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ABSTHACT 

Nigeria produces ab o u t 10 milli on t ons o f g ra i n s a nn u al ly wh i ch 

need to be st o red be twe en o n e harvest and the o ther over a period of 

8-10 months . Storag e me t hods range f rom local cribs us ed by the 

peasant to wa r ehouse a n d s i l o s t r uc t ure s u se d by larg e - scale grai n 

storag e establishments s u c h as the Nat ional Grai n s Board and Ag ro

-alli e d i ndustries. In s ect i n f e stat i on is c on t r ol ed o nly by che m c al 

applicat ion. A l ot of prob l e ms a r e enc ou n tered with s il o sto r age 

me t hods and c hemic a l c o n tro l of i nse c ts unde r Nige r i an cond i ti on s . 

Thi s p a per e xami nes the appl icat i o n of a r t if ici al c ont r o l led atmo 

s p he res to grain storage in the tro p i cs agai ns t the backg r ound of 

existi ng s t orage practice s a n d prob l ems in Nigeria. 

A researc h pro j e c t is being c arr i ed ou t in c o l l a bo ra ti on between 

ASS ORENI /SNAMPROGET'I' I and NSPRI , in o r der to i n troduce t he Nit r ogen 

St r age Tec h n i q ue f or Gr ains i nto Nigerian p r a c t i ces. The f irs t two 

o f t he pro ject 's three r esearch phases are describe . 

In p h ase I mai ze was stored f or 10 weeks in mi n i si l os f il l e d with 

nitrogen . The insect infestat i on, fungal de t er i o r ation, seed v iabil i 

ty , c hemica and nutr i tional c hanges in the mai ze were measured dur i ng 
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the experi ment a nd result s showe d t h at the i ner t g as sto rage me t ho d 

ma i nt ained the quality of the maize mu h be tter t h an stora ge in air . 

Ano ther trial sto r i ng c owp e a s, a grain l e gume, in t h e mi n isil o s , i s 

in progres s . 

Pha se II of the pro j ec t , invol ving f o u r pi l o t -sc a l e si l os (3 ton 

-capac ity), fully equiped wi t h auto matic phys i cal measu re me n t de v i c e s 

and f i l led wi th maize, has al so co mm enc ed . Pre l i mi nary results are 

presente d. 

I NTRODUCTION 

Grain forms a s u bstant i a l part of the st ap l e f ood in t he t r o pic s. 

Most trop i cal c oun t r i e s p r oduc e far l ess g r a i n t h an th e y requ ire 

loc al ly a nd t he refore have t o s p e nd their h a rd earned f ?rei gn exch ange 

for importi ng gra i n . Ni geria produc e s abou t 10 mi l lion t ons of g r a i ns 

ann ually ma i n ly g u i n ea c o rn, mi llet , maize and ri c e ; the Maiz e and 

Produce Board in Keny a h a nd l e s ab out 5 mi l li on bag s o f maize a nnual 

l y ; wh i le the Na tional Ag r icu l Lura l Marke ti n g Board in Zambi a hand l es 

about 7 million bags of maize annually. 

The me thods at p r esent u sed in Nigeria f or s torage o f g r ai n s v ary 

ac c ording t o t h e le ve l o f s torage. At t h e v i l l age l e ve l o r the pea a n t 

farm e r's level, a very e ff ec ti v e st r uc ture call e "CRIB" ha been 

develc)pe d . It s e r v e s both as a natural dr ie r a nd a c ontai ner . The next 

l eve l of grain stora g e is the me di um scal e l evel. The conve nt i onal 

wa r ehouse or ' godown' has be e n rec o mmende d f or u s e at t h is level . 

Ware hou ses and sil o s a r e used f o r l a r ge s c al e sto rage . Howe ver s ome 

p r o b lems are being encounte r e d wi th the use of silos and therefore 

ware hou s es a re mo r e f avour ed . 

In a l l t he s e s t r uc tures, e no rmous loss es occur dur i ng s torage . 

F. A . O. e s t i ma t ed an annu a l l o s s of 10% in bo t h f a r m and to r e ( Anon, 

1947) and a l os s a s high as 24 . 7% ha s bee n repo rted by Ade suyi and 

Sh o e ( 19 77) in fa rm l e ve l s t o rage . The maj or c aus e s of gra i n sto r age 

l o sses ha v e been ide n tifie d as insects , mou lds and r odents . Birds can 

be a maj o r fac Lor in some c a s e s. As a re s u lt of the s e l o sse s, i t has 

be en r eali s ed that a ny m j or e f fort to i nc reas e food product i on must 

b e supported by effe c t i ve s to r age fac il ities. In realisation of this 
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fac t , the se v enth s pe c ial session o f the Un ited Nat ions General As

sembly in 1 97 5 passed a reso lu t ion that eve ry eff o rt shou ld be made 

to achieve a 50 p e r c ent r e duc ti on in p o st-har ves t fo od l osse s by the 

year 19 85. This resoluti o n r esu l te d in the Re duct ion of post -ha r vest 

food los ses prog ramme of the F. A.O. in 19 77. 

Chemi cals are at present be i ng use d ex tensive ly to r educe po st-har 

vest grain l o s ses. There are howe ver ma ny pro bl e ms a nd ri s ks as s o c i at 

ed wi th the use of chemicals, bo t h to consumers and operators . These 

are ma i nl y : 

(i) Da nger to sto rage personne l 

( ii) Da nger to c o n sumers 

(i ii) Taint and dama g e to s e e d v iability 

(iv ) Prob l e m of i nsect r e si stanc e t o c hemi c al s i n u s e . 

There fore the n eed f o r a safe r alte rnat ive i s evide n t . 

He r me tic sto r age , in whic h oxygen def i c i ent atmosphers are p r oduced 

by t he aerobic r esp iratory p roc esse s of the g rain , i t s microflora and 

insec ts t o a l e vel th a t inhibits t he f ur the r ex is tenc e or deve lopme n t 

of aerobic org a nisms, h a s long b e en known. Howe ve r, t he r a t e at whi h 

this p roc ess occurs is ve ry crit i cal becaus e t he longer it take s, .the 

more d ama g e is do ne by the organi sms causing de teriorat ion. I n c ases 

of dry grain storage wi t h l ow ins e ct i nfes tation, t he p r oce s s of se lf

s t er ilisat ion i s so sl ow t hat it may no t be p r acticab l e. 

To acce l erate the dep l etion o f oxygen t o a l eve l suitab le for the 

e limination of a ll t he deve lopmenta l stages of storage insec t s, a nd 

supres sion of microorg ani sms , it is conven ien t to introduce an inert 

gas such as nitrogen to replace the oxygen - ri h i nt r st i tial atmo 

s phere in s t o!"age b i n s ( She j bal, 1979) . Successful t rial s in large 

- scale fac i l iti es using nitrogen gas for the commercial s t orage of 

whea t and b a rley fo r shor t and l ong term periods (She j bal, 1978) co n 

f i r me researc h carried out . in I t al y for s eve r a l years in labora t ory 

and p ' lot s cal e si los ( Shejbal , 19 79 ) . It i s known t hat the use o f 

ni t r 0 gen for g r a i n preservation could eliminate s ome of the major 

problems o f g rain storage , if a pp li cabl e in Nigerian c limati c condi 

ti o ns , such as ; 

- Taxi ity of insecticides both to consumers and operato r s. 
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- Insect infe station a nd rei n fest a t i on . 


- Insec t resist anc e. 


- Tai n t a nd poor palatabi l ity. 


- Loss of food reserve thr ough me t abo l ic activities of t h e s t o re d 


produ ce. 


Furthermo re it cou l d: 


Increase the p o ss ibility o f sto ring we t grain un t il it can be dri ed . 

- Re tain viability of s t o r e d p roduce f o r a long pe ri od . 

- I mprove the pal a t abi l i ty o f stored p r oduce. 

Use of c o ntro l led atmos ph e re woul d t herefore be o f va lue i n Ni ge r i a 

in co nt ro l o f both insect and moul d growth especially in t he ma i n mai 

ze crop wh ich is harvested during t he rainy s e ason at mO i stu r e c on

tents of 22 -25% ( Adesuyi, 19 68 ) without a ssurance of sunshi ne t o dry 

it. 

A c o llabo r ativ e work be t ween ASSOREN I ( Snamprogett i) and NSPR I was 

the refore ini t iat e d to evaluate this t e c hnique and f o r transferri n g 

the techno l ogy to Ni ger i a. The project i s di v i ded in to th r ee phas es , 

last ing for a to t a l of 30 mo nths. They are as fo llows: 

1st phase: Small-s cale trials utilizing two mini s i lo s , each wi th a 
3 

capaci ty of 0. 6 m . 

2nd phase: Expe r i mental p il o t-sc ale tri a ls uti liz ing fo u r si lo s, each 
3

with a capaci ty of 4 m 

3rd phas e : Large-scal e f ie ld t ria l s util izing two sil os, each wit h 

a c a p a ity o f 40 t o 50 tons. 

Th e fo ll ow i n g is a repo r t on the firs t tr i al i n t h e first phase 

using the minisilos and on preliminary data o f the second phase. 

MATE RIA LS AND METHODS 
3

Two a irt i ght stainles s ste el mini - silo s , useful vo l u me 0. 65 m , 

Si t uated in c o mp lete s ha de at the NSPR I , Ibadan a r e used in t h e trial s 

of pha s e 1°. 

Th e mi n i silos (F Og . 1 ) are equ i pe with 3 sampling paints for gas 

and grain analyses SAl - SA3 a nd S8l - S83 fo r the s ilos A and B r es 

pective l y . Thermi st o r s a r e l oc ate d in t h e ~entral a x is of the grain 

col u mn . Th e s i los are connected with the ni trogen d i stribution system 
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silo s was near ly ze r o . A rapid p rge of the si l os was carried o u t in 

o r de r t o subs t itute the in e rs ti t ial atmosphere with nitrogen, where

upo n a sli gh t c onst ant overpres s ure was main tained during the whole 

storage period. Fo r th i s a pre-set p r es s ure gauge wh i c h automat i cally 

c u t s off the supply o f gas into the s i lo s by a so leno i d swi tch when 

the pre ssure build-up wi hin t he silo att a i ns the set pressure (100 

mm w.g. ), is i ncorpo r ate d ' nt o the gas dist ribution system and l ocated 

on t he i n st r ume nt pa nne l. The i n it i al pur ge with u l trapure n i t r ogen 

was carr ied o u t fo r 14 hour s a t a r a te of 50 l i tre s p er hour wi th in 

one d a y a f ter l oad ing. 

As c on trol s i n a ir , mai z e of t he s ame q u lity was maintained in 

t wo me tal d r ums, CA and CB ( 180 1 volume eac h ) s i t ua ted in prox i mity 

of the mini-silo s. 

The concen trations of carbon diox i de and oxygen wi th in the silos 

were c he c k e d o nc e eve ry wee k , and after every pur ge following intro 

duc t i o n o r r emoval o f t e s t insect cages . Th e t empera ture of stored 

gra i n, pressure within e a ch silo, ambie n t t emperatu re and h umid i t y 

were rec o r ded t h rice da i l y. 

During l o ad ing the mai z was s a mp l e d i n both t he s il os and controls 

f or in s e c t infes t at ion , i nsect d amage , b i oc hem i c al and mic r ob i o l og i ca l 

ana l ysis a nd se nso ry eval ua tion . Sa mp l ings were re peated a t 4 and 10 

weeks and Similar ly analysed . 

Viab i l ity t e sts o f sto red maize we r e car ried out using fif t y seeds 

pe r r e p licate , ge rminate d i n ste r i lized soil in the laborato ry (Fig . 2). 

Fo r trial s in phase 2 o f the coll a borat ive work , four pilot - scale 
3

gastight steel Silos, useful volume 4 m eac h , were built and erected 

in I bada n . The al i gnment o f t he silos i s in a North - South direc tion 

in an un sha ed a rea in order to expose t h e ~ilo s to full and direct 

s unshine . 

As c a n b e seen in Fig . 3 , eac h si lo is protected i n a different way 

aga i n s t so lar ra iati on: one of t he s il os is fu lly insulate d with 5 cm 

r ock - wool a nd galvani zed stee l sheets, a nother is insulated similarly 

only o n the r oof, wh i le t ne th i rd i s not insula ted at all and the las t 

is shaded on t he to p wi th a thatc h made of palm leaves . 

Ea_ h s i l o is equ i pped with 50 thermistors dislocated in such a way 
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that the temperature in the axial and rad ial se nse can be measured 

at the surface of the bins and at various epths in t h e stored product 

mass . Th e temp e r ature readings are recorded a utomatically at preset 

time intervals . 

The nitrogen gas flows , pressure m intenance devices a nd p r essure 

r elief valves are similar to t hose of phase 1, the ove rpressu re mai n

tained in the bins is 50 mm w . g . and gas consumption i s measu red by 

gas meters (F i g . 4). The four bins were l oaded with grad e I yel l o w 

maize, mean moistu r e conte nt 12 .9%. 

Fig . 3. i lot-scale metal storage bins differently protected against 
direct solar radiation Sampling and tempe r ature measurement paints 
are v sible on the 4 m -silos . In t h e foreground, wires cond cting 
to th~ automatic recorder o~ em erature at 50 distinct paints in 
each bin . 
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Fig . 4. Pilo t -scal e metal storage b i n s with automat i c i n terst itial 
nitrogen pressu r e ma~ntenance device . gas meters an d pressu r e releaf 
valves . 

RESU LT S 

Phase 1-. 

Temperature measurements in s il o A gav e an ave rage of 27 . 2°C with 

a range of 26 . 5°C to 27 . SoC ; silo B n average of 26 . 6°C with a range 

of 26 .1 0 27 . 5°C, the ambien relative humidity ranged between 72 . 0 

and BO . 9% with an average of 76 . 3% . The oxygen content of t h e inter

stitIal atmosphere In the silos was maintained at 0 . 05% - 0 . 1% by pu r

ges after grain or Insect samplings . 

The inltia} moisture ~onten of the experimental ma i ze was 12 . 7% . 
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The mOis ture conten t level was ma i ntaine d at about 13% in the min isi 

l os but r ose stead i ly to 16.5% in control A and to 17 . 2% in c on tro l 

8 ( s ee tab le 1 ) . 

The r esu l ts of the e ntomo l ogy expe riment s a re p r esented i n another 

paper (Willi ams et al ., 1980) . I t was found that the egg and the adult 

s tages o f Sitophi lu s zeamai s (mai ze weev il ) were more s usceptible to 

n it roge n t h an the l a rval and pupa l stages . The duration of exposu r e 

r e q u ired to kill t he egg , larval , pupal and adu l t stage s of S . zeamai s 

were 4 . 0, 7. 5 , 8. 0 a nd 3.0 day s r e s pect ively whi l e 6. 0 da y s exposure 

...ras required to obt a in a f ull k il l of larvae of Tr~oderma granarium 

( Kh ap ra beetle) . 

Tab l e s 2 and 3 show th a t the init ial damage to t he ma i ze was bet 

ween 1. 8 and 2. 2% and the insec t pest po pulation was fair l y h igh wi th 

S i toph i l us zeama is being t he mo s t p r edominant s pec ie s . However , it can 

be s een from the same t ab l es that after 10 weeks storage in nitrogen, 

the pe rc en t age dama ge remained t he same with a s harp contrast i n the 

cont ro l where t he damage has inc reased by a out 2, 100%; s econd l y, no 

insect pest was fau n even after incubat ion in maize store d i n nit r o 

gen , whereas the p op u lation in the control had increased by 765%. 

Mou l d i ness o f t h e maize a s determ i ned by d i lution plat i ng analysis 

was 9. 9 x 10 5 c olon i e s p e r g r am of mai z e in the in i tial s amp les . 

Whi le th i s amoun t of mouldiness increased substantially to an ave r age 
7

o f 2.5 x 10 i n t h e con trol s , maize stored in nitrogen maintained 

about the same l evel of mouldine s s as t he in i t i al sampl es . At s ome 
4

poin t s , a de c rease to an average of 3 .9 x 10 colonies per g r am was 

obtai ned in one of the silos (table 4). 

The most predominant species were Aspergil l us fl a v sLink ; Fusarium 

mon il i forme Sheld a n d Asperg il lus n iger V. Tieghem . Others of rather 

less importance are Aspergi ll us t amar i i Kita . Paec i lomyces varioti 

Bainicr , Rhizo pus arrhi.z s Frischer and Pen i ci Ilium sp . All these 

moulds are commonl y i s o l ated from grai ns and othe r crops during stora

ge i n Ni ge r ia. Table 5 shows t he ave r age abundance of the different 

mou l d spec ies in the maize s tored in nit r ogen and the controls. 

Re s ults of chem "c a l analys es , viabili t y and sensory evaluations are 

summari z ed in Ta Ie 6 . As c an be seen , proximate parameters remained 

... 




269 

TAB LE 1 

MOISTURE CONTENT OF MA I ZE STOR ED IN 
I</E EKS. PRE-LOAD I NG MOI STU RE CONTE NT 

NI TRO GEN AND 
WA S 12. 7% . 

I N AIR FOR 4 AND 10 

Sample Percen t mo ' sture content o f ma ize u r ing stol"age 
fo r weeks 

4 10 

SA 1 

:,A 2 

SA 3 

AVER \GE 

SB 1 

SB 2 
:::; p, 3 

CA 
~B 

A"EHAi~L 

12.6 
12.7 
12 .9 
12 .8 

1 3 . 1 

13.0 
1 2.9 
13.00 

15 .0 
15.1 
15.1 

12.7 

12.

12.7 

13.0 

13.1 

13.1 

L6 • 5 

17.2 
16.9 

NOTE 
SA 1 31.10 A Po i n t 1 ( bo t t om) 
SA 2 Silo A Po int 2 ( mi ddle ) 
SA 3 Silo A Point 3 (to p ) 
idem for ilo 8 

CA = Control drum A ( me a n s ample a t 20 em d epth ) 
idem for drum 8. 

TABLE 2 

I NSEC T DAMAGE SSESSMEN T ON 500 GRAIN SAMPLE S FROM MAIZE STORE D I N 
IT HO GEN AND IN AIR. 

T r ea t ment 
0 week 

Da ma ge % 
10 week s 

Mini 
li ni 

Cor.t 

Sil c 
Si l ~ 

o ls 

A 

B 

2 . 2 
1. 8 
1. 8 

2. 0 
1.6 

38 . 0 



i:'.:l 
--1 
o 

TABLE 3 


INSeC T SPECIES AND POPU LATION INFESTI NG MAIZE STORE D IN NI TROGEN AN D IN AI R. CO UNTS f RO M l KG SAM PLES . 


Ppl~iod Location Sitoph ilus 
eamais 

Cr'yp t 0 1 es t es 

sp . 
Carp ophj lus 

s p . 
T r"i bol i um 
castaneum 

Mo t h Lasiod e rm a 
se r ricorn e 

Tot a l 

wee k Mi ni. 
s ilo 

Top 
Mi dd l e 

tom 

1 0 
6 
8 

0 

0 

1 

5 

3 
6 

9 

6 

8 

2 
0 

0 

1 
3 
6 

27 
18 
2 9 

Co n tro l 9 0 8 4 0 2 23 

1 0 wee i<s Mi ni To p 0 0 0 0 0 0 0 

s i l o Midd l e 0 0 0 0 0 0 0 

Bot tom 0 0 0 0 0 0 0 

Contt~o J. 154 4 1 6 3 8 17 6 
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TAB LE 4 


AVERAGE MOU LD CO UNTS FROM MAIZE STORED IN NI TROGEN AN D I N AIR . 


Sample Average number of mou ld colonies iso la ted pe r gram 
of mai ze after sto r age f or 4 a nd 10 weeks . Th e 
i ni tia l c oun t was 9. 9 xl0 5 . 

4 10 

5A 1 2.8 x 10
5 

5.0 x 10 
4 

SA 2 3. 9 x 10 
5 

SA 3 8. 4 x 
5 

10 2.6 x 10 
4 

AVE RAGE 5. 0 x 
5 

1 0 3 . 9 x 
4 

10 

58 1 2.4 x 
5 

1 0 4. 4 x 
4 

10 

58 2 1. 5 x 10 
5 

58 3 1. 6 x 
5 

10 1. 8 x 
5 

10 
. 

AVERAG E 1. 9 x 105 1. 1 x 10 
5 

CA "i. B x 1 0 
6 

2 .2 x 1 
7 

CB 4 .0 x 10
6 

2 . 8 x 10 
7 

AVE R GE 4. 0 x 1 0 
6 

2 . 5 x 
7 

10 
Note: For s ymbol exp l anation s ee Ta bl e 1. 

cons tant during storage (c rude rote in, oi l ontent , total a s h) , hile 

t otal hexose s ugars , tota l reducing s ugars , f r uctose, g luco s e, sucrose 

and starch c ontent r e mained unal tered in ni trogen but considerable 

c hange s o f t hese c a r bohydrate co mponents we r e observed fo r maize stored 

in the co n tro l d r ums . An increase in the free fatty ac i d content of 

o i l (ve r y high also at start of experiment) as obse rved in all sam 

ples, parti c ularly marked in the ma iz e store d i n air . 

The v i abil i t y tes ts showed a slight loss fo r maize stored in n i t r o

gen Wh i le there was a substantial reduction in the viability of the 

control s . 

There was no adverse effecL on the pa l atability of maize store in 

nitrogen for ten weeks wh i le the control had very poor palatability . 

The s e nso r y evaluat i on wa s carried out on pap (ogi) made f r om th6 flour 

wi th boiling wate r . The corn flour was obtained by steeping whole 

grains in water for 48 hours. Su l phur dio xide ~as added to the water 

to p re vent fermentation . The corn was we t -m~lled and sieved . 
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TA BLl:: S 

AVEHAGE ABUNDAN CE or DIFfER ENT MOULD SPE CIES I N MAI ZE STO RED I N NI TROG EN AND TH E CONTROL 

Samr>l e Sto r age Averag bundance t h e diffe r e n t mould s pec i es give n a s no. of mould col oni es 
T i m p e r gram in maize 
( wee k s) 

A . A. A. F . Pe nici lli um R. 
l av u !:i ni ge tamar i. i monjli fo rme varioti sp ar rhizus 

( in iti a l ) 

0 
5

S .lx IO -:: p 5
2 . 1xlO 

5
3. 3xlO p p p 

SA 

:'iB 

C 

4 

3 . 6x l 0 
5 

6 . 1 x lO
4 

i:! . 2xl O · 

O.4xlO
4 

2 . 6x I 0
4 

J . 5x l O 

P 

1. 7xlO
4 

1. 7x lO
4 

5
O. 9x lO 

4
4. 0x 1O 

1. 8x l O 

p 

p 

5 
1.3x lO 
_ 3 

6 . 0xlO 

p 

p 

p 

4 3 
!:)A 4. 5x l0 P P P p 6. 0x lO 

3 4 
SB 10 10. 7xlO . 4. 9x l 0 1. 9xlO ~ 

r.;(i 4 4 6 3 
2 .6xl0 2. 9x lO 3 . 1xlO 1 . 8xl0 1 .lx lO 3 . 9x l O 1. 3x l O 

- --. 

~ p (p resent) mean s that th e coloni~ s a r e few a nd i rregu lar. 



TAB LE 6 

;HA NG ES I N CHEM ICA L AND OR GANOLEPTI C f EATUR ES OF MAI ZE STORE D IN 
NI TRO GeN AN D I N AI R FOR 10 WE EKS. 

ni t roge n ai r 

c rude pr'ot ei n unch anged 

oi l con t u nc hange d 

as h un c h a nge d 

s ucros u nc han g ed 

g l ucos u nc hanged 

f l'ue t os unchanged 

srapc h unchanged 

fJ~ee fat ty a c ids in c reased 

viabi.li ty s l ightly dec r eased 

pal a t abUi r y no a d ve r se c ha ng 

u n c hanged 

ur, c hanged 

unchan ged 

d ec reased 

in cre as e d 

in c r eas e d 

d ecre a sed 

st rongly increase d 

st rongly decreased 

ve ry poor 

t..:) 
-J 
~ 



274 

Fig . 5 . Sampling of pilot - scale n1 ragen grain storage bins . 
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Conclusion regarding the first sto rage tri a l in phase 1. 

Nitrogen used as i nert gas f o r storage o f g rai ns has bee n foun d ef

fecti ve in p reservi ng the quality and re d ucing the substant i a l losses 

to whi c h mai ze is p rone unde r the cond i t i ons of the expe r ime n t . 

As a re su l t of t h e enc oura g i ng trend, the min i si los h a v e n ow been 

fil led with c owpe as (V i g na sp .) . Cowpea is a very i mp o r tan t vegeta I e 

protein in Ni ge r ia . It is hi g hly suscept ibl e to inse c t d amag e e spec i al 

ly by Callosobru chu s maculatus wh ich infests it f rom the field befo re 

harves t and c on t inues its des truction in the s t o r e. Two variet i es of 

cowpeas, t he wh i te an d b r own, are be i ng tried . The s et - up i s s imilar 

to the trial d esc ri bed above . 

Phase 2. . 
The a ims o f the first stage of phase 2 o f t he coll a borative r esearch 

be ing two-fo ld: 

a) t o fi n d t he mo st eff ec ti ve me thod o f adap ting me t a s ilos fo r ni t r o

g en sto rag e o f grains to give goo d storag e resul ts in the h umid tro 

p~cs ; 

b) to fin d out the effec ti vene s s of us i ng n it r o gen gas f or con troll i ng 

deteri oration o f stored grains under the diffe r ent treatments to be 

appli ed in a ), 

temperature fluct uati o ns, mo isture mig r a ti on , ni trogen c onsumpt i on and 

chang es in q ual i ty parame ters of t h e stored maize were s t udie d . 

As c a n b e s e en in Fig.6 , d iurn al tempe r ature fl uc tuat i o n s of the 

e xposed metal surfac e s o f t he r oofs of t h e unshaded b ins a r e very 

strong. The large s t t emp e r ature f luctuat ion i n the h eadspace gas is 

obs e r ved in t he unprote cte d b i n, wh il e i n the completely inSU l ate d bin 

and in th a t wi t h a n insu lated roo f, a ce rt a i n a ttenuat i on of the pheno

meno n is ach i eved . The best p ro tec t i o n is however ob t a i ned by simp le 

shading of t he to p o f t h e b i n ( Fig. 7 ) ; bot h t he roof su r face and head 

spac e temperatu r es s how s i gni fic antly lesser and slower f l uctuation s . 

Also the temp erature d iffe r ence betwee n t he meta l and the gas i s smal l 

a t all p eriods of the day . 

By samp l i ng of the mai ze on t he surface and by direct o b se r vation 

it _vas fo un' tha t cond ensation had not o c c ured in any o f the bins du 
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Al l the quali t y par a me t e rs asse ssed in the experime n s of ph~se 1 

are b e i ng foll owe d in thi s pha s e. Res u lts duri ng the f i rst 4 months 

ind i c ate that no c hanges have occurred i n a ny o f the silos , where a 

zero concent ration of oxyg en is mai n tai n ed . 

Conclusions regard i ng t he fir s t s to r a ge trial in p hase 2. 

Sto rag e of dry ma ize in airt igh t me tal b i n s in a n itrogen atmosphe 

re is poss ib le in the hu mid trop i cal climat e . Exogenous a gents, normal 

ly caus ing grain de te ri orat i o n , are supp re ssed by compl e te anoxia. 

This is e a s il y ac h i eved my mai n t ain ing a s l i gh t overp r ess ure i nside 

the storage f ac il i t i e s b y n i trogen . He at product i on in the gra in ma s 

being reduc e d t o a mi nimum, no temperat u re gradien ts buil d up and mo i 

sture mig r a ti on does not oc cur. 

Temp e r a tu re f luc t uati ons in the sto red c ere al gra i n are mini mal and 

whe re gra i n i s in direc t c ontac t wi th t he gas t i ght si lo wall , no con 

de nsation occurs at ambient te mperat ure e xcursi ons t yp ical f o r the 

humid tropiCS. 

La r g e thermal fluctua t i o n in the head space of me tal bins o c cu due 

to effects of direct suns h ine. At l ow mo is t u re conte nt s of the s o red 

produc t in the desc r ibe d experiment ( 13% m. c . maize) t h e rat e of tempe 

rature drop and the mini mal a mbi ent temperature r e ac he d we re f ound t o 

be such that t he dew poin t wa s not reac hed on t he roof of a n u npro tec 

te d me tal bin . Simpl e s hadi ng o f t he r oo f was shown to give better 

pro t ect i on aga inst temp e r at ure fluct uat i ons in the headspac e a nd on 

the me t a l s urface than e l a bo r ate and cos t l y t hermal insul~t ion , thus 

i nd ic a ting tha t higher mo i st ure g r ain may be sto r ed in a ni trogen atmo

sp he r e in t he desc ri b e d climat ic con it i ons, without danger of conden

sa tio n . Exp e rime n ts are be ing unde rtaken t o estab l ish the mo isture c on

te n t l i mits fo~ s afe l ong- t e r m s t o rage of ce r eal grain s i n the humid 

tropi CS . 
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