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Abstract
Fumaric acid is a multi-functional bio-based organic acid that is extensively used as a building block compound in 
chemical synthesis, food preservative and as therapeutics. The substrates required for the production are the sugars 
that account for 50–60% of the total process economics. The present work explores the utilization of Mahua flowers 
as a cheaper carbon source and low cost production medium for cost-effective fumaric acid production using Rhizo-
pus oryzae. Various process parameters for fumaric acid production and desired fungal morphology were investigated, 
including Mahua flower extract concentration, fermentation temperature, fermentation pH and agitation speed. The 
highest concentration of the product, fumaric acid obtained in shake flask was 23.5 ± 0.9 g/L at optimized conditions of 
100 g/L of Mahua flower extract medium, pH 6, 30 ℃ temperature and shaking speed of 200 rpm in 72 h. The pellet mor-
phology resulted in higher production than mycelial clumps. Bench-scale production in stirred tank reactor resulted in 
24.1 ± 1.0 g/L of fumaric acid production at an aeration rate of 1 vvm, agitation at 200 rpm and temperature of 30 ℃. The 
results obtained were comparable to fermentation with pure glucose. The present study evidently reveals the feasibility 
of carbon-rich, low cost, abundantly available natural substrate for cost-effective fumaric acid production.

Keywords  Mahua flowers · Fumaric acid · Fungal morphology · Process parameter optimization · Bench scale 
production

1  Introduction

Fumaric acid (C4H4O4) is a natural organic compound 
possessing diverse applications in various sectors, includ-
ing the food industry as an acidulant, as a building block 
chemical for chemical synthesis and as a therapeutic drug. 
Fumaric acid is produced both by chemical means and by 
fermentation. The fumaric acid production by chemical 
process involves utilizing petrochemical derivative maleic 
anhydride, but the continued rising of petroleum prices 
and scarcity has sparked an interest in the production of 
fumaric acid by microbial fermentation [1].

Several Rhizopus sp. are able to produce fumaric acid 
as a product of carbohydrate metabolism under aerobic 

conditions in a CaCO3 containing culture medium [2]. The 
study on the microbial production of fumaric acid was 
reported by Erhlrich using Rhizopus nigricans in 1911. Later 
various species of molds belonging to Mucor, Rhizopus, 
Cunninghamella and Circinella were recognized as natural 
fumaric acid producers [3]. Among these genera, the high-
est concentration of fumaric acid in terms of product yield 
and volumetric productivity was obtained from Rhizopus 
species [2, 4].

The amount of fumaric acid produced during the fer-
mentation was found to be dependent on the amount 
of fermentable sugars present in the substrate. To make 
fumaric acid production process efficient and cost effec-
tive through biological means, there is a continuous need 
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to explore novel biomass sources having high carbohy-
drate content and concomitantly provide essential micro 
and macro nutrients to serve as cheaper raw material [1]. 
Variety of cheaper raw materials such as xylose, potato 
flour, corn starch, molasses, crude glycerol, brewery waste-
water and apple pomace have been utilized as cheap car-
bon source for the fermentative production of fumaric 
acid [5–11]. The current study deals with the utilization of 
flowers of Madhuca latifolia that can serve as excellent raw 
material (carbohydrate rich) for the microbial production 
of fumaric acid through fermentation.

Madhuca latifolia, commonly known as mahua, is a for-
est tree abundantly found in India and Australia [12, 13]. 
The tree majorly grows in a tropical climate and can easily 
sustain dry conditions. The tree has been grown in large 
numbers by the tribal people belonging to India for mul-
tifarious activities such as feed for livestock, wood, pro-
duction of local alcoholic beverage. The yearly productiv-
ity of Mahua flowers in India is approximately 2 million 
tonnes. The flowers from the Mahua tree are an excellent 
source of carbohydrates and are highly rich in ferment-
able sugars (glucose, fructose). Moreover, dried Mahua 
flowers are available as cheap carbon source (US $ 30–35 
ton−1) in comparison to glucose (US $ 400–450 ton−1). In 
view of the light above, the present study explores the 
dried flowers of Madhuca latifolia as a low-cost production 
medium for fumaric acid production. The experimental 
work performed utilizes the Taguchi experimental design 
for determining the optimum levels of process parameters 
(pH, temperature and shaking speed) required for maxi-
mum production of fumaric acid. The study also reports 
the changes in fungal morphology observed at different 
fermentation parameters and their effect on product for-
mation. The utilization of fermentable sugars of Mahua 
flowers by the fungus Rhizopus oryzae for the production 
of fumaric acid can be an economically viable process due 
to the low-cost production medium.

2 � Materials and methods

2.1 � Materials

The chemicals utilized in the current study were of analyti-
cal grade and procured from Himedia laboratories, Mum-
bai and standard fumaric acid was purchased from Sigma 
Aldrich, USA (purity > 99%).

2.1.1 � Microorganism

The fungus Rhizopus oryzae NCIM 877 used in the present 
study was procured from NCIM repository of National 
Chemical Laboratory, Pune. The procured strain was grown 

and maintained on Potato Dextrose Agar slants. The slant 
cultures were incubated for 4–5 days for the propagation 
of fungal spores. The mycelial free spores of the fungus 
Rhizopus oryzae NCIM 877 were obtained by washing the 
agar slants with sterile water followed by filtering through 
sterile glass wool. The fungal spore suspension was kept 
at 4 ℃ for subsequent use.

2.2 � Methods

2.2.1 � Procurement and Pre‑treatment of Mahua flowers

Dried Mahua flowers were procured from the local mar-
kets, brought to the Biomolecular Engineering Labora-
tory of the Institute and washed with the distilled water 
to remove the dust impurities. The slurry was prepared by 
pressing 20 gm of Mahua flowers with a mortar and pestle, 
boiled with 100 ml of distilled water and filtered with a 
muslin cloth to obtain Mahua flower extract. The filtered 
residue was resuspended, boiled and filtered in another 
100 ml of distilled water. The total volume of Mahua flower 
extract collected was 200 ml. The preparation was further 
utilized as a natural source of fermentable sugars for sub-
merged fermentation. The total sugars and reducing sug-
ars concentration in Mahua flower extract were estimated 
using Phenol sulfuric acid and Dinitrosalicylic acid meth-
ods respectively [14, 15].

2.2.2 � Constituents of preculture medium

The spore suspension (2% v/v) was utilized to inoculate 
the growth medium with the following composition con-
sisted of (g/L) Mahua flower extract 100, Urea 2, KH2PO4 
0.6, MgSO4.7H2O 0.25, ZnSO4.7H2O 0.088 and FeSO4.7H2O 
0.0088. The Mahua flower extract was sterilized separately 
from the rest of the components to prevent the charac-
teristic Maillard reaction between the carbonyl group of 
reducing sugars and the amino group of urea. The initial 
set of experiments were carried out at various conditions 
of pH ranging from 4–8, temperature from 25–37 ℃ and 
shaking speed from 100–300 rpm in Mahua flower extract 
medium to determine the optimum conditions required 
for the formation of uniform small-sized pellet morphol-
ogy. The formation of uniform small-sized pellets by the 
fungus Rhizopus was evaluated as the ideal morphology 
for the production of fumaric acid as it allows adequate 
mass transfer of nutrients, oxygen and also prevents the 
formation of hypoxic conditions [1, 10, 11]. The optimum 
conditions obtained were then utilized for the cultivation 
of fungal pellet seed in Erlenmeyer flasks (250 ml) contain-
ing 75 ml of growth medium for 24 h.
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2.2.3 � Production medium and implementation 
of submerged fermentation

The Mahua flower extract medium was utilized as a carbon 
source to assess its potential for fumaric acid production. 
The production medium consisted of (g/L) Mahua flower 
extract 100, KH2PO4 0.6, MgSO4.7H2O 0.25, ZnSO4.7H2O 
0.088 and FeSO4.7H2O 0.0088 in 1 L of distilled water. The 
Rhizopus oryzae grown in a pre-cultured medium was 
used as a source of inoculum (inoculum size of 10% v/v) 
for the submerged fermentation of Mahua flowers and 
the production was carried out in triplicates. To carry out 
the fermentation, 180 ml of Mahua flower extract medium 
was taken in 500 ml Erlenmeyer flasks and inoculated with 
20 ml (10% v/v) of pre-cultured Rhizopus oryzae to give a 
final volume of 200 ml (to impart ~ 55 g/L of sugar). Ster-
ile CaCO3 (neutralizing agent) was added to maintain a 
pH of 6, 7 and 8 whenever required during the course of 
fermentation.

2.2.4 � Taguchi experimental design

The effect of the process parameters viz. Temperature, pH 
and shaking speed and their optimum conditions were 
investigated for the fumaric acid production using Taguchi 
methodology based design of experiments. The experi-
mental design was constructed and statistical analysis 
was carried out in Minitab 18 software. The three pro-
cess parameters and their corresponding three levels are 
depicted in Table 1. L9 orthogonal array was employed 
and fumaric acid concentration (g/L) was studied as the 
response. In each experiment, Signal to noise (SN) ratio of 
“Larger is better” was utilized to analyse the response and 
also to determine the influence of each process param-
eter on fumaric acid production. Table 2 depicts the design 
of experiments utilized and the corresponding Signal to 
noise (SN) ratios. The generated response table ranks the 
effects of process parameters on the output and ascertain 
the levels of the major operating parameters responsible 
for the process. The results obtained using the Taguchi 
design led to the determination of the optimal levels of 
process parameters needed for optimal fumaric acid pro-
duction. To validate the Taguchi experimental design, 

separate experiments were performed using the combina-
tion of optimal levels of process parameters. These experi-
ments were not present in the orthogonal array and were 
utilized as the validation experiments for the optimum 
fumaric acid production in shake-flask culture.

2.2.5 � Validation of optimized parameters in bench scale 
production

A 3.7 L stirred reactor (Bioengineering KLF) with 2.5 L pro-
cessing capacity was utilized to validate optimized process 
parameters and bench-scale production studies. CaCO3 
was utilized as a neutralizing agent to maintain a pH of 6. 
Temperature, Aeration rate and agitation were maintained 
at 30 ℃, 1vvm and 200 rpm respectively.

2.2.6 � Fumaric acid recovery and fungal biomass estimation

The recovery of fumaric acid was performed according to 
the method described by Das and Brar [10]. The addition 
of sterile CaCO3 was followed by the formation of insolu-
ble calcium fumarate. The resulting fermented broth was 
heated to 90 ℃ with concomitant acidification (H2SO4, 5 N) 
until clear. The broth was centrifuged (8000 × g, 12 min) 
and the supernatant fraction was then analyzed by spec-
trophotometer at 460 nm. The concentration of fumaric 
acid was performed by drying in a rotary dryer. The pre-
cipitated fraction containing CaSO4 and fungal biomass 
was washed and oven-dried until a constant dry weight 
was obtained.

2.2.7 � Fumaric acid quantification

Quantification was performed spectrophotometrically, 
as stated in the method described by Das and Brar [10]. 
0.4 ml of broth sample was taken in a test tube and 50 µl 
of copper-pyridyl reagent (CuSO4 + pyridine) was added 

Table 1   Process parameters and their experimental levels

Level Temperature (℃) pH Shaking 
speed 
(rpm)

1 25 6 100
2 30 7 200
3 37 8 300

Table 2   L9 orthogonal array depicting experimental design with 
SN ratios

S. No Tempera-
ture (℃)

pH Shaking 
speed 
(rpm)

Fumaric acid 
production (g/L)

SN ratio

1 25 6 100 13.7 ± 0.9 22.7344
2 25 7 200 9.8 ± 0.5 19.8245
3 25 8 300 6.1 ± 0.7 15.7066
4 30 6 200 23.5 ± 1.1 27.4214
5 30 7 300 11.1 ± 0.8 20.9065
6 30 8 100 8.1 ± 0.6 18.1697
7 37 6 300 9.7 ± 0.9 19.7354
8 37 7 100 5.8 ± 0.6 15.2686
9 37 8 200 5.1 ± 0.4 14.1514
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resulting in formation of copper-pyridine-fumarate com-
plex. The tubes were cooled at 4 ℃, incubated for 15 min 
and centrifuged at 2000 rpm for 3 min. To the recovered 
pellet, 1 ml citric acid solution (20% w/v), 1 ml NH4OH solu-
tion (10% v/v), 200 µl gum ghatti solution (2% w/v) and 
1 ml of sodium diethyldithiocarbamate solution (0.2% v/v) 
were added. The resulting solution was quantified spectro-
photometrically at 460 nm due to the formation of a light 
blue colored fumarate-copper-diethyldithiocarbamate 
complex. Different concentrations of standard fumaric 
acid (100–1000 µL) were utilized for the preparation of 
the standard curve.

2.2.8 � Confirmation of fumaric acid production by FT‑IR 
analysis

The obtained samples were processed and analyzed for 
FTIR spectra. The analysis was performed on a Thermo Sci-
entific Nicolet iS5 FT-IR spectrophotometer using stand-
ard fumaric acid as reference. FT-IR spectra of fumaric acid 
samples and the reference were recorded in transmittance 
mode using KBr approach in the spectral wavenumber 
region of 4000–400 cm−1.

3 � Results and discussion

The outcomes obtained from the submerged fermentation 
studies under various operating parameters confirmed the 
microbial production of fumaric acid from the flowers of 
Maduca latifolia by Rhizopus oryzae NCIM 877. The Phe-
nol sulphuric acid method for estimating total sugars and 
Di-nitro salicylic acid method for estimation of reducing 
sugars confirmed the presence of 55 ± 1.5% g/g of total 
sugars and 48.5 ± 1% g/g of reducing sugars in the sub-
strate after pretreatment. The major fermentable sugars 
present in the Mahua flower extract were glucose and 
fructose as confirmed from TLC experiments [13]. The ini-
tial experiments performed to determine the operating 
conditions for obtaining fungal pellets in the Preculture 
medium led to the inference that the temperature of 30 ℃, 
pH 6 and shaking speed of 200 rpm was ideal for attaining 
uniform small-sized morphology. This uniform small-sized 
pellet morphology in seed culture (source of pre-adapted 
inoculum) was then used to inoculate shake flasks contain-
ing production medium incubated at different conditions 
according to Taguchi experimental design and separate 
experiments (apart from Taguchi design) to find out the 
optimum conditions for fumaric acid production and the 
associated morphology. The various conditions utilized led 
to different morphological forms and also varying fumaric 
aid concentration.

3.1 � Optimization of process parameters 
for production of fumaric acid

As the optimal production of Fumaric acid is highly 
dependent on the mycelial morphology, several operating 
parameters (concentration of fermentable sugars present, 
the temperature during fermentation, pH, shaking speed) 
were investigated for Rhizopus oryzae morphology and the 
product formation in the production medium during sub-
merged fermentation. Pellets formation is the most desir-
able morphology for industrial production of fumaric acid 
as pellets provide adequate oxygen and mass transfers, 
avoiding the wrapping of mycelia in bioreactors, reduction 
in the viscosity of culture medium and reuse of biomass 
[16, 17].

3.1.1 � Effect of Mahua flower extract medium concentration 
on fumaric acid production

Various concentrations of Mahua flower extract medium 
ranging from 10  g/L to 150  g/L were tested for both 
growth of Rhizopus oryzae and fumaric acid production. 
Mahua flower extract medium was prepared with different 
concentrations by dissolving a known amount of Mahua 
flowers in water; boiled and filtered through filter cloth. 
An increase in biomass was observed with an increase 
in Mahua flowers concentration in the medium. Fumaric 
acid concentration showed an increase up to 23.4 g/L from 
100 g/L of Mahua extract medium at fermentation condi-
tions of pH 6, the temperature of 30 ℃, shaking speed of 
200 rpm and fermentation time of 72 h. Further increase in 
the concentration of Mahua flowers greater than 100 g/L 
resulted in increase of biomass dry weight but a decrease 
in fumaric acid concentration due to the substrate inhi-
bition effect (Fig. 1). The biomass dry weight showed an 
increase from 1.2 ± 0.3 g/L to 6.5 ± 0.5 g/L. The relationship 
between the fumaric acid concentration and concentra-
tion of Mahua flowers lead to the inference that 100 g/L of 
Mahua flower concentration was ideal for the production 
of fumaric acid.

3.1.2 � Effect of temperature on fungal morphology 
and product formation

The analysis of the Taguchi experimental design distinctly 
indicated that the temperature at level 2 (30 ℃) was opti-
mum for the fumaric acid production by Rhizopus oryzae 
(Fig. 2). The temperature was ranked as the second most 
important factor influencing the fumaric acid produc-
tion as evident from its rank in response tables for SN 
ratios (Table 3). Moreover, changes in the fermentation 
temperatures resulted in dissimilarities in the morpho-
logical appearances/forms of Rhizopus oryzae NCIM 877. 
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Fig.1   Alterations in growth (Biomass dry weight in g/L) and product formation (Fumaric acid in g/L) with changes in the Mahua flower 
extract concentration (g/L)

Fig.2   Main effects plots for Signal to noise Ratios depicting optimum levels of process parameters
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Small-sized uniform pellets appeared at 30°C, as shown in 
Fig. 3b. Large pellets were formed at 25°C and suspended 
mycelia were observed at 37°C (Fig. 3a, c). Both 25°C and 
37°C resulted in lesser fumaric acid formation with concen-
trations of 12.7 ± 0.9 g/L and 10.1 ± 0.8 g/L respectively in 
comparison to 23.3 ± 0.7 g/L of fumaric acid formed at 30οC 
(Fig. 3d). For optimum production of fumaric acid, pellet 
morphology with small pellets was found to be more suit-
able than large size pellets and suspended mycelia. The 

explanation for higher production at 30οC was the forma-
tion of small pellets that allowed undisturbed transfer of 
mass and oxygen during the fermentation. Large pellets 
resulted in the formation of hypoxic conditions and the 
existence of non-viability regions inside the core of the 
pellets [18, 19]. As the fumaric acid formation is a highly 
aerobic process, small pellets are desirable as they do not 
allow the formation of hypoxic zones and side products 
thereby resulting in efficient formation of fumaric acid 
[20]. In one study, it was proposed that the transforma-
tion of fungal pellets to suspended mycelia was due to 
insufficient oxygen supply to the culture [11].

3.1.3 � Effect of pH variation on fungal morphology 
and fumaric acid production

Variations in the pH values also influenced the fumaric 
acid production and led to the formation of different mor-
phological forms of Rhizopus oryzae. The results obtained 
from the response tables for SN ratios distinctly demon-
strated that pH is most influential factor responsible for 

Table 3   Response tables for SN ratios depicting ranks and the opti-
mum levels of the process parameters

Level Temperature (℃) pH Shaking 
speed 
(rpm)

1 19.42 23.30 18.72
2 22.17 18.67 20.47
3 16.39 16.01 18.78
Delta 5.78 7.29 1.74
Rank 2 1 3

Fig. 3   Variations in the mor-
phological forms of Rhizopus 
oryzae NCIM 877 observed at 
different incubation tempera-
tures (a) Large pellets at 25οC 
(b) Small-sized uniform pellets 
at 30οC (c) Suspended mycelia 
at 37 οC (d) fumaric acid 
production profile at different 
temperature conditions
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the fumaric acid production process. The highest rank 
obtained in both the response tables and Analysis of Vari-
ance (ANOVA) studies distinctly demonstrate it as the most 
crucial factor influencing the process (Tables 3 and 4). The 
level 1 (pH 6) was observed as the optimum pH favouring 
the production of fumaric acid as depicted by Fig. 2. The 
pH value of 6 resulted in the formation of small size pel-
lets that are more conducive for efficient transfer of mass 
and oxygen (Fig. 4a). The pH value of 7 is accompanied by 
mixed morphology (mycelia and pellets) and pH 8 resulted 
in the formation of mycelia clumps (Fig. 4b, c). These mor-
phological forms of suspended mycelia and larger pellets 
suffer from the drawbacks of insufficient transfer of oxygen 

and nutrients inside the core regions resulting in the crea-
tion of hypoxic conditions which therefore hamper and 
alter the productivity of Rhizopus oryzae to form fumaric 
acid. The fumaric acid production attained a concentra-
tion of up to 23.3 ± 1.0 g/L at pH 6. In contrast, the pH val-
ues of 7 and 8 resulted in production of 8.4 ± 0.6 g/L and 
6.8 ± 1.2 g/L of fumaric acid respectively (Fig. 4d).

3.1.4 � Effect of shaking speed variations on fungal 
morphology and product formation

Alterations in the flask shaking speeds also lead to sub-
tle differences in the morphology of Rhizopus oryzae. 

Table 4   Analysis of variance 
for SN ratios of fumaric acid 
production

Source DF Seq SS Adj SS Adj MS F P

Temperature 2 50.168 50.1667 25.0838 554.87 0.002
pH 2 78.405 81.6157 40.8078 902.69 0.001
Shaking speed 2 5.869 5.8686 2.9343 64.91 0.015
Residual error 2 0.090 0.0904 0.0452
Total 8 137.742

Fig. 4   Variations in the dif-
ferent types of morphologies 
formed by Rhizopus oryzae 
NCIM 877 at different pH 
conditions (a) small size pellets 
at pH 6 (b) mixed morphology 
(mycelia and pellets) at pH 7 
(c) mycelia clumps at pH 8 (d) 
fumaric acid production profile 
at various pH conditions
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The shaking of culture flasks was performed at 100 rpm, 
200 rpm and 300 rpm speeds to observe fumaric acid pro-
duction under these conditions. Among the three major 
factors, shaking speed was ranked third in affecting the 
production of fumaric acid (Table 3). The level 2 (200 rpm) 
was recognized as the optimum condition in the main 
effects plot for SN ratio (Fig. 2). Variation in rpm speeds 
leads to the generation of hydrodynamic force which will 
directly influence the morphology of the fungus. Sus-
pended mycelial morphology was observed at 100 rpm 
speed, as shown in Fig. 5a resulting in the production of 
13.1 ± 1.1 g/L fumaric acid (Fig. 5d). Small and uniform size 
pellets were seen at 200 rpm speed, as depicted by Fig. 5b 
with fumaric acid production of 22.6 ± 1.2 g/L (Fig. 5d). A 
further rise in shaking speeds from 200 to 300 rpm ensued 
in the formation of large pellets as seen in Fig. 5c with 
fumaric acid production of 16.4 ± 1.3 g/L (Fig. 5d). The 
explanation for the formation of the mycelial morphol-
ogy was that the initial pellets formed later agglomer-
ated to form dense mycelia resulting in the formation of 
hypoxic zones and lower productivity from the fungus. 
At a medium range of rpm levels (200 rpm), no clumping 

or aggregation of pellets occurred, resulting in enhanced 
production of fumaric acid.

3.2 � Fumaric acid production under optimized 
conditions

The fungus showed excellent growth and favorable meta-
bolic activities for the formation of fumaric acid. The con-
centration of fumaric acid achieved in shake flask stud-
ies was 23.5 ± 0.9 g/L. Slight enhancement in yield was 
observed in fermentor studies with fumaric acid produc-
tion of 24.1 ± 1.0 g/L under optimized parameters (100 g/L 
of Mahua flower extract medium providing 55 ± 1.5 g/L of 
total fermentable sugars, pH 6, 30℃ temperature, shaking 
speed of 200 rpm) as shown in Fig. 6a. When pure glucose 
was utilized as a carbon source (55 g/L), 24.9 ± 0.5 g/L of 
fumaric acid was produced (Fig. 6b). The results obtained 
using Mahua flowers as carbon source were slightly 
lesser but comparable (24.1 ± 1.0 g/L) due to the complex 
nature of the substrate. Upon productivity comparison, 
the volumetric productivity achieved in the present study 
of 0.334 g/(L h) using Mahua flowers was comparable to 

Fig. 5   Variation in the mor-
phology of Rhizopus oryzae 
NCIM 877 observed due to the 
alterations in the flask shaking 
speeds (a) Mycelial morphol-
ogy at 100 rpm (b) Small and 
uniform size pellets at 200 rpm 
(c) Large pellets at 300 rpm (d) 
fumaric acid production profile 
at different shaking speeds 
utilized during study
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productivity of 0.345 g/(L h) using pure glucose. The out-
comes inferred from the experiments conclude that the 
extremely low priced, abundantly available and carbon 
rich Mahua flowers can serve as an excellent cost-effective 
carbon source for the microbial production of fumaric acid 
through the fermentation process.

IR spectra of fumaric acid sample and standard 
(Fig. 7) confirmed the chemical structure and microbial 

production using Mahua flower extract medium. The car-
bonyl group (C = O) stretch of fumaric acid was observed 
as strong bands at 1800–1600 cm−1, the stretching vibra-
tions of the hydroxyl group was observed as wide bands at 
3300–2800 cm−1. All the peaks and stretches observed in 
IR spectra clearly define that the fumaric acid sample and 
the standard have no differences. All the functional groups 
are present in native form compared with the standard.

Fig. 6   Substrate utilization profiles of (a) Mahua flowers (residual 
sugars in glucose equivalents), (b) pure glucose and product for-
mation profiles (fumaric acid) by Rhizopus oryzae NCIM 877 under 

optimized conditions in a laboratory scale fermentor at pH of 6, 
temperature of 30 ℃ and agitation of 200 rpm

Fig. 7   IR spectra of fumaric 
acid production sample and 
standard fumaric acid
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4 � Conclusion

The major cost factor responsible for the fumaric acid pro-
duction process is the utilization of commercial carbon 
sources which are expensive. The reduction in the produc-
tion cost can be done using natural carbon rich cheaper 
substrates. In the present research study, dried flowers of 
Madhuca latifolia were utilized for the production of fuma-
ric acid. The sugars present in the Mahua flowers served as 
excellent substrates for the growth and the formation of 
fumaric acid by the fungus Rhizopus oryzae. The fumaric 
acid production using Mahua (24.1 ± 1.0 g/L) was compara-
ble to the fumaric acid obtained from Glucose. The present 
study evidently reveals the feasibility of low-cost natural 
substrate for cost-effective fumaric acid production using 
Rhizopus oryzae.
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