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Cassava (Manihot esculenta Crantz) is an important food crop in sub-Saharan Africa due to its high
carbohydrate content. This study collected 102 samples of dried cassava products, including cassava
flour and chips, from households, processors, open markets, and supermarkets in seven districts of
Zambia. The presence of naturally occurring cyanogenic glucosides in these products poses food
safety risks to consumers. The hydrogen cyanide concentration levels in cassava chips and flour
ranged from 31.64 to 101.25 and 31.32 to 121.93 mg kg, respectively, across all study sites. Every
sample tested exceeded the WHO’s recommended limit of 10 mg kg™. The mean moisture content of
cassava products ranged from 10.64 to 14.00%, with the white index (WI) varying between 112.05 and
126.86 for cassava chips and 137.87 to 146.36 for cassava flour. Despite their seemingly whiter
appearance, cassava chips and flour may pose a safety risk for consumption due to their elevated
hydrogen cyanide (HCN) concentration. It is advisable to implement adequate and appropriate
processing methods to reduce residual cyanide in cassava products to levels that comply with
established standards.

Key words: Cassava product, cyanogenic glucosides, moisture content, processing.

INTRODUCTION

Cassava (Manihot esculenta Crantz) is the most
extensively cultivated root crop globally, serving as a
significant calorie source for approximately two-fifths of
the African population (Nweke et al., 2002). The year

2014 witnessed the harvesting of more than 145 million
tonnes of cassava across 17 million hectares of land on
the African continent (FAOSTAT, 2017). Renowned for its
substantial dietary carbohydrate content, this notable
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food crop demonstrates remarkable adaptability to
diverse ecological conditions (Alamu et al., 2019).

In Zambia, it is the second most important crop for food
security, after maize (Abass, 2008). According to the
CODEX (FAO/WHO, 2020), the recommended moisture
content for cassava roots is 10 to 13%. However, due to
their high moisture content, cassava root has a low
postharvest life of less than 72 h. Among various
contributing factors, a primary factor promoting mould
contamination of cassava flour is initial high relative
humidity or an increase in moisture level during storage
(Chukwu and Abdullahi, 2015).

The processing of cassava root into various forms,
such as flour, chips, and pellets, not only extends its shelf
life but also promotes trade and encourages commercial
use, as highlighted by Gacheru et al. (2015). High-quality
cassava flour (HQCF) is distinguished by its white
appearance, unfermented state, and inherent gluten-free
nature. These defining characteristics hold significance in
the food industry, particularly in pasta and confectionery
production, as noted by Taiwo (2006) and Shittu et al.
(2008). The color of food plays a critical role that many
consumers consider when assessing quality, and it can
be influenced by the various methods employed in the
preparation of dried cassava products, such as chips and
flour (Gacheru et al., 2015). Cassava naturally contains
two cyanogenic glucosides (CNGSs), lotaustralin (methyl
linamarin), and linamarin, which function as defense
mechanisms against herbivores or in response to
damage to cassava tissue. These compounds, upon
hydrolysis, transform into hydrocyanic acid (HCN),
associated with cases of acute cyanide poisoning, goiter,
and chronic pancreatitis in humans (JECFA, 2010). The
primary cyanogen in cassava is linamarin, also referred
to as cyanogenic glucoside. These cyanogenic
glucosides are widely distributed throughout the plant,
with higher concentrations in the outer root layer (root
cortex) and lower concentrations in the inner root (root
parenchyma) (Cardoso et al., 2005). Cyanogenic
glycosides have the potential to induce acute poisoning in
humans and contribute to various chronic conditions
linked to the consumption of poorly processed cassava
products.

The Joint FAO/WHO Expert Committee on Food
Additives (JECFA) has established health-based
guidance values (HBGVs) for cyanogenic glycosides,
which include an Acute Reference Dose (ARfD) of 0.09
mg kg? body weight in cyanide equivalents and a
Provisional Maximum Tolerable Daily Intake (PMTDI) of
0.02 mg kg*' body weight as cyanide (JECFA, 2010).
Cyanide obstructs cellular respiration in aerobic
organisms by impeding oxygen uptake (Marziaz et al.,
2013). To ensure safety, the World Health Organization
(WHO) has set the acceptable limit for cyanide in dried
cassava products at 10 mg kg* (FAO/WHO, 2020). The
East African Standards EAS 739:2010 and 740:2010 also
establish the hydrogen cyanide (HCN) limit at 10 mg kg

(EAS, 2010). Additionally, JECFA (2010) has specified
that edible cassava flour is considered suitable for direct
human consumption only if the "total hydrocyanic acid"
level in the flour remains below 10 mg kg*. Hydrogen
cyanide (HCN) poisoning can manifest in both acute and
chronic forms. Acute exposure to low cyanide levels,
whether through inhalation, skin contact, or ingestion,
results in rapid breathing, increased heart rate,
restlessness, dizziness, weakness, headache, and
nausea/vomiting within minutes (Mburu, 2013). On the
other hand, chronic exposure to low cyanide levels can
lead to breathing difficulties, eye irritation, chest or heart
pain, vomiting, appetite loss, headaches, nosebleeds,
goiter, and potential fatalities. Tropical Ataxic Neuropathy
(TAN) is a progressive syndrome associated with dietary
cyanide exposure from poorly processed cassava,
primarily affecting older adults (CCDN News, 2008).
Survivors of chronic cyanide exposure may experience
brain and heart damage, and in some cases, central
nervous system injury due to prolonged oxygen
deprivation (Baskin et al., 2004). An increase in ataxic
polyneuropathy cases was reported in Ososa, Southwest
Nigeria: 22/1000 in 1969, 60/1000 in 1998, and 64/1000
in 2003; linked to cyanide poisoning from cassava
products (Oluwole et al., 2013). In the town of Zaria in the
metropolis of Nigeria, insufficient processing of cassava
roots into garri has been associated with vision
impairment due to prolonged cyanide consumption,
contributing to elevated rates of blindness and severe
visual impairment (Yusuf et al., 2014). A study conducted
by Siddigi et al. (2020) identified 32 cases of Konzo, a
neurological disorder resulting from the impact of HCN on
the nervous system, leading to paralysis (WHO, 1996).
These cases were observed in the western and north-
western regions of Zambia, primarily affecting children
between the ages of 6 and 14, with a higher prevalence
among females above 14 years old. Among the affected
individuals, cassava consumption was identified as the
most prevalent dietary factor (Siddigi et al., 2020). Konzo
has also been documented in Tanzania, the Democratic
Republic of the Congo, the Central African Republic, and
Cameroon, as reported in studies by Howlett et al.
(1990), Tylleskar et al. (1992, 1994), and Lantum (1998).
Investigations from these regions consistently link Konzo
to prolonged intake of cyanogens from cassava flour and
chips at sub-lethal levels. Another study conducted in
Zambia's Luapula province, Mansa district, by Chisenga
et al. (2019), revealed that various cassava root and flour
varieties had HCN content ranging from 27.60 to 238.12
mg kg*.

The primary objective of this study was to assess the
visual attributes, moisture content, and cyanogenic
glucoside concentration of cassava products commonly
consumed in Zambia. Anticipating variations in visual
attributes, moisture content, and cyanogenic glucoside
concentration among different product types and regions
due to differences in processing and storage conditions,



this study is, to our knowledge, the first to compare
samples collected from both significant cassava-growing
and consuming areas throughout Zambia.

MATERIALS AND METHODS
Study sites

This study was conducted in seven districts in Zambia, including
Mansa, Samfya, Kabompo, Serenje, Kaoma, Lusaka, and Kasama.
These districts were selected based on high cassava farming
activities and consumption. The choice of these districts was guided
by data from the Central Statistics Office (CSO) and insights from
Postharvest Surveys conducted in 2014 and the Smallholder
Enterprise and Marketing Program (SMEMP) report from 2004.
Both sources identified these specific regions as exhibiting the
highest levels of cassava production within Zambia. Lusaka district
was included because it is a significant consumer of processed
cassava products and receives them from all provinces (CSO,
2014; SHEMP, 2003).

Sampling

One hundred and two samples of cassava products were collected
from the seven selected districts of Zambia. These samples were
randomly collected from households, processors, and markets to
represent all study sites comprehensively. Thirty samples were
cassava chips, while the remaining 72 were cassava flour. A
minimum of 250 g of each sample were collected. After collection,
samples were sealed in labeled sterile brown paper bags and
stored in insulated cooler boxes at room temperature to prevent
contamination and moisture uptake. Samples were transported to
the International Institute of Tropical Agriculture (IITA) laboratory in
Lusaka, Zambia, within 24 to 48 h of collection.

The dried cassava chips were pulverized into powder using a
grinder sample mill (Model: RM/519, Ramtons, China). The milled
cassava flour samples were not subjected to further processing.
Before analysis and storage, the samples were blended using the
quartering method (Osuret et al.,, 2015), sealed in the labeled
polyethylene bag (Ziploc), and stored at 4°C.

Determination of chemical composition

The samples' moisture content and color properties were analyzed
at the International Institute of Tropical Agriculture (IITA)
Laboratories, Lusaka — Zambia. However, the analyses of hydrogen
cyanide were analyzed at the Food and Drugs Control Laboratories
(FDCL).

Determination of moisture content

Moisture content in the dried cassava chips and flour was
determined following the procedures outlined in the Association of
Official Analytical Chemists (AOAC, 2012) Official method 925.10.
The infrared drying was conducted using an analyzer, the PCE-MB
C Series, manufactured by Bioevopeak in Lixia district, China. Test
portions were arranged in a single layer within aluminium dishes,
positioned on the balance pan of the integrated balance unit with a
resolution of 1 mg. The computation of moisture content was
performed automatically employing Equation 1:

Initial weight (m0)-Dry weight (m)

1
Moisture Content (Uh) = Tnitial weizht rmOT 100 @

Tembo et al. 3

Determination of color parameter

The CIE L*a*b* method was used to measure the color parameter
of cassava products. The surface testing colorimeter used (CSM 1,
PCE Instruments UK Ltd., Old Trafford, Manchester, United
Kingdom) quantified L*, representing lightness, with values closer to
100 indicating a whiter color. Color readings from various locations
on dried cassava samples were measured in duplicate, and the
average value was recorded. The meter was calibrated using a
standard white background (L* = 99.98, a* = +24.73, and b* =
+0.79*%). The total color difference from the standard was defined
using the guidelines provided (Morrison and Laignelet, 1983) as AE.
The computation of AE is articulated by Equation 2:

AE = V(AL)? + (Aa)? + (Ab)2. @)

Furthermore, the determination of the whiteness index followed the
methodology established by Zhu et al. (2016), with its calculation
defined by Equation 3:

White Index (WI) = 100 — [(100 — L)? + a2 + b2]2 @)

Hydrogen cyanide content

Both qualitative and quantitative methods were applied to assess
the HCN content of the dried processed cassava products, using
the AOAC method (2019), where qualitative methods were used for
the detection of HCN presence, while quantitative methods allowed
for the precise measurement of HCN concentration.

Qualitative method (Quiacum test): A strip of filter paper was
dipped into a 0.2% alcoholic solution of quiacum resin and then
immediately into a 0.1% solution of copper sulphate. The filter
paper was held over the cassava sample, suspended in a vessel
containing at least 20 g of the sample. The presence of HCN in the
cassava samples produced an immediate bluish-violet color on the
filter paper. Results were recorded as positive or negative,
depending on the color change.

Quantitative method: A total of 20 g of the cassava sample was
mixed with 200 ml of distilled water in a distillation flask and left to
stand for at least 4 h. The mixture was then distilled, and
approximately 160 ml of the distillate was collected in a volumetric
flask containing 250 ml of a 25% NaOH solution. To 200 ml of the
distillate, 8 ml of a 5% KI solution was added before titration against
a 0.02 N silver nitrate (AgNO3) solution. The endpoint was indicated
by a faint but persistent turbidity.

The measurements were repeated twice, and the average value
was recorded. The HCN levels were calculated, with 1 ml of 0.02 N
AgNOj; equivalent to 1.08 mg of HCN per 20 g of the sample, and
expressed as HCN mg kg?. All reagents used in this experiment
were supplied by Merck Chemicals (Pty) Ltd., located at 259
Davidson Road, Wadeville, Gauteng, RSA, and were obtained
through an authorized local distributor, Kansma Ltd. The blank
sample was prepared following the same procedure as the actual
sample. As a control, a certified standard solution of Potassium
Thiocyanate (KSCN) with a concentration of 20 ppm was prepared.
This solution underwent a precise titration process against silver
nitrate (AgNOs), resulting in a concentration of 21 ppm.

Statistical analysis

The data were analyzed using R software (Team R Core, 2021).
Analysis of variance (ANOVA) was conducted to assess differences
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Table 1. Moisture content, color parameters, and hydrogen cyanide in dried cassava chips and cassava flour.

Location Product N Moisture content (%) L* a* b* AE White Index HCN (mg kg™
Kabompo Chips 4 12.50 + 0.08% 22.33+11.80 6.13 +2.87 9.55 +2.00 27.28 126.68 61.02 + 39.81
Kaoma Chips 4 11.75 + 0.06%° 19.04 +10.82 6.73+1.38 9.86 + 6.85 25.54 120.17 101.25 £+ 80.26
Kasama Chips 3 10.78 + 0.58% 13.98 + 14.66 0.31+0.24 10.16 £ 1.87 18.97 114.46 89.64 + 99.97
Lusaka Chips 4 11.00 + 0.82% 9.25 + 4.65 6.29 = 1.02 11.96 + 1.54 18.60 112.05 48.60 £ 57.15
Mansa Chips 5 10.80 + 1.922 22.49 + 11.60 472 +2.56 8.78 £ 0.86 25.89 123.16 72.36 + 16.47
Samfya Chips 6 10.67 +1.632 16.52 +10.48 7.93+£0.58 10.39+0.74 23.07 117.70 31.64 +34.15
Serenje Chips 4 14.00 + 0.82° 9.80+1.21 0.39+0.44 9.19 £ 0.04 14.05 112.18 40.50 £ 19.09
Kabompo Flour 11 12.81 + 0.66%° 4255+ 2.17 12.59 +2.76 8.14 +2.22 43.25 143.77 79.29 + 81.65
Kaoma Flour 11 10.64 + 0.632 45.04 £9.89 1461+1.01 7.84£0.70 49.09 146.36 70.32 £+ 69.72
Kasama Flour 10 13.70 £ 0.34° 42.17 +10.18 14.27 £ 0.98 6.51 +0.47 46.07 143.41 121.93 £ 90.40
Lusaka Flour 12 12.00 £ 0.17% 36.89 £ 13.12 15.62 +0.98 7.27+231 41.74 137.87 50.37 + 47.64
Mansa Flour 9 11.67 £1.12% 44.80 + 6.35 16.13 £ 2.37 7.99+3.72 47.94 146.27 69.86 + 93.87
Samfya Flour 8 12.37 +£1.39% 43.41 +13.85 1454 +1.20 8.41+321 48.19 144.83 56.70 + 35.78
Serenje Flour 11 12.45 + 0.97% 38.86 +11.48 13.34 £ 1.26 7.12+0.54 43.32 140.13 31.32 + 26.25

All values represent means of two replications + Standard Deviation. Different superscript letters within the column indicate significant differences at p < 0.05, while those without any superscript
indicate no significant difference at p > 0.05. L*= Lightness (€"100); a*= (-) red/green (+); b*= (-) blue/Yellow (+); AE = Difference in color change from the standard white background.

in moisture content, color parameters, and hydrogen
cyanide (HCN) content among the various locations of
cassava products. Post-hoc Tukey HSD tests (utilizing the
R package 'multcomp’) were performed to compare means,
assuming normality of data distribution. In instances where
normality was violated, data were transformed using log or
square root transformations to address distribution
concerns and ensure the validity of statistical analyses. If
normality was not achieved, the non-parametric Kruskal-
Wallis test from the R packages 'rcompanion' and 'FSA'
was employed, allowing for robust testing of significant
differences in the respective variables.

Significant differences in means of response variables
were considered at p < 0.05. The Betareg test (package:
'‘betareg’) was employed to identify significant differences
in moisture content among locations or between cassava
products. A Chi-square test (package: 'chisg.test’) was
used to assess the significant difference in moisture
content among locations. For further analysis, a post-hoc
test (package: 'emmeans'’) was utlized to identify
significant differences in means of moisture content among
the various locations of cassava products. Additionally,
Pearson’s correlation analysis (R function: 'co’) was

conducted to examine the relationship between moisture
content and the whiteness of the cassava products.

RESULTS

Moisture content, color, and hydrogen cyanide
content in dried cassava products

Table 1 presents the results of moisture content
(MC), color, and hydrogen cyanide (HCN) in 102
dried cassava products obtained from
households, processors, open markets, and
supermarkets across seven districts. In order to
ensure consumption safety, the CODEX
Alimentarius Commission (FAO/WHO, 2020)
mandates that edible dried cassava flour and
chips must maintain a maximum HCN level of 10
mg kg?! and a moisture content not exceeding
13%.

Moisture content (MC) in dried processed
cassava products

Table 1 reveals that the moisture content (MC%)
of cassava chips ranged from 10.7 to 14.00% in
Samfya and Serenje, respectively, while for
cassava flour, the range was from 10.64 to
13.70% in Kaoma and Kasama, respectively.
Notably, significant differences in moisture content
were observed among the locations for cassava
flour (Chi? = 17.06, p = 0.009) and cassava chips
(Chi? = 18.50, p = 0.005). Kaoma exhibited lower
moisture content (10.64 + 0.63%) compared to
Kasama (13.70 + 0.38%) in cassava flour.
Similarly, in cassava chips, Serenje had higher
moisture content (14.00 £ 0.82%), while Samfya
(10.67 + 1.63%) exhibited a significant difference.
In the regions of Kabompo, Kaoma, Lusaka,
Mansa, and Samfya, the moisture content of
cassava chips remained within the recommended
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Figure 1. White index analysis of cassava products (chips and flour)
from samples collected across seven study sites in Zambia. Lowercase
letters denote significant differences in the white index between cassava
products (p £ 0.05, N = 102). White index, quantifies the degree of
whiteness or brightness of the sample's color compared to a standard

reference, typically white.

range of 13% (FAO/WHO, 2020; EAS 739:2010).

Color parameters
products

in dried processed cassava

The color parameter results in terms of CIE L* a* b* for
102 dried cassava chips and flour samples collected from
the study sites were analyzed, and the results are shown
in Table 1. According to EAS 739:2010 and EAS
740:2010, the color of dried cassava chips and flour
should be white, creamy, or yellow.

No noticeable variation (p > 0.05) was observed in the
lightness (L*) of cassava chips and flour across all
research locations. The average lightness values for
chips ranged from 9.25 in Lusaka to 22.49 in Mansa,
while the average values for flour ranged from 36.86 in
Lusaka to 45.04 in Kaoma (Table 1).

Similarly, there was no significant difference (p > 0.05)
in the color intensity (a*) of cassava chips and flour
across all study sites. The mean color intensity values for
chips ranged from 0.31 in Kasama to 7.93 in Samfya,
while the mean values for flour ranged from 12.59 in
Kabompo to 16.13 in Mansa (Table 1).

The b* values of cassava chips and flour were similar
across all study sites (p > 0.05), with cassava chips
having mean values ranging from 8.78 to 11.96 and
cassava flour having mean values ranging from 6.51 to
8.41 (Table 1).

The total color difference (AE*) between cassava chips
from all study sites and white paper used as a standard
was high, with mean values ranging from 14.05 to 27.28

for Serenje and Kabompo, respectively. On the other
hand, cassava flour had mean values ranging from 41.74
to 49.09 in Lusaka and Kaoma, respectively (Table 1).

The white index of cassava chips and flour ranged from
112.05 to 126.86 and 137.87 to 146.36, respectively
(Table 1), with significant variation (p < 0.05) observed
between the two products (Figure 1).

Correlation analysis of the moisture content (MC) and
whiteness in dried processed cassava products

The correlation between moisture content and whiteness
in cassava chips and flour was examined, and the
findings are illustrated in Figure 2. For cassava chips,
the correlation between moisture content and whiteness
was non-significant (p = 0.83) yet positive, showing a
correlation coefficient of 0.041. Similarly, no significant (p
= 0.05) positive correlation (correlation coefficient = 0.15)
was observed between moisture content and whiteness
in cassava flour.

Hydrogen cyanide (HCN) content in dried processed
cassava products

The HCN content of cassava chips ranged from 31.64 to
101.25 mg kg* with Samfya and Kaoma displaying the
respective extremes. Similarly, the HCN content for
cassava flour spanned from 31.32 to 121.93 mg kg™, with
Serenje and Kasama recording the highest and lowest
values, respectively (Table 1).
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Figure 2. Relationship between white index and moisture in cassava products (chips
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Figure 3. HCN concentration (A) and presence (B) in cassava products (chips and flour) from samples

across Zambia's seven study sites.

Lowercase letters denote significant differences in HCN

concentration between cassava products (p < 0.05, n = 72). Measurement was done in duplicate.

While the differences in HCN concentration between
cassava products were not deemed significant (Chi? =
0.08, p = 0.776) (Figure 3A), the concentrations
exceeded the maximum acceptable recommended limit
of 10 mg kg?! (FAO/WHO, 2020). Moreover, a notable
distinction in the proportion of HCN was observed
between cassava chips and cassava flour (Chi? = 7.02, p
= 0.008), with the content being higher in flour than in
chips (Figure 3B).

DISCUSSION

Moisture content (MC) in dried processed cassava
products

The observed moisture content range in this study aligns
with the recommended moisture range of below 13% for
cassava chips. These findings are consistent with the
report by Gacheru et al. (2015), indicating low moisture



content in cassava chips and normal results in cassava
flour. Chisenga et al. (2019) also noted low moisture
content in cassava varieties in the northern part of
Zambia, ranging from 10.43 to 11.76%. In contrast,
higher moisture content than the recommended range in
cassava chips and flour has been reported by
Uchechukwu-Agua (2015) in South Africa, Oladunmoye
et al. (2014) in Lagos, and Alamu et al. (2019) in major
markets of Zambia. Moisture content testing is a standard
procedure in food analysis because the water content in
food significantly influences preservation and the
chemical, physical, and microbiological changes during
storage (Passos et al., 2013). Proper drying techniques
play a crucial role in preserving cassava products due to
their perishable nature. The extent of drying and relative
humidity during sun-drying can impact the moisture
content of cassava products (Apea-Bah et al., 2011),
prompting processors and traders to ensure proper
drying practices to prevent losses. Lower moisture
content in cassava products indicates microbial stability
and may reduce staling in baked food products (Ogiehor
and Ikenebomeh, 2006).

Color parameters in
products

dried processed cassava

The findings of the present study are consistent with color
parameter values reported by Gacheru et al. (2015) in a
study conducted in Nairobi. Their study indicated an
increase in AE and b* for traditionally processed cassava
flour and further processing led to increased whiteness
with a significant decrease in AE and b*. The white index
results obtained in this study align with the color
parameter values presented in a publication by Hongbété
et al. (2009). In another study conducted in South Africa,
Omolola et al. (2017) reported whiteness values in the
range of 82.88 to 89.42 for cassava products. The
observed variations in whiteness may be attributed to
different drying temperatures and times. Higher
temperatures and prolonged cooking periods can
increase the a* (redness) and b* (yellowish) values of
chips, reducing their whiteness. This suggests that higher
L* values and lower a* and b* values may contribute to
higher white index values. Color is a critical quality
parameter that appeals to consumers and is often used
as an indicator of quality. When selecting cassava flour
for industrial applications, high values of lightness (L*)
and low values for chroma are considered ideal color
quality parameters (Sankhon et al., 2014). However,
slight changes in yellowness and greenness can impact
whiteness. The color of cassava products is influenced by
factors such as variety, maturity stage, and processing
techniques (McClements et al, 2017; Rodriguez-
Sandoval et al., 2017). Cassava products prepared from
unpeeled or improperly peeled roots can develop a grey
color during wet storage and a purple color during drying,
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which diminishes quality and value (Jyothi et al., 2007).
To produce flour with increased lightness (L*) and
whiteness, controlled sorting, peeling, enhanced washing
with potable water, thorough grating, and high-pressure
dewatering are required.

Consumers often associate color with safety and
quality, frequently preferring white products despite the
possibility of higher residual hydrogen cyanide (HCN)
levels. The color of flour and chips can be influenced by
natural pigments from peels (McClements et al., 2017),
and the product’s whiteness diminishes with the age of
the processed cassava (Jyothi et al., 2007).

Hydrogen cyanide (HCN) content in dried processed
cassava products

The potential for high levels of hydrogen cyanide (HCN)
in cassava products can result from inadequate
processing of cassava roots or excessive levels of total
cyanide in the raw cassava roots (Cardoso et al., 2005;
Gacheru et al., 2015).

The findings of this study, indicating HCN levels
exceeding the recommended acceptable limit of 10 mg
kg?, align with the results of Oghenechavwuko et al.
(2013) in a study conducted in Nigeria. Burns et al.
(2011) also reported elevated HCN in cassava chips, with
an overall mean of 91 mg kg* HCN and up to 262 mg kg-
1 HCN, despite these chips typically undergoing further
processing from raw cassava roots into dry chips and
flour. According to Cardoso et al. (2005), the cyanide
content of chips and flour produced after sun drying in
eastern, central, and southern Africa is higher during low
rainfall seasons, possibly due to the dilution factor of
cyanide brought by rainwater. Additionally, root cyanide
levels increase during periods of low rainfall due to water
stress on the cassava plant (Bokanga et al., 1994;
Cardoso et al., 2005). In a study conducted in Australia,
Vandegeer et al. (2013) reported that the impact of
drought on the distribution of cyanide concentration
(CNs) within the cassava plant that had experienced a
28-day drought was 4-fold greater than in tubers from
well-watered plants. This effect of drought could explain
the high cyanide levels observed in the present study, as
the cassava samples were collected during the dry and
cold seasons with minimal moisture in the air and soil in
Zambia between June 2021 and July 2021. According to
the Zambia Meteorological Department’'s report for
2020/2021 (ZMD report), Zambia received an average
rainfall between 1000 and 1500 mm, an annual average
minimum temperature of 10°C, and an average maximum
temperature of 29°C in cassava agro-ecological areas.
High levels of cyanide in cassava products have been
linked to acute intoxication and the occurrence of Konzo
in communities (Ernesto et al., 2002). The consumption
of cyanide-containing products presents a health hazard,
especially for individuals unaware of the necessity to



8 Afr. J. Food Sci.

detoxify cassava. The impact of cyanide on human health
varies based on body size, health condition, the quantity
of cyanide ingested, and the duration of exposure. The
acute lethal dose of hydrogen cyanide for humans ranges
from 0.5 to 3.5 mg kg* of body weight (Halstrem and
Mgller, 1945).

In response to potential public health risks linked to
cassava consumption, the Food and Agriculture
Organization (FAO) has developed effective processing
methods to mitigate cyanide levels in cassava. These
methods offer significant reductions and, in some
instances, complete elimination of cyanide content based
on the applied processing techniques (FOA, 2004).
Typically, these techniques encompass a series of steps
such as peeling, slicing, fermentation, boiling, drying,
pounding or milling, and sieving. Notably, fermentation
methods like loop fermentation have shown promise in
reducing or eradicating HCN in cassava products (Egwim
Evans et al, 2013; Bulkan, 2019). Nambisan and
Sundaresan (1985) reported a significant 50% decrease
in cyanide levels in cassava roots following the boiling
process, highlighting the effectiveness of boiling in
reducing cyanide content. Additionally, Quinn et al.
(2022) found that cooking grated cassava products led to
a substantial reduction in cyanide levels. The content
dropped significantly from 12.9 to 1.3 mg kg, bringing it
below the safe limit of 10 mg kg in all cassava products.
Among Zambian cassava traders, the most prevalent
traditional processing methods include peeling, soaking,
washing, slicing/mashing, grinding, and drying (SHEMP,
2004). Collectively, these steps aid in the reduction of
cyanide levels and ensure safer cassava consumption.

Future studies will delve deeper into the analysis of
HCN in raw cassava samples, exploring variations in
HCN content among different cassava varieties, and
investigating the impact of diverse processing and pre-
treatment techniques in reducing HCN levels. These
studies aim to provide valuable insights into the safety of
cassava consumption and to help develop effective
strategies for mitigating the health risks associated with
HCN. By examining these crucial factors, a better
understanding of the elements influencing HCN content
in cassava can be gained, leading to improvements in
food safety, nutritional value, and public health
associated with this important staple crop.

Conclusion

The findings of this study highlight significant levels of
HCN in processed cassava chips and flour, which are
available to consumers in Zambia. This poses potential
health risks for humans and animals consuming these
products, as acute poisoning can lead to permanent
upper motor neuron damage and other clinical
implications. Despite the good quality of cassava
products in terms of moisture content and color, they are

deemed unsafe for consumption due to their high cyanide
concentration (CNs). To mitigate these risks, cassava
processors at both household and commercial levels
must adopt appropriate processing techniques to reduce
residual HCN levels in processed cassava products to
acceptable levels in accordance with standards.
Authorities  should evaluate cassava processing
technigues to ensure that residual cyanide levels in
cassava products are reduced to acceptable levels as
standards require. This would help protect consumers'
health and prevent potential health hazards associated
with the consumption of cassava products. Overall, these
measures are crucial for improving the safety and quality
of cassava products in Zambia.
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