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Effects of Energy Feed Combinations and Non-Protein Nitrogen on
Feed Intake, Nutrient Digestibility and Nitrogen Retention of Saanen
Crossbred Goats
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Abstract | The study aimed to determine the effects of feed supplement combinations with or without urea on feed
intake, nutrient digestibility, and nitrogen retention of goats. The study was conducted in the experimental farm of An
Giang University, which is part of Vietnam National University Ho Chi Minh City, from February to May 2024. Four
male Saanen crossbred goats aged five months (15.4+3.32 kg) were studied using a Latin Square design (4 x 4) over 21
days/periods. The four treatments were maise and cassava chips (IMa.C); broken rice and cassava chips (BrR.C); cas-
sava chips, and urea (Ma.C.U); broken rice, cassava chips, and urea (BrR.C.U). The basal diet was premix, tofu waste,
Operculina turpethum vines, and ad libitum fresh elephant grass. The dry matter consumption per body weight showed
a tendency towards a decrease in Ma.C.U (3.11%) and Ma.C treatments (3.11%) than in BrR.C.U (3.31%) and BrR.C
(3.25%) treatments. Crude protein digestibility (%) of BrR.C.U was similar to Ma.C.U (P>0.05), but it was higher than
(P<0.05) BrR.C and Ma.C (78.0, 78.7, 67.4 and 68.2, respectively). Across treatments, nitrogen retention (g/animal/
day) differed (P<0.05). Treatments were 4.18, 7.12, 5.08, and 7.50 g for Ma.C, Ma.C.U, BrR.C, and BrR.C.U. There-
fore, the energy feed combination without urea or urea that feed intake, nutrient value and nitrogen retention well from
high to low were BrR.C.U, Ma.C.U, BrR.C and Ma.C treatments.
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INTRODUCTION

the growing goat demand in Vietnamese stands to benefita
range of supply-chain participants. This expansion in goat

he goat population in Vietnam grew from 1.29 to 2.65
million between 2010 and 2020, according to Don ez
al. (2023), representing an impressive average yearly in-
crease of 10.5%. In Vietnam, Olmo e a/. (2024) reported
that goat retail price was A$19.20-25.60/kg in 2023 and

farming has notably contributed to the economic progress
of various rural families, resulting in better income lev-
els. Additionally, Ba ez a/. (2021) highlighted a significant
shortage of goat meat in the Vietnamese market, presenting
an opportunity for Vietnamese and Lao farmers to develop
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goat farming further and enhance their incomes. However,
Tripathi ez al. (2006) identified that the main challenges to
improving ruminant production in tropical environments
are the quality and quantity of feed. In response, Preston
et al. (2021) suggested that to tackle pressing issues like
climate change and biodiversity loss, ruminant feeding sys-
tems in tropical regions should focus on using trees and
shrubs supplemented by carbohydrate-rich residues from
agro-industrial crops. Using starch content from agricul-
tural by-products is a promising approach for ruminant
feeding (Nhu ez a/., 2016; Dung, 2014). Nevertheless, the
availability of comprehensive data on digestibility and ru-
men fermentation characteristics is insufficient, which re-
stricts the extent of the findings. Consequently, relying only
on these feeds for cattle may not provide enough nitrogen
for effective nutrient digestion and feed absorption (Dung,
2014). Furthermore, Truong ez a/. (2024) found that en-
ergy feed combinations effectively supporting intake, nu-
trient value, nitrogen retention, and daily weight gain in
Saanen crossbred goats ranked from high to low as fol-
lows: broken rice and wheat, broken rice and cassava chips,
maise and cassava chips, and maise and wheat. Paengkoum
et al. (2006) indicated that supplementation of energy en-
hanced the utilisation of urea and resulted in higher animal
performance as a consequence of improved ruminant fer-
mentation, microbial yield and nitrogen balance. To reduce
diet-related costs, it could be advantageous to incorporate
non-protein nitrogen (NPN) sources like urea into diets
high in soluble carbohydrates (Khattab 7 a/., 2013). This
research aimed to assess the impact of different energy feed
combinations, with or without urea, on the intake of feed,
digestibility of nutrients, and retention of nitrogen in Saa-
nen crossbred goats.

g

Figure 1: Four Saanen crossbred goats in this study.

MATERIALS AND METHODS

LocarioN AND TIME
'The experiment was placed on the experimental farm in

An Giang University, which is situated in An Giang Prov-

ince, Vietnam (10°22'24.1”N 105°25’45.1”E). The labora-
tory analysis of the meals, refusals, excrement, and urine
was conducted at laboratory E205 of the Faculty of Animal
Sciences, College of Agriculture, Can Tho University.

EXPERIMENTAL DESIGN AND FEEDS AND FEEDING

The research used four male Saanen crossbred goats with
an average starting body weight of 15.4+3.32 kg at around
five months of age (Figure 1). The four treatments were
maise and cassava chips (Ma.C); broken rice and cassava
chips (BrR.C); cassava chips, and urea (Ma.C.U); broken
rice, cassava chips, and urea (BrR.C.U). The baseline diet
included premix, tofu waste, Operculina turpethum vines,
and fresh Napier grass provided without restriction. The
teed ingredients are presented in Table 1.

Table 1: Feed ingredient composition of diet in the
experiment.

Ingredients (%DM) Ma.C Ma.C.U BrR.C BrR.C.U
Maize 150 15.0 - -
Broken rice - - 150 15.0
Cassava chips 150 - 150 -
Tofu waste 5.00 5.00 5.00 5.00
Operculina turpethum vines 30.0  30.0 30.0 30.0
Elephant grass 343 343 343 343
Urea - 1.00 - 1.00
Premix 0.70 0.70 0.70  0.70
Total 100 100 100 100
MEASUREMENTS TAKEN

FEED, NUTRIENT AND ENERGY INTAKES: Before feeding, all
the meals were measured and given individually to the
experimental goats. The corn, broken rice, and cassava chips
were pulverised into a fine powder. The feed, consisting of
maize, broken rice, cassava chips, urea, and premix, was
given twice daily at 7:00 am and 1:00 pm, with the specific
composition varying according to the therapy. The tofu
waste was administered at 1:30 pm. Operculina turpethum
was administered food at 8:00 am and 2:00 pm. Napier grass
(Pennisetum purpureum) was freely available. The weight of
thefeed and anyremaining feed was measured in the morning
to calculate the daily consumption of feed and nutrients.

'The dry matter (DM) and organic matter (OM) contents
of the feed, refusals, and faeces were evaluated using the
protocols outlined in AOAC (1990). The meals’ nitrogen
(N) content, refusals, faeces, and urine were analysed using
the Kjeldahl procedures outlined in AOAC (1990). Never-
theless, the analysis of neutral detergent fibre (NDF) and
acid detergent fibre (ADF) was conducted using the tech-
nique developed by Van Soest ¢z a/. (1991).
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metabolisable energy (ME) in animal diets. The formula is
ME (M]J/animal/day) = 14.2 x DOM + 5.9 x DCP when
the ratio of digestible organic matter (DOM) to digestible
crude protein (DCP) is less than 7.0. If the DOM/DCP
ratio exceeds 7.0, the formula becomes ME (M]J/animal/

day) = 15.1 x DOM. Here, DOM refers to digestible or-
ganic matter, and DCP stands for digestible crude protein.

APPARENT NUTRIENT DIGESTIBILITY: The apparent
digestibility coeflicients for dry matter (DM), organic
matter (OM), crude protein (CP), neutral detergent fibre
(NDF), acid detergent fibre (ADF), and nitrogen retention
were determined using the methodology described by
McDonald ez a/. (2010). Each experimental session lasted
three weeks, comprising a two-week adaptation phase and
a one-week collection period for faeces and urine. Daily
nitrogen retention was calculated using the method that
considers the daily nitrogen intake, nitrogen excreted in
faeces, and nitrogen excreted in urine: N retention = N
intake - (N faeces + N urine).

Dairy WEIGHT GAINS (DWG): The Saanen crossbred goats
were weighed in the morning before being fed at the start
and conclusion of each trial session, lasting two consecutive

days.

STATISTICAL ANALYSIS

'The data were analysed using the General Linear Model
(GLM) from the Minitab Reference Manual Release 20
(Minitab,2021). Tukey’s pairwise comparisons were used at
a significance threshold of p < 0.05 to detect differences be-
tween treatments. The data were evaluated using the model

Y;‘jk=/’t+71i+14j+Pk+eijk

Where;

Y,,: The dependent variable.

4 the overall mean.

T': the effect of treatment (i = 1 to 4).
A the impact of animal (j = 1 to 4).
P 'The effect of period (j = 1 to 4).

€y = the random error.

RESULT'S AND DISCUSSION

CuemicaL CoMPOSITION OF FEEDS

The composition of feed in the present study is shown in
Table 2. The results of energy feed presented in Table 2
indicated that the CP content was higher in maise (8.50%)
than in broken rice (7.28) and cassava chips (3.50%). How-
ever, the NDF of broken rice was lower than cassava chips
and maise (10.1, 13.8 and 23.7%, respectively). The NDF
and ADF contents of tofu waste were 35.9 and 24.4%. The
chemical composition of the feeds used in this investiga-
tion closely resembled the composition Dung (2014) re-

ported for maise and cassava. The nutrient composition of
soya waste was 32.6% NDF and 24.5% ADF (Dong and
Thu, 2023). The elephant grass nutrients in this study were
similar to the result of Rusdy (2016), who reported that el-
ephant grass's CP, NDF, and ADF were about 7.20-12.1%,
57.4-75.4% and 30.6-51.7%.

Table 2: Chemical composition (%DM) of feeds used in
the field trial.

Feeds DM, InDM, %
% OM CP NDF ADF

Maize 85.6 96.3 850 23.7 431
Broken rice 852 994 728 101 3.16
Cassava chips 85.8 957 350 13.8 4.77
Tofu waste 19.1 96.4 17.8 359 244
Operculina turpethum vines 12.6  86.8 142 40.6 30.5
Elephant grass 151 90.7 9.04 66.1 451
Urea 99.6 - 286 - =

DM: dry matter; OM: organic matter; CP: crude protein;
NDF: neutral detergent fiber; ADF: acid detergent fiber.

Table 3: Total nutrient intake of Saanen crossbred by
different treatments.

Parameters Ma.C Ma.C.U BrR.C BrR.C.U SEM P
Feed intake, gDM/ animal/day

Maize 81.7 74.7 0.00 0.00 8.110 0.001
Brokenrice  0.00 0.00 752  79.7 9.410 0.001
Cassava chips 81.3 74.2 75.6  80.5 5.550 0.754
Tofu waste 27.0 24.6 251  26.7 1.820 0.751
Operculina 189 177 181 194 13.50 0.798
turpethum

vines

Elephant grass 175 172 190 199 16.50 0.655
Urea 0.00 4.82 0.00 5.12 0.544 0.001
Premix 3.83 3.50 3.58 3.79 0.255 0.765
Nutrient intake, gDM/animal/day

DM 558 531 550 589 33.70 0.690
OM 504 475 500 529 30.60 0.683
CP 57.2> 67.9* 56.7° 75.1* 3.430 0.024
NDF 234 220 227 241 13.90 0.742
ADF 155 141 155 161 10.50 0.592
CP/DM,%  10.4> 12.9° 10.2> 12.7¢ 0.145 0.001
DM/BW,% 3.11 3.11 325 331 0.100 0.456
ME, MJ/ani- 5.24 5.20 5.51 5.82 0.283 0.451
mal/day

a.C: Maize + Cassava chips; Ma.C.U: Maize + Cassava
chips + Urea; BrR.C: Broken rice + Cassava chips;
BrR.C.U: Broken rice + Cassava chips + Urea; DM: dry

matter, OM: organic matter; CP: crude protein; NDF:
neutral detergent fibre; ADF: acid detergent fibre; BW:
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within one row are significantly difterent at the level of 5%.
FEED AND NUTRIENT INTAKES

Table 3 displays the feed intake and nutrient consump-
tion of goats. The results in Table 3 show no significant
difference (P<0.05) in dry matter intake (DMI) between
treatments. The treatments Ma. C, Ma.C.U, BrR.C, and
BrR.C.U measured 558, 531, 550, and 589 gr/animal/day.
The proportion of DMI/BW in this study (Figure 2) tended
to be lower in Ma.C.U (3.11%) and Ma.C (3.11%) treat-
ments than in BrR.C.U (3.31%) and BrR.C (3.25%) treat-
ments (P>0.05). The Ma.C.U and BrR.C.U treatments had
considerably higher crude protein per dry matter intake
(DMI) percentages (P<0.05) than the Ma.C and BrR.C
treatments (12.9%, 12.7%, 10.4%, and 10.2%, respectively).
Fermentable carbohydrates and rumensolubilized protein
and N are essential for ruminal microbial growth, accord-
ing to Khattab ¢z a/. (2013). Additionally, nutrition and
metabolism depend on converting food protein into body
protein, according to Dong and Thu (2020). Fermentable
carbohydrates and rumensolubilized protein/N are essen-
tial for ruminal microorganism development. The conver-
sion of feed protein into body protein is a crucial nutrition

and metabolic process, according to Dong and Thu (2020).
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Figure 2: DM intake per body weight.

DIGESTIBILITY AND DIGESTIVE NUTRIENT

'The percentage of nutrient digestibility and the amount of
digestive nutrients per animal per day are shown in Table
4.’The DM digestibility tended to be lower in Ma.C and
BrR.C (69.4 and 71.0%) than Ma.C.U and BrR.C.U treat-
ments (71.0 and 72.3%). Similarly, the OM digestibility
was like DM digestibility in this study. However, the CP
digestibility was affected (P<0.05) by without urea or urea
(Figure 3).

'The Ma.C and BrR.C treatments showed no significant
difference in crude protein (CP) digestibility, with val-
ues of 68.2% and 67.4%, respectively (p>0.05). Similarly,
no significant difference in CP digestibility was observed
between the Ma.C.U and BrR.C.U treatments, with val-
ues of 78.7% and 78.0%, respectively (p>0.05). However,

the Ma.C.U and BrR.C.U treatments demonstrated sig-
nificantly higher CP digestibility compared to the Ma.C
and BrR.C treatments (P<0.05). In a study conducted by
Khattab ez a/. (2013), it was found that the digestion of dry
matter (DM), organic matter (OM), crude protein (CP),
and non-fibre carbohydrates showed a consistent increase
with higher levels of urea in the diet. Urea inclusion at 0 to
1.0% levels resulted in a marginal, non-significant increase
in the digestibility of NDF and ADF (P>0.05). Lopes e#
al. (2021) found that adding nitrogen to the diet acceler-
ated bacterial growth that breaks down fibre, improving
fibre decomposition and digestibility. Moreover, David e7
al. (2024) showed that protein supplementation may en-
hance forage intake by optimising the availability of essen-
tial components (such as energy and protein) in both met-
abolic processes and the rumen. This study suggests that
the inclusion of urea in the Ma.C.U and BrR.C.U diets
positively impacted CP digestibility, likely due to higher
levels of rumen ammonia nitrogen and the simultaneous
availability of easily digestible carbohydrates from maise,
broken rice, and cassava chips.

Table 4: Nutrient digestibility and digestible nutrients of
experimental goat.

Parameters Ma.C Ma.C.U BrR.C BrR.C.U SEM P
Feces,gDM/ 179 150 154 168 17.40 0.653
animal/day

Apparent digestibility, %

DM 69.4 71.0 71.0 723 1.020 0.334
OM 70.5 71.8 720 732 0.985 0.367
Cp 682" 78.7*  67.4> 78.0° 1.920 0.009
NDF 61.0 61.9 62.6  65.0 1.740 0.472
ADF 55.0 57.2 63.0 61.8 2.280 0.134
Digestible nutrients, gDM/animal/day

DM 379 381 396 421 19.9 0.647
OM 347 344 365 385 18.8 0.451
CP 38.6" 54.8¢ 387" 58.0° 2.82 0.005
NDF 139 141 145 154 7.37 0.525
ADF 83.5 86.9 98.4 982 5.82 0.259

Ma.C: Maize + Cassava chips; Ma.C.U: Maize + Cassava
chips + Urea; BrR.C: Broken rice + Cassava chips;
BrR.C.U: Broken rice + Cassava chips + Urea; DM: dry
matter; OM: organic matter; CP: crude protein; NDF:
neutral detergent fiber; ADF: acid detergent fiber; » > ¢
values with different superscript letters within one row are

significantly different at the level of 5%.

NITROGEN BALANCES AND WEIGHT GAIN

Table 5 displays the nitrogen balances and weight increase.

'The measurement of nitrogen retention, as shown in Ta-

ble 5, is often regarded as the primary indicator of protein

nutrition status in ruminant animals. The current investi-

gation revealed that nitrogen retention was enhanced in
O
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the Ma.C.U and BrR.C.U diets when the dietary intake
of urea (nitrogen) increased, with statistical significance
(P<0.05). The recorded values for the Ma.C, Ma.C.U,
BrR.C, and BrR.C.U treatments were 4.18,7.12,5.08, and
7.50 g/animal/day, respectively. The simultaneous release of
easily accessible energy from maise and broken rice, along
with the release of ammonia from urea in the Ma.C.U
and BrR.C.U diets, seemingly created more favourable
conditions for microbial proliferation in the rumen than
the low-protein diets. Urea, a nitrogenous compound of-
ten found in proteins, is necessary for microbial activity
(Pongsub ez al., 2024). Paengkoum ez a/. (2006) found that
using urea or other non-protein nitrogen supplements in-
creased feed intake, rumen digestibility, nitrogen balance,
and microbial development.

CPD, %

80.0
18.0
76.0
740
120
T0.0
68.0
66.0
64.0
62.0
60.0

MaC MaCU BiR.C
Figure 3: The CP digestibility in this study.

BRCU

Table 5: Nitrogen retention and daily weight gain of goat
in the present study.

Parameters Ma.C Ma.C.U BrR.C BrR.C.U SEM P
Urine,g/ 2,332 1,062 1,179 1564  399.0 0.206
animal/day

Nitrogen (N), g/animal/day

N, 915" 10.9% 9.07° 120°  0.549 0.024
N, 298 2.10 287 2.74 0.427 0.515
N . 1.99 1.65 112 177 0.380 0.476
N . 418 7.12® 5.08° 7.50° 0.621 0.025
N enton & 0.330°0.551*  0.396® 0.572*  0.037 0.010
BW?°7/day

Body weight change, g/animal/day

Initial |\ 00 174 162 16.3 17.1 0.831 0.663
kg

Final |, o0 179 168 173 184 0.647 0.385
kg

DWG, g 22.5 30.7 494  65.6 10.20 0.085

Ma.C: Maize + Cassava chips; Ma.C.U: Maize + Cassava
chips + Urea; BrR.C: Broken rice + Cassava chips;
BrR.C.U: Broken rice + Cassava chips + Urea; DM: dry
matter; OM: organic matter; CP: crude protein; NDF:
neutral detergent fiber; ADF: acid detergent fiber; DWG:

daily weight gain; > values with different superscript letters

within one row are significantly different at the level of 5%.

CONCLUSIONS AND
RECOMMENDATIONS

Consequently, the administration of BrR.C resulted in in-
creased feed intake, nutritional digestibility, nitrogen reten-
tion, and daily weight growth compared to the Ma.C treat-
ment. The treatments with BrR.C and Ma.C with urea,
exhibited the highest nutritional value, nitrogen retention
and daily weight gain compared to those without urea. The
study’s findings suggest that the proposed technique for lo-
cal feed is suitable for goat production.

ACKNOWLEDGEMENTS

This research is funded by Vietnam National Universi-
ty HoChiMinh City (VNU-HCM) under grant number
C2024-16-05. The Author thanks the experimental farm,
An Giang University, Vietnam National University Ho
Chi Minh City (VNU-HCM).

NOVELTY STATEMENT

'The combination of broken rice and cassava chips was bet-
ter than maize and cassava chips. Combining urea and en-
ergy feed from broken rice and cassava chips was the better
choice for Saanen crossbred goat.

AUTHOR’S CONTRIBUTIONS

Nguyen Binh Truong: Conceptualised, devised, and con-
ducted the experiments.

Nguyen Binh Truong: Analysed the data.

Nguyen Binh Truong, Nguyen Thi Hanh Chi, Ho Xuan
Nghiep, and Tran Trung Tuan: Authored the work.

All authors evaluated and endorsed the final manuscript.

CoONFLICT OF INTEREST
We certify that there is no conflict of interest.

REFERENCES

AOAC (1990). Official methods of analysis (15% edition).
Wiashington, DC, 1: 69-90.02.

Ba NX, Van NH, Nam HT, Olmo L. Brown SW (2021). Goat
development in Laos and Vietnam: Opportunity and
Challenges J. Anim. Husbandry Sci. Tech., 269 (9):2-7.

Bruinenberg MH, Valk H, Korevaar H, Struik PC (2002). Factors
affecting digestibility of temperate forages from semi-natural
grasslands. Grass Forage Sci., 57 (3): 292 - 301. https://doi.
org/10.1046/7.1365-2494.2002.00327 x

David GSS, Matos EMDA, Domingos BR, Ebani YC, de Sousa
LCO, Leite GDO, Paulino MF (2024). Periparturient
Changes in Voluntary Intake, Digestibility, and Performance

December 2024 | Volume 12 | Issue 12 | Page 2497

oo )
Sols Links
OResearchers


https://doi.org/10.1046/j.1365-2494.2002.00327.x
https://doi.org/10.1046/j.1365-2494.2002.00327.x

OPENaACCESS

Advances in Animal and Veterinary Sciences

of Grazing Zebu Beef Cows with or without Protein
Supplementation. Animals, 14(11): 1-14. https://doi.

org/10.3390/ani14111710

Don NV, Oanh NC, Long CTM, Duy NDQ, Tuan HA, Huyen
LTT (2023). Goat Production, Supply Chains, Challenges,
and Opportunities for Development in Vietnam: A
Review Animals, 13 (15). https://doi.org/10.3390/

anil3152546

Dong NTK, Thu NV (2020). Effects of dietary protein sources on
feed and nutrient intake, digestibility and rumen parameters
of growing Bach Thao goats. J. Anim. Sci. Technol., 108: 43-
49,

Dong NTK, Thu NV (2023). Effect of incremental Arachis
pintoi levels to improve dietary protein and reproductive
performance of Californian rabbit. Livestock Res. Rural
Dev., 35 (3).

Dung DV, (2014). In vitro fermentation characteristics of rice
bran, maize, and cassava powder incubated with rumen fluid.
J. Agric. Rural Dev., 98 (10):1-9.

Khattab IM, Salem AZM, Abdel-Wahed AM, Kewan KZ (2013).
Effects of urea supplementation on nutrient digestibility,
nitrogen utilisation and rumen fermentation in sheep fed
diets containing dates. Livestock Sci., 155(2-3): 223-229.
https://doi.org/10.1016/j.1ivsci.2013.05.024

Lopes ASM, de Oliveira JS, Santos EM, Medeiros AN, Givisiez
PEN, Lemos MLP, Santos FNS, Silva NMV, Azevedo PS,
Sousa LS, Pereira DM, Oliveira CJB (2021). Goats fed
with non-protein nitrogen: ruminal bacterial community
and ruminal fermentation, intake, digestibility and nitrogen
balance. The J. Agric. Sci., 158(8-9): 781-790. https://doi.
0rg/10.1017/50021859621000162

McDonald P, Edwards RA, Greenhalgh JFD, Morgan CA,
Sinclair LA, Wilkinson RG (2010). Animal Nutrition (7%
edition). Longman Scientific and Technical. N.Y. USA.

Minitab (2021). Minitab reference manual release 20.3, Minitab
Inc.

Nhu NNDA, Dong NTK, Thu NV (2016). Effects of soluble
carbohydrate sources at different levels of addition on
methane production and nutrient digestibility in vitro. J.

Anim. Sci. Technol. 65:71-80 (Vietnamese version).

Olmo L, Van Nguyen H, Nguyen XB, Bui TN, Ngo CTK,
Nguyen VD, Walkden-Brown S (2024). Goat meat supply
and demand in Vietnam: global context and opportunities
and risks for smallholder producers. Anim. Prod. Sci., 64(12).
https://doi.org/10.1071/AN23416

Paengkoum P, Liang JB, Jelan ZA, Basery M (2006). Utilization
of steam-treated oil palm fronds in growing saanen goats:
IL. Supplementation with energy and urea. Asian-australa. J.
Anim. Sci., 19(11): 1623-1631. https://doi.org/10.5713/
ajas.2006.1623

Pongsub S, Suriyapha C, Boontiam W, Cherdthong A (2024).
Effect of cassava pulp treated with Lactobacillus casei TH14,
urea, and molasses on gas kinetics, rumen fermentation, and
degradability using the in vitro gas technique. Heliyon, 10(8)
https://doi.org/10.1016/j.heliyon.2024.e29973

Preston TR, Leng RA, Gomez ME (2021). Adapting systems
of livestock production to be compatible with global
commitments to restore the health of planet Earth;
ecosystems that remove atmospheric carbon and provide,
tood, feed and renewable energy. Livestock Res. Rural Dev,,
33:31.

Rusdy M (2016). Elephant grass as forage for ruminant animals.
Livestock Res. Rural Dev., 28: 49.

Tripathi MK, Karim SA, Chaturvedi OH, Singh VK
(2006). Effect of ad libitum tree leaves feeding with varying
levels of concentrate on intake, microbial protein yield and
growth of lambs. Livestock Res. Rural Dev., 18: 179.

Truong NB, Nghiep HX, Tuan TT (2024). Effects of different
unconventional energy feed combinations on feed intake,
nutrient digestibility and nitrogen retention of Saanen
crossbred goats. Adv. Anim. Vet. Sci., ISSN 2307-8316.
12 (01): 148-153. https://doi.org/10.17582/journal.
aavs/2024/12.1.148.153

Van Soest PJ, Robertson JB, Lewis BA (1991). Methods for dietary
fiber, neutral detergent fiber and non-starch polysaccharides
in relation to animal nutrition. J. Dairy Sci., 74: 3583-3598.
https://doi.org/10.3168/jds.S0022-0302(91)78551-

2

December 2024 | Volume 12 | Issue 12 | Page 2498

oo )
Sols Links
OResearchers


https://doi.org/10.3390/ani14111710
https://doi.org/10.3390/ani14111710
https://doi.org/10.3390/ani13152546
https://doi.org/10.3390/ani13152546
https://doi.org/10.1016/j.livsci.2013.05.024
https://doi.org/10.1017/S0021859621000162
https://doi.org/10.1017/S0021859621000162
https://doi.org/10.1071/AN23416
https://doi.org/10.5713/ajas.2006.1623
https://doi.org/10.5713/ajas.2006.1623
https://doi.org/10.1016/j.heliyon.2024.e29973
https://doi.org/10.17582/journal.aavs/2024/12.1.148.153
https://doi.org/10.17582/journal.aavs/2024/12.1.148.153
https://doi.org/10.3168/jds.S0022-0302(91)78551-2 
https://doi.org/10.3168/jds.S0022-0302(91)78551-2 

