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Abstract: Huge amount of waste is generated everyday as a result of various household, commercial and 
industrial activities. However, inadequate management leads not only to pollution but also economic losses 
and health hazard globally. India, the second largest nation alone generates huge organic waste which is 
increasing at the rate of 1.3% annually. A major fraction of this waste comprises organic matter (51%), 
recyclables (17.5 %) and 31% inert waste. Organic industrial waste can be used for the production of 
commercially viable products including xylitol which has been approved as natural sugar free sweetener. In the 
present work soil samples were collected from different locations of Himachal and resulting microbial isolates 
were screened for their ability to produce xylose reductase enzyme. Total 45 isolates found positive for 
intracellular enzyme and only one produced extracellular enzyme. Fungal isolate (XYLFV-11) with highest 
xylose reductase activity (301 U/ml) growing as purplish-orange colored colony was characterized 
morphologically and microscopically. Xylitol production was recorded from both fungal and bacterial isolates. 
The potential utility of the hyper fungal isolate for the production of xylitol will be tested at large scale so as to 
use it in various applications for the welfare of mankind and society. 
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Introduction: Various household, commercial and 
industrial activities generate a huge amount of waste 
every day. However, lack of proper management has 
resulted in deterioration of environment, economic 
losses and health hazards globally. India, second 
largest nation, is generating about 960 million tones 
of solid waste annually during industrial, municipal 
and agricultural processes. A major fraction of this 
waste comprises organic matter (51%), besides 
recyclables (17.5 %) and 31% inert waste which is 
increasing at the rate of 1.3% annually. Agricultural 
sources are one of the biggest contributors of organic 
waste as 350 million tones are organic wastes 
contributed from agricultural sources alone. 
Management of this huge amount of waste is big 
global issue hence advancements in solid waste 
management is necessary for safe guarding of 
environment, including not only recycling of waste 
[2] [10] [11] but also use of organic waste in generation 
of some commercial products like xylitol. Xylitol is a 
natural sweetener alternative [8]. In 1983, “Joint 

Expert Committee on Food Additives” an advisory 
committee appointed by FDA and WHO referred 
xylitol as extremely safe for consumption after 
analysis of all aspects related to xylitol consumption 
[9] [14].  
Chemically xylitol is a poly-alcohol with molecular 
formula C5H12O5 and molecular weight 152.15 g·mol−1 
[7] [12]. Xylitol has an advantage of having traditional 
sweetener i.e. sucrose as its sweetening power is 
equal to that of sucrose, but with less calories. Xylitol 
has been reported as a safe alternative for sweetener 
specially for diabetic patients as it’s metabolism is 
independent to insulin hence referred as safer 
alternatives for diabetic patients [4] [6]. Apart from 

this xylitol also has anti-cariogenic property and has 
been reported to prevent inflammation and infection 
of middle ear. On the basis of diverse application of 
xylitol, it is considered to be one among top 12 
market value products [1]. In the present work soil 
samples were collected from different locations of 
Himachal Pradesh i.e. Kangra, Shimla, Mandi and 
Solan for isolation and isolates were screened for 
xylose reductase production. 
Materials and Methods 
Collection of soil samples: Soil samples were 
collected from different locations i.e. Mandi, Kangra, 
Shimla and Solan in month of July-August. Samples 
were primarily collected from the waste disposal area 
near fruit juice counter, gardens and forest area. 
Soil enrichment: Before isolation, soil samples were 
enriched with xylose syrup for 72 hours. This would 
increase the population of microbes utilizing xylose. 
Isolation and primary screening: Isolation and 
primary screening of isolates were done 
simultaneously. Primary screening of isolates were 
done on the basis of their ability to utilize xylose. 
After 72 hours of enrichment, soil samples were 
serially diluted and inoculated on different medium 
for bacteria and fungi. As for bacteria minimal 
medium (64g/l Na2HPO4-7H2O, 15g/l KH2PO4, 
2.5g/l NaCl and 5.0g/l NH4Cl) while for fungi 
modified YMEA (4g/l Yeast extract, 10g/l malt extract 
and 4g/l carbon source). Both the medium were 
supplemented with xylose and 2% agar was added for 
solid medium.  
Secondary screening: In secondary screening 
enzyme activity (xylose reductase “XR”) was 
determined for all the isolates. For this purpose 
different production medium was used for bacteria 



 

 

 

and fungi. Bacterial isolates were inoculated on 
medium (10g/l Meat extract, 5g/l carbon source, 5g/l 
Sodium chloride, 1g/l peptone, pH 7.0) and incubated 
at 30

0 
C for 3 days, while fungal isolates were 

inoculated on (3 g yeast extract, 3 g K2HPO4, 1 g 
MgSO4.7H2O and 30 g D-xylose at pH 5.0; by 
Yokoyama et al. 1995) and incubated at 27 

0
C for 5 

days. After respective incubation period, both cell 
pallet and supernatant was tested for enzyme activity.   
Xylose reductase assay: XR reduces xylose into 
xylitol using NADPH as cofactor. XR activity of all 
isolates was determined by using method given by 
Yokoyama et al., in 1995. While reduction of xylose 
into xylitol, equivalent amount of NADH/NADPH 
will be oxidized. The amount of NADH/NADPH 
oxidized was estimated at 340nm and enzyme activity 
of isolates was calculated using following formula: 

   (1) 

Activity: Volumetric Activity (U/L) 
TV : Total volume in cuvette (1000 μL) 
V : Volume of cell extract used (50 μL) 
Ε : Molar extinction coefficient for NADPH 
(6.22 L/mmol for a path length of 1.0 cm) 

CF : Dilution of cell extract 
One unit (U) of xylose reductase activity is defined as 
“The amount of enzyme required to produce 1.0 µmole 

of xylitol in one minute”.                                                                       
Or 
“Rate of decrease of 1μmol of NADPH per min”. 
Characterization: Isolate showing best XR activity 
was selected for further study and characterized 
morphologically and microscopically using lacto-
phenol blue staining. Stained culture was observed 
under microscope at 40x and 100x. 
Results and Discussion: Soil samples were 
processed for isolation after enrichment of 72 hours 
with xylose. Initially 128 isolates (43 bacterial and 85 
fungal) were found that can utilize xylose. In 
secondary screening for enzyme activity of 128 
isolates, only 45 isolates including 8 bacterial 
(XYLBV-1-8) and 37 fungal isolates (XYLFV-1-37) were 
producing xylose reductase. Enzyme activity was 
determined as per mentioned in equation (1). 
Determined activity of isolates was as given in table I 
below: 

Table I: Enzyme activity of isolates (bacterial & fungal) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As given in table among 45 isolates, all the isolates 
except 1 bacterial isolate XYLBV- 5  have intracellular  

xylose reductase while XYLBV-5 has extracellular XR 
(24.63 U/ml). All fungal isolates have intracellular XR 

Isolate Enzyme 

Activity 

(U/ml) 

Nature Isolate Enzyme 

Activity 

(U/ml) 

Nature 

Bacterial Isolate Fungal Isolate 

XYLBV-1 23.98 Intracellular XYLFV-17 52.92 Intracellular 

XYLBV-2 28.23 Intracellular XYLFV-18 05.66 Intracellular 

XYLBV-3 17.49 Intracellular XYLFV-19 05.14 Intracellular 

XYLBV-4 20.06 Intracellular XYLFV-20 01.41  Intracellular 

XYLBV-5 24.63   Extracellular XYLFV-17 03.79 Intracellular 

XYLBV-6 28.16 Intracellular XYLFV-18 00.64 Intracellular 

XYLBV-7 08.55 Intracellular XYLFV-19 14.92 Intracellular 

XYLBV-8 11.7 Intracellular XYLFV-20 04.18 Intracellular 

Fungal Isolate XYLFV-21 03.79 Intracellular 

XYLFV-1 11.25 Intracellular XYLFV-22 15.3 Intracellular 

XYLFV-2 25.85 Intracellular XYLFV-23 03.41 Intracellular 

XYLFV-3 14.08 Intracellular XYLFV-24 11.7  Intracellular 

XYLFV-4 35.88 Intracellular XYLFV-25 04.37 Intracellular 

XYLFV-5 16.98 Intracellular XYLFV-26 06.17 Intracellular 

XYLFV-6 27.2 Intracellular XYLFV-27 08.94  Intracellular 

XYLFV-7 17.1 Intracellular XYLFV-28 11.32 Intracellular 

XYLFV-8 26.36 Intracellular XYLFV-29 13.63 Intracellular 

XYLFV-9 18.71 Intracellular XYLFV-30 10.61 Intracellular 

XYLFV-10 12.41 Intracellular XYLFV-31 14.66 Intracellular 

XYLFV-11 301.01 Intracellular XYLFV-32 05.22 Intracellular 

XYLFV-12 03.47 Intracellular XYLFV-33 26.11 Intracellular 

XYLFV-13 06.75 Intracellular XYLFV-34 52.92 Intracellular 

XYLFV-14 09.32 Intracellular XYLFV-35 05.66 Intracellular 

XYLFV-15 04.12 Intracellular XYLFV-36 05.14 Intracellular 

XYLFV-16 01.29 Intracellular XYLFV-37 01.41  Intracellular 



 

 

 

enzyme and XYLFV-11 was showing maximum XR 
enzyme activity i.e. 301.01 U/ml. 
Characterization: As mentioned earlier, XYLFV-11 
was showing maximum activity among all 45 isolates, 
hence selected for further research work and 
characterized morphologically and microscopically. 
Fig. 1 and table II shows the spores formation in 
XYLFV-11 and characteristics of XYLFV-11. 
 

Table II: Characteristics of fungal sample 

 
 
 
 
 
 
 
 
 

Fig. 1: LCB stained slide of XYLFV-11, 
 showing spores at 100x 

In earlier work, yeast have been extensively used for 
xylitol production but bacteria and filamentous fungi 
is somewhat remain untouched as some of the 
filamentous fungi Petromyces albertensis, Penicillium, 

Aspergillus, Rhizopus, Glicoladium, Byssochlamyz, 
Myrothecium, and Neurospora have been reported 
with very low yield [3] [5]. Among the yeast i.e. 
Candida, Pichia and Saccharomyces have been used 
successfully for xylitol production [15].   
Summary: As waste material is one of the matters of 
concern globally, need to be addressed for the health 
and environmental sustainability. But waste 
management is required revenue and resources 
investment; this is one of the reasons that lead to 
waste left unaddressed by industries. Microbial route 
would be advantageous way to deal with waste as it 
can generate commercial products along with waste 
degradation. Xylitol is one of the dominant 
commercial products can be generated from organic 
waste. Xylitol is not only a low calorie sweetener but 
also anticariogenic. For production of xylitol from 
waste, 128 isolates were isolated from soil samples 
(after enrichment) that can utilize xylose. In 
secondary screening only 45 isolates (8 bacterial and 
37 fungal) were producing xylose reductase. Among 
45 one of the fungal isolate XYLFV-11 showing 
maximum activity which was selected for further use 
and characterized.  
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Color Purplish orange, become 
white on sporulation 

Body Mycelium made of hypae 

Hyphae Septate and branched 

Reproduction Asexual 

Type of spore Aplanospores 
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