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INTRODUCTION 

At a time of rising costs, developing Africa cannot afford 
to lose what she has produced and must even try to find ways of 
using again what she would have normally thrown away. Hence 
this woikshop. 

The' Workshop on the Utilization of Agricultural, Forestry
and FiheriesWaste Products in Africa was held in Douala, Cameroun,
from 17-21 November (1980). It was attended by more than 60 
a ricu~tural re-search scientists and observers from 14 African coun­
tries. In addition, there were several observers from international 
organizations. 

it was made clear from the papers read and from the discussions 
that follo-,ed that some African countries had already started res­
earch on the utilization of the above-said "waste" products. [he
Food and AgricultUre Organization (FAO) had, as early as 1977.

intited seminars and 
 Inc -up studies on the subrct iin qubesij

in some African coun tro
r .eitch today ire carrying (,,it feasibility
pilol experiments on the u,c .,f certain by-products. Fhe kiternational
 
Livestock Centre for Africa (ILCA) 
 which had also decided to initiate
similar studies in its field of domain arid rnandate de idod to jointly
orgainize this workshop with ,iu wa to expanding add strengthening
its project within Africa. The Workshop resulted in a fruitful discussion 
enabling participants to make practical resolutions and recommenda­
tions to be passed on the African governments and organizations. 
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in a series of
The Douala workshop was the third and last 

or anized by AAASA and interested bodies onwur,.shops join.ly 

tre can theme A[PPROI-PA ,\ . TE TECHNOLOGll FOR THE DEVELOP­

\ ENTI O: .AGICIJLTIlJI E IN APRiIzjCA. Tie three workshops were 

' A,'\AAs Fourth General Conferencedesigned so as to cnlrninate in 
1981 on the above 

to be held in Cairo, Egypt, in the latter part of 

theme. 

the papers presented, the rep.-The proceedings herein contain 

reports and discussions held, the workshop pro­
porteurs' summary 


the participants for easy reference.
 gramme and a list of all 

Prof. R.O. Adegboye 
Honorary General Secretary, and Acting 

Administrative Secretary-General, AAASA 
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AND AGRO-
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OPENING ADDRESS 

BY 

Madame Christine Koloko
 

On Behalf Of
 
The Minister of Agriculture, United Republic of the Cameroun
 

Your Excellency Prof. Abdel-Akher, 

Distinguished Guests, 

Ladies and Gentlemen, 

It is not only an honour but also a pleasure for me to be present 
this morning to declare open this important workshop on the Utiliza­
tion of Agricultural, Forestry and Fisheries Waste Prodicts in Africa, 
on behalf of tle Minister of Agriculture. The Government of the 
Republic of ('ameroun gritetul both AAA.\SA and foris to ILCA 
deciding to this in Theorgamize workshop Douala. Government 
is also very pleased to pay host to all of you who have travelled 
from many countries of the world to Douala to participate in this 
workshop and wish you all every success in your deliberations. 

Mr. Chairman, Distinguished Guests, Ladies and Centlemen: 
It is now my singular pl xisure, on behalf of the ,inister of Agri­
culture, to declare the joint AAASA/ILCA Workshop on the Utiliza­
tion of Agricultural, Forestry and Fisheries Waste Products in Africa 

officially open. 

Thank you.
 



Proc. AAASA/ILCA Workshop on the Utilization of Waste 
Products in Africa, 17-21 Nov. 19rt, Douala, Cameroun, p.7-8. 

SPECIAL ADDRESS 

BY
 

H.E. Prof. M. Abdel-Akher
 

President
 

Association for the Advancement of Agricultural Sciences 

in Africa (AAASA) 

Madame Koloko, 
Distinguished Guests, 
AAASA Members, 
Ladies and Gentlemen, 

On behalf of the Executive Committee and the Entire Members 
of the Association for the Advancement of Agricultural Sciences 
in Africa, I welcome all of you heartily to this Workshop on the 
Utilization of Agricultural, Forestry and Fisheries Waste Products 

in Africa. 

Our special thanks go to His Excellency the Minister of Agri­
culture of the Republic of Cameroun for kindly accepting our invita­
tion and sending a worthy representative to oen this \Vorkshop 

on his behalf. We sincerely thank the Camerotinian Government 
and people for their hospitality and for providing all facilities needed 
to hold the workshop in Douala. We thank Prof. Bol .\l na and 
Dr. P. Fotzo and their staff of the 11niversity of Dschang for helping 
in the local organization of the Workshcp. 

Madame Koloko, Distinguished Guests, AAASA .Members, Ladies 
and Gentlemen: This Workshop has been organized jointly with the 
International Livestock Centre for Africa (ILCA) and we both take 
this opportunity to express our gratitude to our donors who made 
this workshop possible, namely, the Organization of African Unity, 
the Ford Foundation, SIDA/SAREC, the Agricultural Institute of 



Canada and the Canadian International Develc, [lent Agency as 

well as the individual A:rican Coverrments. 

Tho present workshdop deals witlh in impor-Lant subject on Agri­

cultural dve1hpriw;it in A,.ric t. It [ I allerlled mainly with the efficient 

-onomiIc Il 'a:lz[lion of _-lfllclturi hk produL ts and wastes. The 

- ,t by prod,6 t) "fid I. s h\ ten it'es, n imay not express 

fii, what lie 1:-hind their bnearing . A !t if ,ae wkere to think of 

.- -r halt o the plant or the other h_11f of the farm output 

a , . d readi y ri-.l zto the rnagmnitude of the problem. f~y this 

I 1.:1t the *i:noutnt of the expendittire in labour arid inputs which 

k ill re,,u t due to the itiproper ut ization of farm by products 
and wastes. 

The-se ,; t -e, of the tarmii by products are not setes. They 

are rich with their '.411iabl e comipone[ts Olprot( ll. ,rhoh\ drates, 

rnuclillges, cell ,e, ti, herws, wvets anid ,o on which ,. supply 

exls;tin iilwtrle, \kItli) t(el1 cl r ei'l ltsf of sich rav r _t e ials. 

Thet .; : l v h: iji t,, novr; it WI t-
, 

r , is de.,.ilop­

ing, and t,ur.: i;itr', 5' whosd oi i, h produe t, ha'.e be(aI 

establii,hed a' , C itI ," t%,r d IHc 'I di g Ir1 tt-rii a a , jlfitrls. 

In Itact oIr f ll paI tI C 1a) t i rid 'iItr )it to 1tIo recom ­

mendations at the t'il ot the x !,,or p illl ontrlouta", greatly 

to the efticierit ,t iliation ot the ,'\gr uul tural, Forestry to!d Fisheries 

Wastes it) Africa. 

We are sure that your achievenents wit 1'ive AAASA and 

ILCA, a set of practical reconmnendations kkhich they can pass 

on to the various African Governments and the relevant policy 

makers for impleentation Lnd thereby impro fig upon the income 

of the farmers of Afri(a. 

Finally, Madame Koloko, Distinguished Guests, AAASA Members, 

Ladies and Gentlemen: I wish you the best of luck for a successful 

Workshop. Thank you. 
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SPECIAL ADDRESS 

BY
 

Dr. L. 3.Lambourne
 

On [Behalf of
 

The Director-General of the International Livestock
 

Centre for Africa (ILCA)
 

Mr. Chairman, 
Madame Koloko, 
Distinguished Guests, 
Ladies and Gentlemen, 

On behali of the Director-General of ILCA, I also would like 

to welcom you to this jo'it conference on: Utilization of Agricultural, 
Forestry and Fisheries Waste Products in Africa. 

As you may know, the International Livestock Centre for 

Africa is one of the International Agrictil tural Plcse-rch Centres 

funded by the (?onsul tative Group on International Agricultural 

Research, and has its basic mandate as the irmprovement of livestock 

production systems, rather than single commodities or factors of 

production. Vithin this context its main focus is on selected produc­

tion systern within the ecological zones, e.g. transhumant and 

sedentary systems in the arid and semi-arid zones in Mali, a sedentary 

pastoral system of the subhumid zone in northern Nigeria, village 

small ruminant production systems in southern Nigeria, and mixed 

farming system in the highlands of Ethiopia, Further systems-oriented 

research is carried out by ILCA in livestock development projects 

in the arid zones of Kenya, Ethiopia and Botswana. 

Through an initial problem analysis, the main constraints under 

which the production system concerned operates are identified 

and quantifi6d. These constraints may be on the plant or animal 
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as well as on socio-economic aspects, in fact, usually they take 

the form of interactions between these three factors. 

In all the systems ILCA is working with, seasonal deficiencies 

in the quantity or quality )f the natural vegetation available are 

being quantified. As populaton pressure increases, bringing an expan­

sion of the ara', unlder cul lvdtion, the diliouit of fallow and pasture 

land will even be more r.,duced in the years to come. Crop residues 

will. therefore, have to play an increasingly irriportant role in sustain-

Av livestock production. This is the reason why ILCA isAfrica's 

Cosponsoring this workshop with AAASA. 

In this introductory address I would like to indicate some 

of the constraints on the use of crop residues, constraints which 

should be the subject of further research. They may be summarized 

as follows: 

1. The availability of agro-industrial by-products is very limited. 

Tentative estimate by ILCA indicate that the total availability 

of agro-industrial by-products is only 0.23 feed unit (F.U) per livestock 

unit per day. Such products can, therefore, supply only 10% of 

maintenance requirements of the ruminant population of Tropical 

Africa. Even this low figure can only be rechead on the assumption 

that all the agro-industrial products produced in tropical Africa 

are used for ruminant feeding, but of course there are quite a number 

of other forms of utilization, as we shall hear later during this 

conference and, as we all know, large quantities of agro-industrial 

by-products are in fact already being exported. 

Regional imbalances, aggrevate the availability problem. Using 

the same tentative estmates, the average availability in East Africa 

is only 0.08 F.U./L.U./day, as against 0.07 F.U./L.Y./day for Central 

Africa. There are also regional imbalances in quality:23.8% digestible 

protein on average in the Sahel US 8.4% in SouthernAfrica. 

There is obviously a need to focus research on the precise 

determination of the availability and quality of each by-products. 



The most efficient utilization in terms of animal species, time of 
amount asyear and fed, compared with alternative uses should 

also be researched, rather than continuing with the present tendency
for isolated experiments in differentwhich feeding levels of a single 
agro-industrial by-product are tested. However, I am aware that 
such an approach wotl d make rxperimentation very complex owing 
to the many a!ternatiyes inwn!ved. 

The development of mathematical models might assist in a 
preliminary assessment of the alternatives and opportunities. It 
is hoped that the model now being developed by ILCA, which will 
be operational by the end of this year will be of assistance. 

2. Most of the crop by-products are produced and consumed 
at farm level. To develop more efficient utilization of these products, 
-tgeneral understanding theof whole farming system is required 
in order to design relevant experiments. Such a study should include 
quantification of the total amnounts of crop residues available compared 
with the total number of animals and their present nutritional intake 
over the different seasons, but would haveit also to cover aspects 
such as labour and cash availability in order to determine the develop­
ment options. 

An example fromtaken ILCA's work in Nigeria illustrates 
this point. ILCA has found that the mere feeding of household scraps 
reduces mortality by approximately 300%. However, the distribution 
of those scraps over the different Feason is unbalanced and closely 
follows the human food availability pattern. This means that. the 
highest amnaunt of household scraps are given at a time of the year
when the foed value of the natural vegetation is also at its optimum. 
Obvwously, ',e have here a resources of great importance to a produc­
t,oilsystem which is widespread in West Africa. Its utilization can 
I. improvvd, but so far, almost no efforts have been made to do 
•1 is.
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but one for which there are promising3. 	 A third constraint, 

ILCA will like to encourage, concerns
lines for research which 

Physical and chemical treatments re very labour and 
treatment. 

energy intensive, and in view of the rising cost of energy and the 

scepticism as regards transferabilityforeign exchange aspects, some 

I feel, however, that a concerted effort in the field
is ;ustified. 

of biological treatnritt is justified, and ILCA will certainly encourage 

role in this respect as aefforts in this direction. ILCA 	 sees its 

not directly involved in experimentalcatalyst, although at this moment 

training activities, the disseminationwork, it can contribute through 

of resultis and by iostering fPither cooperation in the design and 

asimplenmienttior, of experimental ,ok. ILCA can also act vehicle, 

attracting funds from other agencies for specific projects etc. 

kThese idea, are the 	 subject of more detailed proposals which 

will be outlined on Wednesday when, as you can see from the pro­

gramme and entire afternoon will be set aside for discussions with 

,the ILC staff on the possiblities of a research network on crop 

by-products. 

Mr.Chairman, Distinguished Guests, Ladies and Gentlemen: Until 

then I wish you, on behalf on the Director-General of ILCA, a most 

beneficial stay here at the conference. 

Thank you.
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EXPRESSION OF THANKS 

We, the participants at the AAASA/ILCA workshop 
on Utilization of Agricultural, Forestry and Fisheries 
Waste Products in Africa here assembled in this rnagni­
ficient Conference Hall of the Caisse Cacao building 
in Douala express our profoundest gratitude to the 
Government of the United R,epublic of the Cameroun 
for not only hosting this workshop but also for the 
excellent facilities provided which contributed greatly 
to the success of the workshop. 

We further acknowledge with thanks the following 
organizations and governments which contributed 
significantly to the uccess of the workshop: The
 
Association 
 of the Advancement of Agricultural 
Sciences in Africa, the International Livestock Centre 
for Africa, the Agricultural Institute of Canada/Cana­
dian Internationl Development Agency (AIC/CIDA), 
the Ford Foundation, the Df elopment Agency (SIDA), 
the Swedish Agency for Research Cooperation (SAREC), 
the United States Agenicy for International Development 
(U5AiD) and the various governments of Africa. 
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RECOMMENDATIONS
 

1he participants, ifter 
 erious deliberations for several days
in the issues involved on the IJtilization of Agricultural, Forestry
and Fisheries Waste Produets in Africa, do hereby recommend: 

A) TO THE VARIOUS GOVERNMENTS OF AFRICA THAT: 
1. In view of the Immense benefits to be derived from agricultural,

forestry and f isheries waste products due consideration should be
given to their efficient utilization for both industrial arid domestic 
uses in all developmental plans. 

2. There is an urgent need for an inventory to be taken of
all available agro-industrial by-products. Such an inventory should
include amounts available, seasonality of production, possible uses 
and any further processing necessary for their use. 

3. Simple technologies for collection, handling, storage, proces­
sing, feeding of animals, of agricultural wastes and agro-industrial 
by-products should be developed in order to reduce costs. 

4. The use of less [, ,ilar or little known agricultural waste 
products within the varions localities should be investigated so
 
as to take appropriate 
 steps to popularize their utilization in animal
 
feeding.
 

5. There is the urgent need to integrate crop production and
animal rearing so as to make efficient economic use of agricultural 
waste products. 

6. There is the need for more research to enable the efficient 
multipurpose utilization of agricultural, forestry and fisheries waste 
products. 

A ir L" . .. o, 
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7. They should explore all possible means of utilising fisheries 

waste products for animal feeds as well as for the production of 

oils, fertilizer, glue, etc. 

8. There is an urgent need for more research efforts in the 

area of animal nutrition with a view to determining suitable leals 

for feeding indigenous breeds of animals. 

9. In order tc protect users of animal feeds from agro-by­

product industries, there is the need for the institution of regulations, 

feeding standards and control meCasures for commercial animal 

fees. In this respect, standard Boards with adequate laboratory 

facilities should be established. 

10. They shojld explore the possiblity of utilising gabbage, 

composts and human wastes as fertilizers. In this connection, adequate 

precautions should be taken to reduce health hazards, especially, 

in case of utilization of human wastes. 

II. In order to prevent environmental pollution of big cities 

priority should be given to municipal composting and the utilization 

of sewerage and sullage. 

12. Due attention should be given to alternative uses of agri­

cultural, forestry and fisheries waste products, their availability, 

collection, transportation, ecological and socio-economic conditions. 

13. In view of the multidisciplinary nature of the foregoing 

recommendations, each government is urged to constitute a standing 

technical committee to advise it on how best to implement them. 

B) TO THE VARIOUS GOVERNMENTS OF AFRICA, THE OAU, 

AAASA, FAO, ILCA, ECA, IITA AND DONOR AGENCIES 

THAT: 

As a matter of urgency, a research net-work involving institu­

tions, individual scientists and donor agencies should be set-up within 

the various sub-regions of Africa to investigate and see to the 
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efficient utilization of agricultural, forestry and fisheries waste 
by-products for animal production, manufacture of fertilizers and 
other products so as to reduce the use of scarce convertible currency 
in their importation. 

C) TO FAO: 
1. That having recognized its foresightedness in setting up 

a research iet-work involving the University of Ife, lle-Ife, Nigeria, 
the Institute ot 7ootechnical Research, [amanda, Cameroun and 
the Ecole Inter-Etats des Sciences et Medecines Veterinaires, Dakar, 
Senegal with the main objective of desserninating, on the small 
farm level, the results of methods of fattening cattlebeef based 
on the optimal utilization of cocoa husks and rice milling by-products, 
maize crop residues, groundnut hulls and mo!asses, it (FAO) is being
urged to extend the net-work activities in conjunction with ILCA 
and other interested institutions to cover the other relevant subregions 
of Africa. 

2. That being aware of its laudable idea in planning a workshop 
on the subject in Dakar in September (1981), it (FAO) is being urged 
to liase with relevant institutions, especially, AAASA and ILCA, 
with a view to jointly organizing such an important workshop and 
to deciding on the propr timing after considering other already

scheduled conferences/sen ars/workshops 
 which will involve the
 
same participants.
 

D) TO ILCA: 
That being aware of its deep interest in the subject, so far 

as, especially, feeding of livestock is concerned, urge it (ILCA): 

1. To coordinate its activities with FAO with a view to setting 
up research and extension net-works to thecover whole of the 
continent. 

2. To initiate the publication of a Newsletter that will: 
Report on current research on crop residues and agro-indusrial 
by products; 
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Review spccial topics in by-product research;
 

Provide a forum for the presentation of interim reports and,
 

Draw attention to other developmen ts in other parts of Africa
 

in particular, and the world in general.
 

a,,>t where provide training 

for young scientmst to acquire proficiency in current techniques 

of crop re'sidue tet .CFit and uses as animal feeds. 

3. To And possible, in-service 

r organi:e periodic discussion forums on crop residue 

uses. 

5. To orgmize periodic visits to selected areas where crop 

residues are activ-ly being studied or used, with view to reporting 

its findings in the proposed Newsletter for the information and 

necessary action of other researchers. 

(. To sugge,st 1nd make available formats for recording pertinent 

data on crop residue use. 

7. Where possible to procure small equipment or solicit funds 

from bilateral agencies for projects that will focus attention on: 

Interdisciplinary research geared towards systems of livestock produc­

tion and, 

Biological or mechanical treatment of roughages for animal feeding. 
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REPORT OF THE CHIEF RAPPORTEUR 

BY 

Dr. H.B. Obeng 

I. OFFICIAL OPENING CEREMONY: Monday, November 17 (1980) 

Chairman: H.E. at 11:00 a.m.Prof. M. Abdel-Akher, President of AAASA.Chief Rapporteur: Dr.H.B. ObengActing Chairman, Editorial 
Board of A\,ASA. 

The official opening ceremony conimrnened
by -itha brief speechprof. R.O. Adegboye, Honorary Secretary-General of AAASA,in which he warmly
far 

welcomed all participants who had travelledand wide to the serninar and also introduced the distinguishedpersonalities seated at the rostrum. These include H.E. Prof. M.Abdel-Akher, President of AAASA, as the Chaurman for the Opening Cere­mony, Madame Christine Koloko, from the Ministry of Agricultureof the !nited Republic of Cameroun, as i representative of theCamerounian Minister of Agriculture, Dr. L. -1. Lamnbourne, Senior\nimal Nutritionist at ILCA as representing the Director-Generalof that Organization and lastly, Dr. H.R. Obeng, Acting Chairmanof the Editorial Board theof AAA.SA as the Chief P[apporteur.Prof. Adegboyethen informed all present that the workhsop whichwas on the til ization of Agricultural, Forestv ani Fisheries WasteProducts in wasAfrica jointly organized by the AAASA and ILCAand that it was ie in athird series ofTechnologies for the Development 
workshops on Appropriate

of Agriculture in Africa.this juncture, Athe urged all participants to fully take part in thedeliberations with a view to coning out ,.vith useful recommendationswhich would contribute 

in 

to the ,Alicienit development of agricultureAfrica. Finally, he respectlly, requested the Chairman to steerthe affairs of the opening ceremony to a successful end. 

H.E. Prof. Abdel-Akher, alter officiallyrequested taking over the chair,Madame Koloko to address the participants. She intimatedthat it notwas only an honour but also a pleasure for her bepresent toto open such a %ery important workshop on behalf of theMinister of Agricul tore of the Government
of the of the United RepublicCameroun. She there-upon expressed the warmest gratitudeof the Camerounn Government to the i\ASA and ILCA fordeciding to organise the workshop in Douala
participants for coming 

and also to the visiting
over froin their respective countries totake active part in the deliberations. Finally, she wished the workslopevery success and all participants a fruitful workshop and a veryhappy stay in the Cameroun. 
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Special Addresses were then delivered by H.E. Prof. Abdel-
Akher and Dr. Lambourne on behalf of the AAASA and ILCA, res­
pectively. H.E. Prof. Abdel-Akher welcomed, on behalf of AAASA, 
all participants and thanked the President, the Government and 
the people ot the United Republic of tlhe Cameroun riot only for 
their hospitality but also for providing such excellent facilities 
for holding the workshop in Douala. He then expressed the gratitude 
of the loirt sponsors of the work shop-the .:\ .-SA and ILCA; to 
the OAIJ, the Ford Foundation, S(I /.\R EC, the Agricultural 
institute of Canadi and CIDA as well a> the ndividual governments 
of Africa, through whose generous contributions this workshop was 
made possible. 

The President of the AAASA at this juncture, stated that 
the subject of the workshop was very important to the overal agri­
cultural development of Africa since it concerned the efficient 
economic utilization of agricultural by-products and wastes. Such 
wastes and farm by-products, he intimated further, should not be 
considered as useless since they contained rich components of proteins, 
carbohydrates, mucillages, cellulose waxes etc. that could supply 
indigenous industries with badly needed valuable raw materials. 
He concluded by stating that the full participation of all present 
in the deliberations would result in useful recommendations which 
would, he was sure, contribute greatly to the efficient utilization 
of agricultural, forestry and fisheries waste products in Africa. 

Dr. Labourne, began his special address by firstly, cordially 
welcoming all participants on behalf of the Director-General of 
ILCA to the w'orkshop. He then explained briefly the functions 
of ILCA. [LCA, he intimated, formed an integral part of the Interna­
tional Agricultural Centres funded by the Consultative Group on 
International Agrici, tural Research. Its basic mandate, he went 
on further, was to sce to the improvement of li,_,stock production 
systems in Africa. In this respect, its main focus, had been on selected 
production systems within several of the ecological zones of Africa. 
These, he explained, involved trans-human and sedentary systems 
within the arid and semi-arid zones of Mali, a sedentary system 
within the arid and semi-arid zones of Northern Nigeria, village 
small ruminant production systens in Southern Nigeria, mixed farming 
systems within the highlands of Ethiopia and unumber of systems­
oriented research dealing with livestock development within the 
arid zones of Kenya, Ethiopia and Botswana. 

According to Dr. Lambourne, each of the production iystems 
was subjected to an initial problem analysis with I view riot only 
to identifying but also quantifying the main constraints on the plant 
or animal as well as the socio-econonic conditions under which 
such a system operated. He then enumerated some of the constraints 
which, lie maintained, should be the subject of further research. 
These included the very limited availability of agro-irndustrial by­
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products, the utilization of crop by-products on the farm and last!.treatment of by-products. He went on further to advance ideason how be,,- research overcometo the constraints could be tackledand prornist'd presentall that such ideas would form part of moredetailed proposals which would be outlined in the afternoon o(f \ednes­day, the I9 th -f Neve rbe- ( .I I).Ic, f11,Ii again, on behalfof the Director-General of ILCA wished all participants a mostbeneficial st,) tlwat \Vor1 'I 'p. A t this Jun(ture, th: (hairmandeclared the Opening Session closed enableto the te( hnieal sessions 
to start after a short break. 

If. TECHNICAL SESSION 1. \ionda,, Nuosenhe 17 (1980).
Chairman: Prof. C.P.N. Kharla.
 
Rapporteurs: Dr. 
 .K Obun, (hil 

Prof. .O. t, Papers in English
Mt. (ora ',.. paers in French. 

A) Morning Session: II:2r a.( . - 1:30 p.m. 
Three papers wert. presented as follows: 

1. Utilization of agriculUoal ,aste products, by Prof. M.O.Adeniji.
2. Preiirmnars studIes On the use of wood-ash solutions and drywood-ash powder if t1e control of post-harvest wet-roi of 

torrato, by Ni.S.,"yodele. 
3. Utilization of plantailjlbanana peels ard palm oil/plarn kerneloil for making soap, by Prol.L.V. Doku. 

1. Professor Adenij in paperht gave a comprehensive reviewof work done on the wastes Iron some of the major agriculturalproducts such (ocoaas pod flL.k s, cashe\ nu t real, co arid poultrydroppings, wheat, rice, sc..(5o!1 aind sugar cane by-prodnet s, maizecobs and cassava I uber peel.sr Ieaves. I-Ie a'se thfe ( otipositionof sorne of these by -produ( Is and indica ted the problems whichadversely affect their ffi( Jent utilization as armnifal fted, fertilizers,soap, sources of energs, et. He concrluded by cilling for the efficientagricultural waste by-producis r11a/afrent_,1 1o enable their maXimIUmexploitation to reet the rising demand of power, Jcrt iizers, livestock
feeds etc. 

2. Mr. Ayodele in his treatise on the preliminarN studies onthe use of wood-ash solutions arid dry wood-ash powder inof post-harvest fungal wet-rot the control
of tomato, indicated that after treatingtomatoes inoculated with conidia andmycelium, growthof four ofthe casual fungi, namely Verticillum. 

Fusarium, Gcotrirchumn and Rhizotonia, with ashwood solutionand powder, fung ldiseases were greatly controlled. For example,application of woud-ash solution greatly reduced conidra germinationand mycilial growth of V\rticill ium, Fusarium arid Geotrichurn whilewood-ash powder curtaile'-d--vet-rct-- n tomatoes causedb)', Verticillium,Fusarium and Geotrichum but had no effect on Rhizotonia. 
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3. 	 Lastly, Professor Doku in his paper intimated that soap 

among the several indigenous industries operated bymaking was 
Africans before the arrival of Lkuropeans on the Continent and that 

inspite of serious (ornpetition from Imported 	 soap and that produced 
the production ofwhichlocally using c,>istic sa(.id, ihis native soap, 

did not involve any imported item, still continued to thrive on 
is a resilt ot its special

a wide scale. He rnaintairied that -his was 
production and skin oiling icharacteristics.qualities of good lather 

He further Intimated that on the basis of fiigires for plantain produc­

tion in Ghana, It could be estimated that between 90,000 and 200,000 

tons of caustic potash and similar quality soap could be produced 

annually if enough palm oil and palm kernel oil could be made avai­

lable. He concluded by stating that the potentialfor local soap produc­

tion within Africa was tremendous and that the AAASA was being 

urged to cornission a survey of this potentialwith a view to working 

out a scheme for tapping and utilising such immense native resources 

for the economic well-being of all the peoples of the Continent. 

A very lively discussion ensued after the three papers have 
a number of agriculturalbeen presented. It was pointed out that 

waste products were not treated by Dr. Adeniji and that the paper 

should have been more comprehensive. Further, that waste products 
take 	 cognisance of alternative uses, availability,utilization should 

collection and transportation. The social and economic aspects 
weremust also be given due consideration if useful policy decisions 


to be taken.
 

Professor Doku's paper generated long discussion on the alterna­
banana waste products. Some participantstive 	 uses of plantain and 

were of the opinion that thc-e should be used in feeding livestock 

rather than for soap making. It was, however, finally agreed that 

the bast use to be made of plantain and banana waste products 

would depend on the needs of the particular locality. 

Finally, there was exhaustive discussion on the definitions 

of waste products and by-products and which o the two was more 

appropriate. It was, however, generally agreed that what really 

mattered, so far as the workshop was concerned, was the potential 
not been fully exploitedused 	 of the products which hitherto had 

attention of policy makers to their efficient utilizationand to call 
to improve the quality of life of our peoples and not to engage 

in unusually long argument as to the exact meanings of the two 

terms with a view to deciding on which one was more appropriate. 

B) 	 Afternoon Session: 3:00 p.m. - 4:30 p.m.
 
Chairman: Prof. Lamine Ndiaye.
 
Rapporteurs: Dr. H.11. Obeng, Chief.
 

Prof. E.O. Asare, Papers in English
 
Mr. Gora Beye, Papers in French.
 

Two 	papers were read as follows: 
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I, Les sous-prodtiit agro-indrstriels au Mali, by Maimouna Salah 
Dicko el 3ear Bourarnia Oulare. 

2. L'embot he bo ine avec Utilisation maximale de rnelasse de 
canne. by l)r. Henry Peleton. 

1. in her pae.r, Ma dame Dicko, discussed the agro-industrial
by-product of Ma,.l so, far as their production, location and theconstra .,, of their ut liza tior in an;ral feeding were con-erned.She h:'nlighted how various research data were being, effectivelytraus,erred to farners to such an extent that the\ were demandingmore by-products which unfortunate were not in abundance. Sheconcluded that The Valia;n Government was making strenous effortsto improve the pr od(vtiorn of agro-bv-products so as to eventually
satisfy the demands of indJger1Ois far;mers. 

2. Dr. Peleton in his presentatin on the maximum utilizationof molasses. toumhed on the obje, tire of the project and describedthe steps being taken for fattcning cattle, especially, the problemof proper feeding. In this respect, he intimated that good resultshad been obtained so far on the ise of a local strain of peniseturrpurpureurin and also "lrjpsacu:n Laxum. However, due to difficultiesassociated with the harvesting of Stylosanthes guyanensis duringIthe rainy seasor , til fodder was better utilised as silage. In the( ase of nolasses they were fed ad Ibitum according to the methodof Preston, after an imitial adaptation phase of 14 days. So far,he itimated, satjsfal-ctor, results beenhad obtained. He concl Lded 
by sta!rig that, rijoldsses. mu t be given priority in the feedingof cattle in order to quickly corre.t the present widespread protein
dcieficierices in anirrals. 

In the dlisc,,.s!fro that or s,,cd, general comments were madeon the nec ests citn goerr ri tal action in subsidizing the costof agricul tural by-prtdo ;, viehy to enabling indige)oust s h w farrrersto easil\ procure tiefrr. In tI s 
for 

conre(lion, the need was expressed
represeitat oa more e -ceting which would involve riot onlyscienlisti, but al so polic rae,u s, farmers, extension officers andindustrialists discus,' how 

coul be econ, i( ll. util;.,tc or the benefit of all. 

1; (>ci (,i!l best agricultural by-products 

Ill. TECHNICAL SESSION 11. Tuesday, November IS, (1980).

Chairian: Dr. hai,,u-Negus Hail e-Mariar.
 
Rapporteurs: Dr. H.B. Obeng, Chief.
 

Prof. E.O. Asare, Papers in English 
Mr. Gora eye, Papers in French 

A) Morning Session: 9:00 a.r,. - 12:30 p.m. 

Five papers were presented as follows: 
I. Utilization of ayr!cnl tural waste products in the context ofrural development: Some implications for research policy, by

Dr. A. Abidogun. 
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2. 	 Biogas production: Improvements on the digestor; utilization 
of the gas as fuel and the sludge as fertilizer-the Ethiopian 
experience, by Mr. Beyene \legersa. 

3. 	 Construction et essais des di,teurcs a biogas, by Mr. E. Hamika. 

4. 	 Small-scale technologies of utilization of roughages suitable 

to small holders in Africa, by 'rof. I.A. Kategil. 

5. 	 Utilization of Agro-industrial hs -products in beef fattening 
rations, by Mr. R. Dia Ndumbe. 

I. Dr. Abidogun in his paper intirw ' ted that utilization of 
agricultural waste products was a relativrl\ riow area of research 
in most African countries. He maintained, however, that such a 
resea'ch area was capable of attracting attention and resources 
in the coming years. He warned that investment in such a research 
endeavour could only be justificd in terms of its contribution to 
social welfare, as a result there was the need for research policies 
and prograrinies to be decided upon in relationship to relevant 
social policy objectives. 

According to hiin, for mnlst developing countries>, rural develop­
ment remained the filcrum of developmental policy as such the 
utilization of agricultural waste products in Africa should he viewed 
in the context of it, mpal t on the rural economy. 

2. In his paper Mr. Beyene Megersa discur,,ed in detail the 
current energy supply positicn ',kithin tihe rural areas of Ethiopia 
and gave din account of the activities of a working group set-up 
to construe t arid instal hiogas plants. He also dealt in some detail 
with research prograrnmes, being initiated to design and construct 
cheap biogas plants, portable cranes and the otilisation of bio-gas. 
H(:, finall, enurrierated ;oric of the many constraints that hinder 
the popularisation of hi-gas technology w i thin [ thiopia. These, 
according to hin, included the high cost of initial investrnent and 
the lack of proper coordination and directives at the national level 
and indicated how these bottitenecks were icung tackled by the 
Ethiopian government with a view to overcoming theri. 

3. Mr. Ilamika, on the other hand, highlighted on tie objectives 
of the Camerounian biogas programme vhich invloved experimnenting 
witi and the construction of prototype of digestors within the dif­
ferent ecological zones of the country. fie further discussed the 
availability of different agricultural wastes and intimated that 
twel ve prototypes had so far been tested in relations with several 
kinds of waste products incluiding those of human beings. 

The discussions which followed centred around two essential 
topics. These were the socio-econornic aspects and the problems 
associated with the collection and storage of human waste products 
and their associated health hazards. 
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4. Prof. Kategile, in his paper, indicated why 	 it was necessaryto utilize crop residues to supplement the feeding of ruminantstock. 	 live-H- then enumerated the 	 quantities of the differentof cr,;' residues available in Tanzania. 	 types
These included cereals,sisal 	 etc. He finally described the methods of collection, handling,storage and feeding of agricultural waste products to animals inTanzania. 

5. Finally, in Mr. Ndumbe's paper, a report was givenwork being conducted jointly 	 on theby the University ofthe 	 lIfe in Nigeria,Institute of Animal Research (IRZ) at Bambui-Camerounthe on 	 andFAO the utilization of agro-industrial by-products infattening 2ti:is. The 	 beefauthor then classified agro-industrial by-productsfor anima, production into four groupsof some of tlese by-products in 
and gave estimated production

Africa. The constraints to increaseduse of agro-ir.d,jstrial by-products in feeding animals in Africa werealso outlined. He then 

cocoa 


stated tha. results so far obtainedpod husk study indicate tha. dry 	
in the 

matter intakediets used-control. 	 on the tree30% and 60%-cocoi, pods-were similar.daily weight 	 Meangains of the animals atcontrol diet but did not 
1,2 days were better in thediffer between

the case of 	
the cocoa pod diets. Inrice 	 and maize by-products studyefficiency were similar in 

feed intake and feedall diets while mean daily gain was signifi­cantlv better when rice brand replaced 70% 	 maize comparedwhen the ration contained to 
that collaborative 

140% and 50% maize. Finally, he explainedefforts were needed in the use of agro-industrialby-products in feeding animals in West and Central Africa. 

In the long discussions which followed the 	 presentationthe five 	 ofpapers, it was generally agreed that thereto underline the neednecessity to determine 
was 

utilization 
the research priorities in theof agricultural waste products. This becausewasfor research was very 	 fundinglimited, there should, therefore,indication 	 be a reasonableof socio-economic feasibility now and thein futuredeciding on specific 	 before

lines of research whichfunding. The need find 	
could easily attractto ways and 	 means of reducingof constructing agricultural 	 the cost

and humanview 	 wastes digestors with ato making them easy to be obtained
lighting, cooking, heating 

byrural inhabitants foretc. purposes, was also 	stressed. 

B) 	 Afternoon Sesion: 3:00 	p.m. - 4:30 p.m. 
Four 	papers were read 	 as follows:1. 	 La fabrication de I'alcool: Sur pape de surete de l'agriculture,
by Dr. Tang Bonga Jean Rene. 

2. 	 The utilization of sugarcane and 	 by-products of theindustry 	 sugarfor milk and meat production in mauritius, by Prof.].A. 	Claude Delaitre. 
3. 	 The role of sunflower by-product as animal feed, by Prof. 

C.N.Karue. 
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4. 	 Les sous-produits agro-industriels au Senegal-"Apercu sur les 
travaux de linstitut Senegalais de recherches agricoles, by 
Dr. Ndiaga .\baye. 

1. In his paper, Dr. Tang Bonga highlighted the manufacture 
of alcohol from sugarcane in the form ,t ethylene alcohol or ethanol 
by discussing in detail the biochemistry of lcohol fernwntation 
and the process of its distillation. He hen, briefly explained the 
employment of appropriate technology ior the transforiiation of 
'glucidic" agricultural products to help sol e energy problems etc. 
He concluded by stating that for the development of our economics 
we should make use of all available avenues of efficiently utilising 
agro-by-products in Africa. 

2. Professor Claude Delaitre in his comprehensive paper gave 
a detailed account of the environmental conditiuns and overall 
agricultural poteritial i ties of the Island of Mauritius. Specifically, 
he presented production figures and the chemical composition of 
different by-products of sugarcane. Further, he reported in detail 
encouraging results from several feeding experiments in which sugar­
cane bs-products were fed to beef and dairy cattle as well as to 
deer. Lasfly he elaborated plans for future research into the efficient 
utilisation of agricultur I by-products within the Island of Mauritius. 

3. Professor Karue in his paper, described an experiment which 
was conducted in Kenya using 7ebu sheep to evaluate the nutritive 
value of sunflower by-products as sources of protein and energy 
for cattle. He intimated that, in this experiment, sunflower seedless 
headmeal, sunflower \kaste seed and sunflower cake (4 parts of 
sunflower seedless headmeal and one part of sunflower cake) were 
used. The CP content was lowest in sunflower seediess head and 
highest in sunflower waste seed.The results indicated that sunflower 
waste seed had a great potential as a supplement for grazing rumin­
ants due to its high protein content and digestibility. 

4. Dr. Ndiaga Mbaye in his paper, reviewed the di fferent kinds 
of agricultural and agro-indiistrial by-products available in Senegal, 
,!stirguishing those obtained from rural sources from those derived 
from industrial wastes. He then assessed the quantitit:s available 
al 1 further highlighted the research results obtained o far, on 
th..e by-products in the area of animal fattening. 

The author concluded by stating that agricultural and agro­
'strial by-products were available in sufficient quantities and 
such good quality condition to enable their efficient itil isation 
the widespread improvement of livestock production in Senegal. 

During the discussions which followed the problems associated 
-h the use of agro-by-products sole!y for meat production in 
r-ca while completely neglecting the milk production aspects 

. r 	 exhaustively discussed as not being in the best interest of 
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the continent. It was finally agreed that it would be forbetter 

more efforts to be directed 
 to the use of animal by-products fortraction and milk production while at the same time aiming at 
Improving meat production. 

IV. 	 TECHNICAL SESSION II1. 	 \Vedresdas, November 19 (1980) 
: . i. - 12:30 p.m.

Chairman: Prof. NA. Adeirnoun.
 
Rapporteurs: Dr.H.I. Obeng. Chiel.
 

Prof. E.O. A:sare, Papers in Engliih. 
\Jr. (ora Iee,Papers in French. 

Seven papers were read as follows: 
1.tilization of guinea g;rass-citrus pulp silage by sheep by Dr. 
F.O. 	Olubajo. 

2. 	 Utilization of oil seed cake ineal as protein supplements for
cattle on low-quality roughage diets, by Dr. L.J.Larnbourne 
and D.J. Pratt. 

3. 	 Possibilities et contraintes dans I'utilisation des sons-produits
de la peche an Cameroun, by Mr. - .C. Njock. 

4. 	 Technologies available on Fisheries residues and prospects
of their utilization in Kenya, by Prof. C.P.M. Khamala. 

). Feedmills and agro-by-products: The Nigerian experience,
by Dr. S.A. Ojo and Mr. A.N. Erna. 

6. 	 Economic and ecological aspects of solid waste disposal indeveloping economies: A case study of the Ibadao region,
by Prof. A. Faniran. 

7. 	 Evaluation of cocoa-pod as a feed ingredient for cattle, by
Dr. O.B. Smith and Prof. A.A. Adegbola. 

I. In his paper, Dr. Olubajo reported on a study which involvedguinea grass and guinea grass-citrus pulp 	 silages using West Africandwarf rams in digestion trials. The results indicated increases indry matter and energy contents with increase in the amount ofcitrus pulp in the diet. Addition of citrus pulp led to imporveddigestibilities of dry matter, crojde protein and the energy contentof the silages and higher intak,. by the experimental animals. Dueto the low crude protein content arid low energy intake thedid not ramsmeet the demands for maximum digestible crude protein
for maintenance. 

2. Dr. Lambourne also reported on the results of experimentsto study (i) the extent of seasonal variation in herbage quality andwhat could be done to unprove utilization of poor quality forages
and (ii) whether or not greater value might be obtained from limitedamounts of the comnmenest protein by-products which seem to bethe most useful supplementary feeds by chemical treatment
reduce their solubility. Altogether, 	

to 
the results of ten experiments 
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were reported upon. These confirmed the poor nutritive value of 
feeds with digestibility of less than 48-50% and protein content 
of less than 6-7%. They showed that poor nutritive value was ac­
centuated by low voluntary intake. 

3. In his paper, Mr. Njock assessed the amount of fisheries 
by products awailahle, their implication in ter,ns of environmental 
and socioecanomic conditions prevailing in the '-ameroun. He further 
intimated that the wastes produced by fish(.ries activities were 
not enough to allow the setting up o, a su~table by-products industries. 
Nevertheless this should be possibhi n the near future with Lhe 
implementation of the current five-year development plan of the 
country. 

4. Professor Khamala in his treatise reported that fisheries 
residUe3 like snells, ses,* fish skins, bones, tails, etc. which were 
available from fish filleting, salting, cleaning and drying plants 
and depots along the coasts of Kenya, Lake Victoria etc. were 
usually wasted. He said further that in countries like Japan, Britain 
and the Soviet Union these residues were used in the manufacture 
of fertilizers, fishineal etc. He then went on to outline the process­
ing of the above-mentioned waste products and indicated how they 
could be utilised. For instance, fish bones, scales, tails and other 
offal could be used in the making of fish scraps. These when steam 
cocked .++A archfpd could be wi-d in the making of fertilizers 

5. In his paper, Dr. Ojo reported that the shortage of animal 
feeds was a major contraint to livestock improvement programmes 
in Nigeria. He then examined factors such as cost, quality, etc. 
that affected availability of livestock feeds and discussed the role 
that agro-by-products could play in reducing competition for food 
between human being and livestock. He recommended that fluctuation 
in feed prices must be reduced through govvrfiinental controls. 

6. Prof. Faniran's paper described the ol waste disposal 
Droblems of the city of Ibadan and indicated its effects on environ­
mental hygiene. He then gave account of the systems of waste 
disposal, e.g. incinderation and compositing An(! :"e prccesses that 
took place during compositing. Further, he .- :rbed compositing 
plants technology in some detail and discusse ;io, only the uses 
of compost and their effects on soils but also tihe recycling and 
collection of solid waste products. Finally, th.e uthor concluded 
that man must see himself as an integral part ot the ecosystem 
rather th:ln emphasize the economic aspects of inannature -elation­
ships in which man saw nature as producing raw mat_:ials to 1e 
manipulated and controlled for the fulfilment of his goal. 

7. Dr. Smith in his paper described two cattle feeding trials 
in which cocoa pods replaced varying levels of maize and guinea 
corn in an all concentrate feedlot diet. The cattle uscJ were the 
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Keteki! " lrdN'darna-Ohiite Fulant crosses. In the first experi­merit tL* ts consisted :' :ontrol, low cocoa-pod and high cocoa­pod diets. The exportireri
of the diets and 

1a ted for 112 days. Dry matter intakedaily ais of the cattle were similar.Cattlethe oncontrol, low cocoa-pod and high cocoa-pod diets required 6.6,
8.8 and 10.9 kg of drv m,titter, e-pectivelv. Carcasspercenrage etc. nrni;lIurLl, weight, dressingwofre sinl- ar 'or all treatments.second "\perinent, In athe Iels of -ocoa-pod diet,, were and40 60%and guinea corn instead ol !1,ilze \was lised as the main energysource. D<il, .eii rt gair,, on the three diets were similar. Manyof the cartie led on the 6, cocoa pod diet, !ost weight.concluded The authorth,itcocoa pod %,isof t good feeding and econornic salltieand that cattle VIer the ieIst suitable annals to be onfed it. 

MOSt Of the' di,CUSs Otis which ensued ssere in 'ilage,the impor­tan(:( of jr,, matter, date "nr'!irrgits 
of ,,n thi' - : ,'-iand protein content. The problem of isin'' ike in Australiain animal feed and the titilrsatIOn ,ithlno ,.iehold astes were also 

stressed. 

V. TECHNICAL SESSION IV. \A,ednesda, ros tMer 19, (1980), 
1:00 pan. ­ 5:00 p.1.Chairman: Prof..\.A. \derrostin.

Rapporteurs: Dr. Oheng,Hl.B. Chief. 
Prof. E.O. \sare, Papers in English.
\lr. 6ora 1eye, Papers in French. 

Topic: .Network forllrt ion Oil the use and potential of cropresidus arid agro-indus trial by-prcducts in livestock 
nutrition in \ricla. 

General d!scuisSions on) tire above-mentioned topic were ledby Dr. A.K. \losi arrd Dr. L.. Laribourne, botha very from ILCA. Afterexhaustise deliheration it was unanimously agreed that asa matter of urgency a Research Network involving institutions,individual scienti,,ts and donor agencies interested in the promotionof the use of agricui turtl b -products should be set-up. Such anetwork should consider the follos ing: 

The taking of an inventory orrexisting agricultural waste pro­ducts, their availability, tire use to which they could be put,the amounts asailable and the classes of livestock such wasteproducts could be fed to. 

ii) The designing of a suitable forrmat for the collection of data 
on tire subject. 

iii) Making asailable facilities for periodic meetings and exchangeof visits to enable constant exchange ideasof on the abjectby scientists in Africa. 
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iv) 	 Training of young scientists in institutions where facilities 
existed. 

v) 	 The publication of a newsletter to highlight in simple terms 
research achievements in the utilization of agricultural waste 
prod uc t s. 

It was noted that FAO had alredy started a nucleus network 
and that this should be extendced to include all countries in Africa. 
It was also noted that up till now no attention had been paid to 
poultry and game animal production tnd tnat such areas should 
be included in the network's programme of act Vities in the future. 
Finally, it was noted that FAO has plamied a v.orkshop in Dakar 
in September 1981 on the sublect and that ILCA and AAASA should 
liase with FAO with a view to jointly organizing such a workshop 
and to deciding on the proper timing after considering other already 
scheduled conferences/workshops or seminars involving the same 
participants. 

VI. 	 CLOSING SESSION. 3:00 p.m. - 5:00 p.m. 

Chairman: Prof. R.O. Adegboye. 
Rapporteurs: Dr. H.B. Obeng, Chief. 

Prof. E.O. Asare. Papers in English. 
Mr. Gora Beye, Papers in French. 

Before the commencement of the Closing Session the chairman 
announced that Dr. Bede Okigbo who was scheduled to present 
his paper earlier on but could not do so because of unavoidable 
circumstances which prevented him from arriving in Douala on 
time, had now arrived and would read his paper entitled "Studies 
on Potential Uses of Crop Residues and Some Industrial By-products 
In Soil Management in the Humid Tropics". 

Prof. Okigbo in his presentation intimated that an experiment 
was carried out at the International Institute of Tropical Agriculture 
to study the eflect of 22 mulch treatments on the yieds and general 
performance of maize, cassava, cowpea and soybeans. He then 
gave the results so far obtained as follows: 

i) 	 Differential effects of mulches were observed on soil chemical 
and physical properties, weed incidence and namatode distribu­
tion. 

ii) 	 Orgz ic mulches controlled weeds differentially but favoured 
growth of annual broadleafed weeds while inorganic mulches 
supported growth of broadleafed weeds and grasses. 

iii) 	 Mulching differentially affected nematode population which 
tended to decrease with time although build up of plant parasi­
tic nematodes were more influenced by the test crop rather 
than by the mulch. 
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iv) Inorganic mulches had higher nematode Population than the
bare or control plot. 

v) In general, leguminous mulches had more beneficial effectson crop yield than straw mulches.
 
vi) Spectacular 
 increases in cassavaabout doub- root yields amounting totwnat of barethe plot were observed in plasticmulches and rice husks. 
vii) Straw mulches of Tvpha and paddy rice tended to causeimbalance nutrientwhile some muches interactedto reduce with fertilizerssoil pl1. Fitially, he concluded were used less that where mulchesfertilizers \wOUid be requiredmulches than with legurminouswith mulches of wide C:N ratios or of non-legumes. 

After Dr. Okigbo's presentationwith the chairman, the closing session beganpro. Adegboye, noting thatbeen a tremendous success in spite 
the workshop had 

participants from of the initial set-backs. Fiftyfifteen countries and some internationaltions attended organiza­the workshop and that the AAA\SAtwo members had gained twent% 
workshop. 

who Joined the association duringAlso that one the course of themember had convertedstatus to that his membershipof a life memberdues. after the payment ofHe thereupon urged tlhe requiredall members toAt this juncture, follow such a worthy example.he expressed AAASA'sgovernment worm gratitudeof the Republic to theof the Camerounexcellent facilities for providing suchand offering all participantshospitality. He then such an unuSualoffered the appreciationnot only to the of all participantsenterpreters but alsoother who contributed in diverse ways 
to the technicians and allto the sucessFinally, he thanked of the workshop.all participants

and wished theru a safe 
for attending the workshopreturn to their respective homes and countries. 

The chairman after his brief closing speechand H.E. Prof. invited Dr. \lostAbdel-Akher
of ILCA to address the participants onand AAASA, respectively. behalf 
expressed Dr. Most in his closing remarks,on behal of ILCA his sincerest appreciation toment of the Re, ic of the the Govern-Cairrieounfacilities for providing such excellentwhich etabled the wvorkshop tosful come to such aend. very succes-He then directed the gratitude of ILCAfor not onily willingly agreeing to the AAASAto co-sponsorfor the wonderful cooperation the workshop but alsoit offeredorganizing the workshop. to ILCA in efficiently
 
Mosi expressed 

Turning to the President of AAASA, Dr.
his sincerest thankshis to him, especially,age and several home inspite ofduties to have foundto come in person to Douala to 
the time and energy 

of the workshop. Finally, 
fully participate in the deliberationshe thanked all thoseby ILCA for accepting the invitation 

who were invited 
at shortrelevant scientific papers notice to prepareon the subject and tothem; FAO which be present to discusshad already translated ILCA's dream of a research 
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network into realitV and, LIst but rot least, all participants for 
the success of the workshop.contributing irninefielv to 

H.E. the President of AAASA in his closing remarks intimated 
that the worls;hop was a tremendous success and that he would 

rate itas ,- of the- most successful he had attended in his lifetime. 
He then , ' I', .,armcst gratitude: to the President, the 

the Cameroun, espec-Governmeni and ,eople ,9Ithe Republic of 
available such a mnagnificientially, Madame Ko; a, for making 

Conference Hall as the ,unue of the workshop and for their immense 
hospitality, to ILCA not only for its close cooperation with AAASA 
in organitiAng the c',-rksliop but also for its scientific contributions 
and finallc , to all particlpatits for their worthy contributions and 

wished tl':u ,,cvoyage to their respective countries. 

The Chairman of the closing session, Professor Adegboye, 

lastly called upon M.adain Koloko to declare the workshop closed. 
In her brief address, Madame Koloko commended not only AAASA 
and ILCA but also all participants for four clays of very useful 
laborious deliberations. Cameroun. she intimated, was happy to 
have hosted such a .uccessful workshop which she was sure would 
contribute immensely to improving the living conditions of the 

people residing in rural areas of the Continent. Finally, after expres­
sing her \armn gratitude to all participants and wishing them a 
safe return to their respective countries, formally declare the work­
shop closed. 
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INTRODUCTION 

The world will add at least a billion peopleyears and is expected to double 
in the next fifteen 

end of the century. 
its present population after theWorld food and feed production barelypace with population growth and 

keep 
reserve stooksMost developing countries are have declined.falling behindtion and in per caput food produc­cannot afford to import the additional food they require. 

While large scale efforts are being directedprimary food production, there 
towards improving

is also an urgent needall other to considermeans of achieving increased food supplies.of agricultural residues for The utilizationhuman benefitemphasis should be 
is one area where strongplaced. In recent years, the problenscultural and agro-industrial of agri­waste management have drawn increasing

attention. 

A residue is an excess produced togetheror processing with the growingof a target product. A residue becomesor a by-product a co-productwhen profitable use is made of it.the case If this is notthe residue becomes a waste,with no apparent which is defined as a materialmarket, social or environmental value-andtimes a negative one-which atthe holder no longer wantsplace at a given time. in a givenWith these definitionsgrowing in hand and withconcern and necessity the 
less, our task will then be 

ii the world of making more outto turn wastes into by-products. 

In keeping with its mandate,
derived from biomass, direct or 

FAO is concerned with all i-esidues
indirect.

classified in different ways 
These residues can be 

as is shown in Table 1. 
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Table I: Classification of organic residues. 

Orgin 

Agriculture - crop and animal wastes. 

Fisheries - shrimp heads, fish trimmings, 

trash fish etc. 

Forestry - bark, shavings, sawdust, logging 

wastes etc. 

Relpted industries - bagasse, hulls, oakes, pulps, 

bran etc. 

"orne/Community/Municiral i tv - uarbage, sewage 

animals, Davarage industries,Commodity or commoaity groups-

cereals, fibres, fruits and vegetables, 

milk and dairy products, oilseeds 

and nuts, rubber, spices and 

essential oils, starchy roots and 

tubers, sugars. 

Geographical distribution - regional, national, rural etc. 

Physical state - solid, slurry, liquid, gaseous 

Type 

- common properties - meals and press cakes, straws, 

fruits pulps etc. 

- common main component - sugary, starchy, cellulosic residues 

etc. 

Subject to the characteristics of the residues, the economic 
feasibility, the technical viability and the social and environmental 
acceptability, potential end-uses of residues are summarized as 
follows: 
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Table 2- Potential end-uses of organic residues. 

For: 
Food - 'rohi& biomass 

- fermented foods 
- beverages 

- mushrooms 

- oils 

- proteins 
Feed 

- direct use 
-upg rading physical--- chemical 

- ensilage " -microbial 

- microbial biomass 
Fertilizer 

- direct use 

- compost 

- residue of biogas 
Energy 

- biogas 

- alcohol 

- producer gas 

Construction materials 
Paper pulp 

-

-

-

direct use (combustion) 
boards, panels, bricks 
paper, paperboard, packaging 

materials 
Chemicals 

- furfural 

- xylitol 

- alcohol 

- organic acids 

Pharmaceuticals 
- polysacceharides 
- hycogenin 

- antibiotics 

- vitamins 
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PRACTICAL UTILIZATION OF SOME AGRO-INDUSTRIAL RESIDUES 

Fermentation Alcohol Programme: 

The Workshop on Fermentation Alcohol held in Vienna in March 
1979 called upon LNIDO to assist develping countries in the produc­
tion of fermentation alcohol for se a,, fuel and chemical feedstock 
and to seek the cooperation of F,. 0 th regard to the agricultural 
aspects of fermentation alcohol prodm tion. Th, overal programme 
will consist mainly of (I) general studies ,;i the ecaromers of fermenta­
tion alcohol production from different raw m.aterial .g. care Iilce, 

molasses, cassava, (ii) fuel alcohol test prLgramnees .rnd (C,) lan lug 
and establishment of new and additione c:iapit ,s fcr I;oduction 
of fermentation alcohol in suitable interestc.: developing countries. 

The FAO's main contribution in this .ro,rarrine will be in 
the activities relating to assessment of
 
- current cane output and potential yield a,,:re ases obtainable;
 
- competitive market outlets for sugar cane products;
 
- potential utilization of by-products and wastes for animal
 

feed and fertilizers. 
FAO will be involved in all aspects of planning and implementing 
new agricultural development required for the programme. 

Utilization of Rice Husks: 

In view of the crucial need to introduce modernized processes 
that will permit the utilization of rice husks as an energy source 
especially in the developing countries, FAO undertook a survey 
of available processes and equipment for burning rice husks to produce 
energy, leading to high-grade ash production. One of the major 
uses of rice husts is fuel to provide energy for rice mill operation. 
But the ever-increasing number of diesel and electrically-driven 
rice mills has largely eliminated such use except in certain areas. 
Consequently, large quantities of rice husks remain as unused waste 
material and create a significant disposal problem. The common 
practice has been to dump the rice husks in the open ground or 
into marshy river or creek. The husks are also burned to facilitate 
removal of husk stacks from the mill site. 

As the result of this survey, FAO was able to publish a paper 
on "Rice Husks-Conversion to Energy". This publication is available 
in FAO. 

FAO is monitoring and promoting an initiative of a private 
Italian rice miller to produce producer gas from rice husk and rice 
husk ash for industrial purpose (mainly metallurgy). A pilot unit 
of new design is under construction arid will be combined with con­
verted existing combustion engines for electricity generation. 

Recycling of Organic Wastes in Agriculture. 
A study tour was conducted in the People's Republic of China 

in 1977 to acquaint senior staff from developing countries with 
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practices in the recycling of organic wastes in agriculture and toexchange experience. The groupgwr. organized under the FAO/LJNDPProgramme consisted of 20 participants of which I- were fromcunntries in \ia. The study plac-d special emphasis on the practicalaspects and applicability of the nithods observed in Chini. 

This study was followed by --nother study tour on azolla propaga­tion and small-scale btoga.s te-hnology in China. The study took
place i) 1978 under FA i''K1 programme in cooperation with
the Goar rinent of the luapl('> Piyrublic of China.
 

1Irlization 
 of waste orglimn materials to produce biogas andmanure s rnot a new concept ind its technology is not only confinedto China But the national anprri h leading to widespread prolifera­tion of the tcniolog relai&,; the e cheapness of biogas units throughthe uLe ol locally availablc r'_,.rials and communal labour; andthe unique b.,)ic desk( desigr oi the units wherein the digesteracts also a gas holder .re air11able points which the developing
couInItries could learn from China. 

There are AO publiatins on Organic Recycling in Asiaand on the Roports of the above ,tudy tours to China. FAO is presently
preparing a manual or handbook detailing all practical aspects of
,mal -sale biogas technology in China. 

Molasses Utilization: 
The publication on molasses utilization is primarily intendedfor policy-makers, planners, development corporations and potentialinvestors to thenhelp decide on the most appropriate use of thisvaluable by-product. olasses is one of the mostly widely usedagro-industrial by-products but in several areas and countries itis one of the most under-utni zed resources. The paper gives a con­densed presentation of the different possiblities of molasses utilization.It also deals with fermen tatton processo. . 

Treating Straw for Animal Feeding:

A study was undertakei 
 iii ri, -od countries in Asia, theMiddle East and Europe to assess the physical, chemical and bio­logical methods of treatment 
 of ,traws lr improvement of theirfeeding valie. As the rest,1i o the ,tid., recommendations weremade on the practical appli, tion ot various methods and for furtherresearch. The report of this study is available in)FAO.
 

In producing cereal 
 crops, the quantity of straw that is producedis equal to or greater than the quantity of edible grain. Its utiliza­
tion is, therefore, of great Importance. 

New Feed Resources: 
A variety of agro-industrial by-products are available in Africa 

for use as:
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(a) 	 Primary by-products: major ingredients forming the base of 
a feeding system. 

(b) 	 Secondary by-products: minor ingredients supplementing the 
diet. 

An FAO publication on New Feed Resources is available. 
It provides information on the various physical, chemical and biological 
methods by which the value of poor-quality roughages can be improved, 
how such improved materials can be made to pay. The studies 
include utilization of various agricultural products in the feeding 
systems. 

Although in several instances effective use is already made 
of residues, and some by-products have become rnain products in 
their own right, such as molasses or soy flour, in many cases residues 
are still under-utilized or completely wasted. A number of possible 
reasons why this apparent wastage is at times occurring, should 
however be recognized: Remoteness or scattered production can 
raise collection costs out of proportion to the value of the product. 
Straws and other field crop residues tend to have this handicap. 
A strong seasonal character puts an extra burden on investment 
for processing or storage. Fruit and vegetable residues are an example. 
Dilution of the residue by process water or incorporation of harmful 
substances are also factors that can make the residue economically 
inaccessible. Lack of know-how adjusted to local conditions in scale 
and simplicity and, on occasion, restrictions of a social nature further 
play a role in determining residue utilization possiblities. Insufficient 
credit facilities, especially in rural areas, may block an otherwise 
promising residue utilization scheme. 

All these possible constraints make it necessary to act prudently 
when considering residue utilization. Apart from the quantitative 
and qualitative aspects of the residue and the appropriate technologies, 
local infrastructure and conditions should therefore be closely studied. 
It should not be forgotten either that the incentive for profitable 
residue utilization is quite often linked with, or dependent on, political 
decisions.This isalready shown in some industrialized countries where 
penalties imposed on environmental pollution have shiften the economic 
feasibility of residue utilization practices in its favour. 

FAO 	 PROGRAMME IN RESIDUE UTILIZATION: 

FAU'5 activities in residue utilization are decentralized in 
the Organization because of the magnitude and diversity of the 
subject matter involved. 

Most FAO activities are either commodity or end-use oriented. 
Of the potential end-uses listed in Table 2, most emphasis is placed 
on residue utilization for animal feed, organic fertilizer and renewable 
energy. The activities focus on the publication of manuals, holding 
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of meetings, workshops, and training courses, collection and dissemina­tion of information and field projects.projects Typical examplesare the Regional Training Project 
of field 

in the Far East, on Organic Recyclingand r,, use and adaptationfor of indigenousanimal feeds, including onsilage of 
material 

fisheries'biogas projects, activities residues. Basideson producerbeen initiated. Weed fuel, 
gas and l alcohol have 

also forms an 
which is partially based onimportant aspect of search 

residues,the for more anduse of renewuble energy improved
soI' oe ,s. 

Residue utilization as A concept wasin a UNDP/FAO extensivelySeminar discussedin 1977. As a follow-up FAO hasfour publications on residues, issued 
the i.e. the DirectoryCompendium of Institutions,of Technologies, aof a Quantitative Survey. 

Bibliography and the resultsThese publications whichbuted aim areat widely distri­facilitating communication and exchange of informationbetween similarly orientated lnsnt:utions and individuals. 
Residue utilizatio covers aand wide field both byby discipline, yet commoditythere are many similaritiesapproach and the required mental 

in the technological
attitudegoal of making fuller 

towards achieving theuse of the world's nautral resources. 
In this context international co-operationbut a costsaving necessity, is not only desirableat least up toof co-operation does the point where the costnot exceedthe the savings expected.need for co-operation Althoughis recognized,is not easily accomplished even 

effective co-operation 
eserybody concerned. assuming the good intentionsIn ofbiogas productioneight Agencies in the UN alone that, 

one could name at least 
become engaged in 

over the last few years, havethis subject. In additionNon-Governmental Organizations, there are numerousInstitutes,and national programmes, bilateral aid agenciesthat are involvedthat it becomes complicated . Small wonder than 
of, benefit 

and time consuming keepor tofrom, all on-going tract 
therefore work. A pragmatic approachbe adopted. shouldEfficient co-Operationby organizing will not be fosteredcostly meetings which yieldshould rather aim at little factual results butpursuing and adheringof labour, by which to the principle of divisionwasteful duplication of activities willor reduced be avoided,to the rminimunM . 

On the international level organizationsrestraint in staying within the 
will have to exerciseterms of referencewere created. for whichThe establishment theyof networksa regional or global of Institutions onlevel dealing withutilization selected topicsshould be encouraged. in residue 

if continued A system of Newsletterspublication is usefuland distribution oser a prolonged periodcan be ensured.
 

FAO's contribution to improved communicationexchange will be the and informationcontinued publication at three-year intervals 
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of the Directory of Institutions and the Compendium of Technologies. 
Apart from this general service it will continue to provide technical 
assistance in selected subject areas, and where possible and feasible 
generate funding for field project developments. 

A good example of international cooperation in this field in 
Africa could be FAQ supported collaboration between University 
of Ife in Nigeria (Prof. A. Adegbola) Institute of Zootechnical Research 
in Bamanda, Caineroun(Dr. R.Ndumbe)and Ecole Intertates des Science 
et .\ldecines Vkt6rinaires, Dakar, S6n6gal (Prof. Ndiaye). 

The objective of this cooperation is to disseminate at the 
small farm level methods of fattening beef cattle based on the 
optimal utilization of cocoa husks, rice milling, b'products, maize 
crop residues, groundnut hulls and molasses. 

husks), IRZThese Institutions, i.e. University of Ife, (cocoa 

Bamenda (rice by-products and maize crop residues) and EIS Dakr 
(groundnut hulls and molasses) are now carrying out feasibility pilot 
experiments on the use of these agro-industrial by-products by 
means of funds attributed through letters of agreement. 

The results anticipated will be (i) increased rate of adoption 
of these techniques by small farmers, which eventually would lead 
to a stratification of beef production based on a wider use of by­
products from agriculture and its allied industries, (i) establishing 
linkages between groups in developing countries and between develop­
ing and developed countries. 

In order to reach the level of a real "network" other countries 
should also be involved. The mission which took place between 
15 and 26 September (1980) and in which all three mentioned above 
representatives of Cameroun, Nigeria and Senegal took part have 
reviewed the work already carried out in these centres and discussed 
the future experiments in this field. 

It is also expected that a sub-regional Workshop of \Vest African 
states on the utilization of by-products in animal feeding will be 
organized in Dakar, Senegal on September 21-25, (1981). 
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ANNEX 
A LIST OF FAO PUBLICATIONS ON AGRICULTURAL AND 

AGRO-INDUSTRIAL RESIDUE UTILIZATION 

I. 	 Agricultural Residues: \World Directory of Institutions. 
2. 	 Agricultural Residues: Compendium of Technologies. 
3. 	 Bibliography of Agricultural Residues. 
4. 	 Agricultural Residues: Quantitative Survey. 
5. 	 Residue utilization: Management of agricultural and agro-indus­

trial wastes. 
6. 	 Les residus agricoles et leur utilisation dans certains pays 

due sud et due sud-est de laise. 
7. 	 China: Recycling of Organic Wastes in Agriculture. 
8. 	 China: Azolla Propagation and Small-Scale Biogas Technology. 
9. 	 Organic Recycling in Asia. 

10. Rice Hu,ks-Coversion to Energy. 
1I. Tsreating Straw for Animal Feeding. 

12. 	 Molasses Utilization. 
13. 	 New Feed Resources. 
14. 	 Fish Silage Productioninin thelndo-Pacific Region-A Feasibility 

Study. 
15. 	 Prospects for Fish Silage in Malaysia, Sri Lanka, Bangladesh 

and the Philippines. 
16. 	 Prospects for the Production and Utilization of Fish Silage 

in Thailand. 
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INTRODIJCTION
 

The production of many 
 food products inevitable involvesthe discarding of parts of the raw materials from which they aremade. In most cases therefore, a large part of the original harvestedmaterial is lost. The ideal solution to this problem will be to convertsuch discarded parts into coruroodities which can be sold at a profit. 

This paper \ jllconsider the utilisation of local agricultural
wastes comrnonly found in mosi parts of Africa. 

CC>COA WASTES
 
In the production of chocolate 


from 
and many cocoa-based beveragesthe harvested cocoa pods, a large part of the original harvestedfruit, namely, pod husks, mucilage and bean shell is discarded aswaste materials. Such valuable waste by-products are, therefore, 

lost. 

COCOA POD HUSK
 
In Nigeria, the annial production of dry cocoa beans 
 for exportis estimated at 250,000 tons. Atanda and 3acob (1973) have shownthat, depending , the type of variety, about 9-]8 gms of pod huskmaterial are tn;u t d to produce I gn. of dry coca beans. It means,therefore, that o,:,Jt 4 million tons of wet pod husk are producedin Nigeria anludlly. The moistLure content of the wet pod husk is,O-S 5, thus leaving a total of 800,000 tons of dry pod husk ayear. The disposal of cocoa pod husk is a problern because f it
is left in the cocoa plantation it can serve as 
 source of inoculumof Phvutophthora paliivora, the causal agent of the black-pod disease 

of Cocoa. 

Extraction of Potash from Cocoa Pod Husk and Possible Utilisation as Saponifying agent for Making Soap with Low Grade Cocoa Butter: 
For ever) ton of dry cocoa bean produed, about 9.8 tonsof pods are dis or ded as wastes. Th,, is an important by-product

for which an important iarketable oL.',It must be found. The chemical 
composition of th. cocoa pod husk is as follows: 

",-
 -
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Dry matter % 

Crude protein 6.5
 
Crude fiber 
 30.3 

2.8Pectins 

Nitrogen free extract 4.0
 

13.4Ash 

Detailed analysis of the ash component of the pod husk is as follows: 

CaO 0.22-0.59 

MgO 0.40-0.52 

K2 0 2.85-5.27 

P 20 5 0.30-0.49 

0.06-0.14SiO 2 

K2 0 is the principal component of the ash and it is the only 
readily soluble oxide present. Extraction had been done by the leaching 

process, thus, converting the oxide into soluble potassium hydroxide. 
The potash thus extracted had been used in soap making and if properly 
refined can be used in the laboratory for other purposes. In addition 
to its use as a supplier of potash, the ash from cocoa pods can also 
be used as a fertilizer. 

Use of Cocoa Pod Husk as Part of Animal Feeding Stuff: 

Cocoa pod husk had been suggested for use as a roughage in 

livestock feed (Greenwood-Barton 1965 and Adeyanju, et al., 1974). 
The husk was substituted for maize in a dry season ration particularly 
the digestable dry matter, crude protein and nitrogen free extract. 

Utilisation of Cocoa Pulp Juice for the Production of Jam and Wine: 

The cocoa pulp juice is the sugary viscous liquid that drains 
from the beans during extraction prior to fermentation. Apart from 
the limited use of the juice as a fresh drink, no other use is known 
in Nigeria. Analysis of the juice (Faade, 1972) shows that it is made 
up of mainly water and glucose as shown below: 

Composition of Cocoa Juice 

Water 79.2-84.2 
Dry substance 15.8-20.8 
Non volatible acids 0.77-1.52 
Glucose 11.60-15.32 
Sucrose 0.11-0.90 
Pectin 5.00-6.90 
Ash 0.40-0.50 

The cocoa pod juice is also rich in pectin, which is regarded 
as a long chain of polygalacturonic acid molecules with the carboxyl 

http:0.40-0.50
http:5.00-6.90
http:0.11-0.90
http:11.60-15.32
http:0.77-1.52
http:0.06-0.14
http:0.30-0.49
http:2.85-5.27
http:0.40-0.52
http:0.22-0.59
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groups partially esterified with methyl-alcohol. The most important 
use of pectin which has the abilityto form gels is in the manufacture 
of jams, jellies, marmalades and preser\es. The pectin in cocoa juice
has been precipitated and utilised for this purpose. In the presence
of a ch drting sLIbtance, suitable pH and heat, pectin forms a 
suitabilc jell.s-like substince which can be used as jans. 

In addition to the pectin, the juice is ver rich in glucose and 
undergoes natural fernientation to produce a liquid rich in both alcohol 
and acetic aicd. This uncontrolled natural fermentation is undesirable. 
Potas .InI metabisul phate which, in solution, produces the H 2SO 3 
orn js used to check this type of fermentation. In addition to the 
jujce this prevents the wild yeasts naturally present therein to ferment 
it. The treated juice (an be later fermented using wine yeasts, to
produce a wine of good quality (Falade, 1972). A wine, golden yellow
in (olour and having an alcohol content of I 12 has been produced. 

Possible by-products of cocoa juice 

Cocoa juice 

Chcmical treatment 

Pectin + Supernatant solution 

Jai 3ellies Precipitant 

Sugary solution 

Fermentation 

Wine 

CASHEW NUTS
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Utilisation of Cashew Nut Meal as a Suitable Source of Plant Protein: 

Various loud formulations were carried out using -ashew nut 

meal and its derivatives as suitable sources of protein (Falade, 1972). 
The meal was obtained by the removal of the oil front (._stew nut, 
and later grinding and sieving the dt-fatted (ake. Analysis of the tIeal 
is shown as follows: 

Composition of Cashew nut meal 

Moisture 6.85 
Ash 4.75 
Crude protein 42.10 
Nitrogen free extract 47.30 

Cashew nut protein can be obtained from the protein-rich meal 
using water as the extracting solvent.Dilute Hcl is used to adjust 
the pH of the aqueous extract to 4.1-4.5 (Proteins are precipitated 
out from so!ution at this pH range-Isoelectric point). Caustic soda 
is added to adlust the pH back to neutral (6.7-7.0) in order to obtain 
a good dispersible linal product. The extrac ted protein is then dried 
at low tenperatijre to avoid denaturation. 

Two high protein food products vere fornulated primarily as 
baby foods. In both recipes, cashew neal was used as the principal 
basic ingredient and other nutritional factors necessary for the growth 
and development of rhildren were added in appropriate proportions. 

CROP RESIDUES 

Utilisation of Crop REsidues as Fertilizers: 

Crop residues are very important sources of organic matter. 
In many countries crop residues such as cereal straw and legume haultn 
are not, or to a limited extent only, available for fertilisers but are 

used as fuel or as dotriestic materials. This is especially true of arid 
to other regions.and semi-arid ,ones but can also apply to sorne degree, 

Reliable information of farmuners' practices is scarce, but it seems 
that legume halulm is generally retmloved for animal fodder and cereal 
stayer is often grazed by nomadic cattle particularly in more arid 
areas. Unused residues are burned or allo%%,ed to decay in the fields. 

residues has been found to improve soil structurePloughing in cereal 
in Senegal (Charreau and Nicou, 1971). 

In the sandy dune soils of Niger, annual incorporation of millet 

stover increased soil pH and the content of organic matter and ex­
changeable cations resulting in inprovement of crop yields. 

In Northern Nigeria, Jones (1976) found that residues from a 

continuous inai;e-millet rotation, burned .and the ash incorporated 
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or chopped and incorporated unburned, produced significant fertilisereffect. It aided applied superphosphate in increasing exchangeableCa and thereby lessening the fall in soil pH. The top soil exchangeable
K and .\g were also ,_ re'rved. 

There are many arejv in the hutmid tropc.s whe:re the vegetativeparts of maize and cotton m,,' be used for rnulching. 

In Japan, the typical organic material most popularly usedfertilisers are compost and stable Mannre produced from cereal crop
as 

residues, partiiculary rice straw. The practice of ploughing-underfresh rice straw has become popular in the rice-producing 
of 

areas. Sincerice straw is applied to the soil in an undecomposed condition andunmediately ploughed tinder, the decomposition which subsequentlytakes place in the soil has an important influence on the growth ofthe following rice crop. The decomposition process is influenced bythe temperature moistureand content of the soil. In :his first stagesof the decomposition process, the soluble carbohydrates in rice straware decomposed rapidly (within 30 to 40 days after application) ifweather conditions are warm. The cellulose and ligning are more slowlydecomposed. It has been shown that decomposition of rice straw progres­sed more rapidly under higher soil moisture conditions and that theaddition of nitrogen considerably accelerated the decomposition during
the early stages. 

It is difficult to evolve a general rule for agricultural utilisationof crop residues. For example, in scm-e cases, the composting of strawmay be recommended whereas in others its direct incorporation intothe soil may be economically, and from the agronomnic point of view,
better justified. 

Utilisation of Plant Residues for the Control of Plant Parasitic Nema­
todes: 

The use of nematicidal chemicals is perhaps the most reliablemethod for a quick control of nematodes infecting crops. However,in most developing countries of the world, it is unrealistic to recommendsuch chemicals to farmers because most nematicides are toxic to humansand require skilled labour for a successful application. They alsoaretoo costly and the increases in yields obtained by their use may
be sufficient 
 to cover costs (Caveness, 1967). 
riot 

Other methods must,therefore, be found which can ensure crop yields by killing or reducing
nematode pests. 

The use of crop residues as soil amendments have been reportedto offer such a possibility. Soil population of Pratylenchus brachyurus.the root lesion nematode of maize, had been reduced as follows: 35%by farm yard manure (rotted cow dung i 5% elephant grass straw)58% by cocoa pod husk and 75% by cassava peelings (Egunjobi andLarinde, 1975). Corresponding improvement in yield of maize wasfollows: 8596 asincrease with farm yard manure, 124% with cocoa pod 
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husks, and 22% with cassava peelings. Some earlier workers Hutchinson 
et al. (1958), found that decayed pumpkins were capable of suppressingsoil populations of ,ome phytophagous nematodes. Tomerlin et al.(H969) associated allalta meal, cotton seed meal, and rice straw amend­ments with nita ble depression in populations of Belonolairius Iongi­c au da rus. 

Dhe ,pecific nature of the nematicidal properties in these soilamenduents is unknown. These, however, may be the result of somechemicals produced trom imicrobial degradation of the organic amend­ments; toxic intermediate breakdown products such as ammonia; andincrease in soil Microfauna inimical to nematodes or even other com­
petitive nematodes. 

Utilisation of Crop Residues as Animal Feeds: 

In the developing countries, two t pes of by-products can be distin­guished. The first are those found all over the world and that havebeen used for .several decades, e.g., groundnut cake and cotton
cake. While difficulties are still being 

seed 
encountered in the use of theseby-products in feeds because of their highly variable proximate composi­tion and protein quality, it is generally agreed that the utilisation

value of such feeds is well understood (Fetuga and Tewe, 1979). Thesecond are the lesser known by-products which in most instances arepeculiar to and originate in the tropics, e.&. cocoa pods, coffee hullsand palm kernel cake. Despite their availability in great quantitiesand potential as substantial feed resources, there is little or no literature
regarding their properties or their potential as feeds. 

Utilisation of Cow Dung and Poultry Droppings: 

Cow dung when processed through a gas plant yields enough gasfor cooking and lighting and produces in addition a good quality manure,thus being of multiple benefit. It is worth noting that the heat efficiencyof cowdung burnt in the tra( nal way is not more than 11% of theinherent caloric content of thc raw material, while cowdung gas burnt
 
in properly designed burners reaches about 
60%. 

Cattle dung is used in India and Pakistan as fuel. Dung cakes
 are made, dried and burnt for 
 cooking purposes. As a result of researchwork carried out at the Indian Agricultural Research Institute, NewDelhi, a design was perfected to produce methane gas from animalwastes. The process reduces loss of organic matter through decomposi­tion and stops nitrogen losses and provides cooking gas (Ambika singh,
 
1974).
 

Composition of Cow Dung: 
.loisture content 74-82

Total soild 18-26Volatile solids as ,oof total solids 70-80 
Total nitrogen as N °6 on dry basis 1.4-1.8
Total phosphorus as P205 1.1-2.0Potassium as K 20 06 on dIry basis 0.8-1.2 
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Poultry droppings form a gooddecomposition. source of nitrogen fertiliserThe fresh onchicken droppings havebenefit when applied also been of greatto fish ponds by the production of planktons whichconstitute a rich source of food for fishes. 

Wheat by-products: 

Wastes and by-products
wheat rmiddlings 

of wheat processing include wheatand wheat shorts. A sizeable quantity ot 
bran, 

available from thc this is currentlyflour mills located in Nigeria.Thefor this product is, however, low. Only about 20% the 
local demand 

finds its way into of current outputlivestock feeds. A considerableby-products portion of the totalis exported. The various milling by-productsof great Importance in are, however,the formulation of dietsaninils. Wheat bran is of 
for highly productiveone thefeeds all over the world. 

most popular ingredients in dairyIt has been includedbet\keen 30 in dairy rations at levelsto 50% theof mixture. Up to a level of 15also be effectively to 2596 canused for fattening lambalso be utilised and beef cattle. Itas swine and poultry feed but in 
can 

(10-15o) due to its a iimited proportionfairly high crudeof wheat fibre content. Themiddling is about lysine content 
utilisation of this 

0.99. Perhaps the greatest hope for thefeed lies in itsas cattle in 
being ground and pelleted tofeed particularly be usedthe dry season in areas where fodderbecomes scarce (Fetuga and Tewe, 1979). 

Rice by-products: 

By-products from rice-milling includeand rice flour middlings. Rice 
rice bran, rice polishingsbran is already instock feeds. Its use in compound live­present role is essentiallyfor as a source ofnon-ruminant bulkanimals to facilitate in diets

intestinal mobility.used do not exceed The levels20% even with finishing pigs.may however, be used More liberal amountsfor ruminant animals.has a fairly high Rice flour middlings alsooil level (l4.5-16.8?Q.Extraction
valuable concentrated of the oil will producevitamin and carbohydratepoultry. The oil can be 

source for pigs andalso used in feed mixtures (Branckaert et al.,1976). 

Oil-seeds by-products: 

A large variety of oil seed crops are grownproduced from in Africa. The cakesthe process of oil extraction constituteprotein source for an excellentlivestock feeding. Groundnutmonly used cake is the most com­in compound livestockrequires some care in its 
feed. The presence of aflatoxinuse especially forseed is consumed pigs and poultry. Cottonby cattle as supplementaryin Northern Nigeria. feed in the dry seasonA large portion (aboutis, however, exported. Cotton 

60%) of total productionseed cake hasof the toxicity attributed to gossypol but 
always been suspect because 

of it seems that the effectsthis substances have been exagerated. It is to a great extent destroyed 
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during the extraction of oil through the expeller process (Brackeart 
and Vallerand, 196 ). 

Paln kernel meal contains approximately 20% crude protein and 
appreciable quantities of essential amino acids. It's fibrous nature 
has, however, made it unacceptable in monogastric rations. 

Sugarcane by-products:
 

In the manufacture of sugar, two major by-products, molasses 
aid baggase are produced. There is also the sugarcane tops which, 
%hithproper processing, can constitute valuable additional fodder. 

Cane molasses contains very little nitrogenous terial. It is, 
however, good source of all the major and minor mineral elements 
w th the exception of phosphorous. It is also a good source of the 
readily available carbohydrates. This feed has considerable potential 
as an energy source in rations for pigs, sheep and cattle (Fetuga and 
Tewe, 1979). Sugar molasses is also utilised on a large scale in the 
distillation of alcohol). 

Bagasse is usually burnt as fuel in sugar factories. It has however, 
been processed in some tropical countries (Puerto Rico and Peru) for 
animal feed through mechanical and chemical treatments (Preston 1972 
and 1975). 

Maize cobs: 

These are curreotlyburnt and their ashes employed as a fertilizer 
in many farms. Corn cob has a feeding value approaching that of 
poor millet or guinea corn straw. Its nutritive value can, however, 
be considerably improved by treatment with alkali. Such treated corn 
has been used at levels between 20-30% in dairy rations with some 
success. 

Cotton seed hulls: 

This represents about 25% of whole cotton seed. Very little has 
been made of this waste product as at now probably because of a 
lack of understanding of the mode of effectively utilising it. This highly 
fibrous feed can, however, be combined with cake and fed to livestock. 
The product is usually ground to a fine texture,a procedure believed 
to increase the availability of the crude protein 1.7 times and the 
fat about two fold. 

Cassava tuber peels and leaves: 

Tubers and root crops provide a good portion of the energy require­
mients of many Africans. Some of these products in order of importance 
are: Cassava, yam, sweet potato and cocoyam. A considerable protion 
of the cassava tuber is discarded during gari production. These include 
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the small-sized tubers which are difficult to process, the' peel whichaccounts for between 10 and 130a of the tuber by weight and theobtained from the shaftpulp after shredding (Tewe et al.,to these, 1975). In additioncassava leases that are discarded after hartesting, can beused as a source of proiein. Goats
peels. They can, 

and sheep Lre known to relish cassavathere lore, find (Ons iderabl e Jse :n ru rninantConsiderable infornation is avail 'le 
Ieeding.

In litera tri inidicating that leavesof cassava, espe(:iaoly in the dried forms, ,.ii be incorporatedrations for pigs, intopoultry and ddirycattle. The 'use of cassava and itsby-products 
is, however, handicapped by its high h drocvanic acid
(HCN) content. 

Studies by Tewe et al., (1975) also indicated !hat oven-dried cassavapeels contain up to 1,000
places sone extra 

ppm ltCN after rnullng into powder. Thisdemand on requiremient of animals for- sulphur aminoacids to detoxify the hydrocyami arid. \loreover, cossava isin protein and h ence 5ery lcwthe requirement for protein supplementationis much higher than cereals. The high crudelimits fibre content of the rootsthe 'level of its inclusion in imonogastric rations. The leaveshave a high protein content (17-40V) although they are deficient in 
methionine. 

Apart from the amino acid imbalance, the physical form and pala­tabilit, of arecassava important. Henry (1971) indicated that thepotkdered stari5 is ulcerogeiIic to therations given gastric mucosa. Cassava basedas a marsh usually result in diarrhoea
tion is in pigs and consump­reduced in most instances. However, when pelleted, they arepreferred to maize based diets. 

CONCLUSION 
It appears from this presentation that crop by-products and wateshae tremendous potentials in alleviating the teething,,hortage of energy, fertiliser and protein 

problems of 
components of livestock
teeds in TheAfrica. problems that have to be [aced for efficient utilisa­tion of thes wastes are as follows: 

Fie need for public awareliss of the potentialities ol availableugro-by-products and wates. This can be facilitiated throughinm, extension, demnonstration, train­factual publicity arid where possiblepilot production and Utilisation. 

There is need to encourage the use of such products in localitiesMhere they are produced or where possible prepare them[ourms in they be 
intoich can easily transported to larger commercial 

feed mills. 

- It is also ,inportant to develop processing facilities for those by­products that reqire rendering and processing before use.
 
There is a clear need for 
 efficient wastes management to enablemaximum exploitation of the available by-product resourcesconsidered wastes to the 

and thosemeet rising demand for power, fertilizer,livestock feeds and other useful products. 



Table I: Chemical composition and nutritive value of crop residues and crop by-products. 

DryCrude Crude I Precent dry matter I I 
Item Dry

matter % 
prote
protein 

Crd 
Iibre 

Ether 
Extract 

Nitrogen 
free extract 

I I Ca P TDN % 

1 Wheat bran 87.6 16.9 11.3 3.8 61., 6.4 0.1 0.9 5858 

2 Wheat Middling 90.4 19.4 6.8 3.3 66.5 4.0 0.14 0.16 62 

3 Wheat short 92.7 16.1 4.6 4.2 60.1 15.0 0.38 3.14 74 

4 Sugarcane molasses 74.0 3.2 0.4 0.1 86..S, 9.5 0.7 0.07 53 

5 Sugarcane ha asse 90.3 1.0 45.0 1.0 '44.1 8.0 - - -

6 Sugarcane tops 25., 6.5 35.0 2.2 50.3 6.0 - -

7 Cocoa pods S.4 6.5 30.3 1.1 48.7 13.4 -

8 Disc irded ,cxoa beans 47.2 14.3 9.0 42.8 29.3 4.6 -

9 Casliewnut hulls 80.6 20.0 4.5 37.5 33.2 4.8 0.05 0.45 75 

10 Cotton seed hulls 94.5 7.1 52.0 0.6 34.6 5.6 1.2 1.0 -

11 Maize cobs 95.5 2.5 32.6 0.9 60.1 3.9 0.16 0.06 -

12 Rice bran 89.1 8.3 23.8 3.6 37.7 15.7 0.2 0.4 -

13 Rice husk 89.6 5.2 34.8 0.8 37.5 11.3 0.04 0.08 -

14 Rice polishing 86.6 12.4 5.2 13.5 68.9 4.8 0.06 1.38 -

15 Ricestraw 89.2 10.3 38.0 ,i.7 46.6 3.4 2.15 0.75 

16 Cassava peels 27.9 5.3 20.9 1.2 66.6 5.9 - - -

17 Groundnut cake 90.4 49.9 4.6 5.5 26.6 6.0 0.18 0.70 -

18 Palm kernel cake 93.8 18.7 10.3 6.7 49.7 4.2 0.28 0.74 -

19 Cotton seed cake 92.7 46.8 10.2 8.6 30.4 6.3 - - -

Source: Fetuga and Tewe (1979). 
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Table 2: Some important nutrient levels in crop by-products. 

Lysine Methionine Cyftine TDN ME 
% % % % Kcal/kg 

Wheat middlings 0.9 0.25 0.19 62 1870 
Rice bran 0.5 0.24 0.11 72 2860 
Discarded cashewnuts 0.9 0.30 0.38 75 2860 
Molasses - - - 53 1950 
Groundnut cake 1.6 0.148 0.85 30 2640 
Palm kernel cake 0).64 G.39 2178 

source: Fatuga and Tewe (1979). 

REFERENCES 

Adeyanju, S.A., Ogutuga D.B.A., llori J.0., and Adegbola A.A. (1974)
Cocoa Husk: Has it any feeding value in livestock feeds ? 
Proceedings N'igeriun Suiety of Animal Production, 
Kano, Nigeria. 

Ambika Singh (1974) Use of organic manures and green manures 
as fertilisers in developing countries. Report of the 
FAO/SIDA Experts' Consultation. Rome, 1975. 

Branckaert, R. and Vallerand, F. (1968) Utilisation du tourteau de 
coton en alimentation animale. Zootechnia 17, 73. 

3ranckaert, 	 R., Tesserna S., and Temple R.S. (1976) The use of local 
by-products for formulating diets in Tropical African 
Countries. Proceedings First International Symposium
Feed Composition. Animal Nutrient Requirements and 
Computerisation of Diets. p. 676-684. July 11-16, 1976. 
Utah State University, U.S.A. 

'.aveness, F.E. (1967) Nernatology Studies: End of Tour progress 
report on Nematologv Project 620-11-110-050, pp. 15. 

narreau and Nicou (1971) L'amelioration du profil cultural dan 
les sols sableux et sablo-argileux de ]a zone tropicale 
seche ouestaftricaine et ses incidences agronomiques.
Agronornie 	 Tropicale Paris 26:209-255, 565-631, 903-978, 
1183-1237. 

r,%injobi, O.A. and Larinde, M.A. (1975) Nematodes and maize growth 
in Nigeria (ii) Effects of some amendments on populations
of Pratvlenchus brachvurus and on the growth and produc­
tion of maize in Nigeria. Nematologia Mediterranea 
3:65-73. 

i'a ade, A. 	 (1972) In 1972 Report of the Cocoa Research Institute 
of Nigeria. 



- 62 -

Fetuga, B.L. and Tewe, 0.0. (1979) Potentials of Agro-Industrial 
by-products and Crop residues as animal feeds. Proceeding 
of the Third Conference of the Nigerian Institute of 
Food Science ind Te !rf: .) y., 

Greenwood-Barton (1965) U tilisation of Cocoa by-products FdMf. 
40, 52-56. 

Henry, Y. (1971) Effects nutritionels de Iincorporation le cellulose 
punfice dans le gregime due eor-croionce. Ann.en 
Zootech. 19, 117-121. 

Hutchinson, M.T., Reed, 3.P. and Pramer , D. (19 58): Observations 
on elects of decaying vegetabie matter on nematode 
populations. Plant Dis. Reptr. 44, 4,00-4,0I. 

Jones, M.J. 	 (1976) The significance of crop residues to the maintenance 
of soil fertility under continuous cultivation at Samaru, 
Nigeria. J. Agric. Sci. Camb. 86, 117-125. 

Preston, T.R. (1972) Lengraissment des bovins de boucherier a la 
mellasse dan les regions tropicales. Rev. Mond. Zootech. 
1, 24. 

Preston, T.R. (1975) Sugarcane as the basis for intensive production 
in the tropics. Animal feeds. Tropical Products Inst., 
London, pp. 6S-83. 

Tewe, 0.0., 	Job, T.A.,Loosli, J.K. and Oyenuga, V.A. (1975) Composition 
of two local cassava varieties and the effects of process­
ing on their hydrocyanic acid content and nutrient digesti­
bility by Rat. Nigerian J. Anitn. Prod. F 3(2), 60-66. 

Tomerlin, A.H. Jr., Arthur, H. and Smart, G.C. Jr. (1)69) Tli influence 
uf organic soil amendments on nernatodes and other 
soil organisms. J. Nematol. 1, 29 -30 (Abst.). 



Proc. AAASA/ILCA Workshop on the Utilization of Waste
Products in Africa, 17-12 Nov. 1980, Douala, Cameroun, p.63-95. 

STUDIES ON POTENTIAL USES OF CROP RESIDUES AND SOME

INDUSTRIAL ciY-PRODIJCTS IN SOIL MANAGEMENT
 

IN THE HUMID TROPICS
 

IV
 
B.N. Okigbo, I[.T.Kang,R.Lal, 0. Akobundu 

and F.E. Caveness 

Institute of Tropical Agriculture, lbadan, Nigeria 

INTRODUCTION 

Sources, availability, potentials, effects, limitations and problemsof organic residues in the maintenance of soil fertility and crop product­
ion in various parts of the world have been reviewed by various authors 
(FAO/SIDA, 1975 and 1978). The beneficial effects of organic matter
in crop production in the tropics have been emphasized by Greenland
(1972) and Charreau (1974). Of relevance to the topic of this paper
are Ayanaba and Okigbo (1975) and Lal (1975 and 1979) who reviewed
the practice of mulching and noted its potential in maintenance oI
soil fertility and crop production. They reported that mulching produced
different effects which were (1) physical that conservesin it soil
moisture, improves infiltration rate, controls run-off and erosion,
reduces weed and weed competiti,ii, lowers soil temperature and
its fluctuation and improves soil structure, (ii) biological in increasing
the activity of soil ,icro-organisms, animals such as earthworm;.
effects of phytopatholo.,ical nermatodes and fungi and phytotoxic eftecoj
and (iii) chemricai, invol ink; increases in humus cationand exchange
capacity as os or7,l -o.ilization immobilization of plant nutrients,
depending on the )revailing conmitions v,hich determine whether nutrierit 
deficiencies or to>icitic-s result. The overall effects of all these changes
or effects of mulching is improved soil fertility which results in signift­
,antly increased yields of cereals, grain legumes and root and tuber 
crops. It was noted that where the organic mulches used (e.g. leguminous
plant residues) suipplied sufficient amount of nutrients such as nitrogen
to the crop, no addition of inorganic fertilizers was found necessarv. 
Moreover, it is now well known that productivity from soils in th.
tropics under continuoLis cultivation can be sustained economically 
provided soil erosion is controlled, and soil physical and nutritionalcharacteristics are maintained at a favourable Inlevel. addition to
the above various workers have confirmed that no-till farming wit 
crop residue mulch at 4 to 6 :/ha can effectively control soil erosion 
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and maintain soil physical conditions at favourable levels for soils 
in the humid and sub-humid regions (Jurion and Henry, 1969; kannegieter,
1967 and 1969; Lai, 1975-1976 and Seihert et al., 1977). Soil fertility 
can be maintained through balanced appli(iaton,!:e ,:rop rotation 
with legunitnous crop cosers (Lai et ul.i7S), strip (ropping of cereals 
with perennial legumes, and the use oi (:rip residue rmutch (Lal, 1979). 

At iTA studies have been conductod on Zero-_-tJge in .hich 
it was demonstrated that erosion was cor;:r,,!!ed and , era)) Lenelicial 
effects on soils and crops were achieved 0,hu.re i :/ha ci crop or 
plant residues were available (Lal,1976). These studie- learly demonstra­
tea that mulching produced multiferous effecrs .,n soils as indicated 
above. In the no-tillage studies at IITA, it was decied to study effects 
and potentials of different cover crops in zero-tillage, management 
ot iarious plant residues in zero tillage and the potentials of living 
or 'live mulch'. This paper is devoted to studies on potentials of 
crop residues and some industrial wastes in soil management and 
crop production in the humid tropics. The objectives of the experiments 
started at IITA, Ibadan, Nigeria in 1975 were to 
i) 	 evaluate the various ch ical, physical and biological effects 

of crop residue, crop and industrial wastes and by-products on 
soil, and 

ii) 	 to determine the potentials, management problems and effects 
of different mulches on yield and general performance on four 
test crops-maize, cowpea, soybean and cassava. 

MATERIALS AND METHODS 

The 	 experiment was started in 1975 at the International Institute
of Tropical Agriculture, Ibadan, Nigeria. Environmental characteris­
tics of Ibadan are presented in Table 1. The design )f experiment 
was a split block design of 22 mulch treatments, (IS of which are 
shown in Table 2 in addition to black polythene, translucent polythene,
fine gravel mulch, nd bare soil) as rnain treatments %s th four test 
crops (maize, cassava, cowpea and soybean) as subtreatmiients. The 
experiment was plar:ned for 5 years but after 1975, a siib-vjbL.reatrnent 
was superimposed to facilitate determination of the nutritional value 
of the different mulch treatments. This was accomplished 1) dividing
each plot into two and applying fertilizers at the rates specified
below on only one half of the plot. The fertilizer applications in kg/ha 
of actual nutrients were as follows: 
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Crop N+ Pi K+ Time of application 

I. Maize 120 90 60 at planting and '4 WAP2. Cowpea 30 20 20 at planting + 
3. Soybean 30 30 20 at planting
4. Cassava 40 20 40 at 3 WAP 

Forms of fertilIi'ers; N\4as Ujrea, P as single superphosphate and 
K as muriate of potash. 
Weeks after planting. 

During the first year organic residues applied varied with mulchingmaterials since enough eachof mulch was applied to reach 5cm thick.This amounted to 15 tons/ha for corn cobs, rice straw, rice husks,cassava stems, pigeon pea stems, mixed twigs, saw dust and legumehusks. With 'the exception of fine gravel to which 25 t/ha was appliedthe rest received 10 t/ha during the first year. All treatments receivedhalf the weight of mulch during subsequent years. No additional mulchwas applied to the corn cobs and fine gravel as from [978. Datapresented are only for 1975 and 1977 for maize, 1975 for soybean, 
cowpea and cassava. 

The chemical composition of the organic residue mulch materials were determined as presented in Table 2. The non-organic crop/plantresidue mulches (black polythene, transuscent polythene, fine graveland bare soil check) were not analyzed because this was unnecessary. 

The variety of maize used was TZB two crops (early and late)of which were grown each year with the early planting in 1975 doneon March 23rd, harvested on July 12th and late planting followedonAugust 22nd and harvested on January 5th, 1976. In 1977, earlymaize was planted on April 20th and harvested on August 8th followedby late maize planting on 31st andAugust harvesting on 19th December.Two crops of each of cowpea and soybean were grown each yearbut onl one crop of cassava was possible. In 1975, early soybean(Bossier) was planted on March 21st followed by early cowpea (Ifebrown) on March 24th with harvesting on 18th June and 2nd June,respectively. Late crop of cowpea was planted on August 26th and
that of soybean was 
7th 

on August 28th followed by harvesting on Januaryand 9th, 1976, respectively. Cassava (variety Isunikankiyan) wasplanted on May Ilth, 1975 and harvested in 101/2 months on February
27th. 1976. Spacings for the different crops were maize 25 x 75 cm,ccw poa 25 x 75 cii, soybean 10 x 75 cm and cassava I x I m. Plotsize was 4 x 6 in with I in guard rows round each plot. There werethr,,e- replications. \,eedings were carried out at 2, 6 and 10 WAP.In 1975 Azodrin at 0.5 kg/ha and in [977 Nuvacron 40 at I kg/hawere used to spray cowpeas first at the flowering stage and subsequently 

at 15 days intervals. 
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Table 1: Environmental Charact-ristics of Ibadan. 

Location: (a) Latitude 7'.30'N 
(b) Altitude 220m 

Soil: Alfisol (Oxic Paleustalf) 
pH 6.3 
Effective CEC (me/lOOg) 6.2 

Mean Annual Rainfall 1250mm (bimodal) 

Mean Annual Evapotranspiration 1975 1976 
1428 1655 

Temperature (1975/76) Monthly means 1975 24.8 0 C 29.0°C 
"" 1976 23.7 0 C 28.1 0 C 

1975 1976 

Mean Relative Humidity 75% 77% 

Radiation (daily range) 330.6 - 469 g.cal/em 2/day. 



Table 2: Chemical composition of mulch material used in trial. 

Mulch material N P K Ca Mg Na Mn Fe Zn Si 
2 

96ppm______ 

Maize 
Maize cobs 
Oil palm leaves 
Rice Straw 
Rice musks 
Pennisetum polystachyon 
Elephant grass 
Panicum maximum 
Andropogon 
Typha straw 
Cassava stern 
Pigeon pea tops 
Pigeon pea stem 
Cowpea/lima bean/pigeon pea 
Soybean tops 
Eupatorium tops 
Mixed twigs 
Saw dust 

husks 

0.73 
0.66 
1.48 
0.77 
0.89 
0.39 
0.62 
0.31 
0.23 
0.89 

0.70 
2.57 
0.99 
1.70 
1.16 
1.01 
1.25 
0.44 

0.16 
0.16 
0.19 
0.18 
0.45 
0.14 
0.14 
0.42 
0.16 
0.14 

0.20 
0.21 
0.I8 
0.20 
0.18 
0.16 
0.16 
0.12 

2.0u 
0.66 
0.57 
0.90 
0.58 
1.16 
1.17 
1.26 
0.32 
0.91 

1.42 
1.37 
1.50 
1.57 
2.66 
1.38 
1.04 
0.28 

0.39 
0.13 
0.67 
0.34 
0.13 
0.30 
0.43 
0.42 
0.34 
1.22 

0.77 
0.66 
0.37 
0.52 
0.93 
0.61 
1.38 
0.95 

0.16 0.01 
0.06 <0.01 
0.77 0.01 
0.19 0.22 
0.20 <D.01 
0.16 0.02 
0.25 <0.01 
0.15 0.02 
0.08 <0.01 
0.18 0.23 

0.26 <0.01 
0.16 0.02 
0.08 0.01 
0.26 0.0? 
0.53 0.02 
0.21 0.02 
0.31 0.02 
0.06 0.01 

86 
43 

252 
727 
256 
42 

130 
41 

215 
1305 

42 
207 

-

87 
126 
43 

475 
-

344 
917 
378 
.556 
599 
171 
216 
545 
215 
217 

128 
207a 
41 

393 
506 
174 
519 
172 

30 
13 
25 
34 
51 
42 
52 
62 
38 
30 

25 
33 
24 
30 
21 
17 
47 
17 

-

3.78 
8.22 

10.4 

3.68 
6.59 

-

-

1.20 

_ 
-

-
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In maize, observations were made on tasseling, ear emergence, 
silking lodging, height and plant population at harvest, yields of stover 
and grain of which only yield will be presented here. Similarly, observat­
ions on flowering, plant poptiliti,, i ! , ttld, %,r. made io co.vpea 

and soybeans but only yield data are presented. In ca sava, (:ta is 
plant root and Clii ricati .rlsespresented on nel'ht, number yield. wIa 

're performed on both mulches and soils under varius tr(a tnients. 
&'oserations were made on nemnatodes for which soii sa 1.1)1e were 

a:d itn m.berollected at crop maturity in July for the first season 
for the second season. Each crop-treatinent conbinatr,,r. ',d three 
repl ications and nine soil sa mples were taken from each repli:ation. 
",ql samples were verticajly taken wtht a soil tube to a 20-cm ,Iepth. 
Saople size was l0 cm1 of boil. l-eniatodes were isolated from the 
soi using the modified IPaerinann funnel technique (2) and were concent­
rated by the settling-siphon method (I). For each repliati on, nenatodes 
,. ere identified and counted in three composite sample, at 30X. Obser­
%ations wer made on weeds as from 1976 onwards and this involked 
uvo 0.5 m quadrats per subplot just close to har,.esting. Samples 
,f the weeds collected were dried to constant weight. Soil physical 
measurements were based on a separate replicate in \l~iCh cultivation 
treatments were superimposed on the mulch treatItht. Drums were 
buried in the soil collection of run-off water from di ft ren t treatments 
but only maize was us;ed as a test crop. The set of treatment, )n 
which the physical measurements were based are hiwn in Table 

Initial Chemical Composition of Mulches and Soils After Three Years 
Under Treatments 

The initial chemical corrmposition of various cr p/plnt residue 
mulches are presented in Fable 2. High levels of . were observed 
in palm leaves, pigeon pea tops, legume (cowpea/linia gean/pigeon 
pt.a) husks, soybean tops, Eupatoriurn tops and mixed twigs. Low M 
levels were observed in Panicum straw, Andropogon straw and saw 
dust. High P levels were observed in rice husks and Panicum tops. 
\11 other materials had about the same level of I' Hiwh K levels 
%ere observed in maize stover, straws of Pennisetum, Panicumn, and 
clephant grass, chipped cassava sterns, pigeon pea tops and stern, 
leg Lime husks, soybean tops, Eupatorlurir tops and mixed twigs. Rice 
hu.nks and maize cobs had low K contents. High Ca levels were observed 
in oil palm leaves, Typha straw, cassava stems, pigeon pea tops, 
.'guime husks, soybean tops, Eiipatorium tops, mixed twigs and saw 
lust. Low Ca levels were observed in maize cobs and rice husks. 
Except for soybean tops and mixed twigs all other materials have 
law \lg levels. 

Data on soil chemical properties after three years of different 
mulch and fertilizer treatments are shown in Table 3. Application 
of fertilizer especially in the absence of organic residue caused marked 
decreases in pHi. In the presence of crop residue mulch and particularly 
with addition of fertilizers organic C level increased. The increases 
observed under no-mulch, plastic and gravel mulch treatments may 
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Table 3: Effect of mulch and fertilizer treatments on some chemical 
properaties of surface soil. 

Mulch 
 ptl- Oprg. Total In Am. Acetate Extractable 
material H O %N ,Mg Na Mm Bray

2 ... . ....... 0g _ P -I. /_I0 _e 


No. mulch a 1.9 0.S3 0.21 0.2! -1 1.2 0.07 nd 12.Db 5.3 1 14 0.16 0.19 3.35 1.56 ',.0,OS0.01 9.9c 5.5 1.21 0.17 0.29 3.15 0.06O.64 0.05 40.2 
Maize stover a 6.0 0.83 0.16 0.21 2.4S 1.29 0.07 nd 17.0
tops 
 b 6.4 1.58 0.690.21 2.65 1.13 0.07 19.7-

c 5.4 1.55 0.21 0.67 2.83 1.04 0.07 0-10 42.1 
Maize cob a 6.1 0.79 0.18 0.15 2.15 1.21 nd0.07 16.3b 5.8 1.59 0.19 0.65 2.65 0.90 0.07 0.05 25.0 c 5.3 1.54 0.21 2.130.51 0.72 0.06 0.14 38.6
 
Oil palm a 6.3 
 0.79 0.27 0.13 244 1.23 0.07 nd 16.8

b 5.3 1.34 0.18 2.280.22 0.74 0.05 0.06 27.5c 5.3 1.35 0.18 0.20 2.20 0.060.78 0.09 27.4
 
Rice straw a 6.1 0.82 
 0.22 0.22 1.202.98 0.08 nd 18.3b 5.7 1.43 0.18 0.51 0.862.48 0.07 0.05 15.0c 5.5 1.58 0.19 0.59 2.50 0.07 33.00.89 0.08 
Rice husk 
 a 6.1 0.86 0.21 0.21 2.90 1.23 nd0.07 12.4

b 5.5 1.35 0.15 0.11 2.65 0.07 c 
0.84 0.015.3 1.29 0.17 0.19 2.83 0.93 

12.3 
0.07 0.07 16.6
 

Pennisetum 
 a 5.8 0.82 0.19 0.09 2.49 1.09 0.07 nd 13.5
b 6.4 1.24 0.19 0.58 2.68 1.13 ­0.07 14.0c 5.4 1.38 0.23 2.45'..6 1.06 0.06 0.05 19.0 

Elephant a 6.0 0.85 0.17 .113.10 1.26 0.06 nd 15.8grass b 6.5 1.32 0.18 2.980.)6 1.22 0.07 - 10.2 
c 5.4 1.29 0.18 2.580.42 0.81 0.06 0.10 37.3 

Panicum a 6.3 0.86 0.18 2.07 0.060.20 1.43 nd 13.6maximum b 6.4 1.44 0.20 0.72 1.31 - 21.22.90 0.07 
c 5.4 1.42 0.18 0.68 2.80 1.09 0.030.07 19.7 

Andropogon 
 a 5.9 0.83 0.18 0.20 2.07 1.43 0.06 nd 18.6b 6.1 1.35 0.20 0.72 2.90 1.31 0.07 - 21.0 
c 5.6 1.73 0.18 0.68 2.80 0.07 28.01.09 0.03 

Typha 
 a 5.9 0.93 0.22 0.20 2.71 1.41 0.07 nd 16.4

b 6.0 1.29 0.18 
0.72 2.65 0.79 0.09 0.02 36.1c 5.1 1.34 0.18 0.68 2.18 0.54 0.07 0.07 47.8 
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Table 3: (Continued). 

In Am. Acetate 	Extractable 
Org.Mulch pH- 20K Total Cd Mg Naa Mm~ri.M1 ­

%_ me/100g ppm 
material H20 C N K C 

Cassava a 6.3 0.90 0.21 0.20 3.93 1.26 0.0 o nd 23.6 
stem b 6.4 1.65 0.22 0.55 3.65 1.45 0.07 .01 49.4 

c 5.6 1.94 0.26 0.54 3.59 1.38 '.07 ' ,40 54.6 

Pigeon pea 	 a 6.3 0.98 0.20 0.19 3.98 1.30 0.05 nd 19.3 
b 5.7 1.37 0.20 0.45 3.73 1.06 07 - 20.6 
c 5.0 1.50 0.21 0.41 3.28 0.83 0.07 0.10 44.7 

Pigeon pea a 6.2 0.92 0.22 0.19 2.90 1.86 0.06 nd 14.5 
stem b 5.7 1.34 0.18 0.31 2.30 0.70 0.06 0.01 19.6 

c 4.9 1.47 0.17 0.31 1.95 0.63 0.06 0.09 25.0 

Cowpea a 6.1 0.86 0.23 0.19 3.51 1.16 0.07 nd 11.9 
husk b 5.6 1.69 0.25 -J.51 2.75 1.30 0.07 0.05 30.0 

c 5.7 [.46 0.21 0.47 2.83 1.27 '0.07 0.05 31.0 

Soybean a 5.9 0.80 0.20 0.21 3.43 1.38 0.07 nd 14.6 
tops b 6.5 1.50 0.20 0.67 3.75 1.81 0.06 - 40.6 

c 6.0 1.61 0.23 0.54 3.05 1.45 0.06 0.01 42.9 

Eupatorium a 6.1 0.89 0.17 0.24 3.14 1.37 0.07 nd 12.5 
tops b 6.3 1.21 0.16 0.44 2.88 1.07 0.06 0.01 14.1 

c 5.2 1.23 0.16 0.44 2.65 0.73 0.06 0.12 41.6 

Mixed a 6.3 0.96 0.20 0.21 3.52 1.34 0.06 nd 13.9 
twigs b 5.8 1.53 0.20 0.30 3.63 0.93 0.06 0.02 23.9 

c 5.7 1.59 0.21 0.38 3.43 0.90 1).06 0.08 44.4 

Saw dust 	 a 6.2 0.88 0.19 0.21 3.4 0 1.07 j.Q6 nd 14.8 
b 6.8 1.64 0.i9 0.30 4.13 1.15 0.06 - 11.9 
c 5.9 1.77 0.19 0.36 4.20 1.04 0.06 0.05 15.3 

Black a 6.0 1.04 0.16 0.18 3.28 1.05 0.06 nd 15.1 
plastic b 5.9 1.20 0.16 0.18 3.20 0.86 0.06 - 6.1 

c 5.7 1.15 0.17 0.31 3.08 0.69 0.06 0.01 14.8 

White a 6.3 0.86 0.17 0.19 3.87 1.11 0.05 nd 16.5 
plastic b 5.9 1.09 0.19 0.18 3.75 1.04 0.08 0.04 10.1 

c 4.9 1.20 0.21 0.37 2.63 0.67 0.07 0.21 22.1 

Gravel 	 a 6.0 0.95 0.20. 0.23 3.41 1.42 0.08 nd 19.2 
b 5.8 1.114 0.16 0.12 3.02 0.82 0.06 0.02 9.7 
c 5.4 1.22 0.16 0.26 2.50 0.67 'i.06 0.02 26.1 

a) ,tmple collected at start of experiment in 1975 
b) No fertilizer treatment, sample collected beginning 1978 
c) No fertilizer treatment, sample collected beginning 1978 
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be due to analytical problems, since, soil samples from 19751978 were not andanalyzed at the same time. Saw dusthighest organic levels. 1ulching also 
mulch gave the

resulted in higherN level also a percentageand increased 
of the 

the K and Ca status of the soils. In sometreatments there was a sharp decline in Mg status.Fertilizer lowered Co and AppliedMg levels. In the presence of mulch, fertiliza­tion increased extractable P level.
 

-Soil Physical Properties
 

The effects of different types of 
 crop residuepreparation on runoff mulch and 2 seedbedand soil erosion for plots ofslope are 10 x 4 rn on 7%-shown in Table 4. For rainfall of 23 mm, runoff under maizewas effectively controlled by all mulch treatments.ruroff The maximumof 63% was observed on unmulched ridges runningthe slope. Unnmulched up and down 
on hillocks 

mounds, a traditional practice of growing cropsconstructed by scraping
to 9%. The' soil loss 

the surface soil, decrease runoff 
1.3, 

was negligible on all mulched plots and 3.3, 2.1,and 0.9 t/ha for unmulched ridges, plowed andunplowed and unmulched flat,unmnulched flat, and traditional mounds, respectively.Soil erosions fcorn mulched-mounds treatment was also negligible,
e.g. 5 kg/h. 

Some of the crop residues (such as typha) may causeinbalance or toxicity through nutrientexcessive release of Mn and Al.immobilization Nitrogencan be particularly serious for residue with highratio. Synthetic materials, such C:N as transparent and translucent polythenemulches, do not decompose fast or at all to add plant nutrientsthe soil. However, tothrough modification of hydro-thermalthese materials regimes,hasten the rate of mineralizationand render of soil nitrogenit readily available for plantare supported by 
growth. These conclusions 

mulch materials 
the data in Table 5 that depicts the effects of differenton maize yieldgrain without supplementaryapplication. Grain fertilizeryields in excess of 3mulch of t/ha was obtained with awater lettuce and pigeon pea tops, and inexcess of 2with legume husks, soybean o,;, and palm 

t/ha 
I oil leaves. Grain yieldat to 1.5 t/ha was obtained :.. crop residue mulch such asstraw, Panicummaize stover, Typha, Perinisetum, ricestenis. husk, chipped cassavaThe lowest yield 0.1of t/ha was obtained from unmulched

mounds. 

Nematode Distribution 

Aggregate plant-parasitic nematode soiland population on all cropsunder all mulch treatments increased in numbersmean 234 from a preplantingof nematodes to a ofmean 1,984nematodes the first year and 3,485per liter of soil the second year (Table 6).of the first and By the endsecond years plant-parasitic nematode populationmeans had increased the least under orgaic mulchesparasitic nematode (Table 7). Plant­population means under non-organic mulches were 



- 72 -

Table 4: 	 Effects of different mulch materials on runoff and soil loss. 
Rainfal = 23 mm. 

Runoff Soil 
erosionPlot Treatment 

mm % of Rain- kgFhe) 

I Mounds with guinea grass mulch 3.3 14.3 5 
2 Ridges unmulched 14.5 63.0 3.300 
3 Flat unmulched 10.3 44.8 1,250 
4 Flat with chipped Pigeon pea stem mulch 3.9 17.0 T 
5 Flat with water lettuce mulch 2.0 8.7 T 
6 Flat with eupatoriumnmulch 2.0 8.7 T 
7 Flat with naize cobs mulch 0.4 1.7 T 
8 Flat with elephant grass mulch 1.0 4.3 T 
9 Ridges with guinea grass mulch 5.3 23.0 T 
10 Flat with maize stover mulch 5.3 23.0 T 
II Flat with pennisetuni mulch 4.3 18.7 T 
12 Flat wi:h pigeon pea branches mulch 5.3 23.0 T 
13 Flat with transparent polythene mulch(white)0.7 3.0 T 
14 Flat with gravel mulch 3.3 14.3 T 
15 Flat with soybean straw mulch 3.3 14.3 T 
16 Flat with oil palm leaves mulch 3.3 14.3 T 
17 Flat with typha straw mulch 3.3 14.3 T 
18 Flat with rice husk mulch 1.3 5.7 T 
19 Flat with pigeon pea/cowpea husk mulch 2.6 11.3 T 
20 Flat with saw dust mulch 1.3 5.7 T 
21 Flat with cassava stem chipped 0.3 1.3 T 
22 Flat with guinea grass mulch 1.0 4.3 T 
23 Flat with Andropogan mulch 2.0 8.6 T 
24 Flat with mixed twigs and branches mulch 3.9 17.0 T 
25 Flat unmulched and plowed 0.7 3.0 2,210 
26 Mound,unmnulched 2.0 8.6 860 
27 Flat, rice straw mulch 0.7 3.0 T 
28 Flat, translucent polythene mulch (black) 2.6 11.3 T 
29 Flat, plowed with guinea grass mulch 0.7 3.0 T 

T < 5 kg/ha. 
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Table 5: Effects of mulch material and seedbed preparation on maize grain yield without supplementary fertilizer application.
second Season, 1978). 

Plot Treatment Grain yield (t/ha) 

I Munds with guinea grass mulch 1.5
2 Ridges uninulched 
 0.63 Flat unmulched 

4 Flat with chipped pigeon pea 

0.3
 
stem 0.55 Flat with water lettuce mulch 3.36 Flat with eUpatorium mulch 1.17 Flat with maize cobs mulch


8 Flat with elephant grass mulch 
0.7
 
0.8 

mulch9 Ridges with guinea grass 1.210 Flat with maize stover mulch 1.7!1 Flat with Pennisetum mulch 

12 Flat with pigeon pea branches mulch 

1.4
 

13 Flat with transparent polythene mulch (white) 
3.1
 
0.714 Flat with gravel mulch 0.115 Flat with sosbean straw mulch 2.716 Flat with oil paim leaves mulch 2.317 Flat with typha straw mulch 1.518 Flat with rice husk mulch 


19 Flat with pigeon pea/cowpea busk mulch 
1.8
 
2.920 Flat with sawdust mulch 


21 Flat with cassava stem chipped mulch 
0.7
 

22 Flat with guinee grass mulch 
1.4
 
1.023 Flat with Andropogen mulch 0.8
24 Flat with 
mixed twigs arid branches mulch 


25 Flat, unmulched and plowed 
0.8
 
0.726 Mounds, unmulched 0.127 Flat, rice straw mulch 


28 Flat, transparent polythene mulch (black) 
1.6
 

29 Flat, plowed, with guin ' grass mulch 
0.8
 
1.0 
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well above the no mulch -ontrol plot mean. The ranking of all treat­
ments by soil population means is given in Table 6. 

The plant-parasit,.:, : , 2il pcr..._;.,:, reponded more 
to cropping influences than to mulch treatin-nts (Fig. I-4). Tle root 
lesion nematodes (Pratvlenchus sefaensis, P. brachvtirus) became the 
most numerous on maize. The root lesion nematode population mean 
rose from a preplanting mean of 2 nematodes to 9.230 p,:r liter 
of soil by the end of four seasons under continuous mrize (Fig.?). 
The spiral nematodes (Helicotylenchus pseudorobust, H. ervthrinae, 
11. cavenessi) increased most on soybean, cassava a;nd maize (Fig.3). 
'piral nematode preplanting population mean was 126 and increaed 
to 1,404 nematodes per liter of soil by the end )t four seasons of 
continuous soybean. Root-knot nematode (Mehodogne incognita) 
increased most on cowpea from a preplanting m,-ii ot 73 to [,251 
juveniles per liter of soil after four seasons (Fig.4). 

The population levels of non plant-parasitic nena-todes (Saprozoic, 
predatory, fungivorous and browser forms) were moritored as a general 
indicator of biological activity in the soil. The riean non parasitic 
nematode soil population prior to beginning the trial Kis 10,!12 nemato­
des per liter of soil. The mean populations for "Il treatments were 
reduced to 50 percent or less of the preplanting me'an under the treat­
ments of the mulching trial (Table 8). Population mcans of HI organic 
mulches were about the same or greater than the unmulched control 
plots (Tables 8 & 9). Population means under the non-organic mulches 
were consistently less than population means of the control plots 
(Table 9). 

Weed Populations 

Data on the effect of mulch treatments on -'ed poiculation are 
presented in Fable 10 and Figure 5. Significant (lillfrenccs in weed 
distribution were observed among the test crops (,fma * (cv. r:zi), 
cowpea (cv. Ife Brown), soybeans (cv, Bossier) and cassava (cv. Isunikan­
myan). Subtreatment plots were divided into one meter grids an 
%eed counts were taken from two randomly selected grids using 0.5m 
oetal frarnes. Weed population density was highest in soybean and 
least nmaize with regard to the various types of mulches. Also differen­
ces among weed population means of the %arious mulching materials 
wre highly significant (Table 0). Quantities of mulching materials 
varied between 10 tons and 15 tons/ha and all provided good coverage 
of the soil surface. The most effective mulching material for suppressing 
weeds were oil palm leaves, maize stoer, Andropogon straws and 
rice husks. \lixed twig and chipped maize cobs were the least effective. 
Among the inorganic mulches black plastic effectively suppressed 
weeds while fine gravel gave the poorest weed control. All mulches 
'iuppressed weeds more effectively than hare soil. Generally, mulching 
materials of organic origin caused a shift in weed flora in favour 
of annual broadleaf weeds (Fig. 5). Periodic weed removal during 



Table 6: Ranking of all plant-parasitic nematodes with mulch 
for the years 1975 and 1976a 

Percentage of no-mulch plot 

1975 1976b 1976c 

44 138 79
61 94 55 
64 249 144 
66 150 87 
68 180 105 
69 123 71 
69 99 57 
70 101 59 
73 218 126 
76 124 72 
80 221 128 
87 130 75 
97 149 86 
100 172 100 

107 108 62 

107 114 66 

111 150 87 

115 149 86 

123 329 191 

132 194 113 

139 190 110 

170 183 106 

92 162 94 


Treatment 

Saw du st
Panicum straw 
Maize stover 
Maize cobs 
Andropogon straw 
Typha straw 
Pennisetum straw 
Cassava stems 
Pigeon pea stems 
Rice straw 
Elephant grass 
Pigeon pea tops 
Bean husks 
Control (no mulch) 
Soybean tops 
Mixed twigs 
Clear plastic 
Eupatorium tops 
Black plastic 
Oil palm leaves 
Rice husks 


Fine gravel 
Niean 


treatments on all crops for the two growing sedb1i 

Plant-parasitic nematodes d 

1975 1976
 

9 . 2,964
1, 3r7 2,026 
1,3S7 5,352 
1,409 3,232 
1,473 3,878 
1,474 2,639 
1,4S2 2,122 
1,510 2,172 
i,562 4,6S6 
1,645 2,677 
1,711 4,751 
1,869 2,792 
2,078 3,199 
2,151 3,70S 
2,308 2,325 
2,33S 2,44 3 
2,385 3,277 
2,470 3,199 
2,655 7.06S 
2,835 4,173 
2,980 4,096 
3,660 3,944 
1,984 3,485ajMean numbers of nematodes per liter of soil based on 528 samples for each treatment. 

b)Between year comparisons. 
c)Within year comparisons. 
d)Principal nematodes were root-knot, root lesion and spiral nematodes. 



Table 7: Mean numbers of plant-parasitic nematodes per liter of soil under organic 

and non organic mulches. 

Treatment Plant-parasitic nematodesc 
Percentage of no-mulch plot 

1975 1976

1975 1976a 1976b 


3,7-,Control (no mulch) 2,151100 172 100 
1,821 3,263

95 152 88 	 Organic mulches 

Non organic mulches 2,900 4,746
135 221 129 


a)Pletween year comparisons.
 

b)Within year comparisons.
 

c)Principal nematodes were root-knot, root lesion and spiral nematodes.
 



Table S. Rankin of non plant-parasitic nematodes with mulch treatments on allcrops for the two growing seasons for the years 1975 and 19 7 6a. 

Percentage of no-mulch plot 

per 

1975 1976b 1976c 

87 
88 

127 
122 

S8 
S5 

90 100 70 
95 120 S4 
95 106 74 
100 144 106 
103 149 104 
103 98 68 
104 128 9 
105 164 1I11 
107 127 89 
108 148 103 
108 145 101 
114 128 89 
116 138 96 
120 125 87 
127 159 111 
130 175 121 
134 148 103 
140 175 122 
156 140 9S 
175 195 135 
114 139 97 

a) Mean numbers of nematodes 

b) Between year comparisons. 
c) Within year comparisons. 

Treatment 

Panicum straw 

Clear plastic 

Fine gravel 

fleiiniseturn straw 

Black plastic 
Control (no mulch) 
Andropogon straw 
Rice husks 

Typlia straw 

Rice straw 

Oil palm leaves 

Eupatorium tops 
Maize stoer 
Elephant grass 
Pigeon pea tops 
Cassava stems 
Pigeon pea stems 
Maize cobs 
Mixed twigs 

Bean husks 
Soybean tops 
-Sawdust 
Mean 

liter o soil based on 

d) Saprozoic, predatory and browser nematodes. 

Non plant-parasitic nematodesd 
197 
 1976
 

6,046 8,777 
6,079 8,456 
6,224 6,931 
6,564 8,335 
6,5S 7,326 
6,921 9,948 
7,119 10,332 
7,139 6,790 
7,231 8,835 
7,280 11,367 
7,382 8,804 
7,46S 10,210 
7,4S0 10,030 
7,908 8,855 
8,008 9,541 
8,320 8,631 
8,782 11,004 
9,005 12,080 
9,296 10,228 
9,684 12,103 

10,783 9,712 
12,140 13,468 
7,884 9,626 

528 samples for each treatment. 



Table 9: Mean numbers of non plant-parasitic nematodes per liter of soil under organic 
and non organic mulches. 

Percentage of no-mulch plot Treatment Non plant-parasitic nematodesc 
1975 1976 a 1976b 1975 1976 

* 
100 1i I00 Control (no mulch) 6,921 9,948 

117 144 100 Organic mulches 8,202 9,950 

C[ 109 76 Non organic mulches 6,297 7,571 

I.
00

a) Between year comparisons.
 

b) Within year comparisons.
 

c) Saprozoic, predatory and browser nematodes.
 



Table 10: Effect of mulching and crop type on weed distribution in different test crop 1976. 

M I h Weed distribu,-on (Weed/m2 

Maize Cowpei. Soybean Cassava Mean 

I. Bare - No mulch 49 6S 67 51 59
2. Maize stover 2 3 

a 
13 S 7 jklm3. Maize cobs (chipped) 13 is 23 26 20 cd4. Oil palm leaves 0 3 5 9 4 m5. Rice straw 7 8 34 7 14 fg6. Rice Husks 3 4 11 15 8 ijk7. Pennisetum straw 4 3 23 14 11 hi8. Elephant Grass Straw 9 1 23 8 10 ij9. Panicum maxirnuin 14 23 13 17 17 del10. Andropogon straw 0 1 16 8 6 jklrn11. Typha straw 1 3 19 13 9 ijk12. Cassava stems (chipped) 10 5 10 6 8 ijk13. Pigeon pea tops 19 16 21 17 18 de14. Pigeon pea stem (chipped) 2 3 28 9 11 hi15. Legume husks 6 9 26 29 18 de16. Soybean tops (chipped) 4 9 9 21 II hi17. Eupatoriurn tops 10 11 16 24 15 eig18. Mixed twigs (chipped) 19 12 29 35 24 c19. Saw dust 8 9 26 17 15 efg20. Black plastic 3 7 13 7 8 ijkl21. Translucent plastic 14 8 17 15 14 fgh 

22. Fing gravel 15 55 46 21 34 1 
Mean loc l3bc 22a 17ab

Means followed bv thy same letter in the same column or row are not significantly differentat the 5% level using D'incan's multiple range test. 
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the growing season appeared to favour the predominancebroadleaf weeds of annualin all mulch treatments (Figure.of annual 5). Mixed populationgrasses and broadleaf weeds dominated the inorganic mulcheswhile weeds in organic mulch materials were mainly annual broadleafweeds.
 

Crop Performance and Yields
 

The data 
 on maize dry grain yieldsNo significant differences 
in 1975 are presented in Tablell.in grain yields amongwere observed mulch treatmentsin early maize but

in late maize. 
significant differences were obse-vedAlthough no significant differences were observedin the early maize the legume mulches,

gave higher fine gravel and plastic mulchesdry grain yields than the non-legume mulchestreatments. and bareIn the late maize, lowest grainon the elephant grass straw, 
yields were observedTypha straw, translucent plastic, Eupatoriumtops, Andropogon straw, Rice straw and bare plots. Highest dry grainyields were 'observed 

tops 
in the chipped cassava stems, sawdust, soybeanand rice husks. No significant differences were observedlegume, non-legume, amonggravel and plastic mulch groups all of whichgave high but nsignficant yields than the bare plot.
 

In 1977 
 mean dry weight stoverthe different and grain yields observed inmulch treatments in early and latepresented in Table 12. maize crops areHighly significant differences among treatmentswere observed in both stcver and grain yields. All other mulch treat­ments gave significantly higher stover yields than the and finegravel treatments bare 
early 

in the early maize. The highest stover yields inthe maize 
Typha 

were observed Elephant grass, Panicumin thestraw, rice husks straw,and soybean tops. Significantlygrain yields were observed in the 
lower dry

bare and translucent plasticin all the other thanmuich treatments with the exception of finegravel, black plastic, mixed thetwigs and the Pennisetumgrain yields straw. Highestwere observed in the 
straw, rice husks and 

soybean tops followed by Typharice straw. In the late maize, significant differe­nces were observed among trer'ai,entsand dry grain 
in both dry weight of stoveryield (Table 12). 1he highest stover yield occurredthe cassava stems inmulch followed by pigeonarid soybean pea tops, maize stovertops while stover yields in the translucent plastic followedby fine gravel and bare treatments were (except thesignificantly lower. As for bare plot)in the early maize crop,which gave mulch treatmentsthe highest stover

highest grain yield. 
yields did not necessarily give theIn general dry grainless yields were aboutthan half of the corresponding half or 

lower yields late crop yields Significantlywere observed in the translucent plastic and maizemulches followed cobs(but not significantly so) by the bare, fine graveland mixed twigs treatments. The dry grain yield in the legume huskstreatment was significantly the highest. 
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Table II: Mean Maize grain yields (t/ha) as 
mulch treatments in 1975/76. 

Treatments 

I Bare - no mulch .................................. 

2 maize stover ........................................ 

3 Maize cobs (chipped) .................... 

4 Oil palm leaves ................................... 

5 Rice straw .......................................... 

6 Rice husks ........................................... 

7 Pennisstum straw ................................. 

8 Elephant grass ...................................... 

9 Panicumn straw ..................................... 


10 Andropogon straw ................................. 

11 Typha straw ......................................... 

12 Cassava sterns ...................................... 

13 Pigeon pea tops ................................... 

14 Pigeon pea sterns ................................ 

15 Legume husks ....................................... 

16 Soybean tops (chipped) .......................... 

17 Eupatoriun tops ................................... 

18 Mixed twigs (chipped) ........................... 

19 Sawdust .............................................. 

20 Black plastic ....................................... 

21 Translucent plastic ............................... 

22 Tine gravel .......................................... 


Mulch Groups 

I Bare .................................................... 

2 Legumes .............................................. 

3 Non-Legumes ...................................... 

4 Gravel ................................................ 

5 Plastic ................................................. 


affected 

Early 

4.0a 
".0 
3.7a 
4.3a 
4.8a 
5.Oa 
4.2a 
4.9a 
4.3a 
4.6a 
4.5a 
3.9a 
i.Sa 
4.la 
4.5a 
5.Oa 
4.5a 
3.9a 
3.8a 
4.Sa 
4.6a 
4.7a 

4.Oa 
4.7a 
4.2a 
4.7a 
4.7a 

by 

1975 

different 

Late 

2.5bcde 
2.9abcd 
2.Sabcd 
2.7abcd 
2.5bcde 
3.Oabc 
2.8abcd 
1.7e 
2.8abcd 
2.5bcde 
2.1de
 
3.3a 
2.9abcd 
3.0abc 
2.Sabcd 
3.Oabc 
2.5bcde 
2.7abcd 
3.lab 
2.7abcd 
2.4cde 
2.9abcd 

2.5bcde 
2.9abcd 
2.9abcd 
2.9abcd 
2.6bcd 



Table 12: Mean maize sto~er dry weight yields (/ha) and mean maize dry grain yields (tlha) observed for theearly and late crops in relation to mulch treatments at lbadan in 1977. 
EARLY MAIZE 1977 LATE MAIZE§1977Dry weightTreatments 	 Dry weight Dry weightof stover of grain 	 Dry weightof stover of grain(V2) (V3) (V2) (V3)

I. Bare - no mulch 1704 i 12172. Maize stover 	 g 940 bcd3279 abcde 	 430 do2058 abcde3. Maize cobs 	 1400 a2892 cdefg 	 665 abcd1939 abcde 
 1013
4. Oil palm leaves 3129 bcde 	
abcd 351 e2051 abcde
5. 	 1119 abcdRice straw 	 550 bcde2924 cdefg 23426. Rice husks 3602 abc 	

ab 1137 abcd 631 abcd2338 ab7. Pennisetum straw 	 1251 abc2192 	 547 bcdeghi 17638. Elephant grass '-009 a 	
cdef 1170 abc 595 abcde2276 ab9. Panicum straw 	 1086 abcd3S12 ab 	 524 bcde1875 bcde10. Andropogon 	 1353 abstraw 2983 cdef 	 594 abcde2106 abc
11. Typha straw 	 1143 abed 672 abcd3600 abc 	 CO2328 ab
12. Cassava stems abcd 	

1335 ab 697 abc3353 
 2041 abcde
13. Pigeon pea tops 	 1449 a 7593131 bcde 	 ab2024 abcde
14. Pigeon pea stems 	 1401 a 769 ab2759 defg 
 1953 abcde
15. Legume husks 	 1134 abcd 550 bcde3319 abcde 
 2079 abcd
16. Soybean tops 	 1289 abc 812 a3511 abc 
 2408 a17. Eupatorium tops 	 1384 ab 713 abc2581 efgh 
 1876 bcde
18. 	 Mixed twigs 2757 defg 1760 
1108 abcd 565 abcde
cdef
19. Sawdust 	 1247 abc 505 cde3010 cdef 
 2211
20. Black plastic 2276 fghi 	

abc 1161 abc 626 abcd1591 defg21. 	 1068 abcdTranslucent plastic 1945 hi 	 549 bcde1294 fg 703 d22. Fine gravel 	 378 e1603 i 1569 efg 858 cd 467 cde 

Means opposite the same letter (5) are not significantly differentTest.	 according to Fishers Protected Means Square 



The general effect of the different kinds of mulches and especially
in relation to response of test crops to fertilizer are shown in Figures
6 and 7 for early and late maize, respectively. Mean stover yields
of bare and mulch treatments, tl i t 'rt) i.'ndsd -ofertihtzed halves 
of the plots of both tr.................. 
 .porliug valJes
* he leguue, -- me and pla,tic rmulch treatrn ,it.non leg But mean 
,r.Im yields in bare plots including tertilized and ,nf rtilized lales",:re lower than (orrespondig _Iegifne, non -legr it., gt,. 'I Ind plastic

,Iches. In both stoser and grain yields, fertilized d rn. tli/ed
;iots were least pronounced on the legume group o . h,,tiith
theo difference being much less pronounced for the groin , comipared 
to tue stover. 

Cassava
 

Data on plant height, root number and fresh weight 't roots observed
1: 1975/76 are presented in Table 13. Significant Ierences "Aere 
observed arong mulch treatments. Plant height %.%Ostin barewa 
plots follos,,cd bs elephnt grass straw, Panicutr str -ind oil ptlrn

leaves treatments all of which were significantly .\;,er than the 
itighest value obser,.d in the black plastic tollowed legume hu.,ks,
pigeon pea tops arnd ri(e husks. i ghest number o! 'ots oer plant
isere observed in the black plastit: followed by ri L h.ks, legume
husks, arid translucent plastic all of .hich gae -,,s tly4uifirca higherroot numbers thn in the Pennisettn straw, Typh,, 'traw, oil ptain
leases and bare trca iii ents. Spectaculairl, high rt t rteldof 30.5
t/ha was observed in the black plastic tollooked b ,,er 26 t/ha on
the rice husks, translucent plastic aind legumie husks idl of which were
significantly higher than on the Peiriset fTn straw .. ith l1. IS t/ha
PanicuM straw with 15.5 t/ha and the bare and mai stoer MUlchee 
ioi th 16. 3 t/ha. This would appear to be pa rtly due to high nitrogen
flushes that appear to build up under the plastic iniched plots, high 
p0ta sslurn content and weed suppressing effect of ri i., arnd highnJtrient con tent of legume husks. .\ comparison ,t ,itects of the
dif frent groups of gra vel on cassa va performan, 1 u in(testhat
in height, nun ber plant and rootroot per yield, t , i,eral trend
(except for slight difference in root number) fol-lowed L-e trend Plastic
nili h>legurne muh:hr>gravel>ion-legume nilchhes>bare. T;e significan­
tly higher root yield of 27.S t/ha observed on the fine gravel as compared
to 16 t/ha on the bare suggests that other factors *Ch is moisture 
.aid perhap,; temperature may also be interacting t, m other effects 
in a comphe\ manner. 

Cowpea and Soybean 

Data on yield of early and late cowpea and soybeans in 1975/76 
are presented in Table 14. No significant differenc,- were observed
in both late cowpea and soybean crops in 1975. [.:.ty rowpea andsoybean yields were higher than the early crops : 1976. Highest 
cowpea seed yields were observed in cassava stefr, soybaean tops,
Panivum straw, pigion pea, leguume husks, maize cobs, oil palm leaves 
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Table 13: Observations on cassava grown in different mulches in 1975/76. 

Plant height Fresh wt.Treatments at 	harvest Roots of roots 
(cm) No/stand t/ha 

Bare no mulch .............. 2'j4 .(,Og 
 4.9g01 16.3Sdef
Maize stover ..................... 330.63bcdef 
 5.6fghi 16.36def
 
Maize cobs (chipped) .......... 330.27rdef 5. Ighi 17.82edef

Oil paim leaves ................. 31 0.20ef 
 4..Shi 17.08def
 
Rice straw ........................ 
 316.01 5.0ghi 17.93cdef
Rice husks ......................... 352.27abed 
 7.3ab 28.32a
 
Pennisetum straw .............. 31 4.60def 4.6i 14.15ef

Elephant grass ................... 
 303.27t 5.Oghi 16.57def
 
Panicumn straw ................... 30 9.S7ef 
 5. Ighi 15.50f
 
Andropogon straw .............. 330.77bcdef 
 5.4fghi I8.47cdefTypha straw .................... 
 319. 37cdef 4.8i 16.72def
Cassava stems (chipped) ..... 335.37bodef 5.8defgh 20.9ocd 
Pigeon pea tops ................. 353.4 7abc 6.4cd 22.92bc

Pigeon pea stems (chipped) 333.27bcdef 6.3cdef 19.92cde
 
Cowpea lima p,pea husks... 356.70ab 7.Obc 26.40ab 
Soybean tops ..................... 34S.37abde 6.3cde 22.90bc
Eupatorium ........................ 338.33bcdef 
 '. Ighi 18.S3cdef
Mixed twigs (chipped) ........ 325.03bcdef 5.9defg 1.50cdef 
Sawdust ............................. 34 3.87abcdef 5.3fghi 20.4 5cde
Black plastic ..................... 374. 9 7a 
 8.Oa 30.51a
Translucent plastic ............ 337.53bcdef 
 7.Obc 27.68ab
Fine gravel ........................ 34 3.70abcdef 6.6bcd 22.$5bc
 

Mulch groups 

1. IAre 254.6 4.9 16.4
2. Legumes 	 347.9 6.5 23.0
3. Non-legumes 	 325.7 5.3 18.4(17.6)
4. Plastic 356.3 7.5 29.1
5. Gravel 	 343.7 6.6 22.9 

%leans opposite the same letter (S) are not significantly different 
at the 5% level. 
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Table 14: Mean Cowpea and soybean yields (t/ha) as affected by different 

1975-76 at IITA.lbadan.mulch treatments in 

Cwpea Soybean 

Late Iarly 	 LateTreatments 
1975 19/6 1975 

I. Bare-no mulch ......... 0.67a 0.5% 	 0.'4A 

(.,IN I 

2. 	 Maize stover ........... 0.99a 1.l la 
1.07a 0.64a

3. Maize cobs (chipped)... 	 1.0 3a 
1.2 a 	 D.65a

4. 	 Oil palm leaves ......... 1.0.3a 
I.02a 0.7'a

5. 	Rice straw .................. 0.98a 

1.14a 0.48a


6. Rice husks .................. 	 0.2a 

1.22a .,SIa7. Pennisetum straw ........ 	 1.0Ia 


8. Eleph-ant grass ............. 0.92a 	 0.94a 0.58 


9. 	 Panicum straw ............ I .08a 2.09b 0.87a 

0.42a
10. Andropogon straw ........ 0.69a 	 0.98a 


I 1. Typha straw ................ 0.95a 0.97a 0.72 
0.59a12. 	 Cassava stems ............ 1.23a 0.77a 

1.08a 0.66a
13. 	 Pigeon pea tops ........... 0.99a 

0.97a 0.63a14. Pigeon pea stems ....... .0&i 

1.0 5a 1.01a 	 0.82a

15. Legume husks .............. 


16. 	Soybean tops (chipped). I. 10a 0.97a 0.62a 

0.90a 1.01a 0.69a17. Eupatorium tops .......... 

1.02 	 0.78a18. 	 Mixed twigs (chipped). 0.9 8, 
0.93a 0.73a19. Sawdust ...................... 	 0.95a 


20. Black plastic ............... 0.85a 	 0.94a 0.60a 


0.94a 0.96a 	 0.49a21. Translucent plastic ...... 

22. Fine gravel ................. 0.79a 	 0.98a 0.70a 


Mulch groups 

0.67a 0.59a 	 0.43a 
0.73a 

I. B are .......................... 

2. 	 Legumes .................... .I 08a 1.02a 


0.67',
3. Non-legumes ............... 0.99a 	 [.02a 

0.98a 	 0.7Qa 

0.55a 
4. Gravel ........................ 0.79a 


5. Plastic ....................... . .90a 0.95a 


are signilicatlyMeans opposite the same letter (S) not 


at the 5% level.
 

Early 
1976 

0.SSde 
.49abc
 

1.35abcd 
0.9lbcde 
1.50abc 
0.79de 
1.35abcd
 
1.29bcd
 
1.53ab
 
1.19bcde
 
1.08bcde
 
1.38abcd
 
0.90cde 
1.29bcd 
1. 50abc 
1.05acde 
1.23bcde 
1.2 1bcde 
1.9 Ia 
1.08bcde 
1.13bcde 
1.00bcde 

0.58de 
1.24bcde 
l.37abcd 
1.00bcde 
l.llbcde 

different 
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and Pennisetum straw while the lowest occurred on the bare followed 
by Andropogon straw treatment in the late 1975 crop. However, in 
the early 1976 crop highest cowpea yields occurred in the Panicurn 
straw, followed by Pennisetum straw, oil palm leaves, rice husks ano 
maize stover but the lowest were observed on the bare and cassava 
stem treatments. Yields of soybean followed the same trend as those 
oi cowpeas. In te 1975 late crop, highest yields were observed it 
,he Panicum straw, tellowed by legume husks, maize stover, and Penni 
seturn straw but the lowest 'alkies occurred on the bare, Andropogor, 
straw and rice husks. In the early crop of 1976 highest yields were 
obser\.ed in saw dust, PanicuM straw leguimrie husks,and rice straw: 
with lowest yields in the bare and rice hiisks. It would appear that 
in general yields of both soybean and cowpea and soybean were better 
in the legume mulches in the late crop of 1975 than the other treatmients 
while in the early crop the reverse was true. It was observed in the 
field that both crops flowered earliest and also matured earliest in 
the plastic mulch treatments perhaps due to higher temperatures 
under these treatments. 

CONCLUSIONS
 

Organic residues such as agricultural waste from crops, by-products
of for'6st industries such as sawmilling and even plastic materials 
have some potential in soil management such as in erosion control, 
soil fertility maintenance or both. When used as mulches their effects 
on the soil and on the crop varies with plant species, the part of 
the plant involked and the nutrient composition. It is also known that 
the amount of mulch used has considerable influence on its effectiveness. 
Although mulches can acid considerable amounts of nutrients to the 
soil, their use (annot effectively eliminate fertilizer use but may 
considerably reduce it. Some mulches interact with fertilizer to reduce 
soil pH. Some straw Mulches such as Typha and addyrice straw may 
cause nutrient inbalance and toxicities due to the high amounts of 
Mn and Al they may release during decoiposition. The beneficial 
effects of leguminous ones appear to be due to their narrower C:N 
ratio. In general, legumninous mulches which are not very woody gave 
on the average higher yields of all the test crops. 

Spectacular effects of polythene and rice husk mulches oncassava 
were observed due perhaps to the nitrogen build-up in the former 
as Confirmed by the dark gr.en colour of the cassava plants growing 
in the plastic mulch. The effects of the latter may be due to its 
effectiveness in suppressing weeds and adding some nutrients to the 
soil. In any case both mulches create favourable environment for 
(assava and may pro, e to be of soei commercial potential. Gramina­
ceous residues appear to be less suitable for mulching ;han leguminous 
ones except that legumes perform reasonably well in themi perhaps 
due to stimulation of rhizobial activity. Of all the crop residue mulches 
used, it would appeir that only pigeon pea and maize stover can be 
easily obtained by including them in a rotation which would be more 
economical than carrying them from elsewhere. Sawdust and rice 

http:obser\.ed


husks promise to be the only by-product mulches that may be iccally 

abundant in some areas but large quantities may be difficult -o come 

by for large scale farms. 

It snould ft bte 1 L Jeu g increases nematode 

poputla tiors. :\f tIr 0,)it two ,I)ear3Crpping plant parasitic nematode 

popul tony ,n t e vk-,r,.iie incre(_ d le,-st i nI).er organic mulches 
a1nd ttnder f en - Ir,: ic l1 , they r- i ,i htr lln in the control. 

It would appear it I rncr associitod ct tue ithh had a grtater 
role to i:l, is0 ,U"e [nidrtu of , spy id[(Ii i e tnAun the organic 

residue per w. 

\lulc hing effectively suppressed weeds a jiIh the most efficient 

being black phstie whih does not permit ac', a.%eds to grow under 

It due to lvCk o t light. In addition it dues i i ,ii,mtegrate in sun'ight 

as the transluccrt one. Mulching materials I. id !iffe'rentia! e f ' tS 

on annual broad-leafed weeds as compared to gr" es. 1iut of all the 

organic mulches palm leaves, maize stover, rice husks and Andropogon 

straw were very effective in suppressing weeds. 

With the results of this experiment it would be possible to plan 

a cropping sequence or system not only to combat erosion, increase 

soil organic matter and achieve other heneficial effects but also ensure 

sufficient crop residues for zero-tillage and minimize damage by 

nematodes and weeds on certain crops. Thus a rotation or cropping 

sequence can be designed to achieve any objective of interest. A 

lot of work remains to be done on the study of decomposition process 

in different mulches in relation to the am, ,nt of mulch required 
within the humid tropics. 
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PRELIMINARY STIJIES ON TIll: U1SE OF WOOI)-AStt SOLUTIONSAND DRY WOOD-ASH ['OWDER IN HttE (C)NIROL OF POSTHARVEST 
FUNGAL WET OFROT TOMATO 

M.S. Ayodele-
Biological Sciences Departinent, tnisersit , of lorin, Nigeria 

INTRODUCTION 

Tomato [Lycopersicoa escLIenirturM (L) Karst.] is
vegetable 
 a widely cultivatedcroP M Kwara, Oo and Kano States of Nigeria. In llorin(Kwara State) the variety which Is rIAmaly Led for local consumptionis grown by the farmers. Tomato frm t iS Uised )riniarilv is condimentfor stew (lOpeola, 1975). \:e{etable frnttV play an Important role inthe diet of triany people in the tropics, providng essential rnmeraland vitaims 1nd adding, lasour, (colour and riet,, to Mihat wouldotherwi >e be a n or, tonoi ishdet.They also cc ntributm proteins and calories(N.,A\.5., 197S). Production of fruit and vegetables In de'vtoping countriesn 1976 eopre_-efted near, 20K totalof food crop producton (FAO,
1977). 

Several patiholens are reported to cause post-harvest rotOf tomato fr.t ,. Bailey (1966) listed Ph ytop 
-rid decay

thora sp., CUrvul aria'nmata (\\Ma!,) hoediin and Fusarun sola ni (Mart) Sacc. as fungalathogenes cusing fruit rot m torriatoes in Nigeria. Ladipo and *\rnosun1975), reported a watery rot diseasc on green tomato fruits causedGeotri-hum sp. In lie-Ife, Oyo State of Nigeria. 

In Nigeria, although one natitces considerable damage to tomato•'uits brought sale,for there are no records to show the magnitudethe losses. Even the loss figures that have been obtained for peri­.rables in developing countries bydirect measurements are of limited.alue because they cover the loss for one specific commodity, in.ocation and for one one specific set of conditions (N.A.S., 1978). 

While most other cash and grain crops are receiving more attentionin disease control, no elfective attempts are made to control tomato:ruit rot diseases in the areas presently under study. However, fungicides..nd other washes nher~n:alrave been successfully used to controlfruit rot otherm ,otmmtrcies. Porte (19314) had controlled storagetransit 5ecay dippmin, tomato fruits in I 1% 
and 

soletion of Borax informalin. P-ei, (19 SQ) in Tennesse, I..S.A. using copper fungicides obtainedPresent address: ()yo state Criege of Education, Agricultural Educa­
tion Department, Ilesa, Nigeria. 
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30-90% reJuction in Phvtophtho,, spp. buckeye rot.Batson (1973) 
using Benornyl, reduced rot caused by Rhizoctonia spp. by 28%. 

\lany ot the sijb.st ince. !,wc, or ,rcp protection ire toxic 
to mammal s (\.,heler, 1972). lhe~r oni tern itec,.:ts en human 
beings are. it ir(-mnt. not kno,!n (Farr, IT.). tiirrentl,, in Nigeria, 
emphisis is pi iced on chernical pest d,..5 is the only neans of 
controlling (rop pests by nianufac t.cer,,' ant cx :ense,n staff.ind 
This, therefor,, conttitutes a gr.at dlrirat TO :imLirc :.n an health 
especially if the use ,t hermcal, - , t to .',petablesand 
fruits by the ruas>, of illiterate iner ts in the %i ges. This thus 
necessitates alternative control substanr ,- . >1 es, toXic:ty to marnmals, 
that will not taint fruits or reduce th,. r )caitability or nutritive 
I.alue (Tarr, i 972 and Tonkins, 19.34). ".-i iC unorthodox control 
substances have been tried in the contiroi. tungal pathogens. 
Aulakh and Grover (1968-1969) in India, reported the differential 
toxicity of various oils to conidial germination if several fruit-rotting 
fungi. They used vegetable and minera.) oils ft. controlling Phoma 
and Curvularia rot of torTato fruits. 

Al though there are few undocumented reports obtained from 
discussions of dry-'ash powder being used by indegenous farmers 
for protecting seeds arid preventing rot on surfaces of cut yam,
there are no records ot the use for controlling tomato fruit rot 
in Nigeria.The aim of this study is to conduct preliminary investiga­
tions on the ef'ect of wood-ash solutions and dry powder on fungal 
propagules and on wet rot disease development in tomato fruits. 
This is with a view to using these substances directly or other products 
from thern as ernulSions im iontrolling fungal %%et rot of tomato 
fruits. 

MATERIALS AND METHODS 

Effect of Ash solution on conidia germination: 

The wood of Khava ,enegalensis, a conron timber tree in 
the savannah snd conomily used around as tirewood. was burnt 
to produce ash for the experiment. To remove charcoal and other 
trash, the ash was sieved twice through 50 mesh/sq crn and 180 
mesh/sq cm sieves, respectively. The sieved ash powvder was stored 
in a 12-litre Nipol plastic bucket for use throughoit the studies. 
A'n aluminium tray (30 x 24 cm) was filled with ashpo %der, covered 
with alutniniim foil and steri!ized in the oven at 160"C for 12 hr. 

Different concen:rations of ash solutions were prepared by 
dissolving 1,3 and 5 g of ash in 100 ml of distilled water to give, 
1, 3 or 5%. The ash in the water was rapidly stirred with An electric 
stirrer for 5 minutes. The supernatant solution was decanted after 
20 min. The pH of the ash solutions was taken with a Phillips pH 
meter. A drop from each ash solution was put on a glass siide. Dry
conidia were transferred to ash solutions with a sterile mounted 
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needle from 7 day-old cultures of four previously isolated fungalorganisms from diseased tomato Iruits viz: Verticillium albo-atrum,fusarium soldriu, ticatrichumip. ,iod Rhizoctonia solan rn ainta--i--on [)DA. Thee---gl,"ss ie W s put in a 
ned 

sterile Petri-distr lined withMoist filter pal)Cr nd irtCubated at 30"C. Fie glass slidesprepared werefor ixiih con-entrationi of ash solution. Distilled waterwas used as control .\Microsi opic observations were taken at 0,12, 24 and 36 hOurs, respectively,
conidiuM or 

b% always focusing on a particular,ig ;rega tec, o :onidia using the vernier scale readings.Other conidia or aggregates of conidia from at least five differentfields of view were also observed to ascertain that the results obtainedfrom the test .ggregates were representative of all conidia on the 
slide.
 

Effect of Ash solution on mycelia growth:
 

Ten ml of 1,3 and )O%ash solution were dispensed5 into a sterilePetridish. A min dianieterm cel rum disc was cut out witha sterilecork-borer from a 7 da -old culture maintained on PDA.
 

This was asceptically transterred 
 into the centre of the ashsolution toediuin. Distilled w ater was 
were 

used as control. The dishesincubated at 30'C and visually observed for 5 days. Microscopicexaminationwas -arried out on each inoculumn on the 5th day. 

Effect of dry Ash powder on the development of fruit rot symptoms 
on inoculated fruits:
 

Sterile Nipol plastic 
 box was filled with jKhay ash powderto a level of 25 rmmr fron the base. Sterilized healthy ripe tomatofruits were inoculated by injuring by means of a sterile pin usedto pick conidia trom 7-day-old cultures.
 

The inoculated fruits 
 were put on the ash layer in the box.More ash powder was added urntil the fuits were covered upto 25 mmabove the fruits. The plasti, wox was covered and incubated at 30'Cfor five days. Ten fruits wer, ised for each organism and the experi­mernt repeated three times. Visual observations made for 5 dayswere 
on control fruits not covered with ash. Mlicroscoipic examination 
was carried out on the 5 th day on all fruits. 

RESULTS 

[Effect of ash solution on conidia germination:
 

Conidia from Verticillm, Fusarium 
 and Geotrichum cultureswere germinated m I, and 5,' concentration of ash solution aspreviously described. In all the concentrations of ash solution testedthere was no germination of conidia surrounded by ash solution butthere was germination of conidia at or close to the edges of thecover-slip where there was as solution/air interface. The 90 germina­
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tion (5-20%) of conidia in the ash solution/air interface considerable 

lower than the germination in distilled water (80-95%) even at 36 

hours. The rate of growth ot th,-d(veloped hyphae, indicated by 

of h phal . - [neshthe solution it hr.i 36the formation 

Effect of ash solutiorn on growth of mycelia: 

V:-ti( iimm, Fwnairiun, GeotrichumMycelial discs ohtaiii crd from 
lirtlIr grow th In the threeand Rhizoctoni Ctl turt'.s crC0 tested !or 

o1 ash solturcwrn as dcus(lii celirlwtr.concentrations 

was a growth 2 to , dianieter of irycelia 
albo-atrum. Fusaritim 

There recorded of ifrn 

originating from thie moculum for Verticill, ci 

solani and Geotrichum sp. The invci-elturn or ta 1horg inisni des eloped 

in the ash solitens coitIpared vith that in di, tiled v, ter, was com­

posed of sparse strands of hyphae floating on the ash ,olution. The 

mycella in (istilled ',Ad ter grew up to 3 to 6 mm diameter and 

they were composed Of dens'r ,traed,) of hyphae at 5 da s. 

There was no gro vth of mycel ium of Rhizoctonia solcani. But 

the Mycellul OnOthe ihOCuIlUrn surftace turned brown. When examined 

microscopically, abundant sclcrotial cells were observed. There was 
the hyphaeno noticaeable effect on or change in the morphology of 

or the sclerotiall (ells. 

Effect of dry Ash powder on the development of fruit rot symptoms 
on inoculated fruits: 

With t,. of fiungal organisrits-Verticil iurn albo-atrum,th the 
Fusariin Salani and Gcotrichum sp., ten ripe tormato fruits were 
inoculated. Ten unripe toriato fruits were also inoculated with Rhizo­

ctonia bolarni. linrpe fruits .erc used owing to the previously observed 
faster rate of deterioration of unripe than ripe fruits by Rhizoctonia 
solani. 

For each of the organisms, 5 of the incoulated fruits were 

buried in dry ash powder as previously described, while the remaining 
5 were left in the sterile plastic box without ash as control. 

Five other healthy uninoculated ripe fripe frtiits were buried 
in ash powder while 5 were left as control. Similarly, 5 healthy 
uninoculated unripe fruits were buried in ash powder while 5 were 
left as control. 

Fruits inoculated but unprotected with ash powder-control: Fruits in­

oculated with Verticillitm developed a brown watery tesion I to 
3 mm diamter around the point of inoculation I day tter no tilation. 
The lesion extended to 15-18 inm diamter after 3 days. A white 
mycelium mat which developed from the inoculum trailed behind 
the lesion 8-12 mm dianiter. At 5 days, about 75-100% rot on fruits 
was recorded. Some fruits had collapsed pericarp, with the fruit 
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pulp totally disintegrated. A pungent odour persisted from the messypulp. Conidia and hyphae of Verticillium were identified in wetmounts of diseased tissues.
 

Fuits inoculited with Fusarium developed 
 a brown to dark­brown watery rot on ill frIjits after5 days inoculatior.flufly tnycelial , whitenat eksured the point of inoculation. ,-bout 50-100%rot on fruits ssds re(ord(d. A [ers te nt pungent olotir was emittedfrom the rotten pulp. Fuisarin canidia and h5 phae wyCre identified 
in wet mounts. 

Fruits ino atdI wi t trihun)W reo sp, Ch(s c o)ed a pale-brownwatery soft rot 1 aterdays iocuilation.
appeared fitrn %lile the 

In some fruits, the pericarpLuider lyig tissue beenhad completely disin­tegrated. 75-10) o wasrot observed on the friiits. A bad odour wasemitted from toe rotten pulp. Ce'otrichuirn (ornidia and hphae wereidentified in wet rnutii, . 

Unripe fruits moutlated with Rhizoctonia deseloped brownto black watery soft rot 24+ hours atter 
a 

inf cul at ion. Amount o roton some fruits %us up to 100% by 2-11 days fter inoculation. Rhizo­ctonia sclerotrl,, cells and hyphae were identified in set mounts
of diseased tisste hitis.
 

Fruits inoculated and protected 
 with ash powder: \t 5 days afterinoculation, an ash moid S- 10 min diatuter formed on the pointof inoculation with Vertruillinil. ,A ring of soft brown lesion (1-2 mmdiameter) surronrued the asil i[-ounld. On washing off ashthe Mounda mat of white rir ,elia sas observed, The extent of rot on thefruits was limited to the area uf the ash mound formed. The infectedtissue formed a noirpac cintity, with mnycelial nrat. ThistLhawed off the uLnatfcc ted portion of 
was easily

the fruits, leaving behind 1(l can hole 6-S mm dram ter and 5-7 mm depth. The unaffected tissuearound this hole rentained fresh, emitting a persis tent arorna of
fresh tomato ruit. 

Fruits iro1ulated With tI rntm developed a fairly dry brownlesion around the point of inocuilation. The mesocarp of the inoculatedpoint on the fruits formied a distinct black demarcationred pulp of the unaffected portion from theof the fruit. This was also easilyscooped out along with the mycelium leaving a shallow hole 1-2 mm
deep. 

Fruits inoculated with Geotrichum developed ringa of dark­brown to black soft rot clesion 1-2 mm diatiter around the pointof inoculation. This lesion was easily scooped off leaving a freshunaffected pulp tissue around the hole. 

Unripe fruits inoculated with Rhizoctonia developed a brownto black watery rot. Except thosefor fruits which started ripening 
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on some parts, the arount of rot on other fruits was up to 100%. 
The pulp tissues of such rotten fruits and their seeds turned black. 

Uninoculated ripe and unripe fruits: iUOP tin: inr,.ul:-icd ripe fruits 
btiriud in i d d, it , ,ttiul,i C0 i , , ! t t r d a, s. 

The pericarp of the friiits huriei ;r,.sJ ua r. hi'A 'c.r, toughened. 
rheir fruit p:ll aippttir(d 

those of the friuit, tiot buri
,olIge:aln 

ed in ash.v h ie i,, c. 
,,, 
fri

I 
pe f

eunetlctiithan 
ruits biried 

in ash started ripening. 

DISCUS.SION 

The effect of wood ash solutions of,.arug strength (1,3 and 
5%) on the Iungal propagKUes siz: conidia aiC,! ri,celra; varied for 
the tw o propa ul e,; tested in four fungal r,,anisms-Vert iciliturn 
albo-atrum. Reirt0-e and Berth, Fusarium solani (Mart.) Sace, Geotrichurn 
->p. and Rhioctonia solam, Kuehn. In three of the tungal organisms-
Vcrtii ur, Fiariurn and Geotrichum; whereas the conidia at the 
:ishso uton/air inter iace of the mounted slides germinated, those 
,,uirounded be eah solution did not germinate. The mean % germina­
tion ronge o tained fron 5 mounted slides, each slide examined 
at five diffec rent fields of view, for the ash solution (5 to 20%) 
was, however, considerably lower than that of the conidia germination 
observed in the control-distilled water (80-95%) after 36 hr. 

The differential germination performance of conidia at the 
Outer and inner portions of the slide mounts cannot be readily ex­
plained.ln many cases, all that is requircd to stimulate the germination 
of a spore or propagule are conditions suitable for vegetative growth 
(\Mhitne , 1976). These include moisture, temperature, light, pH, 
02 and CO0, and biological factors (Tarr, 1972). Almost all these 
factors courd be accounted for in this study except the pHlof the 
ash solution medium. Generally, fungal organisms rquire a pH range 
ol 3 to 8. A slightly acid condition with optimurr pH of 5.0 to 6.5 
(C..\l.I., 1968 an( Cochrane, 1958) is prefered by [ungal pathogens. 
For spore germination in cIi ture rnedium, Walker (1969) work in 
0tich two pHi maxima of 4.5 and 7.0 were reported for Fusarium 
Ixysporum f. lycopersici (Sacc) Synder and Hausen. Tihe pH values 
of the ash solutions were 8.45, 8.85 and 8.98 for 1,3 and 5%, respecti­
sely. The ash solutions being more on the alkalir,,- ;ide of the pH 
scale was probably unfavourable for germination and possible induced 
a sporostatic effect (Allen, 1966) on those conidia compietely sur­
rounded by ash solution and did not germinate. Con, hrane (1958) 
reported that under given conditions, a fungus will grotn maximally 
over a certain range of initial pH values of the ii,,odiuM and will 
fail to grow at high and low extremes. He, howe~cr, w:arns that 
the pH is not a unitary factor; the mechanism of it, a(ctioin differs 
in different concentrations of hydrogen ion. The princrpal efects 
o ,-.xternal pH are probably on permeability and other sLurface pheno­
rnena (Cochrane, 1958). Further confirmatory experiments may be 
necessary to deduce the effect of the alkalinity of the medium on 
the fungi.
 

http:plained.ln
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Although there was a recorded growth of mycelia of Verticil­hum, Fusarium and Geotrichum from the inoculi discs (ran-ge26 rm radial groc th) In tothe tsli s hit iOns, this growth ,,s nainlythe eloogation ofI [('w , ' ,, tr t .- e comp are- wt,I l gkuw tii fromthe inoetli in (li',tIl ,attrId (die eeitrol). Ihis hi i Jrnser 'trandsof hvphae. The r"t' I)r t0o1rit of ;rwth or both of funli ire :Iffectedby separate 1 t, , in ro,)I the ii t in Frnjl eu iroiiienflt.The external ,'ns i itste,er,(liriit, b iiodityi,, g ttw internaleiivironr ent (LJI , i,.. rnrett, 1-i ). [l( !no, ii .!tiM t1 ah "oillitiOrSo1 var i ngo eetra o, s ..%ok1i the tlrg l] ,r,1 n il, i n this 'tiidy
In-dogotl t7r' , TIrmn tI' ,r 'Ali-in 1 M'in"A~h-.>\l tli;t C i lti~n i '! b&31isril. il-i)(,-(l , l [t ttn-, it[ of "iiili;Uii c ri.iparedsi ti t'Lhos of - iit fi-, rmrrirellrndI,(r I lo \rilt iS .) Ior f iiigalt)-OpW', i: ir1i,0icie 11 , . eess, ob _eirie or fittIOriif-y essentiaenict Ior t ngi (Lills .indc 'ir. ' t t i )

I , )) e i)ilio itIo Ofo r1ir'diijnr ) lie ot the four fators ii,tiil us LillI ,rd L U,rwlt (1951)the- es ternIl,.] factors t-ntrol I; g tIe ee ii 't ) I the genetici ',teit.I tie- of a l tils. Ihut ter ( ,is7), or kIlog Itli \1',1lin-, loe rl ans,-serve~d that al tei g the size of food nose (i wdlinul Ior th -tUngUiSitfeicted the density of itiseliu' i and strands literi th'ii It affectedthe grow th rate of individual hvphae of the rn (tl ial i in i In a process such as gro th, a siiboptitial attiount Ofl itelement s ,I)ta Metalwill stop growth Cecause the apotiziic') or cofiz , tiesri,nthesi.;ed will lack the necessary activating metii (Lillys and arnett,Os I). Garret (194 6) also reported that the increase in (tncent rationel nutrients in agar (tiedium) also increase the productiui and growth
of strands. 

Of the lour fungal inoculi sources tested in ash solution, onlythe rncelial discs of Rhizoctonia did not show any growth of mycel urMor hphae. The inoculuRn surface instead, contained abundantcells more than i:lerotrathat on the inoculurn in dis tilled water. A sclerotiuinis a hard resting body resistant to unfasourable conditions. It mayrentain dormant for long periods of time and gertninate iipon returnof lavourable condition (Alexopoultis, 1962). Scleiotra are iiormally

produced towards 
 the end of ;hirasitic activity andrusting co t tuite thestage of the funguis !.., .,,ton ia (Garret, Ii-,'. 0. The fungus,therefore, probably reacted rt orc , the unfavourable 'mute(liun' etriviron­iient of ash solution than the other 3 fungi by the abudiiant productionor sclerotia eelils. This is evident frott the fact that whtereas thefninm, optimlrn and maximum pH values of tltizoctonia growthare 2.7, 4.2-7.4 and 3.3, respectively, (Anon, 1969), tile pH valuesof the ishsolutions (1,3 and 5%) were S.45, S.35 and S.98, respectively.Blair (1943) reported also that good growth of 2 isolates of Nhizoctonasolani were made over the range ot phI 1.-3.1. In his experiments,a n utral reaction was optitnuiti for growth of the organism. 

Dry wood-ash powder Curtailed itifeclion on Iruits inoculated%ith Verticillium, Fnsarioun- and GeotrichUrn but did not on thoseinoculated with Rhizoctonia. The factors involved in the susceptibilityof matured fruits include high moisture content, high nutrient, lack 
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which confered resistance during
c' protection by intrinsic factors 

on the plant and the easy vulnerability of fruits 
fruit development !I7r 5. Of these :c tri, the role of moisture 
,t natur ity (Ec-:ert, 

.. " of the tomnato truit .(1197) rport,.s important. Pearson 
0 ji, d d,cc op (.ll t of infec­i lestiiiemtie Il's water. .viosture 

ui rt.tnt influence1969). . i tot
tious plant dis2,1cs (. gr. , etratiOn
 
Of tlolstutre beiing tiet 
 p-lrrm ition t ifti ;i pk)rc- id -he pe 

i , .rl-e of 
by germ tibt . r,tiire Iko ii, r, ,t it . 

of host 
po, l) . )l,.ilr ti . ti ' ore, tor 

nost 1plonts ( \orios, 19( ). A 
tctl 11ig .t0t in ti ri :( iriocu­t~e role of the dr\ ood-.s mF em 


ld 1t illi 
 ght be that 
with VertielI [till), 1:tusaIriUlI:ted -i:- th--e t ruIt through 

the drv wuod-ashit ir t ihsorbed moisture 
tOO possibly con.

A fuorther moisture 0 usC,
point of inocul ation. 

itr face inoculatedthe 
the ash layer adjacent to the ro it 

tinued after extraction
in the moisture (:arsing more moisture from 

dissolved ash roundthe formiation of 
th, fruit, possibly by osmosis, leading to 

the developmentobservation of 
fruit pulp (mesocarp)o~er the point of inoculation. The 

a less succulent
ot a toughened pericarp and 

ash, as opposed to that 
in uninoculated healthy ripe fruits buried in 

moisturenot buried in ash, suggests a possible
of similar control fruits 

in ash. This moisture movement
the fruits buriedwithdrawal from 

gradient from fruit to ash probably limited the mycelia growth activity 
of inocula­tissue underlying the point

only to the inoculated tneasocarp 
mode 

Other thorough investigations would confirm the actual 
tion. 

a thick mycelia mat underlied
\va, observed thatof action. But it 

entity with the infected tissue. 
the ash mound aitd forrued a compact 

pulpoff, leaving behind a clean fruit 
The entity was easily thawed 

of a fresh tomato fruit.aromaof the uninfected t.'ssue emitting the 
limiting the vegetative spread of 

It was observed that apart trom 
powder also rmodified the type )f rut 

the fungi in the fruits, the as 
rot w as developeda watery, messy

caused in inoculated fruits. Whereas 
in ash cev loped soft 

(with ish) fruits, fruits buried
in unprotected 


area covered by 
 the ash mound. 
ret limited only to the 

with unripe fruits inoculatled ith Rhizoc-
The story is different 

of fruits- that had started 
and buried in ash. Except on portionstonia 

rot caused bsl Rhizoctonia
there was no control of fruitripening, explain on 

the wood-ash powder. This observation is diffici.t to 
t its incoulated 

the same premise as the observation made in ripe 
however,

with, for example, Verticill iuI, above. A possible expl oiation. 

fast rate of growth of Rhizontonia in unripe
is based on the observed 

of rot in some control fruits inoculated was up
fruits. The trnount 

rate of growth
48 hours after inoculation. This last 

to 100% withun 
pulp (rnesocarp)inasion of the fruit

possibly encouraged a quicker 
required for effective water absorption by 

a shorter time thanat 
the nycelia gro'vth progress.

the ash powder, such as would Iiiit 
rapid growth of Rfhizoc­reported the characteristicBatson (1973) also 

observed in an experiment
tonia in culture. Blair (1943) also that 

of a most rapid growth even at the lowest 
Rhizoctonia was capable 

soil moisture content he tested-30% saturation. 
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The present study is a preliminary work on the possibity
using ash as a tomato fruit-rot control substance which -,%ll equally 

of 

give effective control at nit rot rerrii:as and turigicides %withou': 
any effect on the ta't. (:olour, toed r:onstit en ts of the fruits and
without any effect on th,, taut, (our, food onstitLots ot the fruitsand witholit ,ny in.' al i toXi, Itr . lhe (!ft-( ifrtlPattcd in the 
use of is pros d(- an irrrrncent)(e for fungal

ash to nimnsitd~blh,rrfacc 

developrment on 
 lurs ,>. i2, ontri 1!tcr l Ie sawised Stevens'
(1960) suggestion err id.irn ts irn,; tire ,jnvrronrn l t ors whichmost profound il I t a ,Iif>¢ ,l is eloprog 

can be efniployed it) ri t e thte t 


i tcchniques which 
,I( tars. 

[here is no do( ien ted record )t the rise of ash in the control
of plant diseases in Nigeria. It i,, ho t,eer, 3i conmon practice byfarmers to In Crnart 

on injured yam tube- >urlace 


use iah ,toring l legurnes. 'heyalso rub ash 
to pr r.r-ntrot. It is stated that ash


from oil-palo feriale Inllorescence I,, most efficient for this purpose
(Wilson, Pers. Cnomrm.). Fhe expl dr at IOn for the 
 efficiency of oil­
pl am ash is, however, rot known. Fur tther 
 wortk is necessary on ash
from various other \gr cuttural and Forestrr waste prodrc:t. It will
also be necessary to ot experirnents on the storagecarry (ariotis

of tomato fruits ir dry ash t)owder air a larger sca e. the control
effected by ash if elaborated, vould gie anl lterndtrve and cheaper
method of fruit storage than refrigeration at hone level. -he ash
would preserve heal thy ripe fruits and runut the rotten area or fruits
already infected betore storage. At %illage cornrnuinity Icsel, a larger
storage requirement will be necessary for fruits in transit t roarkets
both in the villages and ,iroan area! ; here will thus be the problemof htilkiness in transportation of O t [r ts pItis asti pow.der. It is,
therefore, necessar, carryto out [urOler Sttile, oil develaping the
 
preparation of ash emulsions which could he tor
used CoathIlg thesurfaces of the fruits after harves)t. '0Btlc li ulsions could be sprayed
on fruits or applied by dipping frits irr the i before storage or transit 
to the markets. Tire erriril iors rUist be) such that cotld be persis tentduring the period of storage., be reail adt easilny washed oft tile

fruits before they are displaiyed tar e,(,'.
 

The regular source of ish to rise at tiorNe level or for ernl sion 
lreparation would not (:onstitute a %lost in theproblem. cookingvillage is done with firewood as source fuel. Fora of a large scalerequirement of ash powder, other sources include the several Breadbakeries where firewood is the source of fuel for the osens.i n mostof these places, the disposal of ash residue was observed as a cum­bersome problem. Another source of large scale ash production
through burning of wvoOd-,havings and 

is 
sawdust frort numerous sawmills

and plank-making industrie.s where these materials are observed to 
constitute a big nuisance. 



APPENDIX A
 

COMPARISON OF CONSTITuJENTS OF SOME MEDIA FOR
 

FUNGAL PROPAGATION WITH THAT OF WOOD ASH
 

Basal Semisynthetic medium 
(Lilly and flarnett,1951) 

Carbon sourro 

Asparagine 

KH 2 PO 4 

MgSO 4. 7H 20 

Fe" 

Zn 

%Mn 

Biotin 

Thiamine 

Distilled water to make I litre 

log 

2g 

Ig 

0.5g 

0.2mg 

0.2mg 

0.1mg 

5ug 

10oug 

Czapek (Cox) Agar 
(C.M.I.,1968) 

Sodlium N!tri1tf" (\a\O ) 2.Og 

Potassium dihydrogen-phosphate 

(KH 2POL) 1.Og 

Magnesium sulphate (\g0. 17H 20) 0.5g 

Potassium Chloride (Kcl) 0.Sg 

Ferrous Sulphate (FeSO 47H 20) 0.01g 

2Mn 

Sucrose 30.Gg 

Agar 20.Og 

Distilled water 1.0 litre 

Analysed Dry-wood ash 

Total N (%) 0.125 

Total P (.) l,11 

Ca (%) 22.63 

Nig (%) 1.55 

K (96) 1.34 

Na (ppm) 16376 

(ppm) 387 

Cu (ppm) 45 

Zn (ppm) 252 
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UTILIZATION OF PILANTAIN/tBANANA PEELS ANDPALM OiI./PALM KEU'ELL OIL FOR SOAP MAKING 

BY 

E.V. I)oku
Corps Science Department, University of Ghana, Legon, Ghana. 

Among the soveral industries operatedthe arrival of Europeins by Africans long beforen the early 15th centuryof was the manufacturesoap, a by-produtct of a pro.inctionproduction chain complex, natnely,of ptim oil theand palIM kernel oilfurnanc, as well as blacksmiths'iuel ohtajri,_ d Irom the borken shells ofThe burn t she the palm kernel., I rom lie t urnances are sornetimes J,.ed as charcoal
by hotjse- lve. 

This product ion chain complex of which natia e soap manufacturepart still thrives in Africa to dite despitescvere cornp(.tition fie centuries offrorn soap produced in l:iropeand since independene, and elsewhere,tront locally rmanufacturedimported causLJic soap based onsodat. his resilience oi1 nature soapdue to its special qualities incloding good 
is no doubt 

lather
characteristics, the latter quality 
and gool kin-oil rigis hecause the glycerol is notreiovedby sal ting out as is the case with "European" soap. 

To ry knowledge, no goverrientthe various in West Africa hasrtateril s used atid studiedthe processes andin orgainizationsthe production involvedof the "'otire" soap which isthe . utilization It good exciiipleof igricutial ofind industrialby indigenotis waste prodict de eloped.0frians. Vh atlhe i deri,,Lcd riainly frompeels arid the fat (or oi) plantainlr i [,Iflr
oil or pal n kernel oil. 
The plantain peel, ae toll ,, ted, driedin a heap and the over a period, burntash (alkali) collected. Nopeels by thernselv fuel is used a, the drys burn very well. [he ashitga period ntil iay be done overenotigh alkali is accurmuilated. The
or third grade palrr oil oils used tre secondor palm I,ernel oil left over after the iutarkuetablegrade oils ive bo'"n remosed. 

The proces,,s iuvolv(,d as given to rmeaged S7, arid by my dear nmother,c icl I bhAse fajtlftill y toll owed to prodtt e niy ownsort are as follow ,: 
i. Dissolve the ash in a 4r1nirini-iri arnount of water stiinsoluble uming offcarbon particles (Solutton largely Potassium hydroxide-is K 2 0 + 1120 2KOH). 
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2. 	 Gently boil mixture of one part "crude" palm oil or palm kernel 

oil and two parts of the alkaline solution until the mixture be­

comes semi-dry, i.e. ijitl d 	 ,' dl the %k.ater has ev,porated. 

3. 	 Add one more part ,l the , litiin :ind gradually increase 

the heat. Frothing xs Ii occur , t ' , 

the jntil 

is followed by thinenirig of the ,.,ire. 
4. 	 Continue adding sng ll qualtitw , .I ilkali trothing 

5. 	 ContinUe heiating with ,tirring inti the iixture assumes the 

desired coii,,,teri y of riditiv soap. 

6. 	 Leave to -oad ind nuiild into balls or ,,Iiateer shape is desired. 

The fuel for heating is usually the shells of the palm kernel, 

at least partly, if not wholly. 

All the input are, therefore, waste products which could have 

been thrown away to pollute the environment. In the rural areas, 

plantain peels are fed to sheep and goats in addition to Cassava, 

yarn and cocoyamn peels. However, in the cities and urban centres, 

it is usual to lind several tons of plantain peels in the dust bins 

and public incinerators. We throw away several tons of our own sources 

ot alkali only to import the same thing from other countries..\A lot 
this vital naturalof education is needed to conserve and utilize 

source of alkali as was done during the 	 war years oi 1939-1945. 

In an attempt to estimate our potential for native soap production, 

I tried without success to obtain up-to-date production figures for 

palm oil, palm kernel oil and plantain. The only "reliable" fig,-es 

I obtained are for plantains in Ghana which I shall use to illustrate 

our capacity for native soap production without a single imported 

component. 

The acreage under plantains is approximately 1,500,000 ( 1/2 million 

acres). A conservative production estimate of 3.3 tons per acre will 

be around 5 million tons per acre per annum. Yields are indeed much 

higher. 

The 	composition of the fruit is approximately as lullows: 

Fruit to peel K20 of peel NaO 2 of peel
 

15-2006 6-10% 0.3-0.4% (Negligible)
 

Therefore, K 20 production from peel will range between: 

15 6 
100 x 100 i.e., 0.009% 

to 20 x 10 i.e., 0.0296 

For KOH production, the figure will be double: 0.018% to 0.04%. 

(ie. K 2 0 4 H20--2KOH) 
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Therefore, the potential for caustic potash production from plantainpeels for Ghana will range between 90,000 tons and 200,000 tons 
per annum. 

Large countries I;,ie Nigeria, Ivory Coast, Caneroun, tec. havehuge resources of pa'm oil, palin kernel oil and plantain as well,is several other u(exploited plant sources of Wkalli and oil whichcan also be Lsed for soap manufacture. Research is neejed to findout the most desirable species within the continent for large-scale
production of soap. 

I would like to close by urging AAASA to urg'ntly commissiondetail studies of African resour-es for soap n..n-..-ture utilizing'waste' products. 
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LES SOUS-PRODIJITS AGRO-INI)JSTRIELS AU MALIPRODUCTION-IESTINA TION-C(N Tt AIN TES ALEUR UTILISATION PAR LE h-TALL 

Par 
Maimouna Salah Dicko* et 3can Bourama Oulare * 

INTRODUCTION 
Durant ces vingt dernidres annces, on a assiste aud'unit~s industrielles Mali a Ia cr 6 ationparmi lesquelles deshuileries, sucrerie-

usines d'egrenage de coton,et rizeries
font l'objet de 

dont les productions de mati6res quileurs installations sont accompagnees de celles deproduits susceptibles d'&tre SOLISvaloris~s par le betail.
 
Les Centres do 
 Recherches Zootechniquesrnultipli6 ont par consequentles essais d'introduction

ration; des de ces divers ingrddients dandsanirnaux afiri lesde quantifier leurs effetset la productivit6 (Rapports 
sur les performances

d'activit~s C.N.R.Z.1976 SERZ/5 Sotuba 1973-1975-Niono 1971-1972-1974,
Traor6 Doumbia 19714,1971-1973). Les Sangare' 1974,r6sultats enregistres ont etecreation a l'origine lades feedlots de l'Office du Niger-* d'une 

do 
do 4500 bovins et la 

capacite annuelle5 pratique de l'embouche bovine par quclque
e1eveurs pilotes. 

Dans le milieu rural des zones o6sont implant6s, les complexes agro-industrielsles agents de vulgarisation agricole conseillent la distribu­tion de la graine de coton et de la farinenotanlinent basse de riz aux anhrnauxaux boeufs de 
E.C.I.[B..[. 

labour pendant la periode do soudure.(Etablissement rde Cr6dit et d'InvestissementBetail et pourla Viande) encourage et subventionne le 
Quelques loenbouche payainne.essais d'introduction ont (etc (ntrepris dans les zones sahhiecnes,loin de,, centres de production (Sylla 19 73-Activites do I'OMIAEVI a Dilly). 

Toutes ces actions ont contribu6produits z,clever la demandepar les 6 leveurs. L'offre sur plan 
do sous 

contre pas 
le national, narrive para satisfaire cette demende. Parallelement
des sous produits augmentent les prix de venteau point do n'tre plusleur valeur alimentaire, en rapport ayesn malaise se cr6ee. Ou enagro-idustriels sont les sous produitsau Mali '?Tel est le propos do cette communication. 

Nu ,,itionniste CIPEA, lPrograrnme du Sahel, Bamako, Mali.Ing-nieur des Sciences Appliqu6es, IPR,Office KatigougomU, \lali.du Niger Organisme do Dcveloppement des cultures irriguees
dans le delta central du fleuve Niger. 
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Tableau 1: Productions et Valeurs alimentaires r#elles (1979) et poten­
tialles des sous produits agro-industriels au maii. 

I_ 1979 PIotentiellesSous produits 	 Ut: MAI MS I UF 7MAD 

(T) (000) (T) (T) (000) (T) 

RIZ 

Son balles 2323 627 77 0-1,3 2172 260 

Farines busse 3405 3405 319 S256 8256 776 

Conne a sucre 

Bouts 	blance 23700 13035 497 26958 14827 566 

M\elasse 6225 6474 56 7080 7364 64 

Graines ol~agineuses 

Graines de coton 60888 63932 5845 109504 114979 10512 

Tourteaux do coton 3000* 2526 1152 6918 5811 2650 

Tourteaux d'archide 15974 15175 5925 33084 31429 12274 

Sous produits des 
( *)

Abattoirs

Farine do viando 23 26 12 56 62 29 

Farine do sang 0,8 0,9 0,6 70 78 57 

Poudre d'o, 	 20 - - 295 - -

Total 	 115556,8 105200,9 13883,6 200264 184978 27124 

(') 	 II s'agit des productions de 1978. Celles de 79 netaient pas 
disponibles au moment de I'enqu~te. 

Ldvolution des productions de 1974 a 1979 n'a pas toujours 
et6 conforme aux prcvlsions quLi avaient un taux annuel de croissance 
de 1096 (Traor6 1973). Lours fllictuations durant cette periode rapport6es 
au tableau 2 montrent quo les productions de graines de coton et 
de mtilasse ont connu une certaine stabilit6 et mAn.e quelquefois 
un I6ger accroissernent. Cel!es des issues de riz et tourtCaux d'arachide 
se presentent en dents de scie et lea quantit6s de to:rteaux de coton 
et des sous produits des abattoirs ont diminu6 d'anne'e en annee. 
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Tableau 2: 
Sous produits 1974 1975 1976 1977 1978 1979 

Graines de coton 160 60 105 116 115 126Issues de riz - 100 83 115 93 113Sous produits des abattoirs - 100 97 S6 83 -MeJasse de canne 

- 00 145 
 157 144Tourteaux d'arachide - I00 129Tourteaux coton 78 115 

- l00 85 145 

Les raisons essentielles de ces fluctuations demblentla 6tre:varlation des quantites de matieres preiidres traitees quisont I'ies aux aleas clirnatiques et a I'xistence d'un rnarch6paralle le plus remunerateur pour le paysan,2. les difticult3s de fonctionnrent de certaines usines. 

Compte tenu de ce passe, toute planificationde la productior a long termede sous produits s'av~re difficile.reguliers qui tiennent compte 
Des inventaires 

de tous les sous produitset des spe'culations autres qu'alimentaires 
disponibles 

vers lesquelles ils pourraient&tre orient6s (exportation, fabrication d'alcool et de vinaigre, utilisa­tion d'alcool et de vinaigre, utilisation comme combustible etc...)deviennent indispensables. Ainsi seulement des programmesde leur utilisation dans sOrsles entreprises d'c6 levage pourraient 6tre
etab] is. 

DESTINATION 
Trois formes de destination se presentent actuellement: 

- utilisation par le b6tail
 
- exportation
 
-
 speculation autres qu'aliinentaires 

Les issues de riz:

Les productions de 
 l'Office du Niger qui repr6sententde Ia production 80 & 90%total sont entierement ccdees aux colons- pourla nilse en forme des boeufs de labour avant la p6 riode des cultures. 

Le reste de la production localise au niveau de
achet6 par des eleveurs de la region et par 
Mopti est


certains organismes d'Etat(C.N.R.Z., ECIBEV, C.A.S.) qui pour la plupart sont bases ' B'amakosoit , 650 kni du centre de production. 

La production actuelle d'issues de neriz couvre pas la dernande
n'-,c .C:'t 'i a,,ulis ion devient par consequent diffic ie.
 

Les sous produits de la canne: 
Los bouts blincs 

consorinies par 
de canne et la melasse eitaient jusqu'on 1977les ho .ins mis ('n embouche dans des ateliers construits 

Colons - Exploitants des terres irrigUdes de l'Office du Niger. 
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pres des unitds do production. Ces ateliers d'une capacite annuelle 
de 4500 totes ont cess6 de fonctionner a cause d'une organisation 
inadcquate au nveau de 1'ecoule0,,ehr diJ t itailenbowcho. IIs'ensUit 
que les bouts blancs s totir la des,ont brtl ,tl ra.t rtocolte connes 
et quo plus de 90" de I'amelasse prodi.to ,-st verto, dans les canaux 
d'irrigation. Le mmIIque do IouX de sto kage et a iJ ,onimercal isa­
tion de re prudnit dhUC iux diftiCUItes de conditionneirient et de trans­
port e.pliquent cetto (onduite. 

La transforrnation de )a nelasse c:i alcool dont la capacite 
potentielle des lnits est de 2500000 litres est reduite actuellernent 
a 150000 litres on raison des difficult6s rencontrees par le placement 
d" I'alcool i 'exto'rieur. 

Les graines de coton: 

Le tableau 3 relatif i. la commercialisation de ]a graine de 
coton produite ors de la campagne 1978-79 montre que la quasi 
totalite de la production ost ecoul.e ce qui sous entend une non 
satisfaction do La demando. 

Tableau 3: Commercialisation do ]a graine de coton (Canpagne 197,-79) 

Localisation des clients lgior I Total-Ti-n 4rgnR6gion R6gion R6gion Quantit6 

(lamako) (Sikasso) (Segou) 6 
Qualit6 des clients (T) (T) (T) (T) 

Soci6t6 Malienne d'Import 
d'import-Export et Soci'te 
d'Exploitatiun des 
Produits Ol&.,gineux 36861 36861 59 

Services nit iOndLx 
s'occupafit de I '.igri(ul ture 
et do I'levage 3252 2086 9781 14119 23 

P.ir ticuliers 7039 2590 1574 11203 IS 

Quantit6 (T) 47152 4676 10355 62183 100 

% 76 7 17 - 100 

Les acquisitions de la 50.\IEX et de SEP t 5.1'la )9% de 
I.,production totale sont destinees a t'exportatioii .s des pa s 
Cteveloppu, et I'extraction do ihuile. Lex exportati,.,: des graines 
ce coton qui reprosentaient 13% de la production en 197') sont passees 
a 4896 en 1978. A ce quota doit s'ajouter une grande part des graines 
(soit 18% do la production) cd6es aux particuliers qui sont IC p1lus 
sou~ent des qui Ce prcdt er*commer,-Icants exportent sous _i[ des 
pays Iirnitrophes corimne la c6te d'lvoire et la Haute Volta. 

Les quantit6s do grames de coton utilis~es au niveau national 
seraient donc de l'ordre de 23% do la production qui se r6partissent 

http:prodi.to
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entre le b6tail et les semences. Les zones dlutilisation sont les RegionsEconomique surportant du bovin70% cheptel ne sont pas concern~es 
par cette vente. 

Les tourteaux: 

Les tourteaux d'drach 1de ,-etde coton ,ont produits au niveau
de deux huiler as (iiii,ont IdaEPOM et la SEP\\I\. 

La SEPO.\I. socie6t nationale conimercialise ses tourteauxtant a I'interieur qu'a IP teriaur d naVs. \Mais des dif[icult~s defonctionnerrient de :ette ujimtea ont r6duit conslderablemwi,t les produc­tions qui tie reprtesenrent plus en 197S que 455o do la productiondu tourteau de coton de 1976 et 29% du tourteau darachide de la 
rn~me ann.e. 

La SEPA.\\ , ocaite mixte Mali-Republique F6derale d'Allema­gne, exporte totalte sOnIa de tourtaau suite a ine autorisation
d6coulant de la Con~ention d'Etablissement. 

La baisse des activites de la SEPOM risque d'&tre un frein , I'utilisation des tourteaux si une modification de Ia convention
de [a SEPA\,*\ nintervient pas. 

Les sous produits des abattoirs: 
Ilssont introdits dans les concentres pour volailes. La diminu­tion dannee en annee des quantites produites fait que la dermandequi augmente , cause de l'essor 'avicul turede dans les grandes

agglomerations riest pas satisfaite. 

II existe done un v 6 ritable d's(-qtii libre entre I'OPPREla DEMANDE, etd6 sequilibre accentue_ par les exportations des grainesde coton et des tourteaux qui sont les sOus produits les plus importantsquantitativement et qualitativement puisque riches en azoe. 

CONTRAINTES 

La transforrnatio des sous produits en proteines aniniales aeta en Afrique, durant ces dernieres ann~es, objet de nombreux essaisdont les r6 sultats ont dt6 rapport6s au niveau de divers seminaires(Colloquas IEMVT Farcha 1969, Dakar 1973, Bouake 1977, Journ6estechniques de la production aniniale 1977IEMVT etc...). Cette trans­formation techniquement 6 alisabler avec un taux de 10 UF/kg depoids vif pour le zebu et l pour le taurin notanirnent la N'Damna(CIPEA 1979) ne saurait ,tre appliqu6e a grande echelle que si ellese revt.le economniquemnent rentable. Presentement a Mali, plusieurscontraintes liniteit le d-veloppement de structures modernes de 
productions animales: 

1. L'absence d'une politique de planification d'utilisationet des sours produits, ce qui favorise tine restriction de leur disponi­
bilit6 inte'rieure. 
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2. 	 La non intervention de 'Etat dans la fixation et )a stabilisation 
des prix de vente des suns prodwiTs. 

Lex prix sont hwis's pir les Unltes de production et differeit d'un 
endroit a I'autre. Par oxemple i !,irlnO base to riz est a 17 F.I* 
le kilogramme a I 'OCtice du Niger ot 2') F a.a a rizerie de Mopti. 
La merote des prix lut se fait -[,s tnr iompte de la valeur 
alimeriaire des ingredients serrble :re Ice a i dciande. Les 
prix des tarines de sang et d'os uit ,n-:o ')74 et 'elill de 
la farine basse de riz de Mopti a qm:J eci clI 1977. Les ,igllwnta­
tions de prix sont arriv6es au point .. 1 ". ".:0,,rrilrrit. de su s 
produit est propose ,i I'eleveur ou a,, :ap -,on p is clir que cc 
dernier West vendu la matiere premier( .1:)t cet ingredient est 
tssu (cas de larachide et do son tourteau). 

3. 	 Les frais occasionnes par les transports soil e eCs , cause des 
grandes distances entre les lieux de production et dfls liens d'utilisa­
tion. La montde dI prix des hydrocarbures ne fait qu'aggraver 
le phenoinne. 

4. 	 Les prix de la viande constituent unfrein non moins important. 
Ces prix ties par IEtat sont . 1,amako de 1000 FM pour le 1kilo­
gramme do oiande vec 1s Ct 1200 FM pour la viande sans os. 

:\vec les frais ini ts do trisformaton le marche interiour ne 
peut pas actulICllent Val orser ICs ani nux engraisses. (inc solution 
pourrait 6tre la ju lte. En ittendant, tout le be'tad eiibouche 
est vendu hors des troutieres ((6t(e d'votre notairn nit). 

CONCLUSION 

Cette situation des son, produits agro-indistriels se retrouve dans 
b(:aucoup do Fa, s en de\ elopp.eret notarriment ceux ,ihelions dont 
I s productions agricoles sont a la tuerc I des aleas clini gues. L' iill­
tion galopan te dtgmcri te de JoUr cii jour los co1ts uduits .te translorma­
!ion de ces infrddients en proteMs Mimales cequir,,: d inesperd le 
dcsecloppemnit des oritrepri';es modernes dc'des age. 

DonX principales %oies rest, nt i la destination do, sons produits. 

I. L'esportaton qui assure ime reitree de devises. 

2. L'utilisation par le bdtail qui. dans ies pays s.hieliens connai 
un ddficit ali mentaire dirant le Iongue p6 riode s6che (H rnous par an), 
,e traduisorit pa une perte de poid',, Une baisse do 1a productivit6 
ot do la ertilito dos tnimanX, une diminution de la resistance face 
cmo maladies infectiouses et parasitaires. 

L'importance qu'il audrait accorder a chacune des oles est Ln 
choix politique. 

I I 	france malien - 0,50 Franc C.F.A. 
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La volonte politique du Mali dans ce domaine a 61:6 definiepar]a creation (Avril 1979) d'une commission nationale charg6e de I'etudede planification et dutilisation des sos produits. Les recommandations 
de ctte cornlissiL ,)ent entre antres:
 

'-proposer la r,-.:crvation d'un quota 
 ,innuel de soUs produits agroindustriel, region por region scion la rcpartition geographique desprincipales sources dapprovisionnerient afin de diminuer les courts 
exorbitants de transport. 

- fixer des prix in terieurs des aliments du beail sur une proposi­twon d'une conmfissiouii "ad hoc" du \linistere du Developpement Rural. 

- envisager une solution pour les Centres de Recherches et Op6ra­tions de developpemcnrt de I'elevage pour I'acquisition des soLs produitsa.gro-industriels a des conditions aceptables (problemes de sacheriea resoudre, subverntion de prix par It Gouverneinent cession gratuite 
pour des fins de recherches". 

LEXIQIJE DES ABREVIATIONS IJTILISEES DANS LE TEXTE 
(.A.S. Centre A\cicole Sotuba.
C.I.P.E.A. Centre International pour L Elevage en AfriqueC.N.R.Z. Centre National de Recherches Zootechnques.
E.C.I.B.E.V. Etablissement de Credit ct d'sestissement pour

le Betail et la Viande1.E.X.V.T. Institut dElevage et de \l6decine Veterinaire 
des Pays Tropicaux.

O.M.B.E.V.I. Office Malien du Betaic et de la Viande.S.E.P.A.M.A. Societd d'exploitation des Produits Arachidiers 
au Mali.S.E.P.O.M. Socidt6 d'Exploitation des Produits Oi6 agineux 
du Mali.S.E.R.Z/S Station d'Elevage et de Recherches Zootechniques 
du Sahel.S.O.M.I.E.X. Socidt6 Malienne d'Importations et d'Exportations. 
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UTILIZATION OF AGRICULTURAL WASTE PRODUCTSCONTEXT IN THEOF RURAL DEVELOPMENT: SOME IMPLICATIONS
FOR RESEARCH POLICY 

BY
 

National Cereals Ayo AbidogunResearch Institute, lbadan, Nigeria. 

INTRODUCTION
The energy crisis has broughtreexamine development ob-ec.tives 

sharply into focus the need to
alarming rate of 

and strategies
exhastion in the face of theof nfatural' resourcethem nonrenewable. reserves, many ofIntensification in the usesuch resources is one of current stock of 

what 
tyk of m ot-lug this challenge.of has biter to been The exploitationregarde , A agricul turalis in effect ar in tensification waste productsin the ,,e of agricultural resources. 

In muany African countries utilizatiornproducts is releati of agriculturaliely mww area waste
ted of research, and is yetinto mamstream agricultural research 

to be integra­
no coherent programmes.research policy Consequently 
of its in this areagrowing urgency, has been evolved.utilza tion In viewof gliculturalpromises waste products
therefore 

to ittrict increasing attention it) thebe necessary to orti(iculott coming years. It maydirection, tirstl y )ecuse Of 
relevant researh policy in thisth10 need to avoidin this area of research, a haphazard dseelopmentand secondly becauseinvestment as an area for publicit will hase to relate to national policy objectives. 

For most deolopirig co unitries ruralfulcrurn developmentof (evelopmlental remains thep0Csv.products shoild th erefore 
The itiliza tion of agricultural waste!e seen in tile cortext of its impactte rural econory. ,\gau this 

on 
backgroundpaper the objecti\sis to exaruirre of thisto discuss their tie i 'cmoes uivol ved irn ruralimplications for devel opmuent andresearch policy in the area of agri­cul tural wasteprodrits utilizatton. 

SOME ISSUES OF RURAL DEVELOPMENT
The theories o econoinic development,model (Lewis, 1954 notably the two-sectorand Ekcaus, 1955),influence have undoubtedlythe thinking of had someon policy makersEriphasisirig, in developing countries.as the two-sector modelsupptosedly does, the need tosurplus labour from transferthe ra!such sectortranfer has to thre urban sector,today been achievedwith a vengeance. Past 

in many of these countriesefforts
exodus, aimed at stemmingfor example, the rural-urbanstate farms in Ghanain Nigeria, have and iarm settlementsfailed to achieve their objectives (Dadson, 1971). 
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Among the factors usually listed in post mortems as contributing 
to the failure of these schemes are high capital cost, lack of spare 
parts for farm machinery, low farm output, and settlers unwillingness 
or inability to adapt r,- ruir.!l \ of k. Inderlving the ,trategy 

reflected by these tactors is what Lipton (1968) has called urban 
bias in rural planning. an attempt to transplant the urban setting 
into the rural Millieu in form of capital -intensive projec ts, high-energy 
machines, sophisticated farm designs and lay-out, ind ten tirbanized 

inhabitants. Thus the social needs of the rural in:.ihi' iitS i;re seen 
as an extrapolation of urban requirements (Abubakar, i');). 

Given the need for a new approach to the whole iUeStialn Of 
rural planning and developrnent, agricultural re,,irci as an area 
that has the most bearing on rural welfare has a leading role to play. 
Indeed the urban-biased approach to rural develol;;eit in the past 

can be traced to the orientation of agriculturwi reearch policies 
and programnes. For exampie, emphasis has aAys boen placed on 
sole cropping with its implication of special izai:on and therefore 
large-scale production and its attendant need for In,'. itiechantzation. 
The result has been that agricultural researchers Vase been working 
at cross purposes to real farm problems that aro ooted essentially 
in mixed cropping and small-scale production. Yet it has been shown 

that there were valIed reasons of a technological, ociologicai aind 
economic nature for farmers' reluctance to chaii;e to sole ciopping 
system (Norman, 19,71). Sign ifican tly there now seems to be a dasimng 
awareness in research and governmental circles at the need to base 
research on indigenous tarnomg systerns with a vew to iinprosi g 
them. 

\Vhile agriculture occupies a special posit i int he rural set­
up in terms of enplo.ment, it is by no means tn oa l occupatlion. 

Others include haandicrafts. snnithery, dyeing, etc.Thi, run d dceclop:ient 
embraces the physicl, economic and s.,ocial devel.pnent ni the antie 
rural environment, rather than agricultural devei xiwr' dino, 5%th 

shich it is often rcgarded as s/l onynrous. In particular rural develop­
rnent strategies in r;st \frcan countries Would have to be directed 
to steniming the r r al esOdis since this threatens to lead to serious 

depopulation. thus the siuiuus circle: lack of necessary infrastructure 
b.cause it is Urieconomr1 i( relLatlVe to the population, further migration 
because of Iaci., at amen it ies iad necessar 

, 
it frastruc tures. 

No doubt secular oserall economic development requires that 
because ot 'truc tiiral changes in the economy, agricul ture would 
supply resource, es)pecially labour, to the expanding secondary and 
tertiary sectors. Nit this would have to be predicated upon increased 
Droductivity at the prmrimar Sec tor itst-If. At prsen t available evidence 
suggests that in thu ,\est \fricun suh-region, tor exaniple, agricultural 
product ivity has failed to keep pace witi demand f-r food. 

It could be said then that in the short-run at least, rural develop­
merit would need to stabilize the rural population and in some cases 
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even 	 proside incentives for a back-to-the-land ros erent. Thisbe 	 candone within the frarriework ,) certain basic obje t vesdeveloprritnt which 	 at riralincIude the ener-Irat iproductiv ity, 	
g o I icrea (d agriculturalhjghur rural leone, iwcrtaced en )lo,,merit and equity

in in roI di. trihitiac. 

IMPLICATIONS FOR 	 RESEARCII POLICY IN IJIILIZATION OF AGRI-CULTURAL WASTE I )ZDIJCTS:
 
ci.httare the rtphi, itiur, ot tii
( l'togoins lot researchpoc Ic in niw Iii'artor ,,r.n
or : r a kLAite prod.u tis " 	Lscen"itially

rePSe. r,h pu 11y ii this[hat the p 5e dhre thohi'to gr(t' t aIrea1)( sliould ted a; s, i;;t('t~a!ilor rijral 	 productsdevelo 'pni-,nt; In particular
those.-	 that (oIdbt expo tti to lead ita.rn ofdevelopncit objet rics 	

to the et basic ruralIktu increased rural 	 (a -riC lltural and non­auricul ti ral) prodti .ti t,, higher incore, ernp!oyinent generation,and equity in incorne isiribiton. 

Detailed articulation 
be 	

ot such polIcies %kOLJld of course needto hased on speui lw information regarding the particuliaronooi. :for exampl e 	 ruralproduct orn techniques; I inklaiges between theor totI,; subscLt ot Of ,he rural econor y; linkages between thesector and thO irban 	 ruralswctor; iterns of agriculturalcurrently 	 products that areregarded as waste products, and their possible usesth( rural economy, etc. 5ut regardless of the 
within 

detailed specitications,art po y gurdelines mist morporate a hierarchy of priorities.is Suggested that 	 Itin the conitex of rural development, the hierarchyof priorities should have Ith tollowing order: 

1. 	 research in waste proditcts that becan utilized as inputs inagricul tural productiom2. 	 research in %vWsteprodicrt.ts a inputs outside agricultural produc­tion but wi thin exist ing (traditional) rural occupational sub­
sec tors;3. 	 research in waste produ(tts as inputs for small-scale industrial 
processes; and4. 	 research ii waste products as inputs for large-scale industrial
 
processes.
 

Waste products
hate potential 

that can be utilized in agricultural production
for stimulating rural development. It generate
additional incone 	 can
with 	 virtually no additionalcould 	 costs. Such productsbe substitutes for previously purchased inputs, for examplethe use of cocoa husks as fertilizers (Egunjobi, 1975). Furthermore,because the supply source of such substitutes is within the farm orin the vicinity

in supply 
of the rural area itself, delavs or non-availabilityof dem ical fertilizers t, _'-;ilinateu, thj leading effectivelyto increased productivity. Moreover, the utilization of wast productsthat supplement livestock feed, for example, again(,\deyanju, et 	 cocoa husksal., 1975) could lead to greater effective food supplyfor both rural and urban populations. 

http:prodicrt.ts
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In terms of income distribution, the utilization of waste products 
within agiiculture also has very great potential. For example, through 
increased real productivity it coold lecad to Io,. er ing of init production 
costs and hence cheaper .>, r., .: u. So alo 

does it have a stifTillatinlg effect on crinplo~rient gericit- wi. r ater 
effective output means increased labour in sui 1i area i htrcii ug, 
',rocessing and rmarketing generally. 

For \, ast products that ccii be itiliz(d olit - .rW1Jlti-e 
b)tjt 'ithin the rural -ystem, the effect on rrwl cic,.lu r ,cit , aliost 
LiS faourable. Millet stailks for exa.rliple could he ilsed four -!(-h dl.erse 

roses as buildiiig materials and fuel (Dal lto, 197 A.'Again1 the 
efIec t of tlis is a real increase in farm produc tiv it, . It could also 
generate iticrea-ed ernployment partl culdrl, at the fiarf:, !Ic'el through 
*ncreased Iabour for harvesting and post harvest h:iliung. Because 
,itilization is occuring within the rural ssterin, there !,, i generation 
ot Hirschran-type bacl,%. ard linkages, thus st iniI i t iHi_,' increased 
farm production through the dcumard in the otuer sub -cctors e1 the 
ruiral economy. By and large, th. effects ha\ e direct !:nd imiediate 
inipact on the rural economy. 

The next in the line of policy priority is the utilization of 
waste products that constitute inputs in small-scale industries. Since 
the w'aste produI(ts are of agricultural origin their denmand as industrial 
inputs would lead to increased real productivity with its associated 
generation of increased labour reqouirements for harvest in; and handling. 
\'oreov.er, it ',ould generate fur ther employment in th. !orm of labour 
required to %'ork in the industries. Since small-scale iidistries tend 
to be labour-iritensie su(h urnplor ment generation -, the greater. 
the impact of such effects tends to have direct inipt t on the rural 
economy to the extent that small-scale industries may .lso be located 
in rural areas. 

Finally, there are the waste products that ser\,' a, input ifnto 
large-scale industrial processes. Such industries are usually capital­
intensive and are likely to be located in the urban centres.Consequently 
their effects on rural development can be expected to be weak. Never­
theless since its inputs are of agricultural origin, such industries 
do stimulate increased agricultural output, higher real produc tivi ty 
and possibly increased level of etuployrnent. 

SUMMARY AND CONCLUSION 

The utilization of agricultural waste products is a relatively 
new area of research in African countries. However, in view of its 
growing urgency in the face of threatening global exhaustion of natural 
resource reserves, it promises to attract increasing attention. Hence 
there is need for coherent policy formulation to avoid a haphazard 
de elopment. 

http:oreov.er
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As an ofarea public im estrnent research in utilizationcultural waste of agri­prodic t kould need to tulfi social p l cl becti ves.-For nost de %;e i i g Coii trios, rural I,Je opIentof developrrentai policy. [ ee rh 
Cl dI a11n the pIvot

in utilization of agriculturalproducts in Atrcan wastectn trits should thus be ,een in the context of
rural de\ elopment.
 

Some isues f r11rI 
 dec lopmen t in Africa are discussedthe reasoni for fatlures of past attempts 
and 

at rural development high­lighted. Their implications for research policy in iitilizationproducts are of wastethen discussed in ternis
These irtl ude 

of a heirarchy of priorities.research i waste prodijcts as iriputs in agriculturalproduction; researchd in productswaste 
production but within 

as inputs outside agriculturalexisting rural occupational sub-sectors; researchin waste products as inputs for small-scale industrial processes;research in waste andproducts as ininputs large-scale industries. 
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INTRODUCTION AND -OPULARIZATION OF BIO-GAS TECHNOLOGY(THE ETHIOPIAN ATTEMPT AND EXPERIENCE) 

By 

B1.MegersaArsi RUral l1)e\u lopi lentAgricultural Engineerini Prope( t (A.R..D.P.)
,ection P.O.lBox 3376, Addis Ababa 

ABSTRACT
 
There are preus,,ing fuel 
 problemsand this in the countryhas been aggr\'lviated by the fact thatthe rate of phYting does not coperate of depletion up with theof the forest inThe the country.current treand indicates that the countryrun short willof its forest within

if intensive afforestation 
the next two decades, 

programme isn's under­
taken soon. 

The infrastructure facilitieshas in the rural areanot yet reached scattered home-steads.irnplies that even This
if it is wanted to substitute
 

it may not 
with kerosene, at subsidized prices,
 

fuel-wood 
entertain the whole rural masses becausethe road infrastructure is not yet well developed.Even if such systems are adapted, itsnot guaranteed supply isbecause the oil exportersbeen haveconstantly increasing the price of fuel anddecreasing the supply. 

On the other hand, in some parts ofthere seenis the country,to exist an-other substitutefire-wood: for theie the introduction and popularization
of bio-gas technology. Introduction
technology not of bio-gasonly partly solvesbut also that the fuel problem,of fertilizer as well. It also improvesenvironmental health conditions. 

The raw-materials neededof bio-gas are 
for the productionfound scattered as mostpeople . This fact of the assures the availability ofmaterial that may raw­

may 
be fed into the digesters thatbe owned by the -iI r,-sidten-ts.in Ethiopia, an average In tict

family has enough numberof animals whose manure, if collectedinto bio-gas plants, can 
and fed

produce that arnountof gas a family needs per day for cooking and
lighting. 
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One of the major constraints that hinder 
popularization of bio-gas technology is the initial 
investment needed -o -ons-ruct bio-gas generators.
Some efforts are being made to come up with 
simpler and less expensive designs. The results 
achieved, with them are so far encouraging. But
there must still be some sort of national credit 
policy that assist financing the 4tin 	 initial ,, of
the digesters. The national credit policy -ewill
the people a chance of getting some %1,of the 
money needed to construct and install bio-gas
plants. The owners of bio-gas plants, as may be 
stated in the credit policy will gradually pay the 
money rowed after the digesters start producing 
bio-gas. 

Another bottleneck that has limited populariza­
tion of bio-gas technology is the lack of proper
coordination and directives on a national level.
The Ethiopian National Energy Committee working
Group was formed to widen the above mentioned 
bottlenecks and is better (than ever before) har­
monizing the activities related to the development 
of rural energy. 

The Current Conditions of Energy in the Rural Community 
Ethiopia has probabli the largest number of livesto.k population

in African and Sth in the whole world (1). The 1979 estimate showsthat the country has 27 million heads of cattle, 41 million sheep andgoats, 7 million horses and mules, I million camels, 50 million poultry (2)
and 3.8 million donkeys (3). 

A great proportion of the human population are ural residents,whose home-steads are scattered all over the countiy. farmersThe
need power for cultivating their snuall fragmented farms. The sources
Of such power are very often, animals and oxen in most cases. cows are mostly owred for milk purposes. A family of five members has 
an average of 5 cattle, 7 sheep and goats, I horse or mule and 8 
poul try (4). 

(1) 	Sinet Vol. 2, No. 1 pp. 4;
(2) 	National Development strategy for the animal resources of Ethiopia

(1980-1990).
(3) 	Central Statistical Office-1967 and 1968 pp. 48. It is the estimate

of 1967 and 1968 and does notrefer to that of 1979. 
(4) 	This has been based on the assumption that the population of 

Ethiopia is 30 million. 
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As has been indicated above 39% (5) of peopleand are mostly farmers are rural residents(81%) (6); thisof the population and any 
by far involves the majorityhealthy development program must be designedwith these rural residents in mind.
 

The rural homesteads 
 are scatteredreach and the electriconly some (parts areas of lines do 
homesteads it)future plane of electrifying the ruralmaytake a longtime. This leavesKerosene us with firewoodto be the current and,ource of already tapped fuel in the ruralCon rn,,ni ties. 

Kerosene, which is an imported commodity, not asource of fuel for the rural is dependableresiedents for twoinfrastructure is yet 
reasons: first, the roadriot well developed and thisthat Kerosene in turn will meancan not reach most of the rural residents in large volumes:and second, its price is increasing (:ontinuously.a point beyond which the It may soon reachpeople may notother countries, where 

be able to buy but in someroad infrastructuremajority of the people depend 
is already well developed,on kerosen as aThe governments major source of fuel.also Subsidize the price of kerosen to keep it locallyavailable at a reasonable price (7).
 

This dpproach, directed 
 towards solvingable since energy shortage is debat­the producers and exporters of Kerosenethe supply and do rot maintainthey have been constantly increasingthis trend, if addapted, could lead one 
the price hence 

to rely on an unde-pendable energysupply.
 

This systemn, which can 
 inot be adapted (asfeul energy) amd introduced the only source ofto the rural parts of theis with fire wood. country, leavesRecent studies indicatedepeletior of fuel-wood is 
that the present rate of700,000 hectaresand there is only S8,000 

of wood land per year (8) 
These 

kinl of forest land remaining in the country (S).I gures indicate that, at the present ratecountr of depeletion,will be compeletly rilining out its 
the

of forest within the nextto decades (10). 

(5) A paper by the Ethiopian National Energy Committeelication caused on: Deserti­by the uncontrolled consumption of non-commercial 
ene (Undated).(6) From Revolutionary Victory Through Struggle(7) Inerciencia, Expo in 1979.Vol. 5, No. 1, Sep. 19S0, pp. 58.(8) ENEC-report pp. 2.

(9) Livestock strategy.(10) The seedlings to be planted in coming yearsthe are not included. 
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Hence use of fuel wood fron forests, %khi n ( o- ers les! than 
S% of total Iand irea of the nontry (11) shoild bt discouraged but 
there iust be alternati\,e solutions to the need of t( I- ood. 

Hore, it seems log iial to start developing improced stoves to 
reduct e conurption ot Iire wood. The Facujl ty of Technology and 
.-. R.l.l, in CO-operation with the Energyy Sub-Council of the Ethiopian 

,nce and Tethnology Cornnission, has already started conducting 
'ich a rrescarch. 

In sorne instants, dried cow rnanure is used as a source of fuel 
hti. in most cases, the humas and valuable nitrogen contents are dest­
r. and only !he mneral contents of the ash remains. The lost manure 
Is thn not a'ailable for use as fertilizer. 

TIe pr -. lois reports (12) indicate that the domestic price of 
to.-er is ma redsed by 93.2% within the last six years (13). The 

1mc ::: pire of a quintal of fertilizer was 135 birr in 1977 (14). The 
iniported f-el and lertilizer thus are not dcpcndabf, ,uces -t InPuts 
for the scattered homesteads in the rural parts of the country: Fire 
wood has been depelected rapidly thus bio-gas has been considered 
as one alternative. 

This point can he further confirmed by the fact that the from 
the total mrnal population owned by an aserage family, in Ethiopia, 
can produce that winiount of bio-ga!, needed for cooking and lighting 
a rural homestead. 

Ilio-Gas Digestes Built Some Years Ago 

Some organi7ations and individuals have built bio-gas generating
units. Many of these units have been out o operation at one time 
or another. 

These bio-gas digesters were made as simple demonstration 
trials that are not, as such. geared to the daily needs of the people 
around the site. 

There has also been frequent interruption of the bio-gas projects
due to staff shift from the site. The remaining staffs did not have 
the same initiative for continuing the bmo-gas projects already in opera­
tion.
 

This problem has been usually localized to specific sites other 
sites were having relatively richer experience than the rest. There 
(11) 	 From Revolutionary Victory Through Struggle, EXPO-1978. 
(12) 	 A.R.D.U. Publications-,\nnual Report (1974/1975).
(13) 	 Domestic price of imported fertilizer was 44 Birr/quintal in 

1974 and is S5 1lirr in19,0. 
(14) 	 I.A.R. Proceedings - Fifth Annual Research Seminar 30 Oct. 

Nov. 1974 pp. 1975-A.A. 



has not been any kind of co-ordination between the vai ous Cel%,tfe;dealing with activities related to bio-gas. This un-co-ordinated actnhas later been realized by the government and it has resulted inthe birth of the Ethiopian National Energy Committee Working Group 

The Establishment of a Working Group that Co-ordinates ActivitiesRelated to Development of Bio-Mass Technology (in Ethiopia) 

In order to properly plan and implement activities related tobio-gas, a working group was established in 1978.
 

The working group been
has established when the conditions%,ere purely disorganized and were with-out national applicabilityin mind. Summary of the past experiences in the country have guidedthe groups as to what measures are be into taken order to properlybring the bio-gas activities under one umberlla. The most seriousconstraint was lack of proper know-how. The group is hence usedfor consultancy purposes as well. 

Some Major Activities of the /orlcin, Group 

A tentative job description of the working group may be stated 
as follows: 

In consultation with the Office of the Executive Secretary oftr.e Ethiopian National Energy Committee: (ENEC): the Working group: 
Prepare and distribute details of research proposals to various 
collaborating bodies. 

Prepare work schdule and budget that may be needed to conduct a particular project and finance as may be agreed with therespective organizations. 

Supervise and assure proper implementation of the proposed
project.
 

Collect 
 and document all research results, and after properconsultation with the appropriate organs of ENEC interprates
and publishes papers.
 

Issues directives (in local languages) 
 on how to construct thedigester and how to use the gas and the sludge.
 

Give technical sercices (designs 
 and advices) to those who wantto Construct bio-gas generators of their own. 
Take all possible actions in order properly distribute more biogasp'ar.ts all over the potential areas in the country.
 

Corre pond with otlher bodic- on related m-itr rs.
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-	 Present monthl y, qu3rterly and annual progress reports (15). 

Prepare directives and conditions under which the ownership 
of 	 the digestors that are built for demonstratioi purpo~cs will 

be handed our to local residents. 

The working group organizes meetings regularily. The actual 

progresses and problems that have been made and encountered at 

_,,h ,exter, are dicussed. Future work programmes are set by the 

group and each ctnter is assigned to handle particular assignements. 

I'-! role of the Ethiopian science and technology commission in promot-

Ing rural energy(-he [stabl ishment of the Energy Suib-Council): 

-' u, al t.y the (past) pressing fuel prublem and its effect 
c1c , ou Itry' I uture development programme, the analysis of the 

,fitrv", annual budget allocation for the purchase of fossil fuel 
In the last 'years, and many other problems related to development 

% ben recognized by the goernmnent. To this end, in order to 
Droperlv handle the energy aspect of development, Energy Sub-Council 
has been estaulished and is exciusively a comporient of the Ethiopian 
Science and Technology Commission. The Sub-Council is authourized 
to set policies that Would encourage the search for ne,s technologies 
suitable to local ( onditions. 

Policy that has been set by the Energy Sub-Council of the Ethiopian 
Science and Technology Commission 

The objective of this energy research and development policy 
of Ethiopia which is set by the Ethiopian Science and Technology 
Commission, is to develop applied and adaptive research for the 
building of a national scientilic and technological capability, common­
sLIrate with the socio-e onoric level and the development pattern 
of the country, which enables to, 

a) 	 Identify, assess and develop all possible energy sources of the 

country. 

b) 	 Utilize all energy sources rationally and efficiently. 

c) 	 Maximize the use of renewable energy sources. 

d) 	 Reduce the dependence on petroleum and natural gas to the 
extent possible. 

e) 	 Develop new and alternative sources of energy. 

f) 	 Take due and timely teasures for environmental protection 
and the protection of the public and the working population from 
hazards arising from the production and use of energy. 

(15) 	 Reports include developments, problems, deviations etc and pro­
posed solutions as the case may be. 
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g) Develop the country's indigineous technological capability inmanufacturing of )arts or whole system components in the field 
of energy.
 

The Ethiopian Science and Technology Commission has henceset out the following policy guide-lines for further research and develop­ment in the field of energy: 
A. Research on me!hodology to collect, analyse and evaluate dataon energy demand, consumption pattern and use. 
B. Research on rational utilization of all forms of energy. 
C. Research on energy conservation possibilities at all levels of energy production, conversion, transportation and utilization.D. Research on substitution possibilities of certain forms of energywith other more convenient, undertaking into account technological,social, economical and political considerations. 
E. Research on the relationship between energy and socio-economic 

pattern of developnient. 
F. Research on general technological developments and transfer 

possibilities in the field of energy.

source: Energy Sub-Council of the Ethiopian 
 Science and Technology 

Commission. 

Current research activities on bio-gas: 

There are about live active research centers (16)involved that are currentlyin conducting various trials on matters related to bio-gas.The trials consist of developing various burners (17). There are alsosome attempts of making parts of a lamp and a MITAD (18). Thereare also sonic successful attempts of developing a pre-mixerwhich mixes cow-manure (19)and water before feeding the mixturethe intodigester. Performance test of the mixer indicates that it is,at least, five times as fast as the traditional way of mixing two
raw-materials. 

It may be argued, at this stage, that the introductionmixer may also mean of a pre­additional cost theto farmer who thinks thatthe digesters are already very expensive: but mustit be realizedthat, any one who buys a bio-gas plant is not obliged to purchase 

(16) These centers include A.R.D.U, Awasa, Melkawerer, Nazereth 
and WADU.(17) Some are made up of metals and some others makeare up of
clay soils.(18) A mnitad is a clay tray, which can be placed on fire and is usedto make the traditional food calledjmicr.

(19) See the next page. 
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a 	 pre-mixer. He can select only those itemsthose he can not 	
that he needs and leavesaffored to buy. 

An other successful attempt wasportable 	 the developrient of a cheapbio-gas plant (20) whos,, cost gas plant and I/2 	
is only 1/5 of a concrete bino­of 	 a ruasonairy plant. The break-downs of the costsof the variou hi,-ga I uirts ha beene indicated. 

Table 1: Materials cost of a 5.7 cubic meter fixed top cheap digesterthat has been installed at Dhera.

(with 2mrn sheet-metal 
 for the dome).S.N. Materials Quantity Rate Total Cost 

_irr B irr 
I Sheet-metal (2mni) for the dorme
2 Angle-iron (41cm 	

5 pcs )1.3 274.15x licm 3innn) for stands I pcs 13.2 18.203 	 Angle-iron (3.5cm x 	 3.5cm x 3mnrn) forcircular frames 
4 Sheet-metal 3 pcs 11.90 35.70(base part of the digester5 Inlet structure (P.V.c4) 	

2 pcs 33.0 66.00 
1/2 	 pcs6 	 84.0 42.00Sack and coal-tar 6 	mts2 5.07 	 Electrodes, anlirusts elbow paints etc. 

30.00 

are assumed to 	be 10% of the abovematerial costs '66.05 x 0.1 46.61 46.618 	 Total material cost 
512.61 

Cost per-cubic meter of the slurry is,a) S9.52 birr if h 200 cm. The total volume isb) 	 z 5.73 mte].4 	.92 birr if h - 400m. (30.00 - 18.20 + 512.655) = 560.85).the total volue is 11,45 nits'.c) 44.42 birr h cmif 450 (560.85 + (4.5-4) (0.5) (48.2) - 566.9 birr 
total volume is 12.76 nrts' (21). 

Table 2: Cost of one cubic meter ofS.N.MateialsQuantity mass concrete: 
Rate total Cost 

S.N. Materials Qirr Birr 
I Gravel 
2 	 0.65 ruts' 45/nits' 29.25Cement 

3 Sand 300 kgs 0.22/kgs. 66
 
4 Labour cost-20% of the above cost 

0.65 mts) 33 mts 21.45 
5 	 23.34Total material and lacing cost 140.04 

Trand total (approximate) 
280.08 

Source: AUD -l'uilding and Maintenance Section. 

(20) It is only A.R.D.U. whichis conducting such(21) 	 a research.It 	 is the size of portable standard cheap bio-gas digester of
ARDU. 
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As can be deduced from thedigester Above figurs, a concrete walled­(without the dome and the partition wall costs about 3000birr/digester (22). 

If rnasonary work is to be made, (withpartition wall) itwill cost 
out the dome and theabout 1,000 birr/dige,,ter of 12.76 mts'(23)

capacity. 

As may be deduced trom tables I and 2, themeter c:ost per cubicof slurry to be contained in the digester may be summerizedin the tollowing table. 

Table 3: 
TaNl 
 o eS.N. 1:eMaterialTypes of digester eilo of Cost of T - Average costcnn':triction eah fteprcuceach of the per cubic . ... 
....
..... di'ester dome, meter
I Mass oil(
rtits ('mtmrnt, sanld
(floating top) rld gravel 3000 464.762 271.55 

Niasonary work 'eimi t, sand(floating top) 
 aid ,tone 
 1000 
 464.76 
 114.80
 
3 Cheap-portable Sheet-metal,

ARI)lJ-digester Sack coal tar, 768.92 464.76 60.25(fixed top) angle iron 

Note: Volumine at th,,0 '-,-r 1, 12.76 mts.The price o: five >,tc t metals (of
angle iron (25 

2mm) and three pieces ofmin 3 i;n - by 600it has cm) have been included.also been assumned that the construction cost is equalto half the material cost. 
As has been shown on tahkc 1.(274.15 + 35.70) + 0.5 

(274.15 + 35.70) 
- 464.76 birr. 

The data on table I (012.6I Qirr) has been adapted

I(.5(512.6 1 512J 
 76S.92. 

As may be dediced trom table 3, more cheap-portableplants may be construkted bio-gaswith the cost thatstruct one digester with the mass 
may be needed to con­

concrete or with masonary work. 
One possible ground tor comparing the digesters mentionedis the duration of the ,ervice years. above

It lookscither as if the digesters withconcrete or niasonary wall would last longer than the cheap­portable one; but a close comparison indicates that there is noCornvincing lo icit the lifmiiting !,!'tors are 
any 

considcred. 

(22) The wall -thickness is 50 c1. The internal diamter of theis 200 wallcm and the height is 450 cm. The cost of the dome is
not included.
 
(23) The diamter of the dome is 190 cm. 
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In all the cases using metalcollecters it is the dome that causes 

the problem: but the corrosion equally affects all metal domes. All 

up of ih, .I , , , Ki d ill ,c p rtirecI .ith(domes) are riade 
the er~j( t ei oi illdigesters ir(- ( \pect,:d (24)anti-rust. Hence i 

'o be about the ,ane. 

and 	its prospects:Dissemination of bio-gas at Dhera 

ind demon-The prjec t (,\ID[l) has started the Itirst bio-gas test 
has itstration (en ter it [iiera (eiev 1980 mts a.s.l.) be( an-,. it 

c 1 the site to be used as source of raw material,.,,n liiesto( k research 
,


:oJrthe bio-ga pLiait. Plsiden ts, on the closest, are II)out 200 Meters 

,%,ay tron here the ,iniril, are kept and their hOLSs were not 

shicih consist of five ianilies live in r ectrifred. These reidents 
d tferent rooms of the sariie house (see the next drawing). 

The proict has installed two digesters and lis conseyed the 

gas to the rooms of tihe residents with the help of a 1/2 P.V.C. pipe 

hurried to a depth ot 60 cm. 

At 	 the beginning, there were only four stoves that have been 
taken to Drera and hence gas has been made available to only four 

the 	 first bio-gas installatiuns tirerourns. A few days after making 
ra.searching team was in-formed that the one who lives in the filth 

room withoUt bio-gas began to reserve his communication with those 

[eighboLrs whose roorrs have bio-g':s stoves. This was an indication 

oi dissatisfaction. le was jalous of his neighbours, %%ho benelit 

rom the bio-gas produced. 

In order to avoid the misunderstandings that has been created 

between the neighbours due to the bio-gas project it Dhera, the 

r*,,arching team has given a stove for the one io has riot had 

at the begirning. lihe team was later told th.,t the ne:ghbours 
. resumed their sweet friendship. 

This frieridship did rot last long. Another problem arose when 

ne larip (that operates with bio-gas) was installed in such away 

th..t it Could be used by the people living in the four different rooms. 

'II of the people do not sleep at the same time; and if he who has 
I:,-.ass to the switch of tire larp pats of the light when the others 

.still awake and in need of light, the others get dissappointed. 
his 	problem has been aggraviated when the ones who have recently 

led 	 the co%-iuarnre into the digester, did not feel Ilk,-sleeping. 

Finall$ to put an end of this problem, the project has installed 

sorre more lamps, ie. one for each family and there is no problem 

reported since then. 

(24) 	 "Expected" we have not yet actually tested the cheapportable 
bio-gas plant over a long period of time. 
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In order to avoid further minor problems that may arise, a com­
mittee has been formed and the adminstration has been handed over 
to the committee. 

Production of bio-gas under cold conditions: 

Temperature is one ariong the various variables that affect 
the rate of bio-gas production. In some cold areas bio-gas production 
trials has e been conducted under .arious conditions of the digesters. 
lIn one instant such a trial was conduc ted at Kulurisa. sshich is at 
. elevation of 2200 m (a.s.l.) 

Artificial environmental condition has been created by placing 
the digester in the aerobically decomposing manure and in this case 
the temperature of 27.5'C has been maintained when the ambient 
temperature was only 20.5"C. 

The rise in temperature will of course increase the rate of bio­
gas production and will also decrease the cycle of fermentation in 
the digester. 

Caloric Value of Bio-Gas 

Bio-gas is a colourless, and inflamable gas with a calorific value 
of about 600 B.T.U. per cubic feet. It is a mixture of methane (60%), 
carbondioxide (32%), water-vapour and other traces (25). To increase 
the caloric value of bio-gas, there are two possible wass that may 
be practised. The first possible means is to remove the non-flammable 
gases in the mixture there by incrasing the concentration of methan 
which is the most active ingredient in bio-gas (26). 

The second alternative is to enrich bio-gas with fuels of higher 
calorific value. This has been actually done by ARDIi. Fhe diagram 
on the next page describes how such test has betn condu .ted. The 
result of this test has considerably increased the intensity of the 
light from the gas lamps. 

There are two fuels, benzine and petrol that have been used. 
Fte vapour from the liquid fuel will be used as an enricher of bio­
gas: both the heating and lighting qualities have been tested. The 
oata that have been recorded for the heating trial have been sum­
marized on the following table. 

(25) Mather Earth news-Hand Book of Home Made Power, pp. 283. 
(26) The only attempt done is the removal of condensed moisture 

with the help of a condensation trap. Removal of other impurities 
is not practised as yet. 
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_ lambient temp. (*C)Time taken:to raiseS.N. Bio-gas enriching
fuel Of the I Of the the temp.of one literair water of water to 90'C 

(minutes)
benzine and bio-gas 29 23 S.632 Nafta and bio-gas 31.5 24.5 11.603 Benzine+Naf tatbio-gas(27) 32.3 24 ".'0
4 bio-gas 2 22 1).16 

Note: In theall cases, the gas inlet and outlet are above the level
of the enriching fuel in the container. 

As may be deduced from the above figures, compared withbio-gas alone, the mixture benzineof and bio-gas has decreased thetime of heating by 15%, whereas, that naftaof and bio-gas hasincreased it by 1416. 

There has beennot any light-meterto record the intensitiesthat have been obseied. Howeser, wasit obvious to observe theclear contrast of (higher intensity)
with light when benzi,,e mixed'apourbio-gas is used as fuel. The intensity was much heigher, whenbenzine vapour mixed with bio-gas is thannafta nor 

used, those when neithernafta and ben:zine vapour mixed with bio-gas i used. 
The possibility of using un-lined pit as a digesting unit: 

The experience we have had with the desposed ludgeindicates that at Dherathere is very little rmix between the oudge and thesoil. This beenhas observed uhile feeding the digester with freshraw material, Mien the raw material was fed on the inlet side, therewas a discharge of an 
The sludge 

equal amount of sludge on the out-let side.so desposed was discovered not to mix wilh the soil (28);n the canal coneying the desposed sludge into a sludge collection 

The above observation leads one to conclude that- posibility of there isusing open and un-protected pit as a digesting pit (29).It ha. hence been proposed to construct and test one such digester (30). 

In order to enable one know the rate at which a digester sludgepa,,ses through sieves of different meshes, permeability testsbeen conducted and the following results have been recorded. 
have 

(27) Equal volume has been combined.(2M It was during the dry season that such observations were(29) The proposed digester is be 
made. 

to constructed and installed in 
the future.
(30) The proposed design of bio-gas generating plant may be seen 
on the next page. 
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Permeability Test of Slurry (31) through sieves of various Meshes: 

S Sieve size-diamter of Rate of permeability
.N. each hole (ram) 	 mm/3 days 

1 0.165 	 3 

2 0.40 	 4 

3 0.600 	 4 

4 0.737 	 9 

The 	 largest size of a grain of soil is 2mm (32). Assuming the 

permeability of slurry through the soil whose texture is 2mm, to 

be 4min/3 days (33). the distance that will be co ered by the liquid 

inatter, .vitlin a period of 60 days will only be S cin (34). Assuming 

,he dimension of the digester to be the same as that of ARDU's 

:heap bio-gas digester (with the diameter of 190 cm and a height 

of 450 cm) it is expected that therewill only be 2377 liters (35) of 

liquid that may permeate into the soil but umaxi multi ratio at the 
end of the 60 da s is expected to be 26%(36). 

The daily feed is about 213 liters (37) and it seems possible 

to add an additional (40 liters)(33) liquid to maintain the final solid­
liquid ratio in the digester at S%. 

One other possible chance to occur will be the effects that 

may be caused by the fibers in the manure. The fibers may seal 

some of the holes in the soil there by preventing the liquid matter 

from 	permeating into the soil. 

The type of raw material to be fed into the digester: 

One of the fear of those concerned is the type of raw-material 

that must be fed into the digester: and it is generally agreed, by 

(31) 	 The slurry has been in the digester for 50 days. It was initially 

cow-manure mixed with an equal volume of water to form the 

original slurry. 
(32) 	 The soil particle with the largest size is sand which has a maxi­

mum diamnter of 2rm. 
(33) 	 See the peremeability of slurry through a sieve whose hole 

is 0.24 mm from the table. 
(34) 	 This has been calculated as follows. (60 + 3) (4mm), S0mm/60days 

(35) 	 Surface area of contact of slurry with the soil - 211Rh + fIR' 
2

ie. 211(95)(450),l(95)2z 297078.6 cm . volume- (297078.6 x 8)cm' 
= 2377 1iters/60 days. ie 40 liters/day. 

(36) 	 The original ratio is 8% and concentration may tend to increase 

the ratio by IS% hence the total concentration may be 26%. 

(37) 	 12760 liters/60 days 213 liters/day. 

(38) 	 2377 liters/60 days = 40 liters/day. 
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the bio-mass working group in Ethiopia, that it mustof human refuses, at not consistleast (now) at the beginningincrease because itthe farrners resistance may
to accept the bio-gas innovations. 

It is assumed that, with the acceptanceand its popularization, of this power sourcethe raw material now incould step by step use, animal manure,be partly or wholey substituted by human wastesminimizing the dcpendence on cattle wast. 

Social bases in the rural communities:
 

The directives that have 
 recently been declared areto encourage designedthe establishment of villages in the rural communitiesand is hoped to be a potential social base for theof rapid dessiminationany new innovation, among which bio-gas technologybut one. is nothingThe reasons are that, in the first place, lotsbe taught within of people cana time and secondly they can afforedgas generating to buy a bio­unit in groups and this in turn will decrase the shareper head arid hence more people may be encouraged to start theProject. 
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CONSTRUCTION ET ESSAIS DES DIEGESTEURS 
A BIOGAZ AU CAMEROUN 

Par
 
Emrrnanuel Hamika
 

Le Centre National d'Etudes et dWExper inentation du Machinisme
Agricole (CENEEMA), Programme Biogaz, B.P. 1040, 

Younde, Carneroun. 

PRESENTATION 

La pofitique de l'energie dans le monde est parcaract~ris~e
tine situation de crise. Crise encore plus durement ressentiz parles pays en d6 veloppement aux ressources limit6es tels aque leCameroun. Consciente de cette situation, la R6publique Unie duCameroun en cooperation avec la Re'publique Federale d'Allemagne,a demande au CENEEMA d'initier un programme 31IOGAZ. 

Le but du programme: 
1. Construire et experimenter des prototypes (PT) de digesteur

dans diff6rentes zones ecologiaues du pays. 
2. Tester I'efficacit6 des rnateriaux de construction disponibles. 

Disponibil it6: 
La presence des dechets organiques des elevaes, des cultures,de la transformation des produits agricoles, des dejections humaines

(h6pitaux, internats d'ecoles...), ainsi que des conditions climatiquest vorables, facilite Iorganisation dessais pour ]a production du biogaz.La inatiere decoiripos6e (le sapropele), un sous-produit de cc proc~d6
petit etre utilisee comnc amendement pour I'amelioration de la fertilit6
JIes terres cultivees encore relativernent jeunes. 

Conditions: 

Les methodes de g n6 ration du biogaz
6 

decrites dans les 6 tudeset rapports provenant de lInde, de la Chine Populaire et de nornbreuxEtats Europ6ens ne peuvent s'appliquer directement aux conditionscombien diffe-rentes qui predominent au Cameroun. L'elevage de)ovis' qui fournit le plus d'informations dans ce domaine, nest 
pas present partout; I'utilisation adequate d'autres dechets organiques
disponibles est indispensable. 

Absent dans les zones forestieres des regions equatoriales.

Causes: absence de pdturages et surtout presence 
 de la mouch 
tse-tse. 
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DONNEES DE BASE 

Elles concernent les divers prototypes de digesteur A etudi..-r 
et la r6gion 'a retenir au Cameroun pour 'implantation du Programme 
BIOGAZ. 

Les experiences connues proviennent d'autres pays; elles doiv.sir 
6tre adapt, es aux conditions locales, afin de pouvoir developpcr 
et perfectionner de PT en rue de leur reproduction en serie. 

La r6 gion retenUe jusqu'a' present pour les essais pratiques esr 
di.s~ representative que possible tant du Cameroun que des pa-,_
:i1itrophes. Elle comprend 3 Provinces: Littoral; Nord-Ouest; Quest 
donit les caractcristiques sont definies dans le tableau suivant: 

Popul. Hab. Super. km2 Dens. Hab/km' Routes kin 

Littoral 935166 20222 46.2 2.172 
Nord-Oues., 980531 56.717300 3.407 
Ouest 1035597 13890 74.5 3.385 
Total 2951294 51412 --- 8.964 

Sources: 	 I) Recensement General de la population et habitat 197 
2) Direction des Routes Yaoun'e. 

6L'excellent tat de la route Douala-Bamenda facilite des inspe 
tions regulires; le siege du Programme Biogaz 6 tant Douala. 

Les activites du Programme se sont complet6es par des essE 
a Yaound6, Garoua puis a Bertona. 

REALISATIONS 

Les prototypes pr6vus: 

les 7 PT prevus ont ere install6s ai des endroits diffdrents pv 
tester lefficacite de divers materiaux soumis des traiteme 
differents. 

Ce sont: 
- Douala 2,50 m' pour dechets m6napers. 
- Douala 12,00 m' pour dechets menagers volaille san 

litiere 
- Douala 9,00 m' pour d6chets m6nagers volaille avec 

litiere 
- Nkongsamba 9,00 m' pour d6chets m6nagers porcins 
- Bandjoun 9,00 m' pour dechets m6nagers porcins 
- Bandjoun 9,00 M' pour d6chets d6jections humaines 

3
- Bamenda 12,00 m pour d6chets bovins 
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Les prototypes supplementaires: 
Avec les [n', u excedentaire des PT suppl 6 mentaires ont 6t6 
Yound6: I I.T iLu CENEE,A, qui sert pour leset demonstrationsqui (coCompose los dejections bovines.
 
I P.T se tromte 
 Ians tine porcherie privee (100sert la productjrtn ttes) oiJ led'algiies dans sapropleUn etang;utiliser le proprietaire entendCS alges )otr i'alirnentation des porcs.
 

Garoua: 
 2 P.T ont (et 5nplintes i Pitoaet d6 composent les dejections 
chez des particuliersde I'ibattoir de cette ville. 

Bamenda - Bafoussam: 4 P.T ont ete installes 
de ces deux ville5 . 

dans les environs 

Bertoua: I . a ette' iplante dans la ferme prevuetrations lors do pour les demos-Cornwe Agro-Pastoral.
 

Le Programne 
 iOGAZ, conipte actuellementfermenteurs 16 digesteurs oud Biogoz deja operationnels dans tout le pays. 

PROTOTYPES (P.T) 
Formes ou Modles: 

Plusicrts formes ont ete installdes ein
(selon ou pILusieurs exemplairesies cots) pour etudier eur efficacite.
 

La forme 
 Indienne dite Cobar-Gas-Plant.,'ilp0inte dawn , e ferre Un seul formenreurvicie a -- ouala - Basso.',cr.JQ in Ui enterrefrentno ldcuilte Pas la vidange pratique do cc inod6le.
 
La Forme Chinoise: 
 In P.T a etec construits ateriaux sUrde construction cc modt51e avecdisporible; mais iesrwent coots delussi lev's quoIe realisation ceux de la Forme Indienne citde ci-dessus. 
La forme Darmstadt - Ilforizonta dite Mod~le:!JuKI CENEEMA:nomnbre Undo P.T construiLs, ,Uit ce Modele qui;)dr 1a presencc se caract6risedun gaZoirlritre flottant dans la matiere.
 

Principe de 
 fonctionnement: 
La taille d'un d gesreur se definit en fonction de la rnati6re 

:r. quoe disponible (.\OD).
 
La gen 6 rdtion successive de 
r Biogaz est assureeclhque lour on verse par un systeme

1,1 qu ntite 
atc; dans le canal d'entr~ede MO , (cuve d'entre)ii cc iome(cmal wt it se d versedo sortie par le c6 tou cuve de sortie) le trop-plein oppos6

de la quantite equiva­lente dc saprop6le. 
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En gene'ral la mati're 5, do'composer doit sojourner 45 jours dans 
le fermenteur. Pour cela IC volurne du digesteur doit 6tre 45 foir. 
pius grand que la quantit6 de \IOD par jour. 

Exempl e: 

- Elevage por in de SO t&tes de poids vif 50 kg

80 x 2,25 kg \.O.1)'j - IS0 kg M.O.D/j.
 

- Elevage die volaille de 1000 pondfeises 
100O x 0,18 kg M.O.D/j I1O kg M.O.D/j.
 

- Elevage bovin do 12 t6tes de poids vif 400 kg

12 x 15,00 kg \I.O.D/j ISO kg %I.O.D/j
 

- H6pital de 450 personnes 
450 x 0,40 kg l.../j - 180 kg M.O.D/j. 

Lo volume d,;digesteur a implanter dans le cadre de cet exemple 
et do: [80 kg M.O.D/j x 45 j - 8,10 m' (digesteur). 

La temp6rature int 6 rieure du digesteur doit tre de 30'C environ 

Description: 

Pour assurer le passage continu de )a matiere . I'int 6 rieur du 
digesteur (cuve de digestion), nous imiterons autant que possible lap­
pareil digostif d'un Orre vivant. 

Le fermentour conprend, une cuve parall6epipedique de 4,00 m 
de Iongueur, do largeur et hauteur variables, composee do trois parties 
principales: 

- une cuve d'entree
 
- une cuve do digestion
 
- une Cue de sortie.
 

Une mani'elle qui traverse le digesteur (dans le sens de la longueur) 
permet do remuer la matiere en decuorIposit!on. 

Dans la cuve de digestion un gazornctre do forme 6galerment
parallelep,'dique IIotte dans la Inattire, qu'elle couvre creant un milieu 
anaerobie fa orable au processus do docomposition. 

Les gaz qui se rasseniblcnt ,ous le gazofnetre, le soulevent de 
maniere qu'il [lotte sur une comt-ht, mince de gaz laquelle il donne 
une pression d'environ 80 immd'oan (20 millibar) qui permet d'envoyer 
les gaz vers leur lieu d'utiisAtiun (ou de stockago). 

CONSTRUCTION 

Coats: 

[Is sont variables et tionnent compte des coi~ts des materiaux 
de construction et de la main-d'oeuvre. Selon les experiences du 
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programme, un digcsteur .Jodgle CENEESJA 
a un coot variant de 2S000 35000 F CFA par 

d-une taille de 8,00 mi 
m).
 

Materiaux: 
Selon la taille de J'appareil on utilise: 
300 Parpaings de 15.
50 parpaings de 10.

20 sacs de ciment
 
3 in' de sable.
 
I rnanivelle,I gazom6tre
I t6le galvanisee de 2 i 3 mmtuyauterie 

en 
selon la distance (du lieu de productionau au lieulieu de consornation), 

Dur~e: 
Pr~s de 9,0 Hommos )o1r (9.0.H.J) dans les conditionsmentales expri­du lrogramme lI OGcn\Z. 

PRODUCTION ET IJTILISATION DE BIOGAZ
 
Production:
 

Les factetirs qui inflteno-e I production de Biogaz sont: 
- La nature deI a rmatlere orP.anique.- La tomperatuL, dans Ic digesteur 
-e pleH dc a natJiere
 
I u CaSlron 
 es conditionsfavorables a :lmatlques quoque var'eesprocesst . \I&In restentle so!, an en construisantliii assurele le fermenteursol, on I assure Line dans 

en temperatureIere :oLiv rant aver constanteIn gazor (re peint en noir.
 
Les chit fre, 
 (le I)rol, Ic te1,n


des me 
Iu b ogaz obtenus avoisinent 


a 11quo'eces sI , rtItr ceux
ehitfres qlj'en r Etirope onItlian Y> a n pout arriver35"o de I'efnergierechauffer produite pourle dige, (.cur. 

Un ferruentelir ,de ,I0 n' approvistonne par:
SO pores prodUit 1300j0 1/I.
1000 ponde 
 s.s - IOCrJ I/j12 boetfs - 6000 1/).

45 0 personnes 
 - 120C I/i. 

U tilisatlion: 
Les ippareils suivants: - gazinieres 

- lampes a mancnon 
permettent - engins.d'utiliser le biogcz produit. 
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L'util isation du biogaz doit ,tre fonction de la \I.O.D. Si les 

besorns sont ole s oL aiu,.menrent Ia production du biogaz en ajoutant 

d'autres rnatlures organiq,s. L'titili ,ition du biogaz connait des resulltats 

tres encourcigecirit, dwni, le icinde: rni d,ins le cadre d(i Prograritei: 

0 na otftet( qw( : ii :I/o'e tlic : 21 r1 

fique,L,A ( O i [Af I cMiii ut icioiito ULilquurient dLI pouIAor iloii 

"C UX t C ' dxciris ii' sc des d.iilnents.;L jtir(u i trg i ( 

ExCHrple de cal(IUI: (,otir:e: Rlapport du Programme. 
.
 

r t 

Pilc ucclon jutim do 10 rni 
Drieonio do I, hLi/ibre do leriecitior - fn7 

ri licilre bioga,
Sutrcii or ifLque du biogaz. 

Kci /fn 19646 k i/m 
3 , 

4700 
R[-nceient d'une gazinmere - 0.60. 
Energie utihisable par i ) de biogaz 

19A46 x 0.O : 11,787 kj. 
Valeur cilorifique d'un kg de bois s6che a Pair 

3S00 Kcalu/kg - 15500 kl/kg 
R endernent de I'utilisation de la chal eur d'un feu (ouvert) de bois 
pour la cuisine: 0,17. 
Energie uitilisable par kg de bois: 

15 800 x 0. t7 - 26S6 ki 

\nsi I in de biegiz rewplace: 
11787 : 26Si, (, kg (h. bois 
10 rn do hiogaz riiii)i li(ilnt 414 kg de bois. 

Efierio itil ,L- ir -iruilre bois fermee as' c un rendc montsu s cir a 

de: 1.60 
15804 x 0,60 '),0 il/kg ie bois 

\11, I do, bio rin, iamplace
 
7S7: 29)4 1. I v,,de bot,
 
I0O' de biogaz r mpia(oiit 14 kg de bois.
 

Le rondenient i.onornil ;it 
i)re de vie d 1I honhre 

d I lentdi en fnerie:tot ion rni(,oe 10 cins 
Kicer de vie de It (iu1u(.11 t61 : 5 aris 

S'ais do ilc r.priosciitenta elo 
,,n s0 0 Idune n i, des frdis: 

I-rAi. de constriction de I'intallation de 7 in': 300000 FCFA 
insidere une diree mo.nneii de vie d-: 7 ans 

\rnortiss mnient: 1106 
ntretien, r6paration: 2% 

.itorets 3o 

19% soit 57000 FCFA/and 

L'installation produit 10 in' de biogaz par jour: 
",oit 3600 m'/an 

IThus Io cas d'un feu de bois ouvert: 
600 x 4,4 kg: 15840 kg de bois/an 

'kg de bois ne devrait pas co~ter plus de: 
57000 : 15840 = 3,6 FCFA 
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Dans 	 le cas d'une 	ouisini 6 re a bois fermee:
 
3600 x 1,4 = 
 5040 kg de bois/anI kg de bois ne devrait pas coiter plus do:
 
57000 : 5040 
 - II F CFA
 

A douala le prix minimum qu'on 
 pae 	 pour boisle de chauffageest de 25 F CFA.
 

En admettant 
 que ce prix corresponde a environ 2bois, 	on paierait don( anniijle Iemot: 
a 4 kg de 

- Pour un feu de hols ouvert de 99000 5Pour 	une 198000 F CFACulsiniere 3' bois ferrne do 31500 1 63000 F CFA 
Naturellement dans les villagos de fortales fommos ramassent 	 vierge, le bois queet rapportent

compte 	 a la matson est gratuit; onici que le temps nere-,,.ire 	 ne 
, la 	 recherche, coupe et transport

du dit bois. 

CONCLUSION 
Compte tenu de 	 'importance des 	 essaison droit do dire 	 mis en place, on estque 	 le Programme Biogazla politique de l'energie 	

est une enlambee dans(surtout energie non 	 con\entionnelle) auCameroun. 

En etendant sos activit6s dans le pays,dans nos conditions, 	 le Programme pr6 ciseralos besoms quotidiens on Biogaz pour la cuisine,I'eclairage et les engins.
 

Les problemes 
 do formation personnel et de stockageBiogaz doivent faire I'objet 
du 

ded'une attention particuliere.
 

La cuisson ­ bois 	 exige une alternativements excessifs. 	 pour C'viter les d6boise-La cuisson traditionnelle
tin feu plus fort 	

exige dans certains casque le feu de bois pour faire face A Line longue p6 riodechaquc jour.
 

Le biogaz produit 
 par SO porcs est suffisant pour 	 faireles repas pour 20 personnes par jour. 
tous 

Solon Wienecke on reinplace ainsi pr6s de 50 kg de bois dcechauffage par jour. 

L'association 6 levage-cultures
le syst 6rne biogaz qui 

trouve un puissant support dar,rendra la vie ende biogaz) et 	
famille plus agreable (utilisatic­assurera Une 	 arn6lioration

du sapropdle) 	 des sols cultiv6s (utilisatio­pour 	 des recoltes plus 	 abondantes,ttre 	de ceci pour le bien­nos populations tant des zones 	rurales que des villes. 
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SMALL-SCALE TECHNOLOGIES OF UTILIZATION OF ROUGHAGES 
SUITABLE FOR SMALL HOLDERS IN AFRICA 

BY 
J.A. Kategile

Department of Animal Science, University of Dar-es-Salaam,
P.O. Box 643, Morogoro, Tanzania. 

INTRODUCTION 
Different agricultural syvtemsas dictated by soil, 

have evolved in various areasclimate a.nd socio-economic factors. Arable croppingis primarily aimed at producing humanhas a similar aim but two 
food and livestock productionthe are interdependent,inan with mainly the former supplyingenergy and bulk and the latter supplying proteinof high quality. 

Systems of livestock production basedand cereal on cultivated herbagegrains have evolved in developed countriescurrent increastes but with thein global hncin populationthe need for abating one cannot overlookCompetition food betweenman. livestockAs the cost, t mar 
for 

and' 
hmery, fertilizer andthe cost of producing energy have increasedcereals and cultivated herbage haveincreased consequentlyand the need for rational utilization of resources arises. 
The situation is,unfortumiat.ily, more%khere a serious in developing countrieslarge majority of the population isgil ture. Lack poor and engaged in agri­ol 1,now how, capital and appropriate technologyserious bottlenc(ks areto developrmnt in these countriesas human lood prodlction ispresLiitly inadequate due 

is unrealistic 
cited above. Consequently efforts towards 

to the constraints
 
problems solving the immediate
of food production implies devoting relativelyand capital to more landarable croppmu resulting
production. However, as 

in less resources for livestockarble cropping resultsof field crop residues, in the productionthe use of these as ruminant feed canlong way in cornbining crop arid go alivestock production. 

In spite theof fact that these materialsvalue. are of lowi.e. low digestibility nutritiveand voluntary
1975) feed intake (Rexen etthey are still important al., 
necessity. History 

1I tC,. fecds, c"Pecldliy, out Oftells us 
world 

that resource scarcity, during thewar, firstforced European scientistsresearch to conduct intensive and extensivefor alternative sources of livestock feedstuffs.work A lotwas done in Germany ofand Britain (Godden, 1920). The major 

A......... ... .....
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work was to improve the feeding vdlue of fieldobjective of their 
straw and barley straw which was plentifulcrop residues of wheat 

We may not be in iich
and in the absence of importcd ()icentr~ite',. 

definitely the constraints of shortage oi 
a desperate situation but 

are over prevalent.capital for developing our livestock industry 

earlier, from a soc io-econowri rnd practicalAs inent ioned, 
of field crop residues is rieces,itat'f by :,carcity

point of view, the use 
level" ut prodiictivity)of relatively high quality roughages (for high 

%hich is brought about by: intensive arable cropping uccupying land 

at the expense of grazing; high population density in rural areas 

..ith accoMpanyrig resource scarcity; inadequate inputs for the produc­

tion of high quality forages and absence of adequate fodder conserva­

tion. In addition, the awareness that these residues are useful is 

a malor factor. 

of TanZania are heavily 

ruminants are fed on leaves, pseudostems and peels 
The densely populated mountain areas 

cultivated and 
and variouS weeds from the bhambas while fodder productionol banana 

of rnaiz stover andis limited by scarcity of land. The stall feeding 

tandig hay to ruminants during the dry season is a matter of neces­

sity. In fact feed availability has been a major limiting factor in 

of the dairy cattle industry in these areas. In thethe development 
and Savana areas where arable cropping is important\fiombo woodland 

for annual food and cash crops and livestock keeping is traditional, 

the field crop residues are valuable feeds in the dry seasons as the 

during those periods inadequate, qualitatively and quanti­pastures are, 

tatively.
 

large scale wheat and rice farms produce large quantitiesThe 

of field crop residues which are largely wasted by burning.
 

feed supplyUnder various situations we realise that lisestock 
o field cropis an important constraint and a rational util izalion 
this objectiveresidues can assist in partly solving this problem. With 

in mind the following aspects have to be considered in planning the 

utilization of crop residues: 

residues.I. Quantities of the available field crop 

2. IMethods of prodcurement. 
3. Storage.
 

the material to improve nutritive value.4. Processing of 
5. Feeding. 

Quantities of Field Crop Residues: 

Annually, a tototal of more than 2 million of cereal field crop 

are produced in Tanzania (Table I). Field crop residues of pulses 

have not been included in the table. This amount is adequate for 

511 cattle for a dry season of five months at 3-kgleeding 5, 169, 

dry matter per animal per day. If only half of it is available to live­
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stock, then this is enough for more than 2 nillion cattle for thatperiod of time. The potential is there. 

Another intportant crop residue is sisal wasteof 600,000 with a capacitytons of dry matter, annually. This waste is currently dumpedas a semisolid waste into strearns cai ng P0llution.this The cycling ofwaste into fnal ma,,teed 
it into 

fot unl usoid pollution but renderprodutise use. To d: te tile experiments which haveconducted at \lorogoro (Kroont-n been 
and Kateg Ie, 197S; Iharnihiga,Ngobei, 1979 1979;and \lajarn, 19S0) ird -at. that it is at good feed. 

Table 1: Estimated quantities of field crop residue in Tanzania basedon Msuya and Maro grain production estimates. Field cropresidue production based on straw grain ratio 2:1 for maize,sorghum and millet and 1:1 for rice and wheat. 

Crop. - (to---
-G-r~ii Production 1973Field crop_residue(tn-

Maize (,0 3,196 1,206,392Rice 20.,085 204,085Wheat 77,735 77,735Sorghum 27147,624 495,248Millet 171,410 342,820 

Total 
2,326,280 

Source: \l'tjya and \laro (1977) Survey of the status quo and prospectsof developrrents in agro- industry in Tanzania, University
of [ar-es-Salaam .\Mlieograph. 

Methods of procurement: 

It i desirable to rollect the straws, stalks and stover infields as gra,'ing _in thest which, traditionally, is associatedtierinc es with inef­and wastage 
heen 

as a result of trampling. Materials whichbae trampled on an soiled with urinary and faccalis usuIally rejected excretaard not consumed. Up to 50% of thehe rendered useless. In Europe and 
whole can

other developed countries, choppingand haling in the field usith machinery is commonsuch but unfortunatelymachines are too oxpensive for theManual small indigenous farmers.collection jsing !,lks seems to be the only method at smallscale. After collectoun t is adeal to compress materialto reduce bulkiness thereby making it 
the so as 

easy to be handled. Choppingreduces the volume to a small extent, on the otherto handle hand, it is difficultand to transport the loose chopped straws.atteiript, At our station,have been rmade to ini ",ri all ) of stray, in weldbaskets, inannually, rfieshwitth little .uccess. Theinadequate pressure 
real problems have beento compress the materialstemmed maize and that tile thickcould not be handled by this method. This still remains 

a challenge. 
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With sisal waste the problem is that of too much water. As 
the waste comes out of the factory the water content is at 90% and 

as such the material becomes difficuJlt and expensive to handle. -\ 

r!t (Ic , 5", _i, be-ing developedsqueezer to reduce the 

but was not completed due to personnel shortages.
 

stooking in the field L coMnon. 

Storage: 

As 
season, 

the need 
storage is 

of feeding straws 
desirable to olfset 

is very important in 
unplanned usage auJ 

the -;ry 
burutniig. 

Traditionally, where collection is done, 
be carriedThis is satistactory when the material does not have to 

tor some distance. In localities %here stall feeding is done, the material 
and this is where storage problemshas to be protected against rains 

arise. As cited earlier, as the residues are not compacted, bulkinUss 

is of major concern. Tying bundles is so far the only (oinnon method 

of compaction. It is probably desirable in the future to design small 
housing units for cattle with a provision of storage pace under the 
roof. 

In the case of sisal waste, sillage making is the rmost convenient 
and the cheapest method (Ngobei, 1979). Others have suggested sun­

drying of sisal waste but it is laborious and justified only where it 
has to be transported for feeding. 

['rocessing of the materials: 

Numerous research findings have indicated that physical processing 
of roughage3 increase feed intake, feed utilization vIiciency and 
aninal performiance as reported by Moore (1964), beardsley (1964), 
Iigden and Heaney (1969), Pigden (1971) and Pigden and Iender (1972). 
However. fine grinding has a simultaneous effect of redtcing the 

,,Ie fibredigestibility of dry matter, organic matter, cellulose and 
and nitrogen free extracts. For small-scale operation;, chhn;ing is 
the only relevant method which needs attention. Chcorim t straws 
improves voluntary feed intake of roIighages and also enhances feed 
titilization efticiency and animal performance (Greenhalgh and Waiman, 

1912). Any decreases in digestibility is associated with high levels 
t ntake and actually is less important than the benefits accrued 

(Kat.gile, 1978). Chopping of thick stemmied maize stover, sorghum 
stalk and bullrush millet stalk has a marked improvement on voluntary 
feed intake as long stems cannot be readily eaten in the native form. 
Small hand choppers are available in some countries for chopping 
these. Where these do not exist long big knives can be used. Of course, 
it has to be appreciated that these methods are applicable on a small­
scale basis only and hence not practical for large-scale. 

The use of chemicals and in particular alkalis in treating straws 
with an objective of improving the digestibility and voluntary feed 
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intake of these low quality roughages
Recent has been extensively investigated.research and development in improving the teedroughages had value ofled to industrial alkali treatment(Rexen et 1975) 

of straw i) Denmarkdl., .ind the United Kingdom (\A ison, 1971)tion ot large-scale farm machines for treating stra 
and produc­

. Such technologies(annot be directly' used in developin countries \here capital is scarcerand infrastructure is poor. At \lorogoro, attemp,s have been madeto niodify the traditional Backmann method (1922) to suit the small­scale farmer. This n uthod is described as lollows: 

The straw is inpacked baskets and soaked overnight for lhr.in 0.67 to 1.00% w/. NaOH solution. The ratio ofto weight of dry mattervolume of solution is 1:15. The treated straw is allowedand then washed with a volume o water which 
to drain 

is slightly the%olume of solution taken up. 
less

The draining effluent is led into thecontainer of treatment solution. After washing, the treated strawretains an equivalent of 40-60 kg NaOH/t DM of straw andfeeding. Such is ready fortreated straw is superior in nutritive value when comparedto untreated straw. The used solution which isby adding an effluent, is replenishedamount of NaOH equivalentan to the amount of NaOHtaken up by straw and made to volume.N, 01H With successive replenishments,treatment solutions cart be re-used for at least twenty timeswithout developing an undesirable smell. 

The basic equipment consists ofor rectangular) container and 5.2 
a plastic or steel (round

cm stell weld meshfits the basket whichinto treatment container. In our experiments cut oil drumswere ideal. A water can for spraying during washing is useful. 

The amount of NaOH used for replenishmentof roughage coincides with the Optimum 
of 49-60 kg/t DM 

treatment rates for thedry methods (Rexen et 
arid is 

al., 1975 and Kategile & Frederiksen, 1979),less than the amount of NaOH
(1922). With the soaking 

used in the Beckmann methodmethod, it not or is necessary to chopwheat straw and mechanical mixing 
rice 

is also eliminated. Theseadvantages over arethe dry method. Further, the modificationBeckmann method which has been 
of the

used in these experimentsthe added advantages has 
output 

of reducing water consumption and effluentwhich is majora objection of the Beckmann methodet (Hornbal., 1976) and also reducing alkali utilization as about 150 kg NaOH/tDM is used up in the traditional Beckmann methodto 40-A0 kg NaOH/t in comparison
DM in this method. In addition, the method
eliminates extensive new
washing which is labour intensive.obtained from the method is given 

Some data
in Table 2. Improvements in digesti­bility and voluntary

\khich have 
feed intake are quite substantial. The factorsheld back the adoption of this method by farmers are;the costs of NaOH which has increased substantially; the unavailabilityof NaOH; and the fear by some people that NaOH is too corrosiveand farmers will riot be able to handle it. Actually, farmers do handlechemicals which are even more hazardous than NaOH. 
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Feeding: 
\Wastage during feeding cancontribute to large lwses espe, ty 

when there are no proper feeding trouhgs or racks and when - .. i 
are givenfar in excess of requirements. of particular importi. c.?, 
Is the use of ha racks for straws and troughs which can reduce was­
tage considerably. It is a matter of ton Incing livestock keepers 
:o idopt their use .,s there are many designs. 

Table 2: 	 The chemical composition of maize stover and means of 
in vivo DM, OM and CWC digestibihity of maize stover 
based diets. (Kategile, unpublished data). 

_________- igesibiity %) hermical composit-
Treatments 'Daily intake Digestibility (9) tion of rou oit-e% 

Na- of roughageCaL- INaOHtF 	 T T i- 7 

(kg/lO0kg(kg/100kg (kg)w DM OM CWC DM OM CWC
 
DM DM
 

a a1 0 	 0 0.497 53.2 57.2 52.6 aS5.0 90.9 73.9 

2 0 10(4.2)- 0.681 68.2 d 71.8 71.5 C22.7 88.4 68.4 

3 0 15(6.0), 0.651 7 0 .3d 75.1 d 72.1 c 2 1 . 6 84.2 63.3 

4 2.5(2.2) 10 (4.2)' 0.563 60.9 b 65.1 b 62.7 b21.6 84.5 63.9 

SE of means 1.46 1.52 2.01
 
and signifi- *
 

cance differe­
nce
 

.eplenishment rates. 

' Each sheep was also given 0.100 kg of simsim meal. 
, P<0.01, means within a column with different superscripts are 

significantly different. 

SUMMARY 

From the foregoing, it is obvious that field crop residues can 
be used to feed livestock in the dry season. In order to exploit the 
potential fully, simple technologies involving collection, handling, 
storage, processing and feeding have to be developed and advocated 
for. 
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POSSIBILITES ET CONTRAINTES fANS L'UTILISATION DES
SOUJS-PRODUITS DE LA IPECIIE AU CAMEROUN 

Par 

J.(:. Njock 
I.R .2., ' :urid (Caimeroun) 

La p che canierounaiSe qui sC pratiqCue ausst bien en eaux int6ri­cures que marines fournit annuel lenent
estimee i 100.000 

sur !e marche, Line productiontonfnes. II convient d'v alouter des produits importds.Cette quantite correspond a Lne (onsormmation annuelle par habitantde 12 ki. Ce chitfre luge&bas, est l'objet d'une pr6occi,thion majeurede )a part des aUtorites qui, par di,,erses interventions dtns le secteurde )a pt~che cherchent . le relever, tant il est vrai qu'au Caerounormne partont adleurs en \frlC, le poisnr const itue avant tout,(Anmrne titre que Ia viande, tin alimnt protcISque. 

EVALUATION DES RESIDUS DISPONIIlLES 

La produictiorn national(e est consommee sur place et dans lesays voins soUs fur, e do protdnLts 1rais. s,ches
trais qui pour 

o funes. Les produitsIerur quasi-totalit proiennent
industrielle de la p&:he maritime(i .O0'? tomnes;), sont rlrreytSs dans des atelier construitsat port de peche de DOUAL\. Le tonnage des dechetsniareyaie nest issui de cepaS Connr, inais peut tre considdr6 comme r.egligeable.Le ftintage es le ,uchage tie concernent que les produits de la ptcheqr tisanale marititre et continentale. Ces produits subissentments a ces traite­etat eintier. C'est dire qu',l n'exlste a I'heure actuellementaui Catneroin, aUCne industric de transformation de poissons. Dansces conditions, les dechets succeptibles cl'almenter tine dyer tuel Iindutric des sous-produits de la pche pour la fabrication dengrais.de 1arines, d'hydrolysats et antres hltlics tie sont l)as actuellementdisponibles en quantites sUffisaMtvS. plus que lesdes 

pas rebuts provenantontr6les sanitatres ',saisies). Les souls sous-produitsraient 6tre utilisds qui pour­par Unc usine de transfcrntation sont des dechetslaisses par l'6ttage des crevettes. Leur quantitd evalu6e A 650 tonnesen 1974 est reduite de moiti6 en 1978 par suite de la chute dces 
apports de crevettes. 

IMPLICATION SUR L'ENVIRONNEMENT 

Compte tenu de IPinexistence d'une industrie de sous-produitsde la p6che, l'environnetnt Carnerounais West pas encore soumisaux nuisances dues i cc genre d'activites.Toutefois, d'une farongenerale, du fait dui processus d'industrialisation entreprisl'Independance, depuisle milieu nautrel de notre pays et singuli6rement 
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ie milieu aquatique commence a connaitre ce fleau des temps :ernes 
qu'est la pollution. Di) ers efforts on( 6t6 entreprs poijr e' zr le 
pire. C'est ainsi que Ics industries naissantes sueceptubles de o; !er 
sont tenues a obeir 'a certames nornies avant le rejet de leUrs et 'e ts. 

FACTERUS SOCIO-ECONOMIQUES 

Le Iye Plan Quinquennal de Dve)oppement Econon Iqu, i21 
e t Cul turel (1976-1981) a nscrit dans son (l ip tre sur I' r. 2 
du Possiori", un projec:t de conserverie de thons et de sar L 
reah )ation de ce projet pourrait permnettre I'approvisionne .e 
industrie de traitement des sous-produits de poisson ei 
prMieres, constituant ainsi un bon soutien aux grands pr,. 
ix -,toraux par la fabrication d'engrais min6raux azot6s (p 
UL daliments pour b~tail. 
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TECHNOLOGIES AVAILABLE ON FISHERIES RESIDUES
 
AND PROSPECTS OF THEIR UTILIZATION IN KENYA
 

BY 

Canute P.M. Khamala 

Associate Professor, Department of Zoology,
 
University of Nairebi, Kenya
 

INTRODUCTION
 

In Kenva,there are various sources The)t fisheries residues. residues 
are normarly those products of tih discarded after the principal use 
of -he provision of rood has been fulfilled. The common fisheries residues 
are fish offal from filleting and fish cleaning plants, fish skin from 
fi,,h salting and dryinkg depots, shells from oysters and other molluscs 
etc. In some countril.s, for example, the Soviet Union, Japan at,J Britain,
these residues are of high economic importance, especially, in the 
t,,anufac'ture of fertilizer. 

Fhe discussion which follows examines and provides information 
,,n the different ways in which various fisheries residues, which are 
readily available, have been used and/or can be utilized in a similar 
manner in Kenya. 

FISH SCRAP FOR FERTILIZER AND FISH MEAL 

Fish scrap is obtained after treatment of residue of filleting fish 
and cleaning fishing equipment and depots. It is normally composed
of fish bones, scales, tails, skins and other fish offal. In Kenya the 
raw materials for fish scrap are obtained from filleting industries,
incliuding the fish processing plants at Lakes Bogoria, Turkana, Victoria 
and n the sea at .lornbasa. The general method of processing fisheries 
resdue into fish scrap includes steam cooking to render any fat in 
the m-iterial free. After the fat is separated the remaining solid material 
is ;,ressed to ensure that all the fat oil is eliminated. The pressed 
scrap is then dried using steam or direct hot air. Alternatively, the
pressed fish scrap, can be acidified with sulphuric or hydrochloric
acid to pre,,ent decomposition which takes place easily in the presence
of moisture. Acidifiation is a cheaper process than drying but it has 
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some disadvantages; a considerable qanrtity of moisture remainsthe scrap making it bulky and curnbersome in 
acidified scrap to transport. Furthermore,cannot 
ea iA be mixed with other material,used directly, especially, as lert!lizer. Hot-air dried 

. n being
fish scrap is sijtableas fertilizer and as ammal iced. 

The method for the preparation of fish scrap for fishgenerall, the aime meal isas lor tish scrap fertilizer. In%khole fish this case, how-ver,is used. In Kenya the freshwater fish Haplochromi fwhichis abundant in Lake ViEtoria 2 nd the small marine fish, e.g. Sardinesand A\nchovies can be utilized in fish meal manufacturing. 

Fish meal is an excellent protein
Its source for poultry arid livestock.Protein content is readily available and has a high percentage ofalcium phosphate which is used in the formation of eggbories. The high shells andcontent of nitrogen and phosphatesphosphoric acid in the form ofin fish scrap and fish meal makes them useful as fertili­:-ers, particularly when supplemented with inorganic fertilizers. 

Fish Oil and Fikh-liver Oil 

Fish oil is generally obtained from all parts of fish whilefish-liver-oil is obtained from the
the liver only. Oils whether from vegetableor animal can be divided into three groups; non-drying, semi-dryingand drying oils, according to their ability absorbto oxygenair and from insoluble solid compounds. Sardines 

from the 
and Anchovydrying givefish oils, while Carps (a commonoils. The fatty acids in 

pond fish) give semi-dryingfish arid fish-liver oils are composed of glyceridesof stearic and palmitic acids in varying proportions. 

The drying oils contain a high proportion of glycerideshighly unsaturated fatty acids which get 
of the

easily hydrogenatedsolids. On to formthe other hand, the semi-drying oils contain a lower proportionof the unsaturated fatty acid glycerides. It isliser oil also worth noting thatcontains a higher contraction of cholesteral than fish
These fish byproducts are oil.
of high economic value. In Kenya, potentialsources of fish oil are Sardines and Anchovies which bothfish, while are marinethe Nile Perch and Haplochromis are the potential freshwaterfish sources. Fish-oil can be tmade from generally fishan) residues. 
After fish oil has been removed through steampressing, the mixture of oil and cooking and scrapwater is made to flow through a seriesof containers which effect a physical separation of the oil and water.The water separated from oil is composed of fine particles of fish­scrap known as "gurry". The gurry, which contains a considerable amountof oil, is treated with 

of oil. 
dilute sulphuric acid to facilitate the separationIt is cooked in steam and pressed in canvas bags to obtainoil-acid-water anmixture. The mixture is then washed
remove acid with water to
and the oil allowed to separate from the water. In somecases, like in the manufacture of Sardine and Merring oilgasoline can (in Califonia)(1)be used to extract oil from the pressed fish-scrap and 
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then the gasoline recovered by evaporation and condensation. 

The manufacture of liver oil is fundamentally similar to thatused for fish oil. Fish-livers are cooked in steam to free the oil fromfat cells. Oil which comes out is skirnrnvd off. The cooked livers aretransfered in canvas bags for pressing out oil. Alternatively, an electroly­
tic method for oil extraction can be used. In this case the livers arechopped, ground and treated a sodiumwith warni chloride (salt) solution or any other saline solu ton. Electrodes of opposite polarity are thenused to pass an electric current. The process separates the fine livertissues in suspension emulsion also waterfrom the and the frorn the 

oil. 

The final product will not form solid material on being left exposedto the atmosphere at low temperatures even at O'C. To solidify thiscrude oil must be ftirther ifined. This is easily achieved by allowingthe crude oil to statnd open in cold air (O'C.) until stearine, the solidcomponent of fat, ',parates out. Alternatively, a chemical methodis used where the oil is treated or washed with caustic soda solutionwhich converts free fatty acids into soaps, which being soluble inwater. are washed off the oil. The washed oil is then filtered and 
leached. 

Fish and fish-liver oils are used commercially in the tanning andturing of leather. Leather tanning involves rubbing oil on prepared
,kin and subsequent oxidation of the oil. Washing the tanned skin inhot water or pressing it removes excess oil. Curing is the finishingprocess carried on tanned lcaOher to render it pliable and water-proof.
It involves stuffing the leather with oils and fats which lubricatesto provide a waterproof surface. Other uses of fish and fish-liver oil are in the manufacture of oiled cloth, soap, etc. Refined shark-liver
is used in medicine similar to cod-liver oil. 

Fish Glue and Isinglass 

The raw material for making fish glue are fish residues such asskin, scales or trimmings, heads and bones. Glue made from skinis considered superior to that made from head parts, bone and other 
trimming wastes. 

The manufacture )f tish glue from skins, heads and other fishwaste is generally the iame. The raw material is first washed thoroughly
to remove all the salt. The freshened material now inis cooked asteam jacketed container. Acetic acid is normally added as a preserva­tive during cooking depending on the type of raw material. Fish headswith larger proportion of bones requirp greater imantities of acetic
acid compared to the skin or other tender trimmings. The acid alsoacts as catalyst and hastens the hydrolysis of the material into glue,reducing slime in the chum so that it is easily pressed and dried. Theglue liquor after cooking is usually filtered out into evaporators where
the liquor is concentrated to the required viscousity ready for use. 
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cookers consist of solid material with consider-
The residues left in the 

canvas bags
able proportion of glue liquor. This chum is placed in 

and pressed to recover the -<,tra 1i',d with the main bulk in 
as cther poultry

e:.-porators. The pressed chum when cireca is used 
a high proportion of easily dig,,estible protein

-2d or fertilizer. As it has 
for devleoprn, t, it provides

-,d calcium phosphate necessary egg 
for a variety ol purposes: from

gcod pultry feed. Fish glue is used 
stamping to use in furniture making ar.,! o :r genc.ral

labelling and 
oinery work. 

from fish air-and s% in bladder.Fish isinglass is prepared directly 
the Nile Perch, which is abundant in Lake Victoria,

Ir kenya, e.g., 

i a potential source of swim-bladders, a product normally wasted
 

are the chiefof the fish for food. Catfish and CarpsSring cleaning 
lsingla.surces for swim-bladders used in the manufacture of aiinglass. 

washed and dried fish air or swim-bladder mechanicallythe carefully 
ade into the required shape. Isinglass is composed ot ,,Llagen which 

Heating Hydrely­
)es not dissolve but absorbs and swells in cold water. 

-,s it into gelatin which easily dissolves. It forms i gel on cooling 

)nstituting glue of great adhesiveness. This glue i,, commonly used 
out air. Isinglass %v.a formally used

)r preserving eggs by keeping 
Union and the U.S.A. in the filteration of wines a!)d

) the Soviet 
.eer before modern methods of filteration were adopted. It was also 

ometimes used as a substitute for gelatin. 

,harkskin and Fishskin Leathers 

coastal Kenya water, being tropical, have considerable populat-The 
)ns of sharks which are usually fished for food.P number of markets 

are processed,.nd landing depots exist along the Kenya coast where they 

leaned, salted and sun-dried for preservation. Normally, the shark 
local fishermen and thus it is usually

-kin is of little or no use to the 

isposed as a waste.
 

land animals, can be utilised for leatherThe skin, like that from 
sharkskin haseconomic importance. However, unlike the latter, 

calcereous deposit known as shagreen on the outside which has to 

.c removed during the processing. Proper tanning and curing of the 
which is of high commercial-:rk skin results in excellent leather 


l
.Ie. 

to thatThere are other fish processing skins similar in character 

:| the shark. Skates skins, for example, have a layer of shagreen requir­

ng the same methods of tanning and curing treatments as for sharkskins. 
commercial use remains unexploited.-lowever, their potential for 

Fishery Shells 

Oysters and other molluscs are commercially important in the 

However, the mollusc and oyster industry is still to be developedworld. 

in lenya. Apart from the principal use of the flesh of some of these
 



- 173 ­

animals as food, their shells which are usually discarded,crushed and ground to grit. is 
can be dried,form Grit used as a supplement forpoultry feed due to its high content of calcium whichfor the formation of egg shells. The shells can 

is essential 
also be dried in a heatedrotary drier or "burned" and crushed to obtain lime which is usedin fertilizer manufacture. The lime is also used to counteract acidityin soil. Shells removed from fishing cquipments and depots duringcleaning could be put to this valuable agricultural use. Some oystershells are very ornamental an( are thus used to make pearl.
 

Crustacea
 

Lobsters, crabs, shrimps and prawns are 
 commercially importantfishery products and they have a high market value unit.per Residuesconsisting of the hard shells and other wastes after the flesh hasbeen removed for food from these animals are normally discarded.However, these residues can al,)o be utilised in fertilizer manufacturein a sifilar process to niolluisc and oyster shells. 

Commercial Importance of Seaweeds
 

The Kenya inter-tidal shore the water
and deepa natural abundance of seaweeds which 
region exhibit 

have so far not been exploitedfor possible commercial use. Seaweed is the common name for marinealgae, while other names like 'Kelp'when referring to the larger brown 
are sometimes used specifically

seaweed found thealong PacificCoasts of the linited States and the United Kingdom.
 

In a number of countries of the orient, 
 e.g., Japan and Philippines,some algae are used for food( 3 ).
 

The most significant commercial 
 value of seaweeds relatesiodine, bromide and topotash manufacturing. The seaweed burning industryis an ancient one in European countries, e.g. Britain, Germany andSweden. The processing method involves harvesting of the seaweedsand drying 
which 

in the sun. The dry seaweed is then burned in kilns to ashis then made to cake by melting and fusion. The ash or kelpcake is rawthe material used in the manufacture of iodine, bromine
and potassium salts. Some disadvantages exist in 
 the making of seaweedash in this manner. About half the iodine is lost due to the high tempera­ture applied in tusion. Additionally, a considerable amount of potash
is vaporized. 

An alternative but more expensive method of manufacturingitems from seaweeds theseinvolves distructive distillation of dried 1 eaweedin closed retorts. This process (which was applied in Califonial prevents
quantity losses in iodine and potash. 

Other different methods of iodine production from seaweed areemployed in countries like France and Japan. The Dcvillers processused in France does not involve incineration or Hereare fusion. the seaweedswas!'ed and iodine solution obtained by precipitation as cuprous 
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iodine (CU 2 12" 

Potassium hydroxide can be used in soap making while iodine 
is an important commercial product in medicine. [MIe to its high potash 
and nitrogen content the dry raw seaweed, e.g. dry kelp, has been 

wned directly as a fertilizer. 

The Agar-Agar Industry 

Agar or agar-agar is the dried partially bleached gelaunous extract 

of certain specie,, of red algae. Agar has been of commercial importance 
mostly in japan, China, Ceylon, Australia and the United States. Agar 

contains approximately 70% of a "vegetable jelly" generally known 

as gelose. 

In Japan, agar is obtained from dried harvested seaweeds. The 

algae are washed, re-dried and then bleached by alternatively wetting 
and drying in the sun. The bleached seaweeds are boiled for five to 
six hours in about 50 times its weight of water, otherwise direct steam 
is used to cook the raw material. A small amount of either acetic 
or sulphuric acid is added during boiling. The: mixture is then filtered 
to remove undissolved matter in order to obtain a solution which when 
cooled down forms a lelly. Thawed and dried agar-jelly produces pure 

aga r. 

Agar is similar to gelatin in some of its properties. It absorbs 
or lukewarm water, forming a stiff gel. It dissolvesand swells in cold 

in water boiling for some time and cools to form a stiff gel. 

In the orient, agar-agar has long been used as food by Japanese 
and Chinese, as jellies, or additives for soup, sauces and gravies. It 

is also used in Europe and the United States mostly in preparations 
of ice cream and jellies. A dilute solution of agar torins a firm gel 
on cooling and this can be used for packing soft tir'ed fish and corn 
beef. Some agar is used in filtering wine as well as a culture media 
in bacteriology. 

In the case of Kenya, apart from the marine seaweeds, there 
exists the notorious freshwater weed Salvinia. among others, growing 
rampantly in Lake Naivasha. It should be possible to find ways of 

way, for example, the possibilityutilising this weed in an economic 
of provision for a fertilizer. 

A close relative of Salvinia also inhabiting freshwater environments 
is the water hyacinth (Eichhornia crassipes) found mainly in the River 
Congo and the Nile. The World Bank has taken a keen interest in 

this weed because of its implications for agriculture, fisheries, public 

health and energy. Under favourable conditions 10 plants with their 
attractive lavender flowers and swollen pear-shaped leaves can multiply 
to 600.000 and carpet an acre of water within eight months. The mecha­
nics of its rapid spread are very simple. Its leaves act as sails and 
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the plant can even travel upstream against thethis, the water current. [Because ofhyacinth is one of the pernicious weeds inIt shelters disease-carrying the world.organisms, causes floods, disruptselectricity installations hydro­and restricts fishing activitieson major waterways and trafficsuch as the Congo and the Nile. the2.5 U.S. million Sudan spendsdollars annually on the control of this weednumber of affected and aAfrican countries is rapidly increasing; theyEgypt, includeZaire, Uganda, Kenya, Congo, [Burudi, Rwanda and many others. 
There is a scheme leading to the developing of new technologiesfor the conversion of this rich plant material as a concentrated into bio-gas and fertilizersscientific effort for the controlWater hyacinth of the weed pest.can be converted into bio-gasposed in an when the plant is decom­oxygen-free atmosphere. The gas cntains aboutIt is possible to 60% methane.use small fermentation units to produce gas forand lighting. cookingSuCh equipment i> vow being tested in the Sudan.central fermentation Largeunits might also be practical but,the Jifficuities because ofand expense ol ,zoring large volume ofprob:blv have to be gas, it wouldconverted immediately into electricity.organic matter The residualfrom this process has a nitrogen content of about1.6% dryweight and may also be useful as a fertilizer.
 

Another 
 process on the water hyacinth that has beenthe Sudan triedis pyrolysis, or the indecomposition of theas high temperatures plant materialand under airtight conditionsof charcoal. for the productionThe first experiments
percent of the 

have been quite promising. Sixtypyrolysis was charcoal and the other end-productsincluded gas and oil.
 

Water hyacinth 
can also be used as fodder. In China,it is grown for example,extensively in village communesThe plant can also be used 
and used to feed pigs.as an ideal biological filter forand industrial domesticwastes because of its ability to absorb and condenseheavy metals such as lead, cadmiuni, mercury and nickel. 
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LA FABRICATION DE L'ALCOOL: SOJIPAPE DE 
SURETE DE L'AGRICULTURE 

Par 
.. R. Tang BongaIngenieur Agronorrie, Dcc teur en Sciences Alimentaires, I.R.A., 

B.P.13, Njonibe, Canmround. 

INTRODUCTION 
La fabrication de lalcool par des distilations dateTout de Iongtemps­ou grande part!e de c:e qu'on ,:-onnait rnaintenant auet de 'appelation sujet du rnat6riedes produits de distillationIes temps anciens Sons des a pris naissance dansnorris plus ou moins differentsqe norius connaissoris que ceux± I 'heure actuelle. Ainsilfit cree pr les Egyptiens et decrit 

au 1116 si6cle I'alarnbic 
sous le norn do "trivique"mot alarrinc np',paraitra le vraiqn'au X6 si.cle dansnom eau-de-vie attrjbu6 l'alcool 

les ecrits arabes. Le encore appel6 eau pernanenteeau d'or, voulait tout simplement dire l'&alcool 
ou 

ciewse qui prolongeait la vie. La 
que 6 tait une eau pre­n6 cessit6 de la production de l'alcoolplir voie biologique sit6t ressentte par les premiers hommespas saris intrr6t lour temps et elle no lest pas 

n'6 tait 
moins an n6tre. 

Par alcool nous entendons alcool 6 thylique ou ethanol dont laformule est C 2H5OH. 

Nous orienterons notre e\pos6 suivant les deux aspects qui sontproposes dans le sUIet. 

D'abord nous parlerons do la fabricationdo cc developpoment, de l'alcool-Au coursnous presenterons la biochimie dealcoolique et le la fermentationproc6d6 do dktillation apresdautres proc6d6s avoir signale rapidementd'obtontiun dalcool. Ensuite nous expliqueronsque nous enteridons cepar: "onpape de stret6 de 'agriculture en d6 gageantI iniportance de I'ai cool". 

AUTRES ORIGINES IE L'ALCOOL 
Nons ne somnies pas sarns savoir quola fabrication de signaler sirnplernent quelalcool est une soupape

saris autre explications rrsqncrait 
do stret6 de ]'agriculture

du t ien suspens. Ce suspense 6 tarit 
lcile , re xr.,, de I'auditoirebien justti6 leproced6s de fabrication par fait qu'il existe desde lalcool qui n"empruntontI'Agriculture. pas la voe doCette variantc do production de I'alcooltique, par opposition est dite synth6­an pror6d6 biologique ou biochiinique signal6 ci­dessus et dont nous parlerons plus bas. 
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L'alccol synth6tique peut itre obtenu partir des carbures *Vivant 
trots possibilites: 

- Synthese a partir des carbures satures. 
- Synthese a partir de; rbures unsatures. 

La fubrication de l'alcool xsynthetique n'est pas sans saulever 
'les problenes. Les iatleres de base e la synthese a savoir les carbures, 
,atures ou insatures ne sont pas ai proprement parler des rwatlores pre-
Mieres dans le vrai sens du mot, mats elles proviennent ,!(j traitement 
de, autres produits. -insi la chafne de la production de I'aicool par 

S,,nthese s'avere s'avere tr6s longue. Pour arriver a des rsiiJtats souhaites, 
J faut disposer de la houikile du petrole qui sont les deux plus grandes 
'ources des matieres premieres pour Pindustrie cnimique organique, 
puis des installations appropriees. 

A Ioppos6 de cette richesse difficilement offerte a tous les pays 
se trouse l'agriculture qui constitue le premier tresor pour la plupart 
des pays en voie de developperrent smon la totalite. 

PRODUCTION DE LIALCOOL PAR FERMENTATION 

Lr riche tresor qui nous est gratuitement o!f. rt par la nawre 
et qui est constitue par les matires prernieres produltes en agriculture 
comparend: 

Les inati6res sucrees contenant des sucres fermentescibles (glucose, 
fructose, maltose...) ou aboutissant par hydrolyse . des sucres fermentes­
bibes. Ce sont les fruits, certaines racines (betterave a sucre...) les 

tigei (canne a sucre. sorgho, mais...), la m6lasse de canne a sucre, 
le niel, le lait par exemple. 

Les mati6res amnylacdes, contcnant de IPamidon, qui, sous I'action 
des solutions acides ou des diastases, peut 6tre hydrolyse et transform6 
en Wlucose et rnaltose. Ce sont les cer&ales, les tul:'-rculeJ (la pomrne 
dc terre, I rnanioc). 

Les rnatieres cellulosiques, contenant des celluloses qui par hydro­
lise, conduisent 6galement , la formation du glucose. Ce sont surtout: 
;c bats; les tiges annuelles et les r'6sidus ', 6 gtaux. 

Dans ce proc6d6 de fabrication de I'alcool non synth6tique on 
.'ippuice sur les produits agricoles qui sont soumis 'action des micro­

organismes et notamment des levures. Ainsi lobtention de I'alcool 
necessite tine etape interm6diaire qui est appel~e la fermentation alco­
olique pour la distinguer des autres types de fermentations aboutissant 
a des produits autres que l'6thanol. L'extraction de lalcool form6 au 
cours de la fermentation alcoolique fera appel la distillation. 
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La fermentation aicoolique: 

La matie6re preniire peLtliquide, pulpelise oij rmelange 
entrer en fermentation sOus tormellquld.-solidedans les par -exemple. Sansdetails particuliers entrer, chaqute classe deant Ia sacchariticaltton de 

maticre premiere concern­I'afnidon oii de la cellulose,rons ici nous ne considere­que la trdornlito ) du Iucrfernolntes(ibl C en alcool. 
La transforination 

olique, 
du ruotut ou liquid sucre', en vin Ouse produit liqUide alco­par le pliornom'ne

terint,ntation biologique connu le deal:oolique. sous nomAinst los sucrcsen alcool et en gaz carbonique, sous 
du rhout son t transforin(s 

les 'action de cerrains produits 6labor6spar lesures p11 se sont multiplies
sont appeles les enzymes. 

dans le milieu. Ces produitsAu cours de cC processus on constate: 
- dun bouillonnement,
 
- une augmentation 
 de la temperature au sein de la masse qui fer­mente,- un chang r.nent de saveur du- une diminution liquide rnis en fermentation,de sa densite, qui s'approche de celle de I'eau,puis lui devientune inf6rieure.- augmentation sade couleur pour les jus mis en fermentation 

avec les particules solides. 

La fermentation alcooliqueC(est-a-dire que l'oxvgene 
est un phenomdne aero-ana6robiede lair necessairedu processus seulement au d6 marragepour permrettre 'accroissementlevures, et la multiplicationdoit &tre supprim6 despar la suite pour permettretion de la fermentation, faute de 

la bonne r6 alisa­quoi s'installe 'effetcons~quent le but 
pasteur et parne sera pas atteint.
 

D'une fa'con gdnerale la formation 
 de Palcooltermentation au coursalcoolique passe par deux etapes qui 
de la 

sont:
 
- la glycolyse qu aboutit , 
 la formation de lacide pyruvique.- la transformation anaerobie de lacide pyruvique.
 

Chacune 
 des reactions de transformationor de la transformation au cours de la glycolysede IPacide pyruvique est sous le contr6je d'unefizs file. 

L'6quation globale de la fermentation alcoolique d'apr6s Gay-
Lussac s'6crit:
 
C6 H 1 2 0 6 2 CH 3 CH 2 OH + 2 CO 2 

-

La Glycolyse: est Ic tronc communglycose de la degradation duou fructose, en sucretant a6 robiose (respiration) en C 6 
(fermentation qu'en anacrobiosealcoolique et fermentation 
Elle se resume 

lacrique) en acide pyruvique.sous forme d' 6 quations ci-dessous: 
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La transformation ana6robie de 'acide pyruvique:est Alors que lacideoxd6 en aerobiose par Pintermediaire des reactions du cycle de
Krebs selon Ieqoa tior: 

CH 3 -CO-L 'I -5 ­0 2 3C - 21- 2 0
 
II ne 

2

lest pas en inaerobiose et sert plut6t d'accepteur d'hydrog6ne(electron) qoI apparort au oours de ta glycol se bous forme de NAD/H2.II est eosui to dcorbo\,lte en 6 thranal 00 aldehyde ac'tique ou actalde­h\ de-L'aldehyde acetique est a son tour reduit en alcool ethylique.'etto redaction se lait sous forrne riduite NA[D, C'est $ ccque la rooxydation niveaude NADI- 2 est n6cessaire, faute de quoi Ia glycolyseY'arr terait des quie tout le NAD prosen t dans la cellole aurait etrt-,duit. Ci-apr6s le -0hornas de la fermentation alcoolique. 

La distillation de 'alcool.
 
La distillation est l operation qui consiste 
 a extraire vinsmentCs, toot I'alcool contenr fer­

dans le Iliquide en monie temps quetons Ies prodtits volat0l-,. 

La distillation peut etre i , a!s6e soat dans on alambic, soitdonts Une colenre. L'Wdlambic est constitu d'une chaodi6refernuent6 est rlos ell 6bUllition et d'un rerig6rant 
oi le produit

oi les vapeurscondenses sontau iours de leur passage poor 6tre recoltees sous fornieI tjiide dans on r6 lpient. Get appareil est Ltiiise poor la productionC!(-, oaux-de-vie et 
a la 

poor les petites installations indostrielles. Quantcolonne qui est applique oujonrd'hui dans I'ifdUstrie, la vapeur•eleve et traverse successivement les plateaux dans lesquols ellecdt mise en contact avec le liquide qui, de cc fait, s'epuise alors 
que la vapeur s'enrichit en alcool. 

La difference fondamentale entre les alcools de bouche et lesalcools iridustriels se situe aL niveau de leur origine, leur composition
et leur titre alcoom6trique.
 

L'origine des alcools. 
 Les alcools de bouche sont produits apartir des vins, cidres et fruits alors quesont produits par les alcools industrielsles mati.res amylacdes, les betteraves etles melasses. 

- La composition des alcools et leur titre alcoometrique. 

Quant la composition, les alcools dement bouche doivent necessaire­contenir Ln peu d'impuret6s. Ces dernidres ayant pour r6le decontribuer a l'ar6rne de la boisson. Par contre les alcools industrielsdoivent &tre d6barrassds de toutes irnpuret~s; cet aboutissement n6 cessiteI'operation qui s'appelle la rectification. Un exemple , cc sujet:meriter lappelation dean-d.-vie Pour
Ialcool doit contenir au moins 280 g.d'irnpuret6s par hectolitre de pur. 
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Ces impuretes, representes par un peu do "totes" t Lin peu 
de "queue" sont coristituecs par les acides organiques ot mineraux, 

les aldehyles, les esters, les alools superieurs, les bases (anirloniac 
or armines) sonts ,!orme de rornbinaison a ec les ac ides. 

Due point de vue mltre alcoome trique ou degre' alcooiquC, Ies 
alcool s de boncheO titrent "43' alors que les alcools industriels titrent 
plus: 90-95'. 

Au cours de la distillation des alcools de bouche on distingue 
deux phases: 

La prerni6re phase ou chauffe de vin permet de recup6rer un 
Giquide re n eritant pas le nor d'alcool et qui est appele "brouillis" 

clans le cas de la fabrication du Cognac. Cc brouillis qui titre environ 
3 _' parc "ties" des qui respective­eSt des et "queues' represenrent 


onet les premieres et los dermeres fractions du liquide.
 

C'est au tours de la deuxieme phase applde borine chauffe ou 
chauffe o(s brouillis, que les brouillis mis en chaudi6re et porte's 
"bultion dnnent naissance i do I'alcool qu evoluera au cours du 
villissernent pour loveonir la boisson vou!ue. Cet alcool appele "Coeur" 
titre environ envion 70". Tout comme dans la chaunte du %in, ici 
aussi, on separe le "cocur" des "t6tes" qui passent avant et dos "secondes" 
qui passent apres. 

Pourtant du airt que la distillation no so tait pas d'apres les 
tensions de vapeur, mais en toniction do celles qui resul tent do la 
solubilit' rc-iproque de divers produits, on comprend porirquoi il est 
diflicle d'obtenir les eaux-de-vie constttuees uniquement do "Coeur". 

j'out corime la distillation, la rectification pout &tre realis~e 
en discontinu ou en continu dars de colonnL-s a haut degre. 

SOUPAPE DE SJRETE DE L'AGRICULTURE 

NoLs venons do voir p)Iis hault: 

- Que pour la fabrication do I'alcool, un riche trdsor nous %jst 
gratuitement oftert par la nature. 

- Que co tresor est constitu6 par les produits agricoles qui peuvent 
etre: 
1. Des matieres sucrees. 
2. des mati6res amylacees 
3. des mati6res cellulosiques. 

Si a certains Moments les produits sont utilis6 s en distillerie 
de faqon voulue, en On6ral, lour uLtilisation dans ce dumaine comme 
e\cedents ou com-ie ecarts do triage ou d6chets est le plus a retenir. 
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La th6orie selon laquelle la babrication de l'alcool est tne soupapede suret6 de Pagriculture a 6t6 v6rifi6e dans le passe; etle Post au­jourd'hui et le sera probablement dans Iavenir.Elle A k6, elle estet elle sera la solution de I quidation des excedents. Ce sont les cas 
par exeniple:
 

6
- des betteraves et c r 6 ales notamment le ble- en France
 
- de la carne 
-i sucre au br6sil et autres pays tropicaux
 
- des potIes do terre en 
Allemagne
 
- du mais en Amerique
 
- etc.
 

Cette situation devrait d'autant plus prendre de 'importanceiheureP actuelle que les gens sont a la recherche de solution a lacrise de l' 6 nergie qui est une cons6quence directe de la crise du p6 trole. 

La fabrication do Palcool dans son qualificatif soupape de siret6de Pagriculture, peut tre vue sous plusicrus angles: 
d'abord corume technologie appropriee la tranformation de 
produits agricoles glucidiques.
ensuite comme valorisation des dechets ou sous-produits agricoles,
puis comme liquidation des exc6dents;
enfin comme solutions a des probl6mes tels que les probl]6nes 
de I'energie ou du carburant. 

En prenant un exemple portant 
ou 

sur la valorisation des d6chetsencore l'6 carts do triage, probl6me qui rejoint en derniere analysela liquidation des exc6dents, nous nous rendons imm 6 diatement comptedu r6le de la fabrication de lacool. Quelques chiffres relev~s surla banane et lananas du Cameroun sont encore plus explicites , ce 
sujet. 

Quelques donn6es recueillies aupr6s du Centre des CulturesVivrieres et Fruitiers de NJOMBE, de linstitut de la Recherche Agro­nornique (IRA), et de I'Organisation Camerounaise de la Banane (OCB)
sont groupies ci--iessous: 

a) I.A.R. 
1. Ananas: 

- Production noyenne annuelle: 300 Tonnes. 
- Ecarts de triage correspondant A un an (20 Semestre 1979-ler 

Sernestre 1980): 36,643 Tonnes. 

Rapport ecarts de triage: IProduction totale 8 
- Poids du jus attendU a raison de 50% de rendement: 18,322 Tonnes. 
- Soit en litres avec une masse volumique de 1,04 ug/ml 

17.617 litres disponibes pour la fermentation et par consequent
lIa production de lalcool. 
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2. Banane: 

Bonn6es types de la r6colte de bananes I'hectare au cours 
do premier cycle en 1979. 

- Rendement i I'lectare: 48,504 Tonnes 
- Poids moyen du reglime: 25,4 Kg. 
- Poids total export6: 35,542 Tonnes 
- Poids non exporte3: 6,080 Tonnes 
- Poids de hampes: 2,693 Tonnes 
- ~Poids moyen de la hampe: 2 Kg. 
- Poids total non exporte: 8,046 

, ecarts de triage 1Rapport 

Production 6
 

Le poids total non exportd est C6 gal , la some de 6.080 tonnes plus 
,, ),,ids des regimes r6fuses, auquel on soustrait le poids correspondant

des harnpes. Ces 6 
e carts peuvent servir dans la production de I'alcool. 

B) O.C.B. 

Donnees relatives , la r6colte annuelles de la banane pour I'ensem­
ble do I'OCB entre Avril 1979 et Mars 1980. 

- Recolte totale: 1.921.005 regimes 
- Refus - 384.201 r6 gimes 
- Poids de refus 5 25 kg 9.605.025 Kg 
- Rapport 6carts do triage_ I 

Production - 5 
- Ia qualit6 de ius correspondant, avec 72% de rendement:6.915.018Kg 

do lUs. 
- Soit en litre de la ;nasse volumique 6tant 1,08 g/ml 0.403.331,5 1. 
- Pour un extrait sec do 20% on s'attendrait 5 192 g/l de sucre. 
- Tenant compte du fait que Ia formation de 1 d'alcool necessite 

on moyenne Ia d6gradation de 17 grammes do sucre par la ievure, 
on est en droit d'attendre, . partir do ce cas prcis, des vins 
de 113. 

- Ainsi la labrication de 1 I. d'alcool 5 90' qu'on ainierait avoir, 
tenant compte du 1% de perte au cours des manipulations neces­
site 8,0) I I de vin a 11"3. 

- Le noinbre de litres d'alcool , 900 a extraire do 6.403.331,5 1 est 
donc = 795,407,7 1. 

II est a noter que si nous avons raisonn6 ici en jus il ne faut 
pas croire quo c'est la seule possiblit6 de r6aliser la fermentation. 
Ces produits peuvent 6tre fermentds sous forme do m(lange jus et 
particules solides, comme il a 6t6 d6j, signal6 plus haut. 

En consid6rant les exernples mentionn6s ci-dessus, nous notons 
pour I'ananas et la banane que los rapports 6carts do triae 

1Production totale 
respectvement8' 6' arts qui ti sont pas negligeables 
Meritent d'attirer notre attention et nous devons chercher , les utiliser 
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des fils utiles, d'autant pluspotentiel alcoolique. La 

que ces produits disposent d'un bonfabrication de 'alcool , partir de cos sous­produits est uif d6boucih(e louable.
 
N0LIS constatons 
 que par le canal de lanous tendons fabrication'a utiliser de laclool,nos produirs 2ides fruits en frais telle lexportation 

100% aors que l'utilisation 
rnoins ne resorberaitimportant. Cela quun pourcentageest d'autant plusde triage representent pros de 20% 

vrai quon sait que los ecartsde la production banani6re nationale. 
Quelques essais entat6s,limentaire au laboratoire deIRA NJOMBE la Section Technologiesur la productionces m6nes fruits de 'dIcool anous permettent partir de nous est d'&tre optinistes.donn6e par l'importance Cotte confiance

ainsi leur de lextrait de cesteneur en sucre fruits, traduisant? Ainsi lextrait17% en sec de lanannassaison seche alors que la peut atteindre
dit en tenant banane atteintcompte que 22%. Autrernent17 g. dedans la sucre fermentescibleformation d" um sont necessairesJ,ng,-. d'alcool (1o),de 9' '1 10' on peut s'attendrepour I',",amai, . unevinJans les periodes les plus favorablesde 12" '113' pour la auane. et 

D'une faton genrale nous savons qu'en tenant compte de 1% dei rte au cours des manipulations X litres de Vill a 9' donents,91-x I. d'alcool a 90'.
 
Ces essais de 
 fermentationls jus d'ananas et de distillationet de banane nous ont 

d6j) realisds avecpouvant avoir permis d'obtenir desun titre ahcuom6trique alcools
plus qu'A ameliorer le qui 

jusqu'. 90 '. 11 ner,-ndeent nous restereste encoremateriel adedquat de faible faute defermentation et de distillation.
 
Nous pensons 
 que larndioration 

nos responsablhs nouS perniettra d'aril 
du materiel entreprise parorer nos rdsuitats. 

POURQUOI FABRIQUER DE L'ALCOOL 
Nous lavons ddji qu I'aCIoclde lermentation obtenu A Vissueet de distillation des processuspoutque &tre utile;e suit dans le dotaine a les fins multiples,renager, 

bois',on ou 
ou cumrne carburant, aliment,stimulant:
 

- I alctol I 
 uea , (est un remplacant satisfaisant du courantle chauffage 'Pl',ool evite los dangers d'explosiona essence et des rechaudslInconv(Inient
- lalcool de la carbonesolidiiti des hydrocarbures,est irilisd comme combustible; il est obtenu:soit par fusion des savonsvoisine de l'dbullition suiVIe 

dans :'alcool .i ,ie temperaturedun refroidisseient qut determineprise en masse. une 
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soit par dissolution d'acide gras dans l'alcool suivie d'une 

addition de soude provoquant ia saponification, donc la formation 

de savon. 

.4 a A niveau - 'alcool est dgaleiment nit ,,ye.e Kbrn t. ce 

avaient ete effectues par des nomreuxd'importants travaux 
corrmepour dernontrer l'importance de I alcool arburant 

des r oteurs a explosion, l'importance de l'utilisation de lalcool 
avant la gierre dans de 

savantes 

comme carburant, mise en evidence 
que la France, IlItalie, la Tch6c-slovaquie,nombreux pays tels 

Hongrie, l'Allemagne, I'JRSS, la Yougoslavie, la Su6de, la
la 


le Bresil, 'rgentine...Pologne, les Philippines, la Chine, lI'nde, 

etc 6tudiee mmrne dans les pays p6troliers comme les Etats­
une placeUnis d'Am6rique, tient 6galement a 'heure actuelle 

de choix puur resoudre la crise de l16nergie. 

utilise par Phornme commc aliment, boissonenfin lalcool est 

ou stimulanL.
 

Vu tous les aspects ci-dessus mentionnes, iln"est d'aucun doute 

des services tres importants dans la vie de 'homme. que l'ecool rend 

Son r6le se ressent a presque tous les niveaux:
 

- niveau alimentaire: comr-ie aliment ou boisson, 
- niveau soical: comme source de lumire (6clairage) et de chaleur 

(chauffage et combustible) et comme carburant, 
economique: partout ou il y a des dxseexoedents de 

- niveau 
secours de l'economierecolte lalcool carburant peut venir au 


agricole et de l16conomie generale.
 

ce concerne 

dans nos pays respectifs, combien de devises sortent pour lachat 

de lalcool de bouche et tous autres 

Nous ne sommes pas sans savoir, chacun en qui nous 

alcools a toutes fins: nous connais­
que nous exite le carburant p6trolier. La produc­sons egalement le prix 

tion locale de notre propre alcool a partier de nos produits agricoles 

nous oermettrait de faire une econonie partielle de nos devises. Un 

aspect qui se rattache egaiement a cette fabrication locale de laclool 

a culture des produits de base interesses et parest l'extension de 

consequent de lagriculture toute> entiere.
 

tin autre point qui complete le precedent dans cet essor 6conomique 

est la creation sur place des distilleries. Une telle r6alisation permet­

trait de r6soudre d'autres situations; ce Fant par exemple: 

la diminution des chrneurs par leur recrutement dans lesdites
 

distilleries,
 
la rentr 6 e de devises 6trangeres par le ddveloppement de l'exporta­
tion de lalcool produit.
 

Ainsi, compte tenu de son importance, lalcool, au lieu d'8tre 
comme toxique en tant que boisson, doit 6tresiplenent consid6r6 


vu comme un des facteurs de lessor 6conomique.
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CONCLUSION 
Pour Cl6re cette etude, if conivientla fabrication de signaler toutefoisde l'alcool ne queconstitued'utilisation des pas eie seule t'uniquesous-produits phasede 'agriculture. On peut citer dautrespossibilit6s d'utilisation de ces sous-produits; exeinpje:P'extraction de colorant ' partir destI'xtraction de I'huile marcs de raisins,


l'alimentation du 
de pepins: raisins et grenadille,
h6 tail: Melasses de cannes sucre, tourteauxd'arachides et de cotons et:c,Jalimentation des chatidieres: bagasse dela furnure organique residus canne sucre,solides de vinaigrerie, marcs, autresdechets agricoles.
 

Par 
 ce fait mrme 'agriculture doit &tre consider6e commesource inepuisable de une rr, inese.
 
Notes venouns 
 de voir Zi travers-t le r6le de lalcool vIs--vIs 

ce qui vient d'&tre dit limportance'homme .--. s de Ja Soci6t ent rant qu'individuquant et vis­. sun evolution 6conomique.
 
Cet essor 6conomique 
 qui nestde Vexistence rien d'autre qu'unede 'agriculture cons6 quencese trouveoccasion pour &tre 6 galementresorber les excodents une bonneou les d6chets de cette agriculture. 
Notre economi 

devons profiter 
e tant bdsee sur l'agriculture, nousde cette occsion pays Africains,de lapport pour tirer ledo cette agricultture maximum de ben6ficeen gdneraleproduits en et ,i traversparticulier. Un ses sous­des aspects les plus rassurants de co ben6ficeest la fabrication de lalcool.
 

Ainsi la 
 fabrication 
de 'agriculture," de 'alcool qualifi6e de "Soupapemrite bien cet de stret6attribut et bienM6me au del, elleun estgage a l'economie dii pays. 
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sance (. l.-S. iParis 2SO. 

Tang Bonga, J.R. (!979). Etude de l'influence de mode dc conduite 
en continu sur la production le qulIques sOLs­

de Ia ferm .nt- ati,,i cdcooliqueproduits volatils 
des ]us de raisin. (These de DPo -t 6 Cycle, 
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LES SOUS PRODUIIS AGRO-INDUSTIELS
"APERCU SUR AU SENEGALLES TRAVAUXSENGALAIS DE DE L'INSTITUT

RECIERCIHES AGRICOLES,, 

Par
 
Nadiaga Mbayefsra, Laboratoire National d'El 6 vage et de Recherches Veterinaires,

Senegal. 

INTRODUCTION 

des sousLess 6enegal:duitsd agro-ndustrielsproduits industriels e 1955 Lerardontutilisds en etfait l'objet de nombreusesAl faisaientalimentation animale. une revue 

Depuis le Laboratoire
Veterinaires Nationale dede 'ElevageHann etet le Centre de RecherchesBambey de Recherchesont Inten les recherches Agronomiquesur les deleur valeur nutritive et 

sous produits afin de preciserleur ctficacit6 en alimentation animale.Nous allons dans unedisponibles premiere partieau S6 negal une revuedune part et dautre 
des SOUS PRODUITS sur les parttravaux effectuc&s donner un aperquet les r-sui iats obtenus. 

LES SOUS PRODUITS DISPONIBLESOn distingue general(.mntagricoles les souset ceux produits r6sultantissus d'aw tlit6s de transformatioi, des activit~s 
de produits v'getauxou animaux. 

Les 
sous produits resultant des activit6s agricoles:

Cc groupe est d:onstu1j6nil, sorgho, neafs) par les pailles: pailleet pailles de legum:neu de cereales (riz,5 s ou fane (arachide et n6b). 

Tableau I. 

Produits 
Disponjbles Theoriques Disponibles

R\iz Actuels (x 1000 T) Horizon1981-1982 (x 1000 T)144 
3f5,1Sorgho 

Mai's 31S9 
4874 

Fanes 
 296Arachides 841502
Niebe 
 1399,1108 
 138,0 
ea 
 gd T4977 

8772 0Sre:Mongadin ct)~~ 99 
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Malgre ces tonnages impurtantes, les pailles sont encore peu 
de plus en plus re'colt6eutilisees. Hormis la fane d'Arachide qUI est 

et stockee, les autres produits sont laisses stir pied ou quand Ils sont 
d'ou des pertes considerablesfont daucun 

de mati6res nutritinves. 
recoltes ne l'objet sore 

nomn mpor-A ce prefmiere groupe oni petit aloidre des proda tts 

tints eni ,oliumtie; I a'it: des ratles et time de mrwis, les talles de 
de la eanne a,orgho et de nil, le, t-xr(ni tes feil ILes et vertes 

sucre et ies "bout,an is" 

Les sous produits industriels:! 

groupe de produits est sans conteste le plus important deCe 
ptrt la diversite des substdiice, disponibles et de leur valeur nutritive. 

On retrouve ansi des sous produits: 

- de meuneries: son, remoulages et farines 
- d'huleries: tourraux, coques d'Arachide, graine de coton 
- de rizerie: son, farine de c6ne et brisures 

- de sucrerie: nelasse et bagasses. 

Tableau 2: 

Disponibles Theoriques Disponibles Theorique
Produis Actuels (x 1000 T) Horizon 1981-1982(xOOOT) 

MEUNERIES:
 
9,9 5,5
Grosson de ble 


13,1 8,s
Son fin de bl 
Ss
=Remoulages 
2,5-Son de mil 

HUILERIES: 
356339 

8,7 14,2
Tourteaux d'arachide 
Tourteaux de coton 

Graine de coton 19,8 35,0
 

Coque d'arachide 53,2 52,2
 
8 12,6Coque de coton 

RIZ ERIE: 
1,2 1,4
 

Farine de c-6nes 

S n de riz 

4,6
 

BRASSERIES: 
0,9Dr ches 0,65 

SUCRERIE: 
29Nl Iasseo 11,5 


agasses 25,8
 

Les sous produits d'origine animale: 

produits des abattoirs et des ateliers d'6carissage neLes sous 

sont pas encore exploits au S6negal.
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11 faut siroplement signaler le derarragepetite paruni t de production la SERAS d'unedodes poudre d'os,sous produLts par contre,do a p6che est en I'industrie
plein essortproduit est repr6sent6 par 

et le principal sousles farines de poissons.
 

Monogodin 
 et Tacher (1979) rapportentest de IPordre que Id productionde I 900 actuelletonnes r~parties entre les trois usines 
- AFRICAZOTE 

6000 T- SOPESINE 
- 7700 TSENPROTEINE 

1200 T
 
Si les projets de 
 .\lbour et Nikine sont realis6s,pourrait passer la production.
 38000 tonnes , Ihorizon de 1982-83.
 
Cot aperqu sur les 
 produitspremiere disponiblesvue au Sen6galfaire entrevior pourrait

de l' 6 levage un avenir prometteur & 
s"I n'exj ,tait . Iiftensificationpus de probl6mes lids 
 la commercialisation 

et aux prix., 

'eci faisa dailleurslors des journ6es me'dicales dire a MM .S GUEYE et A.do Dakar L. NDIAYE(15,20 F6vrier 1979), que troisilesures paraissent importantes. 

2. Creor une structure charg~eprodnits agricoles de la commercial isationet sous produits agro-industriels des 
pour enrayerrchie dans Pana­ce secteur. 

2. Mettre ,ila dispositIon de l' 6 levage localstructure par le biais de cettedes quotas suffisants d'aliments destin6s au b6tail. 
3. Pratiquer une politiquedes produits des prix aussi bienfinis en tenant des aliments quecomptedes evidemmentmasses du pouvoirlocales premi6res d'achatdestinataires des produits de I'elevagedo lour pays.
 

Nous ajouterons 
 quo compteurgent d'organier tenu des al6as climatiques,la recolte il estet le stockage des paillesles ruminants et fanes, quesont capables do valoriser. 

l.a deuxj!Ime i)artio 
 de lexpose rendrapossibilites d'ailleurs comptereelles d'utiliijtion de ces des 
sous produits. 

APERCUS StIR LES RESULTATS OBTENUS
PAR LA RECHERCHE AGRICOLE 

L'etude des SoLs prodiiti agro-industriels a ete' abord.e sous au S6n6galtrois aspects: 
- Etude do la digestibilite et de la valeur- Essais d'Amelioration alimentairedo la valeur nutritive des pailles par desmethodes physiques, chimiques ou biologiques 
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Essais alimentaires: Embouche bovine, otine. 

MATERIEL ET METHODES 

Les sous produits etuuies: 

Tous les sous prodjits cites dans la 	 premicre partie ont fait 

Nationiale ci'Elevage
objet ddest ireitdtlol"S au Laboratoire 	 de 

!e niW comnede Recherches Agronornique 

en tmoigne la bibliographic qui figure 
Hann et au Centre 

en annexe. 

Les animaux: 

de valeur ci mentaire, les
,A) [our les etudes de digestibilite et 

ag.-., de 1 a 2 ans de
animaux sont generalement des moutons 


race peulh-peulh et d'un poids moyen de 25 kg.
 

Sur bovins PUGLIESE et H. CALVET
Pour les essais alimentaires.b) 

en eribouche
(1973), ont fait la 	 synthese des rsultats onteInus 

et degage en ce qui concerne les performancesintensive au S'negal 
, l'espece, a la race,

techniques et economiques ce qui revient 


a l'5ge et au sexe.
 

Al (1976) ont dans 	 un rapport [ait
Sur OVINS; HO DIALLO et 


la synthese des rsultats obtenus.
 

En resume, les diffrentes races rencontrees au Senegal ont 

(:EBU PEULH SENE­
retenu l'attention des chercheurs ZEBU-GOBRA 

le netis Djakore (zdbuandama) le taurin ndama,
GALAS), inaure, 

et le WARALE (mtis peulh-peulh
Ic mouton peulh-peulh, le toubabire 


N toubabire).
 

Les methods: 

1) Digestibilites et valeurs alimentaires. Digtu:tbiit "IN VIVO"; 

le coefficient d'utilisationil s'agit de mnesurer correctement 
(DIG NIS) les autres coefficientsdigestive de ]a mati6re s6che 

des 6chantillions reprdsentatifs de 
.tant obtenus par analyses 

(M S 0), refusde (M S R) excretee
]a matidre seche offerte 

(M S F).
 

(MSO - MSR) - MSFS x 00DIG ms MSO - MSR) 

MSO - MSR = L'ingeree. 

L'analyse des Uichantillons consiste en la ddtermination par 

des aliments en matieredes mrthodes chimiques de la teneur 
mati6re cellulose,sdche, matidre organique, matiere mindrale, 

matidre grasse, calcium,azotee totale extractif non azote, 


phosphone et oligoldments.
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La valeur fourrag,'re eant d terrnme par la formule:
 
Valeur fourrag're (V.[-) 
 -lAD .\ICD , ENAD (ID. x 2 ,25)3,65MS 

Digestibilit "IN VITRO" 
La rnthotde est relle en deux temps de Filfey et Terryb) Essais afifentaire. 11 s,i t d'alni metcr des anriauxrations (!,npnsees, et par desde rTsimer leur comporternent: evolutionponderale, Troit quotidien I oyen, hd ice de Consomration oteval Lia ton "C7onoio lqe. 

b) Arnelioration de la valour alimentaire des FOURRAGES GROS-
SIERS:
 
Methodes Chirniques. .nq 
 present, setji le trw tementsoude a etc latentee. 1n envisage dans les programmes futuresdes traiten(nilts al aric.
 

M6thodes 
 Physiques: Fragmentation, broyage, pelletisatrn.Methodes Riologiques: PreI'errentatioon n t lisation do cellulases. 

RESULTATS 

Les travaux ,.tIectu6s ont kt l'objet
aussi de nombreuses publicationnous no donnerons ici quc quIques resultats acquis ces derni6res 
annoes. 

Valour brornatologique et fourmagere des sous produits: 

Tableau No. 3: Pailles et Fanes
Tableau No. 4: Tourteaux d'Arachide et Coton.Tableau No. 5: Graine do Coton, coque d'Arachideet coque

de Graine de Coton Melasse et Farine deTableau No. 6: PoissonsSon de ble, Farine de C6ne. 
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Tableau No. 14: 

MS 

MM 

MO 

MG 

MA 

MC 

ENA 

Ca 

P 

UF/kg ms 

MAD/kg ms 

Tourteaux d'arachidc et de coton. 

Tourteau Rourteau 
Arachide extraction 

expeller/Dakar Solvants/Dakar 

918,1 918,8 

41,8 45,8 

958,2 954,2 

46:1 8,0 

497,8 524,1 

91,0 73,5 

323,3 348,6 

0,92 1,08 

5,34 5,94 

1,01 0,94 

448 471,7 

Tourteau 
Arachide 
ArtisanaJa 

932,5 

37,6 

962,4 

232,0 

444,5 

50 

235,9 

0,06 

4,52 

1,53 

40 

Tourt'eau Coton 
expeller de 

graine entiere 

923,5 

57,7 

942,5 

118,7 

192,8 

306,2 

1,5 

12,67 

-Tourteau Coton 
expeller de 

graine d6lint6e 

932,5 

65,5 

934,5 

97,3 

382,3 

110 

2,06 

10,55 

1,3 

350 

Tourteau Coton 
pression graine 

d6cortiquer 

943,0 

80,9 

919,9 

178,7 

422,0 

31,0 

2,14 

15,4 



-- 
-------- 

Tableau No. 5: Graine de Coton-Coque 

Graine de coton 
Coton SODEC 

SenegaJ 

MS 866 

MM 94 


MO 
 906 

MG 154 


MA 
 206 

MC 330 

ENA 207 

VF/kg ms 1,17 


MAD/kg ms 
 100 

d'Arachide et de Coton. 

-oue-raeCoque d'Arachide Coque de Graire 
de Coton 

924,0 932,5 

19 16,3 

981 983,7 

22 56,5 

6 70 

764 488,7 

225 301 

2 1,25 

0,4 
1,42 

0,08 0,3 

14 4 

Melasse 
Richard-Toll 1978/1979 

S11 

13,9 

986,1 

647 

8,7 

0,3 
1,0 

9 

G-rine de poissor 
(1976) 

3,c 

2-1,2 

7 js,S 

111,3 

652,0 

71,7 

0,5>-0,70 

5350-'460 



Gros 
G..D. 

son de b16 
de Dakar 

Son de fin de bi6t 
G.M.D. Remoulage de ble 

I 
Son de maTs Farine de Cm6 

MS 882 870 886 865 897 
MM 70 61 51 53 99 
MO 930 939 949 947 901 
MA 155 180 197 131 137 
MG 38 36 48 101 173 
MC 143 109 83 98 78 
MNA 594 614 621 617 513 
Ca 1,5 1,5 1,3 0,4 1,6 
P 

VF/kg ms 

14,4 

6,8 

12,4 

0,88 

10,7 

0,99 

9 

1,02 

17,4 

0,85 
MAD/kg ms 118 140 162 86 89 
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Tableau 7: Quelques resultats d'embouche. Embouche bovine: 

rt royenm. ludice_Ration journal icr 

Coque d 'ar, ,i' mu l '1,,(I 

196;9 Concentre iirmn -,orgho (rssi 1) 122 1.080 6,2 

. Concentri' r iz re (eiirm 2) 122 585 10,3 

Coqie do'adI. !e Ineldsse 

1970 .	 Concentr firi[ do riz (s , 3) I17 j 8,0 7,3 
Paille de ri 

9,1* Concentre r e de ril (essa 4) 126 672 

L- !:panle - Toncentre fArme riz II1 698 8,6-Lot 


Lot 3: palle ouncentre irme Sor tt11 739 7,8
 

1971 Lot 4: Pail1, Concentre birine riz Ill 672 9,1
 
11 400 9,7
Lot 5: paillc de riz tourtwau 

Lot 6: paille de riz tourteon urec 11 1 423 8,3 

brime
1972 	 Coque d'aracOrde rneIas~ee 2 4

son graire de coton IS : p, 100 112 1 1.059 7.4 

Lote A: coue d'arachide tarne 
et son , 2(,p. 100 de graine de 84 1 948 6,64 
coton 
Lot P: toque d'arachide b +farine 
son 12 a I )p. 100 de tourteau de 84 j 1.054 6,67 
C(oton 

Embouche ovine: Les regimes exp 6 rimentes sont soit a base de fane 

d'arac base de toque; les taux d'incorporation variant entre 18 et 

75o p et 20 a 50% pour la coque. 

(Ces deux sous produits sont compl'rnentes par des concentreS 

fabriques a partier dui son do bi16, du tourteau, de la graine de coton, 
de la arine de poisson, de la melasse et des graines de cer 6 ales (sorgho 
ou ble). 

Melioration dc la digestiblit6 des pailles par le traitement a la soude: 
Les resultats des digestibil tes in vivo et in vitro du produit 

montrent une amelioration de la digestibilitebrut et du produit traite 
et de la valeur alimentaire des pailles traitees comme il ressort des 
tableax suivants. 



Tableau No. 8; 

R gimes ucc Moutons Utiliss Croissance Consoriration 
de base 

Fane 

d'alimentat(jNbre 

63 

42 

90 

90 

90 

52 

5 

5 

8 

8 

8 

6 

o i 
Poids Itl 

25 

ti,9 

26,6 

27,1 

24,4 

28,2 

Race 

Poul-peul 

Peul -peul 

Peul -peul 

Peul-peul 

Ileui-pcul 

Peul -peol 

Gain 
total kg 

S,5 

4,3 

5,8 

4,9 

6,7 

5,9 

CQM 
Cacul(gIj) 

129 

102 

58 

51 

75 

115 

AdifseC 
Alint(g/i) 

1200 

1100 

!071 

1108 

ills 

1350 

MS/100 kg/pv 

3,5 

3,4 

3,2 

3,3 

3,2 

3,9 

dc 
ConSommat 

5.2 

7,0 

11,2 

12,9 

9,0 

5,9 

Coque 

98 

98 

98 

133 

133 

133 

70 

9 

10 

8 

6 

6 

6 

10 

25,8 

26,4 

26,0 

28,6 

29,4 

29,1 

36,1 

Peul-peul 

l'euI-peul 

Peul-peul 

touabire 

touabire 

toubire 

Peul-peul 

9,9 

11,9 

12,3 

13,2 

12,8 

10,0 

9,0 

100 

120 

125 

99 

96 

75 

137 

1403 

1607 

1722 

1665 

1612 

1562 

2276 

4,0 

4,4 

4,7 

4,5 

4,0 

3,4 

5,1 

10,5 

8,6 

7,8 

9,4 

7,8 

8,8 

8,4 
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Tableau No. 8: 

Temps de contact 

2 he,ires 

Paille teinoin 

30 

52,6 

I 
Teneur 

40 I 

56,1 

86,0 

en soude 

58,6 

60 

62,5 

Tableau No. 9: 

Paille temoin Paille traitee 40 G 

\Vatieres Seches 

\latieres Organiques 

.\lati6res Grasses 

MIatires Cellulcsiques 

Mati~res Azot~es 

E.N.A. 

UF/kg Ms 

MAD/kg MS 

52,1 

52,7 

39 

58 

26,5 

51,4 

0,35 

13,5 

soude/kg de paille 

59,1 

60,3 

39 

74,6 

27,6 

54 

0,44 

19,8 

CONCLUSION 

Ce petit aperLu sur tes sous-produits disponibles et les actions
de recherches menees, nontre que le S(negal est dote d'une vari6t6
importante de produits tant dorigine agricole, qu'industrielle. 

Cette situation est un atout exceptionnel pour la promotionde l'Elevage. Des lors certaines actions peuvent demarrer en vue 
d'un meilleure exploitation de ce potentiel. 
- developpement d'une technologie simple en rmilieu paysan (broyage

des pailles, melassage, m&lange des concentres) 
- technologie plus eIaboree (traiternent des pailles, fabrication 

d'aliments complets). 



--
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La recherche contimier:, cc acjd i ane da, travai'ler: 

a la torn-ulj tiori J r-itloc~ i 

aux tretercen t, i -, tt'.qcas at biologiqude des fourrages
grossiers. 

- 'etude dt a W1eijr rntriti\e de, dliments disponibtes at I'6 ta­
blissment de t blcu, pt , . 

(-e,, 4 ,,r)s r.m.-, lic ' nee . allus du developpement
devraient aboutir '1 1a rc>c,tptJon (IL didicit en viande que connairactuellement Ia paC (SI'V3 toriws a( tu.I es et 12000 pr6vues en 1982). 
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Proc. AAASA/ILCA Workshop on the UtilizationProducts in Africa, 17-22 Nov. 
of Waste 

1980, Douala, Cameroun, p.207-217. 

UTILIZATION OF AGRO-INDUSTIIAI BY-PRODUCTSFATTENING IN BEEFRATIONS: PRELIMINARY IESULTS OF F A 0SPONSORED PILOT PROJECT NET-WORK IN CENTRAL 
AND WEST AFRICA 

R. Dia NdunibeInstitute ot Animal Resear(h (IRZ), P.. 14 57, Yaounde, Cameroun 

SUMMARY
 
The traditional 
 systems of animal husbandryfeeding and conventional animalwith scarce cereal grainsanimal arid imported proteinpr6duction sourcesin Africa. To limitedpromote increasedin order to combat animal productionthe critical protein shortage in diet ofpeople, therecnt stresses have thebeen on the utilization of availabieunused crop re3idues and agro-industrial but

by-products in animal feeding. 
FAQ with the cooperation of national institutions1Barnbui (Carneroun) and at Ife (Nigeria),Dakar (Senegal) have initiatedresearch net-work a pilot co-ordinatedprolect on the utilizationand agro-industrial of crop waste residuesby-production in animal feedingWest Africa. Encouraging preliminary 

in central and
results wereon obtainedthe substitution at Ifeof guinea corn with cocoa-pods,on the replacement and at Bambuiof maize with riceFurther experiments are in 

bran, in beef cattle rations.progress to confirm thesehopes of results andare testing thereother by-products in animal diets in the regionfor common benefits. 

The cooperation and assistance oftions and Industry 
Governments, Institutions, Organiza­in the regions are suggested in orderscope toof these studies and widen theso stimulate rapid progress in animal produc­tion in Central and West Africa. 

INTRODUCTION 
The critical deficiency of animal protein in human dietattendant defects on and itsthe population in Africa haveOver the decades long been recognized.the need to ameliorate thiq situationsized but without much progress. 

hat been empha­
of Africa (from IHe rapidly increasing population306.0 million in 19651977), the 

to 419.8 million inand relatively declining animal 
1977 (FAO, 

worse in recent and crop production madeyears by the tragedy of drought thein Sahelianof West and Central Africa have region
brougnt the situation into sharperfocus for urgent international and national coocern. 

A,, "f 
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The shortage of :nimral rotein has been attribu ted to the low
productivity of ivesnto<k under the tropical envlrorrernt (Chenost Iid
Mayer 1977). P[v fir the most iriportant Iaictor rt-spuisible for thiu,
Io%, antiral producti. iv is irJdequate ntrt on rel,ul t g It ff ,poor
and/or inaddequate , the Itrd ih-. otir \ ti .!-h Iell)d
lor crop production , 
 lil,the otp)t[ itoll 
" t. ecuiN (I'll 0 l i' i or tht iav iliiDe too sip ) s witl h aireIready miadequat( for mt a food. tr 
,ormpetiton ws ricre,,d food/med prtr:es hn Iimited u,,e 

),n A\ I i h('r ( t'reqt'ttCo of thi!0, 
m h their 

n animal prodtct ort ird, raiscd the prite of tit at prolu ttively for
 
;he need> -\frican nitsses.
 

In recent years xcicitific thouhi has becorne rathecr critical of the 
se in livestock fe.difng of conentional feeds based on scarce cereal
'Jrai*ns and irrprted cotrIeItrates. fIonsequeIItl y, in I976 the Food
a1nd Agriculturte Orgarnitattior 
 ot the Unt ed Natiott (FAO) tn Rome

Convened a Technical cortl tatlye meeting 
 ott New Feed Resources
 
to study the si tuation and riake rtposdls..\n urgent 
teed was stressed 
tor the search, ident ication and development of new and cheaper
,nimal feed resources whik-h toild 5e eploited Ior antfrial production

ari limirt or elirninate the present competition Ibet\w er man , anarimals
Ior scarce food resources. Preston (197?) earlier had stressed that 
the developing countries of the tropics and huge b)rittass resources
for the promotion of anital productinn. The 
 %,,ork of the Fechnical
Consultation on New Feed Resources not only surveyed potential
new feed resources but a!,so decided on tie ac tivi ties which the FAO
 
Animal Production Ind Heal th DI', ison 
 sthoul d put into operation
for the expansion and utilization o untconventional feed resources
for animal production, especially, in the developing tropical world. 

CLASSIFICATION OF AGRO-INDUSIRIAL Bw-PRODUCTS WITH POTEN
 
TIALS IN ANIMAL FEEDING:
 

Agro-industrial by-products and crop residues with potentials
in animal feeding may be divided into four groups according to whether 
or not they are sources of energy, protein, energy and protein and 
triscelaneous diet ingredients (Chenost and Mayer, 1977 and Adegbola,

1177). Some of those with potentials in Africa are indicated below: 
Energy Sources: Sugar cane molasses, bagasse, tops and leaves (fromst;gar processing industries) banana rejects, pineapple bran, coffee pulp
And hulls, cassava and potato wastes, cocoa husks, cocoa bean shell 
an11d discarded bean. All of these may constitute the major parts of 
diets, especially, for ruminants and pigs. 

Protein Sources: Groundnut cake, cotton seed cake, cotton seed cake
and meals, soya bean cake and meal, palni kernel cake, fish meal,
abattoir wastes (blood meal, mneat and bone meals). To this groupmay be added the newer protein sources from cassava, sweet potato
and leucaena forag? (aerial parts), the utilization of which was receiving
ccxisiderable emphasis in animal feeding, especially, in the Caribean 
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and Central rdron in rent s <rs (Ptrao, 1r,,7Salv7 ; Preston,1)79) tnd c ,do edl . S0). Thee are ,ahcble for sup)plementingprotein in ratrir,, tr1,qi Fmnrarmn, iion-riiimn tto k.
 

Protein/Energy 
 Sources: IC- rdiits row er 1 l gran processingin(julrls Li i, ir . !-ru( uran, wheat br udlirilddlrings, brewers 
-aills ad fl I.'- al . NtitrhiONI ll ,lb ue )t heso lie betw ,enthe first i%,, gro Ip. 

Miscellanetur: [hi p iI{ tildes
Citrus pul p, 

v,aste) Irolnlrutt-luice processing­tolru)ato pullp, Irmgo se(ed mid also wastes from avocadopear and guava 9l)-Ossigindustries %hichpmrts at .\frica. re last de el oping ifn 

In addition to Lhese better-known by-products, Adegbola (1977)drew atrtlt ion to the potential value ir, animal feeding of lesser recogni­zed but valuable by-products such as rubber seed mealmanure and poultryas protein sources, saw dust from saw mills'oultry littet as energy source.production form the growing deep litter and batterycage egg production, the author noted, was already threatening pollu­tion problems in ,iigeria, Kenya and Uganda. One might also addthese resources, tohuge residues Irom cereal crop harsests-ricemillet and sorghum stalks and maize 
straw,

stovers, all sources o energywhich are largely either left to waste in the fields or burnt in much 
oa West and Central Africa.
 

Table I gives 
 estimates of production o some o the mainby-prodLicts il .\frica. 

Table I: Estimated production of some agro-industrial by-products 
in Africa. 

By-product BProduction('000 Productiontons) By-product ('000 tons)
Encrgy-Sources: 

Energy/protein Sources:Sugar-( ane \olasses 1.7 Rice bran and polishingsSugar-cane tops ald 1000 
Maize mealleases 2676 
Wheat by-products

Banana rejects 
19.3 

3700
950.0 Brewers grains 305Pineapple bran 77.5 

Coffee Pulp 1235.0 
Coffee hulls 175.0
Citrus pulps 93.0 Other Roughages: 

(Million Metric Tons)
Maize strawProtein Sources: 47.3Millet straw 21.2Oil cakes and meals 750 Sorghum strawBlood meal 19.6

48 Wheat strawMeat 10.8meal 191 Rice straw 8.0Cassava forage 47600 
Sweet potato foliage 5167 
Sources: Chenost and Mayer(1 9 7 7);AdegbolaA.A.( I9 7 7);Chenost,M.(1979). 
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The review by Adegbola (1977) on the utilization of agro-industrial
by-products in Animal feeding in f\trica, indicated that while the 
production and availability of these by-products were rapidly increasing
with current developments and expansion of agro-industrial production 
in Africa, very little of 1, i. f e -o ' ts found their way
irr animal feeding. Most others remained unused and wastnci. These 
nclude sugarcane molasses and fodder, reject banana and coffee wastes 
,hich were already being fruitfully exploited in animal proouction
in some other tropical and 3ub-tropical countries notably in Central 
\rnerica and the Caribbean. 

The following have beer. identified as factors limiting increased 
use n,' agro.industrial by-products in animal feeding in Africa: 

I. 	 The traditional systems of animal production which would not 
allow modifications and establishment of stratified livestock 
production and permit introduction of effective utilization of 
agro-industrial by-products in animrnal feeding. 

2. 	 The voluminous or high moisture nature of some of the by-products
which make their keeping and transportation to livestock locations 
difficult e.g. molasses, fruit-wastes, coffee pulp. 

3. 	 The unavailability of some of the by-products where they may 
be required. In cameroun, for example, the sugar factories produc­
ing molasses were over 400 Krn from the animal producing regions 
of North and Norish-West Provinces. 

4. 	 Ignorance or unawareness of the possible utilization of these 
by-products in animal leeding. 

It is on the last factor that the role of research was especially 
important and urgent in Africa for, whiie substantial information 
was becoming available on the nutrient values of these by-pl;oducts 
(Cohl, 1975), serious applied research on methods of theii use in animal 
feeding has to-date been scanty, particularly, in West and Central 
Africa where at present huge quantities of available by-products were 
littI, or fot used at all, in animal feeding. However, when it %vas 
realized that within this region food and animal production had been 
dangerously threatened by drought in the Sahel, the pressing need 
lor ,ustained research en the utilization of the locally available agro­
industrial by-products in arumal feeding belatedly became apparent. 

THE ROLE OF FAO 

Consequently as a result of the 	 1976 Technical Consultative 
ieeting on New Feed Resources in Rome, the Animal Production 

and Health Division of FAO planned and provided funds for the develop­
rment in We.L and Central Africa of a pilot project net-work of applied 
and co-ordirated research on the use of the available crop residues 
and ..gro-industrial by-products in less expensive animal feed rations 
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for the benefit, especially, of the sinal Iwas given holder. Priority attentionto rations for beef atre in I for understndal,656 of the availabi,, riiL reasons-over s e lf ,fit , l, ke other ruminants,a re the nest o fv\(F te r,,ofor fran. t d tvp\fd Ii o a'in protei leeds 

Initially, two r't onal re',ea r i i instli tj'Pilot Project -The !,portinent , wore invol ied in theof ArIirII dI 'Scielliceof lie in Nigeri, ind of tle niversitythe Insti tite of Anirndl 5cien(e OlRZ)aeuenda inPe Cain(-roin. Bariibui-Re, entl y, the Inter-Africanil Dakar, VeterinarySenegal, Schoolhs been added to !the projeect lit-.ork.are on the eval 1a ton Ife activitiesof co'oa hulKs
while as feed rigred,erFt forat -karnbUi cattletudies are on the titili/ation,to,,ers in rations for 

of rice bran .Kid maizebeef fattening. \Vork at Dalka wuuldthe utilization nestigateof g,roundnut waste products-shells, hay etc. in rationsfor beef and sherp. 

The first experintents at Ire ardThe second seris of e\perirnents 
l birnbiiwere cornpleted in 1979/80.
Ire irrten tlcen y in progres,tres. ]his it bothreport sunli-narizes the results of the completed experi-

Inents. 

EVALUATION O1 DRY COCOA-PODS AS A FEED INGREDIENT FOR 
BEEF CATTLE 

In their first experiment, Professor Adeghol acocoa husks to partially replace guinea corn 
and his team used

in beef cattlethree diets etnployed differed only in tile 
diets. The 

cocoa-pods (Table 2). Diet No. 
levels of guinea corn andI (control) contained(orn 62.3%arid no cocoa-pods while in guirneadiets No.I('spectivel y, 2 and 3 cocoa-pods replaced.30% aid 60% guinea corn in the control diet (No. I).

Table 2: Ingredients and nutrient composition of experimental diets. 

Ingredients I Diets ( afel--­Corn43.2 
Cocoa pods 24.4 
Brewers 0.0 19.3dried grains 3S.4(; rou nut ca kedf 19.5 19.41 . 19.3 

.9 0
GOIntcae4.7 
Molasses* 4.7 4.7Oyster shells 11.7 11.6 11.5
DicalciLim phosphate 0.9 0.6 0.3
 
Trace mineral salt 0.4 0.7 0.9
 

0.5 0.5 0.5 
Nutrients (M) calculated 100.0 100.0 00.0Dry matter Diets (% as fed)

87.9 S7.2 S6.7Cru(e protein 
14.3 13.4C ru d e fibre 1 . 12.4.Tota digestable nutrients 

Metabolisable 80.4 74.9 69.4energy (Meal/kg DM)C,lcium 2.8 2.7 2.5 
Ph'-;phoruIs 0.6 0.6 0.5 

0.44
Protein:Calorie 044 0.44 
1:5.6 1:5.6 1:5.6Courtesy of Professor A.A. Adeguola.

Was afterall excluded fro diets. 
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Thirty-six lo ..l I,,ttl,(i. jrt,- ti , d1ii;.! Ind Nd,rnr N ,. ite 
Fulani crosse5 av ,rgiinm I / I":iiitii l I l' ight r.2.rcIajii o ,;k Illioted 

he three diet :tir , ,nt , <h of three repjia i:t, ,t 5 Ittic a I 
, 

on initial live eijht. Ia,> ti,,e w, re 12 il aikl p.r irci. nt. Ph 
ara± Is were )a n -I-d IorI nat*\peri ental. peric ot 112 r_!,, 

The lollowing re- ilts,dtltdiied in Table 3, were obtaiied: 

-\ean dr% ryIt tntr in take tor thew %iole experimental period vwas 
sir !j'n ir on (III O ,, irrae.pertis iai,. l vels, of cocoa-pod in 
the diets. 

I daily at days significantly better on the\lean gains 112 was 
ontrol diet (No. 1) but did not differ between the cocoa-pod 

diets. 

Te levels of cocoa-pods in diets did not appear to have affected 
acceptability of the cocoa-pod diets by the animals. 

Cocoa-pods had no deleterious effects on the health of the experi­
mental animals. 

Replacement of guinea corn with cocoa-pods in the diets of 
beef cattle did not afect the taste (Organoleptic) and quality 
of beef as shown by consumer acceptance tests. 

Carcass data were similar r animals on all rations. 

The subs titution at gulnea c rn with cocoa-pods resulted in good 
savings in lteed cost, and also saved substainbial quantities of 
corn for hutliia itard. 

For the exporimen! row it) progress, the leels of cocoa-pods in diets 
kere increased up to iC" o. 'Tie results at the end of the experiment 
should, it iishoped, prorvid I tinther iisefuil inlormation on the utilization 
Of cocoa-pads in beet I ttenitig dicis. 

Table 3: Response of fedlot cattle to grain substitution with cocoa­
podls-perforrnance datal 

Di[jets 
Iterns I 1 2 3 1 

Numrber of ( attle 12.l 12.0 12.0 
Initial licweight (kg) 106.9 106.8 104.7 
Li eweight at 56 days (kg) 164.1 53.0 145.6 
Liveweight at 112 days (dg) 9m).9 177.2 161.2 
Average daily gain (kg) 0-56 days 1.02a 0.84a 0.73a 0.14 
.\5erage daily gain (kg) 0-1 12 days 0.79 0.63d 0.51a 0.5 
Feed dry matter intake (kg/day) 
0-56 days 5.39a 5.74b 5.79b 0.09 
Feed dry matter intake (kg/day) 
0-112 days 5.23a 5.54a 5.59a 0.08 
F ftI iency of feed utilization 
(kg D\l/kg gain) 0-56 days 5.28a 5.83ab 7.93b 0.56 
Fft ciency of feed utilization 
(kg DlI/kg gain) 0-112 days 6.62a 8.79b 10.96c 0.39 
I Standard error of mean with N:12 observation/mean. 

\eans on the same row with difterent letters are.
 
tirtesy of Professor A \. Adegbola.
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Table 4: Composition of experimental rations. 

Ingredients 

Maize 

Rice bran 

Maize tovers 


Brewers grains 

Wheat bran 

Groundnut cake 

Palm kernel cake 

Mineral mixture* 


Trace Minerals 


Terramycine croissance** 


Nutrient (%) calculated 

Dry matter 
Crude fibreCry prter 

Ether extract0. 

Asi 
NFE09 

Total digestable nutrients 

\letabolisable Energy 

Nutritive ration2. 

50% bone meal and 50% salt. 

Ration Com 

4 


400.0 
0.0 

1.0 


13.014.0 
.0 

13.0 

3.75 

0.0 
0.20 

100.0 

Rations 

88.4
12.92 

11.4 

52.3 46.3 43.5 
6.5 .1 8.86.6 6.8 6.3 

2.9 2.6 2.4 

26 24 
1:5.8 1:5.8 1:5.7 

Ositn (%as Femd) 
20 

20 
20 

to 
30 

20 0 
12 1. 

12.514 12.5
14.5 

14 1.5 

17.0 18.0 

3.75 3.75 
0.0 0.0 
0.20 0.20 

100.0 100.0 

(% as Fed) 

88.4 88.5
12.90 12.96 

13.8 14.8
69 79 
6.9 7.9 

Pfizer: Contained antibodies and Vit. B. 12. 



UTILIZATION OF RICE AND MAIZE BY-PROI)ICTS IN BEEF FAT-
TENING: 

Thte experimrent Was on ,imilar plan as the Ile experiment reported 
upon ea rliur on. It n es_ tiga ted the pertorr-,ance of intensively fed 
,lls on rations in i id h m1aize (the bas ia ra ',on ingredient) was partially 
rep iaed by rice bran. Three rations were- tested. Ration A (control)
Kintamied 400%maize. In rations 15and Q rice b ran replaced, respectively, 

, .nd 7j% maize in the control rati )n (:\). 

All rations (see Table 4) contained 10 maize stovers. 

Fort. -five bul!s of two local breels (Red hororo and Ngaoundere 
ud,:.i) ,ith average initial weight of 300 kg %ere ranked into three 

:rumert groups each of 15 ar,,al (5 per replication) on the basis 
. Ii.eweight and breed and randomly assigned to experimental rations 
, a feedlot. Experinmental feeding lasted 112 days. 

Performance data are shown in Table 5. 

In summary: 
- Feed dry rmatter intake was similar on all rations regardless 

of the level of rice bran although somewhat higher on ration 
C. No differences were observed in the acceptability of the 
ra tions. 

- Feed efticiency was also similar on all diets. 

- Mean daily gain was significantly better on Ration C compared 
to Rations A and B but was similar on the latter rations. 
Significance between-4)reed differences in gains in favour of 
the Ngaotindere Gudali was recorded on all diets. 

- Animals of All rations looked well finished. 

- Carcase ana!l, es shownd that replacement of maize with rice 

bran did not significantly affect dressed carcase percentages 
which were 56.4, 57.1 and 54.5 on rations, A, B and C respectively. 

Fat colour and consistency were apparently not also affected 

by the diet.
 

The results also showed substantial economic benefits from the 

replacement of rriaize with rice bran in beef faffening diets. At 50% 

maize replacement (Ration ), returns increased by 12.8% while with 

75% maize replacement (Ration C), a 16.3% increase in returns was 

realized. 
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Table 5: Effect of replacement of maize with rice bran in diets onperformance of intensively fed bulls. 

Item 
Ration 

A 13B l 
Number of bul!s" 14 15Initial liveweight (kg) 14 

279.7 272.2Final liveweight (kg) 285.6 
380.7 3g1.l 399.7Mean daily gain (kg) 0. 9 8a 0.9&a I.02bFeed intake (kg D\l/day) 6 .78a 6.69a 738a

Efficiency of feed utilization
(kg DM/kg gain) 6.92a 6 .83a 7.24a 

a,b, Mean values on the same withrow different letters differ signifi­
cantly (P 0.5).
 

The current experiment is on 
 similar lines as the oneupon but it. investigated just reportedthe effect of complete replacement of maizewith rice bran in beef fattening diets which also containedstovers more maize(20%) than the earlier experiment. The use of upbran in beef rations has been reported. 
to 40% rice 

(1979) observed G6hi (1975) and O'Donovansatisfactory gains in cattlebeef with 30 50%and maizestalks diets.
 

We await 
 the result of the present experimen with interest.However, further work will be required to investigate optimal levelsof maize stovers in rice bran based rations for beef cattle fattaning. 

FUTURE OUTLOOK 
Collaborative eforts on the utilization of agro-industrial by-productsin animal feeding in West and Central Africa areThe just being initiated.volume and variety of by-products 

as result 
available are ir:reasing rapidlyof efforts nations thea of in

agricultural production. 
area to increase and diversifyAlso, agricultural products are fairly similarin the countries of the region and results of experimentationutilization of by-products in animal on the

feeding in one countryuseful application should findin other coutries. For example cocoa is a majorin the humid regions cropof West Africa. Resultscocoa-pods on-going 
of the studies of feedingat 

Coast 
Ife should be readily applicable in Ghana, Ivoryand CameroL i, all cocoa producers. Maiezein West Africa. The results of work 

and rice are stapples

at Bambui on fattening
these by-products cattle onshould, therefore, find wide application thein region.The same should be true for the by-products:,affee, fruits, of cotton, groundnuts,sugar cane, and other cereal crop by-products all ofwhich await serious research in animal feeding.
 

FAO has stressed 
 the urgent need to develop new and cheaperfeed resources for livestock in the tropics in orderand availability of animal 
to raise the production

products for the protein undernourished popula­
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tions of the tropics. The Pilot Project study net-work for West Ind 

Central Africa has beeninitiated and will hopefully expand its ,xperi­
of by-products and livestock,mental activities to involve a wider range 

fieldbesides cattle. While, however,FAO promises assistance in this 

to countries requesting assistance (Annon, 1979) the cooperation and 

assistance of Governments, Institutions, Organizations and Industry 

;i \.,st and Central Africa will be necessary to promote a wider net­
on th methods of treatment and utilization of crop.kork of studies 

,:esidues and agro-induitrial by-products in animal feeding in the region. 
help bring about the desired effect in rapidlyuh cooperation shoild 

.>rewig :ncreased animal production not only in Central and West 

bt also in Africa as a whole. The de\(eloping nations of the 

.beanDc arid Latin American are doing so at present. 
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THE ROLE OF SUNFLOWER IBY-PRODUCT.S AS ANIMAL FEED 

By
C. N. Karue and H. Kayongo-Male

University of Nairobi, Nairobi, Kenya 

INTRODUCTION 

Kenya is a country lying in the Eastern part oi Africa. It stretchesbetween 5'N and 4'S and is transversed by the Equator. Geographicallymost of the country lies in the area that is easily classified as semi­arid to arid, comprising about 75% of landmass, with only about 20%considered suitableof it is for arable farming. Kenya has a totalof approximately 580,000 sq. km of landmass. 1he landscape is tran­sected from toNorth South by the Great Rift Valley within whichare several lakes. It is bounded on the South by the slopes of Mt.Kilimanjaro, on the West by Mt. Elgon, within the centre by Mt. Kenya
and on the East by the Indian Ocean. 

The semi-arid and arid areas of Kenya experience seasonal rainfalland, therefore, demonstrate seasonal productivity of herbage. Theherbage dries up and loses quality especially, during the dry seasons.The protein content of such herbage declines to such low levels thateven maintenance needs theof grazing ruminant animals dependenton this herbage cannot be met, e.g. 3-4% CR. Animals usually fedon such herbage have not only shown negative digestion coefficientsof the protein but also negative N. balances indicating a higher lossof N in faeces and urine theof animals than is suppiied from theherbage. It is these types of animals that need supplementation witha higher protein feed at certain times of the year to maintain their13W. This is usually referred to as strategic supplementation. 

Of the 10 million cattle in Kenya, about 4.2 million are foundin the rangelands and the rest within the agricultural areas. In theagricultural areas, dairy cattle accounts for about I million but therest are beef animals that depend mainly on natural grazing. The rangeareas also support a majority of sheep and goats found in Kenya (8.5million), camels 0.64 rnil., and donkeys 0.187 mil. In addition, thearea supports a ofwealth grazing herbivores totalling nearly 2 million(197S, estimates). Of greatvery importance are some of the smallruminants like T. GAzelle, Impalla. Topi and G. Gazelle that accountfor about I mil. of the wild herbivores. All these wild herbivoresare dependent on the seasonally available herbage thein range areasand directly compete with domestic livestock for the available herbage.The competition becomes more severe during the dry seasongreen herbage is scarce, and quantity and quality 
when 

of natural grasslanddecline. This is then the time when feedextra is required in the range 
areas. 
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Often, supplementation of the grazing ruminants in the Tropics

is not practised. This has largely been due to poor standards of feeding
management and also to lack of -ufficiently cheap feeds to be provided 
as supplements. A tearr of scientists, therefore, set out to evaluate 
some crop by-products as a possible source of relatively cheap feed 
for ruminants, especially, for th!ct r,ICa upt!(,I ,, tat i[I. 

The experiment was conducted using beef steers to evaluate the 
rutritive value of sunflower by-products as sources of protein and 
energy for cattle. 

EXPERIMENTAL PROCEDURE 

Three types of sunflower by-products - Sunflower Seedless Headmeal 
(SSH), Sunflower \aste Seed (SWS) and Sunflower Cake (SCK) were 
fed as the sole source of feed. The SCK was fed in a ration containing
!4 parts of Sunflower Seedless Headmeal (SSH) and one part of SCK 
as offered. 

Tye type of animals used were Zebu steers of the Boran breed
of known age and known weight. They were standardized for weight
for each ration. The rations were fed for a two-week adjustment
period followed by a four-week experimental period during which time 
records for intake and digestibility of the feeds were collected. 

Prior to placing the animals on the experiment, the animals were 
deworned and their previous health record examined. Minerals were 
provided from a commercial mineral mixture at 50 g/day per animal. 
Injectable form of vitamins A, D and E were provided at a I million 
IlU of A, 0.1 million IU of D and 200 IU of E, which was sufficient 
for the experimental period. 

During the experimental period, collection of faeces and urine 
was done using standard digestibility stalls (1). The samples were 
subjected to chemical analyses (2) and the data subjected to statistical 
analyses (3). 

RESULTS 

The most important components of the three sunflower by-products 
were the protein content, and the fibrous components. The crude 
protein content of the sunflower seedless Head (SSH) was 4.42%.The SWS had considerably higher CP content, 16.24%. The SCK when 
mixed with SSH in the ratio SCK:SSH, I to 4 raised the protein content 
of the ration to 13.31% (Table I). 

The fibrous components, varied from 30-35% for ADF, 35-45% 
for CWC and 4.8 - 7.3% for ADL (Table 1). Although the ingestion
of the fibrous components was high, their contribution as energy source
in the ration was low due to poor digestibility of the fibrous components.
fhe digestibility was lowest respect to the fibrous components in SWS 
because of the hard, almost indigestible seed coat. Although the SSH 
had much more available fibrous components than SWS, the low protein 
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content in the SSH prevented better utilisation of theAddition fibrous components.of SCK 
the 

at 20% enhanced significantly the digestibility ofADF fibrous components although the overall effect on C\VC wasnon signifi(:ant. However, on the work compared with grasses of irnilar.\DF content and content theN (Cs) digestibility of the sunflowerS-.J CWC %as lower than expected (Table This have 
ADF 

2). may beendue to the high degree of lignification (7.3 % ior S\S and 5.99 forSSH) in the ;unflower by products feeds. 

The ingestion of matterdry from each ration varied from 3.77410.305 kg for SWS to 6.460 , 0.636 kg for SCK:SSH ration (Table 2).The intakes ofSWS and $5tH were not significantly different.ion The depress­of 11M intake in SWS despite its high protein content, was probablydue to the hard seed coat of the waste sunflower seed. The inclusionof SCK in the SSH ration l=4 ratia, respectively, significantly increasedthe DM intake. This indicates that the intake of the SSH rationbeing limited by lack of adequate proteins 
was 

ness of the in the ration and the fibrous­ration. The most important point to note is that in SWSdigestibility of DM was much affected
2.55) by the hard seed coat (29.01 ­while compared to withSSH lower protein but still with a DMdigestibility of 55.46 2.93. Addition of to didSCK SSH not signific­antly increase the digestibility of DM although it was raised by 5.43digestibility units to 60.89 + 3.08. 

Protein is the most important component contributed to animalfeeds by sunflower waste seed and sunflower cake. The SWS, despiteits low DXM intakes provided 613 g of protein daily to the animal.The SWS protein was highly digestible showing digestiona coefficientof 71.03%. The SSH had negligible amounts of proteintibility of and the diges­the SSH protein was also considerably low 18.77%, this proteinbeing mainly bound up in the fibrous mass as opposed to the SWS proteinfound in the endosperm of the seed. 

\ddition of SCK (20%)to SSH (80%) increased the protein intaketo 860 g/day per animal. Since CP intake is closely related to digestibleCP, there was a significant improvement in the digestibility of protein
from 18.77 to 63.66 + 3.05.
 

Normally, a grazing ruminant 
and animal weighing between 200
250 kg 13W should be allowed up 

kg

to about 454 g of DCP per day.
From this study, it is apparent 
 that sunflower by-products,sole source of feed for cattle, were able 

as the 
to provide adequate DCPfrom S\,S and SSH supplemented with SCK. 

The sunflower by-products appeared to have an influence on thewater metabolism of the animals wholly on these by productssole source of as thefeed. The effect oiiuine output, was most noticeablein the animals that were fed on the Sunflower Seedless(SSH) than Headmealmore ones 
(Table 3). The animals purely on SSH, despite their normal 

(SWS) 
intake and DN intake water 

on the feed on Sunflower Waste Seed 

comparable to animals on SWS,urinary excretion that animals on SWS. 
had a higher

This high ofexcretion continued even 
level urinary

after the prrotein level was increased. 
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DISCUSSION 

It is apparent that sunflower cropb.-products could be useful supple­
ments for animal feeds during the dry season. The sunflower seedless 
head when ,ro-nd was found to contain very small quantities of protein 
(4.42%). The digestibility of ">, -, to' , - -oor(18.77%) and therefore 
would contribute insignificantly to the improvement of dry herbage 

proteio in the dry season. The fibre, which was high, was less signified 

*han for the sunflower waste seeds, it was, therefore, possible to expect 
. high digestibility of the fibrous components of the SSH. This appeared 
to be so for the ADF. However, for C\AC, the digestibility was low 

probably due to lack of N and available energy for stimulation of adeq­

uate microbial activity. 

The sunflower waste seed (SWS) demonstrated a great potential 
as a protein supplement for grazing rumnrants during strategic supple­

light contentsmentation. The SWS refers to the s eds vvhose endosperm 

are less than half of the normal heavy seed. The seeds have a hard,
 
.velI formed seeo coat. This seed coat is high in fibrous components 
,is well as lignin The seed coat has tu be mechanically broken to 

release the contents of the seed to the digestive systems within the 
r,men. Any seeds not crushed ma pass through the digestive system. 

seed codt, there was a certain degree of degradation\lthough a hard 
of the fibrous components. and especially that of the CWC components 
as a whole that w:is enhanced b) improved digesta media that pronioted 
microbial activity. 

The protein content of S\ S was 16.24% of which 71.03% was 
digested by the animal. 

The possible improvement that can be imparted by a strategic 

Protein suppienrient to grazing animals vas demonstrated in this experi­
mlnt. In the SSH, a small aniount of sunflower cake (SCK) was added 
to evaliiatea the possible role of protein supplement in utilization of 
r,-iatively otherwise poor roughage. .s offered, tho- SSH was given 
1r a ratio of 4 parts to one of the SCK. The two mixture provided 

ration of 13.31% crude protein. The fibre component, however, 
'till remained high, ADF 3G.43 and was comparable to SWS ration­
'DF 30.35%). The most important points that were noted here were 

'hat: 

(a) 	 the protein digestibility was improved from 18.77% for headmeal 
alone to 63.66%. This '.as a three and half fold improvement 
in protein digestibility ; 

(b) 	 there was a slight improvement in the digestibility of the 
fibrous components, e.g. 25.900% to 40.7506 for ADF. 

One may conclude that where there is dry standing grass of poor 
quality in the natural grasslands, one of the most limiting components in 
utilization of that grass is N deficiency in the overall animal feed. 
'Mpplementation of this either directly from crop by-products or provision 
of higher protein fodder feeds would greatly enhance the performance 
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of the animals and, therefore, the productivity of livestock in rangeareas. The animals in range areas attempt to supplement their Doorquality dry grass hy picling dry leaves, browsing some of tile greentrees arid ribbling arie of the drought tolerant legurinous plantscommonly found in the range areas. The integration of arablefart ing with croplive toclk ,nterprises in the use of crop by-product atcertain tiiniiC of the .year irll definitely go a long way to iwproinglivestock production in the tropics, especially, in Arica. 

TABLE 1. Chemical composiiion of sunflower by-products 

DM% CP% ADF% ADL% CWC% 
Sunflower Waste S-ed S6.64 16.2 4 30.35 7.31 44.78 
Sunflower Seedless
Headmeal 1.20I 4.42 35.32 5.99 37.95 
SSH (4) SCK (1) 55.S 13.31 30.43 4.83 35.74 

FABLE 2. Digestibility and nutrient intakes of various components
of sunflower by-products 

Sunflower by-products
 

No. of Animals 
 SWS SSH 4SSH+ISCK 
6 8 6 

Dry matter
 
Intake, kg 
 3.77440.305 4.029+0.635 6.460+0.636 

Digestibility % 29.01±2.55 55.46+2.93 60.89+3.08 
Digested, kg 1.094 2.186 3.931 

Crude Proteins
 
Intake, g 
 613 178 860 

Digestibility, % 71.03_1.09 18.77+5.32 63.66+3.05 
Digested, g 435 34 548 
% Requirement 96.7 7.6 121.8 

Acid Detergent Fibre (ADF) 
Intake, kg 1.145 1.646 1.966 

Digestibility, % 20.13 25.90 40.75 

Cell wall constituents (CWC)Intake, kg 1.748 1.769 2.309Digestibility, % 24.30 32.93 34.28 
' (Requirement from NRC estimates at 450 g DCP/day) 

http:63.66+3.05
http:18.77+5.32
http:71.03_1.09
http:60.89+3.08
http:55.46+2.93
http:29.01�2.55
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Water intake and urine output under different rations ofTABLE 3. sun­

flower by-products 

+ ISCKSWS SSH 45SFeed 
Animals 	No. 6 8 6 

6.406F~l. kg/day 	 .77 
0.178 0.860

(TI, kg/day 	 0.613 
14.030 

, ater intake L/day 5.895 4.260 
15.31 3 22.625

Urine output L/day 7.179 
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THE UTILIZATION OF SUGARCANE PRODUCTSBY-PRODUCTS ANDOF THE SUGAR INDUSTRY AND OF OTHER SECTORSAS ANIMAL FEED FOR THE PRODUCTION OF MILK 
ANIB MEAT IN MAURITIUS 

BY 

J.A. Claude DelaitreTechnical Director, Food and Allied Industries Ltd., Mauritius. 

INTRODUCTION 

Mauritius is tropicala island situated between latitudesand 200 31' 190 50'South and longitude 57' 13' and 570 48' East. It coversan area of some 720 q. miles
inhabitants. 

-nd is populated by approximately 950,000Mauritius became independent
reported in !963. The French areta have been the first to start the cultivation of sugarcaneand other cash tree crops within the Island in 1715.
 

Mauritius falls within humid
the and sub-humid tropics arainfall yearly average of 5,080 with 
to as 

min (200 inches) on the high plateaulow as 635 mm (25 inches) within the coastal plains. The Islandis subjected to cyclones during the summer months with gusts blowingup to 240 km (150 miles) per hour. 

The island nation derives most of itsexporting an average of 550,000 metric 
foreign earnings from sugar,

tons yearly to European Economiccommunity countries from where it receives a speciall negotiated price. 

ANIMAL PRODUCTION IN MAURITIUS 

Cattle: 

Since the turn of the Century the total cattle population in Mauritiushas oscillated around 48,000 heads. In the earlier years about 7/8 ofthe cattle were Zebu (,os indicus) imported mainlythey were from Madagascar,kept on the sugar estates to be used as source of powerto pull the plough and the carts and from this lot came most of the
beef production. 

Another animal which has flourished on the Island is thecow (Creole cow). It Mauritianwas introduced irto coontryth .but two centuriesago and is believed to be Northof European origin.This animal(Bostaurus) has gooda dairytemperament.
under very 

It produces a calf yearly eve-nstressful conditions. The same900 litres/lactation cow which would produceunder poor feeding conditions would producelitres or more milk, when better fed. Having vorked for years 
2,100 

25 with 
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this cow I hae always felt that the breed could be for the tropics
what the JERSEY and the GUERNSEY have been for the temperate 
world. 

Changes in the Cattle Population 1920-1960. Major socio-econmic 
changes took in !,- ")'s. power wasplace \1%>Ltii i.; ' Aniral 
replaced by lorries and tractors on the sugar estates. This brought
about major changes in the composition of the National Herd. The 
total number of cattle remained more or less constant at 48,000 with 
about 42,000 of this number being creole milch catt'e owned by about 
20,000 farmers. Presently, these animals are no more on the sugar 
estates but are kept in the villages in dark straw huts to keep away
the biting fly belonging to the "Stemoxys" species. These milch cattle 
3re zero grazed and are fed fodder growing on the road ides and 
.n waste lands during 7 months of the year and for the remaining five 
months they receive cane tops which are available during the cane 
harvest season (July to November). 

From an agricultural point of view these cows were playing an 
important role because they were utilising the produce of land with 
no alternative use producing milk and meat and returning this fertility 
in the form of manure for vegetables gardens. 

The small nucleus of Zebu cattle were extensively grazed on 
the low rainfall, low fertility lands on the coastal plain and were used 
exclusively for beef production; the two breeds were never mixed 
probably due to the fact that since 1949 Mauritius has had its Animal 
Huisbandry Services separate from its Animal Health Services. Mauritius 
is presently importing about 3,000 tons of meat yearly. 

Other Classes of Livestock: 

Pigs: The pig population remained fairly constant throughout the years 
.,ithabout S,000 in Mauritius arid about 6,000 in the island of Rodrigues; 
the majorityof the pigs being descendents of long nosed pigs introduced 
. the Dutch in 1599. 

In the late 1950's Large \,hite, Berkshire and Large Black pigs 
.,re introduced. Their introduction coincided with the formulation 
ot rations for each class (age of li'estock) manufactured by the Govern­
"ent owned feed factory (1958). The pigs on Rodrigues Island are 
\clusively ted on home grown maize, sweet potatoes and household 

, aste. 

Goats: Nearly every farmer who owns a cow would own about 5 goats.
This would explain the goat population o' about 95,000 heads. Goats 
are also zero grazed and fed with cane tops, roadside grasses and 
Leucoema leucocephala whenever available. 

Sheep: Sheep never thrived in Mauritius. They numbered less than 
1,000 head. Over the years a very interesting animal has developed 
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in Rodrigues Island it is the resultfrom of the introductionEast Africa, Dorsian of hairy sheepsheep andare herded and Black head persian sheep.grazed on Theywaste lands and there is no traditionshearing sheep in of\laurjiuus. 

Rabbits: Thlere ,as been numerous atrernpts Of rarsrrg rabbits as a' ""ya rd farrnuiIg enterprise.-:l to controi 'nder norrln, Iha~e been a SU, :sli~er coccidiosi s-tile -ndiions, this shouldbut it parasitehas ne~er been, bv'ingtpmIny highlythrough scnot esuunder beingour humie conditions. There teIvnghihlmust still be successfulsome 10,000in \laurtius fed rabbitsr, fodder rollecud from waste lands. 
Deer- ie picture will not be cornpletc- ifdeer (Cervus tiE we did not mentionorensis russa) theintroduced aroundthe forest area I 59S. It thriveduf \laritiS, increasing in

the revenue from these lands. 
In the ead[icr days they were hunteddruing 1970-72 is part 

for sporting purposes, butof an F.,.O.-fundeddeer project,farming was in~estigated the concept ofand ronsiuvredpopulation' now to be feasible. Thenumbers deeraboutdeer 20,000; Governmcn tfarming by lair leasing is encouragingrightsturn bringing and proper legislation. Thismore re.enue is into tore,.t lands and the feeding groundsare being improved.
 

Deer is 
 also being raised in feed lotsMOlaSses and intensivelyCuIHl urei timn rminerals fed withcurn protein-veryha'e encouragingbeen obtir;red so resultsfar. Current yearly production is estimatedat 550 tons of rireat.
 
Poultry: 
 The poultry industry is a recent and successfulGovernment created one in \lauritius.a Poultry Breedingturning point Centre in 1955. Thisfrom backyard farming was theto,*f ising hybrids for 

industrial faring. The conceptmeat and egg production waswith demonstrations introduced together 
and the control of New 

of the control of coccidiosis by coccidiostatsCastle and Fowl Pox diseases through vaccination. 
Presently, there are three firms producing broilersscale they are producing on an industrialabout 75,000 broilers

lent to about 
per week which is equiva­100 tons poultry meat weekly.
 

M'lauritius 
 is self-sufficient in poultryof producing chicks meat and its technologyunder the prevailing tropical environment is soMuch "au - i" that it is looking for export markets. 
There are about 1,500 eggs producershas achieved self-sufficiency also in 

in Mauritius. Mauritiusthe production ofproducers eggs. The industrialproduce about 50 million.tilising eggs yearlythe unimproved and the local farmerschicken running loose in the villages produce:x'st 10 million eggs yearly. 
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Through its very eftiicint and conci ( tious eterinary services, 

Mauritius .as been kept fro"e tram most of the contagLous and infectious 

diseases atecting livs tl'k &nd poultry. 

AS ANIMALUTILIZATION OF SUGARCANE AND ITS BY-PRODUCTS 
FEED 
General: 

aAfter lndependternce in 19cS itbecame es dent that new approach 

.eould be requireJ so iar a im-ctok pruductU,, ", concerned. 

Many things happened at the samne timve: 

1. 	 lhe younper generations in the villages ere no more prepared 

to harvest fodder from the road side to teed -heir cows; 

on the importation of2. 	 \lauritius had for o er a century relied 
live cattle (about 15,000 heads yearly) from Madagascar. This 

supply stopped suddenly. Apart from importation of frozen beef, 
the Government decided to step up production; 

3. 	 at the same time the work of Preston in Cuba was producing 

results, a start had been made to valoriese the use of sugar cane 

and by-products for livestock production systems; 

4. 	 a team of ten F.A.O. zootechnicians and dairy technologists 
worked in .\auritius and from 1968 to 1972 their approach to 
the local problems were traditional and they produced the following 
working reports: 

a) Proposals on Milk Legislation.
 
b) Field pasteurization at reduced costs.
 
c) A pilot Milk Collector Scheme.
 
d) Technical Background for Deer Management Legislation. 
e) Many other technical reports which proved most useful to 

build up the future development of livestock production. 

However the technology being traditional not much innovation 

was in sight to develop meat and milk production in Mauritius. 

One valuable contribution was that Sansoucy et al. devised a formula 

of a dairy ration made up to a large extent of locally available by­

products. It had the advantage that although containing large ariount 
it was a free flowing meal which could be made availableof molasses 

The 	 formula was the following andto the thousands of cow keepers. 

the feed became known as the Molasses/bagasse feed.
 

74.0%Molasses 

Dehydrated Bagasse pith* 14.0%
 

2.0%Ground Nut Cake 

U rea 
 2.0%
 
Dicalcium Phosphate 1.5%
 
Sodium Chloride 0.5%
 

100.0% 

A by-product in the making of particle board from bagasse. 
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Results of research carried out with the molasses bagasse feed 
will be discussed under appropriate headings. 

By 1972, the use of bA-proctcrs of the -i:ugar industry for milk 
and meat production based on the prelnifna r\ .ork ot Preston in Cuba
had made rmiuch head wy thrighout the sugarcane-producing world. 
The pioneer- ork ot Preston ntilising molasses had been replicated
in Mauritius %sith sirnilar resul t-. \ore or less at the same period,
3a, -s and %liller 'sorkig in the Carribeun pioneered the work of 

tillsing the soarcane plant ,S livestoek feed. 

It btucat e, ident that \laUritins cotild not continue importinv
cereals as li',zock teed s ist it was e\portitn most oe its molasses 
and large qt an!ties of by-products of the sugar industry was available.
It was es :den t That due to lack of sijitable lands, there was hardly 

nv hope for tridi tioral pistorai tarring whilst valorising by-products
oI the sugar uinducr, i dei.'ctii oupropriato livestock production systems 
appeared logi( a. 

In \lauritins muga rciriw fieds are replanted esers I'D years. Cereals, 
potatoes are grown 

planted fields. Roighl, 2Qr,0 i of are 


and iegetabIs in the irter-rows of these newly 
aures land under sugarcane 

_t any one ntie. 

Research to Itirther the efficienc, of the sugar industry is carried 
out by the \i1t irit is Siigar Indus try ,esearch Instiute. Research in
the field of Amni al Preduction has been entrusted to the Animcal Produc­
tion Division of to tuistry Agriculture and Natural Resourcesr of 
and the Envir,-ient.
 

The folo,rig prodicts and by-products of the sugar industry 
can be used mi livestock procljc tion systems; fodder cane, white sugar,
brown siiga r, cane juice, sugarcane tops and trash, bagasse, molasses, 
and filter press (-ake scurn. 

Table I: Yearly production of sugar and sugar by-products in Mauritius 
(M. Tons). 

Item 1976 1977 1978 

Sugarcane 
 6,14 02,277 6,022,287 6,260,483
 
Sugar 
 6S9,,32 665,743 665,219

Sugarcane Tops* 2,134,092 2,007,429 
 2,986,828

Bagasse (30% humidity)* 993,273 937,801 956,310

Miolasses 199,421 194,561 193,676 
Scums (fresh)' 160,057 150,557 156,512
 
Source: Extension Services, Ministry of Agriculture & Natural Resources 

and the ensironrnent. 
13ased on the assumption that the production of sugar cane tops

bagasse and scums 
are 3396, 12% and 2.5% respectively of the
 
amount of sugarcane harvested (Hardouin, 1973).
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About 550,000 tons of the sugar produced, is exp,)rt,,,d to the 
European Economic Comnunity Countries at a preferential price. 
Of the 2 million tons ot cane tops acailable every year probably not 
more than 10% is being used as cattle feed-the remaining s left in 
the fields. 

Until about a decade ago, about 9590 of the molasses produced 
was exported and the remaining 5% was used either as a minor com­
porent of livestock leed or in the distilling industry for tie manufacture 
of alcohol. 

ELerv year 130,000 tons of bagasse are atailable over and above 
the Arnourt utilised by sugar factories as fuel and to produce electrical 
rcrtery. Filter cake scums have been mainly used as fertilizer and 
returred to the fields because it is difficult to handle. Bacterial decom­
position takes place soon after its removal and a very objectionable 
smell renders it unpalatable to livestock. On standing, the product 
shows a relatively high nitrogenous content interpreted as being protein 
(N x 6.25) yet this protein is of low digestibility. 

Table 2: Average composition of the by-products of sugar industry (%DM). 

y-rd t Dry ICrude I Crude ! EtherI References 
matter protein fibre extract 

Sugarcane tops 28.3 6.4 30.0 1.6 Sansoucy 
Molasses 80.4 5.1 - - (unpublished) 

Preston and Willis 
(1974)


Bagasse (dry) 90.3 1.9 45.0 1.0 Gohl (1975) 
Scum (rotary filter) 19.4 12.7 17.6 - Miles (1971). 

As shown in table 2 sugarcane tops have a high fibre content, 
low protein and a low fat content. In other words, a low energy feed. 
Molasses is high in minerals, low in protein and contains 30 to 50% 
sugar, in other words, an unorthodox feed. Bagase-nothing could be 
more fibrous and less nutriti,.e. Scum contains also wax 14% of D.M 
what is referred to as Crude Protein is in fact (N x 6.25) experiments 
carried many years ago showed that this nitrogenajus component was 
highly indigestible by nionogastrics and 40"L, digestible by ruminants. 

In order to make maxinuirn use of these unorthodox feedstuffs 
so different in composition from the traditional feeds used in the 
temperate world, Mauritius has to develop our own technology, develop 
unorthodox managerial methods to rear her livestock. All these had 
to be backed by research carried ouit under local conditions by her 
people who must implement their findings and produce practical results. 
Mauritius was helped in this venture by the F.A.O/U.N.D.P and I should 
pay a special homage to Dr. Reginald Preston who for the last eight 
years has been guiding our efforts by visiting us twice yearly, thus 
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keeping us in touch with others working in the same field throughout
the world.
 

Hereunder, 
 we have summarised 
concerning some of the information havethe utilisation weof sugar _.-J by-products of the sugar industryand other by-prjdtcts in livestock feeding.
 

The Sugarcane Plant as 
Feed for Cattle:
 

Based on the results obtained 

sugar cane 

at St. Kitts and in Barbados, a C-4dending machine was imported fromEquipment Ltd. the Canadian CaneThe C-4 derinder consists basically of sharpwhich splits the a wedgecane longitudinally, cane is thena cane scraping drum which would wear 
the forced between 

to produce 
off the interior of the canethe comfith and the by-product was the cane rind. 

The machine had to be constantly adjusted andnumerous, breakdownsin fact werethe machine worked best with straight cleana condition canes,not always obtainable 
a locally designed sugar 

under normal conditions. Subsequentlycane chipper was used. It was 100 times lessexpensive than the C-4 derinder.
 

The basic experimental feeds were 
 derined cane (comfith) chippedwhole cane and chipped rind.
 

The supplerient 
 in every case was the following:a molasses/urea solution (200 g urea dissolvedadded to in hot water and720 g molasses/litre) at the ofrate 50c.c per kg fresh cane product.
 
I kg ground maize daily

300 g local 
 fish meal (3S% port).
Dicalcium Phosphate and salt.
 

In each of the treatments, average growth of over 
800 gms/head/daywas obtained during a 109-day trial using friesian xbred bulls
 
Average intake of 
 fresh cane kg/dayAverage 22.9intake of molasses kg/dayAverage intake of 0.82Urea kg/day 229A erage intake of Ground Maize kg/dayAverage intake of 1.0

Fish Meal g/day 300 
Source: data Delaitre et a] (unpublished)
 

We investigated 
 use of rind because we believed thatthe cane in the futurecould be derined and the derinded part could befacture used to manu­sugar when a cleaner juice could be obtained and the rindcould be used for cattle feeding. 
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Table 3: Composition of sugarcane as a percentage of fresh matter. 

I Dry !FibreI Prot.1 ITotall Ether Ash ISulhur 
matter Sugars Extr. Ash _ulhu 

Derinded cane 
Stalk (av of 12 
samples) 27.23 8.6 0.64 13.37 14.5 0.089 0.633 0.057 

Chipped whole 
cane (av of 5 
samples) 29.40 14.94 1.13 9.32 10.55 0.32 1.09 0.074 

Caro,' tops (av of 
2 samples) 26.8 17.1 1.16 4.43 5.49 0.30 1.43 0.096 

Rind (av of 
2 samples) 36.5 24.4 0.95 8.51 9.38 0.41 0.77 0.56 

Source: Animal Production Division, Min. of Agr. and N.R & the E., 
Mauritius 

To maximize the use of sugarcane and by-products and to reduce 
the requirements of imported cereals, an attempt was made to rear 
calves by the restricted suckling method (allowing the calf to suckle 
dam for 15 to 30 minutes after milking) and as from 15 days after 
birth provided the calkes ad lib with a mixture of equal parts of fish 
meal and urea and I part ot molasses. 

The average daily gain of the calves from birth till weaning was 
0.497 + 0.27 kg for the restricted suckling group and 0.353 + 0.043 kg 
for cal1ves reared in the traditional method of bucket feeding. There 
was a highly significant difference (P<0.01) in favour of the performance 
of calves on the restricted suckling method in the average daily gain 
of the calves. 

The observation reported in New Zealand that cows which suckled 
their calves had a lower incidence of mastitis was also confirmed in 
this trial (Source Gaya, Delaitre, Preston, Animal Production Division, 
Milk and Meat Project, 1974 report). 

Even if we have no experimental data to present, it can be said 
that in practice it is as difficult to produce reasonable levels of milk 
on diets based on chipped cane as it is to prcluc, milk on molasses 
diets. It should be pointed out that the processed sugar cane plant 
has a very limited "shelf life". 

The Use of Molasses as Livestock Feed: Meat Production: 

As early as 1893 Boname working at the station agronomique 
in Mauritius reported on the feeding of high levels of molasses to cattle 
and horses. However over the years molasses was exported rather than 



- 233 ­

used as a feed until about 10 years ago when Preston brought molasses
back into fashion. 

It should be pointed out that inout 1958 as a result of trials carriedat Curepipe Livcstock Breeding Station,rations for pigs Delaitre formulatedand cattle containing uplevels of molasses are 
to 35,,6 molasses. Thesebeing used up to now. Incorporationlevels of molasses of highin rations became possible throughdesiigned by a special mixerLIM FAT. (Molasses was incorporated up to 2% in chickenfeed and up to 5% in layers rations).
 

With the high molasses diets recommended
that ruminant by Preston the factcould transform nonassumed importance because 
protein nitrogen into proteinthis new approacha %ery important made the ruminantanimal for the developingto pigs and poult,'y which 

world when comparedrequired ready made protein of high bio­logical value.
 

Every ruminant 
 was doing what thetories most sophisticated labora­could not do, convert N.P.N (convert organicinto protein). However, fertilizer directlywe should bear intechnology could well 
mind that this unorthodoxbe God-sent for the developing world butyet it is still in its infancy. 

Preston had pointed out that feeding high levels of molasses/ureato cattle was unorthodox because:
I. Molasses has no roughage characteristics.2. it is deficient in Nitrugen (less than 196 in D.M).3. The sugars present in the molasses are highiy soluble. 

Sansoucy et al. (1970) replicated in Mauritius thePreston used in techniquesC-BA and obtained growth rateswith 7ebu cattle. This earlier work 
of 0.7 to 0.8 kg/dy

also confirmedthe fodder intake at that restricting 
forage ad 

3% of live weight gave better results than feedinglib. Also the optimum level of3%. It was found that 
urea in the molasses wasthe urea could only meet 60%requirement of the Nitrogenof cattle, the remaining had to 
sources, preferably, 
come from natural protein
of low solubility so as tothe escape degradationin rurnen (by-pass protein postulated by LENG working in Australia). 

A series or experiments were carried out in Mauritiusa view of finding the withoptimum combination of additionsmolasses/urea to suit highdiets for beef production under local conditions.and Results of some Detailsof the trials are given hereunder. Supplementationof Molasses/Urea Diets with Protein Sources.
 

High molasses 
 diets supplemen:ed 
as with protein sources suchfish meal or groundnut meal (either unprotectedby chemical or protectedtreatment) have been investigatedrates. in terms of growthMa Poon, Delaitre and Preston (1975) fo',nd (Table 4 and 5) 
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that there was no significant difference in growth rates of Creole 

heilers fed on a ration of molasses/urea supplemented with groundnut 

meal, formaldehydre treated groundnut meal, or fish meal. 

Table 4: Performance of creole heifers fed molasses/urea and different 
protein supplement. 

T Protein supplement 

Groundnut Meal [ Fish Meal 
Untreated Treated_ 

No. of animals 8. 8 8 

Initial Weight (kg) 212.7 214.l 227.8 

Sina! \\ e;!it (kg) 297.4 297.2 307.8 

'Aily Gain (kg) 0.48+0.07 0.45+0.07 0.52+0.07 
I ) intake*(kg/dy) 
Forage (unspecified) 1.26 1.26 1.28 
Molasses/urea 5.00 4.70 5.39 
Protein Supplement 0.22 0.22 0.18 

Maize Grain 0.84 0.84 0.84 

Total 7.32 7.02 7.69
 

70
Molasses as % of total DM 68 67 

Molasses as % total ME 71.1 69.8 73 

Me intake (MJ/day) 80.21 76.79 84.22 
162.0Conversion of ME, MJ/Kg 167.1 170.6 

Source: Ma Poon, Delaitre and Preston (1975). 
* 	 Forage was fed at 3% liveweight. Molasses containing 2.5% 

urea was fed ad libitum along with I kg maize grain/kg, minerals 
ad libitum and either 0.24 kg groundnut meal, or 0.2 kg fish 
meal/day. The animals were group-fed. 
ME-Metabolizable Energy.
 
M J-Mega joule.
 
DM and ME were estimated based on figures given in Table
 
5. 

Table 5: Dry Matter (DM) and metabolizable energy (ME) content 
of feed ingredients used in Table 4. 

Feeds )M% ME, MJ/k_ DM 

Forage 
Molasses 

20 
78 

9.0 
11.4 

Maize Grain S4 14.1 
Fish Meal 90 10.2 

Grazing time on acacia (Leucaena leucocephola), with or without 
onsupplementary groundnut meal, on performance of bulls fattened 

molasses/urea (Hulman, Delaitre and Preston, 1975). 
Preliminary observations indicated that cattle being fattened on 

grew faster when grazing acacia, thanmolasses/ urea based rations 

http:0.52+0.07
http:0.45+0.07
http:0.48+0.07


-- 
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when given elephant grass forage. It was thought this was due to 
the protein component in the acacia, hence the present experimentwhich aimed to test two levels of intake of acacia (by varying thelength of grazing time, as replacement for groundnut cake. 

MATERIALS AND METHODS 
A factorial design was theused in which factors were: a) grazingUn acacia for 3 or hrs daily; and b) presence or absence of supple­mentary groundnut cake (300 g daily). The rest of the ration was.id libitum molasses/urea (2)), and minerals. Groups of S bulls, madeup mostly of Creole but with some Zebu, were allocated to eachtreatmnt combination. The experiment began on 16 August 1973 and1,sted 336 days and was carried out on the estate o Mr. R. Osrnan, 

Belle Isle. 

RESULTS AND DISCUSSION 

Mean values for live weight gain and feed consumption are set,iut in Table 6; the analvsis of ariance Ior giain is in Table 7. 

Table 6: Mean values for liveweight gain and feed consumption. 

3 hrs Grazing__ 8 hrs GrazingUnsupple-I 300 g gr. ]Unsupple- 300 g gr.
miented nut cake mented nut cake 

Li~e Weight, kg
Initial 175 175 175 175Final 307 329 369 357Daily Gain 0.393 0.458 0.577 0.542\lolasses/t;rea/kg!d 5 5 5 5 
.. olasses/I !rea 
con ersion, kg/live 
, eight gain
Feed Cost/kg gain, 12.7 10.9 8.67 9.23 
1<! 3.1 3.48 2.11 2.94 

Table 7: Analysis of variance for effects of grazing time and groundnut
supplement on daily liveweight gain (g). 

Vorceaof )ereof Mean square F Value Significance 
Variation Freedom 
Fi , 1 0.01 
Groundnut 1 293 
Interaction 1 5473 
Error 27 3937 
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Rate of live weight was significantly greater for S hrs compared 
:h 3 hrs grazing time, but there was no response to groundnut cake, 
r any evidence of intercation. Apparently, there were no differences 

molasses/urea intake between the different groups, however, the 
curacy of these latter dta is supo( t. F.,d -onversion and costs 
gain data should also be treated with reserve. 

The superior protein value of acacia forage in this trial, compared 
ith the groundnut supplement, confirms earlier observations on the 
:me estate when there were no differences in animal response to 

,upplements of fish meal or groundnut cake, for cattle having access 
to acacia grazing (unpublished data, Ministry of Agriculture and Natural 
Resources and the Environment). There were no problems of molasses 
toxicity in any of the animals. 

Different levels of meat meal as a supplement to molasses/urea for 
bull grazing on acacia (Hulman, Delaitre and Preston) 

This experiment aimed to test the value of different levels of 
meat meal as a supplement to acacia grazing and molasses/urea. 

Materials and Methods: The treatments in a 3 x 2 factorial design 
were a) meat meal at levels of Zero, 200 ard 400 g/d; and b) average 
nital weights of 89.4 and 149 kg, respecitvely. There was one group 

ot 7 or 8 Zebu bulls on each treatment combination. Feeding was 
molasses ad libitum, containing 2% urea, the appropriate level of 
meat meal and approximately 3 hrs grazing daily on a.acia. The trial 
was carried out on St. Antoine S.E beginning 4 February and lasted 
303 days. 

Results and Discussion: Mean values for live weight gain and feed 
consumption are set out in Table 8; the analysis of variance for live 
weight gain is in Table 9. 

Table 8: Mean values for change in live weight ant molasses intake 
308 days trial at St. Antoine S.E.). 

T Daily Gain Molasses/urea 
in LW, g Conversion 

fitil Weight 89 kg 
.,,o.suppl. 258 16.4 
200 , meat meal 378 13.3 
1100 g meat meal 322 15.5 
Initial Weight 149 kg 
No. suppl. 259 19.3 
200 g meat meal 434 13.3 
400 g meat meal 408 14.0 
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Table 9: Analysis of variance for effects of initial wveight and supple­
mentation with meal meat. 

Source of Degrees ofvariation freedom F test Significance 
Meat meal 2 5S826 8.28 P 0.05ln tial weight 1 7753 
Interaction 2 100sI4 
Error 29 7107 

There was a significant response in live weightmnentation with meat gain to supple­meal; however 200 
as '0; g. 

g/day seemed to be as effectiveInitial weight did not affect live weight gain and there wasno interaction. Daily intake of molasses averaged 5 kg withdifferences no apparentbetween treatments, however, the precision of these latterdata is doubtful. The results differ slightly from experiment at Belle 
those of the previousIsle Estate, in that here there was a responseto low levels of supplement in combination with 3 hrs grazing onacacia. It is possible this would not have occurredhad been extended if grazing timeto S hrs. Moreoxer, superiority of ineat mealgroundnut overis to be expected in 

former. Overall level 
iew of the lower solubility of theof performance on the unsupplernented treatmentwa5 lower than at Belle Isle, despite identical diet composition. Thiswould tend to indicate a lower genetic potential for growthcattle at St. \ntome; these 

in the 
Isle, 

were almost entirely Zebu while, at Bellethe breed was mainly Creole. As at Belle Isle, there wereproblems with 
no 

molasses toxicity.
 

Acacia (Leucoena leucocephala) as sole 
 forage and protein sourcefor fattening bulls fed molasses/urea (Ma IBoon, Delaitre, Preston 
1975) 

Prey owi trials with acacia forage have usedto control intake by time. 
grazing techniques,

Under these conditions, it is impossibleto know the actual in take of acacia. This experiment wascarried thereforeout with acacia forage cut and fed toconfinement animals in completein order to determine more precisely the optimum daily
intake. 

Materials and Methods: A production function design wasmeasure response used toto levels of freshly cut acacia forage of 0.5,2,0 and 3.0% of live 1.0,weight. The rest of the ration was td libitummolasses containing 200 urea and minerjlk; -t the -r - vc! of acacia,it was intended to use bagasse a, a iiutriti.,aii) iIt lorage, however,it was not consumed readily
the level 

and was replaced by elephant grass atof 1% of live weight. Four individually fedallocated Zebu bulls wereto each acacia level. The trial lasted 206 days and wascarried out or Richelieu Agricultural Station. 

Results and Discussion: Mean values for weight gainare and feed intakein Table 10. Figure I shows the relationship between acacia level
and daily gain. 
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Fig.1 Relation between daily live weight gain and level of acacia. 
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Table 10: Mean values for live weight change and feed intake. 

Level of acacia %, o ive weight0.0 1- /.Initial weight, kg 1 3.0
l36 14s7 157 142Final weight, kg 

133 
186 209Daily gain, g 213 218 247242 299 274 415 1193 

Feed intake, kg/d.\olasses 
3.83 4.41Urea 4.08 4.25 4.360.077 0.088 0.082Acacia 0.085 0.0871.16 0.61 1.28 2.54 3.98 

Elephant grass; this group also received trace elements andVtamines A, D and E. 
There wasa linear response ining level of acacia. The 

live weight gain according to increas­indication from the datalevel may lie' beyond is that the optimum3% of live weight;drawn from a similar inferencethe trial at P,elle Isle, can be 
gave better growth 

where 8 hrs grazing on acaciathat 3 hr. There wasintake increased a suggestionslightly that molassesas betweenand the the various levelscontrol treatment receiving elephant 
of acacia 

no grass; but theredifferences within werethe different levels of acacia.
 
At the maximum 
 level of acacia,was some 150 the estimated intakeg daily, which is comparable of protein

when supplements such with that usually providedas fish meal or groundnut meal are used. 
Ensiled high moisture or dry maize as supplementbased on ad libitum to fattening rationsmolasses/urea (Ma Poon, [)elaitre, and Preston):

There is no strong evidence that molasses basedwith greater efficiency rations are usedwhen supplementedsuch with gluconeogenicas cereal grain. There materialare also suggestionsparticularly, maize are ensiled at a 
that when grains,

associated high moisture content,with greater production this is
This of propioniclatter effect would be particularly acid in the rumen.beneficialThe following experiment on molasses rations.was set up to test this hypothesis.
 
Materials and 
 Methods: The two treatmentswere in a randoma) dry ground maise fed block designat I kg daily; and b)but ensiled for 21 days the same maize,
inately 30%. 

after raising the moisture contentThere were two to approxi­grotix: o 'The rest of the ration was ca.,, treatment. 
at 3% of 

ad libitum molasses/urea, green foragelive weight, 300 fishg meal daily and minerals.ment was carried The experi­out at Palmar LBS and lasted 186 days.
Results and Dicussion: 
intake Mean values for live weightare given in Table gain and feed11. The analysis of variance is in Table12. 
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Table lI: 	 Dry or ensiled maize, as a supplement for fattening rations 

based on molasses/urea. 

Ensiled Maize Dry Maize 

Initial weight, kg 165.2 177.5 
Weight final, kg 254.5 252.3 

Daily gain, g 480 400 

Feed intake, kg/d 
Crass 8.44 861 

Molasses 3.81 3.47 

Urea 0.095 0.085 

Mlaize 1.41 1.14 

Fish Meal 0.2 0.2 

-t 30% moisture. 

Table 12: Analysis of variance for weight gain. 

Source of Variation I Degrees of freedom I Mean Square 

Maize 1 840.75 
Replicates 1 324 
Interactio, 1 6.3 
Error 12 966 

There was a slight indication towards growth rate on the ensiled 
maize treatment but the difference did not reach significance. At 
least it can be concluded that results will not be poorer with ensiled 
maize. This is of considerable practical value, since it is cheaper 
and affords protection against insects, to ensile maize at high moisture 
content. It also allows earlier harvesting, which is an advantage when 
maize is being grown in association with sugar cane and it is important 
to harvest it as early as possible. Harvesting at 30% moisture probably 
saves 20 to 30 days and ensiling avoids the need for expensive drying. 

Use of Poultry Litter in a diet of molasses and bagasse for fattening 
bulls (Ma Poon, A. Boodoo, Hulman and Preston) Min of Agriculture, 
Reduit, Mauritius: 

Eight bulls averaging 144 kg liveweight were fed a mixture which 
contained raw bagasse 20%, molasses 35%, poultry litter 3796, fish 
meal 3%, groundnut meal 4% and salt 1% for a period of 185 days. 
The daily liveweight gain over 185 d averaged 650 + 55 g withn a dry 
matter intake of 4.0296 of liveweight.The overall feed conversion 
was 12.7 kg DM/kg gain. It appears that the feed has a low energy 
concentration with molasses constituting most of the utilizable energy. 

Key words: Cattle, poultry litter, molasses, bagasse. 

Use of poultry litter as a source of non-protein nitrogen in ruminant 
feeding is becoming increasingly popular in terms of utilization of 
waste products and in decreasing feed costs. This trial was undertaken 
to evaluate the use of poultry litter in a molasses based diet for 
growing bulls. 
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Materials and Methods: Anirnals and treatments. Eight bulls (six 	Friesian
Creole and 2 Sinlnental x Friesian) of about 140 kg liveweightwere used to evalutte a diet consisting of 	 poultry litter, molasses,bagasse and a protein supplement (Table 13). The bulls were housedin 	 a slatted floor pen in the feedlot a- Richelieu Livestock BreedingStation of the Ministry of Agriculture. The trial started in November 

1978 and lasted for 185 days. 

With regards to feeds and management, the different feed ingre­dients were mixed in 	aGehl mixer and stored in bags. One, ton ofthe mixture was made at one time sufficient to feed the animalsfor 	about 10 days. Poultry litter was obtained from the Poultry BreedingCentre of the Ministry of AgricultUre. The refusals were weighedeach morning before feeding the fresh mixture. Fresh water was availa­ble at all times. The poultry litter and the complete mixed feed mixturewere analysed periodically. The animals were weighed every fortnight.The average daily liveweight gain was determined by regression of 
li\eweight on time. 

Results: fhe composition of 	 the poultry litter and of the 	 completefeed was fairly uniform during the 	 trial (Table 13). The ash contentof 	 the mixture was quite high (15% of DM). For 	 this reason, dicalciumphosphate was not included as it was assumed that the animals' require­
ments were rnet. 

Table 13: Composition of diet and proximate analysis. 

Composition, % Anal sis, % 

Ingredient 
 P. 	 Litter CompleteDiet 
Raw bagasse 20 Dry 	matter 88.6 + 1.22 76.4 1.0
 
Molasses 
 35 N x 6.251 18.7 + 0.9 14.9 _ 0.48 
Poultry Litter 37 Crude fibre 1 18.9 + 0.3 18.0 + 0.43 
Local Fish Meal 3 Ether extract 0.71 + 0.09 0.55 + 0.03 
Groundnut Meal 4 Ash 19.7 + 1.46 15.0 + 0.56 

Salt I 

I) 	 Dry matter basis. 

The animals were in good health throughout the trials and therewere no apparent digestive troubles. At on- -age, the animals haddistended abdomens such as in the case of bloat, but this did not 
persist. 

The intake of the poultry litter mixture increased from 7 kg/dinitially to about 12 kg/d by the end of the trial with a mean intakeof 	 about 10 kg (Table 14). The mean daily liveweight gain of 6 50g 
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was associated with a dry matter intake of over 4 kg/100 kg liveweight. 
The intake of molasses was equivalent to about 1.8% of body wight 
which is similar to that observed %hlen liquid molasses is given ad 

libiturn together with restricted forage (Preston, 1979). 

Table 14: 4ean %alues (X _ S-X ; l gi,,wti ialc, feed intake and 

conversion of eight bulls fed a diet of molasses, poultry litter, bagasse 
,1nd(protein supplement (185-day trial). 

Initial weight, ', 144.2 
Final weight, kg 264.9 
Liveweight gain, g/d 649 + 55 
Feed intake, kg/d 
Complete diet 10.8 
Dry matter 1 8.22 

4.02Consump tiop index 
Conversion 12.7 

1) kg DM.I00 LW 2) DM consumed/LW gain 

Discussion: The important feature of the results of this trial is that 
although the feed conversion rate (12.7 kg DM/kg gain) was poor, 
there was still a reasonable growth rate of 650 g/d. Similar results 
have been observed in commercial feedlots in El Salvador, where 
an alnost identical ration has been used (Preston, T.R. unpublished 
obsersation). In cormparison, liquid molassess/urea based diets employing 
restricted levels of cassava or sweet potato forage as the only source 
of protein and roughage have supported sirnilar growth rates, with 
a much better feed conversion (Ffoulkes & Preston, 1978 and Hulman 
et al., 1978). 

It, therefore, appears that the efficiency of the rumen fermentation 
is inferior on the poultry litter/bagasse/molasse diet. One possible 
reason for this could be a low turnover rate of rumen digesta, which 
is known (a) to reduce the efficiency of microbial protein synthesis 
(Stouthamer and Bettenhousen, 1973, Elliott et al., 1978) and (b) 
to also lead to wasteful secondary fermentation associated with 
oxidation of VFA to methane and carbon dioxide (Rowe et al., 1979). 

Other work with molasses based diets (Salais et al., 1977) has 
sho'kn that sugar cane fibre fed with liquid molasses/urea does not 
result in efficient feed conversion or rapid growth. It is suggested 

that this is because the cane fibres do not I-kve "good" roughage 
characteristics. It may be that the diet used here would be improved 
by the inclusion of a forage known to have beneficial effects on 
rurnen function suCh as for emple the legume Leucaena (Alvarez 
et al., 1978). This hypothesis will be examined in future studies with 
this diet. 
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Hih rnolasses/urei diets for Mikemo 	 sses/bagasse Production: Nutritivemixtures as a production 	 value ofration for milking
(Ma 	 Poon, Delaitre and Preston). 

cows 

\(,~ .len the ii I ,-	 , pith [ lvture dt- op, a s part ofhe . di'fr0 and \eI t Project (Mar/6 3/5(4), wasto the entire mlk 	 fedI rd at CUrepipe LtPS, over 	a complete lactationres 	 Its ',r, tory . [here was corsiderable loss 	 of live wightand 	 milk yield was 	 less than had been the case previously whenstandard cereal-baed concentrate 	 the 
had 	 been used. It was thereforedecided to deterrri, more precisely the relative feed 	value of 	 thenittire in companris,,n with grass alone and 	 the cereal-based cowfeed, 	 as negative ind positi ve control treatments, respectively. Oppor­tunity was also taken to include a modified molasses/bagassevith additional maize 	 feedgrain, and a treatment in which only groundnut

cake, was given. 

Materials and Methods: A changeover design was used to comparethe 	 following treatments
 

a) Grass only,
b) tandard cereal-based cow feed 	at 500 g/litre of milkc) 	 Molasses/bagasse 
d) 	

mixture (MB at 6 00g/litre of milk)
Molasses/bagasse mixture with~additional maize (MBe) 	 Molasses/bagasse mixture with maize but omitting tfie ground­
nut cake (MB 

f) 	 Groundnut cake fed at 2 0 0g/litre of milk-he 	 cor:position ofthe mixtures is given in Table 15.
 

There were 
 10 	 cows on 	 each treatment and the 	 experimental
,Arrangernent was 

S-- - E S,-- where
 
S z standardization period, days 
 I to 30
 
E experimental period, days 
 41 to 100
 
S 2 standardization period, days 
 Ill to 140
 
Days 31 to 40, and 101 
 were 

All cows received fresh 
,"xperimental treatments. Milking 

grass ad libitum in addition to the 

to 110 for ration changeover. 

was done by hand twice daily.-he 	 cows were mainly Creole, with some grade Friesians. 
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Table 15: Composition of experimental rations (% as recei.ed). 

Cereal 
g mg rn co feed 

MB MB MB 

\lolasses 	 73.4 52.4 58.4 2,5 
14 10Baga:.se pith (dried) 	 12 ­

108 8 -Groundnut cake 
2.5 ­2.5 2.5Urea 

Vit, \ & D premix 0.1 0.1 0.1 0.1 

Dicalcium phosphate I 1 1 1.5 
1 1.0I ISalt 

25 25 32.4V .i: o grain 
- - 20Seed MealC'ott,.,n 


- 10Rice Bran 

the standar-Results and Discussion: Mean values of milk yield during 

dization and experimental periods, yield persistency and daily live weight 

gain during the experimental period are given in Table 16. 

Table 16: Mean values for milk yield, persistency and live weight change 

according to treatment. 

Persis- Daily LW 
E 

1-30 iI_?40 tency, gain
41-100 

- 96 1 kg2kg 

.74 a .72 a 

11.43 6.08 5.12
Control grass 

.83 a b . 3 1ab 
MB 	 10.70 6,78 5,86 

6.06 8 8bc 36ab 
11.62 7.61MB 	 0b.8bcg .C00 

MB 	 9.97 6,90 5,76 .88 
rn 

Cereal 
6.62 1.00 c .00b 

10.2 7.65Concentrate 

Groundnut
 
Cake 10.2 7.77 6.13 .95 . 1 3b
 

+.033 +.17SE 

E 

SI + S 2 

2 During experimental period 

1 

http:Baga:.se
http:recei.ed
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ab Means without common superscript differ at P<.05
 
Persistency 
 was significantly less for cows receiving only cutthan grassfor all other treatments, other than
mixture the standard molasses/bagasse(MB ), where some supplementfnolasses/bagdlse was given. The standardmixtuire (MB,) was also poorer than the:oncentrate cerealbut did not differ fr-om
mixtures the other modified molasses/bagasse(:MB and MB ). A similar tendency was noted for bothweight change during rhe tine when the experimentalfed. All the molasses0bagasse rations, when grouped 

rations were 
significantly together, werepoorer for persistency, than the cereal concentrate. 

The results thus confirm the earlier observationbagasse mixtures are not as that molasses/ 
ting milk yield. There 

efficient as cereal concentrates in suppor­was a suggestion of improvementthem from modifyingby inclusion of 2596 maize; but without additionalwere not significantly better maize theythan grass alone. Surprisingly, groundnutcake given alone gave both good persistencyFrom and live weight gain.an economic point of view it was also cheaper than the cerealconcentrate. 

Effect of adding unsaturated oil to a molasses/bagasseas a production mixture fedration to milking cows (Ma Poon, Delaitre, and Preston). 
The justification for adding unsaturated oil to molasses/bagasse

rations is: 
a) such rations are deficient in dietary lipids, and a proportion

of milk fat is of dietary origin; and 
b) there is esidence that inclusion of unsaturatedof ruminants oils in the dietsleads to an increase in the production of propionicacid in the rumen - and It is generally considered that gluconeo­genic procursors, the chief of which is propionic acid, limitingareon molasses-based rations. This experiment was aimed to providepreliminary evidence on this aspect.
 

Materials and 
 Methods: A changeover design wasthe used tostandard molasses/bagasse compare
mixture (MB ), alone or with lOOmlunsaturated oil daily, against the standardgcereal-based\s the cows available cow feed. 

ment 
were already advanced in lactation, the experi­had to be carried out theover 

curve. Six cows were used 
latter part of the lactation 

on each treatment, employing the followingchangeover design. 

S E S where
 
S standardization period (cow feed) 
 from days 10! to 115E experimental period days 121 to 150S2 standardization period (cow feed) days 156Days 116 to to 170 
The standard 

120 and 151 to 155 were for ration changeover.molasses/bagasse mixture contained (%) molasses-73.5. Urea 2.5, Bagasse pith (dried) 14, groundaut cakephosphate I and 8, dicalciunsalt I. It was fed at ratethe of 500 g per litre of 
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identical for the oil treatment, except that 100mI
milk. Feeding was 
c: 	 oil were given daily, mixed into molasses/bagasse feed. The rest 

the ration was fresh forage ad libitum. Creole cows were used 
ot 
and the trials were carried out at Curepipe LBS. Soybean oil was 

used. 

Not all the cows have completed the experiment
Results and Discussion: 

Table 17).
Sence only preliminary data are presented (see 

oil 	 on milk yield persistency and
Table 17: Effect of unsaturated 

li'e .eight gain, using a molasses/bagasse feed (MB) as a production 

no. of cows in brackets).ration (preliminary data only; 

Control Oil 

.92(1) .96 (3)
't ieid persistency 

r- V live weight gain, kg -. 30(3) ,.098(4)
 

Care must be exercised in the interpretion of these data in view 

ber of animals involved, nevertheless, there is anof the snia il nu[ 

indication from par ticularly, the weight gain data that the oil is
 

having some beneficial effect. The loss in ,.eight on the control
 

order as vas observed in the previousration (\B) is of the ,afne 

experim ent
 

goats trials had to be stoppedHigh molasses/urea feeding to 
with the molasses resulting infly strike. as 	 the animals got serv messy 

Bagasse as a feed 

fibrous and less nutritiveAs said earlier nothing could be more 

bagasse. It had been reported in the literature that wheneverthan 

whole bagasse vould be led to riuninan ts for long period there 
 was 

mucosa of the rumen resulting in ruminitis.an 	 irritant to the 

roughage isResults of using steam treated bagasse as a source of 


reported hereunder.
 

roughage sources for bulls fattenedRaw and steamed bagasse as 

Delaitre and Preston, 1975)
on molasses/urea (Naidoo, 

tops, can often beGreen lorage, either as cut grass or cane 
because of availability.a constraint to cattle production in Mauritius 

50. 	 - per ton fresh basis, equivalentIt is also relatively expenisive at lPs. 

to Rs. 250. -/ton dry matter (which is more expensive than molasses). 

surplus to needs for steam raising) is availableExcess bagasse (i.e. 
on most sugar estates, and total yearly production is of the order 

of 130,000 tons (dry basis). It has good physical characteristics as 

a roughage for molasses fattening, however, it is not very palatable. 

Raw bagasse can be imnproved in both palatability and nutritive 
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value by steam cooking it under pressure for 10 minutes (d'Espaignetet al 1974). This experiment aimed to evaluate both raw and cookedbagasse as ofsources roughage in the molasses/urea fattening pro­
gramme. 

Materials and Methods: fourThe rreatm',nt in a r-.ridom block designwere - (a) raw bagasse; (b) cooked bagasse; and (c) fresh forage.There were two groups of 5 Zebu bulls on each treatment. Feedingwas rnolasses/urea id libitum, 200 g fish meal, maize andi kg mine­rals; bagasse was gisen ad libitum and fresh forage at 3% of liveweight. The experiment lasted 316 days and was conducted at Palmar 
LBS. 

Results and Discussion: Mean values for live weight gain and feed 
intake are given in Table 18. 

Table IS: Raw or steam cooked bagasse as sources of roughage in a fattening diet based on molasses/urea. 

Raw Steam cooked Green 
bagasse bagasse forage 

Live weight, kg
Initial 176 
 195 
 210Final 
 271 
 298

Daily gain .336a .337a 

367
 
.49 6 a
 

Feed intake, kg/d
Molasses 5.2 
 5.2 
 5.8Urea 
 .127 .128 .144Bagasse .51 
 .78 10Fish Meal .2 .2 .2Maize Meal I I ISalt 
 .025 
 .025

Dicalcium phosphate .025 

.025 
 .025 
 .025
 

Table 19: Analysis of variance for gain (g/d). 

Surce of Degrees of Mean
variation freedom square F. value Significant 

Treatment 2 78 797 6.08 P .05Replicate 1 54 267 
Interaction 2 6 370 
Error 
 20 12 950
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in rate of gain as betweenThere were no ditferences raw 

both were inferior to tresn torage;ard steam treated bagasse but 
may be that it provided additional protein,the advantage of the latter 

when bagasse is used, it may be 
as well as roughage. In this case, 
necessary to give additional 	 amounts of protein supplement. This 

Please refer to earlier section pagasse
aspect should be insestigated. 

been used as an absorbent for molasses.pitri has 

ScuM: 

by feeding scum
Phe author ran a digestibility trial (1960) 

rat n ; to cattle and pigs. 

wax (benzeneh - Z'Alient teatures established were that ,he 

scum were apparently digested by cattle
%,:r : ) portion of the 


I ii,,, extent of 72°0 whilst the supposedly proteinous part (Nx6.25)
 
the Benzene extract


,howcd A digestibility of 50%. However, both 

to be undigested
fraction and the Nitrogenous traction appeared 

obser\ations made
D the rnonogastric pig. Unpublished results of 


Mine (1976) are shown hereunder.
by D-laitre, Lain Thoi 

Results of Analysis of Scum for 	Animal Production Division: 

To deterine the aria tion of Protein and fibr- )ntent of 

a specimen of scum lett to decompose at \ on Desert Alma. A s g.cimen 

of scum has been set aside in Septernber 1975 at A,\na and left to 

two sarples top and middle were collecteddecompose. E,.ery seven days 
and fibre. Sample "top" was collectedAnd analysed tor I\, protein 

Sample "middle"
1/2 to I inch immnediately under uppercost layer. 

i.e the undecomposed part was collected from the rniddle of the 

sptec i men. 

The protein of the top layer rose from 12.9% in September 

in May 1976 and afterwards1975 to attain a naximium ot 24.0% 
21.0 and 22.0% anJ e'idenced 	 by the graph. That

remaried around 

of the middle layer did not show any appreciable change.
 

of the by-prodncts of the sugar
Filter cake scum is surely one 

The material becomes tokl sninelling
industry rcquiring t-urther studies. 

orming
soon after production resulting in the nitrogenous components be 


can not be digestied a y nionogastics.
so stable that it 

-\s for 
 the increase of nitrog,,lous , omponent on storage it is believed 

Matter component
to be due to the elimination o, sug- r from the Dry 


o! carbon eioxide.
by fermentation and release 

Sugar (PWrown and White): 

In 1970, the author replaced 10%6 of maize in chicken and layers 

rations by brown sugar. 



-le 20: Top Layer (Results on DM [asis). 

Date of % Plot, Fibre Date ofcollec- % DM tos- % % 
X6 Prot. FibreCollec-tion %DM mrtis-tre I)M [IM tion % % 

ture DM DM 

29.09.75 20.6 79., 12.) 19.3 29.03.76 17.5 S2.5 21.806,10.75 21.0 79,!) 13.0 
14. 

22,5 05.0!s.76 17.5 82.5 17.5 21. r 
13.10.75 21.6 7S.1 13.1 21.6 12.o4.76 19.8 80.2 23.3 23.321.10.i5 20.7 79.3 17.2 20.7 20.04.76 17.7 S2.3 22.8 10.,27.10.75 23.3 71.7 14.2 20.1 26.04.76 19.2 80.8 22.8 12.4C';.1I.75 22.9 77.1 13.4 23.4 03.05.76 18.5 81.5 22.3 14.010.11.75 29.1 70.9 17.8 22.1 10.05.76 15.7 84.3 24.0 15.924.11.75 S.3 81.7 14.4 29,3 17.05.76 15.2 84.8 21.6 16.603.12.75 28.6 7!.' 17.4 22.9 24,05.76 20.0 80.0 21.0 14.026.01.76 18.2 81.8 20.2 14.3 31.05.76 16.4 83.6 23.9 14.802.02.76 15.5 84.5 19.5 17.4 14.06.76 15.9 84.1 21.9 15.18.02.76 15.0 85.0 20.4 22.4 21.06.76 15.0 85.0 20.1 15.3,.03.76 16.2 83.8 20.4 13.0 28.06.76 14.6 85.4 21.5 14.5.03.76 16.0 84.0 23.6 15.2 05.07.76 16.0 84.0 21.7 17.453.03.76 17.0 83.0 22.8 12.5 12.07.76 14.4).03.76 19.6 80.4 

85.6 20.7 16.222.8 29.1 19.07.76 17.3 82.7 22.3 15.5 

Observations (a) high mortality up to 20% in chicks 1-10 days P . Mobservation inflammed intestine. 
(b) no difference in performance of birds that survived.(c) layers performed well on the ration. 

contain 
Most of the poultry feed presently manufacturedup to 10% sugar in Mauritius- some problemswith chese rations during have been encounteredperiods (fthi problem high relative humidity, however,has been controlled by the addition of calcium poprionateat the rate of 2 kgs per ton of feed. 

http:19.07.76
http:12.07.76
http:53.03.76
http:05.07.76
http:28.06.76
http:21.06.76
http:14.06.76
http:02.02.76
http:31.05.76
http:26.01.76
http:24,05.76
http:03.12.75
http:17.05.76
http:24.11.75
http:10.05.76
http:10.11.75
http:03.05.76
http:C';.1I.75
http:26.04.76
http:27.10.75
http:20.04.76
http:21.10.i5
http:12.o4.76
http:13.10.75
http:05.0!s.76
http:06,10.75
http:29.03.76
http:29.09.75


- 250 -

Middle Layer (Results on D.M. Basis)Table 21: 
Fibre % D.M.Date of Collection % Fl.M. % Moisture Protein % D.M. 

26.1.76 
2.2.76
8.2.76 

17.6 
1.) 

S1.0 
82.4 
84.1 

16.4 
14.0 
18.6 

23.4 
28.1 
20.2 

1.3.76 
3.3.76 
).3.76 

22. 3.76 
79.3.76 

5.4.76 
2J.76 
10.4. 76 
-)6,'4.76 

3.5.7610.5.76 

17.1 
1'5.2 
16.7 
17.5 
19,1 

1.3 
19,0 
17.1 
13.7 
17.816.3 

82.9 
84.8 
83.3 
82.5 
80.9 
81.7 
81.0 
82.9 
87.3 
82.2
83.7 

17.5 
20.0 
19.7 
16.8 
15.6 
16.4 
17.0 
16.3 
17.5 
15.8 
15.3 

20.2 
14.0 
13.8 
15.8 
21.8 
24.0 
25.6 
23.8 
22.4 
25.2 
26.4 

17.5.76 16.4 83.6 16.2 22.4 
24.5.76 17.4 82.6 16.6 20.6 
31.5.76 16.2 83.8 25.3 23.0 
14.6.76 14.6 85.4 19.0 13.4 
21.6.76 14.5 85.5 14.8 22.6 
21.6.76 14.2 85.8 15.7 21.5 

5.7.76 
12.7.76 
19.7.76 

14.7 
16.0 
14.7 

85.3 
84.0 
85.3 

19.4 
16.4 
17.3 

15.6 
24.5 
20.0 

BY PIGSOF BY - PRODUCTSUTILISATION 

so far unpub­
present the following results 

The author wished to 
Duvivier working

in 1975 by Delaitre, Brasse and 
lished carried out 


,t St Antoine Piggery in Mauritius.
 

economic difficulties.the time facing great
The piggery was at allowed

of results obtained in Trial 6 that 
It was the application 


the piggery to survive.
 

Trial "Scums, molasses and fish meal" 

to find means ofin an attempttrial was carried outThis using locally availableof porkersthe cost of productionlowering dung is theand cow dung. Cow 
such as molasses, scurmsproducts where cattle are kept overnight.corrals 

feed was formulated 

sun dried waste obtained from 

as follows:
This tested 


50 %
Scum 
20 %Molasses 
30 %Fish Meal 

Rs. 670.-/M tonTotal Cost 
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Three group of pigs were used in this trial
Group I Balanced ration "EPOL" + ad lib test formulation 
Group II 1/2 " It EPOL" "+ 'I it 
Group 	III Balanced ration "EPOL" only. This group is the control 

group
 

Table 22: Results
 

Group I Group II Group III 
Start of trial 16.5.75 16.6.75 23.6.75Age at start (wks) 	 9 9No of animals 	 10

6Corrntoined weight at start,kg 	 6 6 
Average weight, kg 	

91.5 109.5 144.5 
15.25Combined weight @ end, kg 	

18.25 24.0 
354Average weight @ end, kg 

336 417
 
Age @ end (wks) 

59 56 69.5
 
21L.weight gain, day, gin 	 21 20

552F. C. [. 	 384 624
3.7 4.9 2.6
 

N.B.: Trials were carried out 
to determine feed intake and itthat 	 was notedthe best method of feeding was to give a 50:50 mixtureof "EPOL" balanced ration and test formulation. 

Table 23: Cost of Production (from 7.8.75 to 21.8.75). 

L.W Feed Cost of Labour OtherGroup gain consu. feed 	 Total Cost ofcosts expenses exp. product.
(kg) (kg) (Rs.) (Rs.) (Rs.) (Rs.) (Rs./kg) 

1 57.0 238 222,53 5.18 10.00 257.71 4.17

II 63.0 257 237.49 5.18 
 10.00 252.67 4.01 
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Trial ad lib "EPOL" Feed 

This trial was carried out to determine means of achieving the 

maximum liveweight gain in the shortest possible time. 

Feed was placed in the feeders an,' the amount left in the feeders 

every rnornirg was weighe_. This g;co an esLrLate of daily feed 

,onsu mp tion. 

Table 24. 

Details Batch ad-lib 

1.4.75Start of trial 
Age at start, wk 5 

II (4males, 7 females)No. of animals 
Combined weight @ start,kg 77.5 
Average weight @ start, kg 7.0 

792Combined weight @ end, kg 
Average weight @ end, kg 72 
Age at end (28.7.75), wk 15 
Liveweight gain, day, grms 774 

2.6F.C.R. 

Table 25: Cost of Production (from 1.4.75 to 2.6.75) 

Batch ad-libDetail 

343.5Liveweight gain, kg 

Feed consumed, kg 1152.5 

Cost of feed, Rs. 1407.75 

20.72Labour cost, Rs. 

Other expenses, Rs. 10.00 

1438.47Total expenses, Rs. 

4.19Cost of Production, Rs./kg 
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Trial ad lib No. 2 "EPOL" Feed: 

This trial was carried out to have a comparison and, at the 
same time, improve the results. 

Table 26: 

Details Batch ad-lib No. 2 

Start of trial 25. 7.75
Age at start, wk 5No. of animals 7(4 males,3 females)Combined weight @ start, kg
Average weight @ start, kg 

31.5 
11.6

Combined weight @ end, kg
Average weight @ end, kg 

527 
75.2End of Trial 11.11.75

Age at end, wk 20Duration of experiment, wk 
Liveweight gain, day, grms 

15 
790

F.C.R. 2.9 

Table 27: Cost of production 

Details Batch ad-lib No. 2 

Liveweight gain, kg 379.5Feed consumed, kg 1533.5Cost of feed, Rs. 1851.70Labour costs, Rs. 28.31Other expenses, Rs 10.00 

Total expenses, Rs. 1890.01 

Cost of production, Rs./kg 4.90 

N.B.: This was calculated only for the animals sold. 

http:11.11.75
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Trial + cow dung, molasses and fish meal: 

Further trials were made with cow dung which contains 18% 

protein DM. The objective was to reduce cost of production. 

The tested teed was formulated as follows: 

Cow dung 50 % 
Molasses 25 % 
Fish meal 25 % 

Total cost Rs. 560. -/ton 

This feed is given mixed with "EPOL feed in the ration of 1:1. 

Table 28: 

Details 

Start of trial 6.9.75 
Age at start wks 8
 
No. of animals 8(6 males, 2 females)
 
Combined weight @ start kg 125.0
 
Average weight @ start, kg 15.6
 
Combined weight @ end, kg 570
 
Average weight @ end, kg 71.2
 
End of trial 22.12.75
 
Age at end, wk 25
 
Duration of trial wk 15
 
Liveweight gain day grm 738
 
F.C.R. 3.5 

Table 29: Cost of Production (from 6.9.75 to 16.12.75) 

Details 

Liveweight gain, kg 400
 
Feed consumed, kg 1820
 
Cost of feed, Rs. 1638.00
 
Labour costs, Rs. 36.26
 
Floxaid, Rs. 14.00
 
Other rxpenses
 

Total expenses, Rs. 1688.20 

Cost of production, Rs./kg 4.03 

http:16.12.75
http:22.12.75
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Trial "Scums, molasses, fish meal" 
 No.2
 
This trial %as carried out 
to compare the efficiency of cow dung andscums in mixtures which were composed of locally available products. 
Tested feed formulation 

Scums !5 %
 
Molasses 
 50 %
 
Fish Meal 
 35 % 

Total cost 775.Rs. -/ton

The above feed given
is mixed with 50% imported feed so as to 

compensate for loss of vitamins.
 
Table 30:
 

Details 

Start of trial 6.9.75Age at start, wk 8No. of animals 
10 ( 5 males.5 females)Combined weight @ start, kg 143.0Average weight @ start, kg

Combined weight @ end, kg 
14.3 

628.0A~erage weight @ end, kg 62.8 
End of trial 22.12.75 
Age at end, wk 23Duration of trial, wk 
Liveweight gain, day, 

15 
grms 599F. C. R. 

4.0 

Table 31: Cost of Production (Period 6.9.75 - 16.12.75) 

Details 

Liveweight gain, kg 437Feed consumed, kg 1820Labour cost, Rs. 36.26Floxaid, Rs. 
14.00 

Other cost, Rs. 

Total cost, Rs. 1870.2' 

Cost of Production, Rs./kg 4.27 

http:16.12.75
http:22.12.75
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Trial "cow dung, molasses, groundnut cake" 

This trial was carried out to see whether or not fish meal 
could be replaced by groundnut cake, the latter being a cheaper product. 

Feed formulation %%a,, foilov, . 

Cow dung 50% 

Groundnut Cake 25% 

Molasses 25% 

Total cost Rs. 400/ton 

Table 32 

Details
 

Start of trial 19.11.75 

Age at start, wk 7 

No. of animals 10(2 males, 8 females) 

Combined weight @ start, kg 125.5 

Average weight @ start, kg 12.55 

F.C.R (as on 16.12.75) 2.7 

Combined weight as on 16.12.75,kg 2640 

Average weight as " " kg 26.4 

Age of animal " " kg I1 

Liveweight gain per day/grm 513.9 

http:16.12.75
http:19.11.75
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CONCLUSIONS 

In this paper, comprehensive
efforts being 

data had been provided onmade by aMauritius, relatisely small Island, in its endeav­ours to employ a new technology with a view to providing milk andmeat for its population and thereby saving on foreign exchange. 

It is knvn that the population of 41,000 head of cattleand 90,000 head of goat has reached saturation pointand to produce milkmeat on orthodox methods of feeding
there are very large 

cattle and goats. However,quantities of by-products
which can of the sugar industrybe utilised in aequately feeding the existing animal population.The estimated quantities available are as follows: 

200,000 tons of molasses
 
1,700,000 tons 
of cans tops
 

100,000 tons 
of excess bagasse
 
200,000 tons 
of scums 

It has been further estimated that totalthese by-products the feed value ofwhen supplemented with urea and or ammoniasome natural protein should be sufficient to satisfy the needs of 
and 

acattle population of some 200,000 head. The production from thisNational herd would be the equivalent of 17,000 tons of beef andmillions litres of 100milk per Thisyear. potential production is sufficientto supply the needs of Mauritius during the next decade at a levelof over 100 litres of milk and 25 kg of beef per capita per year. 

These can well be the targets of the longlivestock development cf Mauritius with the 
term efficient 

aim of feeding the cattleproduction industry almost entirely on by-products of the sugar industry. 

It is further believed with fairapigs degree of certainty thatof less sophisticated characteristics than the Landrance and theLarge White breeds, possibly crosses of the Saddleback or Tamworthwith local pigs, and also ducks could be reared on a feeding systembased on molasses, scums and some natural protein. 

This planning for the future has three major elements. 
1) To carry out research aimed at developing efficient feeding systemsfor milk, beef and 

on 
other types of livestock production basedthe maximum use of locally available by-products of theindustry or sugarother industries and on fodder from cane grown on

marginal lands. 

2) To build LIp cattle numbers from the present 40,000 to the projectedpotential of 2000,000 and toalso develop suitable types of pigsand ducks to perform efficiently on molasses diets. 
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beef and otherof milk andmodels for production3) To establish 	 at a level of State Enterprises 
types of livestock production 

and at villageon the sugar estates 
and as types of light industries 


form of cooperative schemes.

levels through some 

%.sea duty towards.. ,
Lastly, I should poit )ut . 

for the future, therefore 
our countries. "11ccess 

-le future development of 	 facilitiescreate trainingtechnologies,to develop new,ts on us 	 as we can in sharing our know 
youths and collaborate as much

:,)r our 	 the on coring generating 
o.. We should have regular forums where 

not only present the result 
of young technicians and professionals can 

for the economic
also have fruitful discusions

of their work, but 
all our people.

,,Pei-being and happiness of 
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UTILIZATION OF GUINEA-GRASS-CITRUJS PULP SILAGE BY SHEEP 
By


F.O. OLUBAJ0
 
Department of Animal Sc ience,
 

U3niversity of Ibadall, lbadan.
 

IN TRODIJCTioN
 

Greater liveweight losses are 
 encountred by grazing livestockin the dry season in most tropical c-ountries as a result of little orno intake of nutrients particularly energy and protein fromand unpalatable pasture the meagreavailable during this period of the year.pastures produced Excessin time of lush is usually conserved either as hayor silage for dry season feeding. 

Evidence abounds in the literature on the compositionnutritive value of and theensiled temperate grasses and legumes with or,Idditives (Thonas withoutet al., 1961, lones et al., 19711)72). & Brown and Radeliff,Very scanty information is, how,ever, available on ensiled tropicalpastures (Lansbury, 1959; Miller et al., 1963 & Semple et al., 1966). 
At present silage making in Nigeria is restricted to the governmentor university farms and in almost all cases no informationon zhe is availablechemical corn)Doition and the feeding value of the ensiled herbage. 

Fhe present study A -,,designed to investigate the chemical comoposi­tion and the nutritive %alue of guinea grass - (Panicum maximum Schurn)
,'nd guinea Araibs-citrus pulp silages fed to West African dwarf farms. 

Materials and Methods
 
The oxperment 
 was carried out at the University of Ibadan Teachingand Research Farm. Ibadan is approximately 150 m above sea levelwith an annual rainfall of between 120 and 150 cm. 

Pasture Management
 

Fhe guinea grass 
 used in the experiment waspater:re cut from an establishedin its third year of grazing. In the year of harvest for silage5r, kg/ha of sulphate of ammonia (2116N) was applied to the pasturein two equal instalments in April and August respectively. 126 kg/ha
of triple super phosphate (32-43% P 0 5) was also applied during the 
second dressing. Between thethe sixth and seventh weekgrass was harvested of regrowthfor silage. The citrus pulp (orange pulp)was collected fresh from usedthe Lafia Canning Factory, Ibadan and
used the same day. 

was 

Ensilage 
The cut grass was left to wilt for about two hoursinto bits and was choppedwith tractor mounted forage chopper. The silage mixtures 
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were prepared on fresh weight basis as follows: 

10096 	 guinea grass 400 kg (101 kg dry matter, DM) 

90% 	 guinea grass to 10% citrus pulp (86 kg and S.5 kg DM. 

respectiv ely). 

75% 	 grass to 25% citrus pulp (72 kg to 19 kg DNM, respectively) 

and 50% grass to 5006 citrus pulp (49.1 kg and 47.3 kg D%), 

respectively). 

For convenience tile treatments shall be referred to subsequently 

as 0%, 10%, 25% and 50% grass-citrus pulp silages. 

Each silage mixture was mixed thoroughly and made to pass through 

a tractor mounted chopper and packed well in double-layered polythene 

bags, sealed, and each bag placed in 1SO litre (40 gallon) drum. The 

contents were weighted down with heavy stones and ensiled in duplicates 

for approximately three months. All treatment mixtures were ensiled 

the same day. 

Sampling 
Approximately 3 kg was taken from each of the fresh treatment 

mixtures before ensilage and kept at -5°C in well-stoppered jars until 

required for analhsis. Similar amount was taken from eachbag of 

silages from the top middle and bottom layers bulked, thoroughly mixed 

and 2.5 kg taken and treated as for fresh mixtures. 0.5 kg was expressed 

and the pH of the juice was taken. 

Digestion trials 

Six West African dwarf rams (mean liveweight 32.6 + 2.09 kg) 

were fed the control silage in separate metabolism crates for 21 days 

consisting of 14 - and 7 day - adjustment and collection periods respect­

ively. Ad libitum intake was established during the first 7 days of 

adjustment and each animal was offered the mean o' its intake plus 

1006 twice daily at 0800 and 1600 hrs during the last 7 days of the 
accessadjustment period and the collection period. Each ram had free 

to tap water and salt licks at all times. The six rams were later 
of the three grass - citrusrandomly assigned in groups of two to each 

pulp silage treatments and fed for the same period. A two week period 

was allowed between the digestion trials. 

Samples of feed, orts and faeces for each animal were collected 

each day weighed, and bulked at the end of each collection period. 

Dry mater was determined on 200g duplicate samples at 100°C 

to constant weight and by toluene distillation method (Dewar and Mac-

Donald, 1961) as modified by Minson and Lancaster (1963) on silage 

samples. Proximate analysis were conducted by Standard AOAC (1970) 

methods. Energy was determined with Gallenkamp oxygen Ballistic 

bomb calorimeter and pH of the expressed juices from silage was 

read in a Copenhagen Radiometer pH meter. 

Statistical analysis was based on 2-way classification in which 

animals were regarded as replicates and the 4 treatments as the main 
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treatments (Steel and Torrie, All1960). values are expressed on dry
matter basis. 

RESULTS
 

Chemical composition
 
The dry matter (D.%I) and the crude 
 protein (CP) contents of the,lage mixtures . ture low I).(Table Replacement of the grass with'itrus pulp toled decreases of approximately 

4 3%, 1396the silica-free ash, and 4.8% inC1P and the crude fibre (C.F) contents of the control.These decreases were not consistent with increased addition citruspulp. As bewould expected the nitrogen-free extract 
of 

(NFE) showeda general increase with increased amount of citrus inpulp the mixtures 
citrus pulp. Similar trend 

due largely to high-er content of '4ugar in the 
was observed for ether extract (EE) except for the 10% citrus pulp­grass mixture. [he data in Table ! showed that the silages were notof the desired qp ality as indicated by the acidity. Addition of citruspulp however re(sulted !n increased DM content with thecitrus pulp silage having approximately S% more 

50% grass­
ing grass 1)',1than the correspond­silages. The CP (NX(,.25) was generally lowcr than in the,orresponding fresh mixtures. The loss of CP as a result of enzilagearied betwen 2,.1 and 7% in the ,ontrol and the 50% grass-citrus
pulp silages respectively. 

Voluntary intake, digestibility and utilization of dietary constituents 
The results .,f intake, digestibility and utilization of energy (E).,Ithe four silage tpes are presented in Table 6 i id 3, respectively.[he intake of DMI per kg of metabolic size (g/Wkgtigher for :0% 

* ) was significantlythe silage than the control (P<0.005) while the remainingtwo silages showed no improvenment over the control. Dry mattertbxlity was diges­improved with increased replacement
pulp in the of grass with citrussiluges (P<O.005) and each of the grass-citrus pulp silage,%aimore dig_'tible than the pure grass silage (P<0.05).N'FE in which there were no significant differences among 

Except for 
the treatments,the digestibility of either CP or energy followed similar trends asthat of DM. The digestible crude protein (CDP) intakehot more was very low(P<0.OI) was consumed from each of the grass-citrus pulp)
!h,in from the control.
 

The mean daily intakes of 
WDE) 

gross epir ,y (GE) and digestible energyper kg metabolic size (Mcal/wkg ) were significantly (P<0.00l)higher for grass-citrus pulp silages. Using the formulae proposedGlrrett et al. (1959) for by 
of 

DE and metabolisable (ME) energy requirementssheep for maintenance, the calculated DE MEand requirementsof sheep fed grass- and 50% grass-citrus pulp silages are approximately1.,16 Mcal and 1.51 Mcal, and 1.95 Mcal and 1.58 Mcal, respectively. 

DISCUSSION 

Except for the slightly lower percentage content of CP and etherextract the values for the proximate constituents citrus pulpof thewere in agreement with the values reported in the literature (Ammerman 



TABLE 1. The chemical composition of guinea grass and of guinea grass-citrus pulp mixtures at harvest and their 
silages. 

grass 

9:1 grass 
citrus 
pulp 

3:1 grass 
citrus 
pulp 

1:! grass 
citrus 
pulp 

Citrus 
pulp 

Dry matter (%) a 

b. 
c 

25.32 

24.80 
25.07 

25.89 

25.31 
26.42 

27.30 
26.53 
28.37 

27.42 
26.93 
27.13 

16.30 
-
-

Si0 2 -free ash (%) a,
b 

7.69 
7.40 

6.55 
6.07 

4.37 
4.89 

7.06 
6.82 

1.88 
-

Crude protein (%) 

Ether Extract (%) 

a* 
b 

a* 
b 

5.58 
4.07 

1.91 
1.50 

4.85 
4.52 

1.78 
1.05 

5.01 
4.73 

2.15 
1.78 

5.17 
4.81 

2.32 
1.80 

4.81 
-

2.95 
-

Crude fibre (%) a* 

b 
36.23 
38.50 

35.94 
37.50 

35.88 
37.72 

34.50 
37.95 

13.70 
-

Nitrogen-free Extract (%) a, 

b 

48.59 

48.53 
50.88 
50.86 

52.59 
50.88 

48.56 
51.01 

76.66 
-

a 

pH 
Fresh mixtures berore ensilation 
Vahes on dry matter basis. 

b s 

4.85 

Silages c 

4.73 4.67 
Toluene distillation values 

4.60 



TABLE 2. The intake and digestibility coefficicits of proximate constituents of silages by sheep. 

100% 9:1 3:1 1:1 S.E. 

DM intake (g/head/day) 

DM intake (g/wkg0 . 7 5) 
DM digestibility (%) 
CP digestibility (%) 

grass 

46 7ab 

3 4.3ab 

48'ta 

20.0 a 

grass 

414 b 

30.9 b 

53.8b 

31.9 b 

citrus 

50 2 a 

3 7 .7a 

56.7 

36.4 c 

pulp 

7 2 1c 

51.1C 

60.6 d 

d0.9d 

27.71*** 

1.97 ** 

1. 10.** 

0.78 * 

CF digestibility (%) 
NFE digestibility (%)
Energy digestibility (96) 
DCP intake (%) 

62.9 a 

58.3a 
51.7 a 

0.81 a 

65.3ab 
63.2a 
5 5 .6b 

1.44b 

6s.5bc 
67.5a 
5 7 7 a 

1.72 

69.0 c 

66.9 a 

6 3 9 d 

1"9Z 

1.371 
4.05 N.S. 
0.60,** 

0.03** 

Values in the same tow with the same letter scripts are not significantly different (P < 0.05) 
* P < 0.05 

** P < 0.01 
* p < 0.005 

N.S. P < 0.05 



TABLE 3. Mean utilization of dietary energy 

Level 
0% 

of citrus 
10% 

pulp 
25% 50% 

S.E. of diff. 
between means 

1" 

G.E. 

G.E. 

G.E. 

D.E. 

in feed (Mcal/kg) 

Intake (Mcal/head/day) 

Intake (Ncal/wkg 0 

intake (Mcal/wkg0 " 75) 

3.75 

t.76b 

0.13 

0 .0 7 a 

3.87 

1.60 b 

0.12 a 

0. 0 7 a 

4.81 

2.42 ab 

0 .1 8 b 

0.10 

4.75 

3 * 4 3a 

0.24 

0.16 c 

+0 -39* 

+0.004*** 

* P <0.05 

*** P <0.001 

Values with different superscripts in the same row 
significantly different. 

are 
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et al., 1966 and 196S & Keener et a,., 1957). The lower l:\I contentof the silages In contrast to that in thedue seepage fresh mixtures probablyto wasof moisture fron tilecentral mass. outer layer into theThe [)'%I content lower and 

of o the silages was lower300% to 35,, usually recoanerded than the levels 
Presious reports for the production of good silage.ha e I 'ownthat
the the contentpIr\h of iitlnea grossstage it Is usually grazed (lit ator usually veen 21 as(Oiubajo and OCyenuga, 197I4). The 

bet and 26%o 
lower content of B \the rconventioniw obtained byos e- drying met hodtillation technique s as compared to thet tribted to toluenre dis­losses(\ ilson t-t Al., 190. lDewar and 

of vOlatiW:; during, drying\ (l)onairi, 19,1; ,,fisorr iid Lan aster.,1,63). 

\ddition of citrus pulp>itag to the grass, atlected thes er, little ( Fable fil ot the resultingI). The nigh 1)ilrebabfv values obtairredto the high was dueHitiil Muoistrfof the , r'outctt, rriadequitemass arid therailown.,, i oipactron 
JIsuffic'ent sourires 

of tte type of silo rather than toof fermentable carbohdrates.that moisture cortent It has been reportedof lorage en-iled is one otlactors that aiit(cts thic ro),,t Importantthe ensiling fhard'tettcsIt ,flage (G;ordon s-t af.. I)6 ; 
and the nuttritive value,\r, hibald ut al., I91,f ind Ihonias

'_-t . 19I6 ). 

.
 

Vhe loss 
 In C1P and the increasein ,ortra.t those in CF contents a I theto in silagesthe corresponding, cornmonur fresh niixtures is usuallye of riisr lage and(A) of grass siloge w,: 
the mean value of 27% loss in thelose to those reported in the litera ture (Sample_t of., 1960). 

The results of digestibility trials onused (Miller et silage sau1pfe,, haeof., as been
of -'tIsilage 

1)63) criteria for re(ommendi figfor the ons,.-rvation the adoptionof fodder for dry season,onic gerrientg tarm,, isr feeding onNigeria and levels ofin the silage 3% DCLP and 0)%hose been selected )OM
lower fesefs w ifll riot pros ide 

as the minima, as niaterrals withmaintenrce requirements.,)I tib- present 'tudes lhe resultsrIdicate 
,roj,a lage 

th.t with the exception ofthe 1D)OM. requirements the 100?o are met but theoff the silages tell short percent DCP inof the criteriana.ice (Table for DCP requirement for2). Lalk of mainte­erergy is probably tire mostfestation of nttrritiorial common rrani­deficiency' in sheep.the results obta ned It kould appear fromin th,,,e studiesby the experimental nimrais was 
that the mean daily energy intakeinadequate to supply the Maintenanceenergy level (Table ). 

The results of the experimentsifage made from guinea 
reported in this paper indicategrass harvested between that 

wseesk oI regrowth supplied less o i 
the sixth and seventh 

sOlen led to sheep as 
, i I, (i , ., Oi_ requirementsa result of low DM, consurrpt iol.more iri estigatotIs It is re!that should be carried out vant 

te stage of growth at which 
to ascertain the appropria­local grasses shouldarnd to find other cheaper high 

be cut for ensilage 
the low energy and protein sourcesenergy source to augmentwhich grazing animals have access to in thedry season. 
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EVALUATION OF COCOA-POj 
 AS A FEED INGREDIENT 
 FOR CATTLE 

O.B. Smith andBY
A.A.Dept. of Animal Adegbo/a' cienc, ncrstv ofl Ife. lie-Ife, Nigeria. 

INTRODU(j(1-ION
According to Branckaertand (197,) and3.6 million metric G(dhl (1975),tons of Cocoa-pods about one millionon the plantations are left to rot andannually wastein Ni,.IlaThis is not only and the Camnerouns,a potential danger, respectively.excellent since themedia discardedfor the organism pods constitutecausing black poda phenomena] disease,wastage but aloin terms of lost nutrients.
 

On thTe average, 
 cocoa -pod contain,!rotrs make up about 
39% dry matter of which",", crude librec3% and Nitrogen-free 21%, ether extractextract 3%, ashcomponents 54%. Inconstitute other words,about 0c of energy -yieldingtherefore, ai potentiall good 

the dry matter. Cocoa-podsourcethat can accomodate its 
for livestock, particularly,

riulinan ts of energy is, 
bulkiness andits high fib rons etficientlycomponent, metabolisethanks to the rumen and its microbes.lrnfortuna tely, this potential energybeen adn-qnateh, feed ha:, toevalu, ted, date, neither

designed nor 
to establhhme 

utilid. A detailed resodarchfeeding ProgramnTICnidverst Of lu of cocoalfe, Nisn pods for livestockiersitof 
ier y l-. lsIfe, in, Nieria. being carried out at tiesIon of two My presentation willcattle feeding be limitedtrials, in which to a discus­lesels of corn or guinea-corn cocoa-pod replaced varyingfor all concentrate feedlot diet. 

FIRST TRIAL
 
Meterials and Methods:
 

A total of 36 localN'dama x White 
type cattle including 


were used 
Fulani crosses purchased 

the Keteku, N'dama and
fromfor the first trial. a local cattle marketand injected with a vitamin A, 
The animals were dewormed, deticked
the animals D & E preparation
were not used on arrival.gradually to concentrate Sinceintroduced feeding,to this typ, they had to bequarantine (,f f-L14;- tlr',,"poriod. ffhe diet use, -itial 4 -weekwos Ilaud(, ulpgrains, groundnut cake and 

of corn, brewers drymineral-vitarnins supplements.
On day I of 
 the experimental period, the animalsafter an 18-hr were weighedand 10-hr feed and water fast, respectively, to obtain 

1 A. 
. -,.. 
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an initial shrunk weight which averaged 106 kg. They were then ranked 
by weight into 3 comparative groups of 12 cattle each. The three groups 
were in turn randomly a-sivned to three experonental diets designated 
control, low cocoa-pod and high cocoa-pod diets. 

The control diW t , , ' ' ,i w-ri, 19. 5% brcwo'rs dried 
grains, 47% groundnut cake, 11.7% molasses with ,ait, m -, and micro 
mineral/supplements taking up the ,lack. The low cocoa-pod diet was 
similar in composition c:xccpt that cocoa-pod replaced a part of tihe 
gumea-corn, to constitute 20% of the diet, while the high cocoa-pod 
diet contained 40% cocoa-pod. 

The animals were fed their respective diets for 112 days, at the 
end of which final live weights were recorded after an IS-hour and 
12-hour feed and water fast, respectively. Three animals were randomly 
selected from each treatment, slaughtered, and the carcass weight, 
longissimus dosi muscle area and dressing %. Recorded, the relationship 
betw,een crcass weight and final liPe weight of the 9 slaughtered 

[ 2cattle was defined by a regression equation with an value of 0.96. 
This equation was then used to estimate the carcass weights of the 
unslaughtered animals whose dressing % was subsequently calculated. 

RESULTS: 

Mean dry matter intake during the 112-day experimental period 
was 5.2 kg Dm/for the control, 5.5 kg Din/day for the low cocoa-pod 
diet, and 5.6 kg/Drli/head/day for the high cocoa-pod diet. These figures 
,.re not statistically different. A definite trend of increasing feed intake 
with increasing dietary le,'els of cocoa-pod is, howeer, evident. 

Daily gans were h.79 kg/day for the control group, 0.63 kg/day 
,ind 0.51/day for the low and high cocoa-pod groups, respectively. 
These difterences were also not significant, but a clear trend of reduced 
grams with increasing levels of cocoa-pod emerges, and this is confirmed 
by the feed efliciency figures calculated. Control cattle required 6.6 kg 
Din. for every kg of gain. This was significantly lower than the 8.8 kg 
and 10.9 kg reluired by those fed low and high cocoa-pod diets, respec­
tively. The low cocoa-pod diet was in turn significantly better utilised 
than the high cocoa-pod diet. 

\We observed no significant treatment effect on any of the carcass 
paramenters measured. Carcass wieght, dressing % and longissimus 
dorsi muscle area were similar across treatment. 

SECOND TRIAL 

Materials and methods: 

The second cattle feeding trial was conducted essentially alon 
the same lines as first one, except that: 
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I. The levels of cocoa-pod in the test diets were changed from 20 and40% to 30 and 60% for the low and high cocoa-pod diets, respec­

tively. 

2. Corn, instead of guinea-corn was the main energy source replaced
with cocoa-pod. 

3. Molasses was excluded in this trial, because it is a seasonal, scarceand difficult tc transport product, which sniall scale farmers maynot easily obtain. The parger-scale farmers that havemay accessto it will pass the extra cost of procurement to the consumers.
So molasses was replaced by the sane amount of wheat bran. 

Results: 

This second trial ended quite recently as such only daily gainfigiures are available. Control animal, 0.5gained kg/day, while thedaily gains of those on the 30% cocoa-pod diet was similar at 0.4 kg/day,many of the cattle fed to the 60% cocoa-pod diet lost weight andthe average gain. For this 
low 

group was a low 0.1 kg/day. This extremelygrowth rate not a lowwas due to teed intake but to very pooruitilization. Fecal output of the animals was excessively high suggesting 
a %ery rapid rate of passage. 

DISCUSSION 

The objective of these experiments was not to compare corn erguineacorn with cocoa-pod, but to determine how much of these readilyavailable but expensive and highly competitive sources of energy couldbe replaced by cocoa-pod without reducing performance to the point',here it became unprofitable. Paved presently available data weon
recommend inccusion rates of up to 40% cocoa-pod at the expeseof corn of guinea- :orn in feedlot diet,. A level of 60% as of now appearsexessive. It may be possible, howeer. to use even higher levels by
manipulating cortain factors, such as: 

1. Increasing the particle size of the ground cocoa-pod in order to
slow down the rate of passage. 

2. Feeding a minimum amount of roughage to ensure proper rumen 
function. 

All of these should improve feed utilization and allow the use of higher
levels of cocoa-pod in feedlot diets. 

In our evaluation of cocoa-pod as a feed ingredient for cattleke did riot limit our observatior,, Lu 1;, .. t . 'Uing the material on performance and carcass nierit alone. We examined three otlter 
parameters: 
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I. The potential health hazard to both the animal that consumes itdirectly and the humans that will evatually eat the animal. cocoapod
is rich in some alkaloid such as theobromine whose toxicity has beenadequately demonstrated. Cocoa-pod may also contain high levelsof some toxic minerals such as copper and zinc which are active ingredi­ents of some insecticides ,s afly sprayed (_,n .ocoa. Such minerals
if present in sufficiently large amounts may onlynot intoxicate theAnimal but also the consumers of meat and offals, since storage in
-issues and is of theorgans one mechanisms employed theby animal 
:.o eliminate excess dietary minerals and maintain mineral horneostasis. 

In our experiments, we did not observe any symptorns of alkaloid 
mineral toxicity in the animals, neither did we find excessively highmineral concentrations in theeither experimental diets or animal
tissues that might constitute a health hazard to the consumers. 

2. We also studied the effect of feeding cocoa-pods to cattle on theorganoleptic quality and consumer acceptance of the resulting beef.
Evidence exists that certain dietary factors may alter the composition
and nature of body fat in the ruminant, in spite of the legendary degra­dative role of the rumen. The results of two consumer acceptance
tests carried out indicated that beef from cocoa-pod fed cattle was
 
as tender, well 
 flavoured and acceptable as beef from the control 
cattle. 

3. Finally, we looked into the economics of collecting, drying andfeeding cocoa-pods. Our figures are not definite yet, but preliminary
calculations suggest that incorporating cocoa-pod into corn-ora guinea­corn based feedlot diet to the tune of 40% of total diet may reduce 
feed cost by about 11%. 

CONCLUSION 

In conclusion, it is clear that cocoa-pod has a definite feeding andeconomic ,alue for cattle, which appears to be the most suitable species
for its utilization, since it can constitute a large proportion of thediet unlike in rnonogastrics where it can only be used as a minor supple­
men t. 
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L'EMBOUCHE BOVINE AVEC UTILISATION MAXIMALE DEMELASSE DE CANNE 

Par 
Henri Peletoninstitut d'Elevage et de M\edecine Veterinaire

des Pays Tropicaux (I.E.M.V.T.) 

10, rue Pierre-Curie, 94700 Maisons-Alfort, France 

R6sum6 
Sur le plan des cultures fourragdres,donne Pennisetumde bons resultats purpureum localaux niveaux rendernent 75 tonnes/hadeverte en mati6re5 coupes annuelles), appetibilit6 et valeur alimentaire. 
L'exploitation m6canique de Stylosanthesen saison des uyanensis estpluies. difficileL'usage envisage pour cette legumineuse est doncl(-nsilage. 

Tripsacum laxum permet de grands espoirs
tion en vu sa parfaite adapta­essais dans la region de Mbandjock. 

La melasse est distribu~e volont6.,pres selonune phase d'adaptation ]a m6thode de PRESTONde 14 jours. 2 p 100 d'urde sont incorpordsa la m6 lasse.
 

La compl6ment 
 proteique est apport6coton. Les sous forme demineraux indispensables (Na, P, Ca) 
tourteau desont melanges au tourteau. 

L'indice de consom-nation est tr~s satisfaisante S jusqu'au Sle car il est inferieurjour pour atteindre 12 au 130e jour.
 
Le G.M.Q. 
 est en moyenne de g/jour avec des extremes allantde 450 a 1300 g/jour. 

Sure le pland des abattages, le rendement carcasse deconfirme 54,6 p 100une bonne finition.
 

Dans Iavenir, il sera 
 indispensable de fairepossibles de la melasse. I1 semble un choix dans les emploislogiquetion de viande soit de penser que loption produc­prioritaire vu les carenceset la -arote en proteines animalesdes aliments du b6tail dans de nombreux pays en ded6 veloppement. voie 
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Le rendement (:arcasse est en i'(:nne de 5ai,6 p0O0, chiffre confir­

mant une finition satisfaisante. 

INTRODUCTION 

La mission de Deeloppement de l'Enbouche Bovine de Mbandjock 

(\IlDEBOM) a pour r6le dUrant //3 anls, a partir des r6sutats acquis 

do degager l'intert c(onomique de utilisation maximale de ielasse 
P lembouche bovine afin d'envisiger une extension possible du feed­

:ttons de la Cellule d'.ppui Technique aupres de la MIDEBOM 
esTentiellement sur les essais de cultures fourrageres, sur lutilisa­

!de!a inelasse dans I'emboche bovine et sur lexploitation des 

.' V1OCK( ,'st a une centaine de kilom6tres de Yaound6 sur 
i. rta, ftionale 1. Le siter retenu se trouve a 4 km de la Soci6t6 

j5icroretdo Ca eroun (SOS.CAM), a 25 km de la Cameroun Sugar 
Co'puln. (CAMSt(0) et a proxrmite de la voie ferree DOUALA­
','O. -G. INDERE. 

L, no',cnn.' anriwl le des precipitations est de 1444 rnm avec une 

sdsOn st',:he ri rquee de Decembre a Fvrier, une saison des pluies 
de \lars L' T in, une petite saison seche en Juillet-Ao~t L une grande 
,aison de ploies de Septembre a Novembre. 

La zone du projet est a une altitude de 600 metres. 

ACHAT DES ANIMAUX 

Le premier lot do ,t bus a etc achete en f6rier 1980 dans la rrgion 
de NG.\OUNIDE)LE .ur I' D.\M,\OIA. CC troupeau comportait 57 animaux 
mniile. entiers ou castri, do race Goidali, iges de 3 a 4 ans. C'est 

,

sLr ce lot que nooi a\o,i bt-n oi premiers resultats techniques, 
les donnees du secoiid lot Cteant en coors d',tude. 

tLes 3e, e et 5e lots re sont pJ encore cominercialisables. 

PROPHYLAXIE DES GRANDES HALADIES-AFFECTIONS RENCONTREES 

It est hors de doute qu'on no_peut b$tir on projet que sur du bdtail 

sain. C'est pourquoi une prophylaxie rigoureuse est appliqu6 e d~s larriv6e 

des aniinaux qui sont mis en quarantaine pendant doux semaines. 

1. Le ler jour: 

Les anirnaux sont mis a parc aprs une dite complete de 12 heures, 
ilssont peses et marques. Le detiquage est effectu6 a I'aide d'un pulve­
risateur 6 dos. 

I convient de noter que les boeufs ont requ on traitement preventif 
contre les trypanosomiases d6s leur rassemblement au centre d'achat. 



- 277 -

De 	 plus, ces animaux vont 6tre 6 lev6s en zero-grazing, la region deMBANDJOCK 6tant favorable aux Glossines (G.palpalis) infectantespar 	 Trypanosoma vivax, aux Tabanid6s et aux Stornoxes qui constituentun vecteur des Trypanosomiases. C'est pour cotte raison 	que les infrastruc­tures des parces sofit traite-es , laide d'un insecticide: 

a) Deparasitage contre les vers ronds.
b) Traitement syst 6 matique. contre les pour
 
curatif trypanosomiases

"blanchir" d6finitivernent lorganisme.c) 	 Deterrnination de lige, do la race, et du sexe (ilest pr6vu d'engrais­
ser des ,ath s de reforrne). 

2. 	 Le 3e JOUR 
Vaccination (.ontre la pasteurellose. 

3. 	 Le 7e JOUR
 
Vacination contre 
 la peste bovime et ]a peripneumonie ontagieuse

bovine. 

4. Le 9e JOJR:
 
a) Vaccination contre 
le charbon bact~ridien.b) 	 Vaccination contre le charbon sympt6natique.

c) Traiternent contre 
la fasciolose. 

Les 	principales affections rencontrees sont:
 
- Le Heart-Water pouvant 6tre 
 trait6 

la Terrarycmine. 	 dans les formes aigu4s parLes fornies suraigu6s sont foudroyantes et touttraitenient curarif est utopique.
 
Enquete entornologique dans 
 la zone de Mbandjock. Laboratoiredentomologie rnedicale 	ONAREST 1976.
 

- Les maladies d'ordre 6

basiques dues 6 une 	

alimentaire, en particulier les mrt 6 orisationsforte production d'ammoniac dans le rumensuite e lingestion d'une grande quantit6 de m~lasse contenant
2 p 	100 d'ur6e. 

En 	 effet, pour passer du regime pdturage 'ingestion de 6 lasse.id libitum, ilest indispensable de pr~voir p~riode 
m

une d'adaptationfa rmelasse-urde. C'est ce que nous verrons dans le chapitre alimenta­
tion. 

ALIMENTATION 
La 	 m6thode d'embouche des bovines avec distribution de m6lasse 

a volont6 a 6t6 mise au point par PRESTON a Cuba.
 
A la MIDEBOM, ration
la des animaux -e d'unecompose quantit6limit6e de fourrage, do 	 m6 lasse dans laquelle sont incorpor6s 2 p 100 
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d'orce prealablement nime en solution, de tourteau de coton, de sel 
iarin, de phophate bicilcique et d'eau. 

La MIDE3O.N1 nttlisra les repousses de canne recoltees sur lesparcelles "gel'es", ainsi que les bouts blancs. La bagasse nest pas dispo­nfh: car 1i SOSIC.\.'d a brLde cJans ses chaudieres pour fournir l'6nergie!rdispensable t luwte. Donc actuellement, la MIDEBOM a mis en placed- 'Itures foctrragi)res qui feront l'objet de notre prochain paragraphe. 

Cuitures Fourrageres: 

Ponniseturn purpureum (Napter. Herbe at [lepharit-Sisongo). La cellule
'T:i, qu', a coinnoence sos essois snr cette Grarninee en sep-I . C'i-,t du Pennisetum local qui a er utilise, car ii resiste 

. diJes, el part t:nlier aJx borers. 

[-j plantation A ereo 
,t 

laite stir billons e&:art(,s de 0,75 m. Le Napier. lante en outires e 3 noeuds aoutes, ou en eclats de souche
.",iatnts de 0,5 i. Des csaj; ont ( tm entropris en adoptant la m'thodeiutilisoc pour 1 ,li a s.iir, Ia nlise dars IC sillon de tiges entieresrcioi'. vr toe di- fOrr,. 

Lts ternoins ,orsistioni - banttires,cn ecla ts de souclie et tigesne re:e%,ant n: a tD uro-;iticide, i triteinent iongiciile, in engrais. 

nO . tir,)n , ) rw i miinicaicri I diJstI stir les donneeschiffrees rerueill irs. cperidnt , pon r In prcelkls trattoes tCt ,Jyantrey-u lO UiiltS 1V, wilute de 1,0. . !0 tinis de K 20 vn fniilure,de fond, ave.( ,n.te d'\ apr s hique C:ope on obtient Lnitrendernent
de 75 tonne, duj nat!,ra .,erte t ['hectane on 5 coipe, aiinnuellAs.
 

La %aleur bromnatolgique di ; , igo ust bonne( k rrporter aux
 
at exes).
 

Stylosanthes Guyanensis: Aucun essai veritable na ete mis en place 
pour cette lCguiMioreUse. 

Sem6 en Octebre j979, Ia Dremt(ire coupe a 6tc laite en Juillet
19S0, doe tardivcinent.
 

De nombreuses difficul tc.s 
 sont apparues dans 1'exploitation de la
plante. Outre I on ahissernont par dti Panicumn et des Solanees, les tigestrop longues du t.lo "bourraient" dans 1a recolteuse. Puis la saisondes pluies s'instatlant en septeibre, !os engirs ont en do grosses (!itICtLIltesdans tine terre gorge;e ( 90 11 1inide pluie etn Octobre 19S0).
 

)e plus t
mic naladie est apparue sur le Stylo, vraiseiblablenent
 
il mycose.
 

,eleorn notre avis, soul moyen d'exploiter le Stylo dans la regiondo %lbandjock est do faire de lensilage, les rendernents atteints 6tantde 25 t/ha a la 16 re coupe. 

http:MIDE3O.N1
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Sepinieres. Nous avons requ de la station de WAKWA, desecla ets de souche de Tripsacum Laxum (Guatemela grass) etPanicum deT. La surface plantee unit
K2O.Cette gramirce 

7de P2 05 et 250 unit6s des'est trs bien adapt6e 1 a regionde et a partircette pepiniere, nous aons pu replanter environ 20 lafois surfaceprimTitive en boutures a 3 ou 4 neoeuds aoutes. 

Certes, le Tripsacum est
if tres 

une plante exigeante en engrais maisest bien appete et le rapport feuille/tige est tres important.Sur le plan econornique, une surface de Guatemela grass, bien exploi­tve a une duree d'exploitation quasiment illirnit6e ce qui amortit
consgiderablernent le prix de revient. 

Alimentation proprement dite. Comme nous le disions plushdut, la melasscs est la source d'energie principale. Le fourrageimit6 8,5 kg de rnati6re verte par animal et par jour a essentiel­lement un r6le mecanique dans la rumination. Le tourteau de coton,oncreux, et lirirt6 -1 0,8 kg par animal et par jour (52 F CFA\lIDE[BOM). C'est ce renduqui nous a amen6 a utiliser l'ur~e comme sourcede protines (2 p 100 due poids de la melasse). Nous repetons que'uree doit c.tre dilute dans l'eau akant son incorporation a la melasse,
p1uis bien m6 langee. 

La flore et la faune due rumen contenant peu de microorganismesproduisant lur6ase, estit donc indispensable de prevoir une perioded'adaptation s'e'talant 14 jourssur sclon le schema suivant: 

kg/t4te/jour 

,ours Fourrage Melasswe UMv T-urteau deMMe coton I
Sd icalcique 

I 12,5 0,5 0,01 0,2 0,01 0,012 12,5 0,5 0,01 0,2 0,01 0,01
3 12,5 1 0,02 0,3 0,02 0,02
4/ 12,5 1 0,02 0,3 0,02 0,025 12,5 1,5 0,03 0,4 0,03 0,036 12,5 1,5 0,03 0,4 0,03 0,037 12,5 2 0,04 0,5 0,04 0,04S 12,5 2 0,041 0,5 0,04 0,049 12,5 2,5 0,05 0,6 0,04 0,0410 II 2,5 0,05 0,6 0,04 0,0411 11 3 0,06 0,7 0,04 0,0412 10 3 0,06 0,7 0,04 0,0413 10 3,5 0,07 0,7 0,04 0,0414 8,5 4 0,08 0,7 0,04 0,0415 8,5 4,5 0,09 0,8 0,05 0,05
Fin De La Periode D'Adaptation16 et 8,5 ad libitum 2 p 0,8 0,05 0,05 

100 
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La m6lasse et le tourteau de coton sont tres bienapp6t6s. 

La rise au point d'une pierre a l6cher s'6tant av6r6e quasimant 
inpossible, les mineraux sont distribues en saupoudrant le tourteau, 
,:e qmipermet un excellent contr6le de la consommation. Le sel (Na Cl) 
,..st indispensable car la richesse en potassium de la melasse entraine 
une p;..rte de sodium tres importante. 

Rationnernent: L,-s normes movenrei suiantes etablies d'apres 
ics nalytes de relerence ont ete retenues Pour I'tablissernent de 

iation. 

AlimCIts % matiers seche UF/kg MS MAD g/kg MS 

\Ilasse 82% 1 
Tourteau de coton 91%6 0,9 350 
Penniseturn 200 0,4 70 
Lree 100% - 2.000 

La ration thorique prcvisible a pu tre estimrcen quantite et 
apports nutritifs (UF et MAD). 

Aliments Quantites d'aliments/TETE/JOUR. 

M6lasse 5 kg 
Tourteau de coton O,Skg 
Fourrage S,5kg 
Ur -e 0,1kg 

AlPPOlIT UF/TETE/JOL'R. 5,4 
APPORT MAD g/TETE/JOUR. 575 

Les besoins minimai en vncrgic et mati6res azotees digestibles 
peuvent tre evaluees comme suit dapr6s les normes classiques pour 
I animal de 300 kg. 

Besoins totaux pour 1 kg de croit/jour - 5,3 A 6 UF 
Besoins et MAD (90 g/UF) 4450 g 

I1 apprait donc que Ia ration permet th~oriquement un croit d'envi­
ron I kg/jour. 

Periode et duree Les animaux sont entr6s en embouche le 26 
f6vrier 190. Les derniers boeufs ont 6t6 vendus le 3 Octobre 1980. 

Consomnmatiorc Toutes les consommations ont 6t6 contr~l~es et 
enregistr6es. 
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Pesees: Les animaux sont pes6s tous les 14 jours apr6s un jetnede 12 heures.
 
Resultats 
 d'abattage: Les pes6es,ont pu le calcul6tre faits du rendementsur les anirmaux abattus brut 

a Mbandjock 

DEROULEMENT
Resultats DE L'EMBOUCHEPonderaLIx:Les arinaux achet6s au poidsLepoids moyen de 256oyen de 373 kg ont et6Le record kg soir une vendusobserv6 variation pond 6ralea 6te de 461 kg pour de 117 kg.quotidien moyen un animal de 4 ans. Son gainetamt de lordre duklogratfrIe. 

Consommation et efficacite de la ration:Let tableau ci-dessous donne 1evolutiondivers constituants de la ratiorn des consommations25, 53, des81 et 130 jours. 

Aliments EN KG 25 jours 

relasse ]our 
130 jours

]o rs
5,3 our

Uree 18,3 11,6
(Jr 4,6 6,8 8,53e 7,50,092 8,8rourteau 0,136de coton 0,150,8 8,1S'1 iacqePhsht 0080,01 0,8 0,80,01 0,80,018 0,176Phosphate bicalcique 0,015 0,0150,018 0,050,015 0,015 0,015
 

D'o6 les consommations globales et individuelles suivantesla dur6e d'embouche pendant 

Aliment (en kg) Aliments totaux Ration moyenne

FIourrage
 

Iree ~elasse 93,384-9Tore 63,113TOUrteau 6,71,262Sel 6,998 0,1340,74296
Phosphate bicalcique 0,31296 

0,31
 

Le maximum de consommationjour (9,6 kg/animal/jour). de m6lasse se situe versbe',oins A ce moment le 120een M.A.D. 16, l'ur6e.\u cours de covrel'embouche, 56 p 100 desle rapportde 106 M.A.D/NIF85, cc qui 
6 volueest normal.
 

Apr6s le 
 120e jour,sommation on note une diminutionde m6 lasse constantecomme P'avait obse-v6 de ]a con­le Docteur-VeterinaireRIVIERE. 
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Gain Moyen Quotidien: 

27e jour 55e jour 83e jour 126e jour 
GmQ 595 g/i 870 g/j 821 g/j S53 g/j 

Les extremes vont de 450 g/jour ii 1300 g/jour.
Les indices do consommation sont les suivants: 

25e jour 53e jour 81e jour I 130e jour 

I.C. 5,1 S,05 7,99 12,0 

RESULTATS D'ABIATTAGE
 
Le poids moyen d'&abattage a et6 de 
 373 kg poids vif. L'animalle plus lourd, Zg6 do 4 ans, pesait 461 kg au moment de la vente

(6. M. Q. 7 1.000 g/jour). 

Les r6 sultats portents uniquement sur les rendements 1.,oids vifavant abattage, les animuaux abattus a YAOUNDE nayant pu ktre 
6tudi6s. 

CONCLUSION 

Sure le plan 
6 

technique les resultats sont satisfaisants, i'indicede consommation tant inf6rieur 6 S jusqu'au Sle jour et le rendement
boucher sup6rieur a 54 p 100. 

A court terme, le probl6me de prix de 
co sous-produit 6 la m6 lasse va se poser,

tant fourni gratuitement a la MIDEBOM josqu'tla fin de la phase exp 6 rimentale. De plus la m6 lasse trouve de nombreuxemnplois concurrentiels clans de nornbreux pays. Ce sont notamment: 

- fabrication d'alcool, 
- fabrication do vinaigre; 
- revtement de route; 
- engrais potassique; 
- milieu do cultures pour la pr 6 paration des l6 vures; 
- extraction de produits chirniques (acide glutamique, b6taine). 

Si fabrication d'alcool pr6sente un int6r~t 6conornique pour lesgouvernements (prix de vente et taxes perques), il nous semble quoles autres usa es soient aberrants dans des pays o6 la production
de viande est deficiente et oi les aliments du b6tsil sont rares. 


