
Acid Cellulase Enzyme Liquid for Fiber Hydrolysis in Mild
Acidic Processing
Enzymes.bio Research Team · Wellington, New Zealand · June 15, 2026

Direct answer: Acid Cellulase Enzyme Liquid for Fiber Hydrolysis is used to break down
cellulose-containing fibers under acidic or mildly acidic aqueous conditions. It works by
binding to accessible cellulose surfaces and hydrolyzing β-1,4-glucosidic bonds, converting
insoluble fiber structure into shorter cellulose fragments, cellooligosaccharides, cellobiose,

and glucose depending on process severity and substrate accessibility [1].

For buyers using Enzymes.bio, the practical value is controlled fiber modification: softening, partial
depolymerization, improved sugar release, better fermentability, or preparation for downstream
processing. Enzymes.bio supplies this product directly online by the 1 kg unit; buyers pay online, and
the order is processed and shipped with a Certificate of Analysis and Safety Data Sheet included.

Product role in fiber hydrolysis

Acid cellulase is a liquid enzyme preparation intended for processes where plant-derived or cellulose-
rich fibers need enzymatic breakdown in an acidic or mildly acidic environment. “Fiber hydrolysis”
does not always mean complete conversion into glucose; in many real processes, the desired outcome
is partial hydrolysis—loosening the fiber surface, reducing structural resistance, increasing soluble
carbohydrate release, or making a biomass stream more responsive to fermentation, extraction,

fibrillation, or further treatment [1].

Cellulose is difficult to process because it is not simply a soluble polymer floating in water. It is packed
into microfibrils, held together by hydrogen bonding, and embedded in a surrounding matrix that may
include hemicellulose, lignin, pectin, waxes, proteins, ash, and other plant components. Cellulase must
work at the solid–liquid interface: the enzyme contacts an accessible region of cellulose, binds to it,

catalyzes hydrolysis, and then continues acting on exposed chain segments as the surface changes [2].

The “acid” designation is important because many industrial cellulase systems, especially fungal
cellulase systems, are used in mildly acidic hydrolysis environments. Literature on cellulase technology
commonly discusses cellulose hydrolysis under acidic conditions, with benchmark laboratory
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conditions often around pH 4.8 and 45–50 °C, although actual performance depends on the enzyme

preparation, substrate type, solids level, contact time, and process design [1].

How acid cellulase changes cellulose fibers

At the molecular level, cellulose is a chain of glucose units joined mainly through β-1,4-glucosidic
bonds. Acid cellulase catalyzes hydrolysis of those bonds by positioning water and the cellulose chain
in the enzyme active site so that the glycosidic linkage is cleaved more readily than it would be under

the same mild conditions without enzyme [1].

The physical effect begins where cellulose is accessible. Less ordered, amorphous regions are generally
more vulnerable than tightly crystalline regions because enzyme proteins can more easily contact and
orient the chain. As bonds are cleaved, long cellulose chains become shorter chains; exposed chain
ends increase; small soluble fragments may diffuse away from the fiber surface; and the fiber may lose

stiffness, surface integrity, or resistance to downstream processing [3].

Figure 1. Acid cellulase hydrolyzes beta-1,4 glycosidic bonds in cellulose fibers to
release shorter cellooligosaccharides and glucose.

In practical terms, the enzyme does three things at once. It opens internal points in cellulose chains, it
trims accessible chain ends, and it helps generate soluble sugar fractions as hydrolysis proceeds.
Industrial cellulase systems are often understood as a coordinated set of functions rather than a single
chemical action: endoglucanase-type activity creates new breaks inside cellulose chains, exoglucanase
or cellobiohydrolase-type activity releases short units from chain ends, and β-glucosidase-type activity

can convert cellobiose and short oligosaccharides into glucose [1].
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Because cellulose is insoluble, mixing and wetting matter for a simple reason: the enzyme cannot
hydrolyze a surface it cannot reach. A fiber bundle that is poorly hydrated, shielded by lignin, or
physically inaccessible may show limited hydrolysis even if the enzyme itself is active. This is why
studies on oil palm trunk, sugarcane bagasse, sugar beet pulp, corn stover, and other residues often
pair cellulase with pretreatment, fed-batch operation, xylan extraction, or mixed enzyme systems to

improve access to cellulose [4].

Acid, neutral, and alkaline cellulase in context

Different cellulase products are used in different pH environments. The distinction is not a marketing
label; pH affects enzyme charge, active-site geometry, substrate binding, protein stability, and
compatibility with the rest of the process. Acid cellulase is relevant when the surrounding process is
already acidic or when mildly acidic hydrolysis is preferred for compatibility with the substrate or

downstream steps [1].

Cellulase
type

Typical processing context What changes on the fiber Common fit

Acid
cellulase

Mildly acidic aqueous systems;
commonly discussed around
acidic hydrolysis conditions such
as pH near 4.8 in benchmark
cellulase work

Hydrolyzes accessible cellulose,
especially less ordered regions; can
release soluble sugars and weaken
fiber structure

Biomass hydrolysis, plant
fiber modification, acidic
fermentation-linked
workflows

Neutral
cellulase

Near-neutral processing where
strong acidity or alkalinity is
undesirable

Provides controlled surface or partial
cellulose modification without shifting
the system far from neutral

Textile finishing, some
pulp/fiber modification
processes

Alkaline
cellulase

Alkaline washing, detergent, or
alkaline textile conditions

Acts where cellulose surfaces are
exposed in high-pH environments;
often used for surface cleaning or
modification rather than full
saccharification

Detergent, textile, and
alkaline fiber-processing
systems

This comparison is conceptual, not a product specification. The key takeaway is that acid cellulase is
chosen for processes where cellulose hydrolysis is intended to occur in an acidic or mildly acidic liquid
phase, while neutral and alkaline cellulases are used where those pH environments better match the

surrounding process [1].

enzymes.bio  ·  Enzymes.bio Research Team Page 3 of 16



Why cellulose-rich fibers resist hydrolysis

Plant fibers are naturally engineered to resist degradation. Cellulose provides tensile strength,
hemicellulose connects and coats cellulose structures, and lignin acts as a rigid aromatic barrier that
protects the carbohydrate fraction from enzymes and microbes. In agro-industrial residues such as
sugarcane bagasse, oil palm residues, corn stover, and woody plant material, this composite structure is

the main reason cellulase performance depends so strongly on accessibility [2].

Lignin is especially important because it can reduce effective cellulase action in two ways. First, it
blocks physical access to cellulose. Second, it can bind enzyme protein non-productively, meaning the
enzyme attaches to lignin rather than cellulose and therefore contributes little to glycosidic bond
cleavage. Research on lignocellulosic degradation repeatedly treats lignin management and enzyme

accessibility as central constraints in cellulose conversion [5].

Figure 2. In industrial fiber hydrolysis, acid cellulase is dosed into a warm acidic
bath to modify cellulose surfaces and release soluble hydrolysis products.

Hemicellulose also affects the process. It can wrap around cellulose microfibrils and reduce enzyme
contact, but it can also become a useful target when cellulase is combined with xylanase, pectinase, or
other accessory enzymes. For example, sugarcane bagasse fibers after xylan extraction have been
studied under cellulase-catalyzed high-solid hydrolysis, illustrating how removal or transformation of

non-cellulosic fractions can change the response of the cellulose-rich material [2].

Crystallinity is another limiting factor. Highly ordered cellulose regions resist enzyme penetration
because the chains are tightly packed and stabilized by hydrogen bonding. Enzymatic hydrolysis often
progresses faster in amorphous regions, which means cellulase may first roughen, pit, open, or weaken
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the fiber surface before extensive conversion occurs. This is one reason partial hydrolysis and surface

modification are realistic outcomes even when complete saccharification is not the goal [3].

Evidence from biomass, agro-residue, and fiber studies

Cellulase is widely studied for converting lignocellulosic biomass into soluble carbohydrates and
fermentable sugars. In work on combined pretreated oil palm trunk, cellulase addition and pre-
hydrolysis were examined in a high-solid fed-batch simultaneous saccharification and ethanol
fermentation setting, showing how cellulase can be integrated into dense biomass processes rather

than only dilute laboratory systems [4].

Sugar beet pulp has also been investigated using novel enzyme complexes for efficient hydrolysis. That
application is relevant because sugar beet pulp contains cellulose together with other plant cell wall
polysaccharides; hydrolysis therefore depends not only on cellulose cleavage but also on how

effectively the enzyme system opens the broader matrix around the cellulose fraction [6].

Sugarcane bagasse illustrates another practical route. After xylan extraction, bagasse fibers have been
studied under high-solid cellulase-catalyzed hydrolysis, linking fiber composition, hemicellulose
removal, and cellulase performance. For process users, the lesson is concrete: when hemicellulose is
reduced or reorganized, cellulose can become more accessible, and the same enzyme chemistry may

produce a different hydrolysis profile [2].

Oil palm empty fruit bunch fibers have been processed toward nanocrystalline cellulose using white-
rot fungi and cellulase from Trichoderma reesei. This type of work demonstrates a different endpoint
from sugar production: cellulase can help remove or hydrolyze accessible cellulose regions while

leaving more resistant crystalline domains enriched for nanocellulose-related applications [7].
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Figure 3. Acid cellulase is used in textile finishing, denim treatment, pulp and paper
modification, biomass processing, laundry care, and fiber-rich feed applications.

Agro-industrial discards are also studied as feedstocks for producing cellulase itself, which reflects the
broader circular-bioeconomy relevance of cellulase technology. While that does not change how a
liquid acid cellulase product functions in use, it reinforces the industrial importance of cellulase in
valorizing low-value plant residues and converting cellulosic waste streams into more useful materials
[8].

Textile and natural-fiber modification

Cotton is a useful model for understanding cellulase because it is highly cellulose-rich. A 2024 study on
cellulase produced by Bacillus cereus DU-1 examined effects on cotton fiber, aligning with the known
role of cellulase in changing cellulosic textile surfaces. In such applications, the desired result is often
not full hydrolysis but controlled surface action: reducing fuzz, modifying hand feel, exposing fibrils, or

changing surface morphology [3].

Natural fibers beyond cotton also respond to enzymatic treatment. Work on Sambucus ebulus plant
fiber compared enzymatic and alkali treatments and investigated resulting physico-chemical properties,
showing that enzyme-based fiber modification can be part of a broader toolkit for changing fiber

surface chemistry and structure [9].

Pineapple plant fiber has been studied in an enzyme-enhanced selective physicochemical
transformation route for green textiles. This is relevant to acid cellulase because many textile and agro-
fiber processes seek selectivity: enough hydrolysis to improve softness, cleanliness, fibrillation, or

downstream bonding, but not so much that fiber strength is unnecessarily lost [10].
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Composite materials provide another view of the same mechanism. Enset fiber-reinforced polylactic
acid composites have been investigated after different surface treatments, emphasizing how surface
chemistry and fiber structure affect compatibility between plant fibers and polymer matrices. Cellulase-
related surface modification can contribute to this general objective by changing the accessible
carbohydrate surface, though the final composite performance depends on the entire treatment

sequence [11].

Feed, silage, and fermentation-linked fiber systems

In feed and silage systems, cellulase is used for a different practical reason: plant fiber can restrict
nutrient availability and limit fermentation efficiency. By hydrolyzing cellulose and opening the plant
cell wall, cellulase can increase the pool of soluble carbohydrates available to fermenting

microorganisms or digestive systems, depending on the application [12].

Figure 4. Compared with harsh chemical or abrasive processing, acid cellulase
enables milder and more selective cellulose fiber hydrolysis.

Cellulase–lactic acid bacteria synergy has been studied in woody plant silage. The mechanism is
straightforward: cellulase helps release fermentable sugars from structural carbohydrates, while lactic
acid bacteria convert available sugars into organic acids that drive silage fermentation. When both
actions are aligned, the enzyme can support the microbial fermentation pathway rather than acting as

an isolated additive [12].

Whole-plant corn silage has been studied with cellulase in combination with a Bacillus inoculant, and
separate work has investigated antibacterial peptide-producing Bacillus subtilis, gallic acid, and
cellulase in corn silage. These examples show that cellulase is often part of a biological system: fiber
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hydrolysis changes the available carbon pool, and the microbial community determines how that

carbon is converted during storage or fermentation [13].

Wet brewer’s grains and corn stover mixed silage have also been examined with cellulase and lactic
acid bacteria supplementation. This matters because mixed residues contain different fiber structures,
moisture contents, and nutrient profiles; cellulase can help expose carbohydrate fractions, but the
fermentation result depends on the balance between enzyme action, microbial growth, substrate

buffering, and available sugars [14].

Animal feed studies further illustrate the role of cellulase in high-fiber materials. Research on agro-
industrial waste-based complementary feed in PE goats evaluated eco-enzyme application with nutrient
intake, fiber composition, and digestibility, while work in Siamese catfish examined cellulase enzyme
application in feed and growth. These studies point to a common principle: fiber-modifying enzymes
may improve access to nutrients, but the biological response is species-, diet-, and formulation-

dependent [15].

Dietary fiber and food-adjacent material modification

Cellulase can also modify dietary fiber fractions by changing insoluble fiber structure and increasing
soluble fiber components. Steam explosion followed by cellulase modification has been used to
improve soluble dietary fiber from Dictyophora indusiata by-products, with structural and functional

analysis used to evaluate the resulting fiber changes [16].

The mechanism in this context is not simply “more sugar.” Partial cellulase hydrolysis can shorten
cellulose chains, open porous structures, alter water-holding behavior, and change how fiber interacts
with other molecules. In mushroom by-products and similar substrates, the result may be a modified
fiber fraction with different solubility, swelling, binding, or adsorption behavior rather than a complete

conversion into glucose [16].
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Figure 5. Relative activity of Acid Cellulase Enzyme Liquid For Fiber Hydrolysis as a
function of pH, showing the optimum plateau at pH 4.5–5.2.

Dietary fiber from Flammulina velutipes has also been studied after modification, including effects on
structure, physicochemical properties, and lead ion adsorption behavior. This kind of work shows why
controlled hydrolysis can be valuable even when the target is a functional fiber material: enzymatic

modification changes surface area, exposed functional groups, and polymer architecture [17].

Fruit and plant by-product reviews consistently identify industrial opportunities for converting fiber-
rich residues into nutritional, functional, or value-added ingredients. Cellulase is relevant in those
workflows because plant by-products frequently contain cellulose-rich cell wall material that must be
opened, softened, or partially hydrolyzed before other fractions can be extracted or used effectively
[18].

Nanocellulose and advanced cellulose materials

Nanocellulose production often relies on selectively removing amorphous or accessible cellulose while
preserving more ordered crystalline domains. Cellulase can support this by attacking regions that are
easier to hydrolyze, thereby helping separate or enrich nanoscale cellulose structures when combined

with mechanical, fungal, chemical, or physical treatments [7].

Oil palm empty fruit bunch processing into nanocrystalline cellulose using white-rot fungi and cellulase
is one example of enzyme-assisted conversion of an agricultural residue into a higher-value cellulose
material. The fungal step can modify lignin-rich structure, while cellulase contributes targeted
carbohydrate hydrolysis; together, they help transform a bulky fibrous residue into a refined cellulose

fraction [7].
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Cellulase immobilization on nanostructured carriers is another emerging area. Immobilization research
is not the same as using a standard liquid product in a process, but it highlights a broader engineering
goal: improving enzyme handling, reusability, stability, or contact with insoluble cellulose substrates by

controlling where and how the enzyme is presented [19].

Advanced biomaterial workflows demonstrate the same core principle seen in simpler hydrolysis:
cellulase acts only where it can physically access suitable cellulose bonds. Whether the endpoint is
soluble sugar, softened fiber, fermentable biomass, or nanocellulose, the transformation depends on

surface exposure, diffusion, moisture, contact time, and the surrounding non-cellulosic matrix [1].

Figure 6. Relative activity of Acid Cellulase Enzyme Liquid For Fiber Hydrolysis as a
function of temperature, with the optimum at 45–55 °C and a characteristic
thermal-denaturation fall-off above the optimum.

Processing realities for acid cellulase users

Acid cellulase generally fits aqueous processing. Water hydrates the fiber, allows enzyme diffusion,
supports the catalytic hydrolysis reaction, and carries soluble hydrolysis products away from the
surface. If the fiber remains dry inside, compacted, waxy, or poorly wetted, much of the cellulose may

remain inaccessible even though the enzyme is present in the liquid phase [2].

pH affects both the enzyme and the fiber environment. In mildly acidic conditions, acid cellulase can
maintain the active-site ionization pattern needed for cellulose bond cleavage. If the process shifts too
far outside the enzyme’s workable pH environment, protein structure and substrate binding can be

affected, which changes hydrolysis rate and consistency [1].
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Temperature influences reaction speed and enzyme stability. Moderate heating can increase molecular
motion, improve diffusion, and accelerate hydrolysis, but excessive heat can unfold the enzyme protein
and reduce function. This is why cellulase studies commonly discuss controlled moderate temperatures
rather than harsh acid-hydrolysis conditions, with benchmark cellulase hydrolysis often reported

around 45–50 °C in acidic media [1].

Contact time determines how far hydrolysis proceeds. Early-stage treatment may mainly roughen or
soften the fiber surface, while longer exposure can release more soluble sugars if the substrate
remains accessible and the enzyme remains active. In high-solid fed-batch processes, such as those
studied for pretreated oil palm trunk, the timing of cellulase addition and pre-hydrolysis becomes part

of the process architecture rather than a minor detail [4].

Solids level also changes performance. At high solids, there is less free water per unit of fiber, mixing
becomes harder, viscosity may rise, and enzymes must compete for limited accessible surface. However,
high-solids operation can be attractive because it produces more concentrated hydrolysates and can
reduce downstream water removal. Studies on high-solid hydrolysis of sugarcane bagasse and oil palm
trunk show why cellulase use must be understood in relation to the physical handling of the biomass
[2].

Enzymatic hydrolysis compared with harsh chemical hydrolysis

The main advantage of enzymatic hydrolysis is selectivity under relatively mild conditions. Acid
cellulase targets cellulose bonds rather than indiscriminately attacking all components through severe
acid or alkali chemistry. This can reduce unwanted degradation, avoid some corrosion-related
concerns associated with strong chemical hydrolysis, and support integration with biological

downstream steps such as fermentation [1].
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Figure 7. Illustrative dose–response for Acid Cellulase Enzyme Liquid For Fiber
Hydrolysis across the recommended use band (0.5–2.0% o.w.f.).

The tradeoff is speed and accessibility. Chemical hydrolysis can be aggressive because it uses severity—
strong acid, high temperature, or extended exposure—to force bond cleavage. Enzymes instead rely on
contact between a protein catalyst and a suitable substrate site. If cellulose is protected by lignin,
hemicellulose, crystallinity, or poor wetting, cellulase may need more time or a process environment

that improves surface exposure [5].

For many fiber hydrolysis applications, the question is not whether enzymes are universally “better”
than chemicals. The better framing is what kind of transformation is required. If the goal is controlled
modification, sugar release under mild conditions, compatibility with fermentation, or greener
processing of plant residues, acid cellulase can offer a practical route. If the goal is immediate complete
breakdown of a highly resistant lignocellulosic material without pretreatment, expectations should be

more conservative [1].

Realistic outcomes buyers can expect to evaluate

The most established outcome is hydrolysis of accessible cellulose into shorter carbohydrate fragments
and soluble sugars. This is the biochemical foundation behind biomass saccharification, silage

enhancement, dietary fiber modification, textile surface treatment, and nanocellulose preparation [1].

A second realistic outcome is physical change in the fiber. Fibers may become softer, more open, more
porous, easier to fibrillate, or more responsive to downstream extraction and fermentation. Studies on
cotton fiber, natural plant fibers, pineapple textile fibers, and modified dietary fibers all point to the
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same practical observation: cellulase changes the surface and structure of cellulosic materials, not only

the sugar concentration of the liquid phase [10].

A third outcome is process synergy. Cellulase can work alongside lactic acid bacteria in silage, with
pretreatment in biomass hydrolysis, with fungal treatment in nanocellulose preparation, or with steam
explosion in dietary fiber modification. In these cases, the enzyme’s role is to expose or convert

cellulose so another biological, physical, or chemical step can proceed more effectively [12].

The key limitation is substrate dependence. A clean cotton fiber, a pretreated oil palm trunk slurry, a
lignin-rich corn stover mix, and a mushroom by-product fiber do not present the same surface to the
enzyme. The same acid cellulase chemistry can therefore produce different rates, soluble sugar

profiles, and physical outcomes depending on the material being processed [14].

Figure 8. Illustrative thermal-stability decay of Acid Cellulase Enzyme Liquid For
Fiber Hydrolysis — residual activity falling over time at the operating temperature.

Ordering Acid Cellulase Enzyme Liquid from Enzymes.bio

Enzymes.bio supplies Acid Cellulase Enzyme Liquid for Fiber Hydrolysis directly online in 1 kg units.
Buyers can place the order online, complete payment, and the order is then processed and shipped.

A Certificate of Analysis and Safety Data Sheet come with the order. These documents support
responsible handling and confirm the supplied product information without requiring a separate
technical enquiry before purchase.
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For users working with cellulose-rich fibers, the product is best understood as an enzyme tool for
controlled hydrolysis in acidic or mildly acidic aqueous processing. Its value comes from the well-
established cellulase mechanism—surface binding, β-1,4-bond cleavage, chain shortening, and soluble
carbohydrate release—applied to real fibers whose accessibility is shaped by lignin, hemicellulose,

crystallinity, moisture, mixing, temperature, pH, and contact time [1].

Bottom line for fiber hydrolysis applications

Acid Cellulase Enzyme Liquid for Fiber Hydrolysis is relevant wherever cellulose-containing fibers
need mild enzymatic breakdown rather than harsh chemical attack. It can support biomass conversion,
paper and pulp fiber hydrolysis, cotton and natural-fiber modification, silage and feed-related fiber
processing, dietary fiber modification, and nanocellulose-oriented workflows when the substrate and

process environment allow enzyme access [7].

The science is strongest for the core mechanism: cellulase hydrolyzes accessible cellulose by cleaving
β-1,4-glucosidic bonds and works through coordinated surface action on insoluble fiber. Application
results vary because real fibers are composite materials, but the same mechanism explains why acid
cellulase is useful across plant residues, textile fibers, feed materials, and advanced cellulose

processing [1].

Order Acid Cellulase Enzyme Liquid For Fiber Hydrolysis online
Sold by the 1 kg unit, in stock and ready to ship. Order directly on our store — pay online and
we process your order. A Certificate of Analysis and Safety Data Sheet are included with every
order.

Buy Acid Cellulase Enzyme Liquid For Fiber Hydrolysis →

References

Numbered in order of first citation. Open-access sources, each verified reachable at publication; citation numbers in the text link
here.

1. Budhraja, A. A., & Roy, R. (2024). ADVANCEMENTS IN CELLULASE ENZYME TECHNOLOGY: APPLICATIONS, CHALLENGES,
AND FUTURE PERSPECTIVES. International Research Journal of Modernization in Engineering Technology and Science.

2. Silva, V. T. F., Quintero, L., & Milagres, A. M. (2021). Characteristics of sugarcane bagasse fibers after xylan extraction
and their high-solid hydrolysis cellulase-catalyzed. Biocatalysis and agricultural biotechnology, 36, 102123.

enzymes.bio  ·  Enzymes.bio Research Team Page 14 of 16

https://enzymes.bio/?p=20877
https://www.semanticscholar.org/paper/05cdcf0faa7c50937109df43f78f146dca0d2733
https://www.semanticscholar.org/paper/05cdcf0faa7c50937109df43f78f146dca0d2733
https://www.semanticscholar.org/paper/f4a61f3f6ba169bd2a19e32705cb85ee74a63700
https://www.semanticscholar.org/paper/f4a61f3f6ba169bd2a19e32705cb85ee74a63700


3. Uğraş, S., Bicen, H. E. I., & Emire, Z. (2024). Determination of Cellulase Enzyme Produced by Bacillus cereus DU-1
Isolated from Soil, and Its Effects on Cotton Fiber. Brazilian Archives of Biology and Technology.

4. Tareen, A. K., Punsuvon, V., Sultan, I. N., Khan, M. W., & Parakulsuksatid, P. (2021). Cellulase Addition and Pre-
hydrolysis Effect of High Solid Fed-Batch Simultaneous Saccharification and Ethanol Fermentation from a Combined

Pretreated Oil Palm Trunk. ACS Omega, 6, 26119 - 26129.

5. Liu, G., Gong, H., Tang, H., Meng, Z., Wang, Z., Cui, W., Zhang, K., … et al. (2025). Enhanced lignocellulose degradation
in Bacillus subtilis RLI2019 through CRISPR/Cas9-mediated chromosomal integration of ternary cellulase genes..

International Journal of Biological Macromolecules, 306 Pt 3, 141727 .

6. Komarova, M., Semenova, M. V., Volkov, P., Shashkov, I., Rozhkova, A., Zorov, I. N., Kurzeev, S. A., … et al. (2025).

Efficient Hydrolysis of Sugar Beet Pulp Using Novel Enzyme Complexes. Agronomy.

7. Akli, K., Maryam, M., Senjawati, M. I., & Ilyas, R. A. (2022). Eco-Friendly Bioprocessing Oil Palm Empty Fruit Bunch
(Opefb) Fibers Into Nanocrystalline Cellulose (Ncc) Using White-Rot Fungi (Tremetes Versicolor) and Cellulase Enzyme

(Trichoderma Reesei). Journal of Fibers and Polymer Composites.

8. Dinil, A., & Jacob, A. (2022). Valorization of Agro-industrial Discards in Fermentation for the Production of Cellulase
Enzyme. Journal of Pure and Applied Microbiology.

9. Eyupoglu, S., Eyupoglu, C., & Merdan, N. (2024). Investigation of the effect of enzymatic and alkali treatments on the
physico-chemical properties of Sambucus ebulus l. plant fiber.. International Journal of Biological Macromolecules,

130968 .

10. Khemsup, N., Srioanchan, R., Boonlertsamut, J., Ninthap, C., Halac, S., Pisacane, E., Benter, T., … et al. (2025). Enzyme-
Enhanced Selective Physicochemical Transformation of Lignocellulosic Fibers for Green Textiles: A Case Study with

Dual-Purpose Pineapple Plant toward Sustainable Agro-Industries. ACS Omega, 10, 38826 - 38843.

11. Abraha, K. G., Debeli, D., Ghani, M. U., Zhuo, B., Tesfahunegn, A. A., & Guo, J. (2024). Enhancing enset fiber‐reinforced

polylactic acid composites through different surface treatments for emerging applications. Polymer Composites, 46,
5140 - 5155.

12. Du, Z., Yamasaki, S., Oya, T., & Cai, Y. (2023). Cellulase–lactic acid bacteria synergy action regulates silage fermentation

of woody plant. Biotechnology for Biofuels and Bioproducts, 16.

13. Liu, X., Wang, A., Zhu, L., Guo, W., Guo, X., Zhu, B., & Yang, M. (2024). Effect of additive cellulase on fermentation

quality of whole-plant corn silage ensiling by a Bacillus inoculant and dynamic microbial community analysis. Frontiers
in Microbiology, 14.

14. Zhao, G., Wu, H., Yang-Li, Li, L., He, J., Yang, X., & Xie, X. (2023). Fermentation characteristics and microbial community

composition of wet brewer’s grains and corn stover mixed silage prepared with cellulase and lactic acid bacteria
supplementation. Animal bioscience, 37, 84 - 94.

15. Dzulqaidah, A. M. A., & Islamiyati, R. (2025). Impact of Eco-Enzyme Application on Nutrient Intake, Fiber Composition,
and Feed Digestibility in PE Goats Using Agro-Industrial Waste-Based Complementary Feed. Journal of Global
Innovations in Agricultural Sciences.

16. Lin, M., Wang, C., Wu, W., Miao, Q., & Guo, Z. (2024). Quality, improvement of soluble dietary fiber from Dictyophora
indusiata by-products by steam explosion and cellulase modification: Structural and functional analysis. Food
chemistry: X, 25.

enzymes.bio  ·  Enzymes.bio Research Team Page 15 of 16

https://www.semanticscholar.org/paper/260ff615f6184def71a8e5183fc2036bcafd7aba
https://www.semanticscholar.org/paper/260ff615f6184def71a8e5183fc2036bcafd7aba
https://www.semanticscholar.org/paper/7b7720563831045e791920453330d3cf6a98d5ff
https://www.semanticscholar.org/paper/7b7720563831045e791920453330d3cf6a98d5ff
https://www.semanticscholar.org/paper/7b7720563831045e791920453330d3cf6a98d5ff
https://www.semanticscholar.org/paper/589b0877ab43a61e763fd2ca99915e902094f413
https://www.semanticscholar.org/paper/589b0877ab43a61e763fd2ca99915e902094f413
https://www.semanticscholar.org/paper/7fd0426006ed5f052dd1d18dc17583322f8d7f22
https://www.semanticscholar.org/paper/79307297c4feab6b1846d607a2284ec0c66606a0
https://www.semanticscholar.org/paper/79307297c4feab6b1846d607a2284ec0c66606a0
https://www.semanticscholar.org/paper/79307297c4feab6b1846d607a2284ec0c66606a0
https://www.semanticscholar.org/paper/1d2189eca78df212c200b30a57cd0b4064d3ea34
https://www.semanticscholar.org/paper/1d2189eca78df212c200b30a57cd0b4064d3ea34
https://www.semanticscholar.org/paper/ca454eb9eccfba91c7aba1d64acdeda93e4cb0f8
https://www.semanticscholar.org/paper/ca454eb9eccfba91c7aba1d64acdeda93e4cb0f8
https://www.semanticscholar.org/paper/20bae017ffdf5d4171cee9873b6efb74fc7635d9
https://www.semanticscholar.org/paper/20bae017ffdf5d4171cee9873b6efb74fc7635d9
https://www.semanticscholar.org/paper/20bae017ffdf5d4171cee9873b6efb74fc7635d9
https://www.semanticscholar.org/paper/cfc2d1649adb2444ee1446b1869187e23624de2f
https://www.semanticscholar.org/paper/cfc2d1649adb2444ee1446b1869187e23624de2f
https://www.semanticscholar.org/paper/50d0947f947c9a7d6fd87399b7bfde37e578e9e4
https://www.semanticscholar.org/paper/50d0947f947c9a7d6fd87399b7bfde37e578e9e4
https://www.semanticscholar.org/paper/bc8571ab7df892419e31def17f1e4a1a08f38da0
https://www.semanticscholar.org/paper/bc8571ab7df892419e31def17f1e4a1a08f38da0
https://www.semanticscholar.org/paper/bef01e958f2f7d9208eef853d444d77c7b1d0f5c
https://www.semanticscholar.org/paper/bef01e958f2f7d9208eef853d444d77c7b1d0f5c
https://www.semanticscholar.org/paper/bef01e958f2f7d9208eef853d444d77c7b1d0f5c
https://www.semanticscholar.org/paper/1a576bb921ae2ae0150f0ed3ba0b623d5404c1f1
https://www.semanticscholar.org/paper/1a576bb921ae2ae0150f0ed3ba0b623d5404c1f1
https://www.semanticscholar.org/paper/9dfea6f9e206cdc2a90839d9d870d93f78d7783a
https://www.semanticscholar.org/paper/9dfea6f9e206cdc2a90839d9d870d93f78d7783a


17. Meng, K., Wang, Y., Liu, F., Zhan, Q., & Zhao, L. (2024). Effect of modifications on structure, physicochemical properties
and lead ions adsorption behavior of dietary fiber of Flammulina velutipes.. Food Chemistry, 464 Pt 1, 141597 .

18. Teshome, E., Teka, T., Nandasiri, R., Rout, J., Harouna, D. V., Astatkie, T., & Urugo, M. M. (2023). Fruit By-Products and
Their Industrial Applications for Nutritional Benefits and Health Promotion: A Comprehensive Review. Sustainability.

19. Sulman, A., Molchanov, V., Balakshina, D. V., Grebennikova, O., & Matveeva, V. (2025). New nanostructured carriers for
cellulase immobilization. Fine Chemical Technologies.

Contact Enzymes.bio
Questions about an order? Our team is happy to help.

EMAIL wholesale@enzymes.bio PHONE (USA) +1 (507) 428-6057 Contact us →

400+ B2B clients 60+ university research partners 54 countries served worldwide

© 2026 Enzymes.bio · Industrial & food-processing enzyme supply · Not for human consumption or retail sale.

enzymes.bio  ·  Enzymes.bio Research Team Page 16 of 16

https://www.semanticscholar.org/paper/d7728e7eaa37f6ae97570e553e9578084d9209ac
https://www.semanticscholar.org/paper/d7728e7eaa37f6ae97570e553e9578084d9209ac
https://www.semanticscholar.org/paper/3991ba47c989a6919c52bbeb38aff0117629fbdf
https://www.semanticscholar.org/paper/3991ba47c989a6919c52bbeb38aff0117629fbdf
https://www.semanticscholar.org/paper/d8f5deb8765c99569c3a17c60aa0c43a1a26ec7a
https://www.semanticscholar.org/paper/d8f5deb8765c99569c3a17c60aa0c43a1a26ec7a
mailto:wholesale@enzymes.bio
tel:+15074286057
https://enzymes.bio/contact/
https://enzymes.bio/b2b-enzyme-clients/
https://enzymes.bio/university-research-partners/
https://enzymes.bio/global-clients/

