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Abstract: Rhodanese, a cyanide detoxifying enzyme was extracted from the liver
of Synodontis schall and its characteristics investigated. Crude enzyme preparation
was prepared and the enzyme was assayed by measuring the activity of rhodanese
in RU min-1 mg-1. The results revealed that rhodanese extracted from Synodontis
schall liver had km values for Na2S2O3 and KCN were 12.23mM±1.36 and
8.45mM±1.05 respectively. The enzyme had higher affinity for KCN than
Na2S2O3. Dithio oxiamide, 2-mercaptoethanol and sodium metabisulfite were not
capable of replacing Na2S2O3 as sulfur donors. Na2S2O3 had the highest relative
activity followed by ammonium sulphate. Synodontis schall liver rhodanese had
optimum activity at pH 8.0 and 45ºC. Relative activities of cations tested showed
that none had any significant effect on Synodontis schall liver rhodanese.
Rhodanese present in the liver of Synodontis schall had properties similar to those
from other sources.
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INTRODUCTION
Cyanide is a potent poison. It is readily
absorbed and causes death by preventing tissue
utilization of oxygen (Okalie and Osagie, 2000; Okafor
et al., 2002; Sousa et al., 2002). It exists as hydrogen
cyanide gas, water soluble sodium and potassium
cyanide salts and poorly water-soluble mercury, gold,
silver and copper cyanide salts (Patel et al., 2014).
Cyanide is contained in a lot of naturally occurring
substances and in industrial products (Li et al., 2000).
Animals are more frequently exposed to cyanide
through ingestion of plants containing cyanogenic
glycosides (Nobrega et al., 2006). Upon hydrolysis of
these cyanogenic glycosides toxic cyanide is released,
thus the need for its detoxification.
Rhodanese (EC.2.8.1.1) is an enzyme involved
in biotransformation of cyanide. The enzyme converts
toxic cyanide to less toxic thiocyanate by transferring
sulfur atom from a sulfur donor to cyanide. Rhodanese
catalysed cyanide detoxification is such that the enzyme
accepts sulfur atom from a sulfur containing anion; the
sulfur-substituted enzyme then transfers the sulfur atom
to strongly thiophilic cyanide (Aminlari and Vaseghi,
2006). During the catalytic cycle of rhodanese, the
enzyme exists in two forms, the free enzyme and the
persulfate-containing form (Domenica et al., 2000).
Rhodanese is ubiquitous in nature and its activity is
found in all living organisms. The biological functions

of rhodanese include cyanide detoxification (Koj and
Frendo, 1962), formation of iron-sulfur centers
(Cerletti, 1986) and participation in energy metabolism
(Ogata and Volini, 1990).
Rhodanese activity has been studied and
reported in many organisms by several researchers. Its
activity has been reported in bacteria (Itakorode et al.,
2019), plants (Anosike and Ugochukwu, 1981; Okonji
et al., 2017; Ehigie et al., 2019), animals (Anosike and
Jack, 1982; Eskandarzade et al., 2012; Wodu, 2015;
Okonji et al., 2015; Ehigie et al., 2019; Wodu et al.,
2021). However, rhodanese in Synodintis schall is yet to
be elucidated. Thus, the aim of this research work is to
characterize crude extract of rhodanese from Synodontis
schall.

MATERIALS AND METHODS
All reagents used were of analytical grade and
did not need any further purification.
Sample collection
The liver of the Synodontis schall used in the
investigations was excised from the fish and stored in a
refrigerator at -40C until required.
Preparation of tissue extract
Tissue extract was prepared by homogenizing
10g (w/v) of the liver in 3 volumes of homogenization
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buffer (phosphate buffer, pH 8.2). The suspension was
centrifuged for 20 min at 4,000 rpm in a refrigerated
centrifuge (Model universal 320R). The supernatant
was used as crude enzyme source.
Protein and enzyme assay
Protein concentration was estimated using the
method of Bradford (1976). Bovine Serum Albumin
was used as standard. Rhodanese was assayed by the
method of Agboola and Okonji (2004) with slight
modifications. The reaction mixture contained 10mM
Na2S2O3, 10mM KCN, 0.25mM borate buffer, pH 8.2
and 10μl of enzyme solution in a final volume of 1.0ml.
The reaction was carried out for 1min at 37ºC and
stopped by adding 0.5ml 15% formaldehyde. Exactly
1.5ml of Sorbo reagent (which is made up of ferric
nitrate solution containing 0.025g Fe(NO3)3,9H2O in
0.74ml water and 0.26ml concentrated nitric acid) to
develop the colour. Absorbance was measured at
460nm. The unit of enzyme activity was defined as the
amount of thiocyanate formed in micromoles per
minute at 37ºC and pH 8.2.
Determination of kinetic constant
The kinetic constants (Km and Vmax) were
determined by varying the concentrations of KCN
between 2mM and 10mM at fixed concentration of
10mM Na2S2O3. Also, the concentration of Na2S2O3
was varied between 2mM and 10mM at fixed
concentration of 10mM KCN.
Kinetic parameters were estimated from the
double reciprocal plots (Lineweaver and Burk, 1934).
Primary and secondary plots were made for kinetic
constant estimation.
Substrate Specificity
The substrate specificity of the enzyme was
determined using different sulphur compounds namely
dithio
oxamide,
2-mercaptoethanol,
sodium
metabisulphite and ammonium sulphate in a typical
rhodanese assay. The kinetic parameters of the different
compounds were estimated using the double reciprocal
plot (Lineweaver and Burk, 1934), by varying the
concentrations of the individual substrates between
2mM and 10mM at a fixed concentration of 10mM
KCN.
The activity was also expressed as a
percentage activity of the enzyme using sodium
thiosulphate as the control.
Effect of pH on Rhodanese Activity.
The effect of pH on rhodanese extracted from
the liver of Synodontis schall was determined using
50mM citrate buffer (pH 4-6.5), 50mM potassium
phosphate buffer (pH 7.0-8.5) and 50mM borate buffer
(pH 9-11). Rhodanese activity was assayed as described
in the assay section with the assay buffer being replaced
by these buffers.
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Effect of temperature on Rhodanese Activity
Rhodanese was assayed at temperatures
between 20ºC to 60ºC to elucidate the effect of
temperature on the enzyme activity. The assay mixture
was first incubated at the test temperature for ten (10)
minutes before initiating reaction by the addition of the
enzyme which had been equilibrated at the same
temperature. Rhodanese activity was assayed as in the
standard procedure described in the assay section at the
different temperatures.
Effect of Salts on the Enzyme Activity
The influence of various cations on Synodontis
schall was investigated using the following salts: BaCl2,
SnCl2, CoCl2, HgCl2, MgCl2, MnCl2, and CuCl2 at
0.05mM, 0.1mM and 0.2mM in a typical rhodanese
assay mixture. The reaction mixture without the salts
was taken as control with 100% activity.
Statistical Analysis
The SPSS statistical analysis system was used
for analysis of the data. All the assays of were in
triplicate determinations. The data collected were
presented as means ± standard deviations and also
relative activity in percentage (%). The statistical
significance was assessed by one-way analysis of
variance. Significant differences (P ≤ 0.05) among
means were detected using Duncan’s multiple range
tests.

RESULTS AND DISCUSSION
Crude extract of rhodanese from Synodintis
schall was investigated to elucidate its characteristics.
Double reciprocal plots for kinetic constants estimation
and bisubstrate mechanism deduction for Synodintis
schall liver rhodanese are presented in Figures 1-4 and
Table 1. The km of 8.45mM and 12.23mM for Na 2S2O3
and KCN respectively for rhodanese investigated
compare well with what had been reported for
rhodanese from other sources (Table 2). Although very
low km values of 0.408mM and 0.316mM had been
reported by Ehigie et al., (2019) for Na2S2O3 and KCN
respectively for rhodanese extracted from cane rat
kidney. Also, Wodu et al., (2021) reported very high
km value of 50mM for KCN for rhodanese from ram
liver.
From the observation in the present
investigation, Synodntis scall liver rhodanese had
higher affinity for KCN than Na2S2O3 as indicated in
the lower km value of 8.45mM for KCN as against
12.23mM for Na2S2O3 (table 1). Similar results for
rhodanese from other sources have been recorded by
some researchers. Higher affinity for KCN was reported
by Agboola and Okonji, (2004) for fruit bat rhodanase,
Okonji et al., (2015) for garden snail hepatopancreas,
Wodu et al., (2021) for ram kidney rhodanese and
Ehigie et al., (2019) for cane rat kidney. Higher affinity
for Na2S2O3 substrate by rhodanese has been reported
by Sorbo (1953) for bovine liver rhodanese, Lee et al.,
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(1995) for mouse liver rhodanese, Akinsiku et al.,
(2009) for cat liver rhodanese and Wodu et al., (2021)
for ram liver rhodanese.
In a bid to investigate the sulfur donating
property of some possible sulfur donors in rhodanese
catalyzed cyanide detoxification, it was observed that
Synodntis schall liver rhodanese had preference for
Na2S2O3 than for other sulfur donors (Tables 3 and 4).
Of all the sulfur donors investigated, Na2S2O3 had the
lowest km of 12.2mM which indicates that Synodotis
schall rhodanese had higher affinity for it. Dithio
oxiamide, 2-mercaptoethanol and sodium metabisulfite
were not capable of replacing Na2S2O3 as sulfur donors.
Bacillus cereus rhodanese activity had been
reported to be inhibited by 2-mercaptoethanol (Chew
and Boey, 1972; Itakorode et al., 2019) and sodium

metabisulfite (Itakorode et al., 2019). Rhodanese has
the ability to use different sulfur containing compounds
as sulfur donors (Okonji et al., (2008). The result in the
present investigation indicates that ammonium sulphate
may be used as sulfur donor in the cyanide detoxifying
mechanism of rhodanese. The ppercentage residual
activity shown in table 3 revealed that Na2S2O3 had
highest activity followed by ammonium sulphate.
Synodintis
schall
catalyzed
cyanide
detoxification followed a double displacement (ping
pong) bisubstrate mechanism (Figures 1 and 3).
Synodintis schall liver rhodanese followed the same
bisubstrate mechanism used by bacterial rhodanese
reported by Atkinson (1975). Sorbo (1953) however,
reported that bovine liver rhodanese catalyzed cyanide
detoxification using ordered sequential mechanism.

Fig 1: Primary Plot of 1/Vo versus I/[Na 2S2O3] at fixed concentration of KCN

Fig 2: A Secondary Plot of Intercept versus 1/[Na 2S2O3]
© East African Scholars Publisher, Kenya
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Fig 3: Primary Plot of 1/Vo versus 1/[KCN] at fixed concentration of Na2S2O3

Fig 4: A Secondary Plot of Intercept versus 1/[Na 2S2O3]

KCN
Na2S2O2

Table 1: Kinetic Parameters of Synodontis schall Rhodanese
Km (mM) Vmax (RU ml-1 min-1) pH Optimum Temp. Optimum (ºC)
8.44±1.05
0.083±0.00
45.0±2.0
8.0±1.0
12.23±1.36 0.089±.001
Values are recorded as mean±SE of the mean
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Optimum rhodanese activity in Synodintis
schall was observed at pH 8.0 and 45ºC (table 1 and
figures 5 and 6). Both pH and temperature optima of
Synodintis schall liver rhodanese conforms to findings
reported by several researchers. Optimum temperature
of 40ºC had been reported for rhodanese extracted from
African cat fish (Akinsiku et al., 2010) and Bacillus
previs (Oyedeji et al., 2013). Temperature optimum
range of 35ºC - 55ºC was reported for rhodanese from
different strains of Trichoderma by Ezzi et al., (2003).

Optimum pH of 8.0 estimated for Synodintis schall liver
rhodanese had been reported by several researchers for
rhodanese from different sources (Okonji et al., 2010;
Okonji er al., 2015; Ehigie et al., 2019). Most of the
reported findings have shown that optimum pH of
rhodanese falls within the range of 6.0 - 11.0 (Chew and
Boey, 1972; Femi and Raphael, 2003; Agboola and
Okonji (2004); Akinsiku et al., (2009); Hossein and
Reza, (2011).

Table 2: Kinetic parameters of rhodanese from different species
Source
Km (mM)
KCN Na2S2O2
Synodontis schalla
8.44
12.23
Bovine liverb
19.0
6.5
Mouse Liverc
12.5
8.3
Bat liverd
13.36 19.15
Garden snail hepatopancrease 9.1
12.3
Cat liverf
25.4
18.6
Ram liverg
50
12.5
a =present work; b= Sorbo (1953); c= = Lee et al., (1995); d=Agboola and Okonji (2004); e= Okonji et al., (2015); f=
Akinsiku et al., (2009); g = Wodu et al., (2021).
Table 3: Kinetic Parameters of Possible Sulphur Donor Substrates in Rhodanese Catalysed Reaction
Substrate
Km (mM)
Vmax (RU min-1.mg-1)
Sodium thiosulphate 12.23±1.36
0.089±.001
Dithio oxamide,
67.62±4.93
0.092±0.022
2-mercaptoethanol
63.33±15.14 0.163±0.101
sodiummetabisulfite 75.65±14.90 0.120±0.036
Ammonium sulphate 25.38±8.73
0.065±0.012
Values are recorded as mean±SE of the mean
Table 4: Relative enzyme activity for different sulphur donor substrates
Substrate
Residual Activity (%)
Sodium thiosulphate 100±7.18
Dithio oxamide,
32.62±4.93
2-mercaptoethanol
23.76±5.17
Sodium metabisulfite 31.44±14.90
Ammonium sulphate 67.43.38±9.25
Values are recorded as mean±SE of the mean
Results for the modulation of Synodintis schall
liver rhodanese activity by some cations presented in
figure 7 showed that all the cations investigated did not
have any significant effect on the enzyme activity at the
concentrations studied. This observation is similar to
the findings reported by Fagbohunka et al., (2004),
Okonji et al., (2011), and Okonji et al., (2015) for
rhodanese from giant snail hepatopancreas, mudskipper
liver, garden snail hepatopancreas respectively. In the
present investigation, Hg2+ did not show any inhibitory
effect on Synodintis schall liver rhodanese; Agboola
and Okonji, (2004), Okonji et al., (2010), Ehigie et al.,
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(2019) and Wodu et al., (2021) however, reported
inhibition of rhodanese extracted from fruit bat liver,
soldier termites, cane rat liver and ram (liver and
kidney) respectively by Hg2+.
The fact that the metal ions investigated in the
present research work had no significant effect on
Synodontis schall liver rhodanese activity may be
because of the concentrations used and/or the fact that
Synodontis schall may have been exposed to the salt of
these metals over a long time.
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Fig 5: Effects of pH on Rhodanese Activity

Fig 6: Effects of Temperature on Rhodanese Activity

Fig 7: Effects of Cations on Rhodanese Activity

CONCLUSION
In summary, this investigation showed the
presence of rhodanese activity in the liver of Synodontis
schall, whose characteristics are similar to rhodanese
© East African Scholars Publisher, Kenya

extracted from other sources. The results showed that
Synodontis schall liver rhodanese had higher affinity for
cyanide. Also, other sulfur donors may be explioted in
the rhodanese assay. Cyanide detoxification is key to
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the survival of Synodontis schall in its natural habitat,
hence that the fish is able to survive even after
consuming food containing cyanogenic glycosides
means that it has a functional cyanide detoxification
mechanism implicated by the presence of rhodanese.
Finally, there is every likelihood that the organism
under investigation had been exposed to several metal
salts over time that made these metal salts not to affect
certain physiological functions such as cyanide
detoxification by rhodanese.

REFERENCES



















Agboola, F. K., & Okonji, R. E. (2004). Presence
of rhodanese in the cytosolic fraction of the fruit
bat (Eidolon helvum) liver, Journal of Biochemistry
and Molecular Biology, 37(3), 275-281.
Akinsiku, O. T., Agboola, F. K., Kuku, A., &
Afolayan, A. (2010). Physicochemical and kinetic
characteristics of rhodanese from the liver of
African catfish Clarias gariepinus Burchell in
Asejire Lake. Fish Physiol Biochem, DOI
10.1007/s10695-009- 9328-4.
Aminlari, M., & Vaseghi, T. (2006). Biochemical
properties and biological functions of the enzyme
rhodanese in domestic animals. Iranian Journal of
Veterinary Research. 7 (2) 1-13.
Anosike, E. O., & Jack, A. S. (1982). A
comparison of some biochemical properties of liver
thiosulphate Sulphur transferase from Guinea pig
(Lepus caniculus) and Albino rat (Mus Musculus).
Indian journal of Biochem and Biophysiology, 19,
13-16.
Anosike, E. O., & Ugochukwu, E. N. (1981).
Characterization of rhodanese from cassava leaves
and tubers. J Exp Bot, 32, 1021-1027.
Atkinson,
A.
(1975).
Bacterial
Cyanide
Detoxification. Biotechnol. Bioenerg, 17(3), 457460.
Bradford, K. M. (1976). A rapid and sensitive
method for the quantitation of micrograme
quantities of protein utilizing the principle of
protein-dye binding. Analytical Biochemistry, 72,
248-254.
Cerletti, P. (1986) Seeking a better job for an
underemployed enzyme: rhodanese. Trends
Biochem Sci 11:369–372. doi:10.1016/09680004(86)90206-9
Chew, M. Y., & Boey, C. G. (1971). Rhodanese of
tapioca leaf, Phytochemistry, 11(1), 167-169.
Domenico, B., Daniela, D., Rita, C., Aristodemo,
C., Silvia, P., & Martino, B. (2000). The crystal
structure of a sulphurtransferase from Azotobacter
vinelandii highlights the evolutionary relationship
between the rhodanese and phosphatase enzymes
families. Journal of Molecular Biology, 298(4),
691-704.
Ehigie, A. F., Abdulrasak, M. A., Adeleke, G. E.,
& Ehigie, O. L. (2019) Comparison of Rhodanese
Activity and Distribution in Tomato (Solanum

© East African Scholars Publisher, Kenya


























lycopersicum Mill.) Plant Parts and its
Physicochemical Characterization. J Plant Biochem
Physiol, 7, 240. doi: 10.35248/2329 9029.19.7.240.
Eskandarzade, N., Aminlari, M., Golami, S., &
Tavana, M. (2012). Rhodanese activity in different
tissues of the ostrich. British Poultry Science,
53(2), 270-273.
Ezzi, M.I., Pascual, J.A., Gould, B.J. and Lynch,
J.M. (2003). Characterisation of the rhodanese
enzyme in Trichoderma spp. Enzyme Microbiol.
Technol. 32(5):629-634.
Fagbounka, B. S., Adenuga, G. A., Okonji, R. E.,
& Agboola, F. K. (2004). Properties of rhodanese
from hepatopancreas of giant snail, Archachatina
marginata. Science Focus, 1, 76-80.
Femi, K. A., & Rapheal, E. O. (2003). Presence of
rhodanese in the cytosolic fraction of fruit bat
(Eidolon helvum) liver. J Biochem and Mol. Biol,
(37) 275-281.
Himwich, W. A., & Saunders, J. B. (1948).
Enzymic conversion of cyanide to thiocyanate,
American Journal of Physiology, 53, 348-354.
Hossein, T., & Reza, R. (2011). Some Biochemical
Properties of Rhodanese from liver of Rainbow
Trout. International Conference of Medical,
Biological
and
Pharmaceutical
Sciences
(ICMBPS).
Itakorode, B. O., Okonji, R. E., Adedeji, O.,
Torimiro, N., Onwudiegwu, C., & Oluwaseyi, A.
(2019). Studies on some physicochemical
properties of Rhodanese synthesized by Bacillus
cereus isolated from the effluents of iron and steel
smelting industry. Afr J Biochem Res, 13(1), 1-8.
Koj, A., & Frendo, J (1962). The activity of
cyanide desulphurase and rhodanese in animal
tissues. Acta Biochem Pol, 9, 373-379.
Lee, C. H., Hwang, J. H., Lee, Y. S., & Cho, K. S.
(1995). Purification and characterization of mouse
liver rhodanese. Journal of Biochemistry and
Molecular Biology, 28, 170-176.
Li, Q., Jacob, D. J., Bey, I., Yantosch, R. M., Zhao,
Y., Kondo, Y., & Notholt, J (2000). Atmospheric
hydrogen cyanide (HCN): biomass burning source,
ocean sink? Geophys Res Letters, 27, 357-360.
Lineweaver, H., & Burk, D. (1934). The
determination of Enzyme Dissociation Constants.
Journal of American Chemical Society, 56, 658666.
Nobrega, J., Riet-Correa, F., Medeiros, R., &
Dantas, A. (2006). Poisoning by of sodium
nitroprusside for induction of hypotension during
anesthesie. Canadian Anaesthetists’ Society
Journal, 22, 547.
Ogata, K., & Volini, M. (1990). Mitochondrial
rhodanese: membrane bound and complex activity.
J Biol Chem, 265, 8087-8093.
Okafor, P N. Okorowko, C. O., & Maduagwu, E.
N. (2002). Occupational and dietary exposures of
humans to cyanide poisoning from large-scale
52

Ebizimor Wodu et al., EAS J Nutr Food Sci; Vol-4, Iss-2 (Mar-Apr, 2022): 46-53













cassava processing and ingestion of cassava foods.
Food Chem Toxicol, 49, 1001-1005.
Okalie, N. P., & Osagie, A. U. (2000). Differential
effects of chronic cyanide intoxication on heart,
lung and pancreatic tissues. Food Chem Toxicol,
38, 543-548.
Okonji, R. E., Adewole, H. A., Kuku, A., &
Agboola, F. K. (2010). Isolation and Kinetic
Properties of Soldier Termite (Amitermes
silvestrianus Light, 1930) Rhodanese. International
Journal of Biology and Chemical Sciences, 4(2),
258-273.
Okonji, R. E., Aladesanmi, O. T., Kuku, A., &
Agboola, F. K. (2008). Isolation and some
properties of partially purified rhodanese from the
hepatopancreas of giant freshwater prawn
(Macrobrachium rosenbergii De Man). Ife J Sci,
10(2), 255-262.
Okonji, R. E., Fagbohunka, B. S., Ehigie, L. O.,
Ayinla, A. Z., & Ojo, O. O. (2017).
Physicochemical properties of rhodanese: A
cyanide detoxifying enzyme from C (Baill) root.
African Journal of Biotechnology, 16(14), 704-711.
Okonji, R. E., James, I. E., Madu, J. O.,
Fagbohunka, B. S., & Agboola, F. K. (2015).
Purification and characterization of rhodanese from
the hepatopancreas of garden snail, limicolaria
flammea. Ife Journal of Science, 17(2), 289-303.
Okonji1, R. E., Fagbohunka, B. S., Ehigie, L. O., &
Ayinla, Z. A. (2015). Comparative studies on the
partial purification and characterization of
rhodanese from seed and mesocarp of snake
tomatoes (Trichosanthes cucumerina Linn.). J
Agric Biotech Sustain Dev, 9(2) 9-15.














Oyedeji, O., Awojobi, K. O., Okonji, R. E., &
Olusola, O. O. (2013). Characterization of
rhodanese produced by Pseudomonas aeruginosa
and Bacillus brevis isolated from soil of cassava
processing site. African Journal of Biotechnology,
12(10), 1104-1114.
Patel, H., Singh, R., Mody, S., Modi, C., &
Kamani, S. (2014). Cyanide Poisoning in Animals.
Department of Pharmacology and Toxicology
College of Veterinary Science and Animal
Husbandry, an international e-Journal, 3, 202-216.
Sausa, A. B., Soto-Blanco, B., Guerra, J. L.,
Kimura, E. T., & Gorniak, S. L. (2002). Does
prolonged oral exposure to cyanide promote
hepatotoxicity and nephrotoxicity? Toxicology,
174, 87-95.
Sorbo, B. H. (1953). Crystalline Rhodanese.
“Purification and physiochemical examination.
Acta Chemica Scandinavica. 7: 1129-1136.
Vickery, P., Wheeler, J., & Mulcahy, C. (1987).
Factors affecting the hydrogen cyanide potential of
white clover (Trifolium repens). Australian Journal
of Agricultural Research, 3, 1053-1059.
Wodu, E. (2015). Effects of Temperature, pH and
Some Monoatomic Sulphur Compounds on
Rhodanese from Sheep Liver. Journal of National
Science Research, 5(5), 42-47.
Wodu, E., Frank-Oputu, A., Lucky-Ben, K.,
Oweifa, M., & Appah, I. O. (2021). Studies on
some Physiochemical Properties of Crude Extracts
of Rhodanese from Liver and Kidney of an Adult
Ram. Glob Acad J Agri Biosci, 3(3) 1-5.

Cite This Article: Ebizimor Wodu, Ayibaene Frank-Oputu, Oghenerume F. Asheshemi, Chinwe I. Ozomah (2022).
Characterization of Rhodanese Extracted from Synodontis schall Liver. EAS J Nutr Food Sci, 4(2), 46-53.

© East African Scholars Publisher, Kenya

53

