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Abstract

The cyanide content of the parenchyma (pulp) of three sweet cassava cultivars: Alhaji (Tropical
Manihot Selection; TMS 98/0581), Ochengbila (Tropical Manihot Selection; TMS 98/0505), and
Onono (Tropical Manihot Selection; TMS 98/0524) from three local government areas of Benue
State were studied. Their contents were: TMS 98/0581 (41.46 - 53.40) mg/kg, TMS 98/0505
(45.12 - 58.93) mg/kg and TMS 98/0524 (46.38 - 58.08) mg/kg for all the local government areas.
For the peels, it ranged from (63.41 - 108.96) mg/kg for all cultivars. The cyanide content of the
cultivars varies from one local government to another and also from one farm to another. No ap-
preciable loss of cyanide was observed after four days of storage. The cyanide content of boiled
and roasted cassava parenchyma was (5.26 - 7.85) mg/kg and (9.73 - 10.55) mg/kg respectively
for all the cultivars. Air dried parenchyma at (26°C - 32°C for one week and oven dried parenchyma
at 60°C for four hours ranged from (16.05 - 18.83) mg/kg and (21.82 - 24.04) mg/Kkg respectively
for all cultivars.
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1. Introduction

There are about 2600 plant species that produce cyanogenic glycosides [1]-[4]. When cassava leaves or tubers
are detached from the plant, cyanogenic glycosides are hydrolysed by enzymes, to alpha-hydroxynitrile and
sugar or a saccharide. Alpha-hydroxynitrile formed undergoes intramolecular reaction to give hydrogen cyanide,

“Corresponding author.

How to cite this paper: Ubwa, S.T., Otache, M.A., Igbum, G.O. and Shambe, T. (2015) Determination of Cyanide Content in
Three Sweet Cassava Cultivars in Three Local Government Areas of Benue State, Nigeria. Food and Nutrition Sciences, 6,
1078-1085. http://dx.doi.org/10.4236/fns.2015.612112



http://www.scirp.org/journal/fns
http://dx.doi.org/10.4236/fns.2015.612112
http://dx.doi.org/10.4236/fns.2015.612112
http://www.scirp.org
mailto:tshambe@bsum.edu.ng
http://creativecommons.org/licenses/by/4.0/

S.T. Ubwa et al.

highly poisonous, and anal or ketone. Oral lethal dosage of hydrogen cyanide for adults is [0.58 - 3.5] mg/kg of
body weight [5]. Cassava containing (50 - 60) mg/kg is therefore to be pre-treated to reduce cyanide to accept-
able level.

Manihot esculenta Crantz (cassava) is a perennial crop native to tropical America [6]. Cassava is a woody
shrub which belongs to the genus of the natural order or family of Euphorbiaceae [7] [8]. The Manihot genus is
reported to have about 100 species, among which the only commercially cultivated one is Manihot esculenta
Crantz [9]. The carbohydrate rich storage tuber serves as an important energy source and staple food for man-
kind and animals mostly in Africa and other parts of the world [10]. The cassava plant is among the crops that
have high amount of carbohydrates [9]. The plant is identified by the nature of its leaves, starchy tuberous root
and the color of its parenchyma [9]. It has high rate of post harvest losses when not properly handled during
harvesting [11]. The three distinct tissues of the matured cassava storage tuber include the periderm, cortex and
pulp [12] [13]. Cassava cultivars have advantage over other tuber crops due to its ability to survive on poor soils
and its resistance to drought [14] [15]. The leaves which are rich in proteins, vitamins and minerals also contain
high level of cyanide and as a result, are not preferred for human consumption [16]. Cassava cultivars can be
classified into high cyanide (bitter) and low cyanide (sweet) [10] [17] [18]. Production of cyanide by various
cultivars is affected by soil, weather and other geographical conditions [19], same cultivars may produce high
cyanide in one location and significantly lower value in another [20]. Consequently, it is necessary to assay for
cyanide content of cassava tubers irrespective of the cultivars before used for human consumption.

The recommended World health Organization (WHO) maximum acceptable level of cyanide in foods meant
for human consumption is below 10 mg/kg [21] [22]. Cassava tubers of all cultivars contain cyanide above this
recommended level [23]. Cyanide is usually removed from tubers by fermentation, boiling, steaming, drying,
roasting and other methods [24] [25]. In this study, efforts are made to effect the removal of cyanide from sweet
cassava cultivars using heat (boiling and roasting) which are available methods to local consumers. The study
areas are Apa, Otukpo and Ushongo local government areas of Benue State, Nigeria, West Africa.

2. Materials and Methods
2.1. Materials

Digital Environmental Thermometer (VC-500, Zhijian, China), Ninhydrin (Reidel-de Hean, AG D-3016), Po-
tassium Cyanide (8847, Pharmacos LTD, southend-on-sea, essex England), NaCl (UN 1823, J.T Baker, Deven-
ter, Holland), NaHCO; and Na,CO; (BH-15 LTD, BDH Laboratory, England). All reagents used in this study
are analytical grade.

2.2. Sampling Collection

Tubers of the three cassava varieties were collected from Otukpo, Apa and Ushongo local government areas of
Benue State. Samples were collected in triplicate from three different farms in each of the districts studied and
the temperature at each collection point was recorded. The samples were; Alhaji (TMS 98/0581), Ochengbila
(TMS 98/0505), and Onono (TMS 98/0524). Their trade identities were authenticated at the Benue State Agri-
cultural Research and Development Agency (BNARDA), Makurdi, Benue State.

2.3. Treatment of Samples

The cassava tubers were properly washed to remove soil. The outer dark brown scale covering (periderm) was re-
moved. The Cassava samples were cleaned using distilled water, 10.0 g of the weighed samples were roasted, while
the other portion (10.0 g) was boiled in distilled water, using stainless steel materials, for 15, 20 and 35 minutes
respectively. The remaining portion was ground and homogenized in a mortar with a pestle. The homogenized
sample was divided into two portions; one portion air dried and the other oven dried. Unpeeled cassava samples
were analyzed at intervals of Day 1 (day of harvest), Day 2, Day 3 and Day 4 of storage at ambient temperature.

2.4. Hydrogen Cyanide Determination in Cassava Tubers

The cyanide concentration in cassava parenchyma was determined using ninhydrin based spectrometer of trace
cyanide at 485 nm maximum wavelength [26]. A calibration graph was first constructed using standard solutions
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of CN" at concentrations of 0.02, 0.04, 0.08, 0.1 and 0.2 pg/mL (which is within the linear range) and was pre-
pared by adding appropriate volumes of cyanide solutions at concentration of 20 ug CN /mL to 1 mL of 2%
Na,COs. Ninhydrin solution (0.5 mL) containing 5 mg/mL in 2% NaOH was added to each standard cyanide
solution. The mixture was homogenized and incubated for 15 minutes for color development. Similarly, the
blank was prepared in the same way as above, except that instead of 1 mL 2% Na,CO; containing CN~, 1 mL of
2% Na,CO; without CN™ was added. UV-Visible absorption of the reaction product (Cyanide-ninhydrin adduct)
of the different concentrations of cyanide was measured using UV/Vis Spectrophotometer (SURGISPEC SM
735, Surgical Medical, England) at 485 nm. Total cyanide in the samples was determined by adding 0.1 g of the
ground sample in a standard volumetric flask (5 mL) and made up to mark with 0.1% NaHCOs. The samples
were sonicated for 20 minutes in a water bath and the mixture centrifuged at 10,000 rpm for 10 minutes. The
supernatant was pipetted with automatic pipette, two aliquots (2 mL each) and added to 0.5 mL ninhydrin in
NaOH, allowed for fifteen minutes for color development and absorbance measured at 485 nm.

2.5. Statistical Analysis

Means of the samples were compared using analysis of variance (ANOVA) and the level of significant differ-
ence determined at p < 0.05. This analysis was carried out with an SPSS program (version 21) (IBM).

3. Results and Discussion
3.1. Effect of Harvesting Time on Cyanide Content

The results of cyanide concentration in the studied areas are presented in Tables 1-8. From the results, it can be
seen that cyanide content for the same cultivars are different from one local government to the other, it can also
be seen that even in the same local government, different locations gave different values for same cultivars.
These results are in line with earlier observations [14] [20].

The concentration of cyanide in cassava parenchyma at different temperatures from Otukpo Local Govern-
ment (Tables 1-3) reveals that Chito recorded an average cyanide concentration ranging from (45.43 + 0.00 at
28°C to 58.08 £ 0.01 at 26°C) mg/kg for TMS 98/0581 and TMS 98/0524,0tada recorded (46.27 £ 0.06 at 29°C
to 58.93 £ 0.05 at 28°C) mg/kg for TMS 98/0581 and TMS 98/0505, while Eupi recorded values ranging be-
tween (44.38 + 0.04 at 30°C to 50.23 £ 0.04 at 27°C) mg/kg for TMS 98/0581 and TMS 98/0524 respectively.

In Apa local government (Tables 4-6), Ugbokpo recorded values ranging from (43.89 + 0.03 at 35°C to

Table 1. Cyanide concentration of samples from Otukpo (Chito) (mg/kg).

Temperatures
Sample
Tubers Peels
n 26°C 30°C 28°C
TMS 98/0581 3 51.74° + 0.02 48.37°+0.03 45.43° + 0.00 94.79° + 0.01
TMS 98/0505 3 56.77° + 0.01 52.34° +0.01 53.23° +0.00 103.37° +0.00
TMS 98/0524 3 58.08% + 0.01 55.96% + 0.02 55.53% + 0.07 108.96% + 0.01

n = number of samples. a, b and ¢ shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.

Table 2. Cyanide concentration of samples from Otukpo (Otada) (mg/kg).

Temperatures
Sample
Tubers Peels
n 28°C 34°C 29°C
TMS 98/0581s 3 48.59° £ 0.03 47.33°+£0.05 46.27°+ 0.06 89.34°+0.01
TMS 98/0505 3 58.93*+ 0.05 48.87° £ 0.06 49.07° +0.07 99.33° £ 0.02
TMS 98/0524 3 56.59° + 0.05 54.68* + 0.03 54.68% + 0.03 105.73* £ 0.01

a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.
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Table 3. Cyanide concentration of samples from Otukpo (Eupi) (mg/kg).

Temperatures
Sample
Tubers Peels
n 27°C 31°C 29°C
TMS 98/0581 3 45.64° + 0.04 44.38°+ 0.04 45.43" +0.03 94.36° + 0.04
TMS 98/0505 3 46.16" + 0.04 45.12° + 0.04 45.12°+0.03 94.19° +0.03
TMS 98/0524 3 50.23% +0.04 48.11*+ 0.04 48.00* + 0.03 101.78% £ 0.02
a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.
Table 4. Cyanide concentration of cassava samples from Apa (Ugbokpo) (mg/kg).
Sample Temperature
Tubers Peels
n 27°C 29°C 35°C
TMS98/0581 3 45.75°+ 0.03 44.92° +0.03 43.89°+0.03 87.81°+0.08
TMS 98/05053 3 50.09" +0.04 49.65" +0.05 49.65" +0.03 96.76° + 0.01
TMS 98/0524 3 55.06 + 0.03 53.19*+ 0.04 54.24% +0.03 98.29°+0.05
a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.
Table 5. Cyanide concentration of cassava samples from Apa (Amuke) (mg/kg).
Sample Temperature
Tubers Peels
n 27°C 28°C 34°C
TMS98/0581 3 53.40* + 0.06 45.13°+ 0.00 44.92°+0.03 86.30°+0.00
TMS 98/05053 3 50.46° + 0.04 47.59" + 0.03 48.41° + 0.03 97.40° + 0.01
TMS 98/0524 3 52.98° + 0.02 50.70* + 0.04 51.51°+0.04 105.36% + 0.00
a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.
Table 6. Cyanide concentration of cassava samples from Apa (lga-Okpaya) (mg/kg).
Temperatures
Sample Tubers Peels
n 26°C 28°C 30°C
TMS 98/0581 3 45.17°+0.01 44.13°+0.01 43.92°+0.01 66.63°+0.01
TMS 98/0505 3 47.06" +0.01 46.02° + 0.00 45,39° + 0.00 82.30° £ 0.04
TMS 98/0524 3 49.32%+0.01 48.89% £ 0.00 48.27%+£0.00 86.48* + 0.02
a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.
Table 7. Cyanide concentration of cassava sample from Ushongo (Lobi-Kartyo).
Sample Temperatures
Tubers Peels
n 28°C 36°C 29°C
TMS 98/0581 3 44.30°£0.00 46.78°+0.03 41.46°£0.03 86.95°+ 0.01
TMS 98/0505 3 46,55 + 0.00 45.32° +0.00 44,91° £ 0.01 95.69" + 0.03
TMS98/0524 3 48.83*+0.00 47.79%+0.00 47.58%+0.01 100.42% £ 0.02

a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.
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Table 8. Cyanide concentration of cassava sample from Ushongo (Ber-Agbum).

Sample Temperatures
Tubers Peels
n 28°C 31°C 29°C
TMS 98/0581 3 47.66° £ 0.01 44.13°+0.00 45.38°+0.00 63.41°+0.02
TMS 98/0505 3 50.78" + 0.00 50.78%* + 0.00 50.16% +0.00 73.92° +0.01
TMS98/0524 3 51.62° +0.04 47.01° + 0.00 46.38" + 0.00 84.31*+0.01

a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.

55.06 % 0.03 at 27°C,) mg/kg for TMS 98/0581 and TMS 98/0524, Amuke recorded (44.92 £ 0.03 at 34°C to
53.40 + 0.03 at 27°C) mg/kg for TMS 98/0581, while Iga-Okpaya recorded (43.92 £+ 0.01 at 28°C to 49.32 +
0.01 at 26°C) mg/kg for TMS 98/0581 and TMS 98/0524 respectively.

In Ushongo local government (Table 7 and Table 8), Lobi Kartyo showed an average cyanide concentration
ranging from (41.46 £ 0.03 at 29°C to 48.83 + 0.00 at 28°C) mg/kg, while Ber-Agbum recorded (44.13 + 0.00 at
31°C t0 51.62 + 0.04 at 28°C) mg/kg for TMS 98/0581 and TMS 98/0524 respectively.

The results show that the cyanide content is within the range of sweet cassava cultivars [14] [27]. This is in
excess of the maximum acceptable limit recommended by WHO [21]. TMS 98/0524 recorded the highest values
(46.38 - 58.08) mg/kg in all the local government areas with only an exception in Otada (Otukpo) where TMS
98/0505 had the highest value (58.93) mg/kg. For this reason, the practices of eating it raw should be discou-
raged. The sample collected in the morning contained more HCN than that collected in the afternoon and even-
ing for all cultivars, but no clear trend was observed for those collected in the afternoon and evening [28]. It is
most probable that the unstable alpha hydroxynitrile undergoes intramolecular reaction at temperatures above
30°C to produce a ketone and HCN which will invariably react with amino acid containing sulphur to give thi-
ocyanate [29]-[31]. This is possible if the available sulphur containing amino acids are more than the sugars
available in the afternoon and evening [31] [32]. The cyanide content of the peels ranges from (63.41 - 108.96)
mg/kg in all the cultivars in all the local government areas.

3.2. Effect of Days of Storage on Cyanide Content

The result of effects of days of storage is presented in Table 9. Unpeeled tubers left for four days did not show
appreciable change in the cyanide content (Table 9). The temperatures for keeping this ranged from 26°C - 29°C.
This shows that hydrolysis of cyanogenic glycosides to release hydrogen cyanide was not rapid since HCN va-
porizes at 26°C [33].

3.3. Effect of Boiling Time and Roasting on Cyanide Concentration of Peeled Cassava
Tuber (mg/kg)

Figure 1 shows that cassava parenchyma boiled for 15 and 20 minutes ranges from (25.24 to 30.53) mg/kg and
(18.30 to 21.19) mg/kg respectively for all cultivars and remains high above the accepted limit of 10 mg/kg set
by WHO. Further extension of boiling time to 35 minutes, reduced the level of cyanide in all the cultivars below
the accepted level for human consumption (5.26 to 7.85) mg/kg. These values can further be reduced when the
cassava is blended with boiled yam and/or sweet potatoes for making composite pounded yam as it is normally
done by local consumers in Benue State. Reduction of cyanide content in cassava tubers by boiling has earlier
been reported [14] [34]-[36].

The cyanide content of the parenchyma after roasting ranges between (9.73 - 10.55) mg/kg in all the cultivars
(Table 10). This is marginal within the acceptable range for all the cultivars for human consumption [21]. Hence
eating of roasted cassava should be discouraged as the cultivars may contain cyanide level above the safe limit.
These results show that roasting significantly reduced the total cyanide content in fresh root, but not as effective
as boiling for 35 minutes.

3.4. Effect of Drying on Cyanide Content
Parenchyma air dried for 1 week (26°C - 32°C) and oven dried (60°C) for 4 hours contained (16.05 - 18.83)
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Figure 1. Effect of boiling time on the concentration of cyanide.

Table 9. Effect of days of storage on cyanide concentration of unpeeled cassava tubers (mg/kg).

Sample n 1 2 3] 4
TMS 98/0581 3 42.91°+0.01 41.23°+0.00 40.80° £ 0.00 40.60° £ 0.00
TMS 98/0505 3 51.15°+0.01 47.41° £ 0.00 45,95° + 0.00 45,54° +0.00
TMS 98/0524 3 55.32% £ 0.01 54.47° £ 0.00 51.91%* £ 0.00 51.92% £ 0.00

a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.

Table 10. Effect of boiling time and roasting on cyanide concentration (mg/kg).

Boiling time Roasting
Sample - - - -
n 15 min 20 min 35 min 35 min
TMS 98/0581 3 25.24°+0.01 18.30°+ 0.00 5.26°+0.00 10.23" £ 0.01
TMS 98/0505 3 27.65°+0.01 19.29° +0.00 7.31°£0.00 9.73°+0.04
TMS98/0524 3 30.53*+0.00 21.19%+0.00 7.85+0.00 10.55% + 0.00

a, b and c shows the variance of the three cultivars measured at different sites, as determined by ANOVA at p < 0.05.

Table 11. Effect of drying on cyanide concentration (mg/kg).

Sample Oven dried (4 hours) Air dried (1 week)
TMS 98/0581 21.85° £ 0.00 16.58" £ 0.00
TMS 98/0505 21.82° £ 0.00 16.05° +0.00
TMS 98/0524 24.04° £ 0.00 18.83°+0.01

Results are the average of three determination expressed on dry weight basis and standard deviation. In the same column, values followed by a com-
mon letter are not significantly different at p < 0.05.

mg/kg and (21.82 - 24.04) mg/kg of cyanide respectively for all cultivars (Table 11). These values are above the
acceptable values by WHO and consequently not suitable for human consumption [5] [21]. The high concentra-
tion of cyanide after oven drying is in agreement with the observation that, the rapid temperature increase during
oven drying could have deactivated the enzyme that is responsible for hydrolysis of cyanogenic glycoside [37].
It is therefore necessary to blend cassava tubers with yam or grains e.g. millet, guinea corn and maize to dilute
the cyanide content to acceptable level.

4. Conclusion

The cyanide content of cassava cultivars studied ranges from (44.46 - 56.78) mg/kg. This is above acceptable
limits provided by WHO for human consumption and should not be eaten raw even though it is sweet. The cya-
nide content changes with change in geographical location, hence there is need to continuously determine the
cyanide in cassava before eating. Heat treatment reduces the cyanide content between (5.67 - 24.04) mg/kg.
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Heating by boiling is the most effective means of depleting cyanide content. Therefore, the present study high-
lights the importance of boiling cassava tubers for at least 35 minutes, for a safe level of cyanide in the tuber.
Furthermore, since cassava peels contain high level of cyanide, its removal should be done in a well ventilated
environment and disposal in pits or other places where human beings and animals may not be poisoned [38]
[39].
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