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Abstract

The objective of this study was to formulate total mixed ration (TMR) for lactating dairy cows that include coconut oil (CO) and
adjusted neutral detergent fibre (NDF) to ensure that every bite consumed by the animal is nutritionally balanced with potential
of greenhouse gases mitigation. Therefore, it was hypothesized that inclusion of CO up to 6% in TMR, with proportional
reduction in NDF, would reduce greenhouse gases without adversely affecting the nutritive composition of the diets. Forage-
based diet was used as a control (T1) compared to TMR that incorporated coconut oil at 0, 2, 4 and 6% with adjusted NDF at
47.66%, 41.64%, 34.67% and 29.01% levels as T2, T3, T4 and TS5 respectively. Rhodes grass (Chloris gayana) hay, wheat bran,
maize germ, sunflower meal, canola meal, and a mineral premix were ingredients used and analyzed using Proxime and Van
Soest procedures for chemical composition of the diets. Parameters analyzed: dry matter (DM), crude protein (CP), ether extract
(EE), ash, neutral detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL), calculated non-fibre
carbohydrates (NFC), gross energy (GE), and mineral content. Statistical analysis was done using SAS, 9.4 (2002) considering
Complete Randomized Design (CRD) with Tukey at 5% significance. Results demonstrated that all nutritive parameters were
higher in the TMR diets than in the forage-based diet, while meeting the nutrient requirements of lactating dairy cows. Within
the TMR diets, DM, 45.6-46.1%; CP, 17.9-19.3%; and GE, 17.9-18.7 MJ kg ') did not differ significantly (P > 0.05). However,
NFC was significantly higher in T4, 22.9% and T5, 23.4% than in T2, 13.5% and T3,12.9% (P < 0.05). Ether extract and NDF
differed significantly (P < 0.05) among all diets, reflecting the intended increase in CO inclusion and proportional reduction in
NDF. Concentrations of calcium (Ca), phosphorus (P), magnesium (Mg), sodium (Na), and chlorine (CI) were significantly lower
(P < 0.05) in the TMR diets than in the forage-based diet. The findings demonstrate that TMRs supplemented with up to 6%
coconut oil and proportionally adjusted NDF can satisfy the recommended nutrient requirements of lactating dairy cows despite
their relatively lower mineral concentrations. Therefore, supplemental mineral blocks are recommended during feeding to ensure
adequate mineral intake without compromising rumen function, milk production, or animal health.

Keywords

Coconut Oil Inclusion, Total Mixed Ration, Nutritive Value

‘Correspondence: Antonio Jaime Manhique (manhiqueantonioi@gmail.com)

Received: 10 August 2026; Accepted: 18 August 2026; Published: 9 November 2026

® Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
|@ | under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/sdnutr
http://www.sciencepg.com/journal/sdnutr
http://www.sciencepg.com/journal/580/archive/5800102
http://www.sciencepg.com/
https://orcid.org/0000-0002-8761-7630
https://orcid.org/0000-0001-5203-573X
https://orcid.org/0000-0001-5529-7145
https://orcid.org/0000-0002-7724-4455

Science Discovery Nutrition

https://www.sciencepg.com/journal/sdnutr

1. Introduction

Ruminant production in developing Countries depend
largely on natural forage resources, whose availability fluctu-
ates seasonally throughout the year [1]. However, the nutri-
tional requirements of livestock are often not met because sea-
sonal forage shortages, poor forage quality, and reduced di-
gestibility, exacerbated by climate change, limit nutrient sup-
ply. Consequently, alternative feed resources are required to
overcome these constraints, satisfy animal nutrient require-
ments, sustain productivity, and contribute to food security in
response to increasing global population growth.

Meeting the nutrient requirements of dairy cows is essential
for improving productivity, maintaining animal health, and
enhancing the sustainability of dairy production systems. Feed
ingredients of both plant and animal origin vary considerably
in their nutritive value depending on factors such as species,
stage of maturity, season, and soil fertility. This variability
must be accurately accounted for during feed formulation to
ensure that diets provide adequate nutrients to meet the phys-
iological requirements of dairy cows. Nutritional factors such
as fibre content, nutrient density, digestibility, and anti-nutri-
tional compounds directly influence feed intake, nutrient uti-
lization, and animal performance. Appropriate nutrient supply
is closely associated with growth, health, milk production, and
overall feeding efficiency [2]. Conversely, inadequate nutrient
provision compromises productivity and increases the suscep-
tibility of animals to disease.

The dairy industry requires precise nutritional management
to optimize animal performance while minimizing environ-
mental impacts. Among the major dietary components, fibre
and crude protein have a direct influence on feed intake, ru-
men microbial activity, nutrient utilization, and ultimately
milk production. Structural carbohydrates, particularly neutral
detergent fibre (NDF), acid detergent fibre (ADF) and acid
detergent lignin (ADL), are important indicators of fibre qual-
ity and digestibility and can guide decisions regarding feed
processing or pretreatment when necessary. Considering the
variability in feed ingredients and the changing nutrient re-
quirements of dairy cows, chemical analysis of feedstuffs and
formulated diets is essential for accurate ration formulation.
Proximate analysis provides a reliable method for determining
nutrient composition and ensuring that diets meet nutritional
requirements while minimizing nutrient losses to the environ-
ment.

Proximate analysis provides quantitative information on the
chemical composition and nutrient density of feed ingredients,
thereby supporting accurate ration formulation to meet the
high metabolic demands of lactating dairy cows. In this study,
feed ingredients including coconut oil, Boma Rhodes (Chloris
gayana) hay, maize silage, maize bran, maize germ, soybean
cake, and canola meal were analysed because of their diverse
nutritional characteristics. The nutrient composition of these
ingredients and the formulated total mixed rations (TMR) was
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determined using proximate analysis to quantify dry matter
(DM), crude protein (CP), ether extract (EE), ash, and calcu-
lated non-fibre carbohydrates (NFC). Structural carbohydrate
fractions, including neutral detergent fibre (NDF), acid deter-
gent fibre (ADF), and acid detergent lignin (ADL), were de-
termined using the method of Van Soest [3].

Coconut oil was included as a dietary supplement because
of its potential to increase dietary energy density. It is a rich
source of medium-chain saturated fatty acids that can improve
nutrient digestibility and reduce enteric methane emissions
through anti-methanogenic mechanisms [4, 5]. However, the
effects of coconut oil on animal performance depend on fac-
tors such as dietary fibre concentration, diet composition, and
inclusion level. Therefore, analysing the chemical composi-
tion of coconut oil alongside the other dietary ingredients is
essential for predicting its effects on animal performance and
productivity [6].

The aim of this study was to determine the effects of coco-
nut oil supplementation and adjusted dietary fibre levels on
the nutritional composition of total mixed rations for lactating
dairy cows, with particular emphasis on ether extract (EE) and
neutral detergent fibre (NDF) as the primary response varia-
bles. It was hypothesized that the inclusion of coconut oil
combined with reduced dietary fibre would increase the en-
ergy density of the diets while decreasing NDF concentration
without compromising the nutrient requirements of lactating
dairy cows.

2. Materials and Methods

2.1. Experimental Site

Analysis was carried out at Laboratory of the Department of
Animal Sciences, Egerton University Njoro Main Campus,
Kenya. The main campus is situated at an approximate longi-
tude of 35=35' East and latitude of 023" South, situated at an
altitude of about 2,238 meters above sea level. Egerton Univer-
sity is located approximately 25 km southwest of town of Na-
kuru and 182 Km to Nairobi, the capital city in Kenya [7].

2.2. Feed Preparation and Sampling

Coconut oil as the main ingredient for research was pur-
chased from a traditional processor in Mombasa County. Hay
used was of Boma Rhodes (Chloris gayana) and maize silage
were produced at the Beef Research Institute in KALRO-
Lanet for feeding research animals.

Other feed ingredients such as maize bran, maize germ,
soybean meal, canola meal and minerals and vitamins premix
were acquired from the local feed manufacturer in Nakuru
County and kept in the store for total mixed ration formulation.

Total mixed ration diets were composed of Boma rhodes


http://www.sciencepg.com/journal/sdnutr

Science Discovery Nutrition

https://www.sciencepg.com/journal/sdnutr

(Chloris gayana) hay, maize bran, maize germ, soybean cake,
canola meal, and used as the primary experimental feeds, sup-
plemented with coconut oil (CO) at inclusion levels of up to 6%
as follows: T1-forage diet, T2- TMR+0% of CO, T3- TMR+2%
of CO; T4-TMR+4% of CO and T5-TMR+6% of CO with die-
tary fibre (NDF) in each treatment of TMR respectively 47.66%,
41.64%, 34.61% and 29.013%. Proximate analysis was per-
formed in the following parameters: Dry matter (DM), crude
protein (CP), ether extract (EE), gross energy (GE), Ash, and
Van Soest [3] method for neutral detergent fibre (NDF), acid
detergent fibre (ADF), acid detergent lignin (ADL). All diets
were formulated to meet lactating cow’s nutrient requirement at
mid-lactation [8].

2.3. Analytical Procedures

The samples were weighed, oven-dried at 60°C for 24 hours
and ground using a Wiley mill through a 1 mm sieve. Samples
were analysed for nutrient composition following the proce-
dure recommended [9]. Dry matter (DM) was determined us-
ing the AOAC international method 930.15. Ankom 200 fibre
Analyzer was used to determine fibre content following Van
Soest procedure on neutral detergent fibre (NDF) content by
adding heat-resistant a-amylase and sodium sulphite, after
which determination of acid detergent fibre (ADF) was deter-
mined using, and Acid detergent lignin (ADL) after igniting
the sample at 500°C during 4 hours [3].

Gross energy was determined using a bomb calorimeter.
Ether Extract (EE, method 920.39) was determined using
Soxhlet apparatus and extractor (FOSS, Hoganas, Sweden),
and ash was measured by incinerating at 550°C for 4 hours
using a muffle furnace (method 942.05). Crude protein con-
tent was analyzed using the Kjeldahl digestion unit (method
990.03), and the total nitrogen multiplied by a conversion fac-
tor 6.25x N content. Non-fibrous carbohydrates (NFC) were

calculated using the formula number 1 as suggested by Weiss
& Tebbe [10].

NFC=100- (NDF+ CP+ EE+ Ash)

2.4. Statistical Analysis

All parameters were subjected to analysis variance
(ANOVA). General Linear Model procedure was used in the
SAS 9.4 (Statistical Analytical System, Institute Inc., Cary,
NC, (2020) following Randomized Complete Design (CRD).
The statistical model was specified as

Yij =p +ti+eij

where Yij = effect of the diet (nutrient output)

L= overall mean effect

ti = true effect of the (Ti) diet

eij = error term of the (Y]j)

The means results (variable response) were obtained using
LSMeans syntax and separated adopting significant effect at
5% using Tukey’s test.

3. Results

The chemical composition of the feed ingredients used in
the formulation of the experimental diets is presented in Table
1. Rhodes grass hay exhibited the highest neutral detergent fi-
bre (NDF) concentration (65.54%), followed by wheat bran
(52.94%) and sunflower cake (45.97%), whereas canola cake
had the lowest NDF content (32.49%). Sunflower cake con-
tained the highest CP (33.39%) among the protein supple-
ments, followed by canola cake, 29.69%. Coconut oil con-
sisted almost entirely of ether extract, 99.0%.

Table 1. Nutritive value of the ingredients.

Nutrients
Ingredients

DM (%) GE (MJ/kg) CP (%)
Wheat Bran 94.856 16.211 14.448
Canola cake 94.684 17.704 29.687
Sunflower Cake 94.984 18.335 33.39
Maize Germ 94.007 20.908 15.641
Rhodes grass ha 97.305 16.901 8.862
Coconut oil
Silage 33.05 17.900 7.420

NDF (%)  ADF(%) ADL(%) EE(%)  Ash (%)
52.935 16.134 3.184 3.942 4.739
32.486 19.503 5.566 4.946 4.619
4597 23.405 4.765 9.334 5.07
33.699 15.239 1.892 3.397 3.121
65.539 42.744 4.677 1.849 7.46
99.00
43.550 25.201 3.103 2.722 4.191

DM=Dry Matter; GE=Gross energy; CP=Crude Protein; NDF= Neutral Detergent Fibre; ADF=Acid Detergent Acid; ADL=Acid Detergent

Lignin; EE=Ether Extract
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The composition of the experimental diets is shown in Ta-
ble 2. Four total mixed rations (TMR) were formulated with
graded levels of coconut oil, 0, 2, 4 and 6% of dietary dry mat-
ter, while the control treatment consisted of the conventional
forage-based diet under ranching condition. Coconut oil was

included as the experimental factor, and all TMR diets were
formulated to be comparable in crude protein and energy sup-
ply while varying primarily in dietary fat concentration and
fibre content.

Table 2. Experimental diet composition.

Treatments
Ingredients

T1-Control T2-TMR+0CO T3-TMR+2CO T4-TMR+4CO T5-TMR+6CO
Chloris gayana (hay) 31.21 30.30 23.00 13.50
Wheat bran 12.61 12.10 14.70 16.00
Maize germ 21.97 20.60 25.20 31.38
Canola meal forage 12.79 13.00 14.80 14.20
Sunflower meal 20.41 21.00 17.30 17.92
Coconut oil 0 2 4 6
Premix (Min +vitam)' 1 1 1,00 1
Total (% TMR+CO) 100 100 100 100

Maize Silage 33.05% as fed

Total (% DM)

(33.05%) 5.33
28.65

(33.05%) 5.33
45.44

(33.05%) 5.73
46.07

(33.05%) 5.46
45.57

(33.05%) 5.31
45.195

1-mineral blocks (sodium chloride, calcium, phosphorus, magnesium, copper, manganese, zinc, cobalt, iodine, selenium, molybdenum); vita-
min A, D3, and E. TMR- Total Mixed Ration; CO-coconut oil, 2,4 and 6 percent of coconut oil inclusion in diets. Control* = forage from
grazing animal composed by grass with some legumes

The nutrient composition of the experimental diets is presented in Table 3. Dry matter (DM) content was significantly lower
(P < 0.05) in the control forage diet, 28.65% than in the TMR diets, which ranged from 45.20 to 46.07% DM and did not differ
significantly from one another (P > 0.05).

Table 3. Nutritive composition of the experimental diets.

Treatments

Nutrient SEM P -Value
T1-Control T2-TMR T3-TMR T4-TMR T5-TMR

+0CO +2CO +4CO +6CO
DM (%) 28.653% 45.440° 46.070° 45.570* 45.1952 +0.545 0.0001
CP (%) 15.138° 17.940* 18.7502 18.800° 19.300* +0.147 0.0001
GE (MJkg) 11.536° 17.890? 17.5912 18.2082 18.667% 0.727 0.0014
NFC!(%) 14.353b 13.538° 12.8701° 22.857* 23.359° +0.563 0.0001
EE (%) 1.934¢ 1.900¢ 3.950° 5.300° 7.5002 +0.043 0.0001
Ash (%) 8.386° 5.900¢ 5.4954 7.337° 10.6422 +0.058 0.0001
NDF (%) 50.7752 47.656° 41.635¢ 34.600¢ 29.013¢ +0.420 0.0001
ADF (%) 38.147% 34.735° 35.9982 27.834¢ 23.703¢ +0.352 0.0001
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Treatments
Nutrient T1-Control T2-TMR T3-TMR
+0CO +2CO
Ca (%) 3.733¢2 0.125% 0.122°
P (%) 2.8172 0.342° 0.334°
Mg (%) 1.890? 0.162° 0.175°
Na (%) 3.067* 0.015° 0.014°
Cl (%) - 0.075° 0.073%

SEM P -Value

T4-TMR T5-TMR

+4CO +6CO

0.376° 0.123b +0.136 0.0001
0.338b 0.354b +0.038 0.0001
0.160° 0.178> +0.009 0.0001
0.019° 0.051° +0.054 0.0001
0.0742 0.078? +0.003 0.6839

1-calculated from other analysed nutrients; NFC- Non-fibre carbohydrates; DM-Dry matter; CP-Crude protein; GE-Gross energy; EE- Ether
extract; NDF-Neutral detergent fibre; ADF-Acid detergent fibre; Ca- Calcium; P-Phosphorus; Mg- Magnesium; Na-Sodium, Cl-Chloride; TMR
- Total mixed ration; CO- coconut oil, SEM-Standard error mean- DM-Dry matter; CP-Crude protein; GE-Gross energy; EE- Ether extract;
NDF-Neutral detergent fibre; ADF-Acid detergent fibre. Different letters in the same row denote different treatment means (p<0.05).

Crude protein concentration increased from 15.1% in the
control diet to between 17.9 and 19.3% in the TMR diets (P <
0.05). Similarly, gross energy (GE) was significantly higher
in the TMR diets (17.59-18.7 MJ kgt DM) than in the control
diet (11.53 MJ kg! DM; P < 0.05). However, no significant
differences in CP or GE were observed among the TMR diets
(P > 0.05), indicating that the diets were successfully formu-
lated to be approximately iso-nitrogenous and iso-energetic
despite increasing levels of coconut oil.

Non-fibre carbohydrates (NFC), calculated as 100 — (NDF
+ CP + EE + ash), differed significantly among treatments (P
< 0.05). Diets containing 4 and 6% coconut oil, T4 and T5 had
the highest NFC concentrations, 22.86 and 23.36%, respec-
tively, whereas the control and the lower-fat TMR diets con-
tained between 12.87 and 14.35%.

As intended during diet formulation, NDF concentration
decreased progressively with increasing coconut oil inclusion,
from 47.66% in the 0% coconut oil TMR to 29.01% in the 6%
coconut oil TMR (P < 0.05). The control diet contained the
highest NDF concentration,50.78%. Acid detergent fibre
(ADF) also declined with increasing coconut oil inclusion, de-
creasing from 34.74-36.00% in the lower-fat TMR diets to
23.70% in the 6% coconut oil diet (P < 0.05).

Ether extract (EE) increased linearly with increment of co-
conut oil supplementation (P < 0.05), rising from 1.90% in the
control and 0% coconut oil TMR to 3.95, 5.30 and 7.50% in
the 2, 4 and 6% coconut oil diets, respectively. This confirms
that the dietary fat concentration increased as intended with
coconut oil supplementation.

Ash content also differed among treatments (P < 0.05), with
the highest value observed in the 6% coconut oil diet (10.64%)
and the lowest values in the 0 and 2% coconut oil diets (5.90
and 5.50%, respectively). Concentrations of calcium, phos-
phorus, magnesium and sodium were markedly higher in the
control forage diet.
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4. Discussion

The dry matter (DM) concentration of total mixed rations
(TMR) is an important determinant of feed intake, nutrient in-
take and ration uniformity. Variations in the moisture content
of individual feed ingredients, particularly silages, can alter
the overall DM concentration of the diet and consequently in-
fluence dry matter intake (DMI). In the present study, the DM
concentration of the formulated TMR diets ranged from 45.2
to 46.1%, which falls within the range of 41-68% reported for
TMR containing maize silage [11, 12]. In contrast, the forage-
based control diet contained only 28.65% DM because fresh
forage had a high moisture content. Maize silage contained
approximately 67% moisture, which substantially reduced the
DM concentration of the mixed ration. Previous studies have
shown that fluctuations in dietary moisture can affect feed pal-
atability, nutrient distribution within the TMR, sorting behav-
ior and nutrient intake [13, 14]. To minimize these effects, nu-
trient analyses in the present study were performed on a dry
matter basis, allowing diets to be formulated consistently de-
spite differences in ingredient moisture content.

As expected, increasing coconut oil inclusion progressively
increased dietary ether extract (EE) concentration from 1.9%
in the control and the TMR without coconut oil to 3.95, 5.30
and 7.50% in the diets containing 2, 4 and 6% coconut oil,
respectively. The small amount of EE in the TMR without co-
conut oil originated from oil-containing feed ingredients such
as canola cake and sunflower cake. Although the forage-based
control diet contained a similar EE concentration to the TMR
without coconut oil, its fat was derived primarily from natural
forage lipids. These findings agree with Hollmamn [15], who
reported that coconut oil supplementation increased the total
fat concentration of dairy cow diets. Similarly, Lovatti [16]
observed increased dietary fat content and improved animal
performance following supplementation with coconut oil and
palm fat. Studies by Vogel et al [17-19] likewise demonstrated
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that increasing dietary lipid supply through fat supplementa-
tion increased dietary energy density and modified milk fat
composition. Collectively, these studies suggest that moderate
inclusion of supplemental fat can enhance dietary energy con-
centration, although the long-term effects depend on the
amount and source of fat as well as interactions with dietary
fibre.

Neutral detergent fibre (NDF) concentration decreased pro-
gressively as coconut oil inclusion increased because higher-
fat diets required lower proportions of fibrous ingredients,
particularly, roughage (e.g Rhodes grass hay in this study).
Consequently, the control diet had the highest NDF concen-
tration (50.78%), followed by the TMR without coconut oil
(47.66%), whereas diets containing 2, 4 and 6% coconut oil
contained 41.64, 34.60 and 29.01% NDF, respectively.

Fibre is essential for maintaining rumen function because it
stimulates chewing activity, saliva secretion and rumen buff-
ering, thereby helping to maintain ruminal pH and reducing
the risk of digestive disorders [20, 21]. Similarly, Krongvist
[22], reported that increasing forage inclusion in TMR in-
creased dietary NDF concentration. Although reducing die-
tary fibre increases energy density, excessive reductions may
compromise rumen health if physically effective fibre be-
comes limiting. Therefore, balancing dietary fibre and supple-
mental fat is essential for maintaining rumen function while
improving dietary energy supply. Previous recommendations
suggest that dietary fat concentrations above approximately
3% can be used successfully when adequate effective fibre is
maintained in the ration [23, 24].

Non-fibre carbohydrates (NFC) were highest in the diets
containing 4 and 6% coconut oil because these diets contained
greater proportions of maize germ and lower fibre concentra-
tions. Increasing energy concentrate ingredients generally in-
creases NFC concentration and dietary energy density. How-
ever, excessive rapidly fermentable carbohydrates may in-
crease the risk of ruminal acidosis, reduced rumen motility,
laminitis and liver abscesses [25]. In the present study, ade-
quate inclusion of Rhodes grass hay and wheat bran main-
tained relatively high dietary fibre concentrations, which may
help reduce these risks despite the higher NFC content of the
diets. Schingoethe [26] similarly recommended incorporating
high-fibre ingredients into high-concentrate rations to main-
tain rumen health and optimize nutrient utilization.

The TMR diets contained approximately 18-19% of CP,
whereas the forage-based control diet contained 15.14% CP.
These values are consistent with recommendations for lactat-
ing dairy cows, where dietary CP requirements generally
range from 12 to 18% depending on milk yield and stage of
lactation [27]. For cows producing moderate milk yields (ap-
proximately 11-13 kg day™?), CP concentrations around 14%
may be adequate [28], whereas higher-producing cows gener-
ally require diets containing 16-18% CP. Zhao [29] reported
that increasing dietary CP can improve milk production, alt-
hough excessive protein supplementation may increase nitro-
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gen excretion without further production benefits. The inclu-
sion of high-quality protein ingredients, such as canola cake
and sunflower cake in the present study, was intended to sup-
ply adequate rumen-degradable and undegradable protein to
support microbial protein synthesis and milk production. Ef-
ficient synchronization of dietary protein with fermentable
carbohydrates remains important for improving nitrogen utili-
zation and reducing nitrogen losses.

The mineral composition of the forage-based control diet
was generally higher than that of the formulated TMR diets.
Calcium and phosphorus are essential for skeletal develop-
ment, muscle function, enzyme activity and milk synthesis,
with recommended dietary concentrations of approximately
0.6-1.0% calcium and 0.35-0.45% phosphorus for lactating
dairy cows, depending on production level [30]. The analyzed
calcium and phosphorus concentrations in the TMR diets were
below these recommendations, indicating that mineral supple-
mentation through commercial mineral premixes or mineral
blocks would be necessary to satisfy the nutritional require-
ments of lactating cows when feeding these rations.

Overall, the formulated TMR diets successfully achieved
the intended increases in dietary fat while maintaining com-
parable crude protein and energy concentrations. The gradual
reduction in fibre concentration and corresponding increase in
ether extract and non-fibre carbohydrates demonstrate that co-
conut oil can be incorporated into dairy cow diets to increase
dietary energy density. However, maintaining adequate effec-
tive fibre and appropriate mineral supplementation remains
essential to preserve rumen health and meet the nutritional re-
quirements of lactating dairy cows.

5. Conclusion

The formulated total mixed rations containing graded levels
of coconut oil were successfully developed to provide diets
with increased energy density while maintaining comparable
crude protein concentrations. Increasing coconut oil inclusion
progressively increased dietary ether extract and reduced neu-
tral detergent fibre, demonstrating that dietary fat concentra-
tion can be manipulated through ration formulation without
compromising the overall nutritional balance of the diets. The
proximate and Van Soest analyses confirmed that the formu-
lated rations met the intended nutrient specifications and pro-
vided a useful basis for evaluating their nutritional quality and
potential feeding value for lactating dairy cows.

Although the formulated total mixed rations were designed
to satisfy the major nutrient requirements of lactating dairy
cows, the analyzed calcium and phosphorus concentrations in-
dicate that additional mineral supplementation would be re-
quired during feeding to ensure adequate mineral nutrition.
Further in vivo studies are recommended to evaluate the ef-
fects of these coconut oil-based total mixed rations on feed
intake, nutrient digestibility, rumen fermentation, milk yield,
milk composition and animal health under practical produc-
tion conditions.
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6. Recommendation

Based on the findings of this study, it is recommended that
the formulated total mixed rations containing graded levels of
coconut oil be evaluated under in vivo feeding conditions us-
ing lactating dairy cows. Mineral supplementation, such as
mineral blocks or commercial mineral premixes, should be
provided to meet calcium, phosphorus and other mineral re-
quirements. Future studies should assess the effects of these
diets on dry matter intake, nutrient digestibility, rumen fer-
mentation characteristics, milk yield, milk composition, feed
efficiency, animal health and economic viability under practi-
cal dairy production systems.
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