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ABSTRACT
The straw is a feed with a poor nutritional value. It is poor in nitrogenous matter, in fat and in minerals. It is hardly
digestible and a little part can be ingested by ruminants. As a consequence, it cannot match the physiological and
production needs of the animal.
The development of the straw is important to supply an increasing demand. Indeed, we made a treatment of the
wheat straw by urea (5 %) and molasses (10 %). The analytical control showed a clear improvement of the food
quality and the nutritional value of the treated straw compared to the control (blank) feeds.
A remarkable increase was recorded for total nitrogenous matter, total sugars and fats. Concerning minerals, we
noticed relatively high values for phosphorus, calcium and some magnesium.
 2013 Trade Science Inc. - INDIA

INTRODUCTION

The straw is a source of fodder for cattle which has
to be considered. Its promotion depends on the effi-
ciency of the technological process allowing to improve
its nutritional value. It is a feed that has a poor nutri-
tional value. It is mainly rich in cellulose and in plant cell
walls. It is poor in total nitrogenous matter (TNM), in
total fat (TF), in minerals and in vitamins[2].

The improvement of the nutritional quality of this
feed is linked to various processes (chemical and bio-
logical). The determination of the chemical and energy
features of the straw is an important stage to carry out a
processing procedure which could be an interesting al-
ternative, in particular in developing countries, and al-
lows to improve and to reward the need of the straw in
nitrogenous matter and in minerals.

The addition of urea as a source of nitrogen, and
molasses as source of sugars and minerals allows to
improve the content in nitrogenous matter. It increased
from 0.77g/Kg of the DM (Dry Matter) to 98.40g/Kg
of the DM for the straw with urea and molasses. A
quite important increase was recorded, especially for
phosphorus and calcium, the values were respectively
0.5g/Kg DM, and 1.6g/Kg DM for the blank sample
and 0.93g/Kg DM, 4.14g/Kg DM for the straw with
urea and molasses.

The chemical processing procedure of the straw
is a profitable alternative regarding the energy side.
The addition of urea and molasses allows to increase
the energy value from 0.43 FU (Fodder Unit) for the
straw alone to 0.67 FU by Kg of DM, and from 0.31
to 0.53 MFU (Meat Fodder Unit) by Kg of DM.
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MATERIALS AND METHODS

Chosen processes

The chosen tested processes are:
 Test n°1 : The proportions of urea added to

the straw are 5%, 10%, 15% and 20%.
 Test n°2 : For the straw with 5% of urea different

contents of molasses are added : 5%, 10%,1 5 %
and 20%.

 Blank : Straw only.

Process

The products were realized on samples with a hu-
midity rate of 60% to 70% and under a temperature of
25°C. The duration of processing of the three tests was

fixed to 30 days.

Determination of fat matter

The fat of the sample is extracted by a non polar
solvent (ethanol). The solvent when it is boiling rises to
the porous cartridge. Then, it brings the fat which is
there. The operation repeated in several cycles, allows
the extraction of the totality of the fat contained in the
sample.

We weigh 5 grams of the prepared dry matter, we
close with some cotton to avoid the leaching of dry
matter particles with the solvent. We introduce the car-
tridge into the body of the Soxhlet extractor, then we
put in a balloon glass previously tared, 3 to 4 agitating
balls and 150 ml of hexane. We warm with a heating
mantle, the balloon containing the hexane makes 20 to
25 cycles to catch the fat, then we evaporate the hex-
ane by distillation with a rotavapor. Finally, we weigh
the balloon containing the fat after cooling in the
dessicator.Expression of the results :
F (%) = (m2-T)/m1 x MS (%) avec

(%) : Fat in g/100g of dry matter; m1 : mass of fat in g;

m2 : mass of the balloon + fat in g; DM (%) : Percent-

age on dry matter.

Determination of total sugars content
Total sugars are determined by the phenol method.

This method consists in taking 1 ml of the prepared sample
solution in which we add 1 ml of phenol-water and 5 ml
of sulfuric acid. The mixture is mechanically homogenized
on a IKWERK-type vortex, then boiled for 5 min, after

Expression of the results

The ash content (C), in g/100 g of product is:
C (%) = [(m2-T)/(m1-T)]*100

With m1: Mass of the sample (g); m2: Mass of calcinated
residue (g); T : Mass of the crucible (g).

Measurement of total nitrogen
Total nitrogen is measured by mineralization with

concentrated sulfuric acid in the presence of catalysts.
The product of the reaction (ammonium sulfate:
(NH

4
)2SO

4
) is measured with hydrochloric acid. 1g of

sample is put in the flask with a catalyst pastille and 10
ml of concentrated sulfuric acid. The flask is put under
a hood, into the mineralization block and then heated at
450°C, during 2 to 4 hours until obtaining of a white

viscous solution. The smoke is evacuated through a
smoke catcher.

20 ml of boric acid with colored indicator are put in
a flask with narrow neck and which fits to the extremity
of the cooler of the distillation unit in order to sink the
extension leaf into the solution of boric acid. The con-
tent of the flask is neutralized by 40 ml of sodium hy-
droxide and it is connected to the distillation unit. The
distillation takes place during 6 to 10 minutes.

The distillate added by 20 ml of boric acid is di-

being kept in the dark for 30 min, the reading is made by
a UKIVON 950-type spectrophotometer with 1 cm
double optical rays at 490 nm. The blank is composed
of distilled water and it is prepared in the same condi-
tions. A standard curve is realized with concentrations of
0.3 g/l of glucose and 0.3 g/l of fructose.

Determination of ash content

50 grams of sample are put in a CORNING 16x125
tube for a pre-calcination. The obtained product is min-
eralized according to the program detailed in the TABLE
20, until we obtain a white residue (ashes). The residue
is cooled in the dessiccator before weighing. The tem-
perature is gradually increased according to the pro-
gram detailed in the TABLE 1, in order to completely
destroy organic matter and quite low to avoid the trans-
formation in oxides that are hardly soluble.

TABLE 1 : Mineralization program

Temperature (°C) 25 150 300 480 500 

Duration 1h 1h 1h 12 min 12h 
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rectly measured by the hydrochloric acid 0.1N until
purple color change. The content in total nitrogen (N)
in gram for 100 g of sample is expressed as below:
N (g) = (V-V°) x N (HCL) x 1.4/p

With V : Volume of HCL (0.1N) used for sample mea-

surement (ml); V° : Volume of HCL (0.1N) used for

the blank test (ml); N (HCL) : normality of hydrochloric

acid (0.1 eq/l); p : in g of the sample.

The quantity of protein can be estimated by the use
of the total nitrogen content with the application of the
equation below:
Proteins (g) = 6.25xN (g)

Phosphorus measurement

After calcination and dissolution of ashes in HCL,
the solution is crossed in a phial of 300ml and com-
pleted with distilled water until the gauge (solution A).
20 ml of the solution A are introduced into a phial of 50
ml, then we add 10 ml of vanadate-molybdate solution
and we fill until the gauge line with distilled water. After
a rest of approximately 10 minutes, the reading of the
standard solution allows to determine the quantity of
phosphorus by Kg of dry matter.

Calcium measurement

The measurement of calcium can be done accord-
ing to the procedure below :

 Calcine the prepared sample in the oven at 525°C

during 12 hours and cool the obtained product;
 Dissolve the ashes by adding 2ml of HCL precisely,

heat until it boils;
 Filter out then by collecting the filtrate in a becher

flask;
 Add 8 to 10 drops of the solution of bromocresol

green and enough of NaOH concentrated at 20% to
bring the pH to 4.8-5.0 (blue color of the indicator);

 Cover with a small glass plate and heat until it boils;
 Precipitate the calcium slowly by adding a solution

of 3% oxalic acid drop by drop until the pH reach
4.4 � 4.6 indicated by the green color of the indica-

tor. Avoid the excess of oxalic acid indicated by a
yellow color showing an unwanted change of the pH.

 Boil for one to two minutes and let the mixture rest
until it becomes clearer.

 Filter the water pump on a filtered glass, wash the
becher glass and the precipitate with roughly 50 ml

of NaOH (0.05N) in small portions, using for this,
a squeeze bottle giving very small water jets.

 Put the filtered glass in a 2500 ml becher, add with
125 ml of water and 5 ml of HSO4 ;

 Measure between 70°C to 80°C with a micro-bu-

rette with KMnO4 0.05N until we have a pale pink
color;

 Correct with a blank test under the same conditions;
 The reading of the solution is done with a spectro-

photometer with a wavelength of 422.7 nm.

Potassium measurement

The determination of the potassium quantity is done
by atomic absorption. Collected ashes are mixed with
0.15 ml of nitric acid in a 100 ml gauged phial. After
complete dissolution, we complete the volume to the
gauge line with distilled water. The reading of the opti-
cal density is made at the wavelength of 589 nm for
potassium. The creation of a standard range for potas-
sium from a solution which we know its concentration
allows to determine the quantity of potassium in the
solution prepared from ashes.

Magnesium measurement (oligo-element)

We did the same way as we did for potassium mea-
surement except the fact that in that case, we made the
dilution with HCL 0.1 mol/l instead of nitric acid at 0.01
mol/l.

RESULTS AND DISCUSSION

Chemical composition of straw

The TABLE n°2 shows the results of the physico-

chemical analysis of wheat straw.

TABLE 2 : Results of the physico-chemical analysis of wheat
straw

Parameters Average values 

Dry matter (%) 85.25 

Ashes (g/Kg DM) 5.90 

Total nitrogenous matter (g/Kg DM) 0.77 

Total sugars (g/Kg DM) 1.50 

Fats (g/Kg DM) 0.15 

P (g/Kg DM) 0.50 

K (g/Kg DM) 11.50 

Ca (g/Kg DM) 1.60 

Mg (mg/Kg DM) 0.60 
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The TABLE n°4 shows the results of the analyses

made on the processed straw with urea (5%) and the
other processed straw with urea (5%) and with molas-
ses (10%). The addition of these two compounds al-
lows to improve the chemical and organic composition
of the straw with compared to the blank test.

Results of the energetically values of processed
straw

The TABLE n° 5 shows the results of the energeti-

cally value of the straw with urea only and the straw
with urea and molasses.

DISCUSSION ET CONCLUSION

The straw is a feed rich in cellulose and in lignocel-
luloses fibers and has a very high content in cell walls,
on the other hand the contents in nitrogenous matter
and in minerals are very low. The nutritional quality of
the straw can be improved by adding ammonia[5] and
urea[6].

The calculated results show that the straw with urea
and molasses is rich in nitrogenous matter (98.40g/Kg
DM) compared to the straw only (0.77g/Kg DM) and
the straw with urea that has a value of 86.20g/Kg DM.
The values of total nitrogenous matter of the straw alone
remain lower if they are compared with those of the
straw with urea. These results are similar to those found
by Ghiati[6]. The content of fat increased from 0.15g/
Kg DM for the straw alone to 1.17g/Kg DM for the
straw with urea and molasses. A clear improvement was
noticed for the straw with urea and molasses. The av-
erage values of phosphorus, calcium,

potassium and magnesium were increased respec-
tively from 0.5g/Kg DM, 1.6g/Kg DM, 11.5g/Kg DM
and 0.6mg/Kg DM for the blank test to 0.93g/Kg DM,
4.14g/Kg DM, 14.70g/Kg DM and 1.03mg/Kg DM
for the straw with urea and molasses.

The wheat straw has a low content in energy. In-
deed the TABLE n°5 shows that the content in FU by

Kg of DM of the straw with urea and molasses is 0.67
and the content in MFU is around 0.53 by Kg of DM.
The values of FU and MFU of the straw with urea only
are around 0.56 and 0.44 by Kg of DM, these are
almost the same results found by M.Vermoryl[8].

The values recorded for the straw with urea and
molasses are higher than those of the straw with urea
and those of the blank test (FU = 0.43 /Kg DM and
MFU= 0.31/Kg DM).

These results show that the straw is a feed with a
poor chemical composition and its nutritional value is
relatively low regarding nitrogen and minerals on the
other hand it is rich in lignified tissues and in cellulose.

Energetical value of straw

TABLE 3 : Energetical value of straw

Energetical values/Kg (DM) 

FU MFU 

0,43 0,31 

The wheat straw presents of low content in energy.
Indeed the TABLE n°3 shows that the content in FU

by Kg of DM of straw is 0.43 and the content in MFU
is around 0.31. These two values remain comparable
with the contents in FU and in MFU of a good quality
straw that has the respective values of 0.45 by Kg of
the DM and 0.35 by Kg of the DM. These values are
similar to those found by Ait-Amar[1]. The recorded
values still very low with compared to the contents of
concentrated feeds.

Chemical composition of the straw with urea only
and the straw with urea and molasses

TABLE 4 : Average values of the chemical parameters of the

straw with urea and the straw with urea and molasses

Average values 

Parameters Straw+Urea 
(5%) 

Straw+Urea 
(5%)+molasses 

(10%) 
Total nitrogenous matter (g/Kg 
DM) 

86.20 98.40 

Fats (g/Kg DM) 0.31 1.17 

Total sugars (g/Kg DM) 1.65 2.29 

Phosphorus (g/Kg DM) 0.55 0.93 

Calcium (g/Kg DM) 3.40 4.14 

Potassium (g/Kg DM) 11.70 14.70 

Magnesium (mg/Kg DM) 0.70 1.03 

TABLE 5 : Energetically values of processed straw

Energetical 
values/Kg (DM) Samples 
UFL UFV 

Straw + Urea (5%) 0.56 0.44 

Straw + Urea (5%) + Molasses (10%) 0.67 0.53 



A.Echchelh et al. 205

Review
BTAIJ, 7(5) 2013

BioTechnology
An Indian Journal

BioTechnology

The complementation of this feed with urea and
molasses has a positive effect for animal health. It al-
lows the enrichment of the straw in nitrogen, in carbon
and in minerals. These elements enhance the develop-
ment and the growth of ruminants that require impor-
tant energy spending to cover their vital and production
needs. Incorrect concentrations of the urea and the
molasses can have negative effects on the texture and
the quality of the straw.

The urea processing appears to be interesting re-
garding its application and the regarding the obtained
result. It is accessible thanks to its relatively affordable
price and thanks to its handling ease and its easy use[3].

REFERENCES

[1] B.Ait Amar; Production, utilisation et caractérisation

de la valeur alimentaire des fourrages et sous-
produits des cultures au Maroc, Département pro-

duction animale, Mémoire de 3ème cycle,
Département de productions animales, IAV Hassan

II, (2005).
[2] M.Benata; Valeurs alimentaire des pailles récoltés

traditionnellement au Maroc, influence de la
complémentation azotée, Mémoire de 3ème cycle,

Dépt.Productions animales, IAV Hassan II, (1977).

[3] B.Boulanouar; Meeting the nutritional requirements
of sheep in semi-arid Morocco, PhD dissertation,
University of Nebraska Lincoln, USA, 246 (1994).

[4] Y.Chbab, et al; Monitoring of the evolution of the
microbiological flora treated straw, Biotechnology,
an Indian Journal, 5(1), (2011).

[5] A.Chermiti, G.Khaldi; Amélioration de la valeur

alimentaire des pailles par le traitement à

l�ammoniac, Ann.INRAT, 56(1), 3-17 (1983).
[6] A.Ghiati; Amélioration de la valeur alimentaire des

pailles par traitement à l�urée, Influence de

l�humidité, de la durée de traitement et de la dose

d�urée, Mémoire de 3ème cycle,

Départ.Productions animales, IAV Hassan II,

(1989).
[7] K.Kraiem, H.Abdouli, H.Moujehed; Effet des

traitements à l�ammoniac et à l�urée, de la

complémentation et de la durée de stockage sur la

valeur alimentaire des pailles, Revue de I�INAT,

6(1), 37-50 (1992).
[8] M.Vermoryl; Feed evaluation for ruminants, II, The

new energy systems proposed in France, Livest-
Pro-Sci., 5, 347-365 (1978).


