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This study evaluated black sunflower seed (BSS) as a dietary additive in West African Dwarf (WAD) 
goats. Nutrient intake, apparent nutrient digestibility, nitrogen retention, rumen fermentation 
characteristics, rumen microbial populations, haematological indices and serum biochemical indices 
were evaluated. Fifteen WAD goats were randomly allocated to three treatments of five goats each in a 
completely randomized design. The treatments included 0 g BSS/100 kg (T1), 25 g BSS/100 kg (T2), 
and 50 g BSS/100 kg (T3). The feeding trial lasted for eight weeks. Data were collected and subjected 
to one-way analysis of variance and separated at a 5% significance level. 
The Dry matter intake, Crude protein intake, Dry matter digestibility, Crude protein digestibility, and 
Nitrogen Retention were highest in T3. 172.90g/day, 26.75g/day, 88.52%, 88.37%, and 73.41g/day 
were recorded, respectively, in T3. The rumen microbial population, Total Bacteria count, and Total 
Fungi Count were highest in T3 and recorded as 8.20 cfu/ml × 10^6 and 3.20 cfu/ml × 10^3. The Total 
Volatile acid, Acetic acid, Pack Celled Volume, and Haemoglobin concentration were highest in T1. 
129.21mmole/100ml, 9.11mmole/100ml, 38%, and 12.15g/dL were recorded respectively in T1. 
Glucose and Globulin were highest in T2, recording 68.50mg/dL and 3.60g/dL respectively.
Among the treatment diets, 50g/100kg BSS is hereby recommended as an additive in WAD goat diets, 
as it improved their performance.
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ABSTRACT

oat farming is essential for the sustenancGe and nutrition of rural families in sub-
Saharan Africa, especially in West 

Africa, where the West African Dwarf goat 
breed is most common. 
The  West  Afr ican  Dwarf  (WAD) goa t 
i s  among the  most  prevalent  nat ive  smal l 
r u m i n a n t  b r e e d s  i n  W e s t 
Africa, found extensively in Nigeria, Ghana, 
Cameroon, and Benin Republic (Osakwe et al., 
2023). It plays an essential part in rural household 
economies and food security, especially for 
smallholder farmers and nomadic herders. The 
WAD goat,  being a versatile and low-
maintenance animal, plays a crucial role in meat 
production, family income, cultural rituals, and 
providing manure for agriculture (Ogunniyi et 
al., 2020 and Ojoawo et al., 2024). WAD goats 
are particularly favored for their exceptional 
adaptability to tropical climates, including high 
humidity, elevated temperatures, and seasonal 
feed shortages. They are small-sized, early-
maturing, highly prolific (usually birthing twins 
or triplets), and have short kidding intervals, 
which makes them especially valuable in 

resource-limited farming systems (Eze et al., 
2022). Sunflower (Helianthus annuus) is an 
important oilseed crop cultivated across 
temperate and tropical regions of the world. It 
serves multiple purposes, ranging from oil 
production to use as feed ingredients for 
livestock. The seeds are valued for their high 
nutritional quality, providing substantial 
amounts of protein, lipids, vitamins, and 
minerals necessary for animal growth and 
maintenance (Obeidat et al., 2009). The residual 
meal obtained after oil extraction also serves as 
an excellent source of plant protein, making 
sunflower a versatile and valuable crop in animal 
nutrition (Baker, 2010).

Sunflower seeds are broadly categorized based 
on their shell colour, oil composition, and 
intended use. Among these, black sunflower 
seeds (BSS) stand out due to their thin shell and 
high oil content, which make them more suitable 
for feed formulation and oil extraction compared 
to the striped varieties (Giada, 2010). 
Nutritionally, black sunflower seed (BSS) 
provides an excellent combination of crude 
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protein, digestible fibre, and vital minerals, 
aiding rumen activity and feed efficiency in small 
ruminants (Nassu et al., 2017). Incorporating it 
into ruminant diets can help balance energy and 
protein ratios, enhance taste, and maintain 
performance during times of feed shortage (Kaya 
et al., 2019). During the dry season, when forages 
are fibrous and deficient in key nutrients, 
supplementing diets with energy-rich seeds like 
black sunflower can serve as a practical approach 
to maintaining animal condition and productivity 
(Oni et al., 2010). The utilization of BSS as a feed 
additive therefore presents a sustainable 
alternative for improving goat performance 
under dry-season feeding systems (Akinmutimi, 
2014).
This study therefore evaluated the additive 
dietary effects of black sunflower seed on 
nutrient intake, digestibility, nitrogen retention, 
rumen fermenta t ion ,  rumen microbia l 
population, haematological indices and serum 
biochemical indices of WAD goats.

MATERIALS AND METHODS 
Experimental Site
The research was carried out at the Teaching and 
Research Farm of the Animal Production and 
Health Department, Ladoke Akintola University 
of Technology (LAUTECH), Ogbomoso, Oyo 
State. This region is situated in the derived 
savannah zone of Nigeria, with distinct wet and 
dry seasons, at a longitude of 4°15’ East and a 
latitude of 8°15’ North of the Greenwich 
meridian. The altitude of the region varies from 
300 to 600 meters above sea level. The mean 
a n n u a l  r a i n f a l l  a n d  t e m p e r a t u r e  a r e 
approximately 1240 mm and 27°C, respectively 
(Ewetola, 2020).

Experimental Animals and Management
A total of 15 West African Dwarf (WAD) goats 
were procured from a local market in Ogbomoso 
and used for the experimental trial. At the point of 
purchase, the sellers provided available records 
relating to the animals’ previous feeding history 
and health status, which were reviewed as part of 
the pre-experimental assessment. The animals 
were subsequently subjected to a 14-day 
acclimatization period, during which their 
general health condition was monitored. They 
were dewormed and treated against ectoparasite 
infestations before the commencement of the 
feeding trial. Following the acclimatization 
period, the goats were randomly assigned to three 
treatment groups (T1–T3), with five goats per 

treatment, using a Completely Randomized 
Design (CRD).

Experimental Diets and Test Ingredients
Black Sunflower Seed (BSS) was procured, 
properly cleaned, and incorporated into the basal 
diet  a t  graded inclusion levels .  Three 
experimental diets were formulated. Treatment 1 
(T1) served as the control diet and contained no 
Black Sunflower Seed (0 g BSS/100 kg basal 
diet). Treatment 2 (T2) contained 25 g of BSS per 
100 kg of the basal diet, while Treatment 3 (T3) 
contained 50 g of BSS per 100 kg of the basal 
diet. Thus, Black Sunflower Seed was used as the 
dietary additive at inclusion levels of 0, 25, and 
50 g per 100 kg of the complete basal diet, 
corresponding to T1, T2, and T3, respectively.

Table 1: Composition of the Basal Diet and 
Inclusion Levels of Black Sunflower Seed 
(BSS)

Note: T1 was the control treatment containing 
the basal diet without BSS. T2 and T3 consisted 
of the same basal diet supplemented with 25 g 
and 50 g of Black Sunflower Seed, respectively, 
per 100 kg of basal diet.
 
Feeding Trial
The feeding trial lasted for 8 weeks. Feed and 
water were provided ad libitum. Daily feed 
intake was calculated by deducting feed leftovers 
from the total feed offered.

Data Collection
Nutrient Digestibility 
During the digestibility trial, both feces and urine 
were quantitatively collected. Feces were 
collected daily, weighed, and sub-sampled for 
proximate analysis. Apparent Digestibility 
Coefficient (%) was estimated.

The apparent nutrient digestibility was 
determined using the following formula 
(McDonald et al., 2022); 
D i g e s t i b i l i t y  ( % )  =  ( N u t r i e n t  i n t a k e 
−Nutrient in feces ̸ Nutrient intake) × 100
Where: Nutrient intake = Dry matter of feed × 
nutrient % and Nutrient in feces = Dry matter of 
feces × nutrient %
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Nitrogen Retention 
Nitrogen Retention was determined from the 
difference between nitrogen intake and nitrogen 
excreted in faeces and urine. Urine was collected 
in buckets containing 10 mL of 10% sulphuric 
acid to prevent nitrogen loss.

Rumen Fermentation Characteristics
Rumen Fluid Collection: Rumen liquor 
samples were collected from each goat 4 hours 
post-morning feeding using a stomach tube 
attached to a vacuum pump on the initial day and 
at the end of the experiment. The initial 50 mL 
was discarded to avoid contamination with 
saliva.

Rumen pH: Rumen pH was measured 
immediately after collection using a digital pH 
meter.
Volatile Fatty Acids (VFA) Profile: A 5 mL 
subsample was preserved with 1 mL of 25% 
metaphosphoric acid and stored at –20 °C. VFA 
concentrations (acetate, propionate, butyrate) 
were determined using gas chromatography 
following the method of Erwin et al. (1961).
A m m o n i a  N i t ro g e n  C o n c e n t r a t i o n : 
Ammonia-N was determined using the 
phenol–hypochlorite method as described by 
Broderick and Kang (1980).

Rumen Microbial Population: Microbial 
population enumeration followed the roll-tube 
technique for total viable bacterial and protozoal 
counts (Hungate, 1966). Serial dilutions were 
plated on selective media for bacterial 
enumeration, and protozoa were counted using a 
haemocytometer under a light microscope.

Hematological and Serum Biochemical 
Analysis
Hematological Analysis: Blood samples were 
collected from the jugular vein of each animal 
into EDTA tubes for hematological assessment. 
Parameters such as packed cell volume (PCV), 
hemoglobin concentration (Hb), red blood cell 
(RBC) count, white blood cell (WBC) count, and 
differential leukocyte count were determined 
using standard procedures (Jain, 1993).
Serum Analysis: Additional blood samples were 
collected without anticoagulant, allowed to clot, 
and centrifuged at 3,000 rpm for 10 minutes to 
obtain serum. Serum was analyzed for total 
protein, albumin, globulin, cholesterol, urea, and 
creatinine using automated biochemical 
analyzers and spectrophotometric methods as 

described by Coles (1986).

Chemical Analysis of Feed and Fecal Samples
Feed, feces, and black sunflower seed samples 
were analyzed for chemical and proximate 
compositions (moisture, crude protein, crude 
fiber, ether extract, ash, and nitrogen-free extract) 
using the methods of AOAC (2019), and Fiber 
f rac t ions  (NDF,  ADF,  and ADL) were 
determined following the method of Van Soest et 
al., (1991).
All samples were analyzed in triplicate according 
to the standard methods of AOAC (2019)
Dry Matter (DM): Samples were dried in an oven 
at 105°C for 24 hours to determine moisture 
content. Crude Protein (CP): Samples were 
analyzed using the Kjeldahl method, which 
involves digesting the sample and measuring 
nitrogen content (N × 6.25). Crude Fiber (CF): 
Samples were analyzed using a fiber analyzer to 
determine fiber content. Ether Extract (EE): 
Samples were extracted using the Soxhlet 
method to determine fat content. Ash: Samples 
were heated in a muffle furnace at 550°C to 
determine ash content. Nitrogen-Free Extract 
(NFE): Calculated by subtracting the sum of CP, 
CF, EE, and Ash from 100. 

Statistical Analysis
All collected data were subjected to one-way 
analysis of variance (ANOVA) using SPSS 
version 25. Significant differences between 
treatment means waere separated using Duncan’s 
Multiple Range Test (DMRT) at the p < 0.05 
level.
The statistical model to be used is:
Yij  = μ + Ti  + εij 
Where: Yij   = Observed value of the dependent 
variable; μ = Overall mean; Ti = Effect of 
treatments (i = 1, 2, 3); εij = Random error

RESULTS AND DISCUSSION 
Ta b l e  2 :  C h e m i c a l  C o m p o s i t i o n  o f 
Experimental Diets 
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Parameters   T1 (0g/100kg T2 (25g/100kg T3(50g/100kg SEM 

BSS) BSS) BSS) 

Proximate  

Dry Matter (%) 
a 93.64 c 86.32 b 89.07 0.74 

Crude Protein (%) b17.61
c 16.68 a 18.23 0.18 

Ether Extract (%) 
b 

5.57
c 

5.00
a 

7.19 0.24 

Crude Fibre (%) 
c 

12.88
a 

14.12
b 

13.60 0.15 

ASH (%) 
b 13.25 c 9.71 a 15.32 0.57 

CHO (%) 
a 57.20 b 54.93 c 48.33 0.92 

Fibre Fractions 

Neutral 
c Detergent 68.20 b 70.15 a 72.25 0.41 
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*SEM- Standard error of the mean; Means with 
different superscripts within a row are 
significantly different (P<0.05)

Proximate Composition, Fibre Fraction and 
Anti-nutrients of Experimental Diets on WAD 
Goats
The results of the proximate, fibre, minerals and 
phytochemical composition of experimental 
diets (0g, 25g and 50g /100kg Black Sunflower 
Seed BSS additive) were presented in Table 2 
with varying levels of the three experimental 
diets.
Amongst the proximate composition, dry matter, 
crude protein, ether extract, crude fibre, ash and 
carbohydrate (CHO) were significantly affected 
with increasing levels of BSS additive. Across 
the treatments, all the fibre fractions, neutral 
detergent fibre, acid detergent fibre and acid 
detergent lignin differed significantly with 
increasing levels of BSS additive. 
Mineral composition showed significant 
differences among parameters such as zinc, iron, 
calcium and magnesium, while there were no 
significant differences among copper, sodium, 
potassium and phosphorus. 
Phenolic, saponin and tannin were significantly 
different across the treatments, while flavonoid, 
alkaloid, carotenoid and glycoside were not 
significantly different for the anti-nutritional 
factors of the experimental diets. 
Across the treatments, within proximate 
composition, T1 (0g/100kg BSS) has the highest 
values in dry matter (93.64%) and carbohydrate 

content (57.20%). The value of dry matter ranges 
from 86.32% (T2) to 93.64% (T1) across the 
treatments, while the value for carbohydrate 
ranges from 48.33% (T3) to 57.20% (T1). T2 
(10% BSS) only has the highest value in crude 
fibre (14.12%) across the treatments, while it 
ranges from 12.88% (T1) to 14.12% (T2). 
T3 (50g/100kg BSS) has the highest values in 
crude protein, ether extract and ash. Crude 
protein values range from 16.68% (T2) to 
18.23% (T3); ether extract also ranges from 
5.00% (T1) to 7.19% (T3); and ash values range 
from 9.71% (T2) to 15.32% (T3).
Across the treatments, within the fibre fractions, 
T3 (250g/100kg BSS) recorded the highest 
values in all parameters: neutral detergent fibre, 
acid detergent fibre, and acid detergent lignin, 
while T1 (0g/100kg BSS) recorded the lowest 
values for the parameters. The value of neutral 
detergent fibre ranged from 68.20% (T1) to 
72.25% (T3), acid detergent fibre value ranged 
from 51.10% (T1) to 58.90% (T3), and acid 
detergent lignin value ranged from 25.25% (T1) 
to 32.30% (T3). 
T1 (0g/100kg BSS) has the highest value for the 
mineral composition of the experimental diets: 
zinc, iron, calcium, magnesium and copper, 
while T2 (25g/100kg BSS) has the lowest value 
for the parameters except iron (T3 50g/100kg 
BSS). The value of zinc ranges from 3.45mg/kg 
(T2) to 5.38mg/kg (T1), iron ranges from 
4.24mg/kg (T3) to 6.35mg/kg (T1), calcium 
ranges from 0.30mg/kg (T2) to 0.35mg/kg (T1), 
magnesium ranges from 0.41mg/kg (T2) to 
0.46mg/kg (T1) and copper ranges from 
6.80mg/kg (T2) to 9.60mg/kg (T1).
Amongst the anti-nutritional factors, T1 
(0g/100kg BSS) has the highest values for 
saponin and tannin, while T3 (50g/100kg BSS) 
has the highest value for phenolic across the 
treatments. Also, T1 (0g/100kg BSS) has the 
lowest value for phenolic, and T3 (50g/100kg 
BSS) has the lowest value for saponin and tannin. 
Phenolic, saponin and tannin values range from 
50.22 mg/kg (T1) to 61.32 mg/kg (T3), 13.92 
mg/kg (T3) to 16.32 mg/kg (T1) and 19.15 mg/kg 
(T3) to 20.52mg/kg (T1), respectively.

Table 3: Nutrient Intake of WAD Goats 
offered Experimental Diets
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Fibre 

Acid Detergent Fibre c 51.10 b 54.50 a58.90  0.78 

cAcid Detergent Lignin 25.45 b 28.30 a32.30  0.69 

Minerals 

Sodium (%) 0.29 0.27 0.29 0.01 

Potassium (%) 0.53 0.49 0.51 0.01 

Calcium (%) a 0.35 b 0.30 ab 0.31 0.01 

Phosphorus (%) 0.39 0.35 0.37 0.01 

Magnesium (%) a 0.46 b 0.41 ab 0.42 0.01 

Copper (mg/kg) a 9.60 c 6.80 b 7.40 0.29 

Zinc (mg/kg) a 13.40 c 10.70 b 11.30 0.28 

Iron (mg/kg) a 61.30 b 61.20 c 59.80 0.17 

Phytochemicals 

Flavonoid (mg/100g) 3.79 3.57 3.52 0.09 

Phenolic (mg/100g) c 50.22 b 55.91 a 61.32 1.36 

Alkaloid (mg/100g) 2.92 2.95 3.26 0.09 

Saponin (mg/100g) a 16.32 b 15.09 c 13.92 0.30 

Tannin (mg/100g) a 20.52 b 19.86 c 19.15 0.18 

Carotenoid (mg/100g) 3.20 2.90 2.70 0.10 

Glycoside (mg/100g) 2.72 2.57 2.41 0.09 
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*SEM- Standard error of the mean; abc – means 
with different superscripts were significantly 
different (P<0.05)

Nutrient Intake of WAD Goats Offered 
Experimental Diets
The results of nutrient intake of WAD goats 
offered experimental diets were presented in 
Table 3. Across the treatments, parameters such 
as dry matter intake, crude protein intake, crude 
fibre intake, ash intake, neutral detergent fibre 
i n t a k e ,  a c i d  d e t e rg e n t  l i g n i n  i n t a k e , 
hemicellulose intake and lignin intake all showed 
significant differences while there were no 
significant differences amongst ether extract 
intake, CHO intake, acid detergent fibre intake 
and cellulose intake parameters. 
The dry matter intake, crude protein intake, crude 
fibre intake, ash intake, acid detergent lignin 
intake, hemicellulose intake and lignin intake 
showed highest values in T3 (50g/100kg BSS) 
while T1 (0g/100kg BSS) showed the lowest 
values for the parameters mentioned above 
across the treatments. Dry matter intake ranges 
from 128.59% (T1) to 172.90% (T3), crude 
protein intake 19.48% (T1) to 26.75% (T3), 
crude fibre intake ranges from 16.02% (T1) to 
22.24% (T3), ash intake range from 12.57% to 
19.40%, acid detergent lignin intake ranges from 
15.64% (T1) to 22.07% (T3), hemicellulose 
intake ranges from 31.55% (T1) to 44.30% (T3) 
and lignin intake ranges from 15.64% (T1) and 
22.08% (T3) across the treatments.

Table 4: Nutrient Digestibility Coefficient of 
the WAD Goats offered Experimental Diets

*SEM- Standard error of the mean; abc – 
means with different superscripts were 
significantly different (P<0.05)

Nutrient Digestibility Coefficient of WAD 
Goats Offered Experimental Diets

Table 4 represents results for the nutrient 
digestibility coefficient of WAD goats offered 
experimental diets (0g, 25g and 50g/100kg Black 
Sunflower Seed BSS additive). Parameters are 
dry matter  digest ibi l i ty,  crude protein 
digestibility, crude fibre digestibility, ether 
extract digestibility, CHO digestibility, ash 
digestibility, neutral detergent fibre digestibility, 
acid detergent fibre digestibility, acid detergent 
lignin digestibility, cellulose digestibility, 
hemicel lulose digest ibi l i ty,  and l ignin 
digestibility. The values of the parameters ranges 
from 80.90% (T2) to 88.52% (T3), 81.12% (T2) 
to 88.37% (T3), 39.28% (T2) to 74.70% (T3), 
89.30% (T2) to 91.78% (T3), 85.36% (T2) to 
(T3), 66.50% (T2) to 85.19% (T3),76.97% (T2) 
to 86.89% (T3), 66.52%(T2) to 82.34% (T3), 
52.84%(T2) to 77.47% (T3), 74.20%(T2) to 
85.44%(T3), 89.54 to 92.82% (T3) and 52.84% 
to 77.47%(T3) respectively to the parameters 
listed above. 

The trend of value ranges showed a pattern 
whereby T3 had the highest values across the 
treatments, while T2 showed the lowest values 
across the treatments. This connotes that T3 had 
the highest digestibility for all the nutrients and 
T2 had the lowest digestibility, which reduced 
nutrient absorption. T1 showed slightly lower 
fibre digestibility than T3. All parameters were 
significantly affected across the treatments 
except ether extract digestibility and CHO 
digestibility. 

Table 5: Nitrogen Retention of WAD Goats 
offered Experimental Diets 

*SEM- Standard error of the mean; abc – means 
with different superscripts are significantly 
different (P<0.05)

Nitrogen Retention of WAD Goats Offered 
Experimental Diets
Table 5 presents the results for nitrogen retention 
of WAD goats offered experimental diets (0g, 
25g and 50g/100kg Black Sunflower Seed BSS 
additive). The parameters are urinary nitrogen, 
fecal nitrogen, digested nitrogen, and nitrogen 
retention. There were no significant differences 
across the treatments for parameters like urinary 
nitrogen and fecal nitrogen, while digested 
n i t rogen  and  n i t rogen  re ten t ion  were 
significantly influenced across the treatments. T3 
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Parameters (%)  T1 (0g/100kg BSS) T2 (25g/100kg T3 SEM 
BSS)  (50g/100kg 

BSS) 
Dry Matter Digestibility 

b
84.29

 c
80.90

 a
88.52

 
0.84 

Parameters (g/day)  T1 (0g/100kg T2 (25g/100kg BSS)  T3 (50g/100kg SEM 
BSS) BSS) 

Urinary Nitrogen  0.95 1.55 0.68 0.18 

Fecal Nitrogen 0.50 0.69 0.54 0.04 

Digested Nitrogen 
a 

1.67
a 

1.36
a 

3.35 0.22 

Nitrogen Retention 
b 

52.47
b 

44.21
a 

73.41 3.98 
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had the highest value for nitrogen retention of 
73.41g/day while T2 had the lowest value of 
44.21g/day. Digested nitrogen followed the same 
trend, where T3 had the highest value of 
3.35g/day and T2 had the least value of 
1.36g/day. Urinary and faecal nitrogen did not 
differ significantly, meaning that retention rates 
are relatively stable and differences in retention 
are mainly due to variation in digestibility and 
utilization of the experimental diets offered.

Table 6: Effects of Feeding Varying Inclusion 
Levels of Black Sunflower Seed Additive on 
Rumen Fermentation Characteristics in WAD 
Goats

*SEM- Standard error of the mean; abc – means 
with different superscripts are significantly 
different (P<0.05)

Effects of Feeding Varying Inclusion Levels of 
Black Sunflower Seed Additive on Rumen 
Fermentation Characteristics in WAD Goats
Table 6 presents results for rumen fermentation 
characteristics of WAD goats on experimental 
diets (0 g, 25 g, and 50g/100kg Black Sunflower 
Seed BSS additive). The parameters are acetic 
acid, propionic acid, butyric acid, valeric acid, 
total volatile fatty acids, lactic acid, pH, and 
ammonia nitrogen concentration (NH₃-N). There 
were significant differences (P<0.05) in the 
parameters across the treatments except 
ammonia nitrogen concentration (NH₃-N), 
which was not significantly affected across the 
treatments.

Highest values were recorded in T1 (0g/100kg 
BSS) for acetic acid (9.11mmole/100ml), 
propionic acid (8.69 mmole/100ml), butyric acid 
(8.30 mmole/100ml), valeric acid (8.26 
mmole/100ml), total volatile fatty acids (129.21 
mmole /100ml)  and  lac t ic  ac id  (11 .34 
mmole/100ml), while T2 (25g/100kg BSS) 
recorded the least values for these parameters.

The values of acetic acid ranged from 4.38 

mmole/100ml (T2) to 9.11 mmole/100ml (T1), 
propionic acid ranged from 4.17 mmole/100ml 
(T2) to 8.69 mmole/100ml (T1), butyric acid 
ranged from 3.99 mmole/100ml (T2) to 8.30 
mmole/100ml (T1), and valeric acid ranged from 
3.97 mmole/100ml (T2) to 8.26 mmole/100ml 
(T1).

Total volatile fatty acids ranged from 62.05 
mmole/100ml (T2) to 129.21 mmole/100ml 
(T1), while lactic acid ranged from 5.45 
mmole/100ml (T2) to 11.34 mmole/100ml (T1). 
T3 (50g/100kg BSS) consistently recorded 
intermediate values for these parameters across 
the treatments.

For rumen pH, T2 (25g/100kg BSS) recorded the 
highest value (6.17), while T1 (0g/100kg BSS) 
recorded the lowest value (5.34), with values 
ranging from 5.34 (T1) to 6.17 (T2). T3 
(50g/100kg BSS) had a comparable value (5.49) 
to T1.

Ammonia nitrogen concentration (NH₃-N) 
showed no significant difference across the 
treatments, although T1 (0g/100kg BSS) had the 
highest value (0.36 mmole/100ml) and T2 
(25g/100kg BSS) recorded the least value (0.26 
mmole/100ml), with values ranging from 0.26 to 
0.36 mmole/100ml.

Table 7: Effects of Feeding Varying Inclusion 
Levels of Black Sunflower Seed Additive on 
Rumen Microbial Population in WAD Goats

*SEM- Standard error of the mean; abc – means 
with different superscripts are significantly 
different (P<0.05)

Effects of Feeding Varying Inclusion Levels of 
Black Sunflower Seed Additive on Rumen 
Microbial Population in WAD Goats
Table 7 presents the rumen microbial population 
of WAD goats fed experimental diets containing 
0g, 25g and 50g/100kg black sunflower seed 
(BSS) additive. The parameters evaluated 
include total bacteria count, total coliform count, 
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Parameters  T1 (0g/100kg BSS) T2 (25g/100kg T3 (50g/100kg SEM 
BSS)  BSS) 

(mmole/100ml) 

Acetic acid  a 9.11 c 4.38 b 6.38 0.41 

Propoinic acid a 8.69 c 4.17 b 6.09 0.39 

Butyric acid  a 8.30 c 3.99 b 8.30 0.37 

Valeric a 8.26 c 3.97 b 5.79 0.37 

Total Volatile Acid a 129.21 c 62.05 b 90.52 5.74 

Lactic acid a 11.34 c 5.45 b 7.94 0.51 

Ph b 5.34 a 6.17 b 5.49 0.11 

Ammonia Nitrogen 0.36 0.26 0.31 0.06 

Parameters   T1 (0g/100kg BSS) T2 (25g/100kg T3 SEM 
BSS)  (50g/100kg 

BSS) 
a Total Bacteria Count 7.80 b 6.10 a 8.20 0.24 

6(cfu/ml) x10  

bTotal Coliform Count 1.75 a 2.20 a 2.10 0.07 

3(cfu/ml) x10  

b Total Fungi Count 2.30 b 2.35 a 3.20 0.11 

3
(cfu/ml) x10  

Protozoa 
b 

(cell/mL) 4.50
a 

5.00
c 

3.00 0.22 

3 x10

Oguntade, B. S.,  Akinlade, J. A. and *Ojoawo, O. T.

International Journal of Organic agricultural Research & Development

Volume 21  (3) (2026)



total fungi count, and protozoa population. All 
parameters were significantly (P<0.05) affected 
by the dietary treatments.
Total bacteria count ranged from 6.10 ×10⁶ 
cfu/mL (T2) to 8.20 ×10⁶ cfu/mL (T3), with T3 
(20% BSS) recording the highest value, followed 
by 7.80 ×10⁶ cfu/mL (T1), while T2 had the least 
value. This indicates enhanced bacterial 
proliferation at higher BSS inclusion.
Total coliform count ranged from 1.75 ×10³ 
cfu/mL (T1) to 2.20 ×10³ cfu/mL (T2), with T2 
recording the highest value, closely followed by 
2.10 ×10³ cfu/mL (T3), while T1 had the least 
value.
Total fungi count showed a similar trend, ranging 
from 2.30 ×10³ cfu/mL (T1) and 2.35 ×10³ 
cfu/mL (T2) to a significantly higher value of 
3.20 ×10³ cfu/mL (T3), indicating improved 
fibre-degrading microbial activity at higher 
inclusion levels.
Protozoa population ranged from 3.00 ×10³ 
cells/mL (T3) to 5.00 ×10³ cells/mL (T2), with T1 
recording 4.50 ×10³ cells/mL. T2 had the highest 
protozoa count, while T3 recorded the lowest 
value.

Table 8: Effects of black sunflower seed 
supplementation on hematological of WAD 
goats

SEM- Standard error of mean; abc – means with 
different superscripts are significantly different 
(P<0.05) Packed cell volume (PCV), white blood 
cell count (WBC), haemoglobin concentration 
(Hb), red blood cell count (RBC), mean 
corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH), mean corpuscular 
haemog lob in  concen t r a t i on  (MCHC) , 
neutrophils (N), lymphocytes (L), monocytes 
(M), eosinophils (E), basophils (B), and platelet 
count (PLT)

E ff e c t s  o f  b l a c k  s u n fl o w e r  s e e d 
s u p p l e m e n t a t i o n  o n  h e m a t o l o g i c a l 
parameters of WAD goats
Table 8 presents the results for hematological 
parameters of WAD goats offered experimental 
diets (0g, 25 g, and 50g/100kg Black Sunflower 
Seed BSS additive). The parameters are Packed 
cell volume (PCV), white blood cell count 
(WBC), haemoglobin concentration (Hb), red 
blood cell count (RBC), mean corpuscular 
volume (MCV), mean corpuscular haemoglobin 
(MCH), mean corpuscular haemoglobin 
concentration (MCHC), neutrophils (N), 
lymphocytes (L), monocytes (M), eosinophils 
(E), basophils (B), and platelet count (PLT).
There were significantly differences (P < 0.05) in 
parameters like white blood cell (WBC), 
haemoglobin (Hb), red blood cell (RBC), mean 
corpuscular volume (MCV), mean corpuscular 
haemog lob in  concen t r a t i on  (MCHC) , 
neutrophils (N), lymphocytes (L), monocytes 
(M), eosinophils (E) and platelet (PLT) across the 
treatments while there were no significant 
differences among packed cell volume (PCV), 
mean corpuscular haemoglobin (MCH) and 
basophils (B).

T1 had the highest values for WBC (9000.00 
×10³/µL), Hb (12.15 g/dL) and RBC (4.05 
×10⁶/µL), while T3 recorded the lowest values 
for these parameters. The value of WBC ranged 
from 5500.00 ×10³/µL (T3) to 9000.00 ×10³/µL 
(T1), Hb ranged from 9.30 g/dL (T3) to 12.15 
g/dL (T1), and RBC ranged from 3.10 ×10⁶/µL 
(T3) to 4.05 ×10⁶/µL (T1). T2 recorded 
intermediate values across these parameters.

Mean corpuscular volume (MCV) differed 
significantly across the treatments, with T1 
recording the highest value (91.30 fL) and T2 the 
lowest value (88.70 fL), while T3 recorded an 
intermediate value (90.30 fL). Mean corpuscular 
haemoglobin (MCH) showed no significant 
difference across the treatments, with values 
ranging from 30.00 pg (T2 and T3) to 30.15 pg 
(T1).

Mean corpuscular haemoglobin concentration 
(MCHC) was significantly affected, with T2 
recording the highest value (33.40 g/dL), T1 the 
least (33.15 g/dL), and T3 having an intermediate 
value (33.20 g/dL).

Among the differential white blood cell counts, 
neutrophils (N) were significantly higher in T2 
and T3 (65.00%) compared to T1 (53.00%), 
while lymphocytes (L) and monocytes (M) were 
highest in T1 (41.00% and 3.50%, respectively) 
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Parameters   T1 (0g/100kg BSS) T2 (25g/100kg T3 (50g/100kg SEM 
BSS)  BSS) 

PCV (%) 38 32 28 0.14 

WBC (×10³/µL) a 9000.00 b 7000.00 c 5500.00 1591.89 

Hb (g/dL) a 12.15 b 10.60 c 9.30 1.24 

RBC (×10⁶/µL) 
a 

4.05
b 

3.60
c 

3.10 0.44 

MCV (fL) 
a 

91.30
c 

88.70
b 

90.30 1.21 

MCH (pg) 30.15 30.00 30.00 0.20 

MCHC (g/dL) 
b 

33.15
a 

33.40
ab 

33.20 0.20 

N (%) 
b 

53.00
a 

65.00
a

65.00  5.94 

L (%) a41.00
b 

30.00
b

30.00  5.37 

M (%) 
a 

3.50
b 

2.00
b

2.00  0.80 

E (%) 
b 

1.50
a 

3.00
a

3.00  0.80 

B (%) 1.00 1.00 1.00 0.17 

PLT (×10³/µL) 
a 

202.50
b 

185.00
c 

170.00 13.75 
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and lowest in T2 and T3 (30.00% and 2.00%, 
respectively). Eosinophils (E) were significantly 
higher in T2 and T3 (3.00%) compared to T1 
(1.50%), while basophils (B) showed no 
significant difference across the treatments, 
maintaining a constant value of 1.00%.

Platelet count (PLT) was significantly affected, 
with T1 recording the highest value (202.50 
×10³/µL), followed by T2 (185.00 ×10³/µL), and 
T3 recording the lowest value (170.00 ×10³/µL), 
with values ranging from 170.00 to 202.50 
×10³/µL.

Table 9: Effects of black sunflower seed 
supplementation on Serum Biochemical 
Indices of WAD goats

*SEM- Standard error of mean; abc – means with 
different superscripts are significantly different 
(P<0.05) ALP (Alkaline Phosphatase), ALT 
(Alanine Aminotransferase), and AST (Aspartate 
Aminotransferase), HDL-C (High-Density 
Lipoprotein Cholesterol) and LDL-C (Low-
Density Lipoprotein Cholesterol)

E ff e c t s  o f  B l a c k  S u n fl o w e r  S e e d 
Supplementation on Serum Biochemical 
Indices of WAD Goats

The results of serum biochemical indices of West 
African Dwarf (WAD) goats fed varying 
inclusion levels (0g, 25g and 50g/100kg of black 
sunflower seed (BSS) supplementation are 
presented in Table 9

Among the serum biochemical parameters, 

glucose, total cholesterol, high-density 
lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), blood urea 
nitrogen, albumin, globulin, calcium, sodium, 
iron, alkaline phosphatase (ALP), alanine 
aminotransferase  (ALT) and aspar ta te 
aminotransferase (AST) were significantly 
(P<0.05) affected by increasing levels of BSS 
supplementation, while creatinine, magnesium, 
potassium and manganese were not significantly 
affected across the treatments.

Across the treatments, T2 recorded the highest 
value for glucose (68.50 mg/dL), while T1 
recorded the lowest value (43.55 mg/dL), with 
values ranging from 43.55 mg/dL (T1) to 68.50 
mg/dL (T2). T3 recorded an intermediate value 
(52.70 mg/dL).

Total cholesterol and LDL-C were highest in T3, 
with values of 85.80 mg/dL and 49.60 mg/dL, 
respectively, while T2 recorded the lowest values 
(56.90 mg/dL and 31.00 mg/dL, respectively). 
Total cholesterol ranged from 56.90 mg/dL (T2) 
to 85.80 mg/dL (T3), while LDL-C ranged from 
31.00 mg/dL (T2) to 49.60 mg/dL (T3).

High-density lipoprotein cholesterol (HDL-C) 
was highest in T1 (36.50 mg/dL) and comparable 
to T3 (36.20 mg/dL), while T2 recorded the 
lowest value (25.90 mg/dL), with values ranging 
from 25.90 mg/dL (T2) to 36.50 mg/dL (T1).

Blood urea nitrogen was significantly higher in 
T1 (20.90 mg/dL), followed by T3 (19.00 
mg/dL), while T2 recorded the lowest value 
(12.20 mg/dL), with values ranging from 12.20 
mg/dL (T2) to 20.90 mg/dL (T1). Creatinine 
showed no significant difference across the 
treatments, with values ranging from 1.21 mg/dL 
(T2 and T3) to 1.29 mg/dL (T1).

Albumin was highest in T3 (3.44 g/dL) and 
lowest in T1 (3.00 g/dL), while T2 recorded a 
lower value (2.58 g/dL). Globulin was highest in 
T2 (3.60 g/dL) and T1 (3.48 g/dL), while T3 
recorded the lowest value (2.64 g/dL), with 
values ranging from 2.64 g/dL (T3) to 3.60 g/dL 
(T2).

Calcium was highest in T1 (10.00 mg/dL) and 
lowest in T2 (8.09 mg/dL), while T3 recorded an 
intermediate value (8.95 mg/dL). Sodium was 
significantly higher in T2 (150.20 mmol/L), 
followed by T1 (143.60 mmol/L), while T3 
recorded the lowest value (138.20 mmol/L), with 
values ranging from 138.20 mmol/L (T3) to 
150.20 mmol/L (T2).

Iron was highest in T2 (136.60 µg/dL), followed 
11214 

Parameters   T1 (0g/100kg BSS) T2 (25g/100kg T3 (50g/100kg SEM 
BSS)  BSS) 

Glucose (mg/dL) 
c 

43.55
a 

68.50
b 

52.70 2.87 

Total bCholesterol 73.45
c 56.90 a 85.80 2.96 

(mg/dL) 

HDL-C (mg/dL) 
a 

36.50
b 

25.90
a 

36.20 1.21 

LDL-C (mg/dL) 
b 36.95 c 31.00 a 49.60 1.96 

a 
Blood Urea Nitrogen 20.90

c 
12.20

b 
19.00 0.91 

(mg/Dl 

Creatinine (mg/dL) 1.29 1.21 1.21 0.04 

Albumin (g/dL) 
c 3.00 2.58

a 3.44 0.11 

Globulin (g/dL) 
a 

3.48
a 

3.60
b

2.64  0.11 

Calcium (mg/dL) a10.00
c 8.09 b8.95  0.19 

Magnesium (mg/dL) 2.66 2.65 2.87 0.05 

Sodium (mmol/L) 
b 

143.60 a150.20
c

138.20  1.35 

Potassium (mmol/L) 4.65 4.70 4.40 0.07 

Iron (µg/dL) 
c 85.65 a 136.60 b 88.60 5.68 

Manganese (µg/L) 9.00 9.60 9.70 0.20 

ALP (IU/L) 
b 

76.35
a 

136.50
b 

79.70 7.78 

ALT (IU/L) 
c 12.20 b 23.80 a 30.90 1.87 

AST (IU/L) 
ab 92.85 b 86.50 a 100.70 2.15 
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by T3 (88.60 µg/dL), while T1 recorded the 
lowest value (85.65 µg/dL), with values ranging 
from 85.65 µg/dL (T1) to 136.60 µg/dL (T2). 
Magnesium, potassium, and manganese showed 
no significant differences across the treatments.

Among the enzyme activities,  alkaline 
phosphatase (ALP) was highest in T2 (136.50 
IU/L), while T1 (76.35 IU/L) and T3 (79.70 
IU/L) recorded lower and comparable values. 
Alanine aminotransferase (ALT) was highest in 
T3 (30.90 IU/L), followed by T2 (23.80 IU/L), 
while T1 recorded the lowest value (12.20 IU/L), 
with values ranging from 12.20 IU/L (T1) to 
30.90 IU/L (T3). Aspartate aminotransferase 
(AST) was highest in T3 (100.70 IU/L), followed 
by T1 (92.85 IU/L), while T2 recorded the lowest 
value (86.50 IU/L).

Discussion 

Adesina (2018) reported the dry matter content of 
raw sunflower seeds as 90%, which is in 
consonance with the result in Table 4.1 of DM, 
which reported values from 86.32% (T2) to 
93.64% (T1). However, the observed reduction 
in T2 and T3 is attributed to the oil nature of BSS, 
which can affect moisture retention and overall 
feed composition. 

According to Adesina (2018), the crude protein 
value for raw sunflower seeds was reported as 
27.02%, which is higher than the value range for 
crude protein in Table 4.1, which was from 
16.68% (T2) to 18.23% (T3), although the value 
is expected since it is the current value of the 
formulated diets rather than pure seeds alone. 
The value falls within a recommended range of 
12 to 18%, which is required for maintenance 
growth in WAD goats according to Adeola and 
Olatunji (2020). The increased value in T3 
implied improved enrichment due to increased 
BSS inclusion in the diets.

Furthermore, Adesina (2018) reported that 
sunflower seeds are rich in oil fractions, and the 
value for Ether extract (EE) was significantly 
increased with BSS inclusion, which ranged 
from 5.00% (T2) to 7.19% (T3). Dietary fat 
increment would improve energy density and 
palatability, which enhances feed utilization 
efficiency.

Ogunmola et al. (2019) observed that oilseed-
supplemented diets showed moderate fibre 
levels, with crude fibre values ranging from 
12.88% (T3) to 14.12% (T2), and these align with 
values reported. The increment in fibre fractions 

with BSS inclusion is due to the hull component 
of sunflower seeds, which contributes structural 
carbohydrates.

Also, Neutral detergent fibre (NDF) values 
ranged from 68.20% (T1) to 72.25% (T3), while 
acid detergent fibre (ADF) ranged from 51.10% 
to 58.90% and acid detergent lignin (ADL) 
ranged from 25.45% to 32.30%. The constant 
increase in fibre fractions with higher BSS 
inclusion is due to the seed hulls, which formed 
the structural composition. Ogunmola et al. 
(2019) reported that goats supplemented with 
sunflower materials had improved NDF 
digestibility, suggesting that even though fibre 
fractions increased, there is still utilizable fibre 
depending on rumen microbial adaptation 
activity.

Adesina (2018) observed ash values of 4.61% to 
5.46% for sunflower seeds; the values from the 
results, 9.71% to 15.32%, are higher than the 
reported values, which may be due to the 
contribution of other mineral-rich ingredients 
such as limestone in formulated diets. 

Adejumo and Akinola (2024) reported similar 
values for calcium, which ranged from 0.30% to 
0.35%, magnesium from 0.41% to 0.46%, and 
zinc from 10.70 to 13.40mg/kg. Mineral binding 
effects of phytochemicals such as tannins and 
phenolics may lead to a slight reduction in some 
mineral concentrations with increased BSS 
inclusion.

Among phytochemicals, phenolic content 
increased significantly from 50.22 mg/100g (T1) 
to 61.32 mg/100g (T3). This agrees with Adesina 
(2018), who reported that sunflower seeds 
contain notable phenolic compounds. The 
increase in phenolics with higher BSS inclusion 
is expected since these compounds are inherent 
components of oilseeds. Conversely, tannin and 
saponin levels decreased with increased BSS 
inclusion, which may indicate dilution effects 
from other dietary ingredients or variation in 
processing.
Table 2 showed the nutrient intake of WAD goats 
offered experimental diets; the value of Dry 
matter intake (DMI) ranged from 128.59g/day 
(T1) to 172.90g/day (T3). Report by Adeola and 
Olatunji (2020) showed that the values for DMI 
of goats fed oilseed supplemented during the dry 
season were 120.40 to 165.80g/day, which 
implied values similar to those presented in Table 
4.2. 
In addition, Abiodun et al., (2023) reported DMI 
values between 130.25 to 158.60g/day in 
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indigenous goats fed supplementary diets during 
the dry season. T3 showed higher DMI across the 
treatments, and it may be attributed to increased 
dietary energy density and improved palatability 
resulting from higher ether extract content 
(7.00g/day).
Crude protein intake (CPI) values reported by 
Adeola and Olatunji (2020) ranged from 18.20 to 
24.60g/day in WAD goats fed with oilseed by-
products. T1 (19.48g/day) showed a trend pattern 
with the reported range, while T3 (26.75g/day) 
was higher than the reported values. 
Bamidele and Salami (2021) revealed that 
nitrogen intake is equivalent to crude protein 
intake within 17.80 and 23.90g/day. T3 
(26.75g/day) values supersede the reported 
values. The higher crude protein intake shown in 
T3 is due to the increased crude protein 
concentration (18.23%) in the diet and higher dry 
matter intake. The increase enhances microbial 
protein synthesis, improves rumen ammonia 
availability, and promotes greater voluntary 
intake.
Ogunmola et al. (2019) reported crude fibre 
intake ranging from 14.50 to 20.30g/day and the 
results showed a similar trend, with 16.02 to 
22.24g/day, T1 (16.02 g/day) falls within the 
reported range, while T3 (22.24g/day) was 
higher than the reported value. Higher fibre 
intake in T3 is expected due to an increase in 
NDF (72.25%) and ADF (58.90%) levels in the 
formulated diets. 

Adesina (2018) reported that sunflower-based 
diets could contribute ether extract levels 
corresponding to intake values between 5.10 and 
6.85 g/day in formulated ruminant diets. The 
value obtained in T3 (7.00 g/day) is slightly 
higher than this reported upper range. The 
increase in ether extract intake is directly 
attributable to the high oil content of black 
sunflower seeds.
Goats fed oilseed supplements had NDF intake 
rates ranging from 70.45 to 95.60 g/day, 
according to Ogunmola et al., (2019). While T3 
(102.11 g/day) is higher than 95.60 g/day, T1 and 
T2 values are within their reported range. The 
range of lignin intake was 15.64 to 22.08 g/day, 
and the range of ADF intake was 43.34 to 57.82 
g/day. The ADF consumption levels reported by 
Ogunmola et al., (2019) ranged from 40.10 to 
55.30 g/day, which is slightly less than T3 (57.82 
g/day) but equivalent to T1 and T2. The hull 
percentage of sunflower seeds, which contains 
lignified tissues, may be the cause of T3's 
increased l ignin intake.  Despite being 

indigestible, lignin consumption does not affect 
overa l l  d iges t ib i l i ty  and  s tays  be low 
physiologically acceptable limits, as shown in 
Table 3.

Table 3 showed the nutrient digestibility 
coefficient of WAD goats offered experimental 
diets. Adeola and Olatunji (2020) reported dry 
matter digestibility values ranging between 
72.40% and 84.60% in WAD goats fed oilseed-
based supplements, and the value obtained in T1 
(84.29%) falls within their reported range.
Similarly, Ogunmola et al., (2019) reported 
DMD values of 70.85% to 83.10% in goats fed 
sunflower-derived diets; T3 exceeded this upper 
range. The higher DMD observed in T3 may be 
attributed to improved rumen fermentation 
resulting from better synchronization of energy 
(ether extract 7.00 g/day) and protein (26.75 
g/day intake), which enhances microbial 
proliferation and enzymatic breakdown of feed 
components.
Bamidele and Salami (2021) revealed that 
indigenous (WAD) goats fed diets supplemented 
with protein had CP digestibility values ranging 
from 75.60% to 85.40%. While T3 CP 
digestibility (88.37%) exceeds the reported 
maximum (85.40%), T1 (83.88%) and T2 
(81.12%) digestibility fall within this range. 
The CP digestibility values reported by Abiodun 
et al., (2023) ranged from 78.25% to 84.90%, 
which is marginally less than the 88.37% found 
in T3. Increased rumen ammonia availability and 
better microbial protein synthesis brought on by 
greater dietary protein levels may be connected 
to T3's superior CP digestibility. By creating 
protective compounds, moderate fat inclusion 
may also lessen losses from protein breakdown. 
In goats fed diets based on oilseeds, Ogunmola et 
al., (2019) reported crude fibre digestibility 
values ranging from 55.20 % to 70.10 %. T1 
(61.33%) value is within their range, while T3's 
(74.70%) value is slightly higher. However, T2 is 
significantly lower than its reported minimum 
(55.20%), at 39.28 %. At moderate fat inclusion 
levels, transitional rumen adaptation may be the 
cause of the decreased digestibility of fibre in T2. 
On the other hand, T3's high crude fibre 
digestibility suggests enhanced fibrolytic 
microbial activity, possibly as a result of rumen 
m i c r o b e s ’ a d a p t i v e  r e s p o n s e  t o  o i l 
supplementation.

According to Adesina (2018), goats fed diets 
based on sunflowers had digestibility values 
ranging from 85.60% to 92.10 % for ether 
extract. This study’s values fall entirely within 114
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the reported range, indicating consistency with 
previous research. Lipids are highly digestible 
energy sources when included below inhibitory 
thresholds, so high fat digestibility is to be 
expected.
Ogunmola et al., (2019) reported that NDF 
digestibility ranged from 68.40% to 82.75%. T1 
(81.32%) values are within this range, while T3 
(86.89%) values are slightly higher than the 
maximum reported (82.75%). T2 is still within 
the range, but at the lower end. The higher T3 
digestibility for NDF suggests that rumen 
stability and increased nitrogen availability may 
have aided cellulolytic bacterial activity.
The digestibility of ADF varied between 66.52% 
(T2) and 82.34% (T3). Adeola and Olatunji 
(2020) found that ADF digestibility ranged from 
60.30 percent to 78.50 percent. T1 (75.34 %) is 
within this range, while T3 (82.34%) is slightly 
higher. Improved lignocellulosic fraction 
breakdown may be the cause of T3's increased 
ADF digestibility, which may be attributable to 
increased microbial enzymatic efficiency.
The digestibility of lignin ranged from 52.84% in 
T2 to 77.47% in T3. Ogunmola et al. (2019) 
reported lignin digestibility in goats to be 
between 45.00% and 65.00%. T1 (65.15%) is at 
the upper end of this range, and T3 (77.47%) is 
higher than commonly reported values. The 
higher lignin digestibility observed in T3 may 
reflect improved detachment of lignin-
carbohydrate complexes, enhancing apparent 
digestibility rather than true lignin degradation.
The digestibility of cellulose ranged from 
74.20% to 85.44%, while the digestibility of 
hemicellulose ranged from 89.54% to 92.82%. 
According to Abiodun et al. (2023), the 
digestibility of cellulose ranged from 70.10% to 
82.50%, indicating that T3 (85.44 percent) is 
slightly higher than previous estimates. Adeola 
and Olatunji (2020) reported that hemicellulose 
digestibility values ranged from 85.0% to 
90.80%, which are comparable to T1 and T2, 
while T3 (92.82%) is slightly higher. Optimized 
rumen microbial synergy and adequate nitrogen-
energy synchronization may be to blame for T3 
improved structural carbohydrate digestibility.
Table 4 presented nitrogen retention of wad goats 
offered experimental diets. Ajayi et al. (2018) 
reported urinary nitrogen losses ranging between 
0.90 and 1.72 g/day in growing goats fed oilseed 
cake supplements. The value recorded in T1 
(0.95 g/day) falls within this range, while T2 
(1.55 g/day) approaches their upper limit. 
However, the value observed in T3 (0.68 g/day) 

is lower than their reported minimum.

Similarly, Olafadehan and Adewumi (2010) 
reported urinary nitrogen excretion values 
between 0.82 and 1.60 g/day in goats fed 
concentrate-based supplements. The reduced 
urinary nitrogen observed in T3 suggests 
superior nitrogen conservation compared to 
these reports. The lower urinary nitrogen in T3 
indicates reduced nitrogen wastage through urea 
excretion and improved incorporation of 
absorbed nitrogen into body tissues.

Olafadehan (2011) found that WAD goats fed 
protein-energy supplements had fecal nitrogen 
levels between 0.48 and 0.75 g/day. The values 
from this study are within the reported range, 
which indicates that they are comparable to 
previous findings. Since undigested nitrogen is 
frequently associated with lignified fiber 
fractions, the slightly elevated fecal nitrogen in 
T2 (0.69 g/day) may be indicative of decreased 
fiber digestibility previously observed.

Daramola et al., (2005) reported digested 
nitrogen values ranging from 1.25 to 2.95 g/day 
in goats supplemented with oilseed meals. The 
value observed in T1 (1.67 g/day) is within this 
range, whereas T3 (3.35 g/day) is higher than the 
maximum value reported (2.95 g/day). The 
higher digested nitrogen in T3 corresponds with 
the elevated crude protein digestibility (88.37%) 
recorded earlier, indicating enhanced intestinal 
nitrogen absorption.
Ososanya et al., (2013) found that WAD goats 
fed concentrate supplements retained between 
46.80% and 69.20% of nitrogen. T1 (52.47%) 
value is within their reported range, whereas T2 
(44.21%) value is slightly lower. T3, on the other 
hand, exceeds their upper limit by 73.41%. In a 
similar trend, Babayemi et al. (2006) reported 
that goats fed mixtures of browse and concentrate 
had nitrogen retention rates ranging from 48.00% 
to 71.00%. Again, the upper limit of previously 
reported values is slightly exceeded by T3. The 
following factors may be responsible for the 
significantly higher nitrogen retention found in 
T3 improved coordination between fermentable 
carbohydrates and protein that breaks down in 
the rumen Enhanced bacterial protein production 
reduced loss of nitrogen from the urine (0.68 
g/day) a rise in digested nitrogen (from 3.35 
g/day) Effective use of post-ruminal amino acids 
Increased urinary nitrogen excretion (1.55 g/day) 
and lower nitrogen retention in T2 may indicate 
partial inefficiency in nitrogen utilization at 
moderate BSS inclusion.
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Table 5 shows the effects of feeding varying 
additive levels of black sunflower seed additive 
on rumen fermentation characteristics in WAD 
goats. Goats fed diets supplemented with oilseed 
were found to have total VFA concentrations 
ranging from 75 to 120 mmole/100 ml, according 
to Wanapat et al. (2016). T1 (129.21 mmole/100 
ml) is slightly higher than their upper limit, T3 
(90.52 mmole/100ml) is within the reported 
range, and T2 (62.05 mmole/100 ml) is lower 
than the minimum that was reported. In a similar 
trend, Patra and Yu (2015) reported that goats fed 
lipid-enriched diets had VFA concentrations 
ranging from 70 to 115 mmole/100 ml. Once 
more, T1 is higher than their maximum, T3 is 
within their range, and T2 is lower. According to 
Beauchemin et al., (2020), moderate lipid 
inclusion can temporarily suppress fibrolytic 
bacteria before microbial adaptation occurs, and 
the reduction in TVFA at 10% inclusion (T2) 
suggests partial inhibition of rumen microbial 
fermentation. The rumen microbial adaptation to 
higher lipid inclusion is indicated by the recovery 
observed in T3.
Jayanegara et al. (2018) reported acetate 
concentrations ranging between 6.50 and 9.80 
mmole/100 ml in goats fed oilseed supplements. 
T1 falls within this range; T3 is slightly lower but 
comparable, whereas T2 is below the reported 
minimum.
Acetate is predominantly produced from fibre 
fermentation. The depressed acetate in T2 
corresponds with the earlier reduced crude fibre 
digestibility (39.28%), indicating temporary 
suppression of cellulolytic bacteria. At 20% 
inclusion, improved acetate concentration 
suggests microbial adaptation and restoration of 
fibre fermentation efficiency.
Goats supplemented with sunflower oilseed, 
Kholif et al. (2017), reported propionate 
concentrations ranging from 4.80 to 8.10 
mmole/100 ml. T3 is within this range, while T1 
and T2 are slightly higher and lower than their 
minimums. Non-structural carbohydrate 
fermentation is reflected in the production of 
propionate. Active carbohydrate fermentation is 
suggested by the relatively high propionate levels 
in T1. A shift away from excessive glucogenic 
fermentation and toward a more balanced 
fermentation is indicated by a moderate 
reduction in T3.

Elghandour et al. (2018) reported butyrate 
concentrations ranging from 3.50 to 7.80 
mmole/100 ml in goats fed plant oil additives. T2 
falls within their range, while T1 and T3 slightly 

exceed the maximum range reported. Higher 
butyrate concentrations are often associated with 
improved rumen epithelial health and enhanced 
microbial fermentation efficiency. The elevated 
value in T3 suggests improved rumen metabolic 
activity. 

Plaizier et al, (2018) indicated that lactic acid 
concentrations above 10 mmole/100 ml may 
predispose animals to subacute ruminal acidosis. 
T2 and T3 fall below this threshold, whereas T1 
slightly exceeds it (11.34 mmole/100 ml). 
Beauchemin et al. (2020) reported an optimal 
rumen pH range between 5.8 and 6.5 for optimal 
microbial activity. T2 falls within this optimal 
range, while T1 and T3 are slightly lower but still 
within tolerable physiological limits. The lower 
pH in T1 corresponds with the highest VFA 
concentration (129.21 mmole/100 ml), 
indicating intensive fermentation activity. 
Hristov et al. (2019) reported optimal ammonia 
nitrogen concentrations for microbial protein 
synthesis ranging between 0.20 and 0.50 
mmole/100 ml. All values recorded in this study 
fall within this optimal range. This indicates 
adequate rumen degradable protein supply 
across treatments and supports the improved 
nitrogen retention observed in T3.

Table 6 presented the effects of feeding varying 
inclusion levels of black sunflower seed additive 
on rumen microbial population in WAD goats. 
The value range of Total bacterial count ranged 
from 6.10 to 8.20 ×10⁶ cfu/ml; T2 had the lowest 
value, while T3 had the highest. These values 
were in a similar reported physiological range for 
goats; Patra and Yu (201%) observed total 
bacterial counts in goats ranging from 106   and 
109 cfu/ml, based on the composition of the diet 
offered to the animals, which is relatively in the 
same trend as the value reported in T3. 

In addition, Li et al. (2019) observed bacterial 
counts ranging from 7.0 to 8.5 ×10⁶ cfu/ml when 
goats were fed lipid-supplemented diets, in 
which T1 and T3 were within the range reported. 
Also, Ogunade et al. (2018) reported that higher 
bacterial densities in goat diets may be due to 
increased structural carbohydrate, which 
supports fibrolytic bacterial proliferation. 
Likewise, Zhang et al. (2020) reported lower 
bacterial counts as a result of a decline in 
cellulolytic bacterial abundance due to the 
antimicrobial effects of unsaturated fatty acids. 
The T2-reduced bacterial count is a result of the 
inhibitory action of sunflower seed lipid on 
Gram-posi t ive fibrolyt ic  bacter ia .  The 
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subsequent increase at 20% inclusion suggests 
microbial adaptation and possible enrichment of 
l ip id- to lerant  bacter ia l  populat ions ,  a 
phenomenon previously documented under 
progressive fat supplementation strategies.

Total coliform count ranged from 1.75 to 2.20 
×10³ cfu/ml, with higher values recorded in BSS-
supplemented  d ie ts .  These  va lues  are 
comparable to those reported by Jami et al., 
(2017), who observed coliform counts within 10³ 
cfu/ml range in small ruminants under 
concentrate-rich feeding systems. However, 
higher coliform populations (above 3.0 ×10³ 
cfu/ml) were reported by Liu et al., (2019) in 
goats fed high-grain diets, likely due to increased 
readily fermentable carbohydrates that favor 
facultative anaerobic bacteria. Lower coliform 
levels than those observed in this study were 
reported by Huws et al. (2018) under high-fibre 
feeding regimes, suggesting that structural 
carbohydrate-rich diets promote dominance of 
strictly anaerobic fibrolytic bacteria over 
coliform species. The moderate increase in 
coliform population at 25g and 50g/100kg BSS 
inclusion in this study may be linked to 
temporary ecological shifts following lipid 
inclusion, where suppression of certain dominant 
bacterial groups creates ecological niches for 
facultative anaerobes. Nevertheless, the values 
remain within acceptable rumen microbial 
ranges and do not indicate pathological 
dysbiosis.

The total fungal count ranged from 2.30 to 3.20 
×10³ cfu/ml, with the highest value at 50g/100kg 
BSS inclusion. These values are comparable to 
1.8–3.5 ×10³ cells/ml reported by Belanche et al. 
(2016) in forage-fed goats, indicating they fall 
within the normal physiological range. Higher 
counts (4.0–5.0 ×10³ cells/ml) were reported by 
Tapio et al. (2017) under high-fibre diets, 
whereas lower values (<2.0 ×10³ cells/ml) were 
observed by Wang et al. (2019) following high 
lipid supplementation due to inhibition of fungal 
activity. The increased fungal population at 20% 
BSS may reflect improved fibre accessibility and 
microbial adjustment following protozoal 
suppression, suggesting enhanced fibrolytic 
potential, while the lower values at 0g and 25g 
/100kg inclusion may indicate limited adaptation 
or mild lipid-related inhibition.

Protozoal population ranged from 3.00 to 5.00 
×10³ cells/ml, with the highest value at 10% BSS 
inclusion and the lowest at 50g/100kg inclusion. 
These values fall within the range of 10³–10⁵ 

cells/ml reported by Newbold et al. (2015) for 
small ruminants. Higher protozoal densities have 
been observed by Park et al. (2018) under high-
starch diets that favour protozoal proliferation

whereas Guyader I. (2017) reported lower counts 
following lipid supplementation due to the 
defaunation effects of unsaturated fatty acids. 
The decline at 50g/100kg BSS in the present 
study is therefore consistent with lipid-induced 
protozoal suppression, likely resulting from 
disruption of protozoal cell membranes. 
Nutritionally, reduced protozoa may be 
beneficial, as fewer protozoa decrease bacterial 
predation, thereby enhancing microbial protein 
flow and nitrogen utilization in WAD goats.

Table 7 presents the effects of black sunflower 
seed supplementation on hematological indices 
of WAD goats. Packed cell volume (PCV) values 
recorded were 38% (T1), 32% (T2), and 28% 
(T3). Odo et al. (2019) reported PCV values 
ranging from 27% to 40% in WAD goats fed 
concentrate-based diets. Similarly, Akinyemi et 
al. (2020) documented PCV values between 29% 
and 37% in goats supplemented with oilseed 
meals. The values obtained in this study fall 
within these reported ranges, although the value 
in T3 (28%) lies close to the lower boundary. The 
gradual decline in PCV with increasing BSS 
inclusion may reflect a slight reduction in 
erythropoietic activity or mild hemodilution 
associated with higher lipid intake, but since 
values remained within physiological limits, no 
clinical anaemia is indicated.

Hemoglobin (Hb) concentrations were 12.15 
g/dL (T1), 10.60 g/dL (T2), and 9.30 g/dL (T3). 
Ewuola et al. (2018) reported Hb values between 
8.50 and 13.00 g/dL in goats fed lipid-based 
supplements, while Abd-Allah et al. (2016) 
documented values ranging from 9.00 to 12.50 
g/dL in healthy goats. All Hb values observed in 
this study fall within these reported physiological 
ranges. Although Hb decreased at 50g/100kg 
BSS inclusion, the value (9.30 g/dL) remains 
within normal limits, indicating that oxygen-
carrying capacity was not compromised.

Red blood cell (RBC) counts ranged from 4.05 
×10⁶/µL (T1), 3.60 ×10⁶/µL (T2), to 3.10 
×10⁶/µL (T3). Ojebiyi et al. (2017) reported RBC 
values of 2.80–4.50 ×10⁶/µL, while Oladele et al. 
(2019) documented values between 3.00 and 
4.60 ×10⁶/µL in indigenous goats. The values 
obtained in this study are consistent with these 
ranges. The gradual reduction in RBC at higher 
inclusion levels may be linked to alterations in 
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erythrocyte membrane composition influenced 
by dietary lipids; however, the counts remain 
physiologically adequate.

White blood cell (WBC) counts recorded were 
9000 ×10³/µL (T1), 7000 ×10³/µL (T2), and 5500 
×10³/µL (T3). Yakubu et al. (2018) reported 
WBC values between 4,000 and 12,000 ×10³/µL, 
while Ibrahim et al. (2020) documented 
5,000–11,500 ×10³/µL in goats fed oilseed 
supplements. The WBC values in this study fall 
within these reported ranges. The reduction in 
WBC with increasing BSS inclusion may 
indicate reduced systemic inflammatory 
stimulation or improved immune stability, rather 
than immunosuppression.

Mean corpuscular volume (MCV) ranged from 
88.70 to 91.30 fL. Mean corpuscular hemoglobin 
(MCH) values of 30.00–30.15 pg and mean 
corpuscular hemoglobin concentration (MCHC) 
values of 33.15–33.40 g/dL also fall within 
reported ranges of 28–32 pg for MCH and 30–36 
g/dL for MCHC (Njidda et al., 2019). These 
stable indices indicate the absence of macrocytic, 
microcytic, or hypochromic anemia across 
treatments. Differential leukocyte counts further 
support physiological normalcy. Neutrophil 
percentages ranged from 53% to 65%, while 
lymphocytes ranged from 30% to 41%. 
Akinmoladun et al. (2021) reported neutrophil 
values between 50 and 70% and lymphocytes 
between 30 and 45% in healthy goats. Monocytes 
(2 to 3.5%), eosinophils (1.5 to 3%), and 
basophils (1%) observed in this study also fall 
within the normal ranges of 2–5%, 1–4%, and 
0–2%, respectively, as reported by Ibrahim et al. 
(2020). The slight increase in neutrophils at 
higher inclusion levels may reflect enhanced 
innate immune surveillance rather than a 
pathological response.

Platelet counts ranged from 202.50 ×10³/µL (T1) 
to 170 ×10³/µL (T3). According to Ewuola et al. 
(2018), platelet counts in goats typically range 
between 150 and 300 ×10³/µL, placing all 
observed values within normal physiological 
boundaries. The gradual reduction in platelet 
count with increased BSS inclusion remains 
within acceptable limits and does not suggest 
impaired hemostatic function.

Table 8 presents the effects of black sunflower 
seed supplementation on serum biochemical 
indices of WAD goats. Serum glucose increased 
significantly at 25g/100kg BSS (68.50 mg/dL) 
compared to 0g/100kg (43.55 mg/dL) and 
50g/100kg (52.70 mg/dL). These values fall 

within the normal range for goats (40–75 
mg/dL), as reported by Olafadehan et al. (2017). 
The elevated glucose at 25g/100kg inclusion may 
reflect improved energy availability and 
enhanced propionate production, whereas the 
moderate reduction at 50g/100kg could indicate 
metabolic adjustment to higher lipid intake.

Total cholesterol and LDL-C were highest at 
50g/100kg BSS (85.80 and 49.60 mg/dL), 
consistent with reports by Adeyemi et al. (2016) 
a n d  Z h a n g  e t  a l .  ( 2 0 1 9 )  t h a t  l i p i d 
supplementation elevates circulating cholesterol 
fractions due to increased dietary fat absorption. 
Conversely, HDL-C declined at 25g/100kg but 
was maintained at 50g/100kg, suggesting 
adaptive lipid metabolism. All cholesterol values 
remained within physiological limits for healthy 
goats.

Blood urea nitrogen (BUN) was highest at 
0g/100kg BSS (20.90 mg/dL) and lowest at 
25g/100kg (12.20 mg/dL), similar to the 10–25 
mg/dL range reported by Kaneko et al. (2015). 
The reduced BUN at 25g/100kg BSS inclusion 
may indicate improved nitrogen utilization and 
reduced ruminal ammonia loss, possibly linked 
to partial protozoal suppression. Creatinine 
values (1.21–1.29 mg/dL) showed no significant 
difference and were within normal limits 
(1.0–1.5 mg/dL), suggesting no adverse effect on 
kidney function.

Albumin increased at 50g/100kg BSS (3.44 
g/dL), while globulin decreased (2.64 g/dL), 
remaining within the normal 2.5–4.5 g/dL range 
for goats (Daramola et al., 2018). The rise in 
albumin at higher inclusion may indicate 
improved protein synthesis and hepatic function, 
whereas the lower globulin could reflect mild 
modulation of immune response rather than 
pathology.

Calcium was highest at 0g/100kg (10.00 mg/dL) 
but remained within the normal 8–12 mg/dL 
range (Olafadehan et al., 2017). Magnesium, 
potassium, and manganese were not significantly 
affected, indicating stable mineral metabolism. 
Sodium increased at 25g/100kg inclusion 
(150.20 mmol/L) but  remained within 
physiological limits, suggesting no electrolyte 
imbalance. Iron concentration peaked at 
25g/100kg (T2) (136.60 µg/dL), possibly due to 
improved mineral absorption facilitated by 
moderate lipid inclusion.

Liver enzymes showed significant variation: 
ALP and ALT increased at 25g and 50g/100kg 
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inclusion, while AST was highest at 50g/100kg. 
However, values remained within reference 
ranges reported for goats (ALT: 10–35 IU/L; 
AST: 60–120 IU/L; ALP: 70–150 IU/L) (Kaneko 
et al., 2015). The moderate elevation at higher 
inclusion levels may reflect increased hepatic 
metabolic activity associated with lipid 
metabolism rather than hepatic damage.

Overall, black sunflower seed supplementation, 
particularly at 25g and 50g/100kg inclusion, 
influenced energy metabolism, lipid profile, and 
n i t rogen  u t i l i za t ion  wi thout  induc ing 
pathological alterations, as all biochemical 
indices remained within normal physiological 
ranges for WAD goats.

CONCLUSION 

This study assessed the impacts of black 
sunflower seed (BSS) as a dry season feed 
additive on the performance of WAD goats. 
Varying levels of BSS as a dietary additive 
improved the nutritional composition of the 
diets, which increased crude protein, ether 
extract and fibre fractions. WAD goats fed BSS 
diets demonstrated higher feed intake and 
efficient nutrient digestibility, enhanced nitrogen 
retention, indicating improved nutrient 
u t i l i z a t i o n .  R u m e n  f e r m e n t a t i o n  a n d 
haematological parameters remained within 
normal ranges, confirming no adverse health 
effects on the animals.

Among the treatments, T3 (50g/100kg BSS 
dietary additive) demonstrated positive results 
across all parameters. Thus, Black sunflower 
seed is an effective dry season feed additive, with 
50g/100kg inclusion identified as the optimal 
level for improved performance of WAD goats.

BSS in order to determine whether greater 
concentrat ions can produce addit ional 
improvements in animal performance, nutrient 
utilization, and digestibility, as well as to 
establish the optimum inclusion level beyond the 
50 g/100 kg used in the present study.

REFERENCES 

Abd-Allah, A. R., Mohamed, S. A., and El-
Sayed, A. A. (2016). Hematological and 
biochemical parameters of goats under 
different nutritional regimes. Small Ruminant 
Research, 140(2): 25–31. 

Abiodun, O. O., Akinlade, J. A., and Adepoju, T. 
F. (2023). Nutrient intake and digestibility of 
indigenous goats fed supplementary diets 
during dry season. Journal of Animal Science 

and Technology, 65(2): 1–12. 

Abiodun, T. O., Olusanya, O. O., and Akinlade, J. 
T. (2023). Effect of supplementary feeding on 
growth and nutrient utilization of indigenous 
goats during dry season in Nigeria. Nigerian 
Journal of Animal Science, 25(1): 67–78.

Abioye, O. A., and Salami, F. A. (2022). Serum 
biochemical responses of West African Dwarf 
goats to supplementary dietary protein sources. 
Nigerian Journal of Animal Science, 24(3): 
101–112.

Adebayo, A. A., Adewuyi, P. A., Akewusola, O. 
G., and Babayemi, O. J. (2022). Grazing 
behaviour of West African dwarf sheep and 
goats co-grazed on natural pasture in the humid 
zone of Nigeria. Nigerian Journal of Animal 
Produc�on, 49(2): 299–306.

Adebowale, O. O., Alabi, T. A., and Ayeni, J. A. 
(2019). Influence of dry season feeding on 
reproductive performance and health of West 
African Dwarf goats. Tropical Livestock 
Research Journal, 6(2): 102–113.

Adediran, O. O., and Olude, O. (2021). 
Hematological responses of indigenous goats 
to seasonal nutritional supplementation. 
Nigerian Journal of Agricultural Science, 30(2): 
78–87.

Adejumo, O. O., and Akinola, A. O. (2024). 
Influence of dietary supplementation on serum 
protein fractions and liver function in West 
African Dwarf goats. Journal of Veterinary 
Medicine and Animal Health, 16(1): 5–18.

Adejumo, T. O., and Akinola, O. (2024). Mineral 
composition of formulated diets for small 
ruminants in Nigeria. African Journal of 
Animal Science, 19(1): 12–19.

Adeola, J. A., and Olatunji, O. O. (2020). 
Digestibility and performance of West African 
Dwarf goats fed processed oilseed supplements 
during the dry season. Nigerian Journal of 
Animal Science, 22(1): 15–28.

Adeola, O., and Olatunji, T. (2020). Nutrient 
intake and digestibility in West African Dwarf 
goats fed oilseed byproducts. Tropical Animal 
Health and Production, 52(4): 1453–1463.

Adesina, A. M. (2018). Nutritional composition 
and utilization of sunflower seeds in ruminant 
diets. Journal of Animal Nutrition and Feed 
Science, 8(3): 45–52. 

Adesina, S. A. (2018). Effect of processing on the 
p r ox i m a te  co m p o s i � o n  o f  s u n fl ow e r 

119

Oguntade, B. S.,  Akinlade, J. A. and *Ojoawo, O. T.

International Journal of Organic agricultural Research & Development

Volume 21  (3) (2026)



(Helianthus annuus) seeds. AgroScience: 
Journal of Tropical Agriculture, Food, 
Environment and Extension, 17(3): 27–33.

Adewale, T. O., and Oke, S. A. (2022). 
Cult ivation and uses of sunflower in 
smallholder farms of Nigeria: Opportunities 
and challenges. Nigerian Agricultural Review, 
38(2): 77–88.

Adewumi, M. A., and Balogun, A. T. (2021). 
Seasonal variations in feed availability and its 
effect on small ruminant performance in 
southwestern Nigeria. Nigerian Journal of 
Animal Produc�on, 48(3): 215–225.

Adeyemi, O. S., Akinlade, J. A., and Ogunbajo, 
A. A. (2016). Effects of dietary lipid 
supplementation on serum lipid profile in West 
African Dwarf goats. Journal of Animal 
Physiology and Animal Nutrition, 100(5): 
855–861. 

Afolabi, K. S., and Bolarinwa, A. F. (2020). 
Effects of tannin and saponin in sunflower-
based diets on rumen fermentation in goats. 
Nigerian Journal of Animal Science, 22(2): 
65–76.

Afolayan, F. O., Ogunbosoye, D. O., and Dare, O. 
A. (2024). Growth performance and economic 
benefits of West African dwarf goats fed diets 
containing treated rice husk as a replacement 
for wheat bran. Nigerian Journal of Animal 
Produc�on, 50(6): 56–63.

Ajayi, A. O., Adekunle, A. A., and Balogun, F. T. 
(2019). Introduction and adaptation of 
sunflower (Helianthus annuus) in Nigerian 
agriculture. Nigerian Journal of Crop Science, 
24(1): 55–65.

Ajayi, F. T., Olayemi, A. O., and Oke, D. O. 
(2018). Nitrogen utilization in goats fed oilseed 
cake supplements. Journal of Animal Feed 
Science, 27(4): 309–318. 

Akanni, F. A., and Yusuf, B. A. (2022). 
Sociocultural importance of small ruminants 
among rural households in southwestern 
Nigeria. Interna�onal Journal of Rural 
Development and Agriculture, 8(2): 112–125.

Akinmoladun, F. O., Oladele, O. I., and Yakubu, 
A. (2021). Hematological parameters of West 
A f r i c a n  D w a r f  g o a t s  u n d e r  o i l s e e d 
supplementation. Small Ruminant Research, 
200(1): 106–112. 

Akinmutimi, A. H. (2014). The effect of 
replacing maize with cassava root meal on the 

performance of growing West African Dwarf 
goats. Small Ruminant Research, 117(2–3): 
191–196.

Akinola, A. O., and Oke, S. A. (2020). Economic 
implications of feed scarcity during the dry 
season on small ruminant production in Oyo 
State, Nigeria. Journal of Agricultural 
Economics and Rural Development, 14(1): 
33–45.

Akinyemi, O. O., Adeyemi, S. A., and Balogun, 
F. T. (2022). Utilization of local feed additives 
for improving small ruminant production in 
Nigeria. Nigerian Journal of Animal Science, 
24(2): 45–58.

Akinyemi, O. O., Ogunlade, O. A., and Adeyemi, 
A. A. (2020). Effect of oilseed supplementation 
on haematology of WAD goats. Journal of 
Animal Science and Technology, 62, 1–9. 

AOAC. (2019). Official methods of analysis of 
the Associa�on of Official Analy�cal Chemists 
(21st ed.). Arlington, VA: AOAC International.

Aremu, V. O., and Akinlade, J. A. (2025). 
Response of West African Dwarf goats to 
treated corncob-based diets. Interna�onal 
Journal of Organic Agriculture Research and 
Development, 21(1): 45–53.

Babayemi, O. J., Akinfemi, A. J., and Ajayi, O. O. 
(2006). Nitrogen retention in goats fed 
mixtures of browse and concentrate. Livestock 
Research for Rural Development, 18(2): 1–8.

Baker, A. (2010). Sunflower seed meal in 
livestock feeding: Composition and utilization. 
Feedstuffs Journal, 82(15): 24–29.

Bamidele, F. S., and Salami, S. O. (2021). Crude 
protein intake and digestibility in indigenous 
goats fed protein-supplemented diets. Tropical 
Animal Health and Production, 53(4): 
234–243. 

Bamidele, O. S., and Salami, S. O. (2021). 
Nitrogen retention and metabolic responses of 
West African Dwarf goats fed oilseedbased 
diets. Nigerian Journal of Agricultural 
Research, 37(2): 90–101.

Beauchemin, K. A., McGinn, S. M., Martinez, T. 
F., and McAllister, T. A. (2020). Effects of lipid 
supplementation on rumen fermentation in 
small ruminants. Animal Feed Science and 
Technology, 270(5): 114686. 

Belanche, A., de la Fuente, G., and Newbold, C. 
J. (2016). Study of methanogen communities 
associated with different rumen protozoal 

120

Oguntade, B. S.,  Akinlade, J. A. and *Ojoawo, O. T.

International Journal of Organic agricultural Research & Development

Volume 21  (3) (2026)



populations. Fron�ers in Microbiology, 7(2): 
1234.

Bello, A. O., Aremu, D. A., and Olusanya, A. O. 
(2023). Economic contributions of goat sales to 
s m a l l h o l d e r  h o u s e h o l d  i n c o m e s  i n 
southwestern Nigeria. Journal of Agricultural 
Economics and Rural Development, 15(1): 
45–60.

Broderick, G. A., and Kang, J. H. (1980). 
Automated simultaneous determination of 
ammonia and total amino acids in ruminal fluid 
and in vitro media. Journal of Dairy Science, 
63(1): 64–75. 

Coles, E. H. (1986). Veterinary clinical pathology 
(4th ed.). Philadelphia, PA: W. B. Saunders 
Company.

Daramola, J. A., Oluwafemi, F., and Akinola, O. 
(2005). Nitrogen balance and digestibility in 
goats fed oilseed meals. Small Ruminant 
Research, 60(1): 27–33. 

Daramola, J. A., Oluwafemi, F., and Akinola, O. 
(2018). Serum biochemical and hematological 
responses of West African Dwarf goats to 
dietary manipulation. Small Ruminant 
Research, 155(4): 1–7. 

Ekenyem, B. U., Madubuike, F. N., and 
Odoemelam, V. U. (2018). Nutrient intake and 
growth response of West African Dwarf goats 
fed concentratesupplemented diets. Nigerian 
Journal of Agriculture, Food and Environment, 
14(3): 45–52.

Elghandour, M. M., Salem, A. Z. M., and Abu 
Hafsa, S. H. (2018). Short-chain fatty acid 
profiles in goats fed plant oil additives. Small 
Ruminant Research, 162(5): 56–63. 

Erwin, E. S., Marco, G. J., and Emery, E. M. 
(1961). Volatile fatty acid analyses of blood and 
rumen fluid by gas chromatography. Journal of 
Dairy Science, 44(9): 1768–1771. 

Ewetola, E. A., Adetona, A. A., Oyewole, F. M., 
Onatoye, N. M., Idowu, I. T., and Akinniku, A. K. 
(2020). Farmers’ awareness of the potential of 
vetiver grass for soil erosion control on 
Ogbomoso Agricultural Zone farmlands, 
south-western Nigeria. Bulletin of the National 
Research Centre, 44, 177.

Ewuola, E. O., Oduguwa, O. O., and Akinyemi, 
O. O. (2018). Hematology and platelet indices 
of goats fed lipid-based supplements. 
Veterinary World, 11(2): 145–152. 

Eze, J. I., Agwunobi, L. N., and Eze, C. A. (2022). 

Adaptive and productive performance of West 
African Dwarf goats in tropical smallholder 
systems. Nigerian Journal of Animal Science, 
24(1): 115–125.

Eze, P. C., Chukwu, R. N., and Okeke, G. C. 
(2021). Traditional and emerging uses of 
sunflower seeds in Nigeria. African Journal of 
Agriculture and Food Security, 12(1): 101–112.

Giada, M. D. (2010). Sunflower seeds: 
Nutritional and functional components in 
hea l th  and  nu t r i t i on .  Food  Rev iews 
International, 26(4): 389–401.

Guyader, J., Eugène, M., Doreau, M., Morgavi, 
D. P., Gérard, C., Loncke, C., and Martin, C. 
(2017). Nitrate but not oil decreases enteric 
methane  emiss ions .  Animal ,  11(12) : 
2085–2094.

Hristov, A. N., Oh, J., Firkins, J. L., Dijkstra, J., 
Kebreab, E., Waghorn, G., Tricarico, J. M. 
(2019). Nitrogen requirements for microbial 
protein synthesis in ruminants. Journal of 
Dairy Science, 102(5): 4051–4074. 

Hungate, R. E. (1966). The rumen and its 
microbes. New York, NY: Academic Press.

Huws, S. A., Creevey, C. J., Oyama, L. B., 
Mizrahi, I., Denman, S. E., Popova, M., 
Muñoz-Tamayo, R., Forano, E., Waters, S. M., 
Hess, M., Tapio, I., Smidt, H., Krizsan, S. J., 
Yáñez-Ruiz, D. R., Belanche, A., Guan, L., and 
Morgavi, D. P. (2018). Addressing global 
ruminant agricultural challenges through 
understanding the rumen microbiome. 
Fron�ers in Microbiology, 9, 2161.

Ibrahim, H., Yakubu, A., and Oladele, O. I. 
(2020). Hematological and immune responses 
of goats fed oilseed-based diets. Small 
Ruminant Research, 189(2): 106–113. 

Ibrahim, N. A., Yakubu, A., and Abiola, S. S. 
(2018). Feed resources and utilization patterns 
in semiintensive small ruminant production 
systems in Nigeria. Interna�onal Journal of 
Applied Agriculture and Apiculture Research, 
14(3): 210–225.

Ige, O. O., Ojo, M. T., and Adebola, A. M. (2023). 
Rumen fermentation and microbial population 
response to sunflower seed supplementation in 
West African Dwarf goats. Journal of Tropical 
Livestock Research, 12(1): 50–62.

Jain, N. C. (1993). Schalm’s veterinary 
hematology (4th ed.). Philadelphia, PA: Lea 
and Febiger.

121

Oguntade, B. S.,  Akinlade, J. A. and *Ojoawo, O. T.

International Journal of Organic agricultural Research & Development

Volume 21  (3) (2026)



Jami, E., Israel, A., Kotser, A., and Mizrahi, I. 
(2017). Exploring the bovine rumen bacterial 
community. Frontiers in Microbiology, 8(2): 
1784. 

Jayanegara, A., Wina, E., and Takahashi, J. 
(2018). Effects of oilseed supplementation on 
rumen acetate production. Animal Feed Science 
a n d  T e c h n o l o g y ,  2 3 8 ( 9 ) :  1 2 – 1 9 . 
https://doi.org/10.1016/j.anifeedsci.2018.02.00
5

Kaneko, J. J., Harvey, J. W., and Bruss, M. L. 
(2015). Clinical biochemistry of domestic 
animals (6th ed.). Academic Press.

Kaya, I., Yildiz, S., and Tekin, M. (2019). 
Influence of dietary inclusion of sunflower seed 
on feed intake and digestibility in goats. Turkish 
Journal of Veterinary and Animal Sciences, 
43(5): 655–661.

Kholif, A. E., Abdo, M. M., and Ahmed, H. M. 
(2017) .  Rumina l  VFA and  propiona te 
concentrations in goats fed sunflower oil. Animal 
Feed Science and Technology, 226(3): 29–37. 

Lawal, A. K., and Olaniyan, O. A. (2021). Serum 
lipid profiles of goats under different nutritional 
regimes in southwestern Nigeria. African Journal 
of Animal Nutri�on, 8(2): 44–53.

Li, F., Guan, L. L., and McAllister, T. A. (2019). 
Rumen microbial community shifts with dietary 
fat supplementation. Scientific Reports, 9(2): 
12345. 

Liu, J., Zhang, M., Xue, C., Zhu, W., and Mao, S. 
(2019). Rumen coliform counts in goats fed high-
grain diets. Frontiers in Microbiology, 10(1): 
102. 

McDonald, P., Edwards, R. A., Greenhalgh, J. F. 
D., Morgan, C. A., Sinclair, L. A., and Wilkinson, 
R. G. (2022). Animal Nutrition (8th ed.). Pearson.

Mensah, A. O., and Olagunju, F. I. (2021). Meat 
quality and consumer preferences for goat meat 
in rural Nigerian markets. Nigerian Journal of 
Animal Science and Technology, 8(1): 23–37.

Nassu, R. T., Gonçalves, L. A. G., and de 
Oliveira, A. C. (2017). Characterization of 
sunflower seed oil and meal. Journal of Food 
Chemistry, 4(2): 215–222.

National Veterinary Research Institute. (2022). A 
ten-year retrospective study of peste des petits 
ruminants (PPR) cases presented to NVRI, Vom, 
Nigeria. Journal of Animal Science and 
Veterinary Medicine, 7(3): 112–118.

Newbold, C. J., de la Fuente, G., Belanche, A., 
Ramos-Morales, E., and McEwan, N. R. (2015). 
The role of ciliate protozoa in the rumen. 
Frontiers in Microbiology, 6(1): 1313. 

Njidda, A. A., Ibrahim, A., and Garba, A. (2019). 
Hematological parameters in goats: Reference 
ranges. Journal of Veterinary Medicine and 
Animal Health, 11(6): 94–101. 

Obeidat, B. S., Abdullah, A. Y., and Al-Lataifeh, 
F. A. (2009). The effect of feeding sunflower meal 
o n  g r o w t h  p e r f o r m a n c e  a n d  c a r c a s s 
characteristics of Awassi lambs. Small Ruminant 
Research, 81(2–3): 113–117.

Odo, O., Oladele, O. I., and Yakubu, A. (2019). 
Hematological indices of WAD goats fed 
concentrate diets. Journal of Animal Physiology 
and Animal Nutrition, 103(1): 123–131. 

Odoemelam, V. U., Etuk, I. F., and Nwaogu, I. C. 
(2021). Growth performance and survivability of 
Wes t  Af r i c an  Dwar f  goa t  k id s  unde r 
semiintensive management in southeastern 
Nigeria. Nigerian Journal of Animal Science, 
23(2): 156–164.

Ogunade, I. M., McCoun, M., Graf, K., and Vyas, 
D. (2018). Effects of forage level on rumen 
bacterial community. Journal of Dairy Science, 
101(7): 6322–6332. 

Ogunlade, O. O., and Adegbite, A. O. (2021). 
Nutrient composition and digestibility of 
commonly used feed additives for goats in 
Nigeria. Nigerian Journal of Animal Produc�on, 
48(1): 67–78.

Ogunmola, E. F., Akinola, O., and Adeola, O. 
(2019). Nutrient digestibility and intake of goats 
fed sunflower-supplemented diets. Tropical 
Animal Health and Production, 51(21): 
1147–1158. 

Ogunmola, J. T., Adeoye, H. M., and Atoyebi, O. 
A. (2019). Effects of oilseed supplementation on 
fiber digestibility in indigenous goats fed 
lowquality forages. Journal of Animal and 
Veterinary Advances, 18(4): 210–218.

Ogunniyi, L. T., Adepoju, A. O., and Omonona, 
B. T. (2020). Socioeconomic importance and 
contribution of small ruminants to rural 
livelihoods in Southwestern Nigeria. Journal of 
Agricultural Extension and Rural Development, 
12(6): 97–105.

Ogunwande, I. O., Arifalo, S. F., and Esan, M. O. 
(2025). Climate-smart strategies and West 

122

Oguntade, B. S.,  Akinlade, J. A. and *Ojoawo, O. T.

International Journal of Organic agricultural Research & Development

Volume 21  (3) (2026)

https://doi.org/10.1016/j.anifeedsci.2018.02.005
https://doi.org/10.1016/j.anifeedsci.2018.02.005


African Dwarf goat production in Southwest 
Nigeria. Nigerian Journal of Animal Produc�on, 
52(1): 88–96.

Ojoawo, O. T., Akinlade, J.A., Adelawon, A. S., 
Ojo, T.Y., Akintunde, A.J., Oyelade, T.F. and 
Oyewole, S.T. (2024). Rumen fermentation 
characteristics and microbial count of West 
African dwarf sheep offered leaves of selected 
browse plants. Nigerian Journal of Animal 
Science and Technology. Vol. 7 (3): 33–43.

Ojebiyi, O., Adeyemi, O., and Salami, S. (2017). 
Hematological and biochemical profile of goats 
fed protein-enriched diets. Nigerian Journal of 
Animal Production, 44(1): 1–9.

Oke, B. O., Adegoke, J. O., and Olayiwola, I. O. 
(2023). Baseline hematological and biochemical 
indices of West African Dwarf goats under 
traditional management in Nigeria. Tropical 
Animal Research Advances, 13(1): 22–33.

Okonkwo, J. C., and Okeke, G. C. (2023). 
Hematological and serum biochemical indices of 
West African Dwarf goats under varying feeding 
regimes. Tropical Animal Produc�on Research 
Advances, 11(1): 34–42.

Oladele, O. I., Yakubu, A., and Ibrahim, H. 
(2019). Red blood cell counts in indigenous goats 
under different dietary regimes. Veterinary 
World, 12(11): 1820–1827. 

Olafadehan, O. A. (2011). Nitrogen excretion in 
West African Dwarf goats fed protein-energy 
supplements. Tropical Animal Health and 
Production, 43(2): 1507–1513. 

Olafadehan, O. A., Adebowale, E. A., and Ijaopo, 
T. A. (2017). Serum glucose, minerals, and liver 
enzymes in West African Dwarf goats. Small 
Ruminant Research, 154, 23–30. 

Olafadehan, O. A., and Adewumi, J. R. (2010). 
Urinary nitrogen excretion in goats fed 
concentrate-based diets. Livestock Research for 
Rural Development, 22(9): 1–7.

Olajide, A. T., and Afolayan, R. O. (2019). Anti-
nutritional factors in Nigerian plant-based feed 
resources and their effects on small ruminants. 
African Journal of Agricultural Research, 14(2): 
99–108.

Olanubi, D. A., Ogunbiyi, T. A., and Fagbenro, O. 
A. (2020). Immunohematological profiles of 
small ruminants with supplementary dietary 
intervention. Journal of Animal Health and 
Produc�on, 12(3): 199–210.

Olawale, S. T., Adeyemi, A. O., and Ogunleye, O. 
A. (2022). Nutritional composition of dry season 
browse and crop residues used for small ruminant 
feeding in southwestern Nigeria. Nigerian 
Journal of Agricultural Science, 31(2): 88–98.

Olayemi, F. O., Ogunbiyi, O. A., and Adesina, O. 
P. (2024). Nutrient utilization and energy 
metabolism of West African Dwarf goats under 
supplementary feeding regimes. Journal of 
A g r i c u l t u r a l  S c i e n c e  a n d  S u sta i n a b l e 
Development, 12(1): 34–47.

Olayemi, S. O., and Adediran, G. A. (2022). 
Nutrient digestibility and nitrogen retention in 
goats fed sunflower seed-supplemented diets. 
Nigerian Journal of Animal Produc�on, 49(1): 
30–40.

Oluwaseun, A. F., and Balogun, M. O. (2020). 
Morphological characteristics and seed 
description of black sunflower (Helianthus 
annuus) varieties in southwestern Nigeria. 
Nigerian Journal of Plant Science, 28(3): 43–52.

Onasanya, G. O., Ojo, O. A., and Sanni, M. T. 
(2020). Genetic diversity and population 
structure of indigenous Nigerian goat breeds 
using microsatellite markers. Nigerian Journal of 
Biotechnology, 37(1): 72–80.

Oni, A. O., Onwuka, C. F. I., Oduguwa, O. O., 
and Arigbede, O. M. (2010). Feed intake and 
nutrient digestibility of West African Dwarf 
goa t s  f ed  fo rage–cassava  pee l  s i l age 
supplemented with concentrates. Livestock 
Research for Rural Development, 22(1): 1–8.

Osakwe, I. I., Okorie, E. A., and Ezea, J. N. 
(2023). Assessment of production performance 
and challenges of West African Dwarf goats 
under smallholder management systems. 
Tropical Animal Health and Production, 55(4): 
212–221.

Ososanya, T. O., Fagbolagun, A. A., and Abiola, 
O. (2013). Nitrogen retention in West African 
Dwarf goats fed concentrate supplements. 
Journal of Animal and Veterinary Advances, 
12(14): 1273–1279.

Park, T., Yu, Z., and Doane, P. H. (2018). 
Protozoal populations in goats fed high-starch 
diets. Applied and Environmental Microbiology, 
84(5): e02134-17. 

Patra, A. K., and Yu, Z. (2015). Effects of dietary 
oils on methane production and rumen 
microbiota. Applied and Environmental 
Microbiology, 81(10): 3474–3483. 

123

Oguntade, B. S.,  Akinlade, J. A. and *Ojoawo, O. T.

International Journal of Organic agricultural Research & Development

Volume 21  (3) (2026)



Plaizier, J. C., Khafipour, E., Li, S., Gozho, G. N., 
and Krause, D. O. (2018). Subacute ruminal 
acidosis in dairy cows: Effects on rumen 
function. Journal of Dairy Science, 101(5): 
3894–3910. 

Tapio, I., Shingfield, K. J., McKain, N., Bonin, 
A., Fischer, D., Bayat, A. R., Vilkki, J., & 
Wallace, R. J. (2017). Oral samples as proxies for 
rumen microbial communities. Scien�fic 
Reports, 7(1), 46308.

Udo, J. J., and Essien, A. E. (2019). Effects of 
goat manure application on crop yields in mixed 
farming systems of southern Nigeria. Nigerian 
Journal of Agricultural Science, 30(2): 140–150.

Van Soest, P. J., Robertson, J. B., and Lewis, B. A. 
(1991). Methods for dietary fiber, neutral 
detergent fiber, and non-starch polysaccharides 
in relation to animal nutrition. Journal of Dairy 

Science, 74(10): 3583–3597.

Wanapat, M., Poungchompu, O., Cherdthong, 
A., and Mapato, C. (2016). Volatile fatty acids in 
goats fed oilseed diets. Animal Nutrition, 2(3): 
165–170. 

Wang, B., Ma, M. P., Diao, Q. Y., and Tu, Y. 
(2019). Effect of fat supplementation on rumen 
fungi. Animals, 9(10): 1–10. 

Yakubu, A., Salako, A. E., and Imumorin, I. G. 
(2019). Phenotypic characterization and 
morphological differentiation of indigenous 
goats in southern Nigeria. Nigerian Journal of 
Animal Produc�on, 46(4): 1–10.

Zhang, R., Zhu, W., Jiang, L., and Mao, S. 
(2020). Rumen bacterial populations affected by 
lipid diets. Scientific Reports, 10(3): 123. 

  

124

Oguntade, B. S.,  Akinlade, J. A. and *Ojoawo, O. T.

International Journal of Organic agricultural Research & Development

Volume 21  (3) (2026)


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20

