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Abstrac: Eighteen growing Barki male lambs (5-6 months old and weighed in average 25±2 Kg) were randomly
assigned according to their body weight into three feeding groups (6 in each) to investigate the effect of adding
ferrous sulfate on the performance of growing lambs fed undecorticated cottonseed meal (UCSM) compared
with lambs fed UCSM or soybean meal (SBM) based diets without addition through growth trial for 150 days
followed  by  digestibility  trials.  The  experimental rations contained 13 % SBM for group I and 30 % UCSM
(as a main source of protein) either, without addition as ration II or with ferrous sulfate addition  (1  part iron:
1 part free gossypol), ration III. Animals in all groups were fed total mixed ration (concentrate and Berseem hay)
ad libtium. The results showed that the addition of ferrous sulfate significantly (P<0.05) improved all nutrients
digestibility and nutritive values as TDN and DCP compared with unsupplemented ration (II).Average daily
gain was significantly (P<0.05) improved by adding ferrous sulfate. Animals in ration I had the lowest feeding
cost being 7.3 followed by ration III which had 7.7 while ration II recorded the higher feeding cost being 8.2 L.E
/Kg gain. It could be concluded that the addition of ferrous sulfate to UCSM might be improve the utilization
of UCSM and alleviate the adverse effect of gossypol which reflected on the performance of growing lambs.
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INTRODUCTION level of gossypol, the proportion of feeding gossypol in

The use of undecorticated cottonseed meal as an isomers, the amount of cottonseed or cottonseed meal
animal feed is limited by the presence of gossypol. consumed and the efficiency of the detoxification action.
Feeding diets containing gossypol can cause negative The objective of the present study is to improve the
effects on growth, reproductive, performance, as well as utilization of UCSM by adding ferrous sulfate which
intestinal and internal organ abnormalities [1- 4]. Gossypol reduce the adverse effect of gossypol in UCSM and
in cotton seed exists in both the free and bound forms. compare this with SBM diet on the performance of
Most gossypol found in whole cottonseed is in the free growing lambs. 
form but some becomes bound due to the heat, moisture
and pressure associated with cottonseed meal extrusion MATERIALS AND METHODS
and other types of cottonseed processing [5, 6]. The
bound form of gossypol is generally considered to be Feeding experiments including digestibility trials were
nontoxic, although during digestion, some researchers carried out on growing Barki male lambs. Experimental
suggested that more bound gossypol from processed rations were used to study the effect of gossypol in
whole  cottonseed  (WCS)  or cotton seed meal (CSM) cottonseed meal without or with iron addition on daily
may be  converted  to  free  gossypol  in  the  digestive gains, feed intakes, efficiency, nutrients digestibility and
tract [6-8]and the free form is potentially toxic [1, 3, 9]. nitrogen balance of lambs given these rations. The current
Gossypol also exists as a mixture of (+) and (-) study was carried out on 18 Barki male lambs of about
stereoisomers [10], the (-) isomer having the higher 25±2 live body weight and 6 month – old. Animals were
biological activity [11]. Adult cattle can tolerate much randomly assigned to three experimental group 6 each.
larger amounts of free gossypol but toxicity has been The three experimental rations were almost isocaloric,
reported with levels 0.08 % of gossypol fed over a long isonitrogenous and the control group (I) was based
period of time [9]. Gossypol toxicity in functioning mainly on soybean meal as a source of protein. The other
ruminants depended on several factors, including the two   rations    were    based    mainly   on   undecorticated

the free form, the relative proportion of the (+) and (-)
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Table 1: Ingredient composition

Item I II III

Corn 35.5 30.0 30.0

Soybean meal 13.0 ---- ----

Cottonseed meal ---- 30.0 30.0*

Wheat bran 16.7 ---- ----

Wheat straw 6.5 11.2 11.2

Berseem hay 25.0 25.0 25.0

Minerals 0.2 0.2 0.2

Vitamins 0.1 0.1 0.1

Salt 1.0 1.0 1.0

Limeston 2.0 2.5 2.5

*cottonseed meal supplemented by 15 gm ferrous sulfate/ 1 kg. 

cottonseed   meal   as   main   protein   source  calculated
to  supply  an  amount of protein equivalent to the
soybean meal in the control group. A supplement of
ferrous  sulfate  was  given  for rations III (1 part iron: 1
part free gossypol). The  total  and  free  gossypol  were
determined  and found to be 1.6% total and 0.24% free
gossypol.  The  three  experimental  rations  are presented
in Table 1.

Each group had received one of the three
experimental  rations,  for 150  days,  which  were  given
ad-lib and the residuals were daily weighed to determine
the free choice intake of each. Animals were allowed free
access to clean water. Changes in body weight were
recorded bi-weekly. During the last month of the
experiment, four animals of each group were used in a
metabolic trial. Preliminary period is 15 days, followed by
7 days collection period. Diets were offered twice daily
and water was freely available. Faeces and urine collected
every 24 hours for 7 consecutive days. Samples of both
faeces and urine were take (10%) for each animal and kept
frozen until chemical analysis. 

Chemical Analysis: A proximate chemical analysis was
carried out according to the standard methods of A.O.A.C
[12] on representative samples of the essential nutrients
in feeds, faeces, residuals and nitrogen of urine. Total
gossypol and free gossypol determined according to
A.O.C.S [13].

Statistical  Analysis:  Data  collected  were statistically
analyzed   using  the     general   liner   model   of  SAS
[14].  Significant  differences   between   means  were
tested by Duncan’s multiple range tests [15]. One way
analysis of variance was adopted using the following
equation:

Yij = u + Ti + Eij

Where:
Yij = The observations of the parameter measured.
U = Overall means 
Ti = The effect of replication
Eij = The random error term. 

RESULTS AND DISCUSSION

Chemical composition of the experimental rations
which are presented in Table 2 showed that all the tested
rations in the current experiment were almost similar in
their chemical composition.

Nutrients Digestibility: The results of nutrients
digestibility in Table 3 clearly showed that lambs fed
ration (I) which including soybean meal (SBM) and ration
of undecorticated cottonseed meal supplemented with
iron(III) had significantly (P<0.05) higher nutrients
digestibility compared with feeding undecorticated
cottonseed meal without iron (II). This is in agreement
with El Hag and El Hag [16] who reported that sheep fed
cottonseed cake depressed DM and OM digestibilities
and with Abou Donia [17], which reported that protein
digestibility depression related to gossypol toxicity.
Gossypol is combined with -amino groups in the
digestive tract and then be excreted by facilitating
catabolism  and  detoxification  of  the  absorbed
gossypol. On the other hand, the depression of nutrients
digestibility of lambs fed UCSM may be due to the effect
of gossypol on digestive enzymes [18]. Adding iron
sulfate to cottonseed meal improved significantly (P<0.05)
all nutrients digestibility as compared with those fed
ration containing UCSM. This may be due to the effective
of iron on alleviating gossypol toxicity by binding it and
partially inhibit the adverse effect of gossypol on
digestive enzyme [19, 20].

The TDN value of rations I and III had no significant
differences between them but they were significantly
higher than ration II. TDN is a reflection of higher nutrient
digestibility coefficients value of the different nutrients.
As regards to DCP, values recorded for rations I and III
were significantly higher than those obtained for ration II.

Nitrogen Balance: Data of nitrogen balance (NB) are
presented in Table 3. All rations showed positive nitrogen
balance.  The  values  of  NB  ranged  between  4.1  and
6.4  g/h/d.  Lambs  fed  rations  I  and  III  retained  highest
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Table 2: Chemical composition of experimental rations Table 5: Economical evaluation of tested ration

Item I II III Item I II III

Moisture 8.74 8.29 7.96 Price of one ton feed 1460.00 1310.00 1325.00
Chemical composition, (%DM basis) Price of feed intake h/d. L.E. 1.46 1.44 1.47
DM 91.26 91.71 92.04 Feed cost/Kg gain L.E. 7.30 8.20 7.70
OM 91.36 91.64 91.31 Feed efficiency Kg Feed /Kg gain 5.00 6.50 5.80
CP 14.32 14.69 14.85
EE 2.20 2.67 2.57
CF 13.12 14.18 14.12
NFE 61.72 60.10 59.77
Ash 8.64 8.36 8.69

Table 3: Nutrient Digestibility, nutritive value and nitrogen balance of
lambs fed rations

Tested rations
-----------------------------------------------

Item I II III

A) Nutrient digestibility, % ± SE
DM 75.7±0.88 65.3±0.88 71.7±2.73a b a

OM 80.0±1.73 68.3±1.20 75.0±2.08a b a

CP 73.0±1.73 60.0±1.15 70.3±2.40a b a

EE 74.7±1.20 62.7±1.45 70.7±1.20a b a

CF 53.3±0.88 44.3±1.21 53.0±1.53a b a

NFE 86.0±1.15 74.7±0.90 83.3±0.88a b a

B) Nutritive value% ± SE
TDN 74.2±1.69 63.8±1.63 71.8±1.89a b a

DCP 10.5±1.73 8.8±1.15 10.4±2.4a b a

Nitrogen balance
Nitrogen intake g/h/d 22.9 25.9 26.4
Faecal nitrogen g/h/d 6.2 10.4 7.8
Urinary nitrogen g/h/d 10.3 11.4 12.4
Nitrogen balance g/h/d 6.4±0.71 4.1±0.95 6.2±1.2a b a

a and b different letters indicate significant difference (P = 0.05) 

Table 4: Feed intake, live weight gain and feed conversion of lambs fed
tested rations

Item I II III

A) Live body weight:
Initial body weight,Kg 25 23 27
Final body weight,Kg 55 48.5 55.5
Total body weight gain,Kg 30 25.5 28.5
Daily body weight gain, g±SE 200±4.65 170±2.89 190±2.89a b a

B) Feed intake
Total DMI g/h/d 1000 1100 1110
TDN Intake g/h/d 742 702 797

C) Feed conversion, g feed/g gain
DMI 5.00 6.47 5.84
TDN 3.71 4.13 4.19

a and b different letters indicate significant difference (P = 0.05) 

(p<0.05) values of NB compared with lambs fed ration II.
While there were no significant difference (P<0.05)
between rations I and III.

Based on market prices at the beginning of experiment as DM basis*

The  results  obtained  indicated  that  NB  of  lambs
fed rations I and III were nearly similar. Therefore it is
suggested  that  protein  of  cottonseed meal could be
more efficiently utilized with iron supplement than
unsupplemented CSM.

Growth Performance: Data presented in Table 4 showed
that lambs received ration I and III had significant (P<0.05)
higher average daily gain (ADG) being 200 g and 190 g
respectively, while lambs fed ration II recorded lower
value being 170 g. Better performance with lambs fed
ration I may be related to the higher nutrients digestibility,
[21] and also may be due to the effect of protein source on
lambs performance. Several investigators reported that at
the equal protein level the source of protein showed
better growth rate than other protein sources such as
urea, corn gluten meal, sunflower meal, soybean meal and
cottonseed meal [22-24].

On the other hand cottonseed meal has gossypol
which appears a toxic effect [6]. Poor body weight gain for
lambs fed ration II may be due to the lower of protein
digestibility related to gossypol toxicity [17], also, may be
due to the effect of gossypol on digestive enzymes [18].
Gossypol in UCSM and WCS is considered anti-
nutritional factor when used in high percentage in dairy
cows [20, 25], calves [26], sheep [27, 28] and goats [29].
Velasquez-Pereira et al. [30] found that using UDCSM in
Holstein bulls diet recorded lower daily gain compared
with SBM diet. Feeding lambs on ration III which
including   UDCSM   with   iron   resulted   a  significant
(P< 0.05) increase in ADG compared with lambs fed
UCSM. This improvement may has been related to the
higher nutrients digestibility compared with ration II and
may also be due to the effective of iron on alleviating
gossypol toxicity by binding with free gossypol (FG)
which is a toxic form of gossypol [20]. Dry matter intake
(DMI) was similar for all treatments while diet containing
SBM recorded lower DMI. The corresponding values
were 1000, 1100 and 1110 for the three diets respectively.

Concerning feed conversion as g DM and TDN
intake / g gain, lambs fed ration I markedly performed
better  compared  with other  groups,  the  corresponding
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values were 5, 6.47 and 5.8 for rations I, II and III, 8. Noftsger, S.M., B.A. Hupkins, D.E. Diaz, C. Brownie
respectively, this superiority in feed conversion might be
due to lower feed intake relative to the highest body
weight gain recorded by lambs.

Economic Evaluation:  The feed cost /kg in L.E were 7.3,
8.2 and 7.7 for rations I, II and III, respectively. Data
presented  in  Table 5 showed that lambs fed ration I
which including SBM had the best economic efficiency
followed by lambs fed rations III, while the poor economic
efficiency was found with ration II.
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