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SUMMARY

Berseem fodder (B) was fractionated into
protein rich juice and residue by pulping and
pressing. The berseem residue (BR) was sun
dried and supplemented with urea, molasses,
minerals and elemental sulphur leached out from
B in the form of juice. The nutritive value of the
supplemented berseem residue (BR) was
compared with corn gluten feed-20 percent (CGF-
20 percent) by feeding Kajli breed sheep finishing
lambs.  The results revealed that addition of urea
and molasses to BR did not support efficient
growth of lambs. But supplementation of BR with
urea (1.067 percent w/w), molasses (20 percent),
mineral (0.51) and 86 ppm powdered sulphur
increased weight gain, feed consumption and
feed to gain ratio by 143, 72 and 29 percent
respectively.  The digestibility of dry matter, crude
protein, crude fibre and organic matter increased
by 22, 21, 46, and 20 percent respectively. The
cost of lamb production was reduced by 50 percent.
The various performance parameters of lambs
fed supplemented BR rations were comparable

with CGF-20 percent based rations. Addition of
various levels of CGF-20 percent to BR did not
prove economical.

RESUMEN

 El forraje de bersin (B) fue fraccionado en un
jugo rico en proteína y la pulpa resultante tras la
compresión. El residuo de bersin (BR) fue secado
al sol y suplementado con urea, melazas, minera-
les y azufre elemental que fue eliminado de B en
forma de jugo. El valor nutritivo del residuo de
bersin suplementado (BR) fue comparado con
gluten de maíz al 20 p.100 (CGF 20 p.100) me-
diante pruebas de alimentación con corderos de
raza Kajli en fase de acabado. Los resultados
mostraron que la adición de urea (1,067 p.100 p/
p y melazas (20 p.100), minerales (0,51 p.100) y
azufre en polvo 86 ppm, aumentaron la ganancia
de peso el consumo de pienso y el índice de
conversión pienso/ganancia en 143,72 y 29 p.100
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respectivamente. La digestibilidad de la materia

seca, proteína bruta, fibra bruta y materia orgáni-

ca aumentaron 22, 21, 46 y 20 p.100 respectiva-

mente. El coste de producción de corderos se

redujo en un 50 p.100. Los distintos parámetros

de eficacia de corderos suplementados con ra-

ciones a base de BR fueron comparables a los

obtenidos con raciones a base de (CGF 20 p.100).

La adición de CGF 20 p.100 al BR no resultó

económica.

INTRODUCTION

Berseem (Egyptian clover) is an
important leguminous winter fodder
crop for livestock feeding in Pakistan.
It is planted in October, mainly under
irrigation, and yields from 100 to 150
tonnes of green matter per hectare in
five to six cuttings up to April/May.
According to an estimate, more than
6.18 million tonnes of green berseem
is produced annually in the country
(Khan, 1993). It is appreciated as forage
crop for its high protein (18 to 20
percent on DM), soft leaves, tender
stem, high leaf to stem ratio and rapid
regrowth.

Leguminous fodders at vegetative
stage contain more protein than the
requirements of ruminants (Buttery,
1977). The micro-organisms present
in the rumen convert the excess solu-
ble protein into ammonia (McDonald
et al., 1981) for refixation into their
body as microbial protein. This system
is 60 percent efficient and the rest 40
percent ammonia cannot be utilized by
rumen microbes being excreted in the
urine. Thus a big portion of the protein
present in forages, like berseem, may
not be completely utilized. Therefore,
it seems sensible to extract a portion of

soluble-protein for monogastrics
(Khan 1994) and feed the residue to
ruminants.  Extraction of protein from
green fodder (figure 1) involves the
mechanical separation of vegetative
forages into non-fibrous (juice) and
fibrous material. This is based on the
principle of rupturing cell wall,
pressing out cellular fluid, containing
plant bearing plastid and granular ma-
terial and finally heat coagulation of
protein, called leaf protein concentrate
(45-60 percent protein LPC) which
can be used as food or feed (Pirie
1985).

The residue left after protein
extraction contained less protein,
minerals and soluble carbohydrates
(Khan et al., 1994) than the whole
forage. This affected the palatability
and nutritive value of the residue.
Therefore, the present study was
designed to fortify the residue with
urea, molasses, mineral mixture and
elemental sulphur supplementation of
extracted material in the form of juice
from the whole fodder that contained
(figure 1) protein, water soluble
carbohydrates and minerals. The
supplemented residue was nutritionally
evaluated and compared with CGF-20
percent on protein equivalent basis by
feeding Kajli (breed) lambs.

MATERIALS AND METHODS

MATERIALS
Fresh berseem fodder was procured

from experimental field station daily
for the preparation of berseem protein
concentrate (BPC) and berseem residue
(BR). The processing of berseem was
done on a locally designed and
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fabricated machinery according to the
following scheme:

1.-Extraction of juice: Berseem was
washed thoroughly with running water
to remove the dust and other materials
adhering to the leaves and stems. Then
it was chopped to 1.0 to 1.5 cm in
length by a mechanical chopper and
was pulped in a hammer mill to rupture
the cell wall.  The pulped material was
passed through modified juice extractor
to remove the juice by adjusting

distance between rollers.
2.- Preparation of berseem residue

(BR): The fibrous material left after
juice extraction, was sun dried by
spreading one centimeter thick layer
over plastic sheet on the floor for drying
to £10 percent moisture and stored.
The product thus obtained was desig-
nated as berseem residue (BR). The
average initial moisture and final
moisture (MT) contents ranged from
67.31±3.8 and 9.10±1.28 in 2-3 days.

Figure 1. Fractionation of green berseem. (Fraccionamiento del bersin).

*The numbers in brackets are average dry matter percentage

Juice
                                                            (7.37 ± 1.1)*

Heated to 80 oC

Coagulum

Filter

Berseem residue (BR)
                                              (7.37 ± 2.21)*

Sun dried

Berseem residue (BR)

Leaf protein concentrate (LPC)
                                                             (1.38 ± 0.52)*

Filtrate
(6.12±1.2)*

Green berseem (B)
      (14.87 ± 2.51)*

Chopping 1 - 1.5 cm

Hammer mill

Pulping

Pressing (juice extractor)
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The filtrate from LPC was not added to
the residue.

 3.- Preparation of Feeds: Feed
ingredients were purchased from local
market and analyzed for proximate
analysis according to A.O.A.C.
methods (1984). Percent chemical
composition of feed ingredients is
shown in table I. Berseem residue hay
and wheat straw were chopped to 1 cm
length. Then the other ingredients were
mixed according to percentage compo-
sition as shown in table II  (a). The
ingredients were thoroughly mixed in
a mixer and diets designated as A, B,
C, D and E. The chemical composition
of diets is also shown in table II  (b).
The BR with molasses and minerals
served as control (diet A). Diet B had
urea and 86 ppm elemental sulphur

and molasses supplemented to BR
based diet. In diets C, D and E, BR of
control was replaced by CGF-20
percent at 50, 75 and 100 percent levels
on protein equivalent basis of control
diet.

METHODS
1.-Feeding trials: Fifty young Kajli

(breed) sheep lambs, of uniform age
and weights were procured from a
government livestock experimental
farm. The lambs were treated for endo
and ecto-parasites and were indivi-
dually weighed and ear tagged for
identification at the start of the expe-
riment. All the lambs were randomly
divided into ten experimental units of
five lambs each. Each experimental
unit was kept in a separate pen. Each

Table I. Percent chemical composition of feed ingredients. (Composición química porcentual de

los ingredientes del pienso).

Feed Dry Crude Ether Crude Ash Nitrogen Ca P
ingredients matter protein extract fibre free extract

Cottonseed cake 89.66 19.68 7.65 25.00 4.72 42.95 NA NA
(undecorticated)

Berseem residue 90.35 17.19 2.77 28.12 9.72 43.99 NA NA
Corn gluten feed* 89.58 22.45 2.15 9.80 7.32 47.86 NA NA
Wheat straw 90.75 3.52 1.12 41.42 8.35 45.59 NA NA
Bone meal - - - - 71.00 - 24 12
Limestone - - - - 95.80 - 38 -
Molasses 78.00 3.11 - - 10.32 86.57** - -

Urea 0.50 278.00  (199.00 DP)
Sulphur powder
Salt - - - - 99 - - -

NA= Not analysed.
*20 percent; **48 percent S.S.
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experimental diet was randomly
allocated to two experimental units.
The experiment was conducted accor-
ding to completely randomized design
(CRD) according to Steel and Torrie
(1986). The daily allowance of the
allotted ration was offered in two equal
proportions twice a day. Fresh and

clean water was made available all the
time. In addition to allotted ration, 3
kg green fodder was offered to each
group daily to meet their carotene
requirements. The experiment lasted
for 90 days. The first ten days were
considered as adjustment period. The
lambs were weighed at the start of the

Table II (a). Percent composition of diets for lambs. (Composición porcentual de las dietas de los

corderos).

Feed ingredients Diets

A B C D E

Berseem residue (BR) 80 60 40 20 -
Corn gluten feed (20 percent) - - 30 45 60
Wheat Straw - 16 17 22 37
Urea - 1.067 - - -
Sulphur (flour) - 0.008 - - -
Common salt 0.5 0.5 0.5 0.5 0.5
Bone meal 1.00 1.00 1.00 1.00 1.00
Lime stone 1.00 1.00 1.00 1.00 1.00
Mineral mixture 0.5 0.5 0.5 0.5 0.5
Molasses 17 20 10 10 10

Total 100 100 100 100 100

Table II (b). Percent chemical composition of experimental diets. (Composición química

porcentual de las dietas  experimentales).

Nutrients Diets

Total digestible nutrients (TDN) 53 51 54 54 54
Moisture 11.46 11.67 10.76 10.85 11.87
Crude protein (Nx6.25) 12.28 12.40 12.45 12.54 12.18
Ether extract 2.22 1.84 1.94 1.77 2.08
Crude fibre 22.50 23.50 21.23 19.15 21.21
Ash 12.58 11.78 11.09 10.,65 11.06
Nitrogen free 38.96 38.81 42.53 45.04 41.60
Extract



Archivos de zootecnia vol. 51, núm. 195, p. 296.

KHAN, NUSRAT EJAZ AND GILANI

experiment and on every tenth day
thereafter at the same time till the end
of the experiment. Daily feed offered
and refused were recorded to calculate
the feed intake. Efficiency of feed
utilization was also worked out.

2.-Digestion trial: At the end of the
experiment a digestion trial was
conducted. Daily feed intake, was
recorded. Total daily faeces voided
were also collected manually for ten
consecutive days and weighed.  Repre-
sentative samples of feed and faeces
were drawn and analyzed for dry
matter, crude protein, ether extract,
crude fibre and ash contents according
to A.O.A.C. (1984) methods. The
digestibility coefficients of various
nutrients of the rations were also
worked out.

STATISTICAL ANALYSIS
The data on various parameters were

tabulated and subjected to statistical
analysis according to Steel and Torrie

(1986). The comparison of means was
done (whenever significant differences
were obtained) by Duncan,s multiple
range test (Duncan-1986) at 5 percent
level of significance.

RESULTS AND DISCUSSION

Results of the experiment and
statistical analysis of the data are shown
in tables III , IV, V  and VI . The results
indicated that weight gain, feed
consumption and food conversion ratio
(FCR) of lambs fed on BR based rations
could be improved by addition of urea
plus sulphur or various levels of CGF-
20 percent. Fortification of BR reduced
cost of feed by Rs.0.22/kg (1 US$= 28
Rs.) and cost of lamb production was
reduced by 50.22 percent. Supplemen-
tation of BR with CGF-20 percent also
reduced the cost of lamb production.

The dry matter digestibility (DMD)
increased by 22.34 percent when urea

Table III.  Average weight gain, feed consumption and feed conversion ratio of lambs fed on
different experimental rations. (Ganancia media de peso, consumo de pienso e índice de conversión

del pienso por los corderos alimentados con diferentes raciones).

Item Diets*
A B C D E

Average starting weight/lamb (kg) 29.650 29.730 28.974 29.400 27.500
Average slaughterweight/lamb (kg) 35.768 44.625 43.620 45.156 42.500
Average dailyweight gain/lamb (g) 67.978b 165.500a 162.733a 175.067a 166.667a

Average feed consumption/lamb (kg) 67.00c 115.25a 102.75ab 90.250b 89.500bc

Food conversion ratio (FCR) 10.951a 7.737b 7.015bc 5.728c 5.967c

Cost of ration/kg (Rs.)** 0.96 0.74 1.40 1.63 1.84
Cost of food/kg weight gain (Rs.) 11.51 5.73 9.82 9.34 10.98

*Same superscripts on means in a row show non-significant difference.
**1 US$= 28 Pak Rs.
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and sulphur was supplemented to BRH
based ration, which was comparable
with rations containing CGF-20
percent.

The results of the experiment are in
line with Raymond and Harris (1957)
who reported decreased digestibilities
of dry matter (DM), organic matter

Table IV. Analysis of variance of data on weight gain, food consumption and food conversion
ratio of lamb fed experimental diets. (Análisis de varianza de los datos de ganancia de peso,

consumo de pienso e índice de conversión de alimento por los corderos alimentados con las dietas

experimentales).

Source of variation Between rations Error Total

Degrees of freedom 4 5 9
Weight gain

- Sum of squares 129.739 4.739 134.478
- Mean squares 32.435 0.948 -
- F-ratio 32.214* - -

Food consumption
- Sum of squares 2571.850 396.007 2967.857
- Mean squares 642.963 79.201 -
- F-ratio 6.118* - -

Food conservation ratio
- Sum of squares 35.137 0.760 35.896
- Mean squares 8.784 0.152 -
- F-ratio 57.789** - -

*p<0.05; **p<0.01.

Table V. Average digestibility co-efficient of various nutrients of different experimental
rations containing BRH and corn gluten feed.(Coeficiente medio de digestibilidad para varios

nutrientes en las distintas raciones experimentales conteniendo BRH y gluten de maíz).

Nutrients Diets*
A B C D E

Dry matter 61.96c 75.80a 71.88b 74.41a 71.79b

Crude protein 57.59c 69.35a 67.69b 70.91a 67.91b

Ether extract 64.12 63.71 64.36 63.05 63.99
Crude fibre 51.81d 75.56a 67.92c 76.16a 71.55b

Organic matter 60.76b 72.83a 70.43a 69.09a 72.08a

Nitrogen free extract 69.02 73.42 73.09 73.54 74.40

*Same superscripts on means in a row show non-significant difference.
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(OM) and crude protein (CP) of pulp
residues obtained after juice extraction
from different forages. Addition of
molasses to the pulp residue improved
these values. Connell and Cramp
(1975) also reported reduced diges-
tibility and depressed milk yield of
dairy cows fed dried pulp residue.  But
DM intake, milk quality and live weight
changes were not affected.  Similary,
Ulyatt (1970) and Houseman et al.
(1975) reported enough nitrogen in
residue for sheep for maintenance and
suggested to add back the liquor to the
residue for compensation of nutritive
value. Here our results differ, the DM
intake and live weight gain of lambs
were reduced when berseem residue
was fed to lambs. The present results
agree with of Borhami and El-Shazy
(1984) and Maguire and Brookes
(1973). Organic matter digestibility
(OMD) of grass residue was reduced
due to protein extraction from green

fodder but improved by addition of
molasses and sulphuric acid (Vartha et
al., 1973). Feed intake of lambs was
increased (Greenhalgh and Reid 1975)
by addition of deproteinised juice to
the residue. Large quantities of highly
digestible nutrients were removed in
the juice leaving the residue with
greater amounts of cell walls (House-
man et al., 1975). Adding back the
residual juice improved the cellulose
and fibre digestibility. Our results do
not agree with Kohler et al. (1979).
They observed better crude fibre
digestibility (CFD) of alfalfa residue
than the original crop. Joshi et al.
(1979), also reported similar findings.
The DM extraction rate from the
forages was not mentioned.  Weston et
al. (1978) reported that the residue
supplemented with deproteinised juice
and maize grains showed lowered
weight gain of lambs, as compared to
soybean diet fed lambs. Akram and

Table VI. Analysis of variance of data on digestibility of various nutrients of the experimental
rations containing BRH and corn gluten feed. (Análisis de varianza de los datos de digestibilidad

de los nutrientes en las raciones a base de BRH y gluten de maíz).

Nutrients Sum of squares Mean Square F-Ratio

DietsZ ErrorZ DietsZ ErrorZ

Dry matter 471.07 26.09 117.77 1.74 67.72**

Crude protein 440.93 57.56 114.92 3.84 29.95**

Ether extract 4.02 38.05 1.01 2.54 0.40NS

Crude fibre 1586.90 5.37 396.50 0.36 1107.24**

Organic matter 376.49 105.18 94.12 7.01 13.42**

Nitrogen free
Extract 1078.74 3309.69 269.69 220.64 1.22NS

ZSource of variation; Ration, degrees of freedom= 4; Error, degrees of freedom= 15.
*p<0.05; **p<0.01. NS= Non-significant.
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Ahmed (1979) showed the nutritive
value of BRH was comparable with
cottonseed cake and better than corn
gluten feed when fed to Sahiwal breed
dairy cow. Our results do not agree
with Joshi et al. (1979) that extraction
of juice from the green alfalfa,
increased its natural detergent fibre
(NDF) digestibility due to changes, in
physical form, increased rumen
retention time and lesser protein
contents of the residue than the whole
crop. Lu et al. (1980) mentioned that
the juice extraction from forage crops
reduced the feed intake and digesti-
bility of CP, due to removal of CP and
non-structural carbohydrates, which
must be compensated by urea and
molasses to restore its nutritional value.
Amella (1981) found that the fodder
residue can compete with dry forages
only. Similar findings were reported
by Fujihara and Ohshima (1984), that
digestibilities of OM, CP and CF of
Ladino Clover fibrous residue was
higher than the hay and ensiled fibrous
residue. The digestibility of nutrients
was reduced in BRH as reported by
Kayama et al. (1985) that alfalfa press
cake was low in CP and high in CF.

Lambs feeding trials indicated low feed
intake, DDM, DOM and DCP of
residue hay as compared to whole crop
hay. The residue hay was inferior in
feeding value to hay whereas Fujihara
et al. (1988 a & b) and Fujihara and
Ohshima (1989) reported that residue
hay and whole crop hay had similar
nutritive value when fed to sheep. This
difference seems due to supplemen-
tation of concentrate to residue hay
and whole crop hay diets.  Similar
results were reported by Borhami et al.
(1992) that berseem and water hyacinth
residues supplemented with standard
concentrate showed similar total
digestible nutrients (TDN) and diges-
tible, protein (DP) with control. Hence
it was concluded that extraction of
juice from berseem reduced its nutritive
value due to removal of soluble
carbohydrates, proteins and minerals
in the form of juice. These losses can
be compensated by addition of urea
along with 86 ppm sulphur, molasses
and mineral mixture.  Lambs feeding
trials showed that supplemented BRH
containing feeds were equivalent in
nutritive value to rations containing
CGF-20 percent.
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