumulative
pathogen/toxin exposure increases with consumption volume.

3.6. Synthesis

Figure 5 synthesizes relationships between sociodemo-
graphic characteristics, hygiene practices, and health out-
comes. Contamination introduced at production through inad-
equate hygiene (Table 2, Figure 3A) amplifies during uncon-
trolled fermentation/storage, then intensifies at retail (Table 2,
Figure 3B), culminating in substantial consumer morbidity
(Table 3, Figure 4). Educational deficits and training absence
among producers and retailers (Table 1, Figure 2) contextual-
ize persistent hygiene failures, indicating interventions must
address not only behaviors but also structural barriers includ-
ing limited education, infrastructure deficits, and resource
constraints preventing practice improvements even when ac-
tors are motivated.

'B PRODUCTION
I = Environmental exposure
l‘ - Traditional equipment

CCP1: Personal hygiene

I :
. A v
FERMENTATION ‘“,

= Open fermentation

CROSS-CUTTING
INTERVENTIONS

« Uncontrolled conditions
« Training and hygiene

- |
CCP2: Container hygiene | Siarengen
g g * Infrastructure improvement
! * Regulatory oversight

i * Appropriate processing
o RETAIL technology

P77« Open-air handling

- Dilution & storage risks

7 3

CONSUMPTION

+ 29% reported adverse effects
* 97% unsafe samples
(E. coli detected)

Figure 5. Conceptual framework of contamination pathways and in-
tervention opportunities. Critical control points (CCPs) linked to hy-
giene deficiencies are identified at each stage. Quantified consumer
health outcomes are integrated at the consumption level. Cross-cut-
ting interventions act across the entire value chain to mitigate micro-
biological risks.
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Figure 6. Dose-response relationship between consumption volume
and adverse health effects. Prevalence of adverse effects by daily
palm wine consumption volume. Data points show observed preva-
lence at 0.5L (29.6%, n=21/71), 1L (33.3%, n=33/99), 2L (39.4%,
n=43/109), and >3L (45.5%, n=55/121). Shaded area represents 95%
confidence intervals. Dashed line shows linear trend (R=:0.944).
Horizontal line indicates overall average (38%).

4. Discussion

This cross-sectional survey of 560 stakeholders reveals sys-
tematic hygiene deficiencies and substantial consumer mor-
bidity across Cé&e d'lvoire's palm wine value chain, under-
scoring urgent public health challenges in a traditional bever-
age sector operating beyond formal regulatory oversight.

The marked ethnic concentration in production, with
Baoulérepresenting 84.8% of producers, reflects deep cultural
embeddedness within specific knowledge transmission sys-
tems. Indeed, similar patterns have been documented in Nige-
rian and Cameroonian palm wine systems, indicating that tra-
ditional knowledge circulates primarily within closed ethnic
networks [2, 7]. While this concentration preserves valuable
fermentation expertise accumulated over generations, it sim-
ultaneously limits modern food safety principle penetration
through conventional public health channels. Consequently,
traditional knowledge, though sophisticated in fermentation
control, lacks contemporary understanding of microbiology
and pathogen control mechanisms [6].

Closely related to this ethnic stratification is the inverse re-
lationship between educational attainment and production/re-
tail involvement. With 43.8% and 50.0% of producers and re-
tailers respectively lacking formal schooling, this educational
deficit directly correlates with observed hygiene deficiencies.
This association is well-established across multiple contexts,
where educational level consistently predicts food safety
knowledge and practice adoption [8]. More critically, the find-
ing that 98.8% of retailers have received no food safety train-
ing represents a preventable knowledge gap with direct public
health consequences. These actors serve as the final check-
point before consumption, yet they cannot recognize or pre-
vent contamination without appropriate training.


http://www.sciencepg.com/journal/ijfsb

International Journal of Food Science and Biotechnology

http://www.sciencepg.com/journal/ijfsb

Beyond education and training deficits, demographic pat-
terns reveal additional concerns for sector sustainability. The
age concentration among producers, with 60% aged 25-34
years and minimal youth involvement at just 3.8% under age

25, threatens both knowledge transfers and long-term viability.

Similarly, research in Benin documented comparable youth
disengagement, attributed to urban migration and low-status
perceptions of traditional food work [9]. Furthermore, the
complete female exclusion from production, contrasting
sharply with their retail dominance at 63.7%, reflects broader
West African gendered labor divisions. However, women's
potential hygiene advantages, documented in Rwandan tradi-
tional beer production [10], remain unrealized here, as female
retailers showed deficiencies comparable to male producers,
confirming that training and resources not gender per se deter-
mine outcomes.

Building upon these sociodemographic vulnerabilities, the
documented hygiene deficiencies create multiple intersecting
contamination pathways that systematically compromise
product safety. Palm wine production inherently exposes sap
to environmental contamination through open-field extraction
processes. As demonstrated by [1], freshly tapped sap already
contains diverse microbial populations at 10%-10° CFU/mL
originating from tree phloem, tapping wounds, and atmos-
pheric deposition. While these microorganisms drive the de-
sired fermentation, they inevitably include potential contami-
nants that pose health risks.

The producer behaviors documented in our study create
specific high-risk scenarios for pathogen introduction and am-
plification. Most notably, the near-universal practice of wear-
ing unclean protective clothing, affecting 97.8% of producers,
establishes persistent contamination reservoirs harboring
skin-associated bacteria including Staphylococcus aureus and
environmental microorganisms that readily transfer to product
during handling [11]. Compounding this problem, direct hand
contact with beverages reported by 21.3% of producers and
significantly higher at 47.5% among retailers is particularly
concerning given that production sites typically lack hand-
washing facilities. Indeed, studies across West Africa have
documented inadequate hand hygiene among informal food
handlers, with only 23% of Ghanaian vendors washing hands
at critical moments and merely 12% using soap [12].

These behavioral patterns align with microbiological evi-
dence confirming widespread enteric pathogen presence in
palm wine across the region. Nigerian studies isolated E. coli
from 20-60% of samples, while Ghanaian research detected
Salmonella in 8% [13]. Similarly, Cameroonian investigations
identified Shigella and other coliforms, with higher contami-
nation levels in longer-stored or ambient-exposed samples [2].
This remarkable consistency across diverse contexts strongly
suggests widespread regional contamination patterns, plausi-
bly explaining the high diarrhea prevalence of 69.1% among
symptomatic consumers in our study.

Importantly, our finding that 38% of consumers reported
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adverse effects with diarrhea predominating and 58.6% show-
ing acute onset within two hours provides compelling evi-
dence linking contamination to health outcomes. The acute
onset pattern strongly suggests preformed bacterial toxins,
particularly staphylococcal enterotoxins, rather than active in-
fection requiring longer incubation periods [14]. This tem-
poral pattern, combined with the high prevalence of retail
hand contact at 47.5% and documented colipresence region-
ally, indicates that contamination with enterotoxin-producing
bacteria followed by toxin production during storage may con-
stitute the primary hazard in this value chain.

Nevertheless, the fact that 62% of consumers reported no
problems merits careful interpretation. This finding indicates
that palm wine consumption is not universally hazardous but
likely depends on multiple factors including specific patho-
gens present, pathogen loads in individual batches, individual
host susceptibility, consumption volume, and perhaps protec-
tive factors such as acidic pH and alcohol content providing
partial antimicrobial effects [1].

When viewed in broader regional perspective, the chal-
lenges documented here mirror patterns observed in tradi-
tional fermented beverage systems throughout sub-Saharan
Africa. For instance, Ethiopian traditional beer production ex-
hibited remarkably similar profiles: 68% of producers lacking
formal education, 87% without training, widespread contami-
nation throughout the value chain, and consumer illness rates
of 30-40% [15]. Likewise, Ghanaian palm wine systems
showed nearly identical deficiencies: 94% of vendors lacking
training, 88% using unclean equipment, and 76% with open-
air exposure [16]. This cross-national consistency suggests
that challenges are fundamentally regional rather than coun-
try-specific, implying that validated interventions could be
adapted effectively across West Africa.

However, these deficiencies cannot be understood simply
as individual behavioral failures but must be recognized as
symptoms of deep structural barriers rooted in poverty, infor-
mal sector economics, inadequate infrastructure, and system-
atic policy neglect. The demographic profile revealed in our
study characterized by low educational attainment, informal
employment status, and socioeconomic disadvantage indi-
cates severe resource constraints that directly limit actors' ca-
pacity to implement improved practices. Consequently, rec-
ommendations requiring investments that producers cannot
afford or infrastructure that does not exist are fundamentally
meaningless. For example, advising thorough handwashing is
ineffective when production sites lack water supply.

Among these barriers, physical infrastructure deficits consti-
tute perhaps the most fundamental constraint. In rural C&e d'lv-
oire, only 68% of the population has access to basic drinking wa-
ter services, meaning nearly one-third lacks even minimal water
availability [17]. Moreover, where water is available, quality is
frequently compromised by fecal contamination. Under these
conditions, thorough equipment cleaning and hand hygiene be-
come impossible regardless of knowledge or motivation.
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Equally problematic is the policy environment, which re-
flects systematic neglect rather than either effective support or
appropriate regulation. Palm wine occupies an ambiguous in-
stitutional status culturally important and economically signif-
icant to producers yet marginalized as unworthy of policy at-
tention or public investment. This neglect manifests con-
cretely in the absence of quality standards, lacking training
programs, non-existent extension services, and minimal re-
search support. Typically, ministries of health focus regula-
tory attention on formal industries and imports, while minis-
tries of agriculture rarely include traditional fermented foods
in their programming priorities [18]. This institutional gap
leaves palm wine trapped in regulatory vacuums where neither
support nor meaningful oversight exists.

Given these multilevel challenges, addressing the docu-
mented problems requires comprehensive interventions that
combine immediate risk reduction with longer-term structural
transformation. First and foremost, targeted training for pro-
ducers and retailers could address critical knowledge gaps, but
only if designed appropriately for low-literacy populations us-
ing visual, demonstration-based approaches delivered in local
languages with ongoing support rather than one-time work-
shops [19]. Encouragingly, Kenyan research demonstrated
that participatory hygiene training achieved significant and
sustained improvements when delivered in culturally appro-
priate formats with continued reinforcement [8].

However, training alone cannot overcome infrastructure
barriers, making complementary investments essential. Provi-
sion of clean water access through protected wells, boreholes,
or rainwater harvesting systems would enable the equipment
cleaning and hand hygiene that training promotes. Addition-
ally, subsidized food-grade container programs could replace
the improvised vessels currently in use. Evidence from Ghana
indicates that installation of protected water points near pro-
duction zones achieved substantial contamination reductions
even without extensive behavioral interventions [20].

In parallel, appropriate technology interventions adapted to
artisanal production settings could enhance safety without dis-
rupting traditional character. For instance, controlled acidifi-
cation through food-grade organic acids or acid-producing
starter cultures can rapidly lower pH below pathogen-permis-
sive levels while maintaining product acceptability [1]. South
African experience with simple starter culture development
achieved widespread adoption when products were packaged
affordably with pictorial instructions accessible to low-liter-
acy users [19].

Furthermore, regulatory frameworks specifically designed
for traditional beverages rather than inappropriate adaptations
of industrial standards could provide both structure and posi-
tive incentives. Brazil's approach to artisanal sugar cane
brandy offers a relevant model: separate regulatory categories
with adapted standards, provision of technical assistance, and
creation of quality certifications enabling premium market ac-
cess [21]. Such frameworks balance food safety objectives
with economic viability and cultural preservation.

68

Finally, integration of palm wine safety into broader public
health initiatives could leverage existing infrastructure and
community trust. Community health worker programs could
incorporate palm wine safety messaging into their existing ac-
tivities around maternal health, nutrition, and water-sanita-
tion-hygiene at modest incremental cost, achieving much
wider reach than standalone programs.

5. Conclusions

This cross-sectional survey of 560 stakeholder’s highlights
systematic food safety challenges across C&e d’Ivoire’s palm
wine value chain, linking poor hygiene practices to substantial
consumer morbidity. Production and distribution suffer from
widespread hygiene deficiencies, minimal regulatory over-
sight, and lack of food safety training, affecting 38% of con-
sumers, primarily with diarrhea. These deficiencies reflect
structural barriers such as poverty, limited infrastructure, and
policy neglect rather than individual knowledge gaps.

Documented practices including direct hand contact, un-
clean clothing and equipment, open-air exposure, and inade-
quate cleaning create multiple contamination pathways. Alt-
hough 62% of consumers reported no problems, targeted in-
terventions could substantially reduce risk while preserving
this culturally and economically important beverage. Recom-
mended measures include low-literacy training programs, im-
proved infrastructure (clean water, proper storage), simple
technologies (starter cultures, controlled acidification),
adapted regulatory frameworks, and integration into commu-
nity health initiatives.

The consistency of challenges across West African palm
wine systems suggests C&e d’Ivoire validated interventions
could be regionally adapted. The goal is not industrialization,
but enabling safer production while maintaining traditional
character, highlighting the need for political will and resource
allocation to protect consumer health in resource-limited con-
texts.
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