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Phytogenic feed additives, such as black pepper meal (BPM), show promise for improving animal
health and productivity. However, its application in ruminant nutrition remains underexplored.
Thus, a 56-day study was conducted to assess the effect of BPM supplementation on nutrient intake,
haematological, and serum biochemical indices in West African Dwarf (WAD) goats. A basal diet
was formulated and divided into four equal portions. Each portion was supplemented with BPM at
0 (control), 250, 500, and 750 mg and designated as Diet A, B, C and D, respectively. Twenty WAD
goats (average liveweight 5.00+0.23 kg) were assigned to the four dietary treatments. Blood
samples were collected for haematological while serum harvested were used for serum biochemical
analyses. Dietary DM, CP and NFE slightly decreased with increased BPM supplementation. DM
intake significantly increased from 312.28+12.09 g/day (Diet A) to 316.88+14.74 g/day (Diet D)
(p<0.05). Crude protein and fiber intake increased slightly. It is noteworthy that supplementation
of BPM did not significantly influence the observed haematological parameters (p>0.05). Serum
biochemical indices did not follow a particular trend. However, goats fed Diet B had significantly
higher total protein (72.00+4.83 g/L) and globulin (34.0043.09 g/L) compared to other treatments
(p<0.05). The study revealed that use of BPM supplementation in goats’ diets may not be essential,
however, supplementation up to 750 mg/100 kg (Diet D) may support intake and thus, enhance
immune functions, positioning BPM as additive to improve animal’ health without adverse effect.
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Introduction

Poor health condition is incontestably one of the major
challenges militating small ruminant production in the
humid tropics of West Africa (Oppong et al., 1988, Eke et
al., 2019). Although indigenous breeds of these animals are
said to be disease tolerant or poses some resistance traits
against some endemic diseases (Jesuyon et al., 2023),
albeit nutritional deficiencies and suboptimal feeding
practices often compromise their immune systems,
increasing their susceptibility to infections, hence reducing
their overall productivity (Arilekolasi et al., 2020).

However, haemato-serological profiling has emerged
as a reliable diagnostic tool for evaluating the health status
of animals and assessing the effects of dietary interventions
through the analysis of wvarious blood components
(Bermudez et al., 2020). Key haematological parameters,
such as red and white blood cell counts, haemoglobin
concentration, and serum biochemical indices—including
total protein, albumin, globulin, alanine aminotransferase,
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alkaline phosphatase, serum glutamic oxaloacetate
transaminase, serum electrolytes, glucose, and cholesterol
profiling could provide valuable insights into the
functionality of organs, health status and physiological
well-being of animals. As opined by Omotoso et al. (2019),
the quality and quantity of nutrients play a crucial role in
animals’ health. Therefore, it is essential to ensure
adequate provision of nutrients in diets, either through
balanced formulations or supplementation with additives
when necessary. This approach ensures that nutrients are
readily available to support optimal blood production and
functions, address potential health challenges, and enhance
the overall performance of small ruminants (Omotoso et
al., 2019; Alade et al., 2023).

The use of feed additives has emerged as an effective
nutritional strategy to enhance livestock health and
productivity. Among these, black pepper (Piper nigrum),
its unique piperine content distinguish it from other spices
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and remains relatively under-explored in small ruminant
nutrition. Studies by Abou-Elkhair et al. (2014) reported
the positive impact of black pepper supplementation in
broiler diets, it was found to enhance immune function by
increasing serum globulin concentrations, a key marker of
immune health. Similarly, it was found to reduce low
density lipoproteins (LDL) cholesterol, triglycerides, and
total cholesterol while mitigating oxidative stress, leading
to improved cardiovascular health (Puvaca et al., 2014).
These could be linked to its richness in bioactive
compounds, including piperine (2.1-8.9%), oleoresin
(2.31-12%), essential oils (0.4—-6.9%), and fatty acids (1.8—
15%) (Garg, 2023). In addition, this spice (black pepper) is
a nutrient-dense spice, with 10.4 g of protein, 251 kcal of
energy, 64 g of carbohydrates, 26.5 g crude fiber, 4.49 g
ash, and 3.26 g fat per 100 g on dry matter basis. It is also
a rich source of minerals, including magnesium, copper,
iron, calcium, phosphorus, potassium, selenium, and zinc,
along with vitamins such as Vitamin C, E, D, (USDA,
2009). Its distinctive piperine content contributes to its
strong antioxidative, antibacterial and anti-inflammatory
properties while promoting good cholesterol in animals.
Thus, leveraging on BPM as a feed additive, the health
status and growth of WAD goats could be significantly
improved, translating into increase productivity helping to
meet the growing demand for animal protein so to attain
food security, particularly in developing African nations
like Nigeria. Therefore, this study seeks to investigate and
provides compelling information on the effects of dietary
black pepper meal supplementation on nutrient intake and
haemato-serological parameters in WAD goats.

Materials and Methods

Description of the Experimental Site

The experiment was carried out at the Small Ruminant
Unit of the Teaching and Research Farm of the Department
of Animal Production and Health, Federal University of
Technology, Akure (FUTA), Ondo State, Nigeria.
Laboratory analyses was done at the Nutrition Laboratory
of the same Department and University. The University
lies between longitude 4.94°E and 5.83°E and latitude
7.49°N and 6.96°N. This area is characterized by 6-7
months of annual rainfall between 1300 and 1650 mm and
daily temperature ranges between 27 and 38°C (Daniel,
2015).

Sourcing of Feed Ingredients, Preparation and
Formulation of Experimental Diets

Dried black pepper seeds were procured from local
market in Akure, Ondo State which was further cleaned to
remove dirt and stones, then air-dried before being milled
into a fine powder to make black pepper meal (BPM).
Dried cassava peels (energy and fibre source), crop residue
from cassava (Manihot esculenta) and other conventional
feed ingredients—including wheat offal, palm kernel cake,
urea, bone meal, salt, and premix—were sourced from a
reputable feed store in Akure. A basal diet (Table 1) was
formulated, with all ingredients thoroughly mixed, then
sub divided into four (4) portions where BPM was then
supplemented in the diets at 0 mg, 250 mg, 500 mg, and
750 mg per 100 kg of the basal diet (mash form), thus
designated as Diets A, B, C, and D, respectively.

Table 1. Gross Composition of Basal Diet Fed to West
African Dwarf Goats

Ingredients Quantity (kg)
Cassava peel meal 53.20
Wheat offal 22.00
Palm kernel cake 20.80
Urea 1.00
Bone meal 1.00
Salt 1.00
Premix 1.00
Total 100.00

Experimental Animal Management, Experimental
Design and Ethical Approval

Twenty (20) West African Dwarf (WAD) goat-does,
age range 6 — 12 months old, of multiple birth, with an
average live weight of 5+0.23 kg was selected from the
flock of goats available on the farm. Before the onset of
this study, the goats were prophylactically treated and
vaccinated against endemic diseases, as well as
ectoparasites and endoparasites.

Thereafter, the goats were weighed, balanced for
weight and randomly assigned to the dietary treatments
(Diet A, B, C and D), with five (5) kids per treatment,
following a Completely Randomized Design (CRD)
arrangement. Each goat was housed individually in a pen
with the dimension 1.8 x 1.2 meter in width and length. The
goats were fed 5% of their bodyweight and increased feed
given periodical as weight changes. Feeds were offered in
wooden feeding troughs attached to each pen. The goats
were given free access to fresh and potable drinking water
while all other operations were carried out in accordance
with animal research ethical guidelines as presented by
Gross and Tolba (2015).

Feed intake by each goat was calculated by deducting
leftover feed from feed offered while average daily feed
intake was calculated as average feed intake by each
animal over the experimental period. Nutrient intake per
each goat was calculated as follows:

Nutrient intake (g/day) = A x B

A: Av.feed intake per goat (g/day)
B: nutrient composition (%)

The study lasted 56-days and was carried out in
compliance with the Research Ethical Committee
guidelines of the Department of Animal Production and
Health, Federal University of Technology Akure, Ondo
State, Nigeria. The Ethical Approval Number given was
FUTA/APH/PG/EA/23/07.

Chemical Analysis

Sub-samples of the experimental diets were bulked
together and analyzed for chemical composition according to
AOAC (2011) procedures. Fibre fractions (neutral detergent
fibre, acid detergent fibre and lignin) were determined by the
procedure described by Van Soest et al. (1991).

Blood Collection and Analysis

At the end of the 56-day feeding trial, 10 mL of blood
sample were collected through the jugular vein from each (20
goats in total) experimental goats with subsamples of 5 mL
placed into a well- labeled sample bottles containing Ethylene
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Diamine Tetraacetic Acid (EDTA), an anticoagulant for
haematological analysis while the other 5 mL were place in
plain test tube used for serological analysis.

Haematological parameters such as red blood cell
(RBC) count, white blood cell (WBC) count, packed cell
volume (PCV), haemoglobin (Hb) and differential count
were analyzed using the method of Dacie and Lewis
(1991), while the serum biochemistry analyses such as
serum total protein, serum albumin, globulin, alkaline
phosphatase (ALP), alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were carried out using
the method described by Reitman and Frankel (1957).

Statistical Analysis

Completely randomized design with the following
model: Yij = p + ai + eij was used. Where Yij — any of the
response variables; p — the overall mean; ai — effect of the
black pepper meal, ith treatment (i = supplementation
levels of black pepper meal - dietary treatment A, B, C, and
D ); eij — random error due to experimentation. Data
generated were statistically analyzed using one-way
analysis of variance (ANOVA) using SPSS version 26.0.
The differences between treatment means were examined
by Duncan multiple range test of the same package was
used to separate the means and significance level was set
at 95% confidence interval.

Results

Proximate composition of diets supplemented with
black pepper meal fed to West African Dwarf goats

Table 2 presents the chemical composition of diets
supplemented with black pepper meal (BPM) for West
African Dwarf goats. The dry matter (DM) and crude protein
(CP) were highest in Diet A (89.3849.61 g/kg and 16.27+3.09
g/kg, respectively) but gradually decreased to 88.28+10.02
g/kg and 16.20£3.10 g/kg in Diet D. On the other hand, the
crude fiber (CF), ash, and ether extract (EE) content increased
with increased BPM supplementation, ranging from
25.54+3.53 g/kg to 26.36+£3.28 g/kg, 6.03+0.98 g/kg to
6.29+0.77 g/kg, and 14.43£1.37 g/kg to 14.47+1.40 g/kg,
respectively. The nitrogen-free extract (NFE) ranged from
37.23+5.23 g/kg to 37.73+£5.56 g/kg, decreasing as BPM
supplementation increased. In contrast, the neutral detergent
fiber (NDF) increased from 58.39+6.90 g/kg to 60.07+7.34
g/kg, with acid detergent fiber (ADF) and acid detergent lignin

(ADL) also showing increases, ranging from 38.24+2.39 g/kg
to 39.58+2.48 g/kg for ADF and 31.21+2.18 g/kg to
31.81+2.23 g/kg for ADL.

Nutrient intake by West African Dwarf goats fed diets
supplemented with black pepper meal

The nutrient intake of WAD goats fed diets
supplemented with black pepper meal is shown in Table 3.
Crude fiber intake, ash and ether extract intake increased
with BPM supplementation, ranging from 79.76+3.09
g/day, 18.83+2.89 g/day and 45.06+5.00 g/day in goats
placed on Diet A to 81.79+4.09 g/day, 19.93+3.67 g/day
and 45.85+5.14 g/day respectively in those fed Diet D.
Conversely, nitrogen-free extract (NFE) intakes decreased
as BPM levels increased. The values ranged from
112.84+7.33 to 114.64+9.29 g/day (p>0.05). Neutral
detergent fiber (NDF), acid detergent fiber (ADF) and Acid
detergent lignin (ADL) intakes increased with BPM
supplementation, with NDF intake ranging from
182.34+13.64 to 190.35+12.85 g/day, 119.42+10.47 to
125.42+10.85 g/day and 97.46+6.32 g/day to 100.77+7.09
g/day from goats fed diet A to D respectively (p<0.05).

Haematological profile of West African Dwarf goats
fed diets supplemented with black pepper meal

Table 4 presents the haematological indices of West
African Dwarf goats fed diets supplemented with BPM. All
parameters were not significantly influenced by the
supplementation of BPM (p>0.05).

The packed cell volume (PCV) showed its highest
value (31.6743.34%) in goats fed Diet C, while goats fed
other diets had similar values of 31.00%. The red blood cell
(RBC) count ranged from 9.27+0.62% in Diet B to
9.67+0.67% in goats fed Diet A. The white blood cell
(WBC) count numerically differs though not significantly
influenced as values ranged from 12.30£1.21 x 10%ul in
goats fed Diet A to 13.02+1.37 x 10/l in goats fed Diet
D (p>0.05). Haemoglobin concentration (Hb) was highest
in goats fed Diet A (11.73+1.09 g/dL) and lowest in goats
fed Diet C (10.17+1.17 g/dL). Neutrophil and lymphocyte
counts were numerically influenced as supplementation of
BPM increased. The highest values (47.00+3.72% and
54.00+3.89%) were recorded in goats fed Diet D and
lowest in Diet A (45.00+4.02% and 50.00+3.89%). The
eosinophil count increased from 2.04+0.03% in goats fed
Diet A to 2.33+0.11% in goats fed Diet C.

Table 2. Proximate and fibre fraction composition of diets supplemented with black pepper meal fed to West African

Dwarf goats
Parameters (g/kg) A B C D P-value
Dry matter 89.38+9.61 89.16+9.69 89.02+9.32 88.28+10.02 0.38
Crude protein 16.27+3.09 16.24+3.00 16.21+2.78 16.20+3.10 0.07
Crude fibre 25.54+3.53° 25.62+3.30° 26.24+3.09? 26.36+3.28? 0.01
Ash 6.03+0.98 6.09+0.67 6.14+0.76 6.29+0.77 0.13
Ether Extract 14.43£1.37 14.43£1.27 14.45+1.32 14.47+1.40 0.20
Nitrogen free extract 37.73+£5.56* 37.60+5.342 37.49+£5.11% 37.23+£5.23° 0.03
Neutral detergent fibre 58.39+6.90° 58.67+6.72% 59.22+7.022 60.07+7.342 0.01
Acid detergent fibre 38.24+2.39 38.49+2.48 38.91£2.57 39.58+2.48 0.07
Acid detergent lignin 31.21+£2.18 31.34+2.09 31.28+2.19 31.81+£2.23 0.09

n=5 values are presented as mean=SEM. ***4: means within the same row with different superscripts are significantly (p<0.05) different SEM: Standard Error of
Mean. A: 100kg Basal diet + 0mg BPM, B: 100kg Basal diet + 250mg BPM, C: 100kg Basal diet + 500mg BPM, D: 100kg Basal diet + 750mg BPM
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Table 3. Nutrient intake by growing West African Dwarf goats fed diets supplemented with black pepper meal

Parameters (g/day) A B C D P-value
Dry matter 312.28+12.09% 313.58+11.23% 315.47+13.28° 316.88+14.74° 0.03
Crude protein 50.81+2.01 50.93+2.35 51.1442.51 51.3342.78 0.76
Crude fibre 79.76+3.09 <4 80.34+4.25¢ 81.08+3.87° 81.79+4.092 0.04
Ash 18.83+£2.89% 19.10+2.42% 19.37+2.52%® 19.93+£3.672 0.05
Ether Extract 45.06+5.00 45.31+5.05 45.59+4.89 45.85+5.14 0.23
NFE 114.64+9.29 114.08+9.10 113.51£7.55 112.84+7.33 0.27
NDF 182.34+13.64°¢ 183.98+13.00° 186.82+12.58 % 190.35+12.85° 0.01
ADF 119.42+10.47¢ 120.70+10.29¢ 122.75+£9.07° 125.42+10.85° 0.04
ADL 97.46+76.32¢ 98.28+6.21° 98.68+6.02" 100.77+7.09 2 0.01

n=5 values are presented as mean+SEM. **“¢: means within the same row with different superscripts are significantly (p<0.05) different SEM: Standard
Error of Mean. A: 100kg Basal diet + 0mg BPM, B: 100kg Basal diet + 250mg BPM, C: 100kg Basal diet + 500mg BPM, D: 100kg Basal diet + 750mg
BPM, NFE - Nitrogen free extract, NDF - Neutral detergent fibre, ADF - Acid detergent fibre, ADL - Acid detergent lignin.

Table 4. Haematological profile of West African Dwarf goats fed diets supplemented with black pepper meal

Parameters A B C D p-value Reference value
PCV (%) 31.00+£3.59  31.00+£3.08 31.67£3.34  31.00£3.65 0.38 22.00 - 38.00
RBC (%) 9.67+0.67 9.27+0.62 9.334+0.59 9.30+0.78 0.34 8.00 - 12.00
WBC (x10°ul) 12.30+1.21 13.00+1.31 13.00+1.21 13.02+1.37 0.06 4.00 - 13.00
Hb (g/dl) 11.73+1.09 10.63+£1.29 10.17+1.17 10.83+0.99 0.19 8.00-12.00
Neutrophils (%) 45.00+4.02  46.67+4.09  46.67+3.89  47.00+3.72 0.48 30.00 — 48.00
Lymphocytes (%) 50.00+3.89 50.33+3.16  53.00+3.28 54.00+3.89 0.74 50.00 — 70.00
Monocytes (%) 1.67+0.21 1.33+0.17 1.00+0.23 1.07+0.20 0.56 0.00 —4.00
Eosinophils (%) 2.04+0.03 2.06+0.05 2.33+0.11 2.07+0.20 0.50 1.00 - 8.00
MCV (fL) 23.38+1.64  24.85+1.44 24914139 24924223 0.75 16.00 — 25.00
MCH (pg) 7.98+0.73 7.58+0.68 7.47+0.65 7.85+0.67 0.68 5.20 - 8.00
MCHC (g/dL) 33.53£2.99  31.24+2.70  32.124+2.88 31.79+3.01 0.82 30.00 — 36.00

n=5 values are presented as mean+SEM. ***¢: means within the same row with different superscripts are significantly (p<0.05) different SEM: Standard
Error of Mean. A: 100kg Basal diet + 0Omg BPM, B: 100kg Basal diet + 250mg BPM, C: 100kg Basal diet + 500mg BPM, D: 100kg Basal diet + 750mg
BPM, PCV - Packed Cell Volume, RBC - Red Blood Cell, WBC - White Blood Cell, Hb — Haemoglobin, MCV - Mean Cell Volume, MCH - Mean
Cell Haemoglobin, MCHC - Mean Cell Haemoglobin Concentration. Reference value source: MSD Veterinary Manual (2022a).

Table 5. Serum biochemical profile of West African Dwarf goats fed diets supplemented with black pepper meal

Parameters (g/1) A B C D p value  Ref. value
TP 70.00+4.592 72.00+4.832 65.00+4.74° 68.00£4.78%° 0.03 64 -70
Albumin 40.00+3.67° 38.00+3.24° 35.00+3.09¢ 36.00+3.45% 0.04 27 -39
Globulin 30.00+3.22° 34.00+3.092 30.00+3.46° 32.00+3.32% 0.04 27-41
Alb. : Glo. 1.33+0.07 1.12+0.05 1.17+0.07 1.13+0.07 0.18 NA
AST (U/L) 225.00+£19.67  222.00+20.29  220.00+£20.77  223.00+21.02 0.98 167 - 513
ALP (U/L) 245.00£25.66°  250.00+£24.09°  255.00423.56* 248.00+£23.94%  0.01 93 — 387
ALT (U/L) 50.00+5.50¢ 55.00+5.45° 58.00+6.022 53.00+5.43b 0.01 45 -80
TB (g/dl) 0.80+0.07 0.70+0.03 1.10+0.08 0.90+0.03 0.11 NA
DB (g/dl) 0.20+0.02 0.154+0.03 0.25+0.03 0.184+0.03 0.06 NA

n=5 values are presented as mean+SEM. **“¢: means within the same row with different superscripts are significantly (p<0.05) different SEM: Standard
Error of Mean. A: 100kg Basal diet + 0Omg BPM, B: 100kg Basal diet + 250mg BPM, C: 100kg Basal diet + 500mg BPM, D: 100kg Basal diet + 750mg
BPM, TP - Total protein, AST - Aspartate aminotransferase, ALP - Alkaline phosphatase, ALT - Alanine aminotransferase, TB - Total bilirubin, DB -

Direct bilirubin, NA: Not Available, Reference value source: MSD Veterinary Manual (2022b).

Mean cell volume (MCV) gradually increased from
23.38+1.64 fL in goats fed Diet A to 24.92+2.23 L in goats
fed Diet D. Mean cell haemoglobin (MCH) and mean cell
haemoglobin concentration (MCHC) were highest in goats
fed Diet A (7.9840.73 pg and 33.53+2.99 g/dL,
respectively) and lowest in goats fed Diet B (7.47+0.65 pg
and 31.24+2.70 g/dL) in goats fed diet B respectively.

Serum biochemical profile of West African Dwarf
goats fed diets supplemented with black pepper meal

The serum biochemical indices of WAD goats fed diets
supplemented with BPM are presented in Table 5. Total
protein and globulin concentration were significantly
different with the highest value (72.00+4.83 g/L and

34.00+£3.09 g/L) from goats fed Diet B and lowest
(65.00+4.74 g/L and 30.00+3.46 g/L) in goats fed Diet C
(p<0.05). Albumin concentration was highest in goats fed
Diet A (40.00+£3.67 g/L) and lowest in those fed Diet C
(35.00+3.09 g/L). The albumin-to-globulin ratio was
highest in goats fed Diet A (1.33£0.07) and lowest
(1.12+0.005) in those fed Diet B.

Alkaline phosphatase and Alanine aminotransferase
levels were significantly different with the highest values
in goats fed Diet C (255.00+23.56 U/L and 58.00+6.02 U/L
respectively) and the lowest in goats fed Diet A
(245.00+£25.66 U/L and 50.00£5.50 U/L) respectively
(P<0.05).
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Discussion

Proximate and fibre fraction composition of diets
supplemented with black pepper meal fed to West African
Dwarf goats

Dry matter content is a pivotal aspect of ruminant
nutrition, significantly affecting feed intake, shelf life, and
overall feed quality. In this study, a reduction in dry matter
content was observed with increasing supplementation of
BPM, likely due to the inherent characteristics of the feed
ingredients used. Despite this, the dry matter values were
sufficient to inhibit microbial growth and promote a stable
shelf life, as reported by Ibhaze et al. (2024).

The CP in the diets exceeded 8.00 g/kg recommended
by the NRC (2007) for optimal rumen functionality. This
indicates that the diets provided adequate protein to meet
metabolic demands, support microbial proliferation, and
sustain rumen activity (Omotoso et al., 2017).

On the other hand, crude fiber (CF) levels surpassed the
12 g/kg minimum requirement for goats on maintenance
ratio (Mamoon, 2008). The increase in CF content revealed
that BPM supplementation can enhance fiber composition
in animal feed, thereby promoting rumination, salivation,
and improved rumen ecology in ruminant animal (USDA,
2009; Abou-Elkhair et al., 2014). Ash content with higher
BPM supplementation was also observed, was consistent
with the report of USDA (2009) that black pepper is a rich
source of mineral and has the capacity to improve the
mineral profile of diet. Meanwhile, these minerals play
critical roles in supporting physiological functions such as
nerve coordination, blood synthesis, and bone
development (Omotoso et al., 2017). However, there
availability may be hindered by phenolic compounds like
tannins in feed material which has not been full degraded
or acted upon by rumen microbes or enzymes which in turn
form an insoluble complex with these minerals.

Interestingly, EE levels in the diets were considerably
high, similar to the report of Garg, (2023) who emphasized
that BPM contain essential oils of about 0.4-6.9% and fatty
acids 1.8—15% which could help improve EE value of feed.
Similarly, Abou-Elkhair et al. (2014) reported that BPM
may contain oil but not adequate to significantly improve
oil content in diets possibly due to the naturally low oil
content in it.

Additionally, NDF, ADF, and ADL fractions increased
with BPM supplementation. According to Soltan and Patra
(2021), these structural carbohydrates are vital for
ruminants, as rumen microbes can degrade and ferment
them into short-chain fatty acids (SCFAs), which are
crucial for energy supply and microbial growth.

Nutrient intake by Growing West African Dwarf goats
fed diets supplemented with black pepper meal

High dry matter intake as observed could be attributed
to the high crude protein content, feed palatability and
acceptability of the diets, which have been recognized as
key factors that influences dry matter intake. High dry
matter consumption supports rumen microbial activity by
supplying the energy and acting as substrates for microbial
growth and proliferation (Oso et al., 2024).

The increase in crude protein intake underscores its
critical role in meeting the nitrogen demands of rumen
microbes. Nitrogen is essential for microbial protein

synthesis, a process that supports rumen functionality and
facilitates the breakdown of fiber fractions into volatile
fatty acids (VFAs)—the primary energy source. This
finding aligns with earlier reports emphasizing the
importance of crude protein for maintaining rumen health
and optimizing nutrient utilization (Ibhaze and Fajemisin,
2015). The secretion of digestive enzymes, bile acids, and
pancreatic juices could be attributed to the effect of
piperine (bio-active ingredient in black pepper) in the diet.
Thus, this in turn, enhance nutrient’ digestion and
absorption (Abou-Elkhair et al., 2014). Abdelnour (2018)
further highlighted piperine’s ability to improve feed
efficiency by promoting faster gastrointestinal transit and
better digestive efficiency. According to Srinivasan,
(2016) piperine is largely susceptible to microbial
degradation in the rumen, which in turn reduces its
availability in ruminant animal system, making it less
effective in eliciting its functions as compared to other
livestock, such as monogastric animals. These benefits,
coupled with its phytogenic properties, make BPM a
valuable feed additive in ruminant diets, particularly for
enhancing nutrient quality and intake in goats.

Haematological profile of West African Dwarf goats
fed diets supplemented with black pepper meal

Examining haematological parameters is a reliable
approach for detecting blood disorders and assessing the
overall health status of animals (Omotoso et al., 2019). In
this study, the packed cell volume (PCV) fell within the
recommended range of 21-37% for healthy growing goats,
as reported by Kalio et al. (2014) and 22 — 38% as reported
by MSD Veterinary Manual (2022a). This parameter is
often use as an indirect measure of red blood cell (RBC)
count, anemia, and dietary protein quality (Omotoso et al.,
2019). The fact that PCV levels in this study were within
the normal range and not significantly different across
dietary treatments suggests that the basal diet had adequate
and high-quality protein to support blood production
without BPM supplementation.

RBC were within the range of 8 — 12% as
recommended by MSD Veterinary Manual (2022a) for
healthy goat. This reduction may be attributed to the
presence of phenolic compounds in the feed ingredients
and BPM, as they are known to inhibit iron absorption by
forming insoluble complexes, thereby reducing iron
bioavailability in the bloodstream, as iron is a critical
mineral required for haematopoiesis (Hurrell et al., 1999).
Despite this, there were no clinical signs of anemia,
suggesting that the diets contained tolerable levels of anti-
nutrients such as phenolics hence no detrimental impact.

White blood cell (WBC) count often reflects the
immune status of an animal. Values above reference range
is an indication of stress, infection, trauma, toxicities, or
immune activation, while low counts may suggest chronic
inflammation or diminished bone marrow function
(Clement et al., 2010). In this study, the obtained WBC
count suggests no immunostimulatory effect rather than a
pathological condition.

Haemoglobin concentration showed a slight decrease
with increasing BPM supplementation but remained within
the range of 8— 12 g/dL recommended for healthy goats
(MSD Veterinary Manual. (2022a). This reduction aligns
with the established fact that phenolic compounds inhibit
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iron absorption (Hurrell et al., 1999). Similar findings were
reported by Galib et al. (2011), where dietary pepper
supplementation reduced haemoglobin concentration in
broiler birds. Consequently, goats on the basal diet (control
diet) were found to exhibited improved levels of circulating
erythrocytes and haemoglobin when compared to those on
BPM-supplemented diets, pointing to the fact that BPM
may contain a substance capable of reducing haemoglobin
production.

BPM supplementation did not induce allergic reactions
and the animals are not suffering from any bacterial/viral
infections that could trigger cellular immune responses as
white blood cell differential counts were within the range
recommended for healthy goats. Clinical indicators of
anemia, such as pale mucous membranes, weakness,
lethargy, or reduced appetite (Ryan, 2010), were not
observed during the feeding trial. Moreso, the feed intake
of the animals increased with BPM supplementation,
further supporting the nutritional adequacy of the diets and
no incidence of pathological condition, as red blood cell
indices (MCV, MCH and MCHC) values were normal for
healthy goats.

Serum biochemical profile of West African Dwarf
goats fed diets supplemented with black pepper meal

Serum biochemical analysis provides critical insights
into the functionality of organs and tissues by assessing
serum proteins, enzymes, lipids, and hormones (Herdt and
Hoff, 2011). Serum proteins, primarily synthesized in the
liver, play essential roles in maintaining blood volume,
buffering blood pH, transporting hormones and drugs,
facilitating coagulation, regulating metabolic and
biochemical reactions, and supporting immune defenses
(Melillo, 2013, Ayeni et al., 20024). In this study, total
protein levels in the experimental goats were influenced by
BPM supplementation, though the wvalues observed,
ranging within the normal range of 64-70 g/L (MSD
Veterinary Manual (2022b), but do not follow a fixed
pattern.

Albumin, a key protein involved in molecule transport
and maintaining oncotic pressure, also contributes to blood
clotting during injury, reducing blood loss (Rezende et al.,
2017). Albumin levels in this study were consistent with
the normal range of 27-39 g/L for healthy goats MSD
Veterinary Manual (2022b). Globulin, another crucial
protein supporting immune function, remained within the
standard range of 2741 g/L required for goats, ensuring
adequate immune defense (MSD Veterinary Manual
(2022b). Enzyme activity levels, such as AST and ALT,
were also within normal physiological ranges. AST, an
enzyme vital for amino acid metabolism and
predominantly found in the liver and heart, and ALT,
primarily used as a marker for liver health, was within the
167 - 513 U/L and 45 — 80 U/L as reported for healthy goat
by MSD Veterinary Manual (2022b). The observed values
for total bilirubin and direct bilirubin suggests BPM
supplementation did not pose hepatic dysfunction or
excessive haemolysis. Bilirubin levels serve as biomarkers
for liver function and the breakdown of haemoglobin;
elevated levels could indicate liver damage, bile duct
obstruction, or haemolytic anemia. The balance between
total and direct bilirubin also suggests efficient conjugation

and excretion of bilirubin by the liver, further reinforcing
the safety of BPM as a dietary additive.

Conclusion

This study demonstrated that supplementation of black
pepper meal in goats’ diet had no significant impact on the
haematological profile of the experimental animals.
However, the findings concludes that while routine
supplementation of BPM may not be essential in goats’
nutrition, supplementation up to 750 mg/100 kg (Diet D)
could enhance improved nutrient intake and would not
exert detrimental effect on the liver and or kidney as the
serum biomarkers were within the normal range for healthy
goats. However, further studies may be advised on the use
of black pepper meal to assess its effect on meat quality
and carcass characteristics.
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