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ABSTRACT 

Objective: To optimize the parametric conditions for the production of ferulic acid esterase from Mucor hiemalis NCIM837 using HPLC for 
quantification.  

Methods: The experiments were conducted to determine the influence of pH and temperature on ferulic acid esterase production. To optimize the 
suitable agricultural waste, carbon source and the nitrogen source, different agricultural wastes, nitrogen sources and carbon sources were 
examined. Released ferulic acid was confirmed using HPLC. 

Results: Among the different agricultural waste residues screened, maize bran was identified as most suitable for ferulic acid esterase production 
with activity 143U/mg. Soyabean meal as the nitrogen source and sucrose as the additional carbon source was observed as the most effective in 
Ferulic acid ester production. Overall enzyme production increased by 2.2-fold as compared with un-optimized conditions. One unit of FAE was 
defined as the amount of enzyme required for release of 1µmole of FA per minute. 

Conclusion: Mucor hiemalis, to the best of our knowledge, is the new addition in the list of FAE producing microorganisms. No detailed studies on 
FAE production using Mucor hiemalis have been published so far. 
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INTRODUCTION 

Plant cell of Poaceae (Gramineae) family contains various 
hydroxycinnamic acid such as Ferulic acid (FA, 4-hydroxy-3-
methoxycinnamic acid), covalently linked to 5’ hydroxyl group of 
arabinoxylans by an ester bond (1). FA constitutes about 5% (w/w) 
of Corn kernel (2), 3.8% (w/w) of oat hulls (3), 3% (w/w) of maize 
bran (4), 1.4 % (w/w) of barley hulls (5). FA provides integrity to 
plant cell wall (6). There are enormous numbers of studies 
documented on the properties of FA such as antioxidant, 
antimicrobial and anticancer activity (7). FA is applicable in various 
ranges such as in pharmacy, bakery, cosmetic and food companies. 
Besides these applications FA is also applicable for the production of 
vanilla, the most flouring agent in food industries, perfumes and 
beverages (8, 9). Ferulic acid esterase (FAE, E. C.3.1.1.73) also 
known as cinnamic acid esterase, ferulic acid esterase or cinnamoyl 
esterase, an enzyme hydrolyze the ester linkage between sugar and 
hydroxycinnamic acids and releases FA from plant cell walls. Besides 
the release of FA, FAEs itself have a number of biotechnological 
applications in animal nutrition, pulp & paper industries (10, 11)and 
production of fuel ethanol. FAEs were first detected in the culture of 
Streptomyces olivochromogenes releasing FA from wheat bran (12), 
after that a number of microorganisms have been isolated and 
characterized for FAE activity such as Pleurotuseryngii (13), 
Aspergillus flavus(14)Lactobacillus acidophilus IFO13951 (15), 
Talaromyces stipitatus CBS 375.48 (16) and Penicillium 
brevicompactum (17). FAE activity was also observed in various 
Aspergillus species such as Aspergillus awamori (18, 19), Aspergillus 
nidulans (20, 21). This study emphasizes the parametric 
optimization of FAE from Mucor hiemalis NCIM 837 using maize 
bran as agricultural waste that favors maximum FAE production. 
Mucor hiemalis NCIM837 showed Maximum FAE production in the 
presence of 0.1% (w/v) soyabean meal and 0.075% (w/v) sucrose. 

MATERIALS AND METHODS 

Chemicals 

Ethyl ferulate (98%) and ferulic acid (99%) were procured from 
Sigma Aldrich, HPLC grade. Methanol and ethanol were purchased 

from Himedia; other chemicals were of analytical grade. The 
microbiological media and other medium ingredients like yeast 
extract, soyabean meal, beef extract, casein, urea, peptone and 
potato starch were procured from Himedia Laboratories Pvt. Ltd., 
Mumbai, India.  

Microorganism and culture conditions 

The laboratory strain Mucor hiemalis NCIM837 was used in the 
present investigation. The stock culture was maintained on potato-
dextrose agar at 4°C. The minimal salt medium, used for the 
screening contained(NH4)2SO4 0.13% (w/v), KH2PO4 0.037% 
(w/v), MgSO4.7H2O 0.025 % (w/v), CaCl2.2H2O 0.007% (w/v), 
FeCl3 0.002% (w/v) and yeast extract 0.1% (w/v);pH-5. Sterilized 
media were supplemented with filter sterilized 1%(v/v) ethyl 
ferulate (1% w/v in Dimethyl formamide). The assay plate was 
inoculated with 6 days old culture of Mucor hiemalis from potato 
dextrose agar slants and incubated in a stationary condition at 30°C 
for 2-6 days. The clear halo zone around the point of inoculation 
indicated the enzyme activity. Mucor hiemalis was further cultured 
and purified in a liquid minimal medium containing ethyl ferulate as 
the main carbon source. For production of FAE, the minimal medium 
was used with composition (per liter) (NH4)2SO4 1.3g, KH2PO4 
0.37g, MgSO4.7H2O 0.25g, CaCl2.2H2O 0.07g, FeCl3 0.02g, Yeast 
extract 1.0g, pH-6.8 supplemented with 1% (v/v) ethyl ferulate (1% 
w/v in Dimethylformamide). One ml spore suspension of Mucor 
hiemalis from a 6-day old culture, grown on PDA slopes at 30°C, was 
inoculated to 250 ml Erlenmeyer flasks each containing 100 ml of 
the above mineral media supplemented with ethyl ferulate. The 
flasks were incubated at 30°C for 4 days for mycelium production. 
An inoculum of mycelial suspension (4% v/v) was added to the 
enzyme production medium (EPM) in 100 ml of Erlenmeyer flasks 
containing 25 ml media and incubated at 30°C under the stationary 
condition for different period of time. Samples were withdrawn 
periodically at 48h intervals and contents of each were separated by 
sieving through muslin cloth. Removed extract was further 
centrifuged at 10,000 rpm for 10 min at 4°C, and the cell free 
supernatant was used as a crude enzyme for quantification of FAE 
activity. Samples were withdrawn periodically at 48h intervals and 
quantification of FA was done using HPLC. 
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Optimization of production conditions for ferulic acid esterase 

The initial experiments were conducted to determine the influence 
of temperature and pH under the temperature conditions of 25°C to 
55°C and pH conditions of 3.0 to 9.0 on FAE production. Different 
agricultural wastes were examined for maximum enzyme 
production, included wheat bran, rice bran, maize bran, rice husk 
and sugarcane baggase at a concentration of 4% (w/v). Different 
nitrogen sources examined included organic sources like soyabean 
meal, peptone, beef extract, yeast extract, casein, ammonium 
chloride, ammonium nitrate and urea at a concentration of 0.1% 
(w/v), whereas carbon sources included sucrose, dextrose, D-
fructose, lactose, potato starch, maltose, glycerol and mannose, at a 
concentration of 0.1% (w/v). Furthermore, the effect of optimized 
additional carbon and nitrogen source was studied individually at 
various concentrations ranging from 0.025 to 0.2% (w/v). All the 
experiments were performed in duplicates and the presented results 
are average values of two independent experiments, the results 
were analyzed statistically and represented with a standard 
deviation (less than 14). 

Measurement of ferulic acid esterase activity by HPLC 

Ethyl ferulate was used as a standard substrate for determination of 
FAEactivity. Ethyl ferulate (substrate) was dissolved in the 
minimum volume of 100% ethanol followed by the dilution with 
sodium phosphate buffer (50 mM, pH 6) up to 6 mM concentration. 
The reaction mixture was prepared by mixing 0.1 ml of substrate 
solution and 0.5 ml of crude enzyme extract and incubated at 37°C 
water bath for 30 min. The reaction was terminated by boiling the 
reaction mixture at 100°C for 10 min followed by filteration through 
0.2µm filter, respective released FA concentration was quantified by 
HPLC (Waters, Milford, MA, USA) equipped with RP18 

RESULTS AND DISCUSSION 

column 
(XTerra, RP18 5µm, 4.6×150 mm Column). The sample size was 20µl 
and the FA (product) and ethyl ferulate (substrate) were eluted in an 
isocratic solvent system of mili Q water and 100% methanol in the 
ratio 40:60 as the mobile phase at a flow rate of 1 ml/min for 8 min 
and monitored at 310 nm. One unit of FAEwas defined as the 
amount of enzyme required for release of 1µmole of FA per minute. 

The assay plate used for screening of FAE employed ethyl ferulate 
and the formation of a clear halo zone around the point of 
inoculation after static incubation at 30°C for 5 days indicated FAE 
production. Mucor hiemalis was found with halo zone formation, 
therefore selected for further study. FAE activity was quantified by 
HPLC by using ethyl ferulate as carbon source, analysis was based on 
the measurement of released ferulic acid from the ethyl ferulate 
hydrolysis (Fig.5). Total retention time for ferulic acid was 3.0 min and 
for ethyl ferulate it was 5.4 min (Figure 1). One unit of enzyme activity 
was defined as the amount of enzyme releasing 1µmol of ferulic acid 
per minute under specific conditions. Determination of the specific 
activity requires total protein concentration that was quantified by the 
Bradford method [22].  

 

 

Fig. 1: Chromatogram for reaction mixture of culture medium 
containing ferulic acid esterase produced by Mucor hiemalisfor 

0 min and 30 min. of incubation time, respectively at 310 nm  

 

Initially temperature and pH conditions were optimized. Based on 
the initial studies, the temperature conditions needed for enzyme 

production by Mucor hiemalis was observed in the range of 25°C to 
55°C, with an optimum enzyme production of 78 U/mg noticed at 
temperature 30°C (figure 2) similar to Fusarium proliferatum (23). 
Enzyme showed 80% enzyme production in the range of 30°C to 
35°C; however, above 35°C and below 30°C, a decrease in enzyme 
activity was observed.  

Maximum enzyme production (76 U/mg) was demonstrated at 
optimum pH 5 (figure 3), corroborates with an earlier study on FAE 
production from Aspergillus niger strain CFR 1105 (24). Furthermore, 
It was observed that the enzyme production was very good in the 
range of 5.0 to 7.0; however, the enzyme reduced drastically at pH 
value less than 5.0 and more than 7.0 

Among the different agricultural waste residues screened, it was 
noticed that all the agricultural waste supported the FAE secretion 
by the fungus. Maize bran was identified as a most suitable substrate 
for FAE production of 143 U/mg (8 days incubation) followed by 
rice bran 129 U/mg (6 days incubation), a further increase in the 
fermentation time resulted in a decrease in the enzyme production 
(figure 4). Earlier it was reported that the complex carbon sources 
such as wheat bran and sugarcane baggase favored efficient 
microbial production of FAE (25) 
 

 

Fig. 2: Effects of Temperatureon ferulic acid esterase 
production by Mucor hiemalis NCIM 837 

 

 

Fig. 3: Effects of pH on ferulic acid esterase production by Mucor 
hiemalis NCIM 837 

 

 

Fig. 4: Effect of different agro-waste residues as substrate 
inferulic acid esterase production by Mucor hiemalis NCIM 837 
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Nitrogen and carbon sources are essential elements of the enzyme 
production medium and play an important role in the fungal growth 
and metabolism. In earlier studies, it was reported that complex 
organic nitrogen sources like peptone did not support FAE 
production (26), fortifies this study as Mucor hiemalis did not 
support FAE production in presence of peptone as nitrogen source. 
Among the nitrogen sources tested that favored the enzyme 
production from Mucor hiemalis NCIM837, soyabean meal (127 
U/mg) was observed as the most effective, followed by ammonium 
chloride (94 U/mg) and beef extract (89 U/mg) (figure 5). 
Aspergillus terreus Strain GA2 showed maximum enzyme activity 
with potato starch followed by fructose and sucrose (27),whereas 
this study emphasize that M hiemalis showed maximum enzyme 
production with sucrose (112 U/mg) followed by lactose (98 U/mg) 
(Fig. 6). 

 

Fig. 5: Effects of nitrogen sources on ferulic acid esterase 
production by Mucor hiemalis NCIM 837 

 

 

Fig. 6: Effects of carbon sources on ferulic acid esterase 
production by Mucor hiemalis NCIM 837 

 

 

Fig. 7: effect of soyabean meal concentrations on ferulic acid 
esterase production by Mucor hiemalis NCIM 837 

 

Furthermore when soyabean meal and sucrose were supplemented 
individually at various concentrations ranging from 0.025% to 0.2% 
(w/v) in the EPM along with 1% (v/v) ethyl ferulate (1%, w/v in 

DMF), the maximum enzyme production was observed on 
supplementation of 0.1 % (w/v) soyabean meal (figure 7) and 
0.075% (w/v) sucrose (figure 8). The use of soyabean meal and 
sucrose aided in the biomass of Mucor hiemalis resulting FAE 
production was more rapidly than when grown in without sucrose 
and soyabean meal. Using this formulated medium, the maximum 
enzyme production observed was 172 U/mg after 8 days of 
incubation at 30°C. The overall enzyme production increased by 2.2 
fold as compared the un-optimized conditions. This optimized 
medium can be further explored for commercial production of FAE. 

 

 

Fig. 5: Effects of sucrose concentrations on ferulic acid esterase 
production by Mucor hiemalis NCIM 837 

 

CONCLUSION 

In conclusion, result suggested that FAE producing microorganisms 
from a pool of microorganism can be screened by a simple plate 
assay method. Mucor hiemalis proved to be the promising 
microorganism for FAE production in screened microorganisms. 
Mucor hiemalis, to the best of our knowledge, is the new addition in 
the list of FAE producing microorganism. No detailed studies on FAE 
production using Mucor hiemalis has been published so far. Work is 
in progress to purify and characterize the enzyme produced by this 
fungus. 
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