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Editorial 

With this December issue of CCDNNews we wish our 
network members and readers a satisfying and 
peaceful 2016. The year 2015 has been eventful in 
several ways and in several parts of the world. 
Globally, 2015 has also been an exceptionally warm 
year. The future may explain whether there is a link 
between global warming, El Niño, droughts and 
increased risk for neurolathyrism and konzo. Both 
cassava and grass pea are more tolerant to drought 
than other food crops. After droughts they are the 
cheapest food available and become a more 
important part of the diet of the very poor, making 
them more vulnerable for neurolathyrism or konzo.   
We have no accurate records of new cases in 2015. 
Also in the literature neurolathyrism and konzo remain 
neglected diseases. According to the Science Citation 
Index there were only 3 papers mentioning 
neurolathyrism and 5 mentioning konzo in 2015. 
Three of the latter papers are authored by Dr Oluwole, 
who contributed an interesting review on konzo, 
neurolathyrism and ataxic polyneuropathy in this 
issue. When screening the scholar.google database, 
which is less restricted to higher ranking publications, 
we find 59 papers on neurolathyrism and 98 on konzo 
for the same period. The higher number of reports on 
konzo might be linked to the interest in cassava as the 
main staple food in sub-Saharan Africa and as an 
industrial product while grass pea is staple food 
mainly in the case of food insecurity. 
In grass pea growing areas of India and Bangladesh 
there appear to be no new cases of neurolathyrism 
when the market value of grass pea seed is higher 
than the price of rice. If this is confirmed then activities 
or research that may increase the market value of 
grass pea or cassava roots can indirectly help in the 
prevention of neurolathyrism and konzo. This 
economic aspect may have been overlooked by 
some. The many questions remaining in the molecular 
etiology, epidemiology and environmental aspects of 
the diseases demands further study and investment. 
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For the breeding of totally toxin free grass pea and 
more nutritious cassava roots, the potential of genetic 
engineering should more seriously be considered. 
Professor Thorkild Tylleskär informed us on the 
publication of the second edition of “Neurology in 
Tropics” (which is on sale) with an updated review on 
konzo authored by himself and Professor Désiré 
Tshala-Katumbay. Information of this book can be 
obtained from Indiacontact@Elsevier.com. Information 
on the chapter from the authors 
(Thorkild.Tylleskar@uib.no or tshalad@ohsu.edu). 
The website with all issues of CCDNNews has been 
updated and can be found on http://ipbo.vib-
ugent.be/projects/ccdn/ccdn-news 

Fernand Lambein and Delphin Diasolua Ngudi 

 

Climate, Konzo, Neurolathyrism, and Ataxic 
Polyneuropathy 

Abstract 

Neurolathyrism, konzo, and ataxic polyneuropathy are 
attributed to exposure to food toxins. Neurolathyrism 
and konzo are spastic syndromes, while ataxic 
polyneuropathy is a sensory polyneuropathy. The 
three neurological syndromes occur in epidemic and 
endemic forms, but epidemics of neurolathyrism and 
konzo occur during droughts, while severity of 
endemic ataxic polyneuropathy changes seasonally. 
Consumption of Lathyrus sativus, a drought tolerant 
legume, is associated with neurolathyrism, while 
consumption of cassava (Manihot Esculenta Crantz), 
a drought resistant root crop, is associated with konzo 
and ataxic polyneuropathy. 

Cassava production has been shown to increase 
during droughts of El Niño. It has also been shown 
that epidemics of neurolathyrism and konzo lag El 
Niño. Thus, occurrence of neurolathyrism or konzo 
depends on the dominant food during drought. Ataxic 
polyneuropathy remains endemic in parts of Nigeria 
and India, where consumption of cassava food is 
high. Food programmes are needed to eradicate 
these syndromes. 

Keywords: El Niño, La Niña, influenza, flu, epidemic, 
climate 

Clinical neurology 

Neurolathyrism is a neurological syndrome of spastic 
paraparesis

1,2
, which develops acutely or subacutely 

in previously healthy subjects. Maximum deficit may, 
however, take as long as 2–7 months to develop

1,2
. 

Males are affected predominantly, but male to female 
ratio vary from 3:1 to 8:1

2,3
. Mortality is not 

associated. Konzo is a neurological syndrome of 
spastic paraparesis or quadriparesis, dysarthria, 
impaired visual acuity, and nystagmus

4,5
, which 

develops acutely or sub-acutely in previously healthy 
subjects. Maximum disability is reached within a day 
in 90 % of cases, and within three days in the rest6. 
Although neurolathyrism and konzo share 
neurological features and outcome, konzo subjects 
are predominantly <15 years of age, unlike 

neurolathyrism with older subjects
4,7

. Further, females 
predominate in konzo

4,7
. Thus, the lesions of konzo 

are more extensive than neurolathyrism, and the two 
differ in age and sex distribution. The neurological 
features of ataxic polyneuropathy are sensory 
polyneuropathy, sensory ataxia, neurosensory 
deafness, optic nerve neuropathy, and myelopathy

8–

10
. The natural history of the epidemic form is abrupt 

resolution, but endemic form worsens progressively, 
although fluctuations have been noted during rainy 
seasons. The highest age specific prevalence was 
24 % in the 60–69 years age group in women

9
. 

Mortality in cases was twice that of controls in an 
endemic community, but five times that of controls in a 
non-endemic community

11
. Thus, ataxic 

polyneuropathy differ from both konzo and 
neurolathyrism in neurological features and outcome. 

Epidemiology 

Neurolathyrism, konzo, and ataxic polyneuropathy 
have occurred in disparate geographical regions 
shown in Figure 1. Neurolathyrism epidemics 
occurred in France, Germany, Spain, India, and 
Algeria from early 19th century to early 20th century, 
and in Bangladesh

12
, Afghanistan

13
, India

14,15
, Nepal

16
 

and Ethiopia
17

 from the late 20th century to early 21st 
century. Historical records show, however, that 
neurolathyrism was documented about 500 BC by 
Hippocrates.  

Konzo, which was first described in the late 1930s 
from the Kahemba region of Bandundu district, DR 
Congo

18
, has occurred in several geographical areas 

of DR Congo in 1928, 1932 and 1937
19,20

, 1978 
and1981

21
, 1986 and 1996

22,23
, and in 2004 and 

2005
24,25

. In Mozambique konzo epidemics occurred 
in 1981

4
, 1988 and 1992

26
, 1998 and 2005

27,28
, while 

in northern Tanzania konzo epidemcs occurred in 
1979 and 1989 in the Tarime District

5,7
, and in Mtwara 

and Mbinga Districts in Southern Tanzania in early 
2000s

29
. Konzo epidemics have also occurred in 

Central African Republic and East Cameroon
30

. 

 Epidemics of ataxic polyneuropathy occurred in 
lowland and coastal areas of Jamaica

31,32 
in 1897 and 

1918, while sporadic or endemic cases were reported 
in Trinidad, Barbados, Montserrat, Antigua, and El 
Salvador  in the 1960s

33
. Cases were also reported in 

Chinese, Malayan, Indian, and European prisoners in 
Singapore and Johore  in 1935

34
, and in India in 

1975
35

. Epidemic of ataxic polyneuropathy, and optic 
atrophy occurred in Cuba between 1991–1994

36
, and 

in Tanzania in 1997
37

. Sporadic ataxic polyneuropathy 
has been described from Sierra Leone

38
, Senegal

39
, 

Liberia
40

, and Tanzania
41

. Ataxic polyneuropathy is, 
however, endemic in southwestern Nigeria

9
,
42,43

, and 
in Kerala, India

44
. 

Risk factors 

The neurotoxicant of neurolathyrism is β-N-oxalyl-L-
α,β-diaminopropionic acid (β-L-ODAP), an amino acid 
which is present in Lathyrus sativus L., a drought 
tolerant legume that is grown for human food and 
livestock feeds. Unlike for neurolathyrism, cassava 
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(Manihot esculenta Crantz), is the dominant food 
during droughts in konzo affected areas

45
. All cassava 

cultivars contain two cyanogenic glycosides, linamarin 
46,47

 and lotaustralin 
46,48

, which are usually reduced to 
negligible concentrations following different methods 
of processing. Processing, which is usually 
inadequate during droughts in konzo affected areas, 
has been implicated for the presence of high 
concentrations of cyanogens in cassava foods 

27,29,49
. 

Although cyanide which is released from the 
cyanogens have been suspected as the neurotoxicant 
of konzo, the lesions of konzo are not consistent with 
cyanide poisoning. Putative neurotoxicants of konzo 
include linamarin 

50 
the cyanogenic glycoside in 

cassava, cyanohydrin 
51

, the breakdown product of 
linamarin, cyanide 

52
, which is released from 

cyanohydrin, and metabolites of cyanide, like 
thiocyanate, cyanate, and iminothiazolidine-4-
carboxylic acid. Cyanate 

52,53
 and iminothiazolidine-4-

carboxylic acid 
54

 have not been shown in 
experimental studies to induced lesions consistent 
with konzo. Thiocyanate (SCN−), the major metabolite 
of cyanide, which accumulates in supraphysiological 
concentrations has been proposed the most likely 
neurotoxicant of konzo 

55,56
. Exposure to cyanide from 

cassava food was proposed the risk factor for ataxic 
polyneuropathy n 1935

57
. Studies in the 1960s in 

Nigeria 
8,58

 and in the early 1970s in Tanzania 
59 

implicated exposure to cyanide. In the early 2000s 
evidence of exposure to cyanide was present in the 
endemic communities in southwest Nigeria 

60
, but a 

case control study did not show exposure to cyanide 
61

. Global cassava food supply and occurrence of 
ataxic polyneuropathy and konzo showed that 
cassava food supply ≥ 180 kcal/person/day was 
associated with GDP per capita ≤ $534, p < 0.0001, 

and with occurrence of ataxic polyneuropathy or 
konzo, odds ratio 19 (95 % CI, 5–70)

62
. In Nigeria 

consumption of cassava foods in the endemic area 
was more than twice that of non-endemic areas

63
. The 

endemic areas co-localized with areas of highest 
cassava cyanogenicity

64
. 

Climate, Neurolathyrism, Konzo, and Ataxic 
Polyneuropathy 

El Niño-southern Oscillation (ENSO), which 
modulates precipitation of most parts of the earth 
through teleconnections, has been linked to changes 
in cassava production, and epidemics of konzo and 
neurolathyrism. Occurrence  of neuroathyrism 
epidemics was associated with El Niño phases of 
ENSO, odds ratio 378 (95 % 32–4475), while spectral 
coherence were at 2.0–3.5 and 4.5–5.0 years for 
ENSO and neurolathyrism p < 0.0001. The droughts 
of El Niños has been proposed to initiate dependence 
on Lathyrus sativus, which exposes the population to 
neurotoxic β-L-ODAP 

65
. 

A study done to determine the relationship of droughts 
and cassava production in Tanzania, where konzo 
occurs, and in Brazil, where there is no konzo showed 
that warm phases of ENSO and PDO were associated 
with high cassava production in Tanzania, but with low 

cassava production in Brazil
66

. It has also been shown 
that all konzo epidemics of the past century occurred 
during warm climate regimes

67
. Of 19 warm phases of 

ENSO from 1974–1996 in DR Congo, 17 were 
coupled to konzo epidemics, while of 4 cold phases of 
ENSO, 1 was coupled to konzo epidemic, odds ratio 
26 (95 % CI, 2–378). Global spectral of ENSO and 
konzo showed dominant periodicity of 5 years, while 
spectograms showed significan periodicities and 
coherence between 3–6 years. Spatial distribution of 
konzo is restricted to the area of maximal impact of El 
Niño on precipitation in Africa

67
 

Conclusions 

The geospatial distribution of neurolathyrism and 
konzo in non-overlapping areas during severe 
droughts can be attributed to differences in the foods 
on which the population depends for supply of 
calories Neurolathyrism occurs in areas where the 
population depends solely on Lathyrus sativus, while 

konzo occurs where the population depends solely on 
cassava. Strong El Niño induces severe drought and 
food shortages. Populations that depend on cassava 
are exposed to cyanide and its metabolites, while 
populations that depend on Lathyrus sativus are 
exposed to β-L-ODAP. The impact of climate on food 
and water appear central to epidemics of 
neurolathyrism and konzo. Although epidemics of 
ataxic polyneuropathy have occurred in the Carribean 
and Tanzania, its endemicity appears restricted to 
geographical areas in Nigeria and Tanzania. High 
cyanogenicity of cassava cultivars in the endemic 
area of Nigeria, implies that climate also contributes to 
occurrence. Public health control of these neurological 
syndromes, therefore, requires monitoring of climate 
and food production. 
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College of Medicine,University of Ibadan 
Ibadan, Nigeria 

osaoluwole@hotmail.com 
+234 803 438 4463 

References 
1.
 Chaudhuri RN, Chhetri MK, Saha TK, PP Mitra. Lathyrism: 

A clinical and epidemiological study. J Indian Med Assoc 
(1963) 41:169–173. 
2.
 Gopalan C. The lathyrism syndrome. Trans R Soc Trop 

Med Hyg (1950) 44.3:333–338. 
3.
 Acton HW. An investigation into the causation of lathyrism 

in man. Ind M Gaz (1922) 57:241–247. 
4.
 Ministry of Health Mozambique. Mantakassa: an epidemic 

of spastic paraparesis associated with chronic cyanide 
intoxication in a cassava staple area in Mozambique 1. 
Epidemiology and clinical and laboratory findings in patients. 
Bull World Health Organ (1984) 62:477–484. 
5.
 Howlett WP, Brubaker GR, Mlingi N, Rosling H. Konzo, an 

epidemic upper motor neuron disease studied in Tanzania. 
Brain (1990) 113:223–35. 
6.
 Tylleskar T, Banea M, Bikangi N, Fresco L, Persson LA, 

Rosling H. Epidemiological evidence from Zaire for a dietary 
etiology of konzo, an upper motor neuron disease. Bull 
World Health Organ (1991) 69:581–9. 
7.
 Howlett W P, Brubaker G, Mlingi N, Rosling H. A 

geographical cluster of konzo in Tanzania. J Trop Geogr 
Neurol (1992) 2:102–108. 



4 
 

8.
 Osuntokun B.O. An ataxic neuropathy in Nigeria: a clinical, 

biochemical and electrophysiological study. Brain (1968) 
91:215–248. 
9.
 Oluwole O S A., Onabolu A O, Link H, Rosling H, Persson 

A. Persistence of tropical ataxic neuropathy in a Nigerian 
community. J Neurol Neurosurg Psychiatry (2000) 
69:96–101. 
10.

 Hedges RD, Hirano M, Tucker K, Caballero B. Epidemic 
Optic and Peripheral Neuropathy in Cuba: A unique 
Geopolitical Public Health Problem. Surv Ophthalmol (1997) 
41:341–353. 
11.

 Oluwole O S A, Onabolu A O. High mortality of subjects 
with endemic ataxic polyneuropathy in Nigeria. Acta Neurol 
Scand (2004) 110:94–99. 
12.

 Haque A., Hossain M., Khan J. K., Kuo Y. H., Lambein F., 
De Reuck J. New findings 
and symptomatic treatment for neurolathyrism, a motor 
neuron disease occurring in north west Bangladesh. 
Paraplegia (1994) 32.3:193–195. 
13.

 Arya LS, Qureshi A, Singh J, Singh M. Lathyrism in 
Afghanistan. Indian J Pediatr (1988) 55:440–442. 
14.

 Mishra VN, Tripathi CB, Kumar A, et al. Lathyrism: has the 
scenario changed in 2013? Neurol Res (2014) 36.1:38–40. 
15.

 Khandare Arjun L., Babu J. J., Ankulu M., Aparna N., 
Shirfule Amol, Rao  G Shankar. Grass pea consumption & 
present scenario of neurolathyrism in Maharashtra State of 
India. Indian J Med Res (2014) 140.1:96–101. doi: 
10.1016/j.fct.2014.02.021. 
16.

 Hamilton D. Some experience with paraplegia in a small 
hospital in Nepal. Paraplegia (1978) 15.4:293–301. 
17.

 Fikre A, Van Moorhem M, Ahmed S, Lambein F, Gheysen 
G. Studies on neurolathyrism in Ethiopia: dietary habits, 
perception of risks and prevention. Food Chem Toxicol 
(2011) 49.3:678–684. 
18.

 Trolli G. Konzo or epidemic spastic paralysis of the 
Congo. Trop Dis Bull (1939) 36:501. 
19.

 Lucasse C. Le “Kitondji”, synonyme le “Konzo”, une 
paralysie spastique. Ann Soc Belg Med Trop (1952) 33:393–
401. 
20.

 Vileu AF. Contribution a la discussion de la paraplegie 
spastique epidemique du Kwango. Ann Soc Belg Med Trop 
(1942) 22:309–317. 
21.

 World Health Organisation. Surveillance of peripheral 
neuropathies. WER (1982) 57:213. 
22.

 Carton H, Kazadi K, Kabeya, Odio, Billiau A, Maertens K. 
Epidemic spastic paraparesis in Bandundu (Zaire). J Neurol 
Neurosurg Psychiatry (1986) 49:620–627. 
23.

 Bonmarin I, Nunga M, Perea W. Konzo Outbreak, in the 
South-West of the Democratic Republic of Congo. J Trop 
Pediatr (2002) 48:234–238. 
24.

 Ngudi DD, Banea-Mayambu JP, Lambein F, Kolsteren P. 
Konzo and dietary pattern in cassava-consuming populations 
of Popokabaka, Democratic Republic of Congo. Food Chem 
Toxicol (2011) 49:613–9. 
25.

 Chabwine JN, Masheka C, Balol‟ebwami Z, et al. 
Appearance of konzo in South-Kivu, a wartorn area in the 
Democratic Republic of Congo. Food Chem Toxicol (2011) 
49.3:644–9. 
26.

 Cliff JL. Cassava safety in times of war and drought in 
Mozambique. Acta Hortic (1994) 375:373–378. 
27.

 Ernesto M, Cardoso AP, Nicala Mirione DE, et al. 
Persistent konzo and cyanogen toxicity from cassava in 
northern Mozambique. Acta Trop (2002) 82:357–362. 
28.

 Cliff J., Muquingue H., Nhassico D., Nzwalo H., Bradbury 
J.H. Konzo and continuing cyanide intoxication from cassava 
in Mozambique. Food Chem Toxicol (2011) 49.3:631–5. 
29.

 Mlingi NLV, Nkya S, Tatala SR, Rashid S, Bradbury JH. 
Recurrence of konzo in southern Tanzania: rehabilitation and 
prevention using the wetting method. Food Chem Toxicol 
(2011) 49:673–7. 

30.
 Mbelesso P, Yogo M L, Yangatimbi E, Paul-Senekian V, 

Nali N M, Preux P M. Outbreak of konzo disease in health 
region No 2 of the Central African Republic. Rev Neurol 
(Paris) (2009) 165:466–470. 
31.

 Strachan H. On a form of multiple neuritis prevalent in the 
West Indies. Practitioner (1897) 59:477–484. 
32.

 Scott H.H. An investigation into an acute outbreak 
of ‟central neuritis‟. Ann Trop Med Parasitol (1918) 12:109–
196. 
33.

 Montgomery R.D., Cruickshank E.K., Robertson W.D., 
McMenemey W.H. Clinical And Pathological Observations 
On Jamaican Neuropathy. Brain (1964) 87:425–462. 
34.

 Pallister RA. Ataxic paraplegia occurring amongst Chinese 
in Malaya. Trans Roy Soci Trop Med Hygiene (1940) 
XXXIV:203–211. 
35.

 Krishnaswamy K, Kalamegham R. Tropical ataxic 
myelopathy. Trop Geogr Med (1975) 3:249–252. 
36.

 Ordunez-Garcia P.O., Nieto F.J., Espinosa-Brito A.D., 
Caballero B. Cuban Epidemic Neuropathy, 1991 to 1994: 
History Repeats Itself a Century after the “Amblyopia of 
the Blockade”. Am J Public Health (1996) 86:735–743. 
37.

 Plant G.T., Mtanda A.T., Arden G.B., Johnson G.J. An 
epidemic of optic neuropathy in Tanzania: characterisation of 
the visual disorder and associated peripheral neuropathy.J 
Neurol Sci (1997) 145:127–40. 
38.

 Wright E.J. Diseases due to A and B Avitaminosis in Sierra 
Leone. W Afr Med J (1928) 2:127–130. 
39.

 Collomb H., Quere MA, Cros J, Giordano C. Les 
Neuropathies dites Nutritionnelles au Senegal. J Neurol Sci 
(1967) 5:159–179. 
40.

 Njor J. Tropical Ataxic Neuropathy in Liberians. Trop 
Geogr Med (1990) 42:92–94. 
41.

 Haddock DRW, Ebrahim GJ, Kapur BB. Ataxic 
neurological syndrome found in Tanganyika. BMJ (1962) 
ii:1442–1443. 
42.

 Money G.L. Endemic neuropathies in the Epe district of 
southern Nigeria. West Afr Med J (1958) 7:58–62. 
43.

 Osuntokun B.O. Epidemiology of tropical nutritional 
neuropathy in Nigerians. Trans R Soc Trop Med Hyg (1971) 
65:454–479. 
44.

 Madhusudanan M., Menon M.K., Ummer K., 
Radhakrishnanan K. Clinical and etiological profile of tropical 
ataxic neuropathy in Kerala, South India. Eur Neurol (2008) 
60:21–26. 
45.

 Allem AC. The origin of Mannihot esculenta Crantz 
(Euphorbiaceae). Genet Resour 
Crop Ev (1994) 41:133–150. 
46.

 Nartey F. Studies on cassava. Manihot utilissima Pohl-I. 
Cyanogenesis: The biosynthesis of linamarin and lotaustralin 
in etiolated seedlings. Phytochemistry (1968) 7:1307–1312. 
47.

 Clapp R.C., Bissett F.H., Coburn R.A., Long L. 
Cyanogenesis in Manioc: Linamarin and Isolinamarin. 
Phytochemistry (1966) 5:1323–1326. 
48.

 Du L, Bokanga M, Moller BL, Halkier BA. The 
Biosynthesis of Cyanogenic Glucosides in Roots of Cassava. 
Phytochemistry (1995) 39:323–326. 
49.

 Nzwalo H. The role of thiamine deficiency in konzo. J 
Neurol Sci (2011) 302.1-2:129–131. 
50.

 Sreeja V G, Nagahara N, Li Q, Minami M. New aspects in 
pathogenesis of konzo: neural cell damage directly caused 
by linamarin contained in cassava (Manihot esculenta 
Crantz). Brit J Nutr (2003) 90:467–472. 
51.

 Soler-Martin C, Riera J, Seoane A, et al. The targets of 
acetone cyanohydrin neurotoxicity in the rat are not the ones 
expected in an animal model of konzo. Neurotoxicol Teratol 
(2010) 32:289–294. 
52.

 Kimani S, Moterroso V, Morales P, et al. Cross-species 
and tissue variations in cyanide detoxification rates in 
rodents and non-human primates on protein-restricted diet. 
Food Chem Toxicol (2014) 66:203–209. 



5 
 

53.
 Tor-Agbidye J, Palmer VS, Spencer PS, Craig AM, 

Blythe LL, Sabri MI. Sodium cyanate alters glutathione 
homeostasis in rodent brain: relationship to 
neurodegenerative diseases in protein-deficient 
malnourished populations in Africa. Brain Res (1999) 
820:12–19. 
54.

 Bitner RS, Kanthasamy A, Isom GE, Yim GKW. 
Seizures and selective CA-1 hippocampal lesions induced 
by an excitotoxic cyanide metabolite, 2-Iminothiazolidine-4-
carboxylic acid. Neurotoxicology (1995) 16:115–122. 
55.

 Spencer PS. Food Toxins, AMPA Receptors, and Motor 
Neuron Diseases. Drug Metab Rev (1999) 31:561–587. 
56.

 Oluwole OSA. Cyclical konzo epidemics and climate 
variability. Ann Neurol (2015) 77.3:371–380. 
57.

 Clark A. Aetiology of pellagra and allied nutritional 
diseases. West Afr Med J (1935) 8:7–9. 
58.

 Monekosso GL, Wilson J. Plasma thiocyanate and 
vitamin B12 in Nigerian patients with degenerative 
neurological disease. Lancet (1966) i:1062–1064. 
59.

 Makene W.J., Wilson J. Biochemical studies in 
Tanzanian patients with ataxic tropical neuropathy. J 
Neurol Neurosurg Psychiatry (1972) 35:31–33. 
60.

 Oluwole OSA. “Endemic ataxic polyneuropathy in 
Nigeria”. PhD thesis. Stockholm: Karolinska Institutet, 
2002:71. 
61.

 Oluwole O S A, Onabolu A O, Cotgreave I A, Rosling H, 
Persson A, Link H. Incidence of endemic ataxic 

polyneuropathy and its relation to exposure to cyanide in a 
Nigerian community. J Neurol Neurosurg Psychiatry (2003) 
74:1417–1422. 
62.

 Oluwole OSA. Global Cassava Food Supply and 
Occurrence of Ataxic Polyneuropathy and Konzo. EJNFS 
(2015) 5:138–149. 
63.

 Oluwole OSA, Oludiran AO. Normative concentrations 
of urine thiocyanate in cassava eating communities in 
Nigeria. Int J Food Sci Nutr (2013) 64:1036–1041. 
64.

 Oluwole OSA, Oludiran AO. Geospatial association of 
endemicity of ataxic polyneuropathy and highly cyanogenic 
cassava cultivars. Int J Health Geogr (2013) 12:41–48. 
65.

 Oluwole OSA. El Nino-southern Oscillation and 
Lathyrism Epidemics. Frontiers in Environmental Science 
(2015) 3.60. issn: 2296-665X. doi: 
10.3389/fenvs.2015.00060. 
66.

 Oluwole OSA. El Nino-southern oscillation and cassava 
production in Tanzania and Brazil. Climatic Change (2015). 
doi: 10.1007/s10584-015-1386-2. 
67

. Oluwole OSA. Climate Regimes, El Nino-Southern 
Oscillation and Konzo Epidemics. Frontiers in 
Environmental Science (2015) 3.40. issn: 2296-665X. doi: 
10 . 3389 / fenvs.2015.00040. 

 
 
 

 
 
 

 

Cassava leaves as an additive (protein 
source) in fish and goat feed in India 

The potential of cassava leaves as a nutrient source 
in animal feeds has not been exploited. At present 
the major source of carbohydrate in feeds is 
provided by cereals, while the protein component is 
generally provided by animal and fish protein or 
oilseed cake. The unavailability of these materials  
and their cost is often a problem in the feed industry 
and so the use of alternative and cheaper nutrient 
rich materials can be advantageous. 

Cassava leaves have good potential as a livestock 
feed component. The  leaves are a good source of 
protein and vitamins which can provide a valuable 
supplement to a carbohydrate diet.  The  leaves  
contain approximately 7% protein on fresh weight 
basis, and 30% on dry weight basis, 10mg carotene 
and 300 – 500mg ascorbic acid /100g fresh weight, 
300mg Ca and 7.6mg Fe /100gdw.

1,2
 A major 

limitation in the use of cassava leaves  as food/feed  
is that they contain cyanogenic glucosides 
(linamarin and lotaustralin) which by the action of 

the endogenous enzyme linamarase, releases toxic 
hydrocyanic acid. The leaves also contain tannins 
which can interfere with  protein digestion. However 
adequate processing of cassava leaves can reduce 
cyanoglucosides and tannins to low levels and  
make them totally safe for human or animal 
consumption. Cassava leaves can be processed by 
simple technique (air drying followed by sun drying) 
to obtain cassava leaf meal containing 
<10mgcyanide/kg recommended by the Codex 
Alimentarius Committee of FAO for cassava flour 
(FAO/WHO 1995)

3
  The potential of cassava as a 

protein rich source can also be exploited by the 
preparation of leaf protein concentrates which can 
replace/supplement  protein component in feeds. 
Leaf protein concentrate is an extremely nutritious 
food made by mechanically separating indigestible 
fibre and soluble anti nutrients resulting in a product 
rich in protein, carotenoids, iron and calcium and 
free from cyanogens.

4,5
 

This article highlights the results of investigations on 
i) cassava leaf protein concentrate as a fish meal 
substitute in fish feeds  using black molly (poecilia 
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sphenops) as  a model and   ii) utilization of cassava 

leaves in animal feed using goats as an 
experimental model. The studies revealed that both 
leaf protein concentrate and cassava leaf meal can  
supplement/partially replace conventional protein 
sources in these feeds without producing  
deleterious effects.   

   

i) Evaluation of cassava leaf protein concentrate 
as a fish meal substitute in fish feeds  using 
black molly (Poecilia sphenops) as a model 

Leaf protein concentrates (LPC) were prepared from 
aqueous extracts of  fresh cassava leaves with 0.5 - 
2% sodium metabisulphite, pH 9.0. The aqueous 
extract was adjusted to pH 4.0 - 5.0 by addition of 
acid, and heated to 90

0
C. The coagulated protein 

was collected by centrifugation, washed with water 
and dried. The yield  of LPC  obtained from cassava 
leaf was 6.0g/100g fresh leaf. Cassava LPC had a 
protein content of 52%, cyanogen 4-9ug/g, phenols 
1.6-mg/100mg, amino acids 0.7mg/100mg

6
 

Cassava leaf protein concentrate (CLPC) was 
incorporated in ornamental fish feeds and evaluated 
for its propensity to replace fish meal. The 
experiment was carried out in the Central Institute  
for Fisheries Technology, Cochin (Kerala, India). 
Cassava LPC was incorporated at 0, 10, 20, 30, 40 
and 50 percent levels replacing fish meal in the 
formulations.  Black molly (Poecilia sphenops) a 
popular freshwater ornamental fish was chosen as 
the model fish for testing the acceptability of feeds 
containing LPC and the resultant growth and 
longevity. 

In a series of six isoproteic (38%) and isocaloric 
feeds (17-20 MJ kg

-1
), fish meal content varied from 

0 to 50 percent which was replaced with LPC at 10 
percent intervals. Black mollies of uniform size (200 
± 15 mg) were acclimatized to the experimental 
conditions which consisted of 18 glass aquaria (50 L 
each) in a recirculation system with biological filters. 
Feeds were produced in a twin-screw extruder with 
a time-temperature combination for slow sinking 
pellets of 2 mm diameter which were crushed and 
sieved to 0.75 mm which is the size appropriate for 
feeding these fish.    

The results showed that the acceptability of the 
feeds was good. Growth was found to be higher in 
all the treatments as compared to the control group 
(fed commercial shrimp feed from Amalgam 
Nutrients & feeds, Cochin, Kerala) as well as to the 
LPC0 group,  which was  a  positive indicator. Table 
2 shows the weight gain at 30, 60, 90 and 120 days 
respectively. 

On termination of the experiment (120 days), the 
nutritional optima in terms of growth (weight gain) 
and specific growth rate (SGR), feed intake, feed 
conversion ratio (FCR) was observed to be with a 
feed containing 20 % LPC. It was concluded that  
cassava leaf protein concentrate could replace the 
fish meal component in  feed  in black molly  
ornamental fish without deleterious effects. The 
optimum performance was observed for 20% 
replacement of fish feed by cassava leaf protein 
concentrate 

Table 1. Proximate composition of the feeds 

Proximate composition of the experimental feeds (% dry on 
matter basis) 

 Feed 
identity CP EE NFE CF Ash  AIA 

LPC  0 39.17 9.78 31.37 0.73 18.95 1.07 

LPC10 38.85 9.91 32.99 0.95 17.30 1.11 

LPC20 38.57 10.72 34.82 1.00 14.90 0.84 

LPC30 38.90 10.97 37.01 0.49 12.63 0.55 

LPC40 38.16 11.87 38.36 1.63 9.98 0.46 

LPC50 38.85 12.69 39.60 1.13 7.73 0.46 

CP-Crude protein (Nx6.25), EE-Ether extract, NFE-
Nitrogen free extract, CF-Crude fiber and AIA-Acid 
insoluble ash. 

 

Table 2.  Growth of black molly (Poecilia sphenops) 
in 120 days on feeds containing ascending levels of 
LPC 

  LP 

C0 

LP 

C1
0 

LP 

C20 

LP 

C30 

LP
C40 

LP
C50 

Con
trol 

Weight 
gain 30 
days  

400 466 300 350 283 211 66 

 

SE ±21 ±17 ±17 ±15 ±13 ±16 ±15 

Weight 
gain 60 
days  

561 655 450 500 444 455 222 

 

SE ±26 ±25 ±16 ±36 ±23 ±19 ±21 

Weight 
gain in 
90 days  

761 850 827 722 650 550 350 

 

SE ±63 ±73 ±70 ±62 ±54 ±57 ±34 

Weight 
gain in 
120 
days 

 
944 966 1144 1050 827 711 477 

 

SE ±21 ±23 ±21. ±26 ±23 ±17 ±21 

ii) Nutritive evaluation of cassava leaves in 
animal feed using goats as an experimental 
model. 

Fresh cassava leaves were processed into leaf 
meal. The upper leafy portion of cassava stems 
from 10 month old cassava plants was harvested 
and allowed to dry in the shade for 24 h. The  leaves  
were then detached and dried again for 24 h – 48h. 
The dried leaves were then coarsely powdered. 
Dried cassava leaves contained 28% protein, 7.0% 
crude fibre,  cyanogen (range 60 – 200ug/g DW) 
total carotene content was 25 - 30mg/100g DW, 
phenols 3-6 mg/100mg, amino acids 1.8mg/100mg 
and phytin 160mg/100g.  

Sixteen Malabari goat  kids of 3 - 4 months age 
were selected from the KVASU Goat farm and were 
fed for 3 weeks with normal goat feed and green 
forage which served as the control period. After 
three weeks of feeding the kids were divided into 
four groups of 4 animals each in such a way that the 
average body weight of all the groups were similar. 
The four groups were allotted four dietary 
treatments designated as A, B, C, D where cassava 
leaf meal constituted 0, 10, 20 and 30% of the 
ration, respectively. 
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The composition of the different feeds is indicated in 
Table 3. The  four groups were fed with 2 kg 
concentrate and 4 kg of green fodder daily 

Table 3. Composition of different feeds 

Ingredients Ration – 
A 

Ration –
B 

Ration-C Ration –
D 

 

Maize 30 parts 30 parts 30 parts 30 parts 

Wheat Bran 38 parts 33 parts 30 parts 18 parts 

Gingelly oil 
cake 

30 parts 25 parts 18 parts 20 parts 

Cassava  leaf 
meal 

------ 10 parts 20 parts 30 parts 

Mineral 
Mixture 

1.5 parts 1.5 parts 1.5 parts 1.5 parts 

Salt 0.5 parts 0.5 parts 0.5 parts 0.5 parts 

 

Table 4. Body weight recorded on fortnightly basis 

 Experimental period 

Body Weight  (kg) 

Treatments Control 
period 

1st 
fortnight 

2nd 
fortnight 

3rd fortnight     6th 
fortnight 

I (control)   9.5 11.25 13.75 16.25                  
18.25 

II (10%) 9.75 11 13.5 18.0                    
18.75 

III (20%) 9.25 11.25 15 17.5                    
18.25 

IV (30%) 9.25 10.75 13.5 16.75                  
18.50 

The results showed that the groups fed with 
cassava leaf responded satisfactorily. There was 
similar weight gain in animals fed with control feed 
and 10 - 30% cassava leaf. The acceptability of the 
feed was good, even up to 30 % replacement. 
Cassava leaf meal was  also observed to possess 
anthelmintic properties, which was a beneficial 
attribute that however needs further study. It was 
concluded that cassava leaf meal could be 
incorporated at 30% level in goat feed without 
deleterious effects .  
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Cassava plantation, consumption and post-
harvest processing in Ethiopia  

Overview of cassava in Ethiopia  

The introducer of cassava in Ethiopia is not well 
identified. Some authors say cassava was first 
introduced by the British 

1, 2
,others say a man 

called Grazimach Damite Dawe, an Aristocrat land 
lord of Buriji introduced cassava from Kenya in 
1948 

3
. Although there is a lack of reliable statistical 

and empirical evidence on the area and production 
of cassava in Ethiopia, the crop has been in 
cultivation, particularly, in South, south west, and 
Western parts of Ethiopia since its introduction 

1
 

(Figure 1). Ethiopia with its diverse agro-ecologies 

and suitable environments, allows the growth of 
numerous root and tuber crops by smallholder 
farmers particularly in the southern parts of the 
country 

4
.  

 

Figure 1. Pictorial representation of cassava 
growing regions of Ethiopia. 

Cherinet, et al. 
5
 reported a study in 3 villages 

(Kodowono, Lotte and Woidewashe) of Gamo-Gofa 
region and indicated that total goiter rate increased 
with increasing rate of cassava consumption. 
Therefore, goiter prevalence and health problems 
attributed to cassava consumption necessitate an 
intervention program to control iodine deficiency 
disorders by developing appropriate processing 
techniques to eliminate cassava toxicity and 
educate villagers on how to prepare safer meals 

mailto:balanambisan@yahoo.co.uk
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from cassava and also on reduction/elimination of 
inherently found toxicants such as cyanide and 
other anti-nutritional factors. 

Cassava production in Ethiopia 

Cassava is perennial root crop grown almost 
anywhere in areas between the latitude of 30

o 
N 

and 30
o 

S of the equator. Ethiopia is located within 
the cassava growing latitude, and it is introduced in 
Ethiopia in the middle of the nineteenth century 

1, 3
. 

Grown and adapted in some areas of an altitude 
range of 400-1800 m.a.s.l., annual temperature of 
15-30

o 
C and rainfall of 600-1500 mm 

1
. The range 

of indigenous tuberous vegetables available to the 
country is extremely small. Those were about 0.7 
million tons of root and tuber crops estimated to be 
produced annually 

6
. Even though the total 

cultivated and produced amount of cassava in 
Ethiopia had not been recorded, estimated yields 
from 2003/4 to 2010/11 for eight years were 
reported by the SNNPRS region agricultural 
Bureau as indicated in Figure 2. The highest 

production had been estimated at 2.5 Million 
Quintals in 2010/11 from 12,812 hectares of 
cultivated land. Generally, the data show increasing 
yields from year to year. 

Presently, cassava is planted in the northern parts 
of the country although the growers are not yet 
acquainted with the utilization of the crop 

7
.Since 

cassava is not a priority crop for research, very few 
attempts were made in the past years on 
adaptability, yield potential, variety trial, spacing 
trial & harvesting trials and only some preliminary 
data have been obtained. Over twenty local and 
identified cultivars that vary in their morphology, 
agronomic characters and cyanogenic glucosides 
content are cultivated in the research center and 
some regions of Ethiopia 

1
. It is not popular due to 

its poor food value, lack of knowledge in its 
preparation and the presence of toxic substance in 
some cultivars. Consumption of insufficiently 
processed cassava roots  resulted in health 
complaints 

5
.  

Using cassava as food security crop in Ethiopia  

Agriculture is the backbone of Ethiopia‟s economy. 
It contributes about 50% of the gross domestic 
product (GDP), 60% of exports, provides a 
livelihood for 85 % of the total population and 
generates nearly 90 % of foreign exchange 
earnings. Nevertheless,  the country continues to 
suffer from serious food shortage and recurrent 
drought. The majority of the Ethiopian population 
depends mainly on cereal crops as their main food 
source. The food potentials of most horticultural 
crops particularly that of root and tuber crops like 
cassava have not been fully exploited and utilized, 
despite their significant contributions towards food 
security, income generation and resource base 
conservation.  

Therefore, cassava is among these important crops 
that could greatly alleviate seasonal food shortage 
and help the country in achieving food security 

8
. In 

Ethiopia, cassava is cultivated extensively in 
densely populated and low rainfall areas of the 
south and south western parts of the country 

4
 

where it is an important food source and plays 

critical roles in rural diets among the communities 
3, 

9
. In some cases, it fills food shortage gaps during 

the months when maize and other foods run short 
and in years of drought 

10
. A preliminary survey, 

which involved the special woreda‟s Konso and 
Amaro, showed that the consumption of cassava is 
high among low-economic  families 

7, 11
. One of the 

main problems with cassava consumption is the 
lengthy and tedious method required to process it, 
particularly the types which contain toxic 
substances 

11, 12
. To alleviate the toxicity problem 

blending the cassava flour to other protein foods 
crops/cereals have also advantage 

13, 14
.  

 

Figure 2. Eight years estimated cassava roots 
cultivated land in hectares and production in 
quintals. Source: from yearly (2003/4-2010/11) 
SNNPRS Agricultural Bureau reports.    

Postharvest practices of cassava roots 

The food potentials for most „‟horticultural‟‟ crops in 
particular root and tuber crops like cassava have 
not been fully exploited and utilized, despite their 
significant potential as food security crops, for 
income generation, and as resource base 
conservation 

2, 8, 15
. The most common post-harvest 

techniques of cassava consuming area of Ethiopia 
were peeling, boiling, grating or manually chopping, 
sun drying, crushing by stone grinder and then 
fermenting, and grinding or changing to flour by 
pestle and mortar in the rural area of southern part 
of the country 

7,16, 17
. The most common utilization 

of cassava roots as food was mixing with cereals to 
make injera or bread, or  using the flour for 
preparing alcoholic drinks/beverages (local drink 
name Tella and Arake). The roots were peeled and 
boiled then served with spices for breakfast or 
snack foods. It is also used to make a stew with 
common beans, cabbage or kale and spices for 
eating with injera or flat-bread. Furthermore  the 
powder is used for preparing porridge or gruel by 
mixing with cereal or legume.  

In Ethiopia, cassava is cultivated extensively  under 
sub-optimal conditions in densely populated and 
low rainfall areas of the Southern parts of the 
country, although it is an important food source 
among poor communities and plays critical roles in 
rural diets. As an underutilized crop of the country, 
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cassava needs better consideration  to develop the 
full potential of this crop. Some of the industrial 
uses of this crops like starch extraction (textile, 
glue), ingredients for confectionery, ethanol 
production, etc. are yet untouched. 

Dr. Abebe Haile, Ph.D. 

School of Nutrition, Food Science and Technology, 
Hawassa University, P.O. Box: 5, 

 Hawassa, Ethiopia 

Tel: +251-916823834 (Mobile) 

+251-462210060 (Office) 
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