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About the Journal

This official scientific publication of the Faculty of Agriculture, Abdullahi Fodio University of
Science and Technology Aliero, is a non-profit, open access, double-blind peer-reviewed Journal
publishing four issues (January, April, July and October) per annum. The Journal is a platform
open to collaborations with researchers, authors, institutions, research agencies and private
companies related to Agriculture. The Mission of the Journal is to disseminate scientific
knowledge through the publication of original research articles, research notes, book reviews,
letters to the editor and reviews of Literature, representing a contribution to scientific and
technological knowledge in respective areas covered by the Journal. The Kebbi Journal of
Agriculture and Natural Sciences seeks to validate and disseminate new knowledge, making it
public in order to strengthen the human capacity, constitute a link in the scientific community to
the society and encouraging the expansion of University and academic researches.

Scope of Kebbi Journal of Agriculture and Natural Sciences (KEJAANS)

The Kebbi Journal of Agriculture and Natural Sciences has the sole aim of providing an intellectual
platform and ideas for scholars, by promoting interdisciplinary studies related to agriculture and
natural science through publishing the latest scientific research findings that are of direct policy
implications and beneficial to the research community. Consequently, the journal covers all
aspects of Crop Science, Animal Science, Agricultural Economics, Agricultural Extension and
Rural Development, Food Science, Fisheries and Aquaculture, Biotechnology, Soil Science and
Agricultural Engineering, Forestry and Environment, Wildlife, Agricultural Education, Agro-
allied Industries as well as all Natural Science researches related to Agriculture.
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ABSTRACT

This study evaluated the haematological and serum biochemical responses of Uda sheep fed
diets containing ensiled urea-treated millet panicle husk meal (EUTMPHM) as a replacement
for cowpea husk. Sixteen (16) growing Uda rams were randomly assigned to four dietary
treatments in a completely randomized design, with EUTMPHM replacing cowpea husk at 0%,
10%, 20%, and 30% inclusion levels. Blood samples were collected at the end of the feeding
trial to assess haematological indices and serum metabolites. Results indicated that most
haematological parameters, including red blood cell count, mean corpuscular volume, and white
blood cell count, remained within normal physiological ranges across all treatments. Notably,
haemoglobin concentration and packed cell volume improved significantly at moderate
inclusion levels, suggesting enhanced oxygen-carrying capacity. Serum biochemical analysis
revealed stable lipid profiles and renal function, although reductions in total protein, aloumin,
and cholesterol were observed at higher inclusion levels. The findings suggest that EUTMPHM
can be safely incorporated up to 30% in the diets of Uda sheep without compromising health
status. However, nutritional supplementation may be necessary to optimize protein and energy
balance. This study supports millet panicle husk as a sustainable feed resource in small ruminant
production systems.

Keywords: Haematological Parameters, Serum Biochemistry, Uda Sheep, Millet Panicle Husk,
Cowpea husk, sustainable Feed Resource.
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Introduction

Global demand for animal protein is driving
the intensification of short-cycle livestock
systems, emphasizing species such as goats,
sheep, and micro-livestock like the grass
cutter, which require minimal management
inputs (Smith and Jones, 2021). Sheep (Ovis
aries) were first domesticated in Southwest
and Central Asia around 8,000-10,000 years
ago and are particularly suited to arid and
semi-arid regions where cattle productivity is

limited (Zeder, 2020). In Nigeria’s
predominantly  extensive  small-ruminant
sector, seasonal feed shortages impose

nutritional stress, contributing to post-weaning
mortality rates of 30—40 percent (Adeyemi and
Okoro, 2022). Early-life undernutrition not
only reduces survival but also impairs growth
performance and carcass yield. Carcass traits
and by-products remain sensitive indicators of
dietary adequacy and feeding regimen
(Nguyen and Lee, 2020). Escalating costs of
conventional concentrates have prompted
exploration of abundant fibrous residues
estimated at over 340 million tonnes annually
in Africa as alternative feed resources (FAO,
2021). Millet panicle husk, a by-product of
dehulling operations in Northern Nigeria, is
largely underutilized despite its potential as
ruminant, poultry, and swine feed (Heuzé et
al., 2015). Urea treatment enhances crude
protein content and disrupts lignocellulosic
bonds via ammonia-mediated alkalization,
improving  palatability  and ruminal
digestibility (Aruwayo et al., 2023). Ensiling
further conserves and augments the nutritive
value of fibrous feeds, increasing voluntary
intake in sheep and goats (Babayemi and
Oluwaseun, 2021).

Haematological and serum biochemical
indices are established, noninvasive markers
for monitoring nutritional status, immune
competence, and physiological stress in
livestock (Evans et al., 2022; WHO, 2019).

Reference values have been updated for cattle,
sheep, and goats to reflect current breeds and
management practices (Khan et al., 2021;
Olawale and Ayoade, 2020). This study
evaluates the haematological and biochemical
responses of Uda sheep fed ensiled, urea-
treated millet panicle husk to determine its
efficacy as a sustainable feed resource.

Materials and Methods

Experimental site

The study was carried out at the Livestock
Teaching and Research Farm of Adamu Augie
College of Education, Argungu, Kebbi State.
Argungu serves as the headquarters of
Argungu Local Government Area of Kebbi
State, established in 1976. It is also the seat of
the Argungu Emirate Council, which has
existed since 1515, founded by Muhammadu
Kanta. Argungu LGA is situated between
latitudes 12°30'0" N and 12°50'0" N and
longitudes 4°10'0" E to 4°50'0" E, at an
elevation of 241 meters above sea level
(Usman et al., 2022).

Procurement of Experimental Ingredients
The millet panicle husks were obtained from
farms and threshing stations within the
Argungu axis of Kebbi State. Supplementary
feed components, including soybean, wheat
offal, cowpea husks, urea, and common salt,
were procured from the Argungu central
market.

Silage Preparation:

The millet panicle husk was ensiled with urea
following a specific procedure described by
Roy and Rangnekar (2006). Urea was
dissolved in water, sprinkled on the husk, and
ensiled for 21 days using a 1000-liter plastic
water reservoir as a silos. The silos were sealed
with polythene sacks and left open for three
days to allow ammonia gas to escape before
being mixed with other ingredients for animal
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feed.

Table 1: Gross Composition of Ensiled
Urea-Treated Millet Husk

Ingredient Quantity

Millet panicle Husk 100 kg

Urea 4 kg

Clean Water 60 L
Source: Adapted from Roy and Rangnekar

(2006)

Experimental Diet Formulation and Design
A total of four complete diets were formulated
as a replacement for cowpea husk in the ration
of growing Uda rams. The inclusion levels of

Table 2: Gross Composition and Nutrient
Estimates of Experimental Diets (%)

Ingredients

T1(0%) T2 (10%) T3 (20%) T4
(30%)

Urea-Ensiled Millet husk 0
10 20 30

Cowpea Husk 30
20 10 0

Wheat Offal 35
35 35 35

Soybean meal 24
24 24 24

Common salt 1
1 1 1

Total

100 100 100 100
Calculated Chemical Analysis

ME (%)

2146.14 2060.27 1587.03
1573.75

CP (%)

13.21 12.70 12.23

11.59

CF (%)

27.65 28.40 30.19

31.45
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ensiled millet husk were set at 0%, 10%, 20%,
and 30%, corresponding to treatments T1, T2,
T3, and T4, respectively. Each of the four diets
was allocated to a group of four Uda rams,
resulting in a total of sixteen animals. The
feeding trial was conducted over a period of
nine weeks (63 days) using a completely
randomized design (CRD), with treatments
serving as the independent variable and each
ram representing a replicate within its assigned
group. Animals were offered their respective
diets and clean drinking water ad libitum
throughout the trial period. The gross
ingredient composition of the diets and their
calculated chemical analyses are presented in
Table 2.

Experimental Animals and Management
Sixteen Uda rams aged 12 —18 months with a
mean live weight of 18 kg were used for the
study. Before the commencement of the
experiment, the rams were given injections
consisting Oxytetracycline and Vitamin B
complex at 1ml/10 kg body weight of the
animal. The animals were also drenched with
1ml/10 kg body weight of Albendazole and
treated against ectoparasites with 0.5 ml/10 kg
of lvomec. The animals were ear-tagged for
identification and quarantined for 2 weeks.
Adequate feed and clean fresh water were
provided to the animals ad libitum.

Blood Sample Collection

Following the feeding trial, 10 mL of blood
was aseptically drawn from each ram’s jugular
vein using sterile tubes. Samples for
hematology were collected in K:-EDTA
bottles to prevent clotting, while serum
biochemistry samples were placed in plain
bottles to allow coagulation. After 30 minutes,
serum tubes were centrifuged at 3,000 x g for
10 minutes. The separated serum was aliquoted
into sterile containers and stored at —20 °C. All
procedures followed veterinary biosafety
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standards to prevent contamination (Mitchell
et al., 2023; Virginia Tech IACUC, 2017).

Haematological Analysis

Haematological parameters were evaluated
using established methods by Mitruka and
Rawnsley (1977), Schalms et al. (1975), and
Kelly (1979). Packed cell volume (PCV) was
measured by microhematocrit centrifugation,
while  hemoglobin  concentration  was
determined via the cyanmethemoglobin
technique. Red and white blood cell counts
were manually performed using a Neubauer
hemocytometer following dilution in Natt—
Herrick solution to enhance cell visibility.
These procedures reflect current standards in
ruminant diagnostics and offer key indicators
of animal health (Fanta et al., 2024; Ortin et
al., 2025). Biochemical Analysis

Serum biochemical parameters were assessed
using standardized clinical chemistry methods.
Total protein was measured via the biuret
assay, while albumin was quantified using the
bromocresol green dye-binding technique.
Globulin was calculated by subtracting
albumin from total protein, and the albumin-to-
globulin (A/G) ratio was derived accordingly.
Renal  function indicators—blood urea
nitrogen  (BUN) and creatinine—were
determined using enzymatic urease—glutamate
dehydrogenase and modified Jaffé methods,
respectively. Glucose levels were measured
enzymatically via the hexokinase—glucose-6-
phosphate dehydrogenase assay, and total
cholesterol was assessed using cholesterol
oxidase—peroxidase reagents. All analyses
employed species-specific commercial Kits
and adhered to manufacturer protocols to
ensure precision and reliability (Whitbread et
al., 2024; IDEXX Laboratories, 2024).

Statistical Analysis
Data were analyzed using one-way ANOVA in
SAS/ISTAT software (Version 9.4; SAS

342

Institute Inc.), and treatment means were
compared using Duncan’s multiple range test.

Results and Discussions

The haematological responses of Uda rams fed
diets containing graded levels of ensiled urea-
treated millet panicle husk meal are presented
in Table 1.4. Significant differences (P < 0.05)
were observed in haemoglobin (Hb), packed
cell volume (PCV), white blood cell (WBC)
count, and eosinophil levels, while other
indices including red blood cells (RBC), mean
corpuscular  hemoglobin  (MCH), mean
corpuscular volume (MCV), mean corpuscular
haemoglobin concentration (MCHCQ),
monocytes, lymphocytes, and basophils
remained unaffected (Adepoju and Yusuf,
2024; Zhao et al., 2024). Haemoglobin
concentrations ranged from 11.30 g/dL (T3) to
12.50 g/dL (T1), aligning with reference
values for tropical sheep (Mahmud, 2024;
Alabi and Ososanya, 2024). The elevated Hb
in T1 suggests enhanced erythropoiesis, likely
due to improved nitrogen utilization (Nguyen
and Tran, 2024). PCV values (33.42-37.38%)
exceeded those reported for West African rams
(Abdullahi et al., 2023) but remained within
physiological norms (Radostits et al., 2022),
indicating increased erythrocyte mass and
oxygen transport capacity (Fanta et al., 2024).
White blood cell counts were higher in T2
(5.68 x 10°uL), suggesting mild
immunostimulation  without inflammation,
consistent with improved rumen function
(Zhao et al., 2024). Eosinophil levels were
highest in T1 (0.75 x 10°L), possibly
reflecting minor antigenic stimulation under
the basal diet (Adepoju and Yusuf, 2024).
Basophil counts (0.02-0.03 x 10°/L) remained
stable across treatments, consistent with their
limited role in ruminant immunity (Tuncer,
2021). RBC counts (8.76-9.50 x 10?/L), MCH
(8.75-9.40 pg), MCV (30.18-30.76 fL), and
MCHC (32.29-32.61 g/dL) remained within
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normal ranges (Merck Veterinary Manual, indicating preserved erythrocyte integrity and
2024; Mahmud, 2024; Arekatla et al., 2021), haemoglobin synthesis.
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Table 3: Haematological Parameters of Uda Rams Fed Graded Levels of
Ensiled Urea-Treated Millet Panicle Husk Meal

Parameter T1 T2 T3 T4 SEM Ref. Range
Haemoglobin (g/dL) 12.50° 11.75% 11.30° 11.60° 0.28 9-15
PCV (%) 37.38%  35.30% 33.42° 34.80* 1.30 27 — 45
RBC (x10¢/uL) 9.39 911 876 950  0.28 9-15
MCH (pg) 9.22 931 875 940 0.67 8-12
MCYV (fl) 3050 30.18 3140 30.76 0.55 28 — 40
MCHC (g/dL) 3261 3250 3250 3229 045 31-34
WBC (x10%L) 418> 568 470" 431° 033 4-12
Monocytes (x10%L) 0.75 073 .. 0.71 - .0.70 “Semua 0-0.8
Lymphocytes (x10%L) 2.31 240 232 238 0.28 2-9
Eosinophil (x10%/L) 0.75*  0.41° 0.44° 0.38"° 0.09 3-8
Basophils (x10%L) 2.60 250 270 234 0.25 0-1

Note: ab = means in the same rows with different superscripts are significantly different (P <

0.05) at 5%.

Table 4 presents the serum biochemical
responses of Uda rams fed diets containing
graded levels of ensiled urea-treated millet
panicle husk meal. No significant differences
(P > 0.05) were observed in serum albumin,
globulin, total protein, high-density lipoprotein

mmol/L) and LDL-C (0.80-0.89 mmol/L)
remained within expected ranges (Smith et al.,
2022), indicating preserved lipid transport and
metabolism.  In  contrast, triglycerides
decreased significantly with husk inclusion
(0.70-0.85 mmol/L vs. 1.17 mmol/L in

cholesterol (HDL-C), and low-density  controls), possibly reflecting altered energy
lipoprotein  cholesterol  (LDL-C) urea  metabolism or reduced hepatic VLDL
concentrations. ~ However,  triglycerides,  synthesis (Lin et al., 2023).

creatinine, and total cholesterol showed Creatinine levels varied significantly (P <

significant effects (P < 0.05). Serum albumin
ranged from 2.17 to 2.41 g/dL, below the ovine
reference range (2.4 — 3.0 g/dL) (Merck
Veterinary Manual, 2024), suggesting mild
hypoalbuminemia potentially linked to limited
dietary protein or hepatic stress (Yuan et al.,
2023). Globulin levels (3.61-3.87 g/dL)
remained within normal limits, indicating

0.05), declining to 85.7 pmol/L at 20%
inclusion before rising to 90.1 pumol/L at 30%,
though all values remained within the normal
range (70-150 pumol/L) (Kebede and
Gebremariam, 2022). These fluctuations may
indicate changes in muscle turnover or renal
function under high-fiber diets. Total
cholesterol peaked at 1.95 mmol/L in the 10%

stable humoral immunity. Total protein  husk group and dropped to 1.11 mmol/L at
declined with increasing husk inclusion, 20%, with control and 20% values slightly
reaching 5.82 g/dL at 20%, below the  below the ovine reference (1.2-2.0 mmol/L)
recommended 6.7-8.4 g/dL range, (Nguyen and & Tran, 2024). Serum urea

highlighting the need for additional rumen-
degradable protein (Adepoju and Yusuf,
2021). Lipoprotein concentrations were
unaffected by treatment. HDL-C (0.64-0.77

remained stable (3.62-3.81 mmol/L),
suggesting  efficient ruminal ammonia
utilization and hepatic ureagenesis (Zhang et
al., 2024).
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Table 4: Biochemical Parameters (Serum Chemistry) of Uda Rams Fed Graded Levels of Ensiled
Urea-Treated Millet Panicle Husk Meal

Parameter T1 T2 T3 T4 SEM Ref. Range
Albumin (g/dI) 241 238 217 230 0.39 2.4 3.0
Globulin (g/dI) 387 361 365 3.65 0.38 3.6 4.9
Total protein (g/dl) 6.28 5.99 5.82 5.95 0.62 6.7 —9.02
HDL (mmol/L) 077 065 0.68  0.64 0.11 > 1.0°
LDL (mmol/L) 085 080 0.89  0.80 0.09 <3.0°
Tryglycerides (mmol/L) 1.17%¢ 0.70° 0.77° 0.85°  0.08 0.45—1.81*
Creatinine (umol/L) 103.00° 95.20%® 85.70° 90.11° 2.79 53 — 106°
Cholesterol (mmol/L) 1.25°  1.95%  1.11° 1.43%® 0.18 1.3-1.97¢
Urea (mmol/L) 370 362 376 381 050 2578

a,b,c: Means in the same row with different superscripts are significantly (P < 0.05) different.

The decline in serum protein and energy-
related metabolites at higher levels of ensiled
urea-treated millet panicle husk meal suggests
a nutritional imbalance, likely due to poor
synchronization of nitrogen and energy release
in the rumen. This mismatch can impair
microbial protein synthesis and reduce
metabolic efficiency, especially in diets rich in
fibrous by-products with limited fermentable
substrates (Zhang et al., 2020).

To address this, targeted supplementation is
recommended. Increasing rumen-degradable
protein (RDP) through sources like urea,
soybean meal, or alfalfa improves nitrogen
availability for microbial growth and enhances
nitrogen utilization (Tang et al., 2025).
Adjusting the RDP-to-rumen-ungradable
protein (RUP) ratio also supports digestibility
and microbial protein synthesis, even under
low crude protein conditions.

Adding readily fermentable carbohydrates
(RFCs) such as molasses, maize, or citrus pulp
provides energy to fuel microbial activity.
When balanced with adequate nitrogen, RFCs
improve fermentation and microbial efficiency
(Zhang et al., 2020). However, excessive
RFCs may lower rumen pH and inhibit fiber
digestion, requiring careful formulation
(Owens et al., 1998).

343

Integrating rumen-degradable protein (RDP)
and readily fermentable carbohydrate (RFC)
sources promotes a more synchronized rumen
environment, improving nutrient absorption
and metabolic outcomes. This strategy
enhances the value of millet husk-based diets
and supports sustainable ruminant production.
Further research should explore optimal
combinations and inclusion rates across
different physiological stages.

Conclusion

This study confirms that ensiled urea-treated
millet panicle husk meal (EUTMPHM) can be
safely included in the diets of growing Uda
rams at levels up to 30% without negatively
affecting blood health or serum biochemistry.
Key haematological markers such as RBC,
MCV, MCH, MCHC, and immune cells
remained within normal ranges, indicating
stable blood formation and immune function.
Moderate inclusion levels even improved
haemoglobin, PCV, and WBC counts,
suggesting better oxygen transport and mild
immune stimulation.

Serum biochemistry showed that lipid
metabolism and kidney function remained
unaffected, with HDL-C, LDL-C, creatinine,
and urea within healthy ranges. However,
higher inclusion rates resulted in decreased
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serum albumin, total protein, triglycerides, and
cholesterol, indicating possible deficiencies in
protein quality and energy content.

Recommendation

Ensiled urea-treated millet panicle husk meal
(EUTMPHM) can be safely incorporated into
Uda sheep diets at inclusion levels of up to
20%, without compromising haematological
or biochemical health indices. This inclusion
rate offers a practical and nutritionally viable
alternative to cowpea husk in small ruminant
feeding systems.

References

Adeyemi, O. A. and Okoro, E. (2022).
Seasonal feed availability and sheep
mortality in northern Nigeria. Journal of
Small Ruminant Research, 45(2), 123—
129.

Arigbede, O. M., Anele, U. Y., Aderinboye, R.
Y., Dele, P. A. and Oni, A. O. (2011).
Dry matter and protein degradabilities of
some feed ingredients sold in Abeokuta,

Ogun State, Nigeria. Journal of
Agricultural Science and Environment,
11(1), 1-12.

Aruwayo, A., lbrahim, H. and Musa, A.
(2023). Urea treatment effects on millet
husk digestibility in sheep. Animal
Nutrition, 9(1), 23-30.

Babayemi, O. J. and Oluwaseun, S. (2021).
Ensiling crop residues for small
ruminant feeding in Nigeria. Tropical
Animal Health and Production, 53(8),
456-462.

Broderick, G. A. (2003). Effects of varying
dietary protein and energy levels on the
production of lactating dairy cows.
Journal of Dairy Science, 86(4), 1370-
1381.

Coles, E. H. (2015). Veterinary clinical
pathology (6th ed.). Elsevier.

344

Evans, P. R., Smith, L. J. and Martinez, A.
(2022). Blood biomarkers of nutritional
status in ruminants. Veterinary Clinical
Pathology, 51(3), 201-210.

Fanta, Y., Kechero, Y. and Yemane, N. (2024).
Hematological parameters of sheep and
goats fed diets containing various
amounts of water hyacinth (Eichhornia
crassipes). Frontiers in Veterinary
Science, 11, 286563.

Food and Agriculture Organization. (2021).
Global crop residue production and
utilization. FAO. Retrieved from
https://www.fao.org

Heuzé, V., Tran, G. and Lebas, F. (2015).
Millet bran and husk. Feedipedia.
Retrieved from
https://www.feedipedia.org/node/720

IDEXX Laboratories. (2024). Complete
chemistry panel interpretation guide.
Retrieved from IDEXX Chemistry Panel
Guide

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

Kaps, M. and Lamberson, W. R. (2017).
Biostatistics for animal science (3rd ed.).
CABI Publishing.

Kelly, W.R. (1979). Veterinary Clinical
Diagnosis. 2nd Edition, Bailliere Tindall
London. pp. 266 — 267.

Khan, M., Ali, R. and Khan, H. (2021).
Haematological  and biochemical
reference values for sheep and goats.
Small Ruminant Research, 198, 106—
113.

Millam, J. J., Kosontyav, J., Mohammed, I. D.,
Abbaya, H. Y., Bello, S. S. and John, P.
A. (2018). Development of feeding
regimes with some crop residues: maize
offal, cowpea husk, poultry litter and
groundnut haulms in a semi-arid



https://www.fao.org/
https://www.feedipedia.org/node/720
https://www.idexx.com/media/filer_public/93/b7/93b7a46f-79e9-4a85-ade9-5042269e6cb2/english_comp_chem_mdb-analytes.pdf
https://www.idexx.com/media/filer_public/93/b7/93b7a46f-79e9-4a85-ade9-5042269e6cb2/english_comp_chem_mdb-analytes.pdf

3
S x  p-ISSN: 1595-5776

T RIS JOURNA, O AGRICUI TR, NI NATUIR AL, SCHINCIS, (K8 ANS) o o
September, 2025: Volume 1, Issue 2 : 338-346 [ g :

AAAAAAA

environment of Nigeria. Nigerian
Journal of Animal Science, 20(3), 213—
222.

Mitchell, B., Neary, M. and Kelly, G. (2023).
Blood sampling in sheep (AS-557-W).
Purdue University Extension. Retrieved
from Purdue University Extension guide

Mitruka, B. M. and Rawnsley, H. M. (1977).
Clinical Biochemical and
Haematological reference values in
normal experimental animals Masson
Publishing New York.

Nguyen, T. H. and Lee, M. K. (2020). Diet and
carcass traits in small ruminants: A
review. Journal of Animal Science,
98(5), skaal27.

Nocek, J. E. and Russell, J. B. (1988). Protein
and energy as an integrated system:
Relationship of ruminal protein and
carbohydrate availability to microbial
synthesis and milk production. Journal
of Dairy Science, 71(8), 2070-2107.

Olawale, O. A. and Ayoade, J. M. (2020).
Hemato-biochemical indices as health
indicators in Nigerian small ruminants.
Nigerian Journal of Animal Science,
43(1), 1-10.

Ortin, A., Villanueva-Saz, S. and Navarro, T.
(2025). Hematological analysis in
ruminants. In Encyclopedia of Livestock
Medicine for Large Animal and Poultry
Production (pp. 1-8). Springer.

Owens, F. N., Secrist, D. S., Hill, W. J. and
Gill, D. R. (1998). Acidosis in cattle: A
review. Journal of Animal Science,
76(1), 275-286.

SAS Institute Inc. (2018). SAS/STAT software
(Version 9.4) [Computer software]. SAS
Institute Inc.

SAS Institute Inc. (2025). SAS/STAT® 15.3
user’s guide: The complete statistical
procedures. Cary, NC: SAS Institute.
Retrieved from SAS/STAT Software
Overview

Satter, L. D. and Slyter, L. L. (1974). Effect of
ammonia concentration on rumen
microbial protein production in vitro.
British Journal of Nutrition, 32(2), 199-
208.
https://doi.org/10.1079/BJN19740073

Schalms, O. W., Jane, N. C. and Carot, E. J.
(1975). Veterinary Haematology. Lea
and Febiger, Philadelphia pp. 15 — 18.

Smith, J. D. and Jones, P. L. (2021). Prospects
of micro-livestock for sustainable meat
production. Global Food Security, 29,
100-107.

Tang, Q., Shao, P., Wen, C., Bu, Z., Qin, G,
Huang, Y. and Zou, C. (2025). Effects of
dietary rumen-degradable protein on the
growth  performance, energy, and
nitrogen metabolism of dairy buffalo
heifers. Tropical Animal Health and
Production, 57, Article 245.

Tietz, N. W., Pruden, E. L. Siggaard-
Andersen, O. (2018). Tietz textbook of
clinical chemistry and molecular
diagnostics (6th ed.). Elsevier.

Van Soest, P. J. (1994). Nutritional ecology of

the ruminant (2nd ed.). Cornell
University Press.
Virginia Tech IACUC. (2017). Standard

operating procedure: Blood collection in
sheep. Office of the University
Veterinarian. Retrieved from Virginia
Tech SOP document

Weiss, D. J. and Wardrop, K. J. (2015).
Schalm’s veterinary hematology (7th
ed.). Wiley-Blackwell.

Whitbread, T. J., Post, K. W. and Hendrix, C.
M. (2024). Clinical biochemistry. In
Merck Veterinary Manual (Updated Sept
2024). Retrieved from Merck Veterinary
Manual



https://extension.purdue.edu/extmedia/AS/AS-557-W.pdf
https://www.sas.com/en_us/software/stat.html
https://www.sas.com/en_us/software/stat.html
https://doi.org/10.1079/BJN19740073
https://ouv.vt.edu/content/dam/ouv_vt_edu/sops/large-animal/sop-sheep-blood-collection.pdf
https://ouv.vt.edu/content/dam/ouv_vt_edu/sops/large-animal/sop-sheep-blood-collection.pdf
https://www.merckvetmanual.com/clinical-pathology-and-procedures/diagnostic-procedures-for-the-private-practice-laboratory/clinical-biochemistry
https://www.merckvetmanual.com/clinical-pathology-and-procedures/diagnostic-procedures-for-the-private-practice-laboratory/clinical-biochemistry

.

3 KB JOURNAT, OF AGRICUTURE AND NATUR AL SCINCES (KEVAANS) /g i,
September, 2025: Volume 1, Issue 2 : 338-346 [l g ?
~ “&  p-ISSN: 1595-5776

AAAAAAA

World  Health  Organization.  (2019). Zhang, J., Zheng, N., Shen, W., Zhao, S. and

Nutritional assessment: Blood Wang, J. (2020). Synchrony degree of
parameters. WHO. dietary energy and nitrogen release
Zeder, M. A. (2020). Origins of sheep influences microbial community,
domestication: New insights. European fermentation, and protein synthesis in a
Journal of Archaeology, 23(4), 573-589. rumen simulation system.

Microorganisms, 8(2), 231.

346



