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Abstract: An eighteen-week feeding trial was conducted to investigate the effect of feeding graded levels of
Wild Sunflower Forage Meal (WSFM) in isoproteinous diets on the growth and reproductive characteristics of
Anak 2000 broiler cocks at puberty. Two hundred and forty day-old broiler cock chicks were randomly allocated
to six dietary treatment groups of five replicates each, to make forty chicks per group. They were fed rations
containing WSFM at 0 (control), 10, 15, 20, 25 and 30% inclusion levels in a complete randomized design
experiment. The morphometric characteristics of the genitalia were studied from eight cocks per treatmental group
slaughtered at the pubertal age of 18 weeks. Live and carcass weights were significantly reduced by WSFM
inclusion levels above 10% in the ration. Dressing percentage, relative gizzard and heart weights were
independent of WSFM inclusion in the diets whereas relative liver weight was observed to show a significant
(p<0.05) decrease. The inclusion of WSFM had a significant (p<0.05) depressing effect on testes parenchyma
weight, testes width and volume. There were significant correlations of live weight and testes weight with testes
width, length and parenchyma weight as well as tunica albuginae weight, while the correlation of testes density
with other morphometric characteristics studied was low, negative and non-significant. It was concluded that
not greater than 10% WSFM could be included in the prepubertal broiler ration to substitute maize without any
adverse effect on growth and body weight. However, the male reproductive organ characteristics could be
negatively affected even at this inclusion level hence WSFM is not recommended on a poultry breeding station.
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INTRODUCTION toxic substance contained, ‘mimosine’ appears to be a

Nigeria has reduced the reliance on importation of reported that when cassava leaves were sun dried or
feed ingredients. This has led to increase in demand of dehydrated, all the Hydrocyanide (HCN) is liberated and
some  conventional  feedstuff  used  as livestock feed. no negative effects were found when consumed by
The shortage of available feed ingredients and high animals. Inclusions of wild sunflower leaf meal at 5% in
requirement of broiler chicken prompted the evaluation layer diet have been reported to enhance egg yolk
and use of some neglected forages such as wild sunflower colouration [2] and posed no adverse condition on the
forage meal as broiler feed ingredient. linear growth of cockerels [3]. The 5% inclusion level has

Different  authors  have reported the nutritional however been reported to be detrimental to the
values of different edible leaf meals that are used in development of reproductive characteristics in cocks [3].
Nigeria. Some of these vegetables have been found to Sunflower is of high nutritional value, containing all
have high  crude  protein contents. Leucaena leaf meal the  known  essential amino-acids. It is rich in minerals
has  been  used  successfully at an inclusion level of up and vitamins especially the B-complex vitamins [4].
to 5% in poultry diets, providing both protein and yellow Dagbir et al. [5] reported that full fat sunflower could
pigmentation of the egg yolks as well as body fat but the constitute  at  least  10%  of  the  broiler  diet  without any

deterrent to the inclusion levels higher than 5%. Tewe [1]



Testes weight (g)Testes density = 
Testes volume (cc)
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adverse effect on growth performance. Various studies were formulated to contain 0% for group 1 (control), 10%,
have been conducted to determine the feeding values and 15%, 20%, 25% and 30% for the experimental groups 2, 3,
chemical composition of wild sunflower meal in both 4, 5 and 6 respectively. 
broiler and layer diets [2, 6]. Odunsi et al. [2] reported that
wild sunflower leaf meal contained 16.61% crude protein, Animals  and  management:  Two  hundred  and  forty
12% crude fibre, 5% ether extract, 14% ash and 52.39% day old broiler chicks of Anak 2000 strain were used for
Nitrogen free extract. the study. They were first maintained on a standard

However  nothing  seemed  to  have  been done on commercial broiler mash as a base line diet for one week
the effect of feeding the forage (wild sunflower) on the after which they were randomly allocated to six dietary
reproductive  performance  of broiler cocks. According to treatment  groups containing Wild Sunflower Forage
Gbadamosi and Egbunike [7], reproductive inefficiency is Meal (WSFM) at 0% (control) as group 1, 10% (group 2),
the costliest and most limiting constraint to efficient 15% (group 3), 20% (group 4), 25% (group 5) and 30%
animal production. The efficiency of sperm production (group 6). There were 5 replicates per group with each
tends to remain uniform throughout the reproductive life replicate  containing  8  birds.  Birds were housed in a
of an animal and may be significantly altered by season, well-ventilated deep litter house partitioned into 2×5 m
bio-climatic factors, hormones, nutrition, chemicals and pens. The experiment lasted eighteen weeks during which
drugs [8-10]. the birds were offered feed and clean water ad-libitum.

The relationship between body growth, testicular Routine poultry production management and health care
development and spermatogenesis in an animal is an practices were carried out during the experimental period.
important factor in the artificial insemination programmes
and progeny  testing  stations, since the information is Experimental design: The birds were allocated into six
vital at predicting puberty and fertility [3, 11-13]. Testis treatment groups. Each treatment group contained 40
size has been reported to be a good indication of the birds with five replicates of 8 birds each per treatment in
present and future sperm production as well as the a Complete Randomized Design Experiment. 
breeding quality of the male [11, 14, 15]. Positive
relationship  between  live weight and sperm production Data collection: At the pubertal age of 18 weeks, five
in Koban ganders [16] and White Fualani cattle [15] as broiler cocks per replicate were randomly selected. The
well as the fact that live weight is a good predictor of live weights of the birds were taken before they were
sexual maturity has been documented [17, 18]. slaughtered by severing their jugular veins. The carcasses

This study therefore aimed at investigating the effect were properly drained of blood, defeathered and
of feeding graded levels of wild sunflower forage meal on eviscerated. The dressed carcasses were weighed and
the development in body, genitalia and other organ their weights recorded. 
morphometry  in broiler cocks, when WSFM is included The  testes  were  then  removed  from the anterior
in their feed in an attempt to reduce feed cost in broiler end  of  the  dorsal  side  of  the kidney and trimmed free
production programmes. of  the  adjoining tissues before they were weighed.

MATERIALS AND METHODS Archimedes principle of water displacement in a

Experiment site: The study was conducted at Ladoke were measured, using verneer caliper. Tunica albuginae
Akintola University of Technology, Teaching and was then peeled off from the testis and weighed.
Research (T and R) farm, Ogbomoso, Nigeria. This site is Epididymis was weighed after removal from each testis.
located  on Latitude 8° 07' N and Longitude 4° 15' East The Vas deferens was removed and weighed. 
with  mean temperature of 26.20°C and Relative humidity
of 75-95%. Testes density was calculated as:

Preparation of diet: Sunflower leaves (and inflorescence)
were  harvested  at  the  flowering stage and air-dried for
7 days. The dried collection was then milled, using manual
grinding machine. Diets were prepared by replacing maize Statistical analysis: Data collected were subjected to
with varying levels of the sunflower forage meal. Six diets Analysis  of Variance  (ANOVA) and correlative analysis

2

Testes volume was measured volumetrically using the

measuring cylinder. The length and width of each testis
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Table 1: Percentage composition of experimental diets (Broiler finisher diets)

Diets (% WSFM)
-------------------------------------------------------------------------------------------------------------------------------------------------------

Ingredients 1 (0%)  2 (10%) 3 (15%) 4 (20%) 5 (25%) 6 (30%)

Maize 64.00 55.63 51.57 47.38 43.19 38.99
WSFM 0.00 10.00 15.00 20.00 25.00 30.00
Soyabean meal 24.75 23.16 22.33 21.51 20.69 19.87
Wheat bran 5.00 5.00 5.00 5.00 5.00 5.00
Fish meal 2.00 2.00 2.00 2.00 2.00 2.00
Bone meal 2.25 2.25 2.25 2.25 2.25 2.25
Oyster shell 1.00 1.00 1.00 1.00 1.00 1.00
Salt 0.25 0.25 0.25 0.25 0.25 0.25
Methionine 0.25 0.25 0.25 0.25 0.25 0.25
Lysine 0.25 0.25 0.25 0.25 0.25 0.25
Premix 0.25 0.25 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00 100.00 100.00

Calculated analysis 
Crude protein % 18.80 18.90 18.90 19.00 19.10 19.10
ME kcal kg 2853.80 2745.00 2690.80 2636.40 2582.10 2527.701

Total cost ( ) 5121.04 4706.45 4501.56 4292.40 4101.33 3873.70

Total cost difference ( ) 414.59 619.48 828.64 1,019.71 1247.34
% cost difference 8.10%  12.10% 16.18% 19.91% 24.36%

*Premix Composition (per kg diet) Vit A 4,000,000, Vit D3 1,000,000 i.u, Vit E 4, 8000 i.u Vit k3 1, 000 mg Vitamin B1, 800 mg, Vit B2 2, 200 mg
Vit B6 1, 6000 mg, Vit B12, 8 mg, Nicotinic acid 14, 000 mg, Pantothenic acid 4, 000 mg, Folic acid 160 mg, Biotin 20 mg, choline 120, 000 mg, 200
mg, cobalt 200 mg, copper 3, 200 mg, Iron 20, 000 mg, Mn 20, 000 mg, Antioxidant 1000 mg, WSFM: Wild Sun Flower Meal, ME: Metabolisable Energy

Table 2: Proximate composition of wild sunflower forage meal (%)*

Measurements %

Crude protein 18.4

Crude fibre 12.0

Ether extract 5.0

Ash 14.0

NFE 50.6

*Standard methods of [31] were used to determine the proximate

composition of wild sunflower forage meal

[19]. The treatment mean values were tested for significant
differences by Duncan’s Multiple Range Test of SAS [20]
package.

RESULTS

The percentage composition and cost of the diets are
presented in Table 1, while the proximate composition of
WSFM is presented in Table 2, revealing that WSFM is
rich in protein (18.4%) and high in fibre (12.0%) and ash
(14.0%).

The live, carcass and relative organ weights,
expressed as percentage of carcass weight are presented
in Table 3. Live  and carcass  weights of the broiler cocks

at 18 weeks were significantly (p<0.05) reduced by
increased WSFM inclusion levels in the diets with live
weights of groups 2, 3, 4, 5 and 6 being 94.95; 72.73, 62.63,
54.55 and 42.09%, respectively of the control group while
the dressed weights were respectively 93.09, 70.02, 64.11,
48.76 and 40.95%, respectively of the control group.
Groups 1 and 2 broiler cocks had significantly (p<0.05)
higher live weight at 18 weeks than those in group 3,
which were significantly (p<0.05) higher than groups 5
and 6 broilers but not those in group 4. Group 6 broilers
had the least live weight. 

The dressed weights of groups 1 and 2 broiler cocks
were significantly (p<0.05) higher than those in groups 3
and 4, which were not different from each other but were
significantly (p<0.05) higher than those in groups 5 and 6.
The  dressing  percentages  ranged from 73.52-83. 08%
and were not significantly (p>0.05) affected by WSFM
inclusion in the diets. 

Relative liver weight of control group (0%) was
significantly (p<0.05) lower than all the groups with
WSFM inclusion, which were not significantly (p>0.05)
different from one another. In concrete terms, the relative
live weights of groups 2, 3, 4, 5 and 6 were respectively
1.4,  1.67,  1.57,  1.53  and  1.73 times  that  of   the  control
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Table 3: Carcass weights and relative organ weights of broilers fed graded levels of WSFM

Group (% WSFM)

--------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters 1 (0%) 2 (10%) 3 (15%) 4 (20%) 5 (25%) 6 (30%)

Live weight (g) 3960.00±40.00 3760.00±177.7 2880.00±96.95 2480.00±195.95 2160.00±87.1 1666.67±176.38a a b b c c d

Liver wt. % of control 94.95 72.73 62.63 54.55 42.09

Dressed weight (g) 3228.10±47.21 3004.98±118.98 2260.32±87.83 2069.56±208.93 1573.90±79.35 1321.80±143.03a a b b c c

Dressed wt. % of control 93.09 70.02 64.11 48.76 40.95

Dressing percentage (%) 81.52±0.77 80.08±1.14 78.42±0.68 83.08±2.59 73.52±5.43 79.40±2.59

Liver weight (%) 1.44±0.04 2.07±0.15 2.41±0.08 2.26±0.25 2.21±0.21 2.49±0.33b a a a a a

Liver weight % of control 1.40 1.67 1.57 1.53 1.73

Gizzard weight (%) 2.34±0.21 2.50±0.11 2.82±0.18 2.49±0.21 2.88±0.27 3.39±0.57

Heart weight (%) 0.56±0.04 0.62±0.02 0.63±0.04 0.54±0.03 0.61±0.04 0.74±0.12

: Means along the same row with different superscripts are significant (p< 0.05) different, WSFM: Wild Sunflower Forage Meal abc

Table 4: Morphometric characteristics of reproductive organs of broilers at 18 weeks

Group (% WSFM)

---------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters 1 (0%) 2 (10%) 3 (15%) 4 (20%) 5 (25%) 6 (30%)

Paired tes. wt. (g) 10.00±3.23 5.21±3.23 0.86±0.10 0.55±0.07 0.51±0.07 0.36±0.04a ab b b b b

Paired par. wt. (g) 9.38±3.08 4.98±3.12 0.79±0.09 0.51±0.06 0.46±0.06 0.34±0.05a ab b b b b

Tu. alb. wt. (g) 0.62±0.17 0.23±0.12 0.07±0.01 0.04±0.01 0.04±0.01 0.02±0.00a b b b b b

Tunica as % of testis 6.20 4.14 8.14 7.27 7.80 5.56

Mean tes length (cm) 3.16±0.35 2.38±0.37 1.72 ± 0.06 1.70±0.08 1.53±0.10 1.62±0.04a b bc  bc  c c

Mean tes. width (cm) 1.68+0.25 1.29±0.26 0.55±0.13 0.61+0.08 0.68±0.02 0.50±0.06a a b b b b

Paired tes. vol. (ml) 7.68±2.97 4.81±2.94 0.80±0.13 0.57±0.07 0.48±0.08 0.37±0.01a ab b b b b

Mean tes. density (g ml ) 1.01±0.03 1.12±0.06 1.13±0.07 0.98±0.04 1.03±0.05 0.97±0.081

Paired epid. wt. (g) 0.41±0.03 0.30±0.03 0.33±0.05 0.29±0.05 0.26±0.03 0.21±0.02a ab ab ab b b

: Means along the same row with different superscripts are significant (p< 0.05), tes - teste, par - parenchyma, tu - alb-tunica albuginea, vol - volume, epid -abc

epididymis, wt. - weight, WSFM - wild sunflower 

group. Relative gizzard and heart weights were not not significantly   different  (p>0.05)  from  one  another.
significantly (p>0.05) affected by the sunflower inclusion Broiler cocks in the control group had significantly
levels in the diets. (p<0.05) higher testes length than those on WSFM

Table 4 shows the morphometric characteristics of inclusion  diets.  The testes length of group 2 broiler
reproductive organs of broile chicks at 18 weeks. Paired cocks was higher (p<0.05) than those in groups 5 and 6
testes weight, testes parenchyma weight and paired testes but not those in groups 3 and 4. Testes density was not
volume of the control group were significantly (p<0.05) significantly (p>0.05) affected by WSFM inclusion.
higher than those in groups 3, 4 and 5 but not group 2, Epididymal weight of broilers cocks in the control group
which was not significantly (p>0.05) different from groups was significantly (p<0.05) higher than those in group 5
3, 4 and 5 broiler cocks. Testes parenchyma weight and and 6 but not those in groups 2, 3 and 4, which were not
testes volume followed the same trend as testes weight. significantly (p>0.05) different from those in group 5 and

Tunica albuginea weight of control group was group 6. 
significantly (p<0.05) higher than all the groups with Table 5 shows the correlation coefficients between
WSFM inclusion, which were not significantly (p>0.05) the morphometric characteristics of broiler cocks fed
different  from  one  another.  Mean  testes  width of graded levels of WSFM. The correlation coefficients of
group 1 and 2 broiler cocks were significantly (p<0.05) live weight with testes morphometry were positive and
higher  than  those  in  groups 3, 4, 5 and 6, which were significant. The  correlation  coefficient  of  testes  weight
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Table 5: Correlation coefficients between the morphometric characteristics of broilers at 18 weeks

Tes. density

Live wt. Tes. wt. Tes. par. wt. tu. alb. wt. Testes length Tes. width Tes. vol. dress wt p/epid wt

Live wt.

Tes. wt. 0.65xx

Tes. par. wt. 0.65 1.00xx xx

Tunica. alb. wt. 0.66 0.96 0.96xx xx xx

Tes. length 0.74 0.95 0.95 0.93xx xx xx xx

Tes. width 0.72 0.94 0.94 0.92 0.91xx xx xx xx xx

Tes. vol. 0.64 0.99 0.99 0.98 0.95 0.93xx xx xx xx xx xx

Tes. density 0.192 0.05 0.05 -0.01 0.002 0.04 0.03

P. epid. wt. 0.53 0.44 0.43 0.48 0.53 0.43 0.42 -0.21xx x x x xx x x

Dressed wt. 0.98 0.63 0.62 0.64 0.71 0.70 0.62 0.15 0.54xx xx xx xx xx xx xx xx

: Correlation is significant at p<0.01 level (2-tailed), : Correlation is significant at (p<0.05), Tes. - testis, wt. - weight, Par. - parenchyma, vol. - volume,XX X

p. epid. wt. - paired epididymal weight

with other testes morphometry, epididymal and tunica by the bulkiness of the feed, which made it difficult for the
albuginee weights were highly  significant. However birds  to  satisfy  their  protein  and  energy requirement
testes density  had  low and non-significant correlations as well as the presence of anti-nutrient factors in WSFM
with live weight as well as all the other morphometric [5, 24]. The low palatability of sunflower could also be an
characteristics measured. attending factor accounting for reduction in the

The  calculated  analysis  in Table 2 shows the consumption of the experimental feeds [2, 3, 6, 21, 25, 26].
relative decrease in feed cost as the inclusion of WSFM Based on live weight and dressed weight observed
increased in the feed. The inclusion of 30% WSFM in this study, it can be said that the growth rate of broiler
accounted for the highest cost reduction of 24.36% cocks on 10% WSFM inclusion is comparable to those in
relative to the control diet. the control group. This means that broiler cocks can

DISCUSSION adverse  effect on their growth in a similar manner

The Crude Protein (CP) value of the wild sunflower contrary to the 5% optimum level of inclusion in Isa
forage meal in this study was slightly higher than that Brown cocks [3] above which growth was significantly
reported by Odunsi et al. [2] but same as in the repot of (p<0.05) negatively affected. 
Togun et al. [3] and Olayeni et al. [21] for the leaf of the The increase in relative liver weight observed in
same plant. The values for the other nutrients were broilers  fed  WSFM  diets is similar to the report of
however similar. The CP value was close to those Togun et al. [3] and this could be due to increased liver
obtained for groundnut haulms and potato leaves by activities. This is attributable to the effect of anti-nutrients
Adama and Nma [22] but was lower than the value contained in the wild sunflower as well as the bulkiness
reported for Leucaena leaf meal [23]. The difference could [24], which  resulted  in  liver  over load that brought
be due to the stage of growth at harvest and the about possible hypertrophy of the organ. The relative
processing method used. weights of gizzard and heart obtained in this study are

The observed decrease in live weight as the level of comparable to those obtained by Odunsi et al. [6, 27],
WSFM increased across the dietary treatment groups Togun et al. [3]. 
implied a reduction in growth rate and subsequent final The  significantly  lower  values  observe in this
weight of the experimental birds at 18 weeks of age. The study for paired testes weight paired testes parenchyma
decreased  growth rate is similar to that reported by weight, mean testes width and paired testes volume when
Togun et al. [3] in Isa Brown cocks and Odusi et al. [26] WSFM was included beyond 10%, indicate that broilers
in line with the reports of Dagbir et al. [5] on cultivated may tolerate up to 10% WSFM without any significant
sunflower meal as well as Dutta et al. [24] on wild adverse  effect on the growth of reproductive organs.
sunflower   meal.  This   observation   could   be  explained This   is  above  the   optimum   level  of  5%  reported  by

tolerate WSFM at up to 10% inclusion level without an

reported for full fat sunflower [5]. This is however
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Togun et al. [3] for Isa Brown cocks. Beyond this 10% 2. Odunsi, A.A., G.O. Farinu and J.O. Akinola, 1996.
level, a limitation  is  placed  on  the  testes development Influence of dietary wild sunflower (Tithonia
of broilers. However, the fact that the diet with 10% diversifolia Hemsl. A. Gray) leaf meal on layers
WSFM inclusion resulted in testes weight, which was performance  and  egg  quality. Nig. J. Anim. Prod.,
only 52% of control, is a pointer to the fact that this 23: 28-32. 
ingredient would not actually support  the  reproductive 3. Togun, V.A., G.O. Farinu and R. Olabanji, 2006. Effect
activities  of broiler cocks. This is fundamental, as the size of graded levels of wild sunflower (Tithonia
of testes has been reported to have a positive relationship diversifolia Hemls. A. Gray) meal in prepubertal diets
with sperm production [3, 11, 13, 15, 28]. This is a pointer on the morphometric characteristics of the genitalic
to a positive relationship between live weight and and some organs in Isa Brown cocks at the pubertal
testicular characteristics in broiler cocks. The observation, age. American-Eurasian J. Sci. Res., Vol: 1. In Press.
agrees with earlier reports in literature [3, 28, 29]. 4. Day, H. and E. Levin, 1954. Nutritional value of

The reduction in epididymal weight as the level of sunflower meal. Poul. Sci., 55: 1775-1782. 
WSFM  inclusion increased is an indication that the 5. Dagbir, N.J., M.A. Rad and M. Uwadyjan, 1980.
ability of the birds to store spermatozoa is negatively Studies on utilization of full fat sunflower seed in
affected by WSFM in the diet. This is also related to the broiler ration. Poul. Sci., 59: 2273-2278. 
effect on testicular morphometry. 6. Odunsi, A.A., G.O. Farinu, J.O. Akinola and V.A.

The significant correlation coefficients observed for Togun, 1999. Growth, carcass characteristics and
live weight with testes morphometry were higher than body composition of broiler chickens fed wild
those observed by Togun [30] probably due to specie sunflower (Tithonia  diversifolia)   forage  meal.
differences. Trop. Anim. Prod. Invest., 2: 205-211. 

The low and non-significant correlation coefficients 7. Gbadamosi,  A.J.  and G.N. Egbunike, 1999. Studies
observed for testes density with live weight and all the on  cock  semen (i) Effects of frequent ejaculation
other morphometric characteristics studied agreed with and breed on physical characteristics. Trop. J. Anim.
Togun [30] and suggested that testicular characteristics Sci., 1: 157-164. 
cannot be predicted from testes density. 8. Egbunike, G.N., W. Holtz, W. Endell and D. Smidt,

While  the  30%  inclusion  level  of WSFM 1975. Reproductive capacity of German improved
accounted for  a  cost  reduction  in feed up to 24.36% of Land race boars I. Gonadal and extra gonadal sperm
control feed, it resulted in a deleterious effect on the reserves. Zuchthygiene, 10: 184-187. 
growth performance of the birds. From the growth 9. Nkanga, E.E. and G.N. Egbunike, 1992. Seasonal
performance result above, the 10% inclusion level of influence on fertility and hatchability in the domestic
WSFM  was tolerable to the birds and did not result in fowl in the humid tropics. In: 12  Intl. Cong. Anim.
any  adverse  condition  in  growth.  It   also  accounted Reprod., The haguem, pp: 3. 
for a  saving  of  8%  in  the  total  feed cost although it 10. Togun, V.A. and G.N. Egbunike, 2006. Seasonal
did not support the testicular and sperm production variations  in  the  sperm production characteristics
characteristics. of Zebu (White Fulani) cattle genitalia in the humid

CONCLUSIONS In Press. 

WSFM can be included in broiler cock diet at a biometry and semen quality in karan Fries bulls. Ind.
maximum of 10% level when there is no specific interest in J. Dairy Sci., 56: 317-319. 
reproduction within the flock. At this level of inclusion in 12. Souza, C.E.A., A.A. Moura, A.A. Araujo and A.C.B.
broiler fattening programme, the farmer saves up to 8% on Lima, 2003. Interactions among gonadal development
the cost of feed, which would enhance the profitability in sperm production, testosterone concert rations and
broiler fattening programme. aspects of puberty in Santa Ines ram lambs during
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