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SUMMARY

The objective of this research was to study hematological and immunological
variation in response to plant meal sources. Lohman broiler chicks were used in the
study. All chicks received corn soybean meal diet (SBM-diet) during the first 7 days
post hatch, thereafter, they were divided into three groups. The first group wus fed
SBM-diet, the second group was fed corn-cotton seed meal diet (CSM-diet) whereas
the third group was fed comn-sunflower bean meal diet (SFM-diet). The
hematological parameters that were measured at five weeks of age showed that
SBM-diet and SFM-diet groups had significantly higher total red blood cells and
hematocrit valye than those of CSM-diet group. Also SBM-diet group had
significantly higher Hemoglobin concentration than both SFM-diet and CSM-diet
group.

Despite the toral white blood cells was not different between groups, the humoral
antibody response against sheep red blood cells for CSM-diet group was inferior to
that in SBM-diet and SFM-diet groups. Also in vitro splenic lymphocyte activity in
response to pokwed mitogen was significantly higher in the SFM-diet group as
compared to the other groups. On the other hand, no differences were observed
between groups in response to concanvalin-A.

Keywords: broiler chicks, sovbean meal, cottonseed meal, sunflower meal,
hematology, immune response.

INTRODUCTION

The cost of feed in todays commercial broiler flocks makes up approximately
70% of total broiler cost. Protein is one of the major cost components of the broiler
diet, so poultry nutrition researchers have been looking for the cheapest and
beneficial source of protein. Plant meal is one of the major feedstuffs widely used to
encounter the protein requirement; but each meal dose not have a completely
advantage. For example, soybean meal is commonly used for poultry feeds but it is
very expensive, has a lower metabolizable energy, ysine and methionine and more

Issued by The Egyptian Society of Animal Production



158 Aftta et al

than half of phosphorus exist as phytate phosphorus (Hirabayashi et al, 1998;Leeson
and Summers, 1991),

Though cottonseed meal is rich in protein and relatively high in energy, but it has
some undesirable characteristics. It contains gossypol, gossypol-likebigments and
cyclopropene fatty acid and is deficient in lysine (El-Boushy and Raternik, 1989).
Gossypol is a polyphonic compound that is located inside the pigment glands of
cotton seeds (Ryan et al, 1986; Fernandez et al, 1995). The cyclopropene fatty acid
is only aconcern when CSM still contains a substantial amount of the oil, When the
oil is almost totaily extracted, the remaining cyclopropene fatty acid in the CSM is
negligible (Phelps, 1966). High amount of fibrin CSM yields low available energy
for the animal, also lysine can been unavailable because of binding to gossypol
(Fernandez et al, 1995). Suntlower meal is very cheap, free from toxic components
and antinutritional factors which may affect the broiler performance (Gheyasuddin et
al, 1970), but it has high fiber content (Soliman et @i, 1996) and quite low in energy,
lysine and threonine. Sunflower meal is also quite dark in color and so large
additions to diets can result in marked changes in diet color (Lesson and Summers,
1991).

The aim of this study was to investigate the hematological and immunological
changes in response to replacing soybean meal by cottonseed meal or sunflower
meal.

MATERIALS AND METHODS
This experiment was carried out at the poultry Research Center, Faculty of
Agriculture, Cairo, University, Giza, Egypt.

Birds:

One hundred and fifty unsexed one-day-old Lohman broiler chicks were used in
this study. Chicks were wing banded, distributed randomly into 3 treatments (50
chicks each), and raised in floor pens. Room temperature was maintained at 33°C
during the first week and decreased by 0.5°C each day until the temperature was
maintained at 24°C. The birds received 24 hrs of light and fed control corn-Soy diet
(SMB-diet) containing 22% CP and 2956 ME Kcal/Kg during the first 7-day post
hatching.

Treatments:

Three experimental diets were used in each of the two stages (1-4 and 4-7Tweeks
of age). The SBM-diet was formulated to meet nutrient requirements of chicks and
served as a control group (Table 1). In the second group, soybean, was replaced by
cotton seed meal (CSM-diet) which used at 15% level in starter, while used at 25%
level in finisher ration . The 5-25% CSM contain 330-550 mg free gossypol / kg
diet (Hassan et al., 1996) . In the third group, soybean was replaced by sunflower
meal (SFM-diet), which used at 15% level in starter, while used at 25% level in
finisher ration.
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Table 1. Composition of the experimental diets

Starter diets Finisher diets
Ingredient SBM CSM SFM SBM CSM SFM
Yellow comn 55.24 53,93 45.26 69.41 68.61 53.16
Soybean meal 44% 38.82 24.89 31.31 26.95 2.92 14.01
CSM! 15.0 25.0
SFM? 1500 - 25.00
Limestone 0.17 - - 0.56 0.69 0.43
Bone meal 2.39 2.64 2.58 1.66 1.61 1.79
Premix 0.25 0.25 0.25 0.25 0.25 0.25
Salt (NaCI) - 0.30 0.30 0.30 0.30 0.30 0.30
Vegetable oil 2.64 2.66 5.00 0.82 0.31 " 491
Methionine 0.19 0.21 0.18 0.05 0.08 0.03
Lysine -— 0.12 0.03 - 0.23 .12
Total 100.00  100.00 100.00 100.00 100.00 100.00
Chemicat analysis:
CP% 22.05 22.10 22,10 18.00 18.00 18.00
ME Kcal/ Kg 2956 2067 2958 3000 3002 3000
EE% 5.05 548 7.14 3.67 3.07 7.79
CF% 4.05 4.62 7.33 3.50 5.12 8.94
Ca% 0.90 0.90 0.90 0.80 0.80 0.80
Available P% 0.45 0.44 0.45 0.35 0.35 0.35
Total P% 0.71 0.80 0.79 0.58 0.66 0.70
Methionine 0.54 0.55 0.54 0.36 0.36 0.35
Methionine+Cystin%  0.90 0.90 0.90 0.65 0.65 0.65
Lysine% 1.27 1.20 1.20 0.96 0.90 0.90
C\P ratio 134.1 133.8 133.8 166.7 166.7 166.7

ICotton seed meal (CSM), contained 39.1% CP, 13.3% CF, 5.8% EE, 6.6% ash and
10.2% moisture as determined; and 0.22% free gossypol as reported by supplier.

? Sunflower meal (SFM), contained 27.9% CP, 24.5% CF, 1.7 EF, 6.3 ash, and 11.3
moisture as determined.

Hematological study:

At five weeks of age uncoted blood samples were collected from 15 chicks of
each group to detect the following hematological parameters:
Total red blood cells (RBC s): Total RBC s was determined by a heamocytometer
(Hartman and Lessler, 1963)
Packed cell volume (PCV}):PCV value was determined using microhematocrit tubes
(Hunsaker, 1969),
Hemoglobin concentration (Hb): Hb (g/100mi blood) was determined by the
hemoglobinometer (Pilaski, 1972).
Mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean
corpascular hemoglobin concentration (MCHC) were calculated according to the
equation of Thompson and Proctor (1984) as follow:
MCV (micron®)= PCV/RBC s count
MCH (pictogram (pg) )= RBC's count/Hb concentration
MCHC (g/di) = H/PCV
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Immune Parameters

Antibody tirration: At six week of age, twelve chicks from each treatment were
immunized with 0.2 ml of 9% sheep red blood cells (SRBC) suspension in saline to
measure primary antibody response. Blood samples were collected at 6 day
postimmunization to detect antibody titer using microhemagglutination technique
(Trout et al,, 1996). Antibody titer values were expressed as log 2 of the highest
serum dilution giving total agglutination.

Total white blood cells (WBC's): Total circulating leukocytes counts were measured
using cresyl blue stains and haemocytometer.

Lymphocyte proliferation (Mitogenic Responses): At seven weeks of age, chicks
from each group were sacrificed by cervical dislocation. Spleens were dissected,
trimmed off, fat and connective tissue and expressed through a course mesh screen
into RPMI 1640 media. The suspension was layered onto 3 ml of histopaque 1077
and centrifuged at 1000 rpm for 3 min. The white blood cells (upper cell layer) were
isolated by centrifugation over Histopaque- 1077 density gradient, and cell viability
was assessed by the means of trypan blue dye exclusion. Cells were then enumerated
and adjusted to 1 X 107 cell/ml in RPMI 1640 media containing penicillin® (100
units/ml), streptomycin (100 pg/ml), and 10% fetal bovine serum. Cells were
cultured at a concentration of 1X10° cells in 50 pl/well in 96-well culture plates
under stimulation triplicate in vitro with concanavalin A (Con A) (2.5
pokweed mitogen (PWM) (a dilution of reconstituted stoke), or with medium alone.
Cells were incubated for 48 h at 39C in a humidified incubator with 3% CO, then
pulsed with 50 ul *H-thymidine (1 nCi,6.7 Ci/mmol) for 18h. Cells were harvested
on glass fiber filters by using a Skatron cell harvester the * H-thymidine in-
corporation was measured using a liquid scintillation counter.

Statistical analysis:

The data were analyzed using the SAS (1988). General linear models Procedure
with a one-way ANOVA model using plant meal as main effect. Means were
compared using Duncan's multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

As shown in Table 2 both chicks of SBM-diet and SFM diet groups had similar
total RBC count and PCV with significantly superior over those of chicks of CSM-
diet group. The significantly highest Hb concentration was observed in SBM-diet
group, whereas SFM-diet group had intermediate Hb concentration with significantly
higher than that of CSM-diet group. On the other hand no significant differences
were observed between group in MCHC, MCV, or MCH (Table 2).

Regarding the immunological response. Despite the total WBC count was not
differed significantly between groups (Fig. 1), but there activity influenced by diet.
e.g., the result of humora! antibody titer which detected against SRBC antigen at 6
days post immunization showed that CSM-diet group harvested the lowest titer as
compared to that of SBM-diet or SFM-diet. However, no significant differences were
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observed between anti-SRBC antibody titer of SBM-diet or SFM diet group (Figure
2).

Table 2. Hematological parameter in different diet groups

Item Soybean meal Cotton seed meal Sunflower meal
RBC count x10°  356+34" 226.8134° 28010,34°
PCV% 36.0+2-° 29+2.° 36.3%2°
Hb (g/dl) 11.240.5° 8.540.5° 10+0.5"
MCHC (g/dl) 26.912.1* 26.842.1° 25.842.1°
MCV (micron’)  181.1£15.3° 127+15.3 143£15.3*
MCH (picogran)  36.746.2° 44.546.2° 43.5+6.2°

Values within row with the same letter are not significantly different (P<0.05)
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Fig. 1. The influence of protein source on White Blood Cells (WBC)
count.
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Fig. @ ): The influence of protein source on anti-SRBC antibody titer.

The cell-mediated immune response that evaluated by mitogenic activity
(lymphocyte proliferation) is shown in (Figure 3&4). *H-thymidine uptake by splenic
lymphocytes which stimulated by PWM were significantly higher in SFM-diet group
as compared to CSM-diet or SBM-diet group and no differences between former
groups .On the other hand the mitogenic response to Con-A in SFM-diet group was
superior followed by that of SBM-diet group and then CSM-diet group but no
significant differences were observed between each other.

The results of the present study showed that using CSM-diet at 15-20% level
reduced the total RBC count, PCV and Hb concentration. The explanation for this
observation is attributed to the presence of gossypol that ranged between 330-550
mg/kg diet which binds iron in the diets and in the blood stream. Thus, it canses
numerous problems related to the development of iron deficiency e.g. decrease
heamopiosis in bone marrow (Watkins and Waldroup, 1995). Abdel-Latif e al.,
(1997) confirm this observation and mitigate the toxicfication effect of gossypol by
adding soluble iron compounds (ferrous sulfate) and found that ferrous suifate
reduced the deleterious effect of gossypol in PCV.

Host resistance to pathogens is complicated and involves both specific and
nonspecific resistant factors. The humoral immune response is the principle specific
immunity against extraclleular bacteria, whereas cell-mediated immunity (CMI)
plays a major role in the responses against intracellular bacteria and viruses (Abbas
et al., 1994). The CMI usually functions earlier than humoral immunity after antigen
stimulation. SRBC antigen which used in this experiment is multiantigenic determent
and nonpathogenic T-cell dependent antigen. There is a positive association between
Anti-SRBC antibody and resistance to some disease like Newcastle and Marks
disease ( Gross ef al., 1980; Dunnington et al., 1986).
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Fig. & ): The influence of pratein sourde on H uptake by proliferated lymphocyte in response
to Con-A.




164 Atta et al

The mitogenic response to plant lactins is conventionally used to measure the
cell-mediated immunity in mammals and aves. The Con-A and PWM mitogens
stimulate T lymphocytes (Toivanen and Toivanen, 1973; Hovi et al., 1978) by
indirectly cross-linking T cell receptor complex (Abbas et @i, 1994). Con A may
possibly involves the stimulation of the lymphocyte population that is mainly
involved in CMI, whereas PWM may likely stimulate the lymphocyte population (s)
that may be involved in both CMI and humoral immunity (Li et @l, 1999).
Proliferation splenic lymphocyte is a true measure of cellular immune competence;
therefore, they are suitable for monitoring the functional capabilities of immune cells
in avian flocks (Lee, 1978; Sharma and Belzer, 1992; Taleb: ez al., 1995).

The current results show that humoral as well as cell mediated (lymphocyte
proliferation) after activity by PWM in chicks of SFM-diet group was superior to
those of chicks feed CSM-diet. The deleterious immunological effect of CSM may
be atributed to gossypol which reduced RBC count and Hb concentration, retardation
in oxidative reactions and deficiency in energy level that immunocompetance need.
Abdel-Latif er al, (1997) showed that binding between gossypol and iron are
affected liver functions which explain as inhibition on plasma GOT and GPT
(Transaminases enzymes) biosynthesis. Also the same researchers showed that
gossypol reduced blood caicium level. Calcium ion play an important role in the
transport of ions sacross the plasma membrane of lymphocytes during activation
(Grinstein and Dixon 1989). Jones (1981) found that gossypol inhibit autocatalytic
conversion of pepsinogen to pepsin. While Watkins and Waldroup (1995) showed
that gossypol may bind with lysine to form maillard linkage, thus reducing the
nutritional value of protein.

The previous researches have shown that mitoginc responses are affected by
many other factor rather than nutrition, such as storage time (Raj et al., 1997), the
enhancement by erythrocytes in the cultures (Powell, 1980), the suppression by
monocytes (Vainio and Ratcliffe, 1984;Schaefer er al., 1985), serum sources and
concentrations, incubation temperature, and length assay (Lee, 1974, 1978;
Maheswaran et al., 1975; Sharma and Belzer, 1992; Talebi er af., 1995).

In conclusion, the present results explain the deleterious effect of CSM-on
hematological and immunlogical parameter. Also, the results showed the benefits of
substitution ‘'of SBM by SFM in poultry diet, which stimulate lymphocyte
proliferation.

REFERENCES

Abbas, A. K., A. H. Lichtman, and J. S. Pober, 1994, Cellular and Molecular
Immunology. 2™ ed. W. B. Saunderns Co. Philadelphia, PA.

AbdEl-Latif, S.A.,, A. M. M. Hamdy and A.M, El-Kaiaty,1997.Some physiological
responses related to replacing soybean meal by cotton seed meal in Japanese
quail diets. Egyptian J, Nutrition and Feeds, ]:281-288.

Duncan, D. B., 1955. Multiple range and multiple F test. Biometrics. 11:1-42,

Dunnington, E.A., A. Martin, W.E. Briles, R. W. Briles and P. B. Siegel, 1986.
Resistance to Marek's in chickens, selected for high and low antibody responses
to lower case "s" sheep red blood cells. Arch. Geflugelk, 50:94-96.



Egyptian J. Anim. Prod. (2001) 165

EL-Boushy, A. R., and R. Raterink, 1989. Replacement of soybean meal by
cottonseed meal and peanut meal or both in low energy diets for broilers. Poultry
Sci., 68:799-804.

Fernandez, S. R.Y. Zhang, and C. M. Parsons, 1995.Dietary formulation with
cottonseed meal on a total amino acid versus a digestible amino acid basis.
Poultry Sci., 74 :1168-1179.

Gheyasuddin, 8., C.M. Carter and K. F. Mattil 1970. Effect of several variables on
the extractability of sunflower seed proteins. I. of food Sci., 35:453-456.

Girnstein, S. and S. J. Dixon, 1989, Ton transport, memprane potential, and
cytoplasmic pH in lymphocytes: changes during activation. Physiological
Reviews. 69:417-481.

Gross, W. B., P. B. Siegel, R, W, Hali, C. H. Domermuth and R. T. DuBoisc,1980.
Production and persistanc of antibodies in chickens to sheep erythrocytes. 2.
Resistance to infectious diseases. Poultry Sci., 59:205-210.

Hartman , F.A. and M.A. Lessler, 1963.Eyrthrocyte measurements in birds. Auk., 80
:476.Hund

Hassan, 1., A. G. Abdallah, S. Abou El-Wafa, and A. Z. Soliman, 1996.Utilization of
decorticated local cotton seed meal in broiler diets.Egypt. Poult. Sci., 16: 31-49,

Hirabayashi, M., T. Matsui, H. Yano, and T. Nakjima 1998, Fermentation of
Soybean Meal with Aspergillus usamii Reduces Phosphorus Excretion in Chicks.
Poultry Sci., 77:552-559. :

Hovi, T., J. Suni, L. Horling, and A. Vazheri, 1978. Stimulation of chicken
lymphocytes by T and B cell mitogens. Cell. Immunol, 39:70-78.

Hunsaker, W.G.1969.Species and sex differences in the percentage of plasma
trapped in packed cell volume determination on avian blood. Poultry Sci., 48:907.

Jones,L.A.,1981.Special cottonseed products report .Feedstuffs, 53 :19-21,

Lee, L. F., 1974 InVitro assay of mitogen stimulation of avian peripheral
lymphocytes. Avian Dis. 18:602-609,

Lee, L. F., 1978. Chicken lymphocyte stimulation by mitogens. A microassay with
whole blood culture. Avian Dis. 22:296-307.

Leesno, S., and J. D. Summers, 1991. Commercial Poultry Nutrition, 27-29,

Li, Z., K.E. Nestor, Y.M. Saif, W.L. Bacon, and J W_Anderson, 1999, Effect of
selection for increased body weight on mitogenic responses in turkeys. Poultry
Sci.78:1532-1535.

Maheswaran, S, K., E. $.Thies., and C. Greimann, 1975. A micromethod for
evaluating turkey lymphocyte responses to phytomitogens. Am . J. Vet. Res.
36:1397-1400.

Phelps, R. A., 1966. Cottonseed meal for Poultry: From research to practical
application. World Poult. Sci, J, 22:86-112.

Pilaski, J., 1972. Vergleichende untersuchungen uberden uberden haemoglobinge
halt des hunhner und geschlecht. Arch. Geflugelk., 36:70.

Powell, P. C., 1980. The influence of erythrocytes on the stimulation of chickens by
phytohsmagglutinin. Avian pathol. 9:465-470.

Raj, G. D., R. C. Jones, and C.E. Savage, 1997, Effect of storage of chicken and
turkey blood on the lymphocyte response to concanavalin A and pokeweed
mitogen. Vet. Immunol. Immunopathol. 56:353-362.



166 Atta et al

Ryan, J.R., F. H. Kratzer, CR.Grau, and P.Vohra, 1986.Glandless cottonseed meal
for laying and breeding hens and broiler chicks. Poultry Sci., 65:949-955.

SAS, Institute,(1988).SAS/STAT Users Guide, Statistics, SAS Institute, Inc., Cary,
NC, USA,

Schaefer, A. E., A. R. Scafuri, T. L., Fredericksen, and D. G. Gilmour, 1985. Strong
suppression by monocytes of T cell mitogens in chicken peripheral blood
leukocytes. J. Immunol. 133:1652-1660.

Sharma, J. M., and 5. W. Belzer, 1992. Blastogenic response of whole blood cells of
turkeys to a T-cell mitogen. Dev. Comp. Immunol. 16:77-84,

Soliman,A.Z:, LHassan, S.Abou El-Wafa, andA.G.Abdellah, 1996.Utilization of
high fiber sunflower meal with /without commercial enzymes or stabilized rumen
extract in broiler diets .Egyptian Poultry Sci . 16 :51-67,

Talebi, A., P. R. Torgerson, and G. Mulcahy, 1995. Optimal conditions for
measurement of blastogenic responses of chickens to concanavalin A in whole
blood assays Vet, Immunol. Immunolpathol, 46:293-301.

Thompson,R.B.,S.J.Proctor,1984.A short textbook of haematology. 6% ed.

Toivanen, P.,and A. Toivanen, 1973, Selective activation of chicken T lymphocytes
by concanavalin A, J. Immunol. 111:1602-1603.

Trout, J. M., M. M. Mashaly, and H.S. Siegel, 1996. Changes in blood and spleen
lymphocyte populations following antigen challenge in immature male chickens.
Br. Poultry Sci., 37:819-827.

Vainao, O., and M. J. H. Ratcliffe,1984. Proliferation of chicken peripheral blood
leukocytes in response: to pokeweed mitogen is macrophage-dependent. Cell,
Immunol. 85:235-241.

Watkins, S. E., and P, W. Waldroud 1995. Utilization of high protein cotton seed
meal in broiler diet, Poultry Sci. 74: ( supplemented 1), 99.



Egyptian J. Anim. Prod. (2001) 167

Opamnsl) 6 Sy 3DS (A Ligaal) 5B Ca Yy Quadd) sbie g Ol GaS Plaf il

uaqﬁ—‘ﬁllbqhwdp—‘mem—\l}s.\n.ac,.n)ll.\gc
'th.\iﬁ“&;\,hhiﬂ‘%

ELaY ad ~F fpp ~ il — ALl L eala —de) )il LS — A pall Y aid —
b g =~ (fiiad Aaalp —del 8 Ll gad

el iV g adll e g 8 aaad D il Al o gh Caal) 138 e s al
Leaddl 3 (et ] Gpandh SIS A pall 038 8 padiiad il L Slall GSgol suae il L
o pennd o D day il ey V) ALY AR Ugeal) oy 500 e Al e e
e sanall y (LA de pane) Lpead d5b Bl o Lwdas 0 (51 A sandll taadaa ¥
Gl il Lo Lt 50 AU Ae genall Loy Gl S Ade e s & Al
v oealdl o

Gge 5 Ugeall J5b Gigle oastd of apdod 0 jae Lo i 5 Al pal Glia caaadl 6l
A e Aplal) s gSall Ay o) pand) ) S e 8 Ay pima 33 G 5 uald e
5o el o sla sasedl Lo (5 e JS gl S Ao pana (8 L ol S Biday
L okl Guadl e caS e g i B gl o (e 4y e

lai Yl maalaall G eliagll ool o € sae 8 IS S50y oo e g ) oy
Catial y oy pa S hill G de gana (B pikd el peadl all € 2 Adiadl debial
Oay oeedll dhie S Lygeall Ao pane (B sa sall LladuV) @l o 5 YY) 4l
Jeakal (e 33 5alall (puall 7 Ja)ay liadll pliad) aall S Ll A o (i s 4] Bal
Loaiss (s AY) apalaalls & e Gaadll dhie oS Ao pana (o 35S gl Bkl e Lol
= S0 Bl Ledapds i &y ghiagdl) e liagd) adll < ,S Bkt & chidiaal gl Jaadly o





