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Xylo-oligosaccharide (XOS) is a class of functional oligosaccharides that have been demonstrated with prebiotic activity over several decades. XOS has several advantages relative to other oligosaccharide molecules, such as promoting root development as a plant regulator, a sugar supplement for people, and prebiotics to promote intestinal motility utilization health. Now, the preparation and extraction process of XOS is gradually mature, which can maximize the extraction and avoid waste. To fully understand the recent preparation and application of XOS in different areas, we summarized the various technologies for obtaining XOS (including acid hydrolysis, enzymatic hydrolysis, hydrothermal pretreatment, and alkaline extraction) and current applications of XOS, including in animal feed, human food additives, and medicine. It is hoped that this review will serve as an entry point for those looking into the prebiotic field of research, and perhaps begin to dedicate their work toward this exciting classification of bio-based molecules.
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Introduction

Xylo-oligosaccharide (XOS) is a type of oligosaccharide that is demonstrated to provide benefits to intestinal motility, another phrase for prebiotics (1). Chemically, XOS is the xylose-based oligosaccharides comprising 2–10 D-xylose residues linked via β-1,4-glycosidic bonds (as shown in Figure 1). When XOS is ingested, it can travel directly to the large intestine, where it is selectively utilized by bifidobacteria Lactobacillus acidophilus and Lactobacillus casei for their proliferation (2, 3). Hence, XOS ultimately provides the effect of inhibiting the growth of other harmful bacteria within the intestine due to targeted growth of those which are beneficial (4). It has been reported that XOS is the most efficient among the oligosaccharide peers (such as galacto-oligosaccharides, lactulose, inulin, and fructose-oligosaccharides) in promoting bifidobacterium proliferation (5). As a reflection of the increasing interest in XOS (Figure 2A), studies on XOS as prebiotics have increased year by year in the past 20 years. This is due to widespread demonstration, both in vivo and in vitro, of the health benefits provided through human consumption of XOS. As can be seen, the keywords co-occurrence mapping of XOS, XOS technology, and XOS application in Figure 2B, XOS are being studied including raw materials, production, and application. This picture vividly conveys the connectivity, diversity, and importance of research fields.
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FIGURE 1
The schematic structure of xylose and xylo-oligosaccharides.
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FIGURE 2
The number of published studies for xylooligosaccharides in different years (A); keywords co-occurrence mapping of XOS, XOS technology, and XOS application (B).


Currently, XOS can be obtained through two pathways: (a) using glycosidase and glycosyltransferase enzymes to glycosylate and resynthesize the monosaccharides to prepare XOS (6); and (b) using the chemical, physical, or biodegradation of polysaccharides technologies to prepare XOS from biomass (7). Compared to the first technology, the second technology is a practical pathway to produce XOS, which can directly depolymerize the xylan in biomass via hydrothermal, steam explosion, acidic, or alkali pretreatments (8–10). These approaches can render an aqueous stream that contains varying contents of XOS, which is dependent upon the hemicellulose composition of the starting materials, as well as the severity of pretreatment. There are also reports that sulfite, ionic liquid, and organic solvent pretreatments provide similar effects for different biomass to produce XOS (11). As expected, xylan-rich biomass is the ideal candidate, including straw, cottonseed shell, bagasse, and corn husks (12–14). The industrial manufacture of XOS is currently produced from corn cobs due to their high amount of hemicellulose content (∼30%) (8, 15). In addition, new technology was also proposed to prepare XOS from corn cobs. For example, Hao et al. (15) proposed delignification with hydrogen peroxide-acetic acid followed by two-step enzymatic hydrolysis to prepare XOS and monosaccharides. The results showed that the xylo-oligosaccharide yield of corn cob treated by HPAA containing 50 mM H2SO4 was 79.1%. The hemicellulose in this natural plant is mainly composed of xylan, so the hemicellulose content directly determines the yield of XOS (16).

Research for the utilization of XOS can be dated back to1960s (17). At present, the development of the oligosaccharide industry worldwide is very active, which has been formed with a multi-disciplinary research focus. With the rapid development of technology, preparation processes and areas of application for XOS continue to develop and evolve. In light of the rapid pace of development, recent and relevant works on XOS production technology (including acid hydrolysis, enzymatic hydrolysis, hydrothermal pretreatment, and alkaline extraction) and application (e.g., animal feed, food additives, and medicine) are introduced, discussed, and contextualized within this review work. We hope that this review will serve as a resource for current researchers and new entrants alike in developing their areas of research and fields of expertise.



Technology for the preparation of xylo-oligosaccharide

Because hemicellulosic xylan is present in the cell wall of plant cells, it interacts with lignin in its natural state through covalent and physical bonds (18). As shown in Figure 3, the cellulose and hemicellulose in the cell wall of lignocellulosic biomass before pretreatment is wound around lignin, which is linked to form the lignin-carbohydrate complexes (19–21). Due to the complex structure of biomass, the xylan as polysaccharides in cell wall cannot be directly hydrolyzed by the enzyme into XOS. Hence, pretreatment for biomass or extraction of xylan from biomass can be used to produce XOS. For pretreatment, it can depolymerize and degrade the original hemicellulose to render constituent monomer sugars, oligosaccharides, and other byproducts (22, 23). Generally, the amount and structure of oligosaccharides depend on the biomass itself, the pretreatment method, and the severity of the treatment process (24). It is well-known that the existed lignin and cellulose in the cell wall can prevent the interaction between xylan and xylanase, thus reducing the formation rate and yield (25). Therefore, before enzymatic hydrolysis, the raw material must be effectively pretreated to extract xylan, and then XOS can be obtained by enzymatic hydrolysis with xylanase (26, 27). In addition, XOS can be produced by chemical degradation or pretreatment of hemicellulose in lignocellulosic materials. Now, XOS is mainly prepared by polysaccharide decomposition methods, including auto-hydrolysis, acid hydrolysis, enzyme hydrolysis, and alkali extraction (28–31). For example, XOS extracted from rice straw has been prepared by hydrothermal method and purified by gel filtration (GFC). GFC is a highly efficient purification method for the recovery of interesting XOS species and has potential applications in the pharmaceutical, food, and feed industries (32). Wheat straw was treated by hydrothermal pretreatment, alkali treatment, enzyme treatment, and their combination, which overcame the resistance structure of wheat straw and allowed selective separation into fermentable sugar and XOS (33–35). To better understand these methods, the advantages and disadvantages of these technologies were reviewed for acid hydrolysis, enzymatic hydrolysis, hydrothermal, and alkali extraction to produce XOS, which has been briefly introduced in Table 1 (9, 17, 19).
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FIGURE 3
The structure of xylan in the cell wall of biomass.



TABLE 1    Comparison of different methods to prepare XOS.
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Acid hydrolysis of biomass for xylo-oligosaccharide production

Xylose can be prepared by partial hydrolysis of xylan with dilute acid of hydrochloric acid and sulfuric acid (36). However, this method is not often suitable for the production of XOS due to the strong acidity of the acid catalysts. High levels of severity using these acids can lead to degradation of all XOS into xylose and further degradation of xylose into furfural (37, 38). Furthermore, the use of strong acids is accompanied by expensive metallurgy requirements and corrosion inhibition regimens, adding cost to the overall process. A safer approach is for the production of XOS making use of weak and/or organic acids, such as acetic acid, butyric acid, furoic acid, and gluconic acid.

One example of a suitable acid catalyst is acetic acid. During acetic acid-catalyzed pretreatment of biomass, XOS of varying degrees of polymerization (“DP”) are found in the liquid phase among a minor quantity of xylose and furfural (10, 39). The exact profiles of the liquid solution are depended on the biomass itself and the severity of acetic acid pretreatment. Lower severities tend to favor the production of higher DP XOS, minimal xylose, and extremely minor quantities of furfural. Higher severities can still shift it in the opposite direction, even if using acetic acid in place of stronger inorganic acids. Relevant work in this subject area found that an acetic acid-based process could render XOS yields of 45.9% based on raw xylan (40). In a different work, XOS with a polymerization degree of 2–6 was prepared from poplar sawdust under the catalysis of acetic acid. The optimum reaction conditions were 170°C and 6.5% acetic acid concentration, with a pretreatment duration of 25 min. Under these conditions, the yield of xylan XOS was 36.0% (41). Due to the low purity and high color value of xylo-oligosaccharides obtained from corn straw, the acid precipitation method was used to optimize and the elution concentration of ethanol was investigated. Furthermore, XOS purity was shown to increase from 67.3 to 87.3% when the acid precipitation pH was 2 using acetic acid. Based on acid precipitation, the highest purity of XOS was 97.87% under the adsorption and elution conditions (42). Although acetic acid hydrolysis as a green technology can produce high value-added xylo-oligosaccharides from lignocellulose, about 30% of the inert xylan is still retained (43). Hence, a cascade heating process strategy can be developed for the preparation of xylo-oligosaccharides by continuous two-step acidolysis using recyclable acetic acid as a catalyst. Under the conditions of 140°C and 190°C, the yield of xylo-oligosaccharide was 63.41 and 61.44%, which were increased by 52.03 and 76.55% compared with a one-step method. In addition, the two-step cascade heating acidolysis technology can maximize the utilization of hemicellulose and cellulose components and fully realize the value-added utilization of lignocellulosic biomass (44). It is also a good method to add soft acid catalysts during acid pretreatment to prepare XOS, such as furoic acid and gluconic acid, which can achieve an XOS yield of 45.6% from sugarcane bagasse and an XOS yield of 56.2% from corncob (45, 46).



Enzymatic hydrolysis for the production of xylo-oligosaccharide

Generally, many bacteria in nature can produce xylanase, which can be the medium to degrade any solid xylan into XOS (47). This method is generally used in industry. Hence, this section will review the recent work of XOS from biomass by enzymatic hydrolysis. As shown in Figure 4, there is a synergistic effect between different xylanases, and the synergistic ability of the enzyme is partly due to the increased stability of the enzyme when it is bonded to the substrates (48).
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FIGURE 4
Enzyme synergy for preparing XOS is highly substrate-dependent.


The enzymatic hydrolysis of hemicellulose with endonuclease-xylanase has fewer byproducts, which is beneficial to the isolation and purification of XOS. The work of Tuncer and Ball (49) used endo-xylanase, β-xylosidase, and α-L arabinofuranosidase to study the degradation of crude xylan of oats by xylanase. It was found that the main oligosaccharide products of oat xylan treated by endo-xylanase alone were identified as xylobiose and Xylo-pentose, and the content of xylo-tetrasaccharide was low (50, 51). Xylobiose and pentose are the main products released by endo-xylanase alone (52). The authors found that α-L arabinofuranosidase was also able to release arabinose and xylose from oat xylan (53). Guido et al. (54) studied enzymatic hydrolysis of beech xylan using xylanase without β-xylosidase. They found that about 90% (w/v) of XOS (9.18 mg/mL) could be obtained after enzymatic hydrolysis for 24 h. The obtained XOS contained 66.46% of xylose disaccharide (DP = 2), 25.10% of xylose triose (DP = 3), and a few of xylose (4.97%) (49). In addition, de Freitas et al. (55) investigated the detailed condition (xylanase load, substrate mass load, and reaction time) of enzymatic hydrolysis to prepare XOS from Aspergillus Versicolor. They found that the highest XOS yield with 60% could be achieved when the enzyme loading was 30 IU/g (54). Generally, xylan is the branched polymer with β-1,4-xylose as the main backbone and with side chains of an acetyl group, ferulic acid, uronic acid, and araban (55). To improve the degradation efficiency and purity, the supplemental enzymes of α-D-glucuronidases, acetylxylan esterases, α-L-arabinofuranosidases, ferulic acid esterases, or p-coumaric acid esterases should be coupled with xylanase to degrade the side chains groups during enzymatic hydrolysis process (as shown in Figure 5).
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FIGURE 5
The effect of xylanase coupled with other enzymes for hemicellulose to produce XOS.


Generally, the mechanism of enzymatic hydrolysis for XOS preparation from biomass-derived is relatively clear and the yield is relatively high with specificity. Therefore, more work should be carried out to investigate how to recycle the enzyme after enzymatic hydrolysis for reuse. As the used enzyme in the enzymatic hydrolysis system still possesses a portion of catalytic ability, it can be further used for the new substance (xylan) to produce XOS.



Hydrothermal pretreatments for the production of xylo-oligosaccharide

Hydrothermal pretreatment, also known as autohydrolysis, is a green pretreatment process whose degradation mechanism is based exclusively on the actions of hot water and pressure upon biomass (55, 56). Through liberation of acetic acid from acetate groups in the structure of hemicellulose during hydrothermal pretreatment, the soft acid catalyst is only produced in situ, allowing for reduced chemical cost. Generally, this method is only truly applicable to biomass with hemicellulose that bears a sufficient molar quantity of acetate groups. Therefore, this process requires optimization conditions for each biomass to be used. The chemical degradation mechanism of biomass is greatly similar to the use of soft organic acids, whereby hemicellulose is most significantly degraded into XOS, xylose, and furfural (as well as the all-important acetic acid). Hydrothermal pretreatment mainly removes hemicellulose and a small amount of lignin by degrading its sub-structures (mainly β-O-4 linkage) (57, 58). Hydrothermal pretreatment methods include liquid hot water pretreatment (auto-hydrolysis or water extraction), steam explosion pretreatment, and microwave-assisted hydrothermal pretreatment (9). The mechanism and advantages of these technologies have been briefly introduced in Table 2 (9).


TABLE 2    Introduction of hydrothermal pretreatment methods.
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Mushroom culture waste liquor (WM) is rich in nutrients and hemicellulose. To improve the yield of XOS from this substrate, a suitable combination of washing and grinding pretreatment was studied, followed by intermittent and continuous flow reactors for hydrothermal treatment. The results showed that 2.3 kg of purified XOS could be produced from 30 kg of wet WM (15% dry base yield). Based on xylan mass, the theoretical yield of XOS can reach 48% (59). In another work, xylo-oligosaccharides were obtained by hydrothermal pretreatment for Eucalyptus by-product (EB) at reaction conditions of 161°C, 65 min, and a concentration of 10%. The study found that 12.4 tons of XOS could be produced from 200 tons of EB by hydrothermal pretreatment (60). In the work of Jang et al. (61), they prepare XOS from hemicellulose isolated from Eucalyptus pellita by liquid hot water treatment under the conditions varied based on calculated usage of combined severity factors (CSF). It is found that under the condition of CSF1.0, the maximum XOS conversion rate of 67.2% was achieved at 170°C for 50 min (62).

Generally, the obtained XOS from biomass by hydrothermal pretreatment possess fractions with higher DP (over 6). It is well-known that XOS with DP of 2–3 is the more effective prebiotic to induce intestinal bacteria (61). Hence, a combination of hydrothermal pretreatment and enzymatic hydrolysis has been proposed for biomass to produce the XOS with the content of higher-value fractions of X2-X3. For example, Fang et al. (63) used a green biorefinery process based on hot water pretreatment and enzymatic hydrolysis to achieve efficient co-production of XOS and glucose from birch sawdust. It is found that the maximum yield of XOS was 46.1% by these combined technologies (64). In addition, Su et al. (65) studied the production process of poplar XOS by combining hydrothermal pretreatment with post-hydrolysis by xylanase endo-nuclide. They found that the structural characteristics of low DP xylan indicate that XOS yield can be effectively increased by enzymatic hydrolysis with xylanase upon the liquid hydrolysate. The yield of XOS and the proportion of xylo-disaccharide (X2) to xylotriose (X3) increased from 35.4 and 46.9% to 44.6 and 78.7%, respectively (63).

Overall, the advantages of this method are a fast reaction rate, no chemical reagent, and less pollution to the environment. The mild pH conditions in hydrothermal pretreatment lead to fewer corrosion problems, avoiding the steps of waste management and acid recovery, and the degradation of polysaccharides, which provides good selectivity and the operation process is simple (65). The disadvantages are heat resistance and pressure resistance, lignin and a large number of monosaccharide residues, cumbersome separation and purification process, and low raw material utilization rate and conversion rate.



Alkaline extraction

Alkaline extraction of lignocellulose principle is to destroy cell wall and reduces the crystallinity of cellulose by degrading hemicellulose and lignin enough so that some of their fragments are rendered alkali-soluble. This leaves a cellulose fraction with higher purity that can more easily be processed (66). Under alkali pretreatment, hemicellulose and lignin polymers can be effectively co-extracted. The extracted xylan can be further hydrolyzed by the enzyme that produces XOS. Even though some lignin fractions may still exist in the produced XOS, it is not necessary to remove lignin from the products when it is used as the additive in animal feed. It has been reported that lignin possesses a good antioxidant ability, which is a benefit for the health of the animal by scavenging reactive oxygen species (67–70).

For example, Samanta et al. (71) used corn cob to evaluate the extraction efficiency of xylan using sodium hydroxide and comparing it with potassium hydroxide. Results show that sodium hydroxide is better than potassium hydroxide in ensuring the recovery of xylan. The dry weight yield of xylan was 32.4% of original hemicellulose after being treated with 12% NaOH and steam. In addition, alkali-extracted xylan does not contain glucose or reduce sugar (72). The obtained xylan can be used as stock to produce XOS by enzymatic hydrolysis. In addition, alkali extraction can also be used in lignin-free materials to produce XOS. It is reported that XOS could be prepared from bleached kraft pulp from Eucalyptus globulus. Under the condition of 100°C, the maximum conversion rate of xylan to XOS in 30 min is 30.2% (71). However, Samanta et al. (73) extracted XOS from pigeon pea stems by sodium hydroxide (12%) plus steam which resulted in the recovery of XOS by up to 96%, which contained XOS, xylo-disaccharide, and xylotriose (74). Overall, alkali extraction has the advantages of a good separation effect and higher yield, but it will cause pollution and high toxicity to the environment.



Application of xylo-oligosaccharide in different fields

Xylo-oligosaccharide is an important prebiotic, which can selectively stimulate the growth and activity of one or several bacteria to produce beneficial effects on the host, thereby improving the health of the host (73). Now, XOS is a new type of non-digestive oligosaccharides (NDOs) widely used as a functional food ingredient or supplement in Japan and China. In Japan, XOS is approved as a food ingredient under the Designation of Food for Designated Health Use (FOSHU) (75). According to the study conducted by Grand View Research Inc., the global prebiotics market was 581.0 kilotons in 2013 and is expected to reach 1,084 kilotons by 2020, growing at a CAGR of 9.3% from 2014 to 2020, and the global prebiotics market is expected to reach USD 5.75 billion by 2020. The Asia-Pacific region is expected to be the fastest-growing market by volume, growing at a CAGR of 9.6% from 2014 to 2020 (4). The increased market for XOS is due to its wide application in different fields. Hence, the application of XOS as prebiotics in the fields of animal feed, human food additives, and medicine was reviewed in this section.



Application of xylo-oligosaccharide as animal feed

Xylo-oligosaccharide as a feed additive can enhance animal immunity, improve animal production performance, and has the characteristics of low dosage, no pollution, and no residue. Hence, XOS as the feed additive has a broad application prospect for animals (76). Many experimental results show that XOS can improve the nutrient absorption rate and feed conversion rate of animals. Added benefits include improvements to the balance of intestinal flora, enhanced immunity, as well as other functions that has also been found for XOS as animal feed (77–79). XOS alone or mixed with inulin has an obvious prebiotic effect. This was demonstrated by changes in the composition of the colon flora and its metabolic activity in animals. For example, Samanta et al. (80) studied the effects of XOS on blood biochemical characteristics of broilers. They found that the addition of 0.5% corn husk-derived XOS to broiler diets caused blood biochemical changes (81). Ding et al. (82) found that the addition of XOS in the diet of laying hens showed benefits for its intestinal health, which could enhance the number of bifidobacterium and cecal butyric acid content in the cecum of laying hens (80). In the work of Wang et al. (83), they reported that the supplementation of XOS (100 mg/kg) for chicks could increase the villus height (VH) of all intestine segments, jejunal goblet cell numbers, and the mRNA expression of zonula occludens-1 and occludin of the jejunum (82). In addition, dietary XOS supplementation can overall be described as improving cecal microflora composition and blood biochemical indices of broilers. These results further illustrate the regulatory effect of prebiotics XOS on the intestinal microflora of broilers (81). It is found that prebiotic fibers reduced pro-inflammatory responses, reduced lipopolysaccharide (LPS) translocation, and improved the secretion of IgA (S-IgA) into the lumen. In addition, xylanase has also been added to poultry and pig feeds to counter the anti-nutritional effects of non-starch polysaccharides (NSP) in normal feeds, which can provide an opportunity to improve the energy contribution of fiber and produce XOS in distal intestinal fermentation (83).



Application of xylo-oligosaccharide as human food additives

With the development of XOS research, it was found that XOS had good characteristics, such as biological effects, and the low daily intake supplement in the food industry (25). XOS can stimulate the growth of intestinal bifidobacteria when it was added to infant milk powder, juices, yogurts, and carbonated drinks (4, 84). It can have a synergistic effect on the whole intestine and promote the maturation of the intestinal barrier of the human body (85). High purity XOS products contain at least 70–95% fraction, which is the general purity requirement for XOS used in the food industry (86). Beyond the benefits listed above, XOS has also been shown to inhibit the growth of intestinal saprophytes, accelerate intestinal peristalsis, and promote the rapid discharge of carcinogenic substances. In addition, healthy volunteers ate a balanced diet rich in XOS, which has shown that it possesses anti-inflammatory potential activity (87). For example, it was found that XOS induced the production of pro-inflammatory cytokines TNF-α, IL-1 β, IL-6, and NO in unstimulated macrophages and inhibited their production in a dose-dependent manner in lipopolysaccharide (LPS) stimulated macrophages (88). These effects may explain the immunomodulatory activity of XOS, which could enhance innate immunity and prevent cardiovascular and chronic inflammatory diseases among their other benefits (89). Yang et al. (90) combined transcriptome and metabolic analysis of XOS utilization and metabolism in adolescent Bifidobacterium adolescentis 15703. Compared with xylose, XOS significantly promoted the growth and fermentation performance of B. adolescentis 15703 (91).

Except for the prebiotic property of XOS, it can also improve the flavor, physical properties, and shelf life of food. Compared with XOS, XOS is 0.25 times sweeter than the 5% sucrose solution. When the sweetness concentration is 5% sucrose, XOS has a sour and corn silk taste (90). This low sweetness characteristic has been used in food formulations to replace sucrose. In addition, the low caloric density makes oligosaccharides to be used as expansion agents in food formulations. Because of their high moisturizing ability, they are used as humectants without increasing water activity in XOS-rich yogurts to see if they had nutritional properties and acceptable sensory properties (92–94). The physicochemical and sensory properties of XOS-concentrated yogurt at different storage times were measured. Maintaining the sensory properties of all experimental yogurts, the results indicated that the yogurts are supplemented with 3.5% XOS successful treatment in terms of overall acceptability, allowing the use of XOS to enhance the health benefits associated with these non-digestible oligosaccharides (NDO). When XOS was added to cookies, baking characteristics such as caramel flavor, darker color, crispness, and better sweetness are increased and the overall taste strength of cookies (95). It is found that the addition of 5–10% XOS in the cookies could enrich it in highly acceptable terms of physicochemical properties of diameter, height, and slightly darker color than the control (96, 97).



Application of xylo-oligosaccharide as medicine

Xylo-oligosaccharide has the function of proliferating beneficial bacteria and can prevent and treat diarrhea and constipation (98). At the same time, XOS can absorb toxic substances and pathogenic bacteria in the intestinal tract, activate the immune system, and improve the body’s resistance to diseases, such as reducing the incidence of obesity and metabolic disorders, preventing the wide range of diseases related to oncology and cardiovascular and endocrine systems (88, 99). Hence, XOS has great prospects of development in human medicine with a dose of 0.12 g/kg body weight in adults. In addition, XOS acts as prebiotics to improve calcium and magnesium absorption, increase bone density, reduce cancer risk, reduce cardiovascular disease, and improve the immune system (100).

Several works have shown that XOS can have cytotoxic effects, leading to a reduction in the activity of acute lymphocytic leukemia cell line (101, 102). XOS was also evaluated in premature aging in clinical trials of skin health in juices containing XOS. After 8 weeks of juice-XOS intervention, the average levels of skin brightness, moisture, elasticity, pigmentation, UV, and brown spots increased by 2.7, 11, 5.1, 3.1, 6.2, and 0.6% (103). The xylo-oligosaccharides prepared from Melia xylan have a potential anti-proliferation effect when used as medicine. It could inhibit the growth of human colorectal cancer (HT-29) cells but did not affect mouse fibroblasts, confirming its biocompatibility (104). XOS, as an ideal additive for conventional drugs, has been used for infants, pregnant women, the elderly, as well as other special needs groups of patients with hypertension, hyperlipidemia, and diabetes (105). Overall, the application of XOS as medicine is based on its prebiotic property. Hence, when XOS is utilized by the patient, it may alleviate disease for the patient by regulating gut microbial flora.

As can be seen in Figure 6, XOS as probiotics can maintain health and prevent disorders of the patient (106). Overall, the application of XOS as medicine is based on its prebiotic property. Hence, when XOS is utilized by the patient, it may alleviate disease for the patient by regulating gut microbial flora.
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FIGURE 6
The role of probiotics in maintaining health and preventing disorders of the patient.




Conclusion and prospect

Xylo-oligosaccharide has diversified effects for its wide application in different fields. In addition to providing useful modification of the physicochemical properties of foods, it also has a variety of physiological functions to improve the intestinal microflora based on the selective proliferation of bifidobacteria and stimulate mineral absorption. With the increasing research depth of XOS, people found that XOS has many advantages, such as green environmental protection, safety, non-toxic, low pollution, and the utilization rate gradually increased. XOS is widely used to improve the growth efficiency of human and animal health. In future, research into XOS should focus on its mechanism of action, applicable objects, and safe dosages, all among other issues. In addition, the advantages in the extraction and processing of XOS and resources should be further investigated. With the deepening of understanding and the decrease in production cost, XOS will usher in a new stage of development and inject new vitality into all aspects.
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The heat of the steam and the shear forces generated by decompression decompose
the lignocellulose structure

At high temperatures, the H30 + generated by water will promote the cleavage of
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