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~ ABSTRACT

A six weeks feeding trial was conducted to evaluate the effect of
replacement of soybean meal (SBM) with cottonseed meal (CSM) with
or without ferrous sulphate supplementation on the growth
performance and hematobiochemical parameters of white Pekin
ducks. One hundred, one-day old white Pekin ducks were randomly
divided into five groups. The first group was fed standard basal diet
(control group). The second group was fed diet where 20% of soybean
meal was replaced with cottonseed meal (CSM20). The third group
was fed diet where 20% of soybean meal was replaced with
cottonseed meal and supplemented with ferrous sulphate (CSM20").
The fourth group was fed diet where 41% of soybean meal was
replaced with cottonseed meal (CSM41). The fifth group was fed diet
where 41% of soybean meal was replaced with cottonseed meal and
supplemented with ferrous sulphate (CSM41 *) On the 42 days of age,
blood samples were collected from the different groups (6 birds
randomly selected/each group). Dietary replacement of either 20% or
41% soybean meal with cottonseed meal had no encouraging effect on
the growth performance and feed conversion rate from the I* week to
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the end of the experiment. Furthermore, there was a significant
decrease in red blood cells (RBCs) count, hemoglobin (Hb) level,
packed cell volume% (PCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), total protein
(TP), albumin (ALB), and reduced glutathione (GSH) in CSM20 and
CSM41 groups compared with control group. Meanwhile, there were
a significant increase in the same two groups (CSM20 and CSM41) in
serum  alanine  aminotransferase  activity (ALT), aspartate
aminotransferase activity (AST), creatinine (Cr), cholesterol,
triacylglycerol (TG), and malondialdehyde (MDA) compared with
control group. Addition of ferrous sulphate to diets of ducks in which
soyabean prot'éihv replaced by 20% or 41% of cottonseed meal protein
groups (CSM20" and CSM41") alleviate the adverse effect of gossypol
on growth performance, blood picture and organ functions.
Key words: Cottonseed meal, growth performanée, Hematobiochemical
Parameters, Pekin duck.

INTRODUCTION

In poultry industry, Soybean meal (SBM) is the most widely used
protein source in poultry diets. However, its prices have increased
substantially over the past few years. Hence, securing alternative cost-
effective protein sources for poultry nutrition is of utmost importance.
Cattpnséed meal (CSM), a by-product remaining after oil extraction from
whole cottonseeds, could be used to replace SBM in poultry diets as an
alternative, valuable, and cheap protein source (Pattahaik et al., 2003
and. ngalakshmi et al., 2007). However, CSM contains a toxic
polyphenolic reactive pigment (gossypol) that rapidly binds minerals and
amino écids when it is in its free form (Guedes & Soto-Blanco, 2010).
Morioga’str’ic animals and young ruminants are highly susceptible to
gossypol in CSM Nagalakshmi et al., (2007).
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For bett-er utilization of CSM in poultry diets great efforts have
been devoted to developing practical methods to reduce and detoxify the
free gossypol. The dietary addition of iron (as sulphate) can help to
ameliorate the negative effects of free gossypol in CSM (Henry et al.,

2001). 1t has been found that ferrous sulphate could be added to the diets
‘ containing cottonseed meal in order to reduce the adverse effect of
gossypol on poultry (Adeyemo and Longe, 2007 and Anwar et al., 2008)
It is thought that the iron binds to the free gossypol (Soltan et al., 2008).

There were no available studies for evaluation of the efficacy of
CSM with or without ferrous sulfate in white Pekin ducks. Therefore,
The objectives of this study was to determine if ferrous sulfate would
reduce the toxic effects of gossypol in CSM and evaluate the effect of
ferrous supplementation to diets containing different levels of CSM on

growth, hematobiochemical profiles of Pekin ducks.
MATERIALS AND METHODS

Experimental design and animal management:

A total of one hundred oné—day old white Pekin ducks were
obtained from local company, Zagazig, Egypt. Ducks were housed in
experiment room with initial temperature set at 38°C then gradually
decreased during the first 20 days of life to 25°C. These chicks were
exposed to a photoperiod of 24 h of light that was then gradually
changed to 16 Light: 8 Dark. Feed and water were provided ad libitum.
The birds were fed formulated ration that meet the nutritional
requirements according to the (National Research Council) NRC (1994)
as shown in Table (1). Ducks were randomly divided into five groups.
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Each group were received one of five treatments: basal standard diet
(CSMO); basal diet plus 20% CSM(CSM20); basal diet plus 20%CSM
ahd ferrous sulphate (CSM20"); basal diet plus 41% CSM (CSM41) and
basal diet plus 41%CSM and iron sulphate (CSM41"). Iron sulphate
added by 0.04% from protein percent of CSM. CSM was obtained from
local company, Kafr El-Sheikh, Egypt. Body weights (BW), feed

conversion ratio (FCR) and feed intake (FI) were recorded weekly.
Blood Sampling;

After 42days, blood was collected from six randomly selected birds
from each group through the brachial vein. Approximately 4 ml of blood
were collected per animal. 1 ml of this blood was mixed immediately in
Ependorf tubes with EDTA (Anticoagulant) and used for hematological
an.alysis. The rest of blood was kept in sterilized Ependorf tubes
overnight at 4°C. Serum was separated from clotted blood by
centrifugation at 3,000 rpm for 15 minutes and stored at -20°C until use.

Hematological parameters:

Red blood cell (RBC) counts were performed using an improved
Neubauer hemocytometer and Natt and Herrick solution according to
: Harrison and Harrison, (1986). The hemoglobin concentration is
-~ measured spectrophotometrically by using cyanomethemoglobin method
after centrifugation according Dein, (1986). Hematocrit (PCV) was
. determined using a micro-hematocrit centrifugation (10,500 xg for 5
min) and a micro-capillary reader Coles, (1986). The values found were
. used to calculate the mean corpuscular hemoglobin concentration
- (MCHC), the mean corpuscular hemoglobin (MCH), and the mean
| corpuscular volume (MCV) Feldman et al., (2000).
Kafrelsheikh Vet. Med. J. Vol. 12 No. 1 (2014)
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Serum biochemistry:

Total protein was determined according to Tietz, (1995). Albumin
was determined according to Burtis, (1999). Serum gilobk‘l.lli.h ";zv-as
determined by subtraction of the obtained albumin level from the level of
- total proteins as described by Doumas and Biggs, (1972). ALT activity
was determined according to Murray, (1984). AST activity was
determined according to Murray, (1984). Creatinine was determined -
aécording to Murray, (1984). Cholesterol was determined according to
Natio, (1984).Triacylglycerols were determined according to Kaplan,
(1984). Plasma malondialdehyde (MDA) was colorimetrically
determined according to the method adapted b‘y Esterbauer et al., (1982)
and reduced glutathione (GSH) were determined according to the method
of Beutler, (1975).

Histopathological examination:

Tissue specimens were taken from liver and kidney of ducks in
different groups at 42 days of age, fixed in neutral buffered formalin
(10%) processed, sectioned at 4 microns and stained by hematoxylene

and eosine stains Bancroft et al., (1996).
Statistical analysis:

The data obtained from these investigations were statistically
analyzed by F-test according to Tamhane and Dunlop, (2000) using
"MSTAT-C" computer progrmn. Means in the same raw followed by
different letters were statistically significant (P 0.05) and the highest

values were represented with the letter (a).
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Table (1): Formulation and analysis of different group’s diets

Ingredients Starter Grower-finisher
Control CSM8% || CSM16% || Control CSM8% || CSM16%
Corm grains 50 47 45 54 50 48.5
Corn gluten meal 60% 7 7 7 5 5 5
Soybean meal, 44% 25.00 20.00 17.00 22.00 17.50 13.00
Cottonseed meal 0.00 8.00 16.00 8.00 16.00
Rice Polishings 14 14 10 12 12 10
soybean oil 0 0 1 25 3 3
monocalcium phosphate 1.4 1.4 1.4 1.54 1.54 1.54
limestone 1.7 1.7 1.7 1.7 1.7 1.7
Sodium chloride 0.2 0.2 0.2 0.15 0.15 0.15
Sodium bicarbonate 0.18 0.18 0.18 0.34 034 0.34
DL-Methionine 0.08 0.08 0.08 0.1 0.1 0.1
Lysine 0 0 0 ) 0.16 0.16 0.16
Minerals & Vitamin premix 0.25 025 025 0.25 025 025
additives 0.1 0.1 0.1 0.1 0.1 0.1
ferrous sulfate - - - - - -
total 99.91 99.91 99.91 99.84 99.84 99.84
Analysis
DM
Moisture
CP 21.16 20.89 2113 18.73 18.61 18.46
Fat 3.82 4.41 5.62 6.15 7.21 7.65
Ash '
NDF
- CF 36 4,14 4.68 334 39 443
NFC
ME 2925 2893 2914 3081 3076 3048
Ca 098 0.98 0.99 0.99 1 1
Av.P 0.43 0.44 0.45 0.44 0.46 0.47
Lys 0.94 093 0.95 0.84 0.84 0.83
Met 0.45 0.46 0.47 0.41 041 042
Na 0.16 0.16 0.16 0.18 0.18 0.18
Cl 0.17 0.17 0.17 0.14 0.14 0.14
Linolenic acid 1.64 1.78 2.31 2.85 3.23 333

ln‘our study we treated the diet of group 3 and 5 by addition ferrous sulfate 98% by (0.0013 kg/100kg ration
and 0.0026 kg/100kg ration) respectively which purchased from Ei-Goumbouria Co. Cairo, Egypt.
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RESULTS AND DISCUSSION

Data presented in table (2) showed the effect of CSM on body
weight gain, feed consumption and feed conversion in all groups. There
was significant decrease in growth performance values in comparison
with negative control group (p<0.05). Previous studies reported
controversial findings about the effect of CSM on growth performance in
birds. Bamgbose, (1995) reported that high level of CSM in the
finisher diets resulted in significant depression .in the performances of
broilers. On the other hand, Ryan et al., (1986) stated that feeding CSM
up to 30-50% as replacement for SBC in broiler diet had no
significant effect on performance of broiler chicken. Also, Adeyemo
and Longe, (2007) stated that CSC can replace up to 75% SBC without
adverse effects on performance of the birds. This reveals CSC as a‘potent .
source of protein for meeting the crude protein requirements of chickens.
Also, Afshin and Mahdi, (2011) stated that adequate supplementation of
ferrous sulfate; CSM can be used in broiler diets without a reduction in
performance. A potential reason that the CSM fed. duck did not perform
as well as SBM-fed ducks is that CSM may not be as digestible as SBM.
Therefore, when feeding CSM, higher protein levels are required to
supply the same levels of amino acids for absorption. Moreover, Reid et
al., (1987) reported the poor utilization of the protein of CSM due in part
to amino acid imbalance associated with un-supplemented CSM diets.
Furthermore, Yannapoulis and Tserveni-Gousi, (1989) indicated that as
the ration CSM levels increased feed efficiency ratio declined
significantly. '

Table (2): Effect of CSM supplementation on general performance of ducks.

Jtem CSMO CSM20 csM20t |l . csSM4l CSM41*
Initial weight (g) 60.27 60.00 60.07 60.00 60.47
Final weight (g) 1607.00 1463.00 1337.00 1330.00 1550.00
Gain [3) 1546.73 1403.00 1276.93 1270.00 - 1489.53
Feed intake  (g) 5740.00 4826.00 4518.00 4598.00 5113.00

FCR 371, 344 3.54 3.62 3.43
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The hematological parameters of ducks fed CSM-based diets for 6
weeks are presented in Table (3).The data revealed that CSM20 and
CSM41 groups showed a significant decrease in the RBCs count, Hb
level, PCV, MCH, and MCHC compared to control group (p < 0.05).
But, CSM20" and CSM41" groups showed a non significant decrease in
" the RBCs count compared to control group (p > 0.05). Furthei'more,
CSM20" group showed a non significant decrease in the PCV %

compared to control group (p > 0.05). Similar results are reported by
(Nagalakshmi et al., 2000 and Henry et al., 2001). Diets have been
reported to have significant influence on hematological variables
Veulterinora, (1991). The decrease in PCV and Hb values may be
explained by an adverse effect of gossypol on intestinal iron absorption
as the reduction of hematological values was one of the most common
physiological phenomena of gossypol toxicity. The reduction in PCV
and RBC values indicate a low protein intake or mild anemia as reported
by (Maxwell et al., 1990 and awotwi, 1990). The decrease in red blood
cells count, Hb and PCV is in disagreement with (Nagalakshmi et al.,
2001 and Adeyemo and longe, 2007).

Table (3): Effect of supplemehtation of CSM on hemogram in ducks.

Item CSM0 CSM20 CSM20” CSM41 CSM41*

RBCs (X 10%ul) | 3.09 +0.05* 2.83 +0.05% 2.95+0.07* 265+0.11° 2.88+0.07°
Hb  (em%) 12.56 £0.30* || 10.68 + 0.42% 11.28 £0.56" 9.84 +041° 10.48 £ 0.26™
PCV (%) 41.60 +1.03° 3760+ 1.03° | 39.00+£095° ) 36.60+121" 37.20+ 0,86
MCV (1) 3460 +192% || 132.64+233° || 13229+0.84* || 14039+2.76" || 129.22 £ 139"
MCH (pg) 40.65+0.73* 37.65 £ 1.04° 38.17£1.03° 37.16 £ 0.56° 36.39 +0.20°
MCHC (%) 30.20 £ 0.20° 2837 £0.34° 28.85+0.73 26.86 + 0.36° 28.17+0.24°

" "Values are means + SD. Valués in the same raw with different superscripts are significantly different (P < 0.05).

From the present study, it was clearly observed that there was a
signiﬁcant decrease in TP and ALB levels and increase in ALT and AST
activities in CSM20 and CSM41 groups when compared to control group
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(P<0.05) as shown in table (4). CSM20" group showed a significant
decrease of ALT and AST compared to control group (p<0.05).

Significantly increase of the serum levels of ALT and AST indicate liver. .

cell damage and this may be due to increasing the toxic vfactfors presented
in CSM. Acute hepatic disorders causing membrane dafnage-or. cell
- necrosis usually results in an appreciable increase in plasma AST activity
Kaneko, (1980). AST, although not used as an organ speéiﬁc enzyme,
nonetheless could be useful in conjunction with other enzymes as an
index of hepatic and muscular cell damage Kaneko, (1980). In
monogastric | gossypol consumption has been correlated- ~with
hypoproteinemia involving hypoalbuminemia Jarquin et al., (1966).
This may be attributed to an impaired liver function. Zelski et al. (1995)
observed lower serum total protein accompanying a significant drop in
albumin in young calves affected with gossypol toxicosis, and attributed
this to a severely impaired liver function.

Creatinine value were signiﬁcahtly increased in CSM20 and
CSM41and this result is similar to those of Warren et al., (1988) who
stated this in wethers after127 days of feeding 50% whole cottonseed and
attributed this to muscle damage because of gossypol toxicity. Increased
creatinine levels are generally seen in degenerative muscular diseases
Prasse, (1986).

Also, it was clearly observed that there was a pronounced increase
in cholesterol and triglycerides in the serum samples of CSM20 and
CSM41 groups compared to control group (p < 0.05). CSM20" group
showed a non significant decrease in cholesterol level compared with
control group (p>0.05). Serum cholesterol besides being influenced by
thyroid activity also varies _With a variety of factors such as the nature of
the diet and hepatic function among others Kaneko, (1980).
Kafrelsheikh Vet. Med. J. Vol. 12 No. 1 (2014)
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Table (4): Effect of CSM supplementation on serum biochemistry in ducks.

Item CSMO CSM20 CcsSM20* CSM41 CSM41*

T.protein (gm/dty 3.74£0.14° 3.06 + 0.06° 314+0.18% 2.58 £020° 3.20+ 0.09°
Albumin  (gnv/dl) 1.83+0.19* 1.38+0.11° 1.64 +0.09® 1.26 £0.10% 1.55+0.11%
Globulin  (gm/dl) 191007 168 £0.07%° 1.50 £0.13% 1322013° 1.65 + 0.14%
ALT activity (U/L) 27324182 || 3597+285% || 3239+270% 4554 £191" |l 4217+1.15%
AST activity (U/L) fl 23.00£129° 2502168 § 2287x163° 37701028 Il 2372+1.18°

Uric acid  (mg/dl) 4294025 627+023" 6.00+0.20° 7.57+ 036 5.91+024°
Creatinine (mg/dl) 1.07£0.08° 142+0.12% 133 £0.12% 1.65 £0.09 124 £0,07*
C-Choleéicrol (mg/dl) §f 18246 +10.01° [ 25044 + 14.66" || 18254+ 11.89° || 261.87 £10.36* || 200.11 £8.81°
Triacylglycerol (mg/dl) | 97.58+2.22° |} 112.89« 3_1;: 108.32:£230" § 128.77+2.51% || 11620+ 3.65"

Values are means + SD. Values in the same raw with different superscripts are significantly different (P < 0.05).

Regarding to the antioxidant status, data presented in table (5)
showed that there was a significant decrease in serum reduced
glutathione (GSH) content and increase in malondialdehyde (MDA)
level in the serum samples of all groups fed diet containing CSM (with
or without iron sulphate supplementation) compared with control
group(P<0.05). Antioxidant enzymes were an important indicator of
animal’s physical health and reaction in response to external stimuli
Johnson, (2002). Oxidative stress occurs when there is an imbalance
between the generation and removal of radical species within an
organism. This result may be due to gossypol adversely affected health
status.

The biochemical results were confirmed by the histopathological
investigation as the liver of (CSM20 and CSM41) groups showed
degeneration of hepatocytes characterized by vacuolation of cytoplasm
and pyknotic nuclei with biliary hyperplasia and sinusoidal dilation
(Fig.1). However, hepatocytes in ducks of (CSM41") group showed
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moderate degeneration and no extensive histological changes.to the liver,
were seen in (CSM20") group. The forementioned results partially
coincided with those obtained by Herry et al., (2001) who reported sever
cases of perivascular lymphoid aggregate formation, biliary hyperplasia
and hepatic cholestasis in day-old broiler chicks fed 800 and 1600 mg/kg
of gossypol in feed for 23 days. In contrast to our result Nagalakshmi et
al., (2000) did not report any histopathological lesion in liver of lambs
fed raw or processed CSM. The destruction of cells in the liver may be
due to accumulation of gossypol in this organ Kim et al., (1996). Kidney
from (CSM20, CSM41 and CSM41") groups showed soméiareas with
tubular epithelial degeneration and necrosis characterized by vacuolation
of cytoplasm, pyknotic nuclei and glomerular congestion with focal
lymphocytic infiltration (Fig.2). However, no extensive histological
changes to the kidneys were seen in (CSM20™) group. This result is in
agreement with Holmberg et al., (1988) who reported that kidney of
young calves fed high level of CSM had scattered individual cell
degenerative changes or necrosis throughout the proximal convoluted
tubules and hemoglobin casts in collecting ducts. While Elangovan et
al., (2006) did not reveal any gross pathological changes in kidney of
broiler chickens fed diet supplemented with CSM for 7 weeks.

Table (5): Effect of CSM supplementation on reduced glutathione and
malondialdehyde in ducks.

Item - CSMo CSM20 csm20* CSM41 csM41*

Glutathione {mg%) 3893+0.78° || 3536+ 164" | 39.55+051° | 32.15+ 1.55 || 32.7920.59
Malondialdehyde (mg%) || 41.36 + 1.06° || 50.41+1.83® || 48.18+1.32° 5349+234" | 50.12+147"

Values are means + SD, Values in the same raw with different superscripts are significantly different (P-< 0.05).
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Fig. (1): Section in the liver of duck in group 2 and 4 at 6 weeks of age
showing increase in degenerated hepatocytes and sinusoidal dilation
H&E stain, X 100.

-

Fig. (2): Section in the Kidney of duck in group 4 at 6 weeks of age showing
some areas with tubular epithelial degeneration with vacuolated
cytoplasm and lymphocytic infiltration. H&E stain, X40.
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CONCLUSIONS

In the light of the present study, we can conclude that: Addition of
iron sulphate to diets of ducks in which soyabean protein replaced by
20% or 41% of cottonseed meal protein is extremely indicative. As, iron
sulphate alleviate the adverse effect of gossypol. However, the obtained
results from diets containing soyabean protein replaced by 20%
cottonseed meal seem to be more safe and applicable.
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