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Abstract | The objective of current study was to evaluate the effects of bypass fat supplementation with
ration of varying levels of NDF on growth performance, blood metabolites and nutrient digestibility in
Beetal goat bucks. A total of thirty-two Beetal goat bucks of 10+1 months of age with an average body
weight of 42+7 kg was selected and randomly distributed among 4 dietary treatments and structured as 2 x 2
factorial arrangements. The dietary treatments; (T1) low NDF (30%) without supplementation of bypass
fat, (T2) low NDF (30%) with bypass fat supplementation (40gm), (T3) high NDF (40%) without bypass
fat supplementation, (T'4) high NDF (40%) with bypass fat supplementation (40gm) for 60 days. Results
showed the improved (P < 0.05) average daily gain, feed conversion ratio, body condition score, and nutrient
digestibility, including dry matter and NDF in T4. Triglyceride levels were also higher (P < 0.05) in the
high NDF and bypass fat supplemented group (T4), though blood glucose levels remained unaffected. It is
concluded that bypass fat supplementation (40gm) with a high NDF (40%) diet, positively influenced growth

performance, nutrient digestibility and economic efficiency in Beetal goat bucks.
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Introduction 24), the country is blessed with 82.5 million goats,
predominantly owned by rural farmers. The global

oats are rapidly growing ruminants in the demand for goats and sheep for meat and milk is
world, including Pakistan. According to the increasing, driven by increasing human population

Economic Survey of Pakistan (Anonymous, 2023- and urbanization as well as evolving customer
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preferences (Kosgey and Okey, 2007). To meet this
increasing demand, it is essential to optimize the
nutritional strategies to ensure healthy growth and
high productivity. A nutritionally balanced diet is
crucial for proper growth and development. Fiber
plays an important role in maintaining rumen health
and supporting efficient digestion and nutrient
absorption.

Roughages are the main source of fiber. To meet the
sufficient fiber intake, it is recommended to add 70%
forage in the diet. Fiber is essential for rumen function
and microbial growth. The neutral detergent fiber
(NDF), a major component of fiber, is particularly
important as it affects rumen fermentation and
nutrient utilization (Renhuang ez a/.,2023). Adequate
NDF levels in goat feeding not only maintain a
healthy rumen environment but also prevent acidosis
and other health issues. The high NDF diets,
however, affect the intake, ultimately limiting the
energy uptake and affecting the optimal growth rate.
To boost the energy density of feedlot diets, bypass
fat may be provided in place of traditional dietary
fat sources (Fluhart and Loerch, 1997). The bypass
fat is typically rich in a highly digestible saturated
fatty acid (Singh ez a/., 2014). The rumen bypass fats
are concentrated sources of energy; they bypass the
rumen, digested and absorbed in the intestines and
deliver a concentrated energy source. The rumen
bypass fats can improve the energy density of
ruminant diets without compromising fiber content.
The bypass fat reduces the risk of metabolic acidosis
and is somewhat resistant to biohydrogenation by
rumen bacteria (Naik ez 4/, 2009). The bypass fat
resists the microbial breakdown of fats in the rumen,
thus preventing the negative effects of unsaturated
fats on fiber digestion (Drackley, 2007). The bypass
fat, usually given as calcium salts, is less likely to
go through biohydrogenation. Because bypass fat
reduces the bio-hydrogenation of fatty acids (FA) in
the rumen and increases the amount of unsaturated
fats available for post-ruminal absorption (Zinn ez
al., 2000; Huang ez al., 2009). The supplementation
of bypass fat not only helps to meet the high energy
requirements of growing animals but also improves
nutrient utilization, thereby improving overall
feed efficiency. This helps to keep higher levels of
unsaturated fatty acids available for absorption (Zinn
et al., 2000; Huang ez al., 2009). Studies have shown
that the addition of bypass fat to the ruminant diets
can improve body condition scores, increase average

daily gain (ADG), and improve carcass quality (Bhatt
et al., 2009; Naik ez a/., 2009).

In addition to supplementing with bypass fat, use of
optimal levels of NDF in the diet is a necessity. It
is crucial, therefore, to investigate various aspects of
goat’s fibrous diet and their optimal utilization for
maximum meat output. As NDF influences feed
intake, rumen fermentation, and nutrient utilization,
it is an essential component of the digestive process in
animals raised for food (Renhuang ez a/., 2023). The
NDF adequacy may be beneficial for rumen health
but can limit the uptake of energy due to their bulky
nature. The bypass fat can be added to the diet to
increase energy density without increasing the bulk,
thereby complementing the high NDF content.
Regarding the optimum NDF at a certain level of
bypass fat supplementation for growing goats, very
little information is available from previous studies.
In light of these facts, the goal of the current study
is to assess the ideal NDF level in goats and how it
interacts with the bypass fat supplementation.

Materials and Methods

Experimental design, management, and diets

The research was conducted at the Small Ruminant
Research and Training Centre, University of
Veterinary and Animal Sciences, Ravi campus,
Pattoki, Pakistan. All the methods used in this
experiment were under the recommendations of
the ethical review committee, UVAS, vide letter no
DR/176. 'The duration of the study was 74 days,
including 14 days of dietary adaptation. Prior to
the deworming protocol, as guided by the farm
veterinarian, bucks were vaccinated against prevalent
diseases. With an average age of 10+1 months and
a live body weight of 42+7 kg, 32 Beetal goat bucks
were randomly distributed into the 4 treatment
groups (n = 8/treatment) and structured under a 2x2
factorial arrangement. The dietary treatments were
(T1) low NDF (30%) without supplementation of
bypass fat, (T2) low NDF (30%) with bypass fat
supplementation (40gm), (T3) high NDF (40%)
without bypass fat supplementation, (T'4) high NDF
(40%) with bypass fat supplementation (40gm). The
bucks were offered feed two times in a day at 6:00
am and 6:00 pm. Clean and fresh water was provided
on ad libitum basis to the animals throughout the
trial. Animals were fed at individual stalls. Feeds were
prepared to meet the nutrient requirements of goats
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as recommended by nutrient requirements of small
ruminants (NRC, 2007). Feed ingredients used in the
TMR and the chemical composition are presented in

Table 1.

Feed intake, growth performance, blood metabolites and
nutrient digestibility

Feed offering and refusal were measured daily. The
collected orts were estimated for DM and the DMI
was estimated on an individual basis. Average daily
gain was noted on a fortnightly basis. The body
condition score (BCS) was measured at the start and
at the end of study at 1-5 scale, as described by Abdel-
Mageed (2002).

'The five animals from each group were selected for
blood sampling, blood glucose and triglyceride were
determined at the start and end of the trial. The blood
was collected from a jugular vein puncture in a tube
containing EDTA and centrifuged at 3000 rpm for 15
minutes and stored at -20 °C for further analysis. The
blood glucose and blood triglyceride were analyzed
in the university diagnostic laboratory (UDL) using
commercially available kits.

The DM, CP, acid detergent fiber (ADF) and
NDF digestibility were determined using total tract
digestibility by the total collection method (Yudithia
et al., 2022) at the end of the trial for 5 consecutive
days. The animals were placed in individual feeding
stalls; every day, the total amount of feed intake and
tecal output were weighed and noted, and 100 g of
the total day to day feces for five days were collected
and stored at -20 °C till further analysis (Blanco ez
al., 2014). The apparent nutrient digestibility was
determined using the following formula:

Nutrient digestibility = Nutrient intake - Nutrient
excreted / Nutrient intake

Chemical analysis

Feed and fecal samples of the experiment were
analyzed for DM (AOAC, 2023) using method no
945.15, EE (AOAC, 2023) using method no 920.29,
and CP (AOAC, 2023) using method no 984.13.
The CP content was measured by multiplying the
nitrogen percentage with a factor of 6.25. The NDF
content of the feed and fecal samples was determined

by the method of AOAC (2023).

Table 1: Ingredients and chemical composition of experimental TMR fed to Beetal goat bucks.

Ingredients %

T,(Low NDF 0gm T,(Low NDF40gm T, (HighNDFO0gm T, (High NDF 40 gm

By pass fat) By pass fat By pass fat By pass fat
Corn silage 23 23 23 23
Maize grain 39 20.8 24 22
Wheat straw 0 0 12 13
Rice polishing 3 2 5.2 3
Wheat bran 9 21 4.8 4.8
Molasses 6 12 5 7
Corn gluten 30% 11 11 17 17
Canola meal 5 5 5
Urea 1 1 1 1
Mineral mixture 2 2 2 2
Soda Bicarb 1 1 1 1
By pass Fat (gm) supplementation 0 40 0 40
Total 100 100 100 100
Chemical composition
DM% 74.87 74.87 68.43 68.43
CP% 15.5 15.4 15.6 15.6
Energy MCal/kg 2.50 2.52 2.51 2.52
NDF% 30.0 30.0 40.00 40.00
NFC% 45.10 45.10 39.62 39.5
Ca% 0.6 0.6 0.6 0.6
P% 0.3 0.3 0.3 0.3

Low NDF means 30% NDE High NDF means 40% NDF. DM, dry matter; CP, crude protein; NDE neutral detergent fiber; NFC, non-
Jfibrous carbohydrates; Ca, calcium; B, phosphorus.
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Statistical analysis

Data were evaluated using the MIXED procedure
of SAS (version 9.4; SAS Institute Inc.). Treatments
were structured as 2 x 2 factorial arrangements with 2
levels of NDF (30% and 40%) and 2 levels of bypass
fat supplementation (0 or 40 g/head/day). Significant
differences were declared at P < 0.05 and the trend at
P < 0.10. Means of significant results were compared
by Tukey’s post hoc multiple comparison test (Steel
et al.,1997).

Results and Discussion

Growth performance

The performance assessment of Beetal goat bucks
under varying dietary treatments revealed significant
differences across parameters presented in Table 2.
Highest DMI was recorded in treatment T4 with
high NDF (40%) and 40 g bypass fat supplementation
head/day at 1.39+0.03 kg compared to others. The
same treatment of T4 also had the highest ADG at
0.18+0.05 kg besides having the lowest FCR value
that was 7.56+0.20 and the highest BCS score
recorded to be 3.45+0.10. Meanwhile, the bucks with
low NDF (30%) without bypass fat supplementation
have lowest ADG at 0.13+0.05 kg, the highest FCR
at 10.38+0.15, and the lowest BCS at 3.02+0.10. The
statistical analysis of the treatment effect showed
that NDF contents and bypass fat supplementation
affected ADG, FCR, and BCS, respectively (p= 0.04
and p= 0.03; p= 0.05 and p= 0.01; and p= 0.02 and p=
0.01, respectively). Overall and significant interaction
effect between NDF and bypass fat supplementation
is seen for ADG (p = 0.02), FCR (p = 0.005) and
BCS (p = 0.015); hence, it indicated synergy in high
NDF diet supplemented with bypass fat, enhanced
the growth performance as well as body condition
score for Beetal goat bucks.

Blood metabolites

'The analysis of blood metabolites in Beetal goat bucks
across different treatment groups showed significant
differences in triglyceride concentrations as affected
by NDF and fat supplementation presented in Table
3.The highest triglyceride concentration was observed
in bucks fed with a high NDF diet supplemented
with 40 g of fat per individual daily, at 75.60+1.89
mg/dl, while the lowest triglyceride concentrations
were observed in bucks fed with a low NDF diet
without any fat supplementation at 64.83+1.76 mg/
dl. However, the glucose levels did not expose an

important difference among groups, although, it was
a close range of values from 84.76+1.67 to 87.08+2.53
mg/dl. Statistical analysis showed that the triglyceride
level had strong significance from the NDF level (p=
0.005) and fat supplementation (p= 0.002). However,
the interaction of NDF with fat supplementation
affected triglycerides largely (p= 0.004), and it might
be that mixed dietary factors enhance the levels of
triglycerides in Beetal goat bucks. Glucose levels were
not affected to any significant extent over any of the
treatment variables.

Table 2: Performance assessment of Beetal goat bucks
fed total mixed ration with varying levels of NDF and

bypass fat.

NDF Fatsupple- DMI ADG FCR BCS
mentation (kg) (kg)
Low 0 g/head/d 135+ 0.13°+ 10.38+ 3.02°+
NDF 0.03  0.05 0.15 0.10
40 g/head/d 137+ 0.15>+ 9.13>+ 3.32°=
0.03  0.04 0.14 0.10
High 0 g/head/d 134+ 014>+ 9.57°+ 320"+
NDF 0.03  0.06 0.18 0.12
40 g/head/d 139+ 0.18°+ 756+ 3.45'=
0.03  0.05 0.20 0.10
P-value
NDF 0.3 0.04 0.05 0.02
Fat supplementation ~ 0.25  0.03 0.01 0.01
Interaction 0.2 0.02 0.005 0.015

Low NDF means 30% NDF High NDF means 40% NDF

Table 3: Blood metabolites of Beetal goat bucks fed total
mixed ration with varying levels of NDF and bypass fat.

NDF Fat supple- Glucose Triglyceride
mentation  (mg/dl) (mg/dl)

Low NDF 0 g/head/d 85.08 +2.51 64.83+1.76
40 g/head/d 84.76 £ 1.67 68.33> +1.92

High NDF 0 g/head/d 87.08 +2.53 70.50° + 1.77
40 g/head/d 86.76 £ 1.73 75.60* + 1.89

P-value

NDF 0.467 0.005

Fat supplementation 0.597 0.002

Interaction 0.737 0.004

Superscripts on different meant within column differ significantly at
P<0.05.

Nutrient digestibility

The nutrient digestibility of Beetal goat bucks
included an investigation on the effects of three
treatments involving NDF levels and bypass fat
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supplementation, presented in Table 4. Highest
digestibility of the nutrients assessed was observed
in a Beetal goat bucks, which were fed a diet with
40 grams of fat supplemented per day. Observed
digestibility’s were as follows: Digestibility for DM
was found to be 46.45+2.05 % and digestibility values
for CP and NDF reached 70.25+0.78%, 52.75+0.78%,
ADF digestibility was valued at 28.85+0.47%. On
the contrary, bucks fed with low NDF diet without
fat supplementation had the lowest digestibility
percentages of these nutrients (DM: 34.02+1.52%,
CP: 67.40+0.72%, NDF: 46.86+0.57%, and ADF:
26.73+0.55%). Statistical analysis revealed that NDF
and fat supplementation have independent effects
on digestibility of all nutrients (DM, CP, NDF, and
ADF) since p-values were between <0.0001 to 0.045.
There was a significant interaction between NDF
levels and fat supplementation for all digestibility
parameters, with p-values <0.0001 for DM, 0.0112
for CP, 0.0025 for NDF, and 0.008 for ADF. This
suggests that there is a synergistic effect of higher
NDF levels and fat supplementation in improving
nutrient digestibility in Beetal goat bucks.

Economics

The cost of meat production was calculated by
dividing net cost of meat production divided by
average live weight gain per animal. There was
significant difference (P < 0.05) observed in the profit
calculations of each treatment group. The maximum
profit obtained is in T4 group and the minimum was
in T1 group as presented in Figure 1.

The present study evaluated the effects of dietary
bypass fat supplementation with varying NDF
levels on growth performance, feed efficiency,
blood metabolites, and nutrient digestibility in
Beetal goat bucks. It was hypothesized that dietary

supplementation of bypass fat may have beneficial
effects on the above-mentioned parameters in
Beetal goat bucks with high NDF with 40 g/head/d
more beneficial. The significant interaction between
NDF level and bypass fat supplementation resulted
in improved ADG, FCR, and BCS in bucks fed a
high NDF diet with bypass fat supplementation. The
reported improved growth performance in bucks fed
diets high in NDF aligns with Schulze e# a/. (2014),
who observed a decrease in DMI due to the rumen
fill effect. In the current study, the bucks fed high-
NDF diets with bypass fat supplementation exhibited
significantly better feed efficiency, likely due to
the fiber’s effect on rumen health, buffering, and
improved nutrient absorption. Khurshid ez a/. (2023)
also reported similar improvements in ADG in goats
ted high-NDF diets, highlighting the importance of
dietary fiber in improving growth during the feed
transition phase. Some studies, in contrast, reported
that high NDF and bypass fat did not affect the
DMI, ADG, and FCR in bucks (Behan ez a/., 2019;
Nitin ez al., 2010).
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Figure 1: Economics of Beetal goat bucks fed total mixed ration with
varying levels of NDF and bypass fat.

Table 4: Nutrient digestibility of Beetal goat bucks fed total mixed ration with varying levels of NDF and bypass fat.

NDF Fat supplementation DM % CP % NDF % ADF %

Low NDF 0 g/head/d 34.02¢ £ 1.52 67.40c £ 0.72 46.86¢ + 0.57 26.73" + 0.55
40 g/head/d 37.38°+2.40 69.50° + 0.68 48.50° + 0.67 27.20° + 0.63

High NDF 0 g/head/d 43.09° + 2.68 66.83< + 0.59 50.30* + 0.68 28.10* + 0.40
40 g/head/d 46.45* + 2.05 70.25* + 0.78 52.75*+0.78 28.85* + 0.47

P-value

NDF 0.017 0.045 0.0015 0.0102

Fat supplementation <0.0001 0.0308 0.005 0.0205

Interaction <0.0001 0.0112 0.0025 0.008

Superscripts on different meant within column differ significantly at P < 0.05.
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Bucks fed high NDF diets supplemented with bypass
fat had improved triglyceride levels. The findings
are consistent with Kumar and Thakur (2007), who
reported increased blood triglycerides in buffalo calves
supplemented with bypass fat. Increased triglyceride
levels in this study may be related to better absorption
and metabolism of dietary fats, as suggested by
Grewal ez al. (2014). The strong interaction between
varying NDF levels and bypass supplementation on
triglyceride concentrations highlights the importance
of supplementing with bypass fat in high-fiber diets to
regulate lipid metabolism. However, both NDF levels
and bypass fat supplementation did not impact blood
glucose levels. These findings align with Hammon
et al. (2008) and Shelke ez a/. (2012) investigations.
Ruminants’ efficient glucose metabolism regulating
mechanisms may maintain glucose homeostasis,
resulting in stable blood glucose levels despite dietary
variations.

Bucks fed high-NDF diets supplemented with
bypass fat showed a significant improvement in DM,
CP, NDF, and ADF digestibility. These findings are
consistent with Hadad and Younis (2004), who also
reported increased DM digestibility when bypass
fat was included in the diet. The improved DM
digestibility may be attributed to the higher TDN
content in the supplemented groups, which enhanced
nutrient utilization and energy absorption. Some
studies, in contrast, reported that the DM, CP, NDEF,
and ADF digestibility were not influenced by NDF
level or bypass fat supplementation, these findings
align with previous reported studies of Tyagi ez al.
(2009) and Ngidi ez a/. (1990).

Conclusions and Recommendations

Overall bypass fat supplementation with high NDF
levels resulted in an improved growth performance, feed
efficiency, blood metabolites and nutrients digestibility
in Beetal goat bucks and improve economics. By pass
fat is energy dense nutrient that can help to meet
energy requirement of Beetal goats. It is recommended
that bypass fat supplementation (40gm) with a high
NDF (40%) diet, can be added in Beetal goat diet that
will positively influence growth performance, nutrient
digestibility and economic efficiency.

Acknowledgements

Authors appreciatively admit the administration and

faulty members of Department of Animal Nutrition,
University of Veterinary and Animal Sciences, Ravi
Campus, Pattoki, Pakistan for providing services for
conduction of research trial and analysis of nutrient
in a Central Laboratory Complex and Departmental
Laboratory for Nutritional Analysis.

Novelty Statement

'This study presents novel data on how different levels
of neutral detergent fiber (NDF) and dietary bypass fat
supplementation influence Beetal goat bucks’ growth
performance, feed efficiency, blood metabolites, and
nutrient digestibility. This study provides an in-depth
awareness regarding how bypass fat and NDF can
optimize growth metrics, improve feed conversion,
and influence metabolic and digestibility profiles in
Beetal goat bucks.

Author Contribution

Ahmed Abdullahi Salad, Saeced Ahmed and Ehsan
Ullah Khan: The writers listed in this manuscript
added to the study commencement and plan. Data
collection, preparation of material and data analysis
was completed.

Muhammad Shahbaz Zafar!, Imran Mohsin?,
Mubarik Ahmad?, Zakariye Abdifatah Ahmed?® and
Muhammad Uzair: The draft of the research paper
was written.

All authors have read and finalized the research paper.

Conflict of interest
The authors have declared no conflict of interest.

References

Abdel-Mageed, I., 2002. Body condition scoring of
local ossimi ewes at mating and its impact on
fertility and prolificacy. Egypt. J. Sheep Goats
Sci., 4(1): 37-44.

Abijaoude, J., P. Morand-Fehr, J. Tessier, P.
Schmidely and D. Sauvant. 2000. Diet effect
on the daily feeding behaviour, frequency and
characteristics of meals in dairy goats. Livest.
Prod. Sci., 64: 29-37. https://doi.org/10.1016/
S0301-6226(00)00173-1

Anonymous, 2024. Economic survey of Pakistan.
Government of Pakistan, Islamabad.

AOAC DJAoOAC, Washington. 2023. Official
Methods of Analysis (22" edition). 2023.

March 2025 | Volume 41 | Issue 1 | Page 280

.0 .
ot Links
GResearchers


https://doi.org/10.1016/S0301-6226(00)00173-1
https://doi.org/10.1016/S0301-6226(00)00173-1

OPEN aACCESS

Sarhad Journal of Agriculture

Behan, A.A., T.C. Loh, S. Fakurazi, U. Kaka, A.
Kaka and A.A. Samsudin. 2019. Effects of
supplementation of rumen protected fats on
rumen ecology and digestibility of nutrients
in sheep. Animal, 9(7): 400. https://doi.
org/10.3390/ani9070400

Bhatt, R.S., M.K. Tripathi, D.L. Verma and S.A.
Karim.2009. Eftect of different feeding regimes
on pre-weaning growth rumen fermentation
and its influence on post-weaning performance
of lambs. J. Anim. Physiol. Anim. Nutr., 93(5):
568-576. https://doi.org/10.1111/7.1439-
0396.2008.00845 x

Blanco, FJ., Girdldez, N. Prieto, L. Mordn, S.
Andrés J. Benavides, M.L. Tejido and R.
Bodas. 2014. Effects of dietary inclusion of
sunflower soap stocks on nutrient digestibility,
growth performance, and ruminal and blood
metabolites of light fattening lambs. J. Anim.
Sci., 92: 4086-4094. https://doi.org/10.2527/
jas.2014-7693

Drackley, J.K., 2007. Overview of fat digestion and
metabolism in dairy cows. University of Illinois.
Urbana IL USA. pp. 1-9.

Fluhart, F.L.. and S.C. Loerch. 1997. Effect of
concentration and source of supplemental fat
and protein on performance of newly arrived
feedlot steers. J. Anim. Sci., 75(9): 2308-2316.
https://doi.org/10.2527/1997.7592308x

Grewal, R.S., N. Tyagi, J.S. Lamba, C.S. Ahuja
and S. Saijpaul. 2014. Effect of bypass fat and
niacin supplementation on the productive
performance and blood profile of lactating
crossbred cows under field conditions. Anim.
Nutr. Feed Technol., 14(3): 573-581. https://
doi.org/10.5958/0974-181X.2014.01359.6

Haddad, S. and Younis, H., 2004. The effect of
adding ruminally protected fat in fattening
diets on nutrient intake, digestibility and
growth performance of Awassi lambs. Anim.
Feed Sci. Technol., 113(1): 61-69. https://doi.
org/10.1016/j.anifeedsci.2003.10.015

Hammon, H.M., C.C. Metges, P. Junghans, F.
Becker, O. Bellmann, F. Schneider, G. Nurnberg,
P. Dubreuil and H. Lapierre. 2008. Metabolic
changes and net portal flux in dairy cows fed
a ration containing rumen-protected fat as
compared to control diet. J. Dairy Sci., 91(1):
208-217.  https://doi.org/10.3168/jds.2007-
0517

Huang,Y.,].B. Scoonmakker, S.L.. Oren, A. Trenkle

and D.C. Beitz. 2009. Calcium salt of CLA
improve availability of dietary CLA. Livest.
Sci., 122(1): 1-7. https://doi.org/10.1016/j.
livsci.2008.07.010

Khurshid, M.A., M.A. Rashid, M.S. Yousaf, S.
Naveed, M.Q. Shahid and H.U. Rehman. 2023.
Effect of NDF levels of complete pelleted diet
and dietary transition period on rumen pH,
growth performance, digestibility, and blood
indices in fattening male goats. Small Rumin.
Res., 226: 107039. https://doi.org/10.1016/.
smallrumres.2023.107039

Kosgey, 1.S. and A.M. Okeyo. 2007. Genetic
improvement of small ruminants in low-
input, small holder production systems:
Technical infrastructural issues. Small Rumin.
Res., 70: 76-88. https://doi.org/10.1016/].
smallrumres.2007.01.007

Kumar, B. and S. Thakur. 2007. Effect of
supplementing bypass fat on the performance
of buffalo calves. Indian J. Anim. Nutr., 24(4):
233-236.

Naik, P.K., S. Saijpaul, A.S. Sirohi and M. Raquib.
2009. Lactation response of crossbred dairy
cows fed on indigenously prepared rumen
protected fat. A field trial. Indian J. Anim. Sci.,
79:1045-1049.

National Research Council, 2007. Nutrient
requirements of small ruminants: Sheep, goats,
cervids, and new world camelids. National
Academy Press.

Ngidi, M.E., S5.C. Loerch, F.L.. Fluharty and D.L.
Palmquist. 1990. Effects of calcium soaps of
long chain fatty acids on feed lot performance,
Carcass characteristics and ruminal metabolism
of steers. J. Anim. Sci., 68: 2555. https://doi.
0rg/10.2527/1990.6882555x

Nitin, T., A.'T. Sudarshan and K.S. Sachin. 2010.
Effect of bypass fat supplementation on
productive and reproductive performance in
crossbred cows. Trop. Anim. Health Prod., 42:
1749-1755.  https://doi.org/10.1007/s11250-
010-9631-1

Renhuang, S.H., Z. Shuang, J. Dong, J. Mao, W.
Yajing, C. Zhijung and W. Yajing. 2023. Dietary
detergent fiber levels impacting dairy cows
teeding behavior, rumen fermentation, and
production performance during the period of
peak-lactation. Animal, 13(18): 28-76. https://
doi.org/10.3390/ani13182876

Schulze, A.K.S., M.R. Weisbjerg and P. Norgaard.

March 2025 | Volume 41 | Issue 1 | Page 281

.0 .
ot Links
GResearchers


https://doi.org/10.3390/ani9070400
https://doi.org/10.3390/ani9070400
https://doi.org/10.1111/j.1439-0396.2008.00845.x
https://doi.org/10.1111/j.1439-0396.2008.00845.x
https://doi.org/10.2527/jas.2014-7693
https://doi.org/10.2527/jas.2014-7693
https://doi.org/10.2527/1997.7592308x
https://doi.org/10.5958/0974-181X.2014.01359.6
https://doi.org/10.5958/0974-181X.2014.01359.6
https://doi.org/10.1016/j.anifeedsci.2003.10.015
https://doi.org/10.1016/j.anifeedsci.2003.10.015
https://doi.org/10.3168/jds.2007-0517
https://doi.org/10.3168/jds.2007-0517
https://doi.org/10.1016/j.livsci.2008.07.010
https://doi.org/10.1016/j.livsci.2008.07.010
https://doi.org/10.1016/j.smallrumres.2023.107039
https://doi.org/10.1016/j.smallrumres.2023.107039
https://doi.org/10.1016/j.smallrumres.2007.01.007
https://doi.org/10.1016/j.smallrumres.2007.01.007
https://doi.org/10.2527/1990.6882555x
https://doi.org/10.2527/1990.6882555x
https://doi.org/10.1007/s11250-010-9631-1
https://doi.org/10.1007/s11250-010-9631-1
https://doi.org/10.3390/ani13182876
https://doi.org/10.3390/ani13182876

OPEN aACCESS

Sarhad Journal of Agriculture

2014. Effects of feeding level and NDF content
of grass-clover silages on chewing activity, fecal
particle size, and NDF digestibility in dairy
heifers. Animal, 8(14): 945-954. https://doi.
org/10.1017/51751731114002055

Shelke, S.K., S.S> Thakur and S. Amrutkar.
2012. Effect of feeding protected fat and
protiens in milk production, composition
and nutrient utilization in murrah buffaloes
(Bubalus bubalus). Anim. Feed Sci. Technol.,
171(2):  98-107.  https://doi.org/10.1016/].
anifeedsci.2011.10.003

Singh, M., J.P. Sehgal, A.K. Roy, S. Pandita and
G. Rajesh. 2014. Effect of feeding bypass fat
(calcium salts of palm oils of fatty acid) on
perfomance of lactating crossbred cows. Asian-
Austral. J. Anim. Sci., 21: 376-385. https://doi.
org/10.5713/ajas.2008.60505

Steel, R.G.D., J.H. Torrie and D.A. Dickey.
1997. Principles and procedure of statistics: A

biometrical approach. 34 Ed. McGraw Hill
Book. Co Inc. New York. pp. 400-428.

Tyagi, N, S.S. Thakur and S.K. Shelke. 2009. Effect

of feeding bypass fat supplement on milk yield,
its composition and nutrient utilization in
crossbred cows. Indian J. Anim. Nutr. 26: 1-8.

Yudithia, M., R. Chiarawipa, K. Somnuk, P.

Hamchara, A. Cherdthong, C. Suntara, R.
Prachumchai, P. Chanjula. 2022. Digestibility,
blood parameters, rumen fermentation,
hematology, and nitrogen balance of goats after
receiving supplemental coftee cherry pulp as a
source of phytochemical nutrients. Vet. Sci., 9:

532. https://doi.org/10.3390/vetsci9100532

Zinn,R.A.,S.K. Gulati, A. Plascencia and J. Salinas.

2000. Influence of ruminal biohydrogenation
on the feeding value of fat in finishing diets for
feedlot cattle. J. Anim. Sci., 78(7): 1738-1746.
https://doi.org/10.2527/2000.7871738x

March 2025 | Volume 41 | Issue 1 | Page 282

.0 .
ot Links
GResearchers


https://doi.org/10.1017/S1751731114002055
https://doi.org/10.1017/S1751731114002055
https://doi.org/10.1016/j.anifeedsci.2011.10.003
https://doi.org/10.1016/j.anifeedsci.2011.10.003
https://doi.org/10.5713/ajas.2008.60505
https://doi.org/10.5713/ajas.2008.60505
https://doi.org/10.3390/vetsci9100532
https://doi.org/10.2527/2000.7871738x

