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ABSTRACT

The effective and efficient utilization of agricultural residues remains critical for sustainable
ruminant production, particularly in regions that generate substantial corn processing waste.
This study evaluated how urea and multi-enzyme pretreatment of corn cobs affect the in vitro
fermentation characteristics of corn cob-containing concentrate diets. Ground corn cobs were
pretreated with two urea levels (0 and 5%) and three multi-enzyme levels (0, 0.5, and 1.0 mg/g)
in a 2x3 factorial arrangement. Chemical analysis showed that 5% urea pretreatment increased
(p<0.05) crude protein of corn cobs from 4.22% to 6.21%, while multi-enzyme reduced
hemicellulose content from 40.27% to 32.18%. In vitro fermentation showed that urea reduced
total gas production at 24-48 h of incubation. Multi-enzyme enhanced neutral detergent fibre
degradability, with 0.5 mg/g level achieving 60.19% degradability compared to 54.18% in the
control. However, multi-enzyme pretreatment increased methane production by 37%, raising
environmental concerns. The interaction effects of urea and multi-enzyme pretreatment revealed
synergistic responses between treatments. These findings show that combined urea and multi-
enzyme pretreatment substantially improved the chemical composition of corn cobs and the
fermentation characteristics of a concentrate diet containing pretreated corn cobs, although
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methane mitigation strategies may be needed to balance nutritional gains with environmental
sustainability in practical feeding programs.

Keywords: Crop byproduct; dietary fibre; exogenous enzymes; fibre degradation;
Natuzyme®

INTRODUCTION

The growing demand for animal protein in recent years has been putting considerable pressure
on livestock producers to develop feeding strategies that make both economic and nutritional
sense. In ruminant nutrition, the rising costs of conventional protein sources, combined with the
need to better utilize agricultural by-products, pose a major challenge (Kazemi, 2025), prompting
exploration of alternative nitrogen supplements and low-cost feed resources. The use of urea as a
non-protein nitrogen source in ruminant diets is gaining traction because it is cheap, nitrogen-
dense, readily available (Wahyono et al., 2022), and it effectively provides nitrogen for
microbial protein synthesis in the rumen, thereby supporting animal growth while reducing
dependence on expensive supplements like soybean meal (Xu et al., 2019). However, efficient
urea use requires good synchronisation between ammonia release and available fermentable

energy, without which nitrogen loss or ammonia toxicity occurs.

Corn cobs, which are available in large quantities after maize processing, could serve as a fibre
and energy source for ruminants (Mierlita, 2001). Unfortunately, their use is limited by their
poor nutritional value, primarily due to their high lignocellulose content, which reduces
fermentation efficiency and digestibility. While ruminants are naturally equipped to digest
lignocellulosic biomass, the presence of lignin significantly limits the utilization of cellulose and
hemicellulose (van Kuijk et al., 2015; Islamiyati et al., 2025; Zheng et al., 2025). To address the
nutritional limitations of corn cobs, physical, chemical and biological treatment methods have
been employed. Urea treatment is a widely adopted chemical treatment method for corn cobs,

serving the dual purpose of increasing crude protein content while breaking down lignocellulosic
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structures through ammonia action. The ammonia released from urea hydrolysis cleaves ester
bonds linking lignin with hemicellulose and cellulose, thereby improving carbohydrate
accessibility to rumen microbes (Supriyati et al., 2018). The use of enzymes as a biological
approach has also gained attention, with exogenous fibrolytic enzymes targeting specific

components of the plant cell wall to enhance carbohydrate release (Amaro-Reyes et al., 2016).

Enzyme cocktails containing cellulases, hemicellulases, and xylanases can selectively degrade
cellulose and hemicellulose fractions without harsh chemical conditions, making the
carbohydrate more accessible for ruminal fermentation. The combined application of urea and
multi-enzyme pretreatment to corn cobs has received limited research attention and represents an
innovative dual-action approach that may offer synergistic benefits by simultaneously addressing
nitrogen deficiency and structural recalcitrance. The resulting pretreated corn cobs could serve as
an improved feed ingredient in ruminant concentrate formulations. However, little is known
about the combined effect of urea and multi-enzyme pretreatment on corn cobs, particularly in
terms of fermentation Kkinetics, digestibility and metabolizable energy. This research is
particularly relevant in regions where corn cobs accumulate after harvest but go largely unused,;
therefore, turning the waste into an improved feed ingredient could provide both economic and
environmental benefits through sustainable agricultural resource utilization. The in vitro gas
production technique is a feed evaluation method that provides detailed information on
fermentation Kinetics, digestibility and metabolizable energy under controlled conditions (Kumar
et al., 2015; Wang et al., 2025). Compared with in vivo trials, it is cost-effective, faster, and
yields consistent results, enabling simultaneous testing of multiple samples (Dhanoa et al.,
2000).

MATERIALS AND METHODS
Study location

This study was carried out at the laboratory of the Department of Animal Nutrition, College of
Animal Science and Livestock Production, Federal University of Agriculture, Abeokuta, Nigeria.
The site is located in southwestern Nigeria at coordinates 7°13'58” N and 3°26'14" E (Google
Earth, 2025).
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Pretreatment of corn cobs

Corn cobs were collected from the maize processing unit of the Directorate of University Farms
after removal of grains (kernels) with a mechanical sheller. The collected cobs were ground
through a 4mm sieve and treated with two levels of urea (0 and 5%) and three levels of multi-
enzyme (0, 0.5 and 1 mg/g). The multi-enzyme used in this study is Natuzyme®, a commercially
available exogenous enzyme blend in powder form produced by Bioproton PTY Ltd,
Queensland, Australia, with cellulase (6000 u/g), xylanase (10,000 u/g), beta-glucanase (700
u/g), phytase (1500 u/g), protease (700 u/g) and amylase (400 u/g) enzyme activities. Urea was
made into a solution by dissolving 0 and 50 g urea/ 1 kg corn cobs (w/w) in 50% (500mL) water
(w/v) by continuous stirring (Ben Salem et al., 2005), and the appropriate multi-enzyme dose
rate (0, 0.5 and 1mg/g) was added and mixed. The mixture was then homogeneously mixed with
the milled corn cobs, and the treated corn cobs were then kept in airtight containers at room
temperature for 14 days. The pretreated corn cobs were then incorporated into a concentrate diet.
Chemical composition of pretreated corn cobs was determined using standard methods (Van
Soest et al., 1991; AOAC, 2012).

Experimental substrates, treatments and experimental design

The experimental substrate in this study consisted of 40% Megathyrsus maximus and 60%
concentrate diet on a dry matter basis. The concentrate diet contained 13% pre-treated corn cobs,
20% cocoa seed testa, 11% groundnut cake, 20% rice bran, 13% wheat offal, 8.5% cassava peels,
10% palm kernel cake, 3% bone meal, 1% common salt and 0.5% premix. The experiment used
a 2 x 3 factorial design (2 urea levels and 3 multi-enzyme levels) in a completely randomized

design, with 6 treatments and 15 replicates per treatment.
Incubation procedure

The in vitro gas production technique employed was that described by Menke and Steingass
(1988). Rumen content was collected from the rumen of one White Fulani bull weighing

approximately 250Kg immediately after slaughter at the abattoir into an insulated flask pre-
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warmed to 39°C and used as the source of rumen fluid. This was then transported immediately to
the laboratory, strained through layers of cheesecloth, and mixed with mineral buffer solution
(1:2 v/v) to form the inoculum used for digestion. Approximately 500mg each of incubation
substrate was weighed separately into fibre bags of known weight and inserted into 100 mL
calibrated syringes fitted with a silicon tube at the tip. About 30 mL of buffered inoculum was
then added to each syringe, and the piston was pushed upward to expel air. The silicon tube was
then secured with a metal clip to prevent gas from escaping during incubation. The syringes were
arranged in an incubator, and incubation was carried out at 39°C. The volume of gas produced
was measured at three-hour (h) intervals from 0 to 48 hours. Three blank syringes containing 30
mL of inoculum were included in the run to correct for gas production from fermentation of
residual feed particles in the buffer inoculum. The syringes were shaken at regular intervals
during the reading of the gas produced to simulate rumen motility. Measurement of methane gas

production and degradation of dry matter and neutral detergent fibre.

The volume of methane gas produced was determined using the carbon-dioxide absorption
method with sodium hydroxide as the alkaline solution for trapping carbon-dioxide, following
the procedure outlined by Fievez et al. (2005). After 48 h of incubation, fibre bags in the
syringes were removed and washed properly under a continuous flow of water to terminate
fermentation. The bags were then oven-dried at 105°C for 12 h. The weight of residues in the
bags was estimated by subtracting the known weight of the bags from the weight of the bags plus
residues. Substrate degradation was determined by subtracting the un-degraded residue for each
sample from the initial quantity incubated. For the determination of neutral detergent fibre
(NDF) degradability, samples of substrate incubated and the residues were analyzed for NDF
content following procedures of Van Soest et al. (1991). NDF degradation was calculated by

subtracting the undegraded NDF in the residue from the initial quantity incubated.
Statistical analysis

Data generated from this study were analyzed using the general linear model (GLM) procedure
of SAS (2002). Significant differences between treatment means were separated using Duncan's

multiple range test or a t-test for the main effect of urea with 2 levels (SAS 2002).
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RESULTS AND DISCUSSION

The pretreatment of corn cobs with 5% urea resulted in improvements (p<0.05) in their dry
matter and crude protein (CP) contents (Table 1). The CP increase reflects the effective
incorporation of non-protein nitrogen into the corn cobs via urea hydrolysis, in which urea is
converted to ammonia, which then becomes incorporated into the treated material and
subsequently serves as a readily available nitrogen source for rumen microorganisms. The role of
urea in enhancing nitrogen availability when added to low-quality fibrous feeds is well-
established (Sari et al., 2018; Yulistiani et al., 2024). Multi-enzyme pretreatment had an effect
on hemicellulose concentration (p<0.05) of corn cobs, with the concentration reduced linearly
with an increase in the level of multi-enzyme from 0.5 mg/g to 1.0 mg/g when compared to the
control. The multi-enzyme used has cellulase and xylanase activities, which have been reported
to exert substrate-specific synergistic effects, resulting in enhanced degradation of
lignocellulosic materials (Haung et al., 2018). Results from this study therefore suggest targeted
enzymatic hydrolysis of -1,4-glycosidic bonds in xylan polymers of corn cobs, which are more
susceptible to enzymatic attack than cellulose or lignin (Dagaew et al., 2025). Results of the
interaction effect of urea and multi-enzyme pretreatment of corn cobs showed improved
concentrations (p<0.05) of dry matter and crude protein, indicating synergistic benefits, with the
optimal combination of 5% urea and 0.5 mg/g multi-enzyme achieving 6.65% crude protein.
This compositional change aligns with the strategic upgrading of crop residues to improve their
feeding value for ruminants. The results of in vitro fermentation in Table 2 show that both urea
and multi-enzyme pretreatment of corn cobs significantly (p<0.05) influenced total gas
production, fibre degradation, and methane output from the incubation substrate, indicating
pronounced effects on rumen microbial activity and substrate utilization. Pretreatment of corn
cobs with 5% urea resulted in reduction in gas production during the later stage of fermentation
compared to the control, rather than indicating impaired fermentation, this response likely
reflects changes in fermentation efficiency to favour efficient microbial growth and improved
nitrogen synchrony (He et al., 2022; Simeonidis et al., 2025), by allowing a greater portion of
the fermentable energy to be incorporated into microbial biomass rather than being lost in gas.

Gas production represents fermentation end-products rather than total substrate disappearance,
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and the observed similar substrate dry matter degradation with urea pretreatment in this study
further corroborates this assumption. The two multi-enzyme levels (0.5 and 1.0 mg/g) reduced
gas production (p<0.05) during the early stage of fermentation (the first 3-12 h of incubation).
These reductions likely reflect enzymatic modifications of the fibre matrix prior to extensive
microbial colonization, which could have rather thanered fermentation rates rather than
suppressed microbial activity. The in vitro neutral detergent fibre degradation (IVNDFD) of
substrate was enhanced by multi-enzyme pretreatment. This response demonstrates the
effectiveness of enzymatic pretreatment in breaking down recalcitrant cell wall components,
thereby improving fibre utilization by rumen microorganisms. Methane production exhibited a
contrasting response, underscoring a key trade-off between nutrition and the environment. Multi-
enzyme pretreated substrates produced more methane, with an increase of approximately 37%
relative to the control. This increase suggests greater hydrogen availability resulting from
enhanced fibre degradation, which in turn favoured methanogenesis when alternative hydrogen
sinks were insufficient (Li et al., 2025; Dagaew et al., 2025). The increase in methane production
will increase greenhouse gas (GHG) emissions, resulting in a larger carbon footprint. There may
be a need to redirect the available hydrogen via nitrate supplementation, although this may
reduce fibre digestibility, creating a trade-off between digestion efficiency and emission
reduction (Hiristov et al., 2013). The positive interaction effect between urea and multi-enzyme
pretreatment across incubation periods further indicates that fermentation responses were not

simply additive but depended on specific treatment combinations.
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Tablel: Chemical composition (%DM) of urea and multi-enzyme pretreated corn cobs

Multi- Parameters
Urea
%) S"YME pry  Crude Ether

(MY/9)  matter protein extract Ash  NDF ADF ADL Hemic. Cell.

Main effect of urea level

0 77.27°  422° 385 348 7448 3844 12.01 36.04 26.43
5 83.83* 6.21° 383 343 77.17 41.01 1324 36.15 27.77
SEM 093 026 007 012 092 079 036 123 065
P <0.001 <0.001 0.878 0.845 0.150 0.103 0.089 0.967 0.314

Main effect of multi enzyme level

0.0 79.57 4.87 3.86 343 7821 3794 1151 40.27* 26.43
0.5 79.77 5.54 3.87 341 7564 39.80 12.86 35.84% 26.94
1.0 82.32 5.22 3.79 354 73.63 4145 1351 32.18" 27.94
SEM 0.93 0.26 0.07 012 092 079 0.36 1.23 0.65

p 0427 0598 0882 0911 0.121 0.197 0.062 0.016 0.653

Interaction effect of urea and multi-enzyme level

0 0.0 76.87¢  3.79¢ 3.78 339 76.76 36.73 10.76 40.03 26.89
0.5 74.99¢  4.44° 3.91 348 7429 3852 1204 3578 2741

1.0 79.96° 4.44° 3.85 3.58 7240 40.08 1322 3233 29.02

5 0.0 82.26° 5.95° 3.94 348 79.67 39.15 1226 4052 2597
0.5 84.56®°  6.65°% 3.82 334 76.98 4108 13.67 3589 26.48

1.0 84.67°  6.01° 3.73 349 7485 4281 1379 32.04 26.85

SEM 0.93 0.26 0.07 012 092 079 0.36 1.23 0.65

p <0.001 <0.001 0960 0.997 0.287 0.325 0.095 0.191 0.866

abed Means in the same column with different letters are different at p<0.05; NDF — neutral
detergent fibre, ADF — acid detergent fibre, ADL — acid detergent lignin, Hemic — hemicellulose,
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Cell — cellulose.

Table2: Effect of urea and multi-enzyme pretreatment of corn cobs on total gas production,
dry matter degradation, neutral detergent fibre degradation and methane production from
microbial fermentation of concentrate diet-based substrate in an in vitro medium

Urea eI\r:lzl;lrtri]-e Incubation period (hours) IVDMD IVNDFD CHa
) mgy 3 6 12 24 36 48 (%) %) (%)
Main effect of urea level
0 0.93 2.64 8.13 20.672 27.182 31.472 56.49 57.15 24.58
5 1.00 2.80 7.78 16.36° 21.76° 24.80P 56.93 57.37 26.36
SEM 0.09 0.18 0.38 0.68 0.92 1.05 0.67 0.74 1.45
p 0.705 0.658 0.639 0.001 0.003 0.001 0.741 0.885 0.550
Main effect of multi enzyme level
0.0 133 3.50* 9.30% 19.17 26.43 30.33 56.60 54.18° 20.38°
0.5 0.97% 273  8.232 18.70 24.47 28.13 56.33 60.192 28.212
1.0 0.60° 1.93® 6.33° 17.67 22.50 25.93 57.20 57.422 27.812
SEM 0.09 0.18 0.38 0.68 0.92 1.05 0.67 0.74 1.45
p 0.002 0.001 0.004 0.655 0.216 0.236 0.865 0.002 0.040
Interaction effect of urea and multi-enzyme level
0 0.0 1.40° 3.73* 10.13* 21.07®®  30.00° 34.802 57.07 54.31° 14.92°
0.5 0.93%¢ 2.80% 873 2120 2753 31.67® 56.00 60.242 29.212
1.0 0.47¢ 1.40° 553° 17.73%¢ 24,00% 27.93%c 56.40 56.922 29.602
5 0.0 1.27%  327® 847® 17.27% 2287 2587 56.13 54.05° 25.832
0.5 1.00%¢ 2,67 7.73%  16.20°  21.40° 24.60 56.67 60.152 27.212
1.0 0.73°¢ 247 7,13 1560° 21.00° 23.93° 58.00 57.92%® 26.032
SEM 0.09 0.18 0.38 0.68 0.92 1.05 0.67 0.74 1.45
p 0.021 0.003 0.010 0.033 0.021 0.013 0.963 0.003 0.024
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abed Means in the same column with different letters are different at p<0.05; IVNDFD — in vitro
neutral detergent fibre degradation; IVDMD — in vitro dry matter degradability; CH4 — methane

CONCLUSION

Pretreatment of corn cobs with urea and multi-enzyme offers a practical strategy for
transforming agricultural waste into nutritionally enhanced ruminant feed. The 47% increase in
crude protein content and 11% improvement in fibre degradability demonstrate clear nutritional
benefits. The optimal treatment combination of 5% urea and 0.5 mg/g multienzyme improved
crude protein content and fibre degradability while influencing fermentation characteristics.
Further in vivo studies should be carried out to confirm the observed improvement in fibre
degradability and fermentation characteristics of corn cobs with the combined pre-treatment with

urea and multi-enzyme.

Author contribution

Oguntuyo, S. A. — conceptualization, methodology, investigation, formal analysis and writing of
the original draft. Isah, O. A. — methodology, resources provision, supervision and review and
editing of the manuscript. Aderinboye, R.Y. — supervision, data analysis and review and editing

of the manuscript. Williams, T. J.- supervision and manuscript review and editing.

REFERENCES

Amaro-Reyes, A., Gracida, J., Huizache-Pefia, N., Elizondo-Garcia, N., Salazar-Martinez, J.,
Garcia Almendérez, B.E., & Regalado, C. (2016). On-site hydrolytic enzymes production from
fungal co-cultivation of Bermuda grass and corn cob. Bioresource Technology, 212, 334-337.
https://doi.org/10.1016/j.biortech.2016.04.070

AOAC (2012). Official methods of analysis. The Association of Official Analytical Chemists,
19th Edition Washington DC, USA.

122



Ben Salem, H., Saghrouni, L. & Nefzaoui, A. (2005). Attempts to deactivate tannins in fodder
shrubs with physical and chemical treatments. Animal Feed Science and Technology 122: 109-
121

Dagaew, G., Cheas, S., Suntara, C., Supapong, C., & Cherdthong, A. (2025). Effects of replacing
soybean meal with enzymatically fermented citric waste pellets on in vitro rumen fermentation,
degradability, and gas production Kinetics. Animals, 15(16), 2351.
https://doi.org/10.3390/ani15162351

Dhanoa, M.S., Lopez, S., Dijkstra, J., Davies, D.R., Sanderson, R., Williams, B.A., Sileshi, Z., &
France, J. (2000). Estimating the extent of degradation of ruminant feeds from a description of
their gas production profiles observed in vitro: Derivation of models and other mathematical
considerations. The British Journal of Nutrition, 83(2), 131-142.
https://doi.org/10.1017/S0007114500000179

Fievez, V., Babayemi, O.J. & Demeyer, D. (2005). Estimation of direct and indirect gas
production in syringes: a tool to estimate short chain fatty acid production requiring minimal
laboratory facilities. Animal Feed Science and Technology (123-124): 197-210.

Google Earth, (2025). Google Earth for web. https://earth.google.com/web/. Accessed December
16. 2025.

He, L., Huang, Y., Shi, L., Zhou, Z., & Wu, H. (2022). Steam explosion processing intensifies
the nutritional values of most crop byproducts: Morphological structure, carbohydrate-protein
fractions, and rumen fermentation profile. Frontiers in Nutrition, 9, 979609.
https://doi.org/10.3389/fnut.2022.979609

Hristov, A. N., Oh, J., Firkins, J. L., Dijkstra, J., Kebreab, E., Waghorn, G., Makkar, H. P. S,
Adesogan, A. T., Yang, W., Lee, C., Gerber, P. J., Henderson, B., & Tricarico, J. M. (2013).
Special topics - Mitigation of methane and nitrous oxide emissions from animal operations: I. A

review of enteric methane mitigation options. Journal of Animal Science, 91(11): 5045-5069.

Huang, C., Zhao, C., Li, H., Xiong, L., Chen, X., Luo, M., & Chen, X. (2018). Comparison of

different pretreatments on the synergistic effect of cellulase and xylanase during the enzymatic

123



hydrolysis of  sugarcane bagasse. RSC advances, 8(54), 30725-30731.
https://doi.org/10.1039/c8ra05047¢

Islamiyati, R., Nohong, B., Wakano, F., Iksan, R.A., & Dzulqgaidah, A.M.A. (2025). The effect
of using eco-enzymes as starters on the physical and nutritional quality of corn cob fermentation.

Journal of Global Innovations in Agricultural Sciences, 13(2), 503-508.

Kazemi, M. (2025). Recycling agricultural waste: Sustainable solutions for enhancing livestock
nutrition. Veterinary Medicine and Science, 11(3), e70321. https://doi.org/10.1002/vms3.70321

Kumar, D., Datt, C., Das, L.K., & Kundu, S.S. (2015). Evaluation of various feedstuffs of
ruminants in terms of chemical composition and metabolizable energy content. Veterinary
World, 8(5), 605-609. https://doi.org/10.14202/vetworld.2015.605-609

Li, J., Guan, F., Liu, P., Ma, H., Zhang, J., Ma, Y., Mao, S., Xiang, X., & Jin, W. (2025). Effects
of dietary NDF/NFC ratios on in vitro rumen fermentation, methane emission, and microbial
community ~ composition.  Frontiers in  Veterinary  Science, 12,  1588357.
https://doi.org/10.3389/fvets.2025.1588357

Menke, K.H. & Steingass, H. (1988). Estimation of the energetic feed value obtained from
chemical analysis and in vitro gas production using rumen fluid. Animal Research and
Development 28:7-55.

Mierlita, D. (2001). The effects of corn cobs in feed. Bulletin UASVM, Animal Science and
Biotechnologies, 55-56, 332—-336. https://doi.org/10.34101/actaagrar/1/3610

SAS (2002). Statistical analysis system version 9.1. SAS Institute Inc, Cary.

Simeonidis, K. Attard, E., Pinotti, L., & Pastorelli, G. (2025). In vitro gas production techniques:
Preservation methods and challenges in ruminant research — A review. Annals of Animal Science.
25(4): 1225-1236 https://doi.org/10.2478/aoas-2025-0013

Supriyati, S., Haryanto, B., & Sinurat, A.P. (2018). Use of fiber cracking technology to improve
the nutritive quality of corn and sugarcane by-products for ruminant feeds. Pakistan Journal of
Nutrition, 17(11), 568-577. https://doi.org/10.3923/pjn.2018.568.577

124



van Kuijk, S.J.A., Sonnenberg, A.S.M., Baars, J.J.P., Hendriks, W.H., & Cone, J.W. (2015).
Fungal treated lignocellulosic biomass as ruminant feed ingredient: A review. Biotechnology
Advances, 33(1), 191-202.

Van Soest, P.J., Robertson, J.B. & Lewis, B.A. (1991). Methods for dietary fibre, neutral
detergent fibre, and non-starch polysasccharides in relation to animal nutrition. Journal of Dairy
Science 74: 3583-3597. http://doi.org/10.3168/jds.S0022-0302(91)78551-2

Wahyono, T., Sholikin, M.M., Konca, Y., Obitsu, T., Sadarman, S., & Jayanegara, A. (2022).
Effects of urea supplementation on ruminal fermentation characteristics, nutrient intake,
digestibility, and performance in sheep: A meta-analysis. Veterinary World, 15(2), 331-340.
https://doi.org/10.14202/vetworld.2022.331-340

Wang, J., Zhou, Z., Cheng, Y., Zhang, M., Li, S., & Liu, J. (2025). Evaluation of different
mathematical models on fitting the in vitro gas production parameters in beef cattle. Scientific
Reports, 15, 6547. https://doi.org/10.1038/s41598-025-90189-8

Xu, Y., Li, Z., Moraes, L.E., Shen, J., Yu, Z., & Zhu, W. (2019). Effects of incremental urea
supplementation on rumen fermentation, nutrient digestion, plasma metabolites, and growth
performance in fattening lambs. Animals, 9(9), 652. https://doi.org/10.3390/ani9090652

Yulistiani, D., Puastuti, W., Tresia, G.E., Sutedi, E., Ramon, E., Sopian, E. & Maplani, M.
(2024). Effect of feeding treated or untreated corn cob as grass basal diet replacement on nutrient
digestibility, nitrogen utilization, and rumen fermentation of lambs. 10P Conference Series:
Earth and Environmental Science, 1341(1), 012046. https://doi.org/10.1088/1755-
1315/1341/1/012046

Zheng, J., Zeng, B., Cone, J.W., Hendriks, W.H., & van Kuijk, S.J.A. (2025). Conversion of
lignocellulosic biomass into valuable feed for ruminants using white rot fungi. Journal of Animal
Physiology and Animal Nutrition. https://doi.org/10.1111/jpn.14099

125



