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ABSTRACT: Rice straw has several nutritional weaknesses, namely its high silica and lignin content, and its 33 2
low level of protein, minerals and vitamins, so the impact on digestibility is also low. Aim of present study L é § ® (T,
was to evaluating nutritional efficacy of rice straw after fermentation with Trichoderma viride. The study g 23N m
was conducted by using complete random design. There were three different treatments with four = = g * %
replicates for each treatment. Fermented rice straws were treated with varying concentrations of ] § c 3 o
Trichoderma viride inoculum as follows; 0.5% (T1), 1% (T2), and 1.5% (T3). Fermented rice straw's nutrients, S o § ==
including dry ingredients, organic material, crude fiber, crude protein, dry matter digestibility coefficients, 3 z : § >
and organic matter digestibility coefficients were measured in this study. T3 (1.5% of T. viride) treatment g S 3
performed a proper nutrient, with 80.02% dry ingredients, 80.03% organic materials, 31.68% crude fiber, B w S W )
5.72% protein, 38.46% dry matter digestibility coefficient, and 61.05% organic matter digestibility N E

coefficient. In conclusion, using 1.5% Trichoderma viride to improve the quality of rice straw, as stimulator
of fermentation process can be efficient in ruminant or non-ruminant nutrition.
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INTRODUCTION

Mainly, forage is major feedstuff for ruminants (Minson, 2012). However, the limited stock of forage is the major obstacle
for farms. So, to increase the nutritional efficacy of ruminants, high quality and quantity of forage are required (Guyader
et al., 2016; Mahanta et al., 2020). The high sustainability of forage is directly proportional to the high productivity of
ruminants (Guyader et al., 2016). Supplying ruminants with high energy food sources; such as grass, leguminosae, and
agricultural by-products will increase the quality of the animal production (Roy et al., 2019; Yusriani et al., 2021).

An agricultural by-product that is commonly processed for animal feed is rice straw (Aquino et al.,, 2020). It is
supposed to be an energy source for ruminants (Aquino et al., 2020). Even so, rice straw contains high concentrations of
silica and lignin and also fewer vitamins and minerals (Malik et al., 2015; Aquino et al., 2020). It has a low digestibility
level, which is not applicable enough to be a food stock (Sarnklong et al., 2010). The low digestibility level is caused by
the old supporting tissue that undergoes lignification (Huang and Lo, 2019). The lignocellulose and hemicellulose of rice
straws are the main causes of low digestibility levels (Tama et al., 2020).

Improving crude protein (CP) is an essential nutrient for improving rice straw quality (Sufyan et al., 2022);
Yanuartono et al. (2017) reported that rice straw contained 3-5% crude protein, lower than leguminosae and grass.
Setiarto (2013) explained that the fermentation and ammoniation methods can elevate rice straw nutrition.
Fermentation is one of the food/feed processing technologies involving microorganisms to degrade coarse fiber and
reduce lignin concentration to increase the quality of food/feed (Xia et al., 2018; Shen et al., 2018). One of fermenter
agent was Trichoderma viride it has exhibited with high protein, and fat, also with potential of crude fiber reduction
(Kasmira et al., 2023). Stand out among the cellulose-producing bacteria. The most studied species of filamentous fungi
are Trichoderma viride (Gautam et al., 2011). However the optimum concentration of Trichoderma viride for improving
rice straw nutritional quality is remaining unclear. Therefore, we investigated the optimum concentration of Trichoderma
viride to improve rice straw nutrients.

MATERIALS AND METHODS

This study was conducted in July-September 2022 at Teaching Farm and Feed Chemical Analysis Laboratory of Islamic
University Malang.

Production of fermented rice straws
The experimental design of this study was complete randomized design (CRD) with three treatments and four

repetitions. Three various concentrations of Trichoderma viride, included T1: rice straw + 0.5% T. viride inoculum; T2: rice
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straw + 1% T. viride inoculum; and T3: rice straw + 1.5% T. viride inoculum, were used for rice straw fermentation. The
fermented rice straws were incubated for 21 days. Proximate analysis (dry ingredients, organic materials, crude fiber, and
crude protein) was measured on the fermented rice straw to analyzed the fermented rice straw quality (AOAC
International, 2015). The dry matter digestibility and organic digestibility coefficients were analyzed in vitro, referred to
Tilley and Terry (2006).

Data analysis
The nutrients of fermented rice straws were statistically analyzed by one-way ANOVA, followed by Duncan test with
significant P<0.05. Statistical analysis was conducted by SPSS software version 20.

RESULTS AND DISCUSSION

The nutrition composition of fermented rice straws

Various Trichoderma viride concentrations in 21 days rice straw fermentation impacted the quality of rice straw
(Table 1). T1 (0.5% of T. viride) increased the organic materials and crude fiber significantly (P<0.05). Besides that, T1 did
not show significantly dry ingredients higher than T2 and T3. Muck et al. (2018) reported that the dry ingredients of rice
straw fermented by local microorganisms ranged from 34.04% to 38.18%, lower than this study. Various effects of dry
ingredients in fermented sources were caused by microorganism population. A higher population of microbes was
effectively breakdown the substrate for energy production. Increased hydrolysis reaction of microorganisms decreased
the dry ingredients of food stock. Furthermore, fermentation elevated the digestibility of raw fermented food (Jasin,
2014). According to Chen et al. (2019) statement, the decrease in silage dry matter is influenced by respiration and
fermentation. Respiration will cause a lot of nutrient content to decompose so that it will reduce dry matter, while
fermentation will produce lactic acid and water. Furthermore Surono et al. (2006) stated that the increase in the level of
additive (Trichoderma viride inoculum) is thought to stimulate fermentation activity, causing H20 production to also
increase. The increase in water content in ensiling causes the dry matter content of the silage to decrease, causing an
increase in dry matter loss.

The organic materials of fermented rice straws in Table 1 ranged from 80.03% to 82.50%. Similar to dry
ingredients, T3 performed lowest organic materials, significantly (P<0.05). Organic materials of fermented food were
affected by lactic acid bacteria. Growth microorganisms metabolized carbohydrates and protein to organic materials
(Zahra et al., 2020). It could also affect the nutrition value of fermented feed nutrition, especially the reduction of organic
materials. Muck et al. (2018) described that chemical change of carbohydrate occurred during fermentation processes to
generated energy. Surono et al. (2006) that in general it is known that lactic acid in ensilages is produced from organic
components, especially carbides, thereby increasing the formation of lactic acid. Loss of organic matter in silage which
mainly comes from carbohydrates, namely BETN with the main components of starch and sugar is used by bacteria to
produce lactic acid. Carbohydrates were converted into alcohol, organic acid, water, and carbon dioxide. Daning and
Karunia (2018), found that Trichoderma produced cellulase enzymes to hydrolyze cellulose and crystal, which caused the
percentage of coarse fiber in the substrate.

The crude fiber showed the significantly high on the T4, followed by T2 and T3. The 1.5% dose of T. viride inoculum
(T3) might have ideal performation to decompose rice straw and produced crude fiber. Fermented rice straw using
Trichoderma viride for 21 days produced crude protein, ranged from 5.55% to 5.72%. Suningsih et al. (2019) identified
the activity of proteolitic activity in the fermented raw food, which fermentation increased proteolytic activity and
exhibited different value of crude protein. The amount of water-soluble N and water-soluble solid will be increased during
fermentation. The increase of water-soluble N is caused by protease enzymes that decompose protein into water-soluble
fragments. Then, microbes used the water-soluble fragments for their growth and contributed to the single cell protein,
increasing microbes mass and substrate’s coarse protein, respectively (Suningsih et al., 2019). The presence of T. viride
inoculum is suspected as an energy source for lactic acid bacteria so that it can work optimally in fermentation where
bacterial acid is a microbe that plays a role in the crude protein content of silage to ferment sugar into lactic acid where
the bacteria are protein contributors of microbial origin. Furthermore, Santoso et al. (2013) stated that lactic acid
bacteria have an important role in forage fermentation and affect the quality of the resulting silage. According to Afrianti
(2022) results, fermentation improved the nutritional value and degraded raw food sources, indicating easier to digest.

Digestibility of fermented rice straws

Digestibility is the percentage of nutrients that were absorbed in the digestive tract. It was obtained from the
difference of intake nutrients with the nutrients in feces. The dry matter digestibility coefficient of fermented rice straws
ranged from 35.93% to 38.46% (Table 2).

The variance analysis showed that fermentation with Trichoderma viride to rice straws was significantly different
(P<0.05). The Duncan test showed that T1 was not different with T2, but showed significantly different results with T3.
The 1.5% of T. viride inoculum increased the activity of decomposing microbes and produced higher energy. With so
many decomposing microorganisms, it functions to digest crude fiber, namely as a digester of cellulose as well as
hemicellulose and starch.
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Energy source stimulates microbes to degrade crude protein (Owens and Basalan, 2016). Jasin (2014) explained
that Volatile fatty acids (VFAs) are important for microorganisms' growth that digest the crude fiber in the rumen and be
the source of carbon chain for protein synthesis. Ouyang et al. (2019) reported that high digestibility in ruminants showed
high digested-nutrition by rumen’s microbes. The increase of rumen’s metabolites will affect the increase of growth
followed by livestock weight gain as reported by Cantalapiedra-Hijar et al. (2018) and Mwangi et al. (2022).

Digestibility of organic matter in ruminants' intestines includes carbohydrates, protein, fat, and vitamin. This
indicator also relates to the dry matter digestibility coefficient because most of the dry matter in feed consisted of
organic and inorganic material. According to the study, fermented rice straws' organic matter digestibility coefficient
ranged from 56.88% to 61.05%. However, in the variance analysis, the fermentation with T. viride inoculum showed
insignificant difference (P<0.05). Similarly, dry matter digestibility coefficient, the high level of T. viride inoculum resulted
in a high organic matter digestibility coefficient. From this result, it could be assumed that the high microorganism level
was directly proportional to the digestibility coefficient. The high percentage of organic matter digestibility coefficients
was caused by cellulose's complete digest (Nahak et al., 2019; Xia et al., 2017). Daning and Karunia (2018) explained
that Trichoderma could convert the organic materials in the feed, causing high organic matter digestibility coefficient.

Table 1 - Nutrition contents of fermented rice straws

Treatment
Nutrition (%) T 12 U
Dry ingredients 80.98 + 1.167 80.41 £ 2.29a 80.02 + 2.212
Organic materials 82.50 £ 0.34 81.19 £ 0.19> 80.03 + 0.06¢°
Crude fiber 32.88 + 0.4572 32.35 + 0.04ab 31.68 £ 0.35b
Crude protein 5.55 + 0.352 5.70 £ 0.362 5.72 £ 0.492

Td=rice straw + 0.5% Trichoderma viride inoculum; T2=rice straw + 1,% T. viride inoculum; T3= rice straw + 1.5% T. viride inoculum; Mean +
standard error; Different superscripts in the same row represented significantly different (P<0.05).

Table 2 - Percentage of digestibility of fermented rice straws

Treatment
T1 T2 T3
Digestibility coefficient (%)
Dry matter digestibility coefficient 35.93 £ 0.782 36.69 + 1.002b 38.46 £ 1.37°
Organic matter digestibility coefficient 56.88 £ 1.792 59.08 + 1.822 61.05 £ 2.56a

Ti=rice straw + 0.5% Trichoderma viride inoculum; T2=rice straw + 1,% T. viride inoculum; T3= rice straw + 1.5% T. viride inoculum; Mean

standard error; Different superscripts in the same row showed significantly different effects (P<0.05).

CONCLUSION

Fermentation of rice straws using 1.5% Trichoderma viride inoculum showed the better nutritional contents , with the
score of dry ingredients of 80.02%, organic materials 80.03%, coarse fiber 31.68%, crude protein 5.72%, dry matter
digestibility coefficient 38.46%, and organic matter digestibility coefficient 61.05%. Trichoderma viride inoculum can be
used in fermentation of fibrous feedstuffs in alternative ways.

DECLARATION

Author’s contribution
B. MUWAKHID and U. KALSUM designed the study, and manuscript writing; RIFA’l collected samples and data, H.Y.
SIKONE performed data analysis and manuscript writing. All authors drafted, revised and approved the final manuscript.

Conflict of interests
The author has no possible conflicts of interest in this paper's research, authorship, or publishing.

Acknowledgement
The authors thank the support from the Institute of Research and Community Services University of Islam Malang
(LPMM).

145
Badat M, Umi K, Hilarius Yosef S, Rifa’l (2023). The quality of fermented rice straw with Trichoderma Viride inoculum. Online J. Anim. Feed Res., 13(2): 143-
147. DOI: https://dx.doi.org/10.51227/0jafr.2023.22



REFERENCES

Afrianti LH. (2022). Food Preservation Technology. CV, Alfabeta. https://cvalfabeta.com/product/teknologi-pengawetan-pangan/

AOAC International. (2015). Official Methods of Analysis. Association of Official Analytical Chemist [AOAC].
https://www.scirp.org/(S(czeh2tfqw20rz553k1w0r45))/reference/referencespapers.aspx?referenceid=291349

Aquino D, Del Barrio A, Trach NX, Hai NT, Khang DN, Toan NT, and et al. (2020). Rice straw-based fodder for ruminants.
Sustainable rice straw management, Springer, Cham. Pp.111-129. https://doi.org/10.1007/978-3-030-32373-8_7

Chen KJ, Tang JC, Xu BH, Lan SL and Cao Y. (2019). Degradation enhancement of rice straw by co-culture of
Phanerochaete chrysosporium and Trichoderma viride. Scientific Reports, 9:19708. https://doi.org/10.1038/s41598-
019-56123-5

Daning DRA, and Karunia AD. (2018). Fermentation Technology Using Trichoderma sp Mold to Improve the Nutritional
Quality of Coffee Skins as Ruminant Animal Feed. Jurnal Agriekstensia, 17(1): 70-76.
https://doi.org/10.34145/agriekstensia.v17il1.75

Guyader JE, Janzen HH, Kroebel RO, and Beauchemin KA (2016). Forage use to improve environmental sustainability of
ruminant production. Journal of Animal Science, 94(8):3147-3158. https://doi.org/10.2527 /jas.2015-0141

Gautam SP, Bundela PS, Pandey AK, Jamaluddin K, Awasthi MK, and Sarsaiya S. (2011). Optimization for the Production
of Cellulase Enzyme from Municipal Solid Waste Residu by Novel Cellulolytic Fungi. Biotechnology Research
International. Vol. 2011, Article ID 810425, 8 pages, 2011. https://doi.org/10.4061/2011/810425

Huang YF, and Lo SL (2019). Utilization of rice hull and straw. In Rice, AACC International Press- Elsevier Inc., pp. 627-661.
https://doi.org/10.1016/B978-0-12-811508-4.00019-8

Jasin |. (2014). The Effect of Addition of Molasses and Lactic Acid Bacterial Isolate from Rumen Fluid of PO Cattle on the
Silage Quality of Elephant Grass (Pennisetum purpureum). Journal of Agripet, 14(1): 50-55.
https://doi.org/10.17969/agripet.vi4i1.1205

Kasmira, Ningrum SA, Purwanti S, Pakiding W, and Syamsu JA. (2023). The Chemical Content of Fermented Black Soldier
Fly Larvae with Trichoderma viride as an Alternative Protein Source Feed for Native Chickens. In Proceedings of the 3rd
International Conference on Environmentally Sustainable Animal Industry 2022 (ICESAI 2022), Vol. 28, p. 438.
https://doi.org/10.2991/978-94-6463-116-6_54

Mahanta SK, Garcia SC, and Islam MR (2020). Forage based feeding systems of dairy animals: issues, limitations and
strategies. Range Management and Agroforestry, 41(2):188-99. Google Scholar

Muck RE, Nadeau EMG., McAllister TA, Contreras-Govea FE., Santos MC and Kung L. (2018). Silage review: Recent
advances and future uses of silage additives. Journal of Dairy Science. 101:3980-4000.
https://doi.org/10.3168/jds.2017-13839

Malik K, Tokkas J, Anand RC, and Kumari N (2015). Pretreated rice straw as an improved fodder for ruminants-An
overview. Journal of Applied and Natural Science, 7(1):514-520. https://doi.org/10.31018/jans.v7i1.640

Minson D (2012). Forage in ruminant nutrition, Academic Press, Elsevier Inc., Pp: 85-149. https://doi.org/10.1016/B978-
0-12-498310-6.X5001-9

Nahak OR, Tahuk PK, Bira GF, Bere A, and Riberu H. (2019). The Effect of Using Different Types of Additives on the Physical
and Chemical Quality of Complete Silage Made from Sorghum (Shorgum bicolor (L.) Moench). Journal of animal
science, 4(1): 3-5. https://doi.org/10.32938/ja.v4i1.649

Ouyang JL, Qi RX, Chen YF, Shahzad K, Li PF, and Wang MZ. (2019). Effects of Rice Straw Silage with Combining Additives
of Lactobacillus Plantarum, Trichoderma Viride and Wheat Bran on the Growth Performance, Digestibility and Rumen
Fermentation in Growing Lambs. Indian Journal of Animal Research, 55(3):310-314. https://doi.org/10.18805/ijar.B-
1090

Owens FN, and Basalan M (2016). Ruminal fermentation. Rumenology, Springer, Cham, pp. 63-102.
https://doi.org/10.1007/978-3-319-30533-2_3

Roy AK, Agrawal RK, Bhardwaj NR, Mishra AK, and Mahanta SK (2019). Revisiting national forage demand and availability
scenario. Indian fodder scenario: Redefining state wise status. ICAR-AICRP on Forage Crops and Utilization, Jhansi,
India. pp. 1-21. https://aicrponforagecrops.icar.gov.in/pdfs/Chapter.pdf

Santoso B, Maunatin A, Hariadi BT and Abubakar H. (2013). Isolation and identification of lactid acid bacteria originated
from king grass (Pennisetum purpureophoides) as candidate of probiotic for livestock. JITV, 18 (2), 131-137.
https://repository.pertanian.go.id/handle/123456789,/2829

Sarnklong C, Cone JW, and Pellikaan W. (2010). Utilization of Rice Straw and Different Treatments to Improve Its Feed
Value for Ruminants. Asian-Australian Journal of Animal Sciences, 23(5): 680-692. https://doi.org/10.5713/ajas.2010.
80619

Setiarto RH. (2013). Potential Prospects of Rice Straw Lignocellulosic Utilization into Compost, Silage and Biogas Through
Microbial Fermentation. Journal of Cellulose, 3(2), 51-66. http://dx.doi.org/10.25269/jsel.v3i02.44

Shen Q, Sun H, Yao X, Wu Y, Wang X, Chen Y, and et al (2019). A comparative study of pig manure with different waste
straws in an ectopic fermentation system with thermophilic bacteria during the aerobic process: Performance and
microbial community dynamics. Bioresource technology, 281:202-208. https://doi.org/10.1016/j.biortech.2019.01.029

Suningsih N, Ibrahim W, Liandris O, and Yulianti R. (2019). Physical and Nutritional Quality of Fermented Rice Straw in
Various Starter Additions. Indonesian Journal of Animal Science, 14(2): 191-200.
https://doi.org/10.31186/jspi.id.14.2.191-200

146
Badat M, Umi K, Hilarius Yosef S, Rifa’l (2023). The quality of fermented rice straw with Trichoderma Viride inoculum. Online J. Anim. Feed Res., 13(2): 143-
147. DOI: https://dx.doi.org/10.51227/0jafr.2023.22


https://doi.org/10.1038/s41598-019-56123-5
https://doi.org/10.1038/s41598-019-56123-5
https://doi.org/10.34145/agriekstensia.v17i1.75
https://doi.org/10.2991/978-94-6463-116-6_54
https://scholar.google.com/scholar?cluster=8043593689732353238&hl=en&as_sdt=2005&sciodt=0,5
https://doi.org/10.31018/jans.v7i1.640
https://doi.org/10.31018/jans.v7i1.640
https://repository.pertanian.go.id/handle/123456789/2829
http://dx.doi.org/10.25269/jsel.v3i02.44

Surono, Soejono M, and Budhi SPS. (2006). The Dry Matter and Organic Matter Loss of Napier Grass Silage at Different Age
of Defoliation and Level of Additive. Journal Indonesia Trop.Anim.Agric.c 31 (1) March 2006.
https://core.ac.uk/download/pdf/11707526.pdf

Sufyan A, Ahmad N, Shahzad F, Embaby MG, AbuGhazaleh A, Khan NA (2022). Improving the nutritional value and
digestibility of wheat straw, rice straw, and corn cob through solid state fermentation using different Pleurotus
species. Journal of the Science of Food and Agriculture, 102(6):2445-2453. https://doi.org/10.1002/jsfa.11584

Tama KRY, Sandiah N, and Kurniawan W. (2020). The Effect of Urea use level on the Physical and Organoleptic Quality of
rice straw of Ammoniation Rice Straw. Journal Halu Oleo, 2(1): 19-25. http://dx.doi.org/10.56625/jipho.v2i1.11155

Tilley JMA, and Terry RA. (2006). The relationship between the soluble constitutent herbage and their dry-matter
digestibility. Journal. Grass and Forage Science, 24(4), 290-295. https://doi.org/10.1111/j.13652494.1969.tb01083.x

Xia J, He A, Li R, Zhang Y, Xu J, Liu X and Xu J. (2017). Enzymatic activity and protein expression of cellulase from rice straw
produced by Trichoderma reesei in the presence of oxygen vectors. Journal of Industrial Crops & Products 109: 654-
660. http://dx.doi.org/10.1016/j.indcrop.2017.09.017

Xia T, Huang H, Wu G, Sun E, Jin X, and Tang W (2018). The characteristic changes of rice straw fibers in anaerobic
digestion and its effect on rice straw-reinforced composites. Industrial Crops and Products, 121:73-79.
https://doi.org/10.1016/j.indcrop.2018.04.004

Yanuartono, Purnamaningsih H, Indarjulianto S, and Nururrosi A. (2017). Potential of straw as ruminant feed. Journal of
Animal Sciences (Indonesian Journal of Animal Science), 27(1): 40-62. https://doi.org/10.21776/ub.jiip.2017.027.01.05

Yusriani Y, Anggraeny YN, Usrina N, Zurriyati Y, and Rohaeni ES. Product as potential of supporting agricultural by large
ruminant feed in Bireun Regency. In IOP Conference Series: Earth and Environmental Science, 807(4): 042027.
https://doi.org/10.1088/1755-1315/807/4/042027

Zahra T, Irfan M, Nadeem M, Ghazanfar M, Ahmand Q, Ali S, Siddique F, Yasmeen and Franco M. (2020). Cellulase
Production by Trichoderma viride in Submerged Fermentation using Response Surface Methodology. Punjab University
Journal of Zoology. 35(2): 223-228. https://dx.doi.org/10.17582/journal.pujz/2020.35.2.223.228

147
Badat M, Umi K, Hilarius Yosef S, Rifa’l (2023). The quality of fermented rice straw with Trichoderma Viride inoculum. Online J. Anim. Feed Res., 13(2): 143-
147. DOI: https://dx.doi.org/10.51227/0jafr.2023.22


http://dx.doi.org/10.56625/jipho.v2i1.11155
https://doi.org/10.1016/j.indcrop.2018.04.004
https://doi.org/10.1088/1755-1315/807/4/042027
https://dx.doi.org/10.17582/journal.pujz/2020.35.2.223.228

