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Abstract 

Sustained action of drug finds a major application in 

improving the current available drugs for greater efficiency. 

Methods are being developed to find more biocompatible 

substances to aid sustained action. Natural compounds 

especially derived from plant origins, are being probed for 

better acceptance. Cellulose, a plant derivative, is an inert 

compound easily accepted by the human body, can be 

considered as an option. Porous cellulose beads infused with 

XOS were prepared. An experimental study was carried out to 

find the action of these beads on the growth of E.coli and 

Lactobacillus. With the results, a conclusion can be drawn that 

cellulose can be considered as a good agent for sustained 

action of XOS. 
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INTRODUCTION 

The amalgamation of polymer and pharmaceutical sciences 

has led to the introduction of polymer in the design and 

development of drug delivery systems. Polymers can be 

effectively used as drug carriers in sustained action drug 

delivery systems taking into consideration their toxicity and 

other factors which may make them suitable for consumption. 

(S. Kamel et al 2008). The basic objective of sustained action 

drug delivery system is to optimize the biopharmaceutical, 

pharmacokinetic and pharmacodynamics properties of a drug 

such that its utility is maximized, side-effects are reduced and 

cure of the disease is achieved. (Retrieved from – 
http://www.pharmatutor.org/articles/sustained-release-drug-
delivery-system-concise-review). The fluctuation in drug 

concentration in the body for immediate release and sustained 

release of an analgesic can be compared in the following 

figure: 

 

Figure 1: Graph of Sustained release of Drug (Retrieved from- http://learn.chm.msu.edu/painmanagement/chooseopioid.asp) 
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One of the most suitable drug carriers is cellulose especially 

for sustained action. It is highly biocompatible, non-toxic, 

highly porous, has a high mechanical strength, has large 

specific surface area, abundant in nature and it can be 

extracted easily. The properties of cellulose beads can be 

modified depending upon the drug being loaded and the 

release of drug that is required. Thus it has applications in 

personalized dosage as well.  Another advantage of using 

cellulose beads as drug carrier is that every bead carries the 

same amount of drug. Thus the dosage can be monitored by 

choosing the number of beads required (Retrieved from -
http://fibic.fi/wp-content/uploads/2013/09/4_Ruzica-
Kolakovic.pdf). 

In this study, the sustained activity of XOS was observed 

using cellulose as a carrier.  Xylooligosaccharides (XOS) have 

great prebiotic potential and can be incorporated into many 

food products. XOS seem to exert their nutritional benefits in 

various animal species, which by definition have an intestinal 

tract populated by a complex, bacterial intestinal ecosystem 

(Praveen et al 2012). 

 

Materials and Reagents: Cellulose microcrystalline LR was 

purchased from S.D Fine-Chem Ltd. Sodium hydroxide 

pellets and Hydrochloric acid were obtained from Fisher 

Scientific, Urea AR, nutrient broth and MRS media were 

obtained from Himedia. XOS sample was obtained from 

UltraLab. Lab cultures of E.coli and Lactobacillus were used.  

Preparation of Beads: There were two different kind of 

beads prepared in the current research. 

Cellulose Beads: Cellulose material of 5.5 grams was 

dispersed into an aqueous solution consisting of 11ml of 10% 

sodium hydroxide and 11ml of 8% urea. It was done at 

approximately 4-5°C. The above mixture was stirred and 

mixed to obtain a viscose. The viscose was then loaded into a 

syringe and it was used to slowly drop the mixture to obtain 

spherical droplets. The spherical drops were solidified in 5% 

hydrochloric acid aqueous solution. The shaggy beads hence 

obtained were decanted and dried in an oven at 110°C for 

approximately 4 hours. Beads of millimeter size were 

obtained (Bin Li et al 2008). 

Cellulose coated XOS beads: 5 grams of cellulose were 

mixed with 0.5 grams of XOS. The mixture was dispersed in 

11ml of 10% sodium hydroxide and 11ml of 8% urea in cold 

conditions obtained using crushed ice. It was then mixed to 

obtain a viscose and loaded into a syringe to prepare spherical 

drops, and the obtained drops were solidified in 5% aqueous 

hydrochloric acid solution. The obtained beads were dried in 

oven at 110°C for 4 hours. 

Bacterial trials: Four sterilized flasks containing NB media 

were taken and labelled as blank, cellulose, XOS and cellulose 

+ XOS. 1ml of E.coli culture was inoculated into each flask 

(Samuel et al 2013). 1g of Cellulose beads were added to the 

flask labelled cellulose. 0.5g of XOS and 1g of cellulose 

coated XOS beads were added to their respective flasks. 

Similarly, lactobacillus was inoculated in MRS media 

(MacFaddin et al 1985). 

The flasks were incubated in a shaker incubator at 37°C. The 

absorbance readings at 600nm were recorded at regular time 

intervals using sterilized media as blank to record the growth 

of E.coli and Lactobacillus. The growth curve of the bacteria 

in the presence of cellulose, XOS, cellulose + XOS was 

obtained and plotted along with blank for reference. 

 

Figure 2: Viscose of Cellulose+XOS in aq. Solution  

of NaOH and Urea 

 

 

Figure 3(a):  Cellulose beads in HCl solution 

 

 

Figure 3(b):  Dried Cellulose+XOS beads 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Low%20SX%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
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Observations:  

Table 1: Absorbance readings for E.coli in LB medium 

E.Coli Growth on LB medium, OD at 600nm 

 

1 h 2 h 3 h 4 h 5 h 20 h 25 h 

BLANK 

0.01 0.01 0.01 0.02 0.03 0.16 0.13 

0 0.01 0.02 0.02 0.03 0.17 0.13 

0.01 0.01 0.01 0.03 0.03 0.15 0.14 

CELLULOSE 

0.01 0.01 0.03 0.03 0.05 0.09 0.15 

0.01 0 0.03 0.03 0.06 0.1 0.14 

0 0.01 0.02 0.04 0.06 0.09 0.15 

XOS 

0.01 0.01 0.02 0.03 0.05 0.16 0.21 

0.01 0.01 0.01 0.03 0.05 0.17 0.21 

0.01 0.01 0.01 0.03 0.04 0.18 0.21 

CELLULOSE+XOS 

0 0.01 0.01 0.02 0.04 0.06 0.14 

0.01 0.01 0.01 0.01 0.03 0.06 0.15 

0.01 0.01 0.01 0.02 0.04 0.06 0.14 

 

 

 

Graph 1. E.coli Growth Curve 
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Table 2: Absorbance readings for Lactobacillus in MRS medium 

Lactobacillus Growth on MRS medium, OD at 600nm 

 

1 h 2 h 3 h 4 h 5 h 20 h 25 h 

BLANK 

0.02 0.05 0.12 0.29 0.44 0.3 0.19 

0.02 0.05 0.12 0.29 0.45 0.29 0.17 

0.01 0.05 0.11 0.29 0.44 0.3 0.16 

CELLULOSE 

0.01 0.04 0.12 0.25 0.39 0.22 0.15 

0.01 0.03 0.12 0.26 0.39 0.21 0.15 

0.01 0.03 0.12 0.25 0.39 0.2 0.15 

XOS 

0.01 0.03 0.12 0.26 0.4 0.25 0.14 

0.01 0.02 0.13 0.26 0.41 0.25 0.16 

0.01 0.03 0.13 0.27 0.4 0.23 0.14 

CELLULOSE+XOS 

0.01 0.05 0.13 0.28 0.44 0.23 0.14 

0 0.05 0.15 0.28 0.45 0.22 0.13 

0.01 0.05 0.14 0.29 0.44 0.22 0.13 

 

 

 

Graph 2: Lactobacillus Growth Curve 
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RESULTS AND INTERPRETATION  

From the experimental study carried out, E.Coli has shown 

considerably less growth when acted upon by beads made of 

cellulose, cellulose + XOS and XOS powder as compared to 

that of Lactobacillus.  

From the absorbance readings, it is clearly observed that the 

growth of E.Coli culture has occurred after a few hours. This 

is due to the low amount of primary inoculum that was added. 

However, for Lactobacillus it has been clearly observed that 

with a less primary inoculum, the growth rate has been quite 

substantial as per the absorbance values recorded.  

It was also observed that the growth of Lactobacillus has 

come down after being left overnight. The absorbance value 

had drastically decreased as on Day2 of observation.  The 

action of XOS has shown quite confluent growth in the case 

of Lactobacillus (Praveen et al 2012). The beads made out of 

cellulose and XOS combination also showed a good 

absorbance value. The growth of bacteria was almost around 

the same amount as that of the normal growth without any 

reactants. The cellulose beads infused with XOS did not 

dissolve even after 8 days of action. Further analysis was not 

possible as the cultures were contaminated after 8 days and 

the growth of the bacteria was inhibited. The property of 

sustained action has to be further studied and experimented in 

depth to analyze the same. 

The use of XOS has proved to have a pre-biotic effect on 

Lactobacillus (S Kamel et al 2008). This bacterial species 

inhabits the human gut and is essential for proper digestion in 

the human system. The beads, however, did not dissolve even 

after 8 days of action. This condition has to be studied further 

in depth as in case the beads do not dissolve, the beads can 

remain in the system for a really long time leading to 

accumulation or any other adverse effects. The growth of 

E.coli was comparatively inhibited as compared to the regular 

growth pattern. This proves that XOS acts as a deterrent to the 

growth of E.coli in the gut and can be controlled. A positive 

and encouraging result was obtained from the study. 

Appropriate research can lead to a promising solution for 

sustained action of drugs. In-vivo studies can be carried out 

along with clinical trials for a more empowering result. If the 

solubility quotient and property is studied further, this can be 

a potent method for sustained action of drug delivery.  

 

ACKNOWLEDGMENTS 

The authors listed in this paper wish to express their 

appreciation to the RSST trust Bangalore for their 

continuation support and encouragement. As a corresponding 

author, I also express my sincere thanks to all other authors 

whose valuable contribution and important comments make 

this manuscript in this form. 

 

REFERENCES 

[1] Bin Li*, Huanfeng Wang and Baoli Shi, 2008, 

Preparation and Surface Acid – Base Properties of 

Porous Cellulose, BioResources, 3(1), 3-12. 

[2] Chen Ya-Lan, 2011: Production of 

Xylooligosaccharides from agricultural waste. 

[3] Daniel Obed Otieno, Narges Dargahi, Keith D 

Thomsen and Birgitte Kiaer Ahring, 2012, The 

potential for oligosaccharide production from the 

hemicellulose fraction of biomasses through 

pretreatment processes: Xylooligosaccharides, 

Arabinooligosaccharides and Mannooligosaccharides, 

Carbohydrate Research. 

[4] Dobrev, G.T., Pishtiyski, I.G., Stanchev, V.S. and 

Mircheva R, 2007, Optimization of nutrient medium 

containing agricultural wastes for xylanase production 

by Aspergillus nigerB03 using optimal composite 

experimental design, Bioresource Technology, 98, 

2671–2678. 

[5] Hsu CK, Liao JW, Chung YC, Hsieh CP and Chan YC, 

2004,  Xylooligosaccharides and Fructo-

oligosaccharides affect the intestinal microbiota and 

precancerous colonic lesion development in rats, J 

Nutr, 134:1523–8 

[6] Izumi Yoshiya, Sugiura Jun, Kagawa Hitoshi and 

Azumi Naoya, 2005, Process for producing 

xylooligosaccharide from lignocellulose pulp, United 

States Patent, Patent no. US 6942754B2: 1-16 

[7] Jommuengbout P, Phitsuwan, P, Pinitglang S, Kyu KL 

and Ratanakhanokchai K, 2009, Xylooligosaccharide 

Production from Agricultural Wastes by Purified 

Xylanase from   firmus strain K-1, Agricultural Sci. J., 
40(3): 301-304. 

[8] MacFaddin, Media for isolation-cultivation-

identification- maintenance of medical bacteria, 

Williams & Wilkins, Baltimore, MD, 1985 , vol. 1, p. 

275-284  

[9] Montane D, Nabarlatz D, Martorell A, Torne-

Fernandez V and  Fierro V,  Removal of lignin and 

associated impurities from xylooligosaccharides by 

activated carbon adsorption, Indust Engineer Chem, 

2006, Res 45:2294–302 

[10] Palframan RJ, Gibson GR and Rastall RA, 

Carbohydrate preferences of Bifidobacterium species 

isolated from the human gut, Curr Issues 

IntestMicrobiol, 2003, 4:71–5. 

[11] Praveen Kumar Gupta*, Pushpa Agrawal and  Prabha 

Hegde, A review on Xylooligosaccharides, IRJP, 2012, 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 20 (2017) pp. 10219-10224 

© Research India Publications.  http://www.ripublication.com 

10224 

3(8), 71-74. 

[12] S. Kamel*, N. Ali, K. Jahangir, S. M. Shah, A. A and  

El-Gendy,  Pharmaceutical significance of cellulose - A 

review, eXPRESS Polymer Letters Vol.2, No.11, 

2008,758–778. 

[13] Samuel Xin Zher Low, Zhen Qin Aw, Bryan Zong Lin 

Loo, Kun Cheng Lee, Jack Si Hao Oon, Chin How 

Lee, and Maurice Han Tong Ling, Viability of 

Escherichia coli ATCC 8739 in Nutrient Broth, Luria-

Bertani Broth and Brain Heart Infusion over 11 Weeks, 

Electron Physician. 2013 Jan-Mar, 5(1): 576–581. 

[14] Schmidt Andrea, Gübitz Georg M and  Kratky 

Christoph, Xylan Binding Subsite Mapping in the 

Xylanase from Penicilliumsimplicissimum using 

Xylooligosaccharides as Cryo-Protectant, 

Biochemistry, 1999, 38: 2403-2412. 

[15] Sustained Release Drug Delivery System: A Concise 

Review, Retrieved in April 2017 from – 

http://www.pharmatutor.org/articles/sustained-release-

drug-delivery-system-concise-review 

[16] Pain Relief for Terminally Ill Patients, Retrieved in 

April 2017 from- http://learn.chm.msu.edu/pain 

management/chooseopioid.asp 

[17] Cellulose Beads in Drug Delivery, Retrieved in April 

2017 from -http://fibic.fi/wp-content/uploads/2013/09/4 

_Ruzica-Kolakovic.pdf 

[18] Chemistry Glossary, Retrieved in April 2017 from -

http://glossary.periodni.com/glossary.php?en=cellulose 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Low%20SX%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aw%20ZQ%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loo%20BZ%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loo%20BZ%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oon%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ling%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=26120385
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4477771/

