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ABSTRACT

A 6wk feeding trial with 240 day-old Hubbard broiler chicks was conducted to
study the effect of feeding diets contalning Nigella seed meal on growth performance.
some serum blochemical paramelers and activities of some liver enzymes. During cach
Jeeding phase (starter, grower and finisher} isonitrogenous and isocaloric diets were
Jornulated, where Nigella seed incal 1was included at three leveis to supply amount of
profein equal to 25, 50 or 75 % of the protein amount supplied by soybean meal in the
rontrol diet, The results showed that the use of Nigella seed meal (o supply amount of
protein equal to 25 % of the protein amount supplled by soybean meal in the control
diet has significantly (P < 0.01) increased final body weight, body gain, feed conversion
ratio and feed efficiency, while no significant differences were detected when Nigella
seed meal was used to supply 50 or 75 % of the protein amount supplicd by soybean
meal in the control dies. However, inclusion of Nigella seed meal in the broiler diets did
not signiflcantly (P > 0.01) affect the total feed consumption, although broller chicleens
tended to consume more feed as the amount of protein supplied by Nigella seed meal (n
the dict increased. Feed costs were relatively low when Nigella seed meal was used lo
supply amount of protetn that would replace 25. 50 or 75 % of the protein. Compared to
the control, senuun concentrations of T3 und T4 were significantly (P < 0.01) increased
when Nigella seed meal was used (o supply arnount of protein that replaced 25, 50 or
75 4 of the protein amount suppllied by soybean meal in the control diet. while ghicose
concentrations were significontly decreased. Serum concentrations of globulin were sig-
nificantly (P < 0.01) elevated at all used levels of Nigella seed meal, while senun total
protein concentrotion was siyniflcantly increased only when Nigella sced meal was
nsed to supply 25 % of the protein. Triacylglycerol and total cholesterol concentrations

were significantly reduced when Nigelia seed meal was included in the diets (o fursiish
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anmount of protetn substituting 25, 50 or 75 % of the protein gmount pmg{(zi‘eg by soy-

bean me.d in the control diel, while high dgnsity lipoproteins were significantly in-

creased only when 75 % of the protein amount supplied by‘ soybean meal in the control

diet was replaced by equal armount of proteln provided by Nigella seed meal. Vitamin C

and! glycogen coricentrations were signtficantly (P < 0.01) fricreased in hepatic tissues

of chickens fed diets contained Nigella seed meal regardless of the amount used. The

actinity of Wer enzymes (AST. ALT and GGT) were not significantly (P > 0.01) affected

when either 25 or 50 % of soybran meal protein in the conirol dlet was replaced by

equal amount of Nigella seed meal protein, while the activity of these enzymes was sig-

nificantly affected when 75 % of Nigella seed meal protein was used. Under the condi-

tions of this study. it could he concluded that Nigella seed meal could be successfully

used in broiler deets to supply amount of protein that could replace 25 % the protein

amount supplicd by soybean meal with favorable effects on growth performance. feed

efficency and biochemical paramelers.

INTRODUCTION

As Feed expenscs constllute 65 {o 70% of Lhe {otal poultry production vosts and most. il not
all, ol tlic traditional protein supplements used in formulating poultry diets have to be imported,
therelore any trials to search alternative protetn supplement and (o reduce feed costs arc of In-
terest. Soybean meal is one of the most widely used proterin supplement, 1t has the highest ener-
gy and the lowest [iber content among all oil seed meals and provides the most ccononiical quali-
ly protein available to the fecd manlufneturcr. llowever, the draslie increase in price and the
short supply of soybcan meal. especially In recent years. are ones of the main obstaeles faelng
poultry Industry In Egypt. Therefore. nuirilonists are always forced lo search for other alterna-

tive cheap proteln supplements.

In Egypt. there 1s a growing Interest (o culflvate Nigella seed as a medicinal plant. The seeds
are tradltionaily uscd as carminative and llavoring and also exhibit anillbacterfal, antlfungal, an-
tidfabe{{c and bronchodilator eficcts (Soliman et el., 1999; Agel, 1993 and Sharobeem, 1996).
The most Impostant nutrent of l\flgé]]a secd is Its oll content (37 %), whieh Is primarily used (or
medicinal purposes (Abdel-Aal and Attll.a. 1993). When (he oll Is removed the residue rematning
behind is called Nigella seed meal (NSM). However. llinited Inlormation arc avallable concerning
the use of NSM although It has a potential nutritional characteristics, the most important of
which is its high prolcin contenl. 30 % or more and the relatlvely high enargy supply, 2800
Kcal/kg ME (Khalifah, 1995 and Zewell, 1996). NSM pmtelh has beeh successfully and eco-
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nomlcally used as a partial substitution lor sunflower meal protein (Awadalla, 1997) and for
soybean mcal protcin (El-Ayek, 1999) In diets for growing lainbs. The amino acid composition of
NSM was delcrmined for the flrst time by Babayan et al. {1878). They {ouad that its proteln Is
rich In arginine, glutamic acld. leucine. phenylalanine and lysine. Nigclla seeds are also a good
source of some physilologlcally Important elements such as 0.28% Na. 0.25% Mg, 0.79% K. 341.9
ppm Fe. 56.3 ppm Zn and 8.7 ppm Cu (Soliman et al., 1998). There is a revived Interest among
producer io usc NSM as immunostimulant In poultry diets. However. limited researehes have
been conducted to study the NSM as a source of prolein in poultry diets. Khalifah (1895) stated
that NSM conlained most of the essential amino acids and eould offer a fairly eheap source of
proteln for poultry. Moreover, the oll left in NSM is rich in oleic and linolejc acids, which are es-
sential for poultry (Ustun et al., 1990). Zewell (1896) [ound that Inelusion of NSM at 6.78 and
13.54% In growing Japanese qualil diels has improved performance parameters. On the other
hand the use of Nigella sceds at 0.15 % and 0.30% in broller dlets has improved the inmunity
without any signifleant effect on perforniance paramelers (Soliman et al., 1899). However. the
levels used In the previous studles may be not high enough to eliclt a elear effeet on broller per-
formance. ‘|'herelore, the present work was designed to study the growth perlormanec, serum bl-
ochemleal parameters and activity of some llver enzymes of broller chicken when NSM was used
to supply ainount of protein that would replaee 25, 50 or 75% of the protein amount supplied by

soybear. mcal In the dlet.

MATERIALS AND METHODS

Ezperimental diets :

Nigella sced cake was obtained from a local processing unit at Mansoura City, Dakahlia gov-
crnorate. The cake was ground Into meal to pass through l-mm mesh scrcen for casy mixing
with other ingredients. Samples ol NSM and the used feedstulls were analyzed for CP, EE and
CF percentages aeeording .o AOAC {1880). The chemical composition of the feedstulls used In
formulation ol the diets s shown in Table 1. NSM was included at dilferent levels in the diets
(11, 22 and 33% In starter dicts: 9.17. 18.33 and 27.50 % in grower dlets and 6.8, 13.35 and
20% in linishcr diets) to supply amount of protein thai would replaece 25, 50 or 75% of the pro-
teln amount supplied by soybean meal in the eontrol diets. Four dlets (one control and three ex-
perimental) were forrnulated at each fecding phase. aeeordingly a total of 12 dicts werc used (Ta-
ble 2). The diets fed at each phase werc formulated to be almost {socaloric. Isonlitrogenous.
nearly equal in respect to other nutrients, as speclfled In Lhe user’s guide of [Hubbard. The diets

were supplemented with L-lysine hydrochloride, DL-methionine, svdium bicarbonate and chaoline
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chloride to balance for these nutrients as recommended by NRC (1994).
Experimental chicks :

Two hundred forty mixed sex, day-old Hubbard broiler chicks, obtalned [rom a local commer-
clal hatehery, were randomly distribuied to four grovps. Each group was rcplleated three times
eaeh of 20 chicks. Chieks were housed in well-disinieeted houses with wheal straw as a bedding
materal. The groups were randomly assigned to the experimental dlets. Feed and [resh clean
water was provided for ad libiium consumption. The experiment was carried out on Joly through

Augusl, where ehicks were fed the diets {or 6 weeks.
Growth performance and biochemical parameters :

Throughou! the experimental period. average feed consumption and body welght galns wcre
reeorded ai weekly Inlervals, from which body gain and feed conversion were ealcolated. For
ease of comparison. data were presented blweckly. At end of the experliinent, 12 chickens per
group were slaughtcered for collection of blood and tissue samples. Blood samples were centrt-
luged and only clear sera were collccled and used lor analysls of (rilodothyronine (13) (Cooper,
1982), thyroxine (T4) (Schall et al., 1978). (otal proteins (Cornel et al., 19498), albunin (Dou-
mas, 1971). globulin was calculated by subtracting albumin from total proteins. glucose (Trind-
er, 1889), Iriacylglycerols (Young and Postaner, 1975), lotal cholestierol (Melattinl, 1978),
high deusity lipoproteins (Clark et al., 1983), low denslity lipoproteins (Friedwald et 21,, 1973),
aspurtate amtnotranslerase (AST), alanine aminotransferase (ALT) (Reitmann and Frankel,
1957) and gamma glutamyl transicrase (GGT) (Persljn and Vonderk, 1976). Liver li1ssue sam-
ples were nised for analysis of vitamin C (Roe et al,, 1948) and glycogen (Carrol et al., 1956).

Statistical analysis :

Data were subjeeted (o analysis ol vaciance by general linear models (GLM] proecdures of SAS
(SAS, 1996). Signilieant differences among main cflect means were separated by Dunean's mnl-
tiple range test with 1 % level of prohabllity.

RESULTS AND DISCUSSION
Growth performance :

The maln elleet of NSM on body welght, bedy gain. leed intake ziid teed converston ralio dur-
ing the slarter perlod is prescnted in Table 3. Data revealed that the use of NSM at 11% to pro-
vide amount of protein replaeing 25% of the protein amount supplled by SBM in the controf diet
has signilieantly (P < 0.01) increased body welghl, body gain when eomp;ared o the other d!cthry

treatinents. No significant dlflerences were detected when 50% of the proteln amount supplied
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by SBM In the conirol diet was replaced by egual amount of protein dertved from NSM (22 %
NSM in the dict), On the other hand. inclusion of NSM at 33% to provide amount of protein sub-
stlituling 75% of the protcin amount provided by SBM in the control diet has signifieantly
(P<0.01) reduced body welght and body welght gain when compared to the other dietary treat-
ments. I‘ecd ntake was significantly (P<0.01) deereased when 75% of the proteln amount provid-
ed by SBM In the control diet was substituted with equal amount of protein derlved from NSM.
Use of NSM at 11% and 22% of {he dict has significantly (P<0.01) Improved feed conversion ra-
tio [1.31 and 1.39, respectively) when compared Lo the control, while 33% of NSM In starter diet
has no significant (P>0.01) ellect on feed conversion ratio (1.46] comparcd to the control diet
(1.42].

The growth perforimance data of broiler chicken (ed the grower and finisher diets arc shown In
Tables 4 aud 5, respectively. 1t {s clear that Lhe best growih performance parameters were ob-
tained whrn 25% of the protein amount supplied by SBM in the control dlel was substituted
with equal amount of protein provided by NSM (9.17 and 6.80% NSM In the grower and fInisher
dicts, respectively) lollowed in the order by 50% subsiitution of the proteln amount (18.33 and
13.85% NSM in the grower and (inisher dicls, respecetively), while 75% substitution ol the protein
amonni supplied by SBM in the conirol diet withi equal amount of protfein obtained from NSM
(27.5 and 20% NSM in the grower and flinisher dicts, respectively) has resulted in the lowest per-
lormance paramelers. It Is worthy Lo note that leed Intake, during the growing and linishing peri-
ods, tended (o increase as the fevel of NSM In the dict increased, while body weight and body
gain tended to gradually decrease. The data also revealed that feed conversion ratlo has been im-
proved when 25% ol the protein amount supplied by SBM In the control diel was substituled

with cqual amount of protein dcrived forin NSM when compared to the other dietary ircalments.

The allover growth performance data (Table 6) showed that Inclusion of NSM at 11, 9.17 and
6.80% of (he dlet to provide armmount of protein replacing 25% of the protein amount provided by
SBM in the starter. grower and finisher diets, respectively has signiflcantly (P<0.01) Inereased
the final body weight (1650 g), the final body galn (1605.8 g} and improved the feed conversion
ratlo (1.98) when compared to the control diet (1525 g, 1480.8 g and 2.15, rcspectively). No sig-
nilieant diflerenees In (inal body weight. final body gain were detected when either 50 or 75% ol
the prolein amount supplied by SBM In the conirol diet was rcplaced with equal amount of pro-
lcin derived from NSM. However, replacing 75% of ihe proteln amount provided hy SBM In the
control dict with equal amount ol pmieln from NSM throughout the whole feeding period has
produced ihe lbwest performance. Inclusion of NSM In broller chicken diets has no sigalflcant cf-
fecl on tatal {eed Intake. although it tended to irrcrease as the pcrc.cnl of NSM in the diel In-
crcased. Broiler chickens led diets fn which NSM was used al 11, 9.17 and 6.80% lo provide
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amount ol protein replacing 25 % of the protein provided by SBM In the control diets had utl-
lized thelr fced more efMclently (50.29 %) compared (o those fed the control dicts (46.58%). while

other groups werc not dtfferent [rom the control.

The stigniflcant higher growth perforinance parameters obtained when NSM proteln replaced
25% ol the protein amount provided by SBM In the control dlets could be due to Improved meta-
bolic activity Induced by the increased serum concentrallon of thyroxin (Table 7). Thyroxin hor-
mone was lound Lo incrcase hepatic synthesls of RNA (Taha and Windell, 1966) and ineorpora-
tlon of amino aeids Into protein and hence protein synthesis (Baccari et al., 1983). Similarly.
substitution of 25% of clther wlical prolein or faba mcal protein with Nigella protein in diets of
rat has increascd growth rate and body weight (Sharobeem, 1996 and Al-Gaby, 1998). Kho-
dary et al. [1996) lound that inclusion of Nigella seed at either 1 or 2% has increased the con-
centration of thyroxin hormene In blood ol laying hens with consequent increase in egg produc-
tion. {lowever. the role of Nigella secd compounds as antimicrobial In treating subclinical
infections and Improving health status of chickens could not be neglected (Rathee et al., 1982
and Alcxander, 1985). The volattic oil in Nigclla seed mcal was found to exert antimicroball and
antlfungal properties dve to presence ol certaln active compounds such as nigellone and thymo-
hydroquinonc (Fartda and Khalld, 1987). There might be some snrt of complementary relation-
ship between SOM and NSM proteins. On the other hand, Lhe decreased performance of broiler
chlcks when NSM protein had replaced 75% of the amount of proteln supplled by SBM In the
vontrol diet, although feed Intake was nol decreased, could be due 1o low supply ol some essen-
tial amino acids such as arginine and leucine or amino acid imbalance. The dietary balance of
amiIno aclds markedly Influcnces the eflicicney with which amino acids arc used for growth and
other physiological processes. Austic {1994) stated that excess or lack ol some amino acids de-
presscs the growth by mechanisms that appear largely independent of food Intake. Arginine con-
lent of NSM was found to be low (0.69%) as compared to 3.14% lor SBM (Zewell, 1998). The use
of NSM protein to replace 75% of (e proicin amount provided by SBM In the control diet could
have induced argininc dellclency relative to lysine. Arginine was [ound to stimulate growth hor-
monc rclease from pitultary gland. Moreover, arginine is one of the three amino acids makeup
ereatine. which Is well known to inereasc the energy ATP cyele (Balsom et al.. 1994 and Wil-
liams ct al., 1999). Radwan (2001) found that growth performance of local cockerel has been
reduccd when Nigella sced meal replaccd 60% of soybean meal in starter-growcer dict. Also ap-
parcnt availabllity of arginine and lysinc In Nigella seed mcal were found to be lower than that In
soybcan meal (Khallfah, 1885). A good balancc of lysine and arginine docs result In rclease of
hiologically active hormone able to aflcct peripheral cellular receptors and thus cell growth In
general [Casey and Greenhaff, 2000). It is worthy to note that the final body weights obtained
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under condition of Lhis experiment are evidently lower than the targel body weights expeeted for
the Hubbard Lreed. This was a conscquenec of (he high environmental temperature (imore (han

379C ) and the relative humidity prevailing at tdrne of the experiment.
Serum biochemical parameters ;

Seruni bioc ' mical paramelers ol broller chickens fcd diets containing NSM are shown In Ta-
ble 7. Seruim coneentratons of thyroid hormones (T3 and T4) were significantly (P < 0.01) in-
creased when NSM supplled amount of proteln equal to 25, 50 or 75% of ihe proleln amount
supplied by SBM in the control diet. This {ncrease may be due to the sUmulatory efiect of Nigella
seed on thyrofd gland either directly or through the pituitary level (Lee and Knowles, 19685; and
Khodary et al., 1996). Our results rcvealed a significant reduction in serum glucose level when
NSM protein replaced SBM protein as compared to the control group. However, the reduction
was more intense when 75% of the amount proteln supplled by SBM In the control dicl was sub-
stituied with cqual amount of protein derived formm NSM. The reduction of serum glhicose could
be due to the reduction of gluconeogenesis by actlve compounds (n NSM througlh lowering of glu-
cogenle enzymes (Al-Awadl et al., 1991). In addilion the significant Incrcase In thyroid hor-
mones reported In this study could be the main cause ol the decline in glucose concentration
through increasing the sensitivity of Hssues to insuliu (Robert et al., 1996). This concept Is
supporied by the findings of Shetty et al, (1896) and Torrance et al. (1987) whcre T3 was
lound v siimulate Insulin responslve glucose transporter and transcription (GLUT1 and GLUT4)

in ral.

Replacing 25% of the protein amount supplicd by SBM in the control dict wilth equal amount
of protcin derived (rom NSM has signillcantly {P<0.01) increased lotal protcin concenlration (n
serum of broller ehicken when conmpared to the controi ones, while no signiflcant differences
were detecled when either 50 or 75% of the proteln amount supplied by SBM in Lhe control dict
was replaced with equal arnounts ol NSM protcin. On the other hand, serumn albumin concentra-
ton was signiflcantly deercased at all the replacenment levels when compared (o the control dlet.
with the lowest concentration cecorded at 50% ccplacement level. Serum globnlin concentratton
was signilicantly (P<0.01) increased when NSM prolein has replaced SBM protein at all uscd lev-
cls compared to the conlml, with the highest concentration recorded at 25% level of replaee-
inent. The significant inercase 1 serum globulln concentratton of broiler chicken fcd NSM-
vontalning dicts could have resulted from the Immunostiimnlant effect of NSM protein (Aqel,
1893). These results are In accordance with Al-Gaby {1998) who found thal substitution of 25
% of com or [aba mea!l protein with Nigella cake protein has significantly Increased serum total

protcins and globulin concentrations In rats. In addition, higher thyroxin level, as recorded in
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our study. was found (o stimulale prolein biosynthesis (Habeeb et al., 1989).

Dala in Table 7 showed that NSM prolefn has a significant effect on serum lipid profile of
broiler chickens. Serum triacylglycerol (TAG) and total choleslerol concentrations were signifi-
cantly {P<0.01) decreased when 25, 50 or 75% of the proiein amount supplied by SBM In the
contral dict were replaced with equal arnounts of NSM protein. On the other hand, (here was a
signifleant Increase in high density lipoproteins (HDL) and a significant decrcase in low density
lipoprotein (LDL] when cither 25 or 50% ol (he protein amount supplied by SBM In the control
diet was substitutcd with equal amount ol NSM protein, while 75% substitution level has signifi-
cantly (P<0.01) incrcased serum conecntration of both HDL and LDL when comipared (o the con-
trol. An fncreased serum T4 found In this study could be the plausible explanation for the signif-
fcant decreasc in triacylglycerol and total choleslerol. This explanation Is supported by the wark
of Habeeb et .... (1989). where thyroxin Injection of rabbits reduced scrum (olal liplds, choleste-
rol and glucose. Afifl and Daghash (1999) and EL-Dakhakhny et al. (2000 obtaincd relatively
comparative results when inclusion of ngcllé seeds at 2.5% In gestatlon and lactatlon diets of
rabblts has induced hypocholesicrolemic elfect. The unsaturaied fatty aclds In Nigella secds
stimulate cholesterol excretion o the Intestinal tract and lts oxldation to hile acids. Also,
Zaoul et al. [2002) found that oral dosing of Nigella sced fixed ofl at rale of 1 mil/kg body welght
has decrcased secuni cholesterol and triacylglyeerol in rat, Our resulls support the traditional

usc of Nigella seed as a treatment ol dyslipldemia, hyperglycemia and related abnormalitics.

Vitamin C and glycogen concenlrations in hepatic lissues as well as activity of serum: lransa-
minases in hroiler chicken led the cxperimental diets are shown In Table 8. Vitainin C and glyco-
gen concenlrations were signilicanily (P<0.01) higher in hepatic tissues ol broiler chickeus when
25, 50 or 75 % ol the protcin amount provided by SBM in the control dict were replaced with
cqual amounts of NSM protein, This may be attributed to the stimulaUon of T3 and T4 secretion,
which enhance the cflect of insulin [Shetty et al., 1996). It appears that thyroid hormones reg-
ulate glycogen content between liver and muscles. In support of this statcment, Nabukuni et al,
(1989) lound a dccrease {n musele glycogen of thyrotdeclomized chicks, and when these chicks
were given T, Injections an apparent increase in muscle glycogen was recorded. Similarly, Caro-
line (1991) rcported an increase in myocardial glycogen in hyperthyroid pouits. The cffect of
NSM prolcin on the activity of serum iransaniinascs was minor. Substiluting 25 or 50% of the
protein aniount supplied by SBM In the control with equal amounls of NSM protein has no sig-
nificant (P>0.01) effect on lhe serum levels of aspartate aminotransferase (AST), alanine amino-
transferase (ASLT) or gama glutamyl transferasc (GGT). compared to the control. while scrum
levels of these enzymes were significantly (P<0.01) incrcased when 75% of SBM proleln in the

control diet was replaced with equal amount of protein supplied by NSM. Our resulls are sup-
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ported by that of Al-Gaby (1998) who [ound that substitution of 25% of both corn or faba pro-
tein with Nigella proicin {n ihe dliet of rat has no slignlfieant effect on the activity of serum trans-
aminases (AST or ALT), In accordance with this respect. El-Dakhekhny et al. (2000) (ound that
oral Inlake of Nigella sced for 4 weeks did nol adversely alfect Lhe serum AST or ALT. On the op-
poslte side. Tennekoon et al. (1991) found that oral administration of aqueous exirael of Nigel-
la seeds to rat has resulted in elevailon In serum concentration of GGT and ALT. Morcaover, AST

and ALT were elevaled {n serum of rabbilts {ed Nigella seed seeds (Allfl and Daghash., 1999).

Geucrally. from the aforementioncd results 1t could be conchisded thal Nigella seed meal
could be [avor: ly Included in broller dlets to provide amount of protein that would replaee 25%
of the prolcin supplled by soybean meal. This eonclusion Is basced on the Improved growth per-

formance parameter and serum metabolites.

‘I'able 1. Chemical composition of feedstuffs used in formulation of the cxperitnental dicts'

Feedstuff Chemical composition ( % air dry basis)

ME Cp EE CF ca P Lysinc  Methionine

Kcal/kg % % % %h % Yo %
Yellow comn, ground 3335 85" 36" 23" 005 028 030 0.18
Com gluten meal 3720 60" 12" 1.8" 007 045 103 1.78
Fish meal 3185 71.5° 9.0° 06 35 2.0 562 2.08
Soybcan meal 2220 44 15" 64" 035 G.64 285 0.59
Nigella seed meal 2800"  30° 10" 105 025" 02" 146" 1.67°
Sunflower oif 8650 - 94 - . - - .

! Values are derived from feed composition tables, NRC (1994) mnless atherwisc indicated
® Chemically analyzed according io AOAC (1990).
According lo Zeweil (1996)
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Tahle 2. Physieal and chemical composition of the experimental diets

'Sy ‘POH "I9A T

Experimental diets

Ing-edient Starter Grawer Finisher
% SBM protein replacement % SBM protein replagement %e SBM protein replacement

Caontrol 25 % 50 % 75 % Control 25 % 50 %o 75 % Conirot 25% % 75 %
Yellow com, ground, 8.5 % 56.86 33.56 50.22 6.5 50.8% 55.0 56.33 5330 68.20 65.47 61.70 51.60
Soybean meal, 44% 3@ 225 5 7.5 275 1875 129 6.25 18.2 3.7 9.4 455
Nigella seed meal, 30 % - 1! 22 33 - 917 18.33 275 - 8.8 13.38 20
Com glutein, 60 % 4.40 4.50 510 565 3.0 4.50 4.70 5.20 4.50 o0 3.0 5§73
Fish meal, 71.5 % 2.50 2.50 2.70 170 20 20 220 220 2.50 2.50 2.50 1.50
Sunflower oii 2.60 20 1.50 io 10 30 2.50 2.19 .20 3.0 .40 1.35
Lime stone, ground 1.20 1.25 140 1.39 115 1.27 1.40 1.45 L0 1.20 1 2Q 1.2}
Dicalcium phosphate 1.28 1.15 0.90 D.8D 1.35 1.20 H .50 1.0 1.25 117 1.13
Sodium chloride 0.26 0.26 0.26 D.26 0.24 0.23 0.24 0.24 0.20 0.21 .21 a2
Vitamin-mineral premix’ 0.30 0.30 0.30 0.50 0.30 0.50 0.30 030 0.50 03 Q.3 03
L-Lvsine HCI 0.02 0.07 0.12 020 0.025 0.15 0.04 o0 0.03 Q08 0.12 0.i7
DL -Methionine 0.10 n.01 . - 0093 - - - 0.06 0.95 - -
Sodium Bicarbonate D.25 0.2% 0.25 0328 020 0.20 0.21 o1 0.21 0.21 0.2} 0.21
Choline chloride .10 0.10 0.10 0.10 0.10 0.10 alg 0.10 0.10 0.10 0.19 0.10
Anti-toxin 010 010 ol 0.10 0.10 0.10 Q.10 Q.10 .10 0.0 0.10 0.40
Coccidiostate 0.05 0.05 0.0% 0.0% 0.05 0.05 Q.05 0.05 0.05 0.03 0.05 0.05%
Cost'ton, LE? 835 858 844 B34 865 836 810 805 837 825 813 803
Calculated composiion’
CP% 2242 2243 22316 2241 29.11 20015 20.15 2018 18.30 18.42 18.39 18.44
ME Kcalkg 30318 3031.5 302848 5024 JI128.5 3131 31512 31315 12025 12025 32013 32035
EE % $2 5.4 £.94 6.30 §.50 6.37 6.65 6.99 6.0 6.30 6.45 6.78
CF% iR i0 1T 5.42 3.20 3.7 4.30 4.30 2.83 324 3.68 410
Ca% 1.0 1.0 1d 1.0 0.99 0.99 0.99 Q.99 0.93 0.97 095 0.96
Torl P % 0.6 0.66 0.44 Q67 0.64 0.64 0.54 0.64 D6? 0.63 063 0.64
Na % 02D 0.20 4.20 0.20 0.(8 0.1% 0.18 0.18 0.17 0.17 0.7 0.17
Cl % B20 0.20 a2q 0.20 0.19 0.19 0.19 0.19 0.18 0.18 Q.18 0.18
Lysine % 1.23 122 1.3t 1.23 .12 1.12 1.0 1.0 098 0.95 0.95 0956
Methionine % 051 056 0.65 0.80 0.43 049 0.50 0.7 0.41 0.48 0.53 0.62

100z ‘Z "oN ‘I "1eA

1 Vimmin and mineral premix supplied the following per kilogram of the diet: vitamin A, 12000 [U: vitamin D. 2204, vitamin E, 10 mg; vitamin K3, 2 mg; viramin Bl, 1mg;
vitamin B2, 5 mg: viamin B&. 1.S mg. viramin 812, 0.01 mg; niacin, 30 mg; biotin, 0.05 mg; folic acid. | mg: pantaihenic acid, 10 mg; choline, 750 mg; zine, 50 mg: manganese,
60 mg; iron, 30 mg; copper, 4 mg; iodine, ! mg; selenium, 0.1 mg; cobalt, 0.1 mg,

> Based upon local feed prices prevailing at time of the expenment.
? Calculared according to the chemical compaosition of feedsty(Ts presented in Table 1.
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Table 3. Growth performance of broiler ehickens fed (he experimenital diets (0-2 weeks)

Experimental diets

% Soybean meal protcin replacement + SE'
Conlrol 25% 50 % 75 %
Initial weight, g 442 44.2° 432 43.0 0.39
Weight at 2-wk, g 361" 394 355° 331° 8.85
Weight gain, g 316.8° 349.8* 311.8" 288° 5.50
Feed intake, g 464° 460° 434" 408* 10.90
Feed conversion ratio 1.46° 1.31° 1.39" 1.42% 0.0069
Feed eost, LE 041 0.395 0.366 0.34

ube

i Means in the same row with difTerent superscripts are significantly difTerent (P < 0.01).

Standard error of (reatment means.

Table 4. Growth performance of broiler chickens fed the experimental diets (2-4 weeks)

Experimental diels

% Soyhean menl profein replacement +SE*
Control 25% - 50% 75 %
Initial weight, g 361 394 355 331 8.85
Weight at 4-wk, g 994% 1050" 1000 946° 16.68
Weight gain, g 633" 656" 645" 615° 3.24
Feed intake, g 1240% 1213° 1242% 1275° 15.7
Feed conversion ratio 1.96% 1.85® 1.92* 2.07° 0.11
Feed eost, LE 1.07 1.01 1.0 1.02

< Means. it the same row with difTerent supcrscripts arc significantly difTerent (P < 0.01)
Standard error of treatincnt means

Table 5. Growth performance of broiler chickens led the experimental diefs (4-6 weeks)

Experimental diets

% Soybean meal protein replacement +SE*
Control 25% 50 % 75 %
Initial weight, g 994 1050 1000 946 16.68
Final weight al 6-wk, g 1525% 1650 1590* 1492° 22.61
Weight gain, g 531° 600° 590° 546° 3.10
Feed intake, g 1475° 1520* 1535° 1550” 20.48
IFced conversion ratio 2.77% 2.53¢ 2.60™ 2.84" 0.18
Feed cost, LE 1.23 1.25 1.24 1.25

** Means in the same row with dilferent superscripts are significantly dilfereni (P <0.0T).
9 Standard error of treatment means

J. Vet. Med. Res. Vol. IT1, No. 2, 2001
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Table 6. Allover Performance of broiler chickens fed the experimental diets (0-6 weeks) 156

Experimental diets

% Soybean meal protein replacement * SE!
Conirol 25% 50 % 5%

loitial weight, g 44.20 44.20 43.20 43.00 0.39
Final weight, g 1525 1650 1590" 1492° 20.48
Weight gain, g 1480.8™ 1605" 1546™ 1449° 21.79
Tolal [ced intake, g 3179 3193 3206 3233 33.42
Feed conversion ratia 2.15% 1.98" 2.07% 2.23° 223
Feed cfTiciency 40,58 50.2¢" 48.15™ 46.36° 0.042
Feed cost, LE 2.71 2.65 2.61 2.61

abc . . e . T .
Means in Lhe same row with dilferent superseripts are significantly diflerent (P < 0.01).
Standard crror of treatment means.

Table 7. Binchemical parameters of broiler chickens fed the experimental dicls for 6 weeks
Experimental diets

Biochemical parameter % Soybean mical protcin replacement * SE°
Control 25% 50 %% 5%
T3 (ng/ml) 2.14° 37° 318" 191" 0.05
T4 (ng/ml) 62.50¢ 113.36" 138.50° 125" 1.24
Glucose (my/d!) 126.89" 107.28° 94.19° 76.93 LIl
"Total proicius (gm/dly 718" g4l 7.24" 761" 0.31
i tbumin (gwdl) 477" 344" 3.22° 3.85" 0.07
Globolin (gm/d1) 241° 497" 402" 316 0.0%
Triacylglycerol (inp/dl) 240.83° 1377 179.57" 66.65° 1.38
Totat cholesterol (nig/dl) 22083 208.10" 211.05" 212.62" 315
11DL (mg/d)) 19.53" 38.21° 290" 27.67° 1.76
LDL (img/dl) 152.76" 142,92 144,98 161.58" 2.12

hed . - . o o
™ Means in (he same row with dillercni superseripts are siguificantly ditTecent (P < 0.01).
“ Standard crror of treatment means.

Table 8. Vitamln C and glycogen coneentrations in hepatic lissues and the activity of serum
transaminascs of broiler chickens fed the experimental diets for 6 weeks

Experimental diets

Parameter % Soybcan meal protcin repineement +SE*
Control 25 % 50 % 15 %

Liver vilamio C 46.07° 6549 1337 71.81° 2.15

(mg/100g tissve)

Liver glycogen 1.65° 2.36° 282° 3.06* 0.12

(gm/100 gm tissue)

AST (UL) 25.02° 26.40° 23.87° 40.32° 1.36

ALT (U/L) 29.40° 26.16° 29.35° 465" .48

GGT (U/L) 213" 19.40" 18.41° 38.06" 1.31

abcd - o

Means in the same row with diffcrent superscripls are significanily different (P < 0.01).
¢ Standand error of treatment means.
J. Vel. Med. Res. Vol. I1I, No. 2, 2001
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