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1.0. N T 
R O D U C T 1 O . 

1.1, Preliminary exo lmnt on campus
 

In December 1986, under the supervision of Agricultural
 

Engineering Department, 
the installation 
of three experimental
 

underground pits was started on the Hassan II Agronomic and Veterinary 

Institute of Rabat. Two of them are 4 metric ton capacity each and are 

used for barley storage which is provided by a nearoy horse barn. The 

third pit is 6 metric ton capacity and is left for visits and 

demonstration. The purpose of this experiment site on campus is to 

provide an opportunity for the faculty involved in AID sponsored 

project to initiate collaborative research and to serve as an academic 

fac I Iity for teachlng,and continuing education in the field of grain 

storage. The barley pits were filled and equipped with remote 

t:npe rature Instruments in end April 1987, Barley storage was carried
 

over a period of six months and two 
 types of interior lining of pits
 

were considered : plastic and 
 straw, 

1.2. Contract ngRotiating 

The contract negotiating process batw0en AID Science Advisor
 

Council and the Hassan 
 II Agronomic and Veterinary Institute was 

enhanced by a meetig held 7onJuno 29, 19 8 inWashington. This meeting 

was attented by AID/W staff and Dr. El Hloussine BARTALI 
 and 

Dr. Florence D)UNKEI. respectively principal investigator and principal 

cotnvest igator. It was an opportunity to submit to AID the remaining 

lnfor,nat Ion regardIng the Hiassan II Agronomic and Veterinary Institute 

accounti ng system In particular. 



AID Mission in Rabat that was kept informed of the progress of 
contract negotiating proposed this meeting which zoincided with 

Dr. BARTALI's visit to the 
 University of 
 Illinois at Urbna
 

Champaign. Approval of the grant was acertained by AID during this 

meeting which hil ighlted the standard provisions associated with the 

grant.
 

1.3. 
Signing of the contract
 

The contract documsnt was signed in Washington on October 31st
 

1987. Uncontrolled delays took place before thv,
signing of the contract
 

by the Agrohomic and Veterinary Institute 
on October 6th, 1987 and
 

during the shipment of the signed document back to Washington. 

1.4. Commencement of work in Gbaouiam Provinceo f..Sttat 

On October 5th, 1987, Dr, El Hloussine BARTALI 
(principal
 

investigator) 
Mr. Mohamed BEN HOUSSA and Mr. 
Khalid TLEMCANI,
 

respectively faculty member and graduate student at the Agricultural
 

Engineering Department, 
 visited the Regional Agricultural Authority in
 

Settat (La Direction Provinciale d'Agriculture or DPA do Settet) and 

met with the Director, Dr. EL HIMER. This visit aimd at :
 

- Informing the DPA of Settat of the AID sponsored research 

on underground grain ntorage and the desire of the 
Agronomic and 

Veterinary Institute to benefit from the DPA collaboration and 

involvment particulary in the extension aspects of the research, 

- Selecting an experiment site that the DPAwould recommend. 
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For the former point, the "Service du La Hise en Valour Agr Rolc 

de la DPA" (Land reclamation forvice) was ultod by the DPA to fol Qw 

the I&V project research on undorground grain storage. For the so,d 

an individual farm wa recommended by the "Centre do Travaux Agricoles 

de Ia DPA" (Agricultural Works Center, in ofcharge extension). The 

farm belongs cc Mr. HAMDOUH Bouchaib and his brother MAMDOUH Lhaj 

Ahmed. An oral approval was obtained from Mr. MANDOUII Bouchaib on 

October 5th, hostto and to look after the experiment site an their 

farm, located about ii ki lomotnra away from the city of Settat, The 

two farmers are very active and cooperative. They practice underground 

grain nStorage on their farm. Sol eeting an on-farm experiment instead of 

a land 
plot in a "Centre do Trqvaux" owned by the local, extension 

service was also recommente(l by Dr. M'Hamod SEDRATI, Director of the 

Agronomic and Veterinary Institute. The project team has approved this 

recommendation in order to help demonstrate the research objectives to 

farmers.,
 

2. 1 . Pre ex ')-niment wh-bgrloy o cmnu 

A graduat e student , Hr. Said AFIF from the Departement of 

Agricultural Engineering with Dr. BARTALI 
HI. as major advisor was
 

ass igned to work on the barley pits on campus and also to investigate 

the use of underground pits in Chaouja , where the project is 

planned. Following is a brief presentation of 
this experiment. 

The scope of this study was limited by the storage period (6 

months, to fit In the graduate student training program and by the 

available equipment).
 



2. I.I. Materials and methods of construction and analysis 

2.1.1.1. Site
 

The site is located on the campus of the lassan Il Agronomic 

and Veterinary Institute, of Rabat on a flat land . The soil presents 

a superficial layer of sand, I.I m deep underlined by a clayey layer 

of 1.6 m sandstone - limus tone thick layer exists at 2.7 m depth. 

Permeab i t l toe,! water are respecti ve ly 22 . 7 cm per hour for the sand 

and 5.8 cm per hour for the clay layers. Water table is at 20 m depth. 

2.1.1.2. Pits construction 

The digging of the pits was carried out manually by two workers in 

January 1987. Two underground pits out of three were used to store 

barley. Each pit has 4 metric ton capacity, a conical shape, 3.2 

/n depth and 2, 2 r, width at the bottom. The entrance of each pit has 1 m 

diamet"r and I . I i height and crosses the sandy layer(Fig . ) . The walls 

of this entrance were s;tabillsed by a lining (15 cm thick) made of 

bricks and cement. The interior walls of both pits were covered by a 5 

cm thick lIning made of clay and straw. The purpose of this lining is 

to protect the plastic from being punctured by sharp edges of the 

limestone sandstone layer. The pits were later burnt in the interior 

in order to reduce the humidity and kill insects. This practice in 

commonly used by some farmers . Two condJtions for barley storage were 

compa red over 6 months : using straw lining in one pit, and plastic 

(polyethylene) in the other. 

2.1.1.3. Lining material
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Straw and plastic sheets (polyethylene) are loally available 
materials. A 10 cm thick layer of straw was put on the bottom and over 
the wall of one pit. This technique , is well mastered and tocontinues 
be used by farmers. The lining of the wall is performed as the filling 
of the pit progresses. A plastic sheet, 0.18 mm thick was taped in 
order to make a plastic bag approximately similar in size to the second 
pit. This plastic bag was introducted in the pit prior to filling it 
Tests of permeabI1 ity to water and oxygen were undertaken on samples 
of tis plastic at the School of Packaging at Michigan State 
University. 
Results 
showed permeability to water insignificant, 

permeability 
to oxygen 
6 cc per cm2 
per 24 hours.
 

2.1.1.4. Barley
 

Barley used for experiment was purchased through the Horse
 
Club on the Institute campus who accepted to contribute to the 
research. 
The filling of the pits along with installation of 
temperature equipment took place on April 27 and 28, 1987. Just before 
the filling operation, water content of barley was 9.6 % and 
temperature 26 C. Reading of water content and temperature of grain 
were made by insert ing a field hygrometer and a thermometer into barley 

prior to emptyimng thembags 
Into the pits. Relative humidity of air 

inslde the pit was measured by a psychrometer and found to be 76 % and 
temperatuare of air 2 deg'rees C. Ulit weight was 0.64 metric ton per 
cubic meter. Entomological analysis of samples taken from different 
bags before filling Nhowed a fairly high insect infestation of 
barley. Number of insects varied from 748 to 1069 per kg, with a death 
ratio varying between 30.8 and 33.7 % . The dominant specie was 

Rhizoperth Dominica. 
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The barley was kept stored underground in the two pits between 

April 27 and November 20 
th, 1987. 1his storage period has been
 

characterized by a hot and dry 
summer followed by the start of a
 

relatively rainy 
and cold season in Morocco.
 

2.1.1.5, Remote 
temperature measurement
 

Temperature sensors were installed in each pit. As the filling 

process started these sensors were located at specific locations in 

order to measure temperature of barley, soil cud air. Each set of 14 

sensors were hooked to a portable data acquisition unit (UPAD) , of 

belgian make. luch a unit i s battery operated and provided with a 

maicroprocessor and 16k memory. it can automatically make temperature 

measurements and store them at specified Intervalls of time, after it 

has been itlal ised. Communication can be performed with an UPAD using a 

software "DIALOGUE" run tapeon on a portable EPSON microcomputer . 

Measured temperatures were retreived on site on tape to the EPSON and 

then to the hard disk of an XT IBM microcomputer, in the Agricultural
 

Engineering Department 
 where a graduate student undertook the 

processing. 

2.1.2. Results and discussion
 

The study has addressed several aspects related to Lhe evolution 

of storage conditions over the six months period. These include 

determination 
of the barley initial and final characteristics, 

interpretation of temperature data. Some of the main results are 

presented here
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2.1.2.1. Moisture content
 

Comparison of water content of barley in the two pits showed 

that in the straw pit the moisture content increased at the end of the 

storage period with respect to its initial value (9.55 %). Final 

values were 12. 7 % In the center of the pit and 21.4 % at the top. In 

the plastic pit the moisture content of barley at the end of the 

storage period was uniform over the pit and remained close to the 

initial valuIe . Tie values reached at tne center and top were 

respectively 9.8 % and 11.7 % . There was a humidity migration from 

soil to barley in the straw pit This in turn allowed development of 

fungi and insects. 

2.1.2.2, C02 
 concentration
 

Equipment to measure C02 concentratIon purchased with AID project 

fund was brought by Dr. DUNKEL whose visit in November 87 coincided 

with the 2 pits opening on campus. This equipment (pump and C02 

detector tubes) were used to evaluate the C02 levels. The values 

obtained In the straw pit and plastic pit were respectively 16% and 5%. 

This conf irmed that biological activity was higher in the straw pit 

(respiration of insects and fungi existing on kernels and rtraw). 

2.1.2.3. Temperature 

The temperatures obtained at various points in the straw pit 

were higher than the corresponding temperatures in the plastic
 

pit. This is caused by a more 
 intense activity of insects and fungi in 

the straw pit.No condenstat Ion material was noticed on the plastic 
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liner. 

2.1.3.Corclusion
 

This preli.minary experiment showed that plastic constitutes an obstacle 

to biological activity, water penetration,and this represents a 

potential improvement 
to storage conditions.
 

The experiment that dealt with barley storage was limited by 

time and material conditions However it was meant to serve as a
 

preparation to 
investigate 
on farm wheat storage Results of this 

preliminary investigatin will serve for a paper 
to be presented in a
 

future meeting.
 

2.2. F.xperiment of whear or farm 

2.2.1. 
Design and construction of 
experiment site
 

2.2.1.1. 
Pits
 

On October 16th, 
the digging of the 16 experimental pits
 
started. Local 
labor was hired. The objective was to make the storage
 

pits in the same manner as those owned by farmers in Chaouia. The pits 

were finished in two weeks. Ali the pits had the same volume : 1.7 m3. 

Pit dimensions 
and are snown in Figures 2 and 
3 

The situ is located on a hilt, next to the farmer's house. An 
access path for village residents separates the site from the farmer's 

Louse. This makes it convenient for the farmers to watch the experiment 

site daily. The diameter of the opening of each pit is 0.40m. This size 

is just enough to let a person get in and out of the pit and helps 

reduce admission of air into the pit. 
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2.2.1.2. Geology of 
the site
 

Being installed on 
 11.11, 
the site is in very good drainage
 
conditions. 
The water table is at 
60 m depth. 
At O.5m below the soil
 

surface exists a calcareous crust. 
This crust is underlined by a soft
 
accumulation of carbonate, where the body of the pit Is located,(Fig.2
 

and 3) .
 

2.2.1.3. Disposition of 
the pits
 

The 16 pits are installedwithii! a squared plot 15mrx 15m. This is 
to adjust with the shape of the area allowed by the farmer on his land 
and with the proximity of a rural path for villagers. A shelter was 
built in the mlddle of the site in order to keep the scientif Q 
equipment inside. This shelter is a single room 2m wide 3m long and 2m 
high.Thfis alIlowed t.o reduce, the length of the wires of temperature and 
humidity sensors , GO:. tubes, necessary between the different pits and 
the sheIter. Figures 4 and 5 show details of installations. The wires 
are inserted in plastic pipes that are burried between the shelter and 

the pits. 

The const ruction of a suitable shelter for the equipment was 

found c as wellas-cessary te installation of a fence arund the site
 

2.2.1.4. Lining material
 

Plastic sheets (polyethylene,' 0. 18 mm thick and similar to
 
those used for barley experiment were bought. Eight plastic bags were 

made in the Agricultural Engineering Department to match the interior 

lateral 
surface 
of the pits. A graduate student 
and a technician
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confectioned the bags using tape. 
The bags were ready by the end of
 

November. 
Wheat straw was used to line the interior of the eight straw
 

pits on one
the hand and to close all of 
the 16 pits, on the other.
 

2.2.2. Procurement 
of wheat
 

2.2.2.1. Wheat variety
 

The quantity of wheat needed, i.e. 
20 metric tons was bought
 

from SOGETA. This stands 
for "Societe de Gestion des Terres
 

Agricoles". It Is a Government owned Company that manages 
some
 

agricultural land In the country. Th, variety of wheat bought is known 

as "B6 Dur 2909" and can be used for seeds or consumption. A major 

advantage of this grain mass is its homogeneity. It comes fromone same 

plot in i.he Charb area (40 miles North of Rabat) . This quantity was 

harvested in July 1987 and !tored in bags in good conditions inside a 

warehouse. SOCETA has made 
available recorded 
data regarding the
 

identification of 
this wheat (Table 4).
 

Autorlsat ion to purchase this quantity of wheat was requested to AID 

mission in Rabat 
and the approval was obtained.
 

2.2.2.2. Homogeneisation of 
the grain mass
 

Given that the wheat quantity was stored for about 6 months
 

in bags, it was necessary to 
 mlxt It in order to obtain a more 

homogeneous mass prior to storing it in the pits. This operation was 

achieved in one day thanks to the facilities and the skilled labor of 

SOGETA. Dr. DUNKEIL 
(principal coinvestigator), 
Mrs. BOURARACH
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TABLE 4 - Characteristics of purchased grain
 

Producer 
 SOCETA
 

Speci 
 durum wheat
 

Variety 
 2909
 

Category 
 R1
 

Year of production : 1986-1987
 

Termination of 
analysis 8/26/87
 

Caracteristics 
: 


Germination capability 
% 


Specific purity 
 % 


Unit weight (kg/hI) 


Kernels of other 
 species 


Weeds keri ls 


Kernel; ot 
 other grain species 

Moisture content 

Weight of 1000 kernels 

Ratio of 
Inert matter 


Source : Analysis carried out 

Results
 

98.00
 

98.42
 

80.10
 

205 

44 

161 

12.40 

43.29 

0.36
 

for SOGETA by Service du Controle des
 

Semences 
et des Plants. DPVCTRF 
- RABAT. 
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(entomologist), Mr. ZAHAR (Food Chemistry - Biochemistry), Mr. Khalid 

TLEMqANI (Grad. student) and Dr. El HIoussine BARTALI (principal 

investigator) participated 
in this operation.
 

The 200 piled bags (100 kilos per bag) were first divided in 

equal gtoups of 50 bags each. These groups were taken from : I) the 

above surface of the pile ; 2) The 2 lateral faces of the pile exposed 

to the air ; 3) The 2 lateral faces that were unexposed to air (one was 

next to a warehouse wall, and one next to a sunflower pile) and 4) 

from the central part of the pile. The four groups were set near a 

hopper and bags (one from each group) were simultaneously poured into 

the hopper. From there, the grain was sent up to an elevator and down 

to the bags where the wheat was poured and weighed. 

This opportunity was taken to perform the first sampling of 

wheat. 16 samples were taken as the wheat was poured back into the 

bags. Each sample weighed 5 kg approximately and was taken every time 

12 bags were filled.
 

The 200 bags once filled were piled up in the warehouse until 

the filling of the pits 
took place on December 30th.
 

2.2.3. Procurement of equipment
 

Procurement of equipment has been Initiated thanks to both 

the Agronomic and Veterinary Institute and the University of 

Minnesota. First contacts to order equipment from the US started in 

Summer 87 under the care of Dr. Florence DUNKEL (princIpal 

coinvest Igator) and the accounting Office, International Programs of 



University of Minnesota. Dr. El Houssine BARTALI (principal 

investigator) who v sI ted Belgium from October 15 to 25th, Investigated 

the puss Ibi I ity to purclase temperature and humidity measurement and 

recording Lqulpment from Belgium.. This type of equipment was selected 

because it has been tested on barleythe storage experiment on campus 

and proved to be satisfactory 

A manufacturinmg company of equipment for remnot:e temperature 

and humidity measurement L. .R. (I.aboratoires Generaux de Recherche) 

was viitelI by Dr. H. BARTALI. The visit was organised by Dr. Etienne 

PERSOONS , The latter I; Professor and Head of Agricultural Engineering 

Department at the University of louvain La Neuve le alsois a visitig 

Profes;or at the Agricultural Engineering Departmtnt of the Agronomic 

and Vte rinary Inl;t itut v. Two waivers were requtested and obtained from 

AID Wa.;himngtk,n to purchas;e 3 portable data acquisition units (UPAD), 

Ifm- t.tept, rat ure ind humidIty recording and hum sensors4 mid I ty 

(VAISSALA) from I.C.R. 

The humidity s ensors VAISSAIA are being tested for the first 

time to measure relative humidity of intergranular air in a stored
 

grain. Two of them were ordered. 

2.2.3.1. Tesing of equipment 

The department of AgrIctul tural Engineering undertook the 

connect ion and testing of the tmpeatLure and relative humidity 

equipment that arrived from Belgium. The principal connection of 

sensors on a data logger (UPAD) are shown in Figures, 6, 7 and 8. 
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2.2.3.2. Tnstallat ion of equipment in the pits
 

The poS it ion of temperature and relat ive humidity sensors In
 

the pits are shown in 
Fig. 9 and Table 9. Equipment was placed in the 

pits two days prior to the filling operat ion. 
Some pits are Intensively 

equipped (fully instrumented pits) as shown in Fig .10 and others are 

less equipped 
(partially instrumented pits) as shown 
in Fig.11 

2.2.4. Baseline sampling and development of analysis 

procedure
 

Wheat samples were divided among the participating Departments for
 

analysis according to the 
flow diagram shown in 
Figure 12.
 

2.2.4.1. Agricultural Engineering
 

The 
Department of Agricultural Engineering carried out the
 

general grading operat ion 
with the contribut 'on of 
the Entomology
 

Department. Results are 
shown in Tables 1, 2 and 3. 

Some cha rac ter ist ics of the pmlrrhb !;ed gra in are shown in Table 4. 

SO(;ETA kindly accepted to make them available for this research. These 

characreris;t ica wer, dtermtrined at "Direction de la Protection des 

VegeLaux" (I) VCTRF) In Rabat.
 

Moiture comim emt uf whole grain samples was determined in an oven. 

The 
r	e sul ts are shown in Table 7.
 

On the day of 
 1l1 ling data loggers (UPAD) were initial Ised and 

programmed to 
reccgmd temperature 
and relative humidity every hour. 

Values measured on the day of fill ling are shown In Table 10. 

Every week, recorded values of temperature and relative humidity 
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I1 

3 

41 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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Re f . FAO. 
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are colle.cted. C02 levels are measured using cooriaPtric tubes. 

Figure 13 shows the variation of C02 levels at the center of pit for 

the first month of storage. 

2. 2, .2.Plant Pathology 

l)r EZZAIURI B. 

The Plant Pathol ,gy Dleptrtement has undertaken analysis for both 

the barley experiment on vampus theand wheat experiment underway in 

Chaou ia . The anl I I c n e ' n.ring wheat Is p resellted here.
 

The objectives of 
 the analysis are:
 

To test a culture medium 
 for storage fungi
 

To Identify the kinds of 
 fungi associated with stored seeds. 

'the pre-storage test for fungi associated with durum wheat 

sends are as follow : 

For each seed 5lot, categori-.s of grains were caracterized 

I. Whole, apparently healthy grains 

2. Grains without embryo
 

3. Grains with 
black points
 

4, S;hr lolI d grains 

5. Broken grai ins
 

The whole, apparently 
 hIeal thy grains were subdivided into two 

groups, surface desint'ected and non-desinfected. 

The other categories we.re surface des infected
 

10 seeds per petri dish with T6 were 
 incubated at 27C. 

100 grains per lot 
were utilized (16 lots).
 

A detailed report of the results will be prepared where the 
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proportion of different 
kinds of fungi will be presented.
 

2.2.4.3. Plant breeding
 

Mr Z.FATEMI
 

Germination tests were conduc ted for both barley stored on campus 

and for wheat used In AID funded research. The results concerning wheat 

are pre;ented here.
 

Cerminat ion 
test and plant ing in the field were accomplished. 'he 

'",ples were planted at the Inst itute farm at Tadla. The experimental 

design is a rando:iniz Id complete block design with three
 

repetitions, 
The area of the experimental plots is 4m2. 

The germinat ton test was run in the laboratory of the DPVCTRF 

(Direction dti La Protection des Vdg6taux , Controle Technique et 

Repression des Fraudes) 
. Thanks are expressed by the author to
 

Mr. TOURKMNI for his 
help.
 

From ea.oh sample, 400 seeds were counted at random into 4 

replicates of 
100 seeds. 
The seed were spaced uniformly between two 

layers of moistered germinating paper for seven days at a temperature 

of 20°C exposed to white fluorescent light for 12 hours in every 

hours and at the relative humidity of 75%. The first count was done 

after 4 days. 
During this count, the normal seedlings, and also the 

rottn seeds and the decayed seedlings were removed and counted. The 

numher of hard and fresh ungerminated seeds ver counted at the final 

count, (Table 5).
 

24 
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Table 5 Results of the wheat germination tests. 

Sample 
number 

Normal 
seedlings 

Abnormal 
seedlings 

Hard 
seed 

Fresh un-
germinated 

Dead 
seeds 

seeds 

1 96 
 2 0 0 
 2
2 97 
 0 
 3
3 96 2 
0 
0 

0 
0 
 2
4 
 97 
 1 0 0 
 2
5 91 
 4 
 0 0 
 5
6 
 93 
 2 0 0 
 5
7 
 97 
 1 0 
 0 
 2
8 97 0 0 0 
 3
9 94 
 3 0 0 
 3
10 
 98 
 1 0 
 0 1
11 96 1 0 0 312 
 96 
 2 0 
 0 
 2
13 97 0 0 0 314 
 96 
 1 0 
 0 
 3
15 
 94 3 0 
 0 
 3
16 97 1 0 0 2 

The germination test shows that there Is no difference between the 

samples . So the seed used for underground storage is uniform concerning 

the germination
 

2 2 .4.4.Entomology
 

Mrs. K.BOURARAC(
 

The Entomology Departement carried out analysis of Insects population 

for both barley storage on campus and wheat 
storage at Chaoula
 

The samples were then incubated at 27°C under binocular microscope, 

two species of Coleoptera were identified:
 

I. Rhizopertha Dominica F. (the lesser grain borer).
 

2. Sitophllus; Oryzae L. (Rice weewil)
 

Regarding wheat s;torage, 
 an examination of wheat kernels was 
conducted before storage. The kernels are now under incubation 

(27°C). The results will 
be presented 
in the next report.
 



Examination of wheat samples showed the presence of lepidopter : a 

white caterpillar. Complete identification will be given. 

First control of 16 samples undet binocular was made before 

incubation. Healthy kernels were separated from broken or abnormal 

kernels. (kernels with black spots, or colored). All the samples are 

incubated in a controllcd atmosphere room at 25-30'C.
 

The next control is scheduled for February 10 th.
 

2.2.4.5. Food Chemistry and Biochemistry 

Dr.BEN JILALI
 

Wheat samples were ground and placed In an isothermal oven at air 

pressure. A temperature level of 105°C was applied in the oven during a 

period of 4 hours and a h aI f Until a con;tant weight was reached 

(French standard NF V03-903, April 1966). The percent humidities are 

shown in Table 6 Analysis regarding humidity, water activity, lipid 

content, lysine , thiamine will be performed as ordered chemicals 

arr ive . 

2.2.4 6 Molds and Mycotoxins study 

Mr GOURAMA Dr TANTAOUI
 

Preliminary determination of the first sample mycoflora was 

investigated. The following technics were used : serial dilution 

technic and direct plat Ing technique. In the directi plat !ng t lehnic, 

the gra Ins were pl aced on the agar with and without so1r fa ce 

deslnfection. The ,raIn; were des infected unIng 50% NaHCIO :olutlon 

(bleach) for 1 min and washed with distilled sturile water, they were 

then evnly space on agar on a Petri dish and lightly pressed Into the 
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.1 10.9 

2 11.0 

3 10.9
 
4 10-7
 
5 1110
 
6 10.8 

7 lO.6 

8 1110
 

9 11,1 

10 1110
 

11 11,1
 

12 11-3
 

13 11o4
 

14 11.0
 

15 1101
 

16 11.5 
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agar. Different media were used 
: Potato Dextrose agar, Halt extract
 

- chlortetL cyclflne (40
malt extract agar 

agar, Czapeck-Dox agar and 

mg/I) + NaCI (7.5 %). 

in the direct 
of mold is recorded in percentages

The occurrence 

the plates are counted.
in the dilution technic,

plating technic while 

two major problems encountered during this first 
There are 

the growth of 
direct plating technique. First 

preliminary study with 

the seed
and second
mucorales
growing species such as the

the fast 


the use of malt extract supplemented with salt 
germination. However, 

the growth of the mucorales and prevents
racycl ine retardsand chiortet 

of the grains surface inhibited
The des infectionthe seed germinat ion. 


the growth of the mucorales.
only 

it is too early to give
the mycoflora encounteredConcerning 

is a dominance of Aspergilli1. and 
final results but it seems that there 


plus other unidentified genera.
Penicillia 

chosen , . multidetection method was
For the mycotoxin analys is 

search for three mycatoxins : Ochratoxin. A, Zearalenone and 
to 

the delay in the delivery of some chemicals and 
aflatoxin R1 . Due to 

Is not done yet. However, the preliminary study
equipment, the analysis 

of the analysis is under investigation.
 

2.2.4.7.Food Science
 

Mr. BAKUELLA Mohamed
 

I - Introduction 

it isacommo iknowledgeMoroccan rural community,Within the 

that wheat stored inunderground pits yields, veryoften, 
end-products
 

comes from rheological and/or

of improved quality. Whether this 




-38 ­

fermentative 
changes is unknown.
 

Through the proposed studies 
two objective 
were sought
 

I. First, It is of interest to see wiether or not a relatively 
long-time storage in a 
confined atmosphere affects somehow the
 

rheological properties of dough such that 
 its bread-making
 

characteristics will be significantly affected. 

2. Second, and from the analysis of Alpha-amylase activity,
 

possible change!; in fermentative quality 
 will be roughly assessed (in 

terms 
of the total 
carbon dioxide 
produced during fermentation).
 

Wheat grown in Morocco is predominantly durum wheat used for 

couscous and pasta production, and commom wheat (called "soft" wheat) 

used for bread or past ry. An interesting reality in Morocco is that 

durur wheat is also used for bread making, and in some regions, people 

prefer bread madp. out of durum wheat to common wheat. Wheat that has 

been stored is a durum wheat (tetraploid cereal specie) cuLtivar called
 

2909 or Oued Zenati .
 Convent ional rheological tests were normally 

des igned to test flours Issued from common wheats (hexaploid 

specie). This is why the number of tests to be performed has been 

I imited t'o one, that Is the mixograph test. Furtheremore, in case of a 
rheoIogtcal change (if any), one test is sufficient to detect it since 

the ultimate result of one or several tests is essentially the same. 

Thils first research report deal s with the knowledge of wheat 

charactgrlstics before getting stored, The "Hagberg tuzi" for 

alpha-amylase activity has been performed on 16 samples of the same 

wheat lot. Thi s was done using the apparatus of another research 

institutIon, because the order we made was canceled due to some budget 

restrict ions. The mixograph test will be delayed till reception of the 

equipment. Concerning the sensory evaluation, 
the author was not
 

.upposed to undertake it. A tentative method for this evaluation basd 
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on the opinion of 
the farmer, is considered by 
the research 
team.
 

II MATERIALS AND 
METHODS
 

I. I. Introduction to the falling number test 

(Hagberg test)
 

The type and quantity of amylases in flour are 
important in
 
baking. Amylases provide 
fermentable 
sugars for 
yeast during the
 

fermentation process. 
This is realized by amylolytic action at 25-45'C
 
because yeast activity ceases at 45-50'C (i). Commonly bakers and 
ml lers use the fallI Ing number test to evaluate alpha-amylase activity 
ini ground grains. The measurements obtained permit them to adjust 

alpha-amylase act. vity to the desired level, ether by addition of malt 
or by blending flours of different alpha-amylase activities. This 
appears bene f!c ial where wheat sprounting is not a big problem and 
where flour blending is possible. This method is based upon rapid 
gelat in[?zat lLo of a flour suspension and subsequent measurement of 
degradation of the starch paste by alpha-amylase, under conditions 

similar to those ecountered in baking (2) : this test has been found 
to give reliable result; over a wide range of alpha-amylase activity 

(3). in contrast, it has been reported that the falling number 
measurements suffer from several sources of errors (4). Some falling 
number ranges were recommended by the U.S. Department of Agriculture 

:175-350 seconds : flour all purposes : 200-300 seconds : bread flours. 

11.2. Procedure 
(AACC Method : 56-81 
B)
 

7.00 grams of :ground meal meeting granularity specifications 
were weighed and put into a dry falling number tube tipped to 45 

angle. Then 25 ml of water were added. The rubber stopper was inserted 
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and the tube was shaked in upright position (u and down) 10 times, 

making sure that all flour particles were suspended by upending. The 
upper part of 
the tube was scraped with 
the viscomete-stirrer. The 

stopper was removed from bath well, and simultaneously the timer was 
started and 
the tube placed in the 
bath (100 'C) 
and locked into
 

position (taking no more than 5 seconds). Thereafter, the sample was 

stirred with the viscometer-stirrer at a rate of 2 strokes per second 

until the clock reached 60 seconds. This was stopped with the stirrer 

in up-posit ion. Wthen the stirrer has 
gone thru the 
suspension, 
the
 

timer was automatically stopped and the time (in seconds) was recorded
 

as a fal ling number. To calculate the falling number on 14 % moisture 

basis, the following formula 
was used
 

100 - 14
F.N x 

F.N. (14 % m.b.)
(as-is) 
 100 - moisture 
(%) of sample 

III RESULTS AND DISCUSSIONS* 

TABLE 8 - Falling number results
 

Replications 
 Falling number 
 Falling number 
reported
 
as - is to 14% m.b.
 

1 
 624 
 6082 720 7013 704 6854 727 7085 753 7336 748 7267 647 6298 658 6429 642 62810 695 678II 608 59312 650 63413 694 67714 619 60215 670 65416 727 710 

;
Mea :6 0.3-46 92Mean
V.C- 6.90% :663.00 ; 0-45.34

V.C. -6.84 %
 

..........................................
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* These tests were carried 
out by the techniciens 
of the National
 
Institute 
of Agronomic 
Research. 
Their 
technical 
assistance 
is
 

acknowleged.
 

Discussions : Values 8of Table were evaluatedusing moisture content 
of grain sample shown in Table 7 , These results show that the wheat 
analysed Is very hypodiastasic, This will be taken as a blank test for 
possible changes that may occur during storage. 

It seem- that the numbers are abnorma2 ly high. The reasons for this are 
not clear. 
The nature of wheat (durum wheat) 
may account 
for that.
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3. 0. VIsO__os _PROJE,CT
 

3. 1. 
jrof. EtiE:ne PKROONSajnd 
Hr1.1,QOOT
 

In April 1987 tile 	D rec"to: f e institut visltd 	 the experiment 
site on 	 campus lie wa; 	 accompanied by the chief of Cooperation 

Division in Belgian E:bass Mr Gh loot, l)r . E.Persoons , head 	 of 
AgricuIturaI Engineering Department at the University of Lctvain La 
Neuve BeIgIum Dr Persoonis who was vis1,tIng ti a Department of 
Agriculturnal Engineering of the Inst itut 	 attented the intal lat ion of 
tempe-Lrature equipment 
and the filling of pits.
 

3.2. Minister ofAgrtic lture 

His Excellence the Minister of Agriculture of Morocco, Mr.Othmane
 
DEMNATI 
visited 
the experiment 
s ite on 	grain storage on campus 
oil
 
Friday July 31St, 1187. It was an opportuniry to inform the Minister of 
t. he re sea rc carried 	onut on g r a In st orage by tile 	 Agronomic an d 
Veterinary Inst itute and of the AID Wastington G;rant 
In part Icular. 
SReveral 	facuLty miembe rs 	r,,r pe;,0 In g t.he l)epa rt1ment partV:c pat Ing in 
grain .torag.e research were Ilnt.roduced to tzhe Hinister who expre ssed 

his encouragements to the research team. 

J 	. 3. AIDMisslon
 

Mr. IIANAFI 
 from AID Mission in Rabat 
made a visit to the
 
experimenrit site,11e was 
accompanied byduring this visit by two grain 
storage 	experts. Dr Bartali 
presented the objectives and approach of
 

the research 
undertaken 
on grain storage ;t IAV.
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3.4. Visitors on-orld Food 
dy
 

Friday October 
16 th, 1987 was World Food Day. 
A group of
 
the eminent 
persons visited 
the experiment 
site on IAV campus.
 

Xr.ALAOUI, General Secretary of Ministry of Agriculture , FAO Mission
 

Director in Rabat Mr. 
KoRrAS, Director of COMAPRA (Morrocan Company at
 
Agricultural Products), Head of Extension Directorate Mr. HIEN SOUDA, 
Head of DivisIon of coo eration in Ministry of Agriculture 

Mr. ClIELOUATI. Dr. SEDHATI , and Mr. FIRDAWCY respectively Director and 
General eovretary a" Th,. Agronom ic and Veterinary Institute. The 
experiment object Ives and the approach of the investigation onn grain 

storage 
at IAVwere commelted to the visitors.
 

3 .5 . Dr. Florync e DpUNKEh_ 

During November 1987, Dr, Florence DUNKEL, principal cotnvestigator, 

attented the opening of the two barley pits on campus. ler visit: was an 
opportanity 
to check the ordering of equipment with Morrocan 

coin vest 'gaL. or ri I e following Departments . Dr. EZZAIIIRI B. (Plant: 

pathology) 
. Mr. FATE-lI Z. (Plant Breeding) , Dr. IEN.JILALI (Food
 

(hemist r and B i,cherl:.t ry) , Mrs. HOURA!,ACH K (Entomology), 

Mr. RAKHEL.A ('od l'vn ,), Mr.GQoURAM A.HI 
 (Microbiology).
 

Dr. DUNKEI. F along with the principal Investigator 
also met with
 

Dr. SEDP ATI . (D Ir,,,'tor oII AV) Mr. FIRDAWCy L. (General Secretaryof
 

IAV) . rr lfH N SO . (Team 1ead (r . M innesota Project at 
 TAV) , 
Mr . EI.LEYEP R (Er, ,c Officer AID Mission Rabat) Dr. DUNKEL met 
Dr. AIT KAI M. Char n andmair DEBBARII IIAFID, coinvest Igator from the 
AIricul rural Ilnglnnt e r i ngDepartement , during her stay . Dr. DUNKEL. was 
also able t:o vIsit the experiment sire in Chaouiia and meet wihth the 
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ta rme r.
 

3 .6. Dr. CUSTAFPSONR
 

The chairmin of the Agricultural Engineering Department at

Ohio State Univr: 
Ity Columbus, 
 Dr. GUSTAFFSON 
R . vist ted the
 
experiment site In Chaoula on January 21 st 1988. Dr. GUSTAFFSON ", a 
major advi sor tor a dioct oral research On applying numerical models to 
predIct heat and moitut re transfer 
In a stored grain mass. This 
research 
 s 
being carried 
out 
by an IAV Facilty 
memberHr. Driss
 
M.assahou ti om Food Enigine.ring Department
 The theoret' ical numerical 
::od. I inc c com1pl v e vd we l become a use ful tool to process the 
temperature and moisture data collected from the experiment carried out 

it I .A .V .
 

3 7. FArn r s
 

On Monday January 25 th, Mr. HAMDOUH Bouchai b and MAMDOU1 iiaj
Ahmed, the brother farmers who host the experiment Ini Chaouha were 
invited for a one day visit to IAV by the Director lDr. SEDRATT IAV. 

R.e s e a r t Ivh i it i t gnrain storage were pr 
esentei to the farmi rs wheo 
were 
rece ired by 
t lie DI iectI and t ral
el e r i Secret ary of 
IAV, Toe 
fa rme r we r 
 able 
to tour 
somt 
 pat" meti t.; suic h an Agricultural
 

Engifn.er ing, 
 Plant 
 Pat hology, 
 Zoology, 
 Plant 
 Breeding,
 
Microbilogy 
 The farmers we re encoutrlaged by IAV Dir 
ec tor and (Gei 
 ra
 
Se t'cretary 
to extend Itnvit 
t lon 
to farmers from around the experimen(nt 
sI tP In ChaoujIa to visit !AV anid know more aboutL its research 
activities 
in general 
and grain storage 
retsearch 
in particular.
 

http:Engifn.er
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3.8. Moroccan eeVlyl Ion
 

On Tuesday January 
26 th, Morrocan Television prepared a first 
report on the ongoing research on grain storage At IAV. Dr. BARTAI.I 
H. the princ ipal invest Igator commented the research plan including the 

AV tLnd Chaonia expert[ment :ites. A presentation of this research was 
made on the Moroccan TV on Wednesd-iy 27th. Emphas s was; put on IAV 
conttri but io:a to promote appropriate storage technologies and reduce 

gra in losses, 

4 . 0 . !PLANS __F I Xx T s !_ MONrHs 

4.1. jrst-oxpen~nj _.f- _!i 

On March 30th, 3 months after the filling , 4 pits will be 
opened (2 st raw lined and 2 plastic lined). Sampling and analysis will 
b- carried out by the research team. About 50 metric tons of grain 
will he taken out of the experiment site, bagged and transported to 
Rabat, sampling will take place on site. 

4 . 2 . s t t o f_Dr F. PIunk q 

A second visit one week long is scheduded for Dr F. Dunkel 
(principal1 colnvestigacor) at the time of the first opennig of pits and 

analysti s of grain s lmples(End of March 1988) This visit is importaznt 
because it v;ll strengthen the efforts n f the research teaM to 
coordinate Its work regarding adeguate analysis of grain samples. 
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4 .32. R eu se_o f grainl_!for a 1otK _ tetr.m _stor__agt 

It Is planned to u;e part of the wheat taken out of the 4 opened 
pits on March 30, to till 2 underground pits similar to those oil 
the farm site in Chaouia which will be installed on the Institute 

Campus Ini February 1988 . The wheat will be kept stored In these pits 
for a much longer period (5 years). Thi- experiment will permit to 
Invest igate th" evolution of qualiy o I grain when tie latter remains 

underground for longer periods. This long term storage used to be 
pract iced by some farmers and may still take place when the farmer's 

s ituat ion per m i t s. This lo ig term - t orage goes beyond the time I imit of 

the AID) sponso-eI project., but Its results will be beneficial to the 

research on unzderz,.rc x,l storage. Thu choice of Institute Campus to 

extetid thlis experim ient I; made in order to reduce costs and avoid any 
di sturbance to the farmer who Is hosting the present experiment. 

4.4 S econd pitsL o xii . 

The second pit:s open ing is scheduled for the end of June 1988, 1. e 
six months after the filling . 4 pits will then be opened (2 straw
 

lined and 2 plasric lined) . Sampling of grain from 
 pits will be 
carried out on site In tie same way as for tihe fir st opening. 

Ihis second opening will coincide with the visit of Dr. Raymond 

sterling (Principal coinvest!gator) to Morocco. 

4 .5.Com~eio~ofp rt ixemeiand- xinstal atIo fprt-of e q ip em ei 

The equipment ordererI from abroad will still be arriving during 
the next months.Its 
testing and 
Installation 
will then 
take place.
 

http:unzderz,.rc
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ixpenditure:s are made in dollars and local Cu rrenc y 
ill MXorocco Wdirlli s). 

SI.xl.,nd it LIrcs il dolla r;a areIc a cI CO in!'o,'mnation obtained 

f'ro In iVe 1.; it% 0 i tSOt;1 to 11ccember 31.0f INIinn np 

Rate sed in ) p: r Ili, fii n nci 1:11 ,t a is (betweCn dol Iar 

and d i ha In i s 1 7I2 I-l11t. 

Ch(JLC fro1 UISA.. to on January 7th\IIarrived Institute 

1988. 


