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ABSTRACT 
This paper conveys mainly the application and importance of xylooligosaccharides. The xylool-
igosaccharides (XOS) are sugar oligomers produced from xylan hydrolysis. The XOS are stable 
over a wide range of pH and temperatures have the ability of producing lower available energy 
and significant biological effects at low daily intakes. XOS have a characteristic of prebiotic by 
promoting the growth of probiotic organisms thus great potential for use in medicines, food and 
health products. They have various physiological effects such as reducing cholesterol, 
maintaining the gastrointestinal health and improving the biological availability of calcium, 
animal feed and anti-cancerous. The driving force of this study was to produce XOS from the 
organic wastes such as rice bran, citrus peels, corncobs etc. These wastes are rich in xylan which 
can be used as a renewable material for producing XOS. Because of the yield of toxic by-
product, enzymatic production is mostly preferred. As food ingredients, XOS have an acceptable 
odour and have low caloric value allowing their utilization in anti-obesity diets. These are non-
cariogenic, save insulin secretion from the pancreas and stimulate intestinal mineral absorption.  
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INTRODUCTION 
Xylooligosaccharide 
The growing commercial importance of these 
non-digestible   oligosaccharides is based on their 
beneficial health properties, particularly the 
prebiotic activity.1,2  A lignocellulosic material 
xylan present in all plants, it’s a kind of 
polysaccharides and mainly composed with a 
chain of anhydro-D-xylose units but in few cases 
it is having D-glucuronic acid unit too. The xylan 
structure is variable, ranging from linear 1,4-ß 
linked polyxylose chains to highly branched 
heteropolysaccharides. Xylan has the general 
properties of insolubility in water, solubility in 
alkaline solution, ease of acid hydrolysis, high 
negative optical rotation. Xylanases show highest 
activity against polymeric xylan, the rate of 
hydrolysis reaction normally decreases with the 
decreasing chain length of oligomeric substrates. 
They do not hydrolyze xylobiose and the 
hydrolysis is in most cases negligible or at least 
limited. The main products formed from the 

hydrolysis of xylan are xylobiose, xylotriose and 
substituted oligomers of two to four xylosyl 
residues3. XOS are sugar oligomers made up of 
xylose units with the chain length of 2 to 10 and 
are considered as non digestible food ingredients4. 
Xylooligosaccharides are naturally present in 
fruits, vegetables, bamboo, honey and milk and 
can be produced at industrial scale from xylan-rich 
materials5. The recent application of xylanase is in 
production of xylooligosaccharides which have 
wide use as prebiotic and food additive in food 
industry ,the remarkable potential of XOS as 
sources of novel prebiotic oligosaccharides has 
started to receive attention recently6. 

DISCUSSION 
Prebiotics and probiotic applications 
With the growing interests and intense 
research and development activities on 
prebiotic, it has been proposed to revisit its 
definition and suggested to exclude the word 
non-digestible. (Table 1) The updated 
definition of prebiotic encompasses as a 
selectively fermented ingredient that allows *Author for correspondence 
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specific change, both in the composition and or 
activity in the GI microflora that confers 
benefits upon host well being and health7. 
However in another study it is suggested that 
prebiotics are non-viable food components, 
ingredients or supplements that selectively 
modulate the microbiota of the digestive 
ecosystem, thus conferring benefits upon host 
well being and health8. Further, attempt has 
been made to broaden the site of action of 
prebiotics such as skin, oral cavity and female 
genital tract in addition to its fundamental 
action at the GI tract9.  Recently, the proposers 
of prebiotic concept have opposed the 
philosophy of broadening the its application 
sites such as vagina and skin and wanted to 
restrict once again to the gastrointestinal 
microflora.  Therefore, the accepted 
description remains closer to the 1995 concept 
: A prebiotic is a selectively fermented 
ingredient    that results in   specific changes in  

the composition and /or activity of the 
gastrointestinal microbiota thus conferring 
benefit(s) upon host health7. A study 
conducted by Samanta et al.10-12 suggested 
following criteria for prebiotics  keeping in 
view the digestive system  of animals :  
 Selective fermentability   
 Changes in the gut microflora composition  
 Ensures host health and well being 
 Originated from plant or synthesized by 

microorganism or enzymes 
 Remains intact while passing through 

different parts GI tract 
 No residue problems 
 Compatibility with other feed ingredients 

or premix 
 No adverse affects on productivity or 

product quality 
 Should increase nutrient digestibility or 

reduce enteric methane emission in 
ruminants  

Table 1 : Effect of prebiotics on gastrointestinal microflora of birds13-18 

Name of prebiotic Inclusion levels Response 

Fructooligosaccharides  

0.4%  of diet 
Bifidobacterium 
Lactobacillus 
E. coli 

0.375% of diet Salmonella 

0.375% of diet No response 

Chicory fructans  - 
Lactobacillus 
Campylobacter 
Salmonella 

Mannan oligosaccharides  2.5% of diet Salmonella 

Isomaltooligosaccharides  - Bifidobacterium 
Salmonella 

Xylooligosaccharides  0.25% of diet Bifidobacterium 

Galactooligosaccharide  - Bifidobacterium 

High selective proliferation of 
Bifidobacterium  
The XOS  effects is 20 times more of other 
polymer sugars, it can hardly be digested and 
absorbed but XOS enters the intestine directly 
and is preferably utilized by Bifidobacterium 
to proliferate beneficial bacterium for human 
body and inhibit growth and proliferation  of 
other harmful bacterium. The selective utiliza- 

tion of XOS by beneficial bacteria has been 
reported, whereas low DP XOS are known to 
increases the number of Bifidobacterium while 
suppressing the growth of clostridia. It has 
been found XOS with esterified feruloyl group 
promote the growth of Bifidobacterium 
bifidum. Fermentation of XOS manufactured 
from rice husk in media inoculated with fecal 
inocula followed a pattern notably different 
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from the one observed for commercial 
prebiotics used as a reference and resulted in 
increased Bifidobacteria counts. 
Incorporation of XOS in the diet of rats 
boosted the Bifidobacteria counts cecum. The 
ability of arabinoxylooligosaccharides for 
modulating the colonic bacterial metabolism in 
healthy humans has been postulated. Besides 
production of microbial biomass, the intestinal 
fermentation of XOS results in the formation 
of gases (CO2 and H2).   XOS contribute to the 
Bifidobacteria proliferative activity selectively 
in gastrointestinal (GI), which is 10 to 20 folds 
as much as that of other polysaccharide. 
Definitely, XOS has positive influence to 
bowel function, but it is not easy to ferment 
hence XOS not easy to be digested by 
digestive enzymes. So taking an overdose of 
XOS would lead to diarrhea caused by a 
massive retention of moisture. This type of 
gastrointestinal discomfort is a common 
phenomenon associated with high intake of 
dietary fiber and that have no toxicological 
relevance to humans. 
Food applications  
A food can be regarded as functional if it is 
satisfactorily demonstrated to affect benefic-
ially on   one or more target functions in the  
body, beyond adequate nutrition, in a way in 
which it improves the health and well- being or 
reduces the risk of disease19.  According to 
above definition, the XOS are considered as 
potential  ingredients in functional foods. 
There is an emerging market for such  
functional OS to be used in food. There are a 
number of factors responsible for application 
of XOS as functional ingredients e.g. 
consumers demand, scientific research 
supporting the fact that such foods  help 
improving and maintaining overall  health and 
well being, the role of  XOS for self 
medication and prevention of disease.  The 
XOS are advantageous over other non-
digestible  oligosaccharides in terms of both 
health and technological related properties. 
Besides their number  of health effects, The 
XOS are  characterized for interesting physico-
chemical properties, they have average sweet, 
stable over a wide range of pH and 
temperatures and have sensory characteristics 
suitable for incorporation into foods20. The 

XOS act as non-digestible dietary component 
that escape from stomach’s low pH and 
enzymes to colon and selectively stimulate the 
certain population of bacteria21. This property 
of XOS makes them a useful ingredient in 
novel functional foods. A latent synergy 
between probiotics and prebiotics leads to 
development of foods containing both of them; 
such foods are referred as symbiotic22. Bikkle, 
is an example of such symbiotic food product 
being manufactured by Suntory Ltd. Japan 
since 1993, which is a drink comprised of 
Bifidobacteria, xylooligosaccharides, oolong 
tea extract and whey minerals. With an 
acceptable odor and non-cariogenic 
characteristics23,24 XOS are prospective food 
ingredients for special foods. These oligomers 
have low-calories, permitting their utilization 
in anti-obesity diets25.  
From food processing point of view, the XOS 
demonstrate benefits over other oligosac-
charides and inulin in terms of resistance to both 
low pH and high temperature, thus can be used in 
carbonated drinks, low-pH juices and acidic 
foods26.  In food industry, another application for 
XOS has been found in inference to the 
production of low calorie sweeteners as xylitol 
and antioxidant compounds. There are some 
examples, like the production of detoxified 
fermentation media (xylose solutions for the 
fermentative production of xylitol), removing the 
polyphenols with antioxidant activity from 
hemicellulosic wood hydrolysates27 reported the 
use of XOS as flavor enhancer in formulating a 
beverage. The XOS were found to have a 
positive impact on addition in a non-alcoholic 
carbonated drink with an intense sweetener 
(mixture of ace sulfame K and aspartame). It has 
been found that by adding the XOS, full bodied 
character of beverage was significantly enhanced 
without any drawback of off flavor perception or  
mouth-feel28. Below  Table 2 adopted from food 
codes representative of each proposed food use 
were chosen from the National Center for Health 
Statistics (NCHS) 2007-2008 National Health 
and Nutrition Examination Survey (NHANES) 
and were grouped in food use categories 
according to Title 21, Section 9 Xylooligos 
accharide GRAS Self Affirmation December, 
2010s170.3 of the Code of Federal Regulations. 
XOS ingredients are not intended for use in meat 
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or poultry-containing products, published  for 
premarket approval require-ments of the Federal 
Food, Drug and Cosmetic Act  for Xylooligos 

accharide (XOS) which is manufactured by 
Shangdong Longlive Bio-Technology Co., Ltd. 
China (Shandong Longlive).  

Table 2 : Proposed food application of XOS and maximum levels of use 

Food 
category Proposed food uses Serving 

size (gm) 

SD Longlive’s XOS* 
concentration 

XOS 
uses 

levels, 
gm 

/serving 
95P 70P 35P 20P 70L 

 
 
 
Baby and 
toddler 
foods 

RTE cereals, toddler 20 0.4 0.54 1.08 1.9 0.77 0.38 
Cookies, crackers, 
puffs and baby food 7 0.25 0.34 0.68 1.2 0.49 0.24 

RTS fruit-based 
baby/toddler food 

60 (stained) 
110 (junior) 

125 
(toddler) 

0.25 
0.25 
0.4 

0.34 
0.34 
0.54 

0.68 
0.68 
1.08 

1.2 
1.2 
1.9 

0.49 
0.49 
0.77 

0.24 
0.24 
0.38 

Fruit juices, baby food 125 0.25 0.34 0.68 1.2 0.49 0.24 

RTS fruit based baby/ 
toddler food 

60 (stained) 
110 (junior) 
17 (toddler) 

0.25 
0.25 
0.4 

0.34 
0.34 
0.54 

0.68 
0.68 
1.08 

1.2 
1.2 
1.9 

0.49 
0.49 
0.77 

0.24 
0.24 
0.38 

 
 
 
 
Beverages 
and 
beverage 
bases 

RTS energy sport and 
isotonic beverages 225 0.5 0.68 1.37 2.4 0.98 0.48 

Carbonated and non 
carbonated beverages, 
water and beer 

225 0.5 0.68 1.37 2.4 0.98 0.48 

Processed fruits, 
juices, drinks and 
punch 

244 0.3 0.41 0.83 1.45 0.59 0.29 

RTD non-milk based 
meal replacement and 
protein beverages  

266 0.3 0.41 0.83 1.45 0.59 0.29 

 
Dairy  
product 
analogs 

RTD soy beverages, 
chocolate milk and 
flavored milk 

225 0.5 0.68 1.37 2.4 0.98 0.48 

Frozen dairy desserts 
and milk 68 0.3 0.41 0.83 1.45 0.59 0.29 

 
Milk 
products 

RTD flavoured milk 
and milk drinks 250 0.3 0.41 0.83 1.45 0.59 0.29 

RTD milk-based meal 
replacements 266 0.3 0.41 0.83 1.45 0.59 0.29 

Yogurt, pudding and 
jellics 225 0.5 0.68 1.37 2.4 0.98 0.48 

Health 
foods 

Medicinal foods 40 1.2 1.63 3.25 5.7 2.33 1.14 
Chewing tablet and 
capsule 2 1.2 1.63 3.25 5.7 2.33 1.14 

 
 
 
General 

RTE cereals, cereal 
bars, granola bars, 
protein bars and 
power bars 

40 0.3 0.41 0.83 1.45 0.59 0.29 
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foods Cookies, crackers and 
puffs 40 0.3 0.41 0.83 1.45 0.59 0.29 

Chocolate, candy, 
confectionary and 
sweet 

40 0.3 0.41 0.83 1.45 0.59 0.29 

Chewing gum 1 stick 0.1 0.14 0.27 0.48 0.19 0.095 
*95P=powder form of 95% XOS; 70P=70% XOS, powder; 35P=35% XOS, powder; 20P=20% XOS, powder; 
70L=liquid form of 49% XOS; RTE=ready-to-eat; RTD=ready-to-drink; RTS=ready-to-serve  

Pharmaceutical applications 
Certain oligosaccharides including XOS have 
found their  application in pharmaceuticals, as 
in antiviral and antitumor drugs. Several 
polysaccharides are under investigation due to 
their suspected antitumoral activity. It was 
revealed in-vitro that a fraction of xylose, XOS  
and water soluble lignin has cytotoxic effects 
and reduced the viability of leukemia cell lines 
derived from acute lymphoblastic leukemia29.  
Xylooligosaccharides have been reported for 
having the immunomodulatory activity, anti-
cancerous activity, anti-microbial activity, 
growth regulator activity and other biological 
activity like antioxidant, ant-allergic, anti-
inflammatory, antihyperlipidaemic activity and 
cosmetics and variety of other properties. 
Xylooligosaccharides are also used in 
preparation of micro or nanoparticles and 
hydrogels for drug delivery and treatments 
especially in prevention of gastrointestinal 
disorders30. In one of research it has been 
stated that XOS has non-cariogenic properties 
and save insulin secretion from the pancreas, 
thus stimulating  intestinal mineral absorption. 
Another research says the bowel norm can be 
altered  through XOS as these oligosaccharides 
are mildly laxative by stimulation of bacterial 
growth and fermentation31. An elevated and 
regular ingestion may cause diarrhea because 
of osmogenic retention of fluid in both the 
small and large intestines. These symptoms 
disappeared due to the increase in the 
population of intestinal microbes having ability 
to readily utilize these XOS. Though the 
maximum permissible dose varies from 
individual to individual, it has been calculated 
in 0.12 g/kg body weight for male Japanese 
adults. The XOS intake has been reported as 
highly effective for reducing severe 
constipation in pregnant women without any 
adverse effects. Nutritional formula for infants 

comprising XOS has been claimed to improve 
gut barrier maturation and provides synergistic 
effects all along the intestinal tract. Dietary 
supplements comprised of the XOS have been 
reported to suppress production of secondary 
bile acids and physiologically active fatty acids 
during the digestive process. Along with 
increased growth of beneficial microbes, the 
fermentation of XOS in colon results in the      
production of short chain fatty  acids (SCFA) 
like acetate, propionate and CO2, H2, butyrate,  
and lactate.  Red seaweed Nothogenia 
fastigiata derived sulfated xylogalactans and a 
xylomannan from algal were found to exhibit 
antiviral activity against herpes simplex virus 
types  1 and 232. A polysaccharide mixture 
(derived by xylose, glucose, glucuronic acid 
and mannose) acquired from  marine algae has 
antiviral activity and when it is bounded to a 
protein, both (the original polysaccharide and 
this complex) act as a biological  response 
modifier, exerting a great  influence on the 
immune system. Bifidobacterium  population 
is reported to flourish with the use of XOS and 
on the basis of this fact a nutritional product 
(an oil blend with eicosapentaenoic acid or 
docosahexaenoic acid and a source of 
indigestible carbohydrate i.e XOS which is 
metabolized to short chain  fatty acids by the 
microorganisms present in the human colon) 
has been  developed for the people suffering 
from ulcerative colitis33.   
Novel application 
In addition to food and pharmaceutical uses, 
ethers and esters have  been produced from 
xylan and high molar mass XOS and are being 
used as thermoplastic compounds for biod-
egradable plastics, water soluble  films, 
coatings, capsules and tablets34 and for the 
preparation of chitosan–xylan hydrogels as 
well35,36. There are reports on the XOS 
application in agriculture as ripening  agent, 
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growth stimulator or accelerator and yield 
enhancer on limited. The XOS is used as a 
feed to domestic animals and fish which has 
also been stated by FAO37.   Table 3 has been 
adopted for human clinical study for premarket 

approval requirements of the Federal Food, 
Drug and Cosmetic Act  for Xylooligo -
saccharide (XOS) which is manufactured by 
Shangdong Longlive Bio-Technology Co., Ltd. 
China (Shandong Longlive).  

Table 3 : Human clinical study for premarket approval requirements 

Subject Daily dosage 
in gm 

Duration 
in week Measurement endpoint 

Elderly men and women 4 3 

Serum hematological and 
biochemical variables, fecal 
microflora including 
bifidobac-teriam, fecal pH/ 
moisture and stool 
consistency. 

Men 0.4 2-4 Stool consistency 

Healthy women 2-10 Single 
dose 

Fecal microflora including 
bifidobacteriam, fecal pH/ 
moisture and stool 
consistency. 

Healthy men 1-2 3 Fecal microflora including 
bifidobacteriam 

Healthy men 0.12g/kg 
body weight 

Single 
dose Gastrointestinal tolerance 

Type 2 diabetics 4 8 Blood sugar and lipid profiles 
Constipated pregnant women 4.2 4 Stool consistency 

Potential adverse effects of XOS 
However, from the human clinical trials it has 
been shown that XOS has no adverse effect but 
there is gastrointestinal distress the only side 
effect that may be associated with XOS 
consumption (when eaten in excessively large 
quantities). The transient symptom is 
gastrointestinal discomfort. The Institute of 
Medicine (IOM) states that while occasional 
adverse gastrointestinal symptoms are 
observed when consuming one of the above 
isolated or synthetic fibers, chronic effects 
have not been observed or witnessed. 
Furthermore, due to bulking effects of fibers, 
excess consumption is likely to be self-
limiting. Therefore, a Tolerable Upper Intake 
Level (UL) was not set for these individual set 
of fibers. The UL is said to be a safe upper 
level for consumption over a lifetime or the 
highest level of a daily nutrient‘s intake that 
will be most likely to present no risk of 
adverse health effects in almost all individuals 
in the general population. In addition,           
the    American Dietetic Association’s position  

paper found no serious health hazard related to 
fiber intakes in the American population37,38. 
Consistent with the IOM, the FDA had not 
established the maximum daily dosage levels 
of dietary fiber when it issued the final rule of 
health claims related to fiber-containing grain 
products or psyllium. Another study says the 
mineral balance prebiotic fibers such as XOS 
are well-known for improving bioavailability 
of minerals, which includes calcium and 
iron39,40. Also it has been found that mineral 
balance will not be disturbed, even at high 
doses of XOS41-53.   

CONCLUSION 
According to the study conducted by 
Grand View Research Inc Global prebiotics 
market was 581.0 kilo tons in 2013 and is 
expected to reach 1,084.7 kilo tons by  2020, 
growing at a CAGR of 9.3% from 2014 to 
2020 the  global prebiotics market is expected 
to reach USD 5.75 billion by 2020. Asia 
Pacific is expected to be the fastest growing 
market in terms of volume, growing at a 
CAGR of  9.6% from 2014 to 2020 on account 
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of surging demand.  The properties of XOS 
give a new dimension for the development of 
functional foods. One way that can be 
encouraged for future research is the 
combination of prebiotics and probiotics (as 
synbiotics). XOS have potential as agents to 
maintain and improve a balanced intestinal 
microflora for enhanced health and well-being. 
Furthermore, XOS can be incorporated into 
many food products. The focus made in this 
review on dietary, physiological and microbial 
benefits of XOS. Intended use of XOS as part 
of the proposed food associated with no 
adverse effects and provides a realistic 
certainty of safety. Although encouraging 
results have been obtained but the treatment of 
cancer risk potentiating effects of XOS are 
limited. The key companies include 
FrieslandCampina Domo, Cargill inc., Beghin 
Meiji, Beneo-Orafti SA, Roquette America, 
Inc., Cosucra Groupe Warcoing SA and 
Weetabix Ltd are working in the same area to 
produce XOS in high demand. 
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