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Abstract 
Ever increasing industrialization have considerably increased the rate of water pollution. the 

management of waste is a major challenge for administrators and planners.  To overcome 

those problems, there is an alternative process for using these wastes, as a source for 

cultivation media of micro-organisms. The present work was aimed to designing a food 

industry waste water based medium that included mushroom and dill, as a substitute for costly 

commercial media for growing rhizobium. Growth and optimization parameters of two strains 

of rhizobium namely R1 and R2 at different concentrations of food waste was observed. 

Growth of both the strains were highest in 90% waste. Growth effects of strains were observed 

at 90% food waste along with different synthetic media and was found to be superior to 

standard media (TY and YEM) used for Rhizobium. Media was optimized using 90% food 

industry waste along with different concentrations of yeast extract (1-7 g/l) and mannitol (1-7 

g/l) in terms of OD at different intervals of time i.e. 24, 48 and 72 hours. The maximum growth 

was observed in 4g/l in yeast extract and mannitol in both the strains. Bacteria were grown on 

the waste water medium which produced effective results and Competed with standard media 

like YEM and TY. Hence, this study led to a new and efficient medium for bacterial cultures as 

well as decrease in the waste disposal expenses and efforts. 
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***** 
 
INTRODUCTION 
Food processing wastes are those end products of 
various food processing industries that have not 
been recycled or used for other purposes. They are 
the non-product flows of raw materials whose 
economic values are less than the cost of collection 
and recovery for reuse; and therefore discarded as 
wastes. 

A growth medium is a liquid or gel designed to 
support the growth of microorganisms. The 
commercially available media are very costly. The 
search for alternative, cheap media for use in 
laboratory agents for routine microbiological 
experiments is going on. Food and industrial wastes 
like saw dust, sugar cane, pulp, barley, spent grains, 
fish wastes, cheese whey, waste water sludge and 
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sugar waste [1-7] have also been reported to support 
the growth of microorganism. 
Industrial food waste contains vast amounts of 
nutrients, which can be harnessed for growth of 
microorganisms and subsequent production of 
useful primary and secondary products. Fruit wastes 
rich in carbohydrate content and other basic 
nutrients could support microbial growth. The use of 
legume seeds as alternative nutrient media for 
bacteria and fungi has been reported [8]. 
Rhizobium is a gram negative soil bacterium that can 
fix atmospheric nitrogen. Rhizobium forms symbiotic 
relationship with roots of legumes. Rhizobium forms 
specialized organs, called nodules, on roots or stems 
of their hosts. Rhizobia inside nodule could reduce 
atmospheric nitrogen and make it available to the 
plant. Symbiotic nitrogen fixation is an important 
source of nitrogen, and various legume crops could 
fix as much as 200 to 300 kg of nitrogen per hectare 
or about 70 million metric tons of nitrogen per year 
[9-10]. The first step in the production of legume 
inoculants is massive growth of a selected Rhizobial 
strain in liquid medium [11]. The suitability of culture 
media for large-scale production of Rhizobium 
depends upon the utilization of carbon source and 
multiplication rate of bacteria.  
For industrial production Anethum graveolens L. of 
rhizobial inoculants, it is important to identify 
inexpensive and easily available sources of nutrients 
for culture medium. Nutrient media such as yeast 
extract mannitol, tryptone yeast extract, and 
rhizobial minimal media are found to be very suitable 
for the growth of rhizobia. The standard medium 
includes mannitol, sucrose or glycerol as the carbon 
source, yeast extract as a source of nitrogen, growth 
factors, and mineral salts. The YMB medium (Yeast 
Mannitol Broth) has been mostly used for a 
laboratory-scale production [12]; however, its 
industrial use is limited due to high cost [13]. As in 
case of many other industrial fermentations, the 
economy of such a process is largely governed by the 
price of media utilized. In view of the growing 
demand of rhizobial inoculants it is imperative to 
search cheap and readily available substances to 
these costly ingredients. 
The present work was aimed to designing a food 
industry waste water based medium (mushroom and 
dill) and compare it with a commercial medium for 
growing rhizobium. 
Mushroom are fleshly fungi, spore-bearing bodies of 
typically produce above ground on soil or on their 
food sources which constitute a major group of lower 
plant kingdom. They do not contain chlorophyll like 
green plants the use of mushroom as food is very old. 

People have harvested mushroom from the wild 
thousands of years for food and medicine. 
Anethum graveolens L. (dill) has been used in 
ayurvedic medicines since ancient times and it is a 
popular herb widely used as yields essential oil. It is 
an aromatic and annual herb of apiaceae family. 
Anethum seeds are used as a spice and its fresh and 
dried leaves called dill weed are used as condiment 
and tea. The aromatic herb is commonly used for 
flavouring and seasoning of various foods such as 
pickles, salads, sauces and soups. Fresh or dried 
leaves are used for boiled or fried meats and fish, in 
sandwiches and fish sauces. Dill oil is extracted from 
seeds, leaves and stems, which contains an essential 
oil used as flavouring in food industry. It is used in 
perfumery to aromatize detergents and soaps and as 
a substitute for caraway oil.  
 
METHODS 
Isolation of bacteria from root nodules of Trifolium 
alexandrium (Barseem): 
Root nodulating bacterial Strains were isolated from 
the root nodules of Trifolium alexandrinum according 
to Vincent (1970) [14], collected from different 
agroclimatic regions of Dehradun. Plants were 
uprooted carefully and nodules were collected from 
the roots, washed with sterile water followed by 
surface treatment with 95% alcohal and again with 
sterile water. The washed nodules were surface 
sterilized with 0.1% mercuric chloride for 2-3 
minutes and again washed for at least 10 times with 
sterile water as to remove the traces of mercuric 
chloride. The nodules were transferred in culture 
tube half filled with sterile water and crushed with a 
sterile glass rod to obtain a milky bacterial 
suspension. After serial dilution suspension was 
streaked on Yeast extract mannitol (YEM) agar plates 
and incubated for 2-3 days at 28°C one single colony 
was taken from each nodule extract directly or after 
purification through subsequent streaking. 
Slants of YEM medium were routinely used for 
maintenance of the parent culture of rhizobia. The 
purity of the bacteria was checked by repeat 
streaking as well as microscopic examination with 
Gram staining. 
Biochemical tests for differentiation of Rhizobium 
Congo red Test: Rhizobia appear as white, 
translucent, glistening elevated and comparatively 
small colonies with entire margins. 
Hoffer’s alkaline broth Test [15]: Rhizobium grows in 
normal pH level. A medium i.e. Hoffer’s alkaline 
having high pH of 11.0 was used to screen isolated 
nodulated bacteria. 
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Lactose agar Test: Rhizobia cannot utilize lactose. 
Culture of nodulated bacteria were streaked on 
lactose agar plate and incubated for 4-10 days. 
Catalase test [16]: The 48 hours culture of the 
isolated strains on YEMA was flooded with hydrogen 
peroxide and observed for the bubble formation.  
Oxidase test [17]: Few drops of p-amino 
dimethylaniline oxalate was added on the surface of 
48 hours cultures of the rhizobial strains on YEMA 
and observed for the production of color. 
Food waste as a substrate 
The food waste (mushroom and dill) was collected 
from flex food industry, which is located at laal 
tappad, haridwar road, Dehradun. 
Starter Culture 
50 ml of culture was prepared by inoculating 
Rhizobium strains into Yeast Extract Mannintol Broth 
(YEM) and incubated at 28±2oC for 24 hours. 
Media Optimization 
Optimization of industrial food waste: Mushroom 
waste and dill waste were used for the current 
study.1% of starter culture was inoculated into 
different concentration of food waste i.e. 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% and 
growth was monitored by recording optical density 
(OD) at regular time intervals. 
Comparison of food waste media with different Lab 
Media: Effect of different media i.e. 90% food waste, 
TY and YEM on Rhizobium was monitored in terms of 
absorbance at 650nm after every 24hrs,48hrs and 
72hrs by inoculating bacteria with these media. 

Optimization of food waste material with 
components of standard media: Yeast extract and 
Mannitol are two main components of the standard 
media which are very helpful for the growth of 
Rhizobium. So the growth of bacteria was also 
observed in 90% waste water along with different 
concentrations of Yeast Extract (1gm/l, 2gm/l, 3gm/l 
up to 7gm/l) and similarly 90% waste water along 
with different concentrations of mannitol (1gm/l, 
2gm/l, 3gm/l up to 7gm/l). 
 
RESULTS 
Isolation of Rhizobium sp. From root nodules 
Bacterial isolates were recovered from root nodules 
of Trifolium alexandrinum (Barseem plant) that were 
collected from fields of Manduwala, Dehradun. The 
two isolates that showed positive morphological and 
biochemical characteristics of Rhizobia were selected 
for further study. These isolates were designated as 
R1and R2. 
Cultural characteristics for Rhizobium sp. 
Rhizobial Colonies were obtained on YEMA agar 
medium after incubation at 28°C.The colonies had 
sticky appearance showing production of mucous 
through lower level. Pure colonies were also 
obtained on Rhizobium medium that appeared as 
pinkish white concave small colonies. Data analysed 
in table 1.0 clearly states that the isolates obtained 
from root nodules were of pure Rhizobial sp.

 
Table 1: Morphological and Biochemical characteristics of isolates 

 

S.No.  characters 
ISOLATES 

R1 R2  

1. Gram staining  Gram -ve rods Gram -ve rods  

2. CRYEMA Test +ve +ve  

3. Lactose agar test +ve +ve  

4. Hoffer’s alkaline broth test +ve +ve  

5. Catalase +ve +ve  

6. Oxidase +ve +ve  

 
Effects of Concentration of waste water on Growth 
of Rhizobium strains: Growth of R1 and R2 at 
different concentrations of waste water (10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90% and 100%) was 
monitored by recording Optical density (OD) at 
650nm after 24hrs,48hrs and 72hrs. 

Growth of R1 and R2 on different concentration of 
mushroom waste water 
In mushroom waste, maximum OD values obtained 
in 90% for R1i.e 0.482(Fig1) and R2 i.e. 0.437(Fig2) at 
48-hour incubation period.
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Fig.1: Growth of R1 on different concentration of mushroom waste 
 
 

 

Fig.2: Growth of R2 on different concentration of mushroom waste  
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Growth of R1 and R2 on different concentration of dill waste water  
In dill waste, maximum value obtained in 90% for R1 is 0.445(Fig 3) and R2 is 0.565 (Fig 4) at 48-hour 
incubation period. 

Fig.3: Growth of R1 on different concentration of dill waste water 
 
 

 
Fig.4: Growth of R2 on different concentration of dill waste water 
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Comparison of synthetic medium i.e. (YEM and TY) 
and waste water based medium (mushroom water, 
Dill water) for R1 and R2: Growth of R1 and R2 was 
observed in synthetic medium i.e. (YEM and TY 
Medium) and waste water (mushroom water, Dill 
water) separately within same conditions by 

recording Optical Density (OD) at 650nm after 
24hrs.,48hrs and 72hrs.Maximum growth of R1 was 
found in mushroom waste ie.0.482 and minimum in 
YEM 0.384 at 48-hour incubation period(fig5). 
Maximum growth of R2 was observed in dill waste 
ie.0.565(fig6). 

 

 
Fig.5: Growth of R1 on different media 

 

Fig.6: Growth of R2 on different media 
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Growth of Rhizobium on 90% waste water 
(mushroom and dill) along with different 
concentration of mannitol: Growth of Rhizobium 
strains were monitored at 90% waste water along 
with different concentration of mannitol (1-7g/l) in 
terms of optical density at different time intervals i.e. 

24, 48 and 72 hours. In mushroom waste water, 
maximum growth of R1 was 0.754 (Fig7) and R2 was 
0.728(Fig8) at 4g/l of mannitol. In dill waste, 
maximum growth was observed in R1, 0.818(Fig9) 
and R2, 0.389 (Fig10) at 4g.

Fig.7: Growth of R1 on 90% mushroom waste with various concentration of mannitol at different incubation 
period 
 

Fig.8: Growth of R2 on 90% mushroom waste with various concentration of mannitol at different incubation 
period 
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Fig.9: Growth of R1 on 90% dill waste at various concentration of mannitol at different incubation period 
 

 

Fig.10: Growth of R2 on 90% dill waste with various concentration of mannitol at different incubation 
period 
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concentrations of yeast extract (1-7g/l) in terms of 
optical density at different time intervals i.e. 24, 48 
and 72 hours. In mushroom waste, maximum growth 
was observed in R1, 2.07 (Fig11) and R2, 1.959(Fig12) 

at 4g. In dill waste water, maximum growth was 
observed in R1, 1.558 (Fig13) and R2, 2.102 (Fig14) at 
4g.

  

Fig.11: Growth of R1 on 90% mushroom waste with various concentration of yeast extract at different 
incubation period 
 

Fig.12: Growth of R2 on 90% mushroom waste with various concentration of yeast extract at different 
incubation period 

0

0.5

1

1.5

2

2.5

1g 2g 3g 4g 5g 6g 7g

A
b

so
rb

an
ce

 o
f 

R
1

 a
t 

6
5

0
n

m

different concentration of yeast extract in mushroom waste

24hrs

48hrs

72hrs

0

0.5

1

1.5

2

2.5

1g 2g 3g 4g 5g 6g 7g

A
b

so
rb

an
ce

 o
f 

R
2

 a
t 

6
5

0
n

m

Different concentration of yeast extract (g/l) in mushroom waste

24hrs

48hrs

72hrs

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                                       Gauri Singh* et al 

  

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 
 

153 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

Fig.13: Growth of R1 on 90% dill waste water with various concentration of yeast extract at different 
incubation period 
 

Fig.14: Growth of R2 on 90% dill waste water with various concentration of yeast extract at different 
incubation period 
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alexandrium. The general microscopic characteristics 
of the selected isolates showed rod shaped and 
gram-negative in nature and also similar to those 
reported earlier [18]. In the current study waste 
water (mushroom waste and dill waste) obtained 
from Flex food industry which is situated in laal 
tappad, haridwar road, Dehradun (U.K.) is used as a 
growth media for fast growing rhizobia. Growth of 
R1and R2 was observed at different concentrations 
(10%, 20%, 30%, 40%. 50%, 60%, 70%, and 80%, 90% 
and 100%) by recording Optical density (OD) at 
650nm. Maximum growth of R1 & R2 was observed 
at 90% concentration. Singh et al., (2011) [19] 
optimized different concentrations of sugar waste 
and found maximum growth at 10%s ugar waste. 
Singh et al., (2013) [20] optimized different 
concentration of dairy sludge for fast growing 
rhizobia and observed maximum growth at 60% dairy 
sludge.  
In the present work after optimizing the 
concentration of food industry waste water i.e. 90% 
growth of strains were observed at 90% waste water 
along with different synthetic media by recording 
optical density (OD) at 650 nm. The results of this 
study indicates that on medium containing only 90% 
waste water, cells of fast growing rhizobia (R1 and 
R2) grow rapidly and growth was superior to that of 
the control (standard media). These results 
demonstrate that 90% waste water can be 
satisfactorily used as a growth substrate of rhizobia. 
Sellami et al., (2015) [21] studied the growth of fast-
growing Rhizobiumlegumunosarium in industrial 
wastewater. They found that all wastewater samples 
sustained the bacterial growth. Almost a similar 
study was done by Mimb et al., (2014) [22] using two 
selected LNB strains (VUID1 and AHYP21), 16 local 
media (C and N sources) and groundnuts. The LNB 
biomass obtained from the local media was greater 
than the one obtained from the standard YEM media. 
Singh et al., 2011 [7] reported maximum absorbance 
at the growth of R. meliloti was found maximum in 
10% sugar waste concentration along with other 
synthetic media like RMM and YEM, at 48 hrs.  
The concept of media optimization was to establish 
a media which shows the optimum conditions for the 
growth of the organism at cheap cost as compared to 
normal media. Rhizobium strains were able to utilize 
glucose and sucrose more efficiently than normal 
YEM medium [23]. Yeast extract and Mannitol are 
two main components of the standard media for the 
growth of Rhizobium therefore 90% waste water 
along with different concentrations of yeast extract 
(1gm/l, 2gm/l,3gm/l and up to7gm/l) and 90% waste 
water with different concentrations of mannitol 

(1gm/l, 2gm/l, 3gm/l and up to7gm/l) were further 
optimized. Growth in both conditions was studied at 
different time intervals i.e. 24, 48 and 72 hours. Our 
results demonstrated that maximum growth was 
observed in 4g/l of yeast extract and 4g/l of mannitol 
in both strains. According to the findings of Kumar et 
al., (2016) [24] maximum growth of rhizobium was 
observed in 7 g/L of yeast extract in RT1 and 5 g/L of 
yeast extract in RT2 and 2 g/L of mannitol at 24 h 
incubation period along with spent wash. Tuzzimura 
and Muguro (1968) [25] reported that many types of 
sugars could be used to substitute mannitol as 
carbon and energy source for Rizobium japonicum. 
The effects of additional sources of nutrients on the 
growth of S. meliloti were studied in secondary 
sludge from the Quebec City wastewater plant [26]. 
Spent wash supplemented with different 
concentrations of yeast extract and glycerol 
increased the maximum cell counts. The highest 
increase was approximately six fold and was 
obtained with the addition of 4 g/L yeast extract and 
7.5 g/L glycerol. 
 
CONCLUSION  
It is concluded from the current study that food 
industry waste water retains growth of rhizobia with 
higher than standard medium and different 
components used in YEM medium. It uses as an 
alternative media in commercial preparations of 
legume inoculants will considerably reduce the 
production cost of bio fertilizers. 
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