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Abstract -  Product recovery is an important aspect in all 
the biotechnological processes. Mycophenolic acid is a 
secondary metabolite produced as a result of fermentation 
by Penicillium brevicompactum. The isolation of the product 
from the fermentation broth is a challenging task. Various 
steps combined with different parameters need to be 
optimized to get the desired results. In the current study the 
various parameters for the downstream processing of MPA 
have been studied using the statistical approach. The 
solvent for extraction was optimized initially using the one 
variable at a time method The solvent showing maximum 
recovery was toluene. Further the factors pH, solvent 
volume and extraction temperature were studied using full 
factorial design. Analysis of the experiment showed that the 
pH and the temperature of the solvent show maximum 
impact on the yield.  
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1.INTRODUCTION 
 
Mycophenolic acid (MPA) is a secondary metabolite 
produced by Penicillium brevicompactum which has 
antibiotic and immunosuppressive activity. MPA and its 
derivative Mycophenolate mofetil (MMF) have diverse 
biological properties like anti-neoplastic, anti-
inflammatory and anti-psoriasis. MPA is a starting 
material of mycophenolate mofetil ("MMF"), of the 
following formula which is the 2-morpholinoethyl ester 
derivative of MPA that is approved for prophylaxis of 
rejection in patients receiving allogenic organ transplants. 
Fig. 1 represents the structure for mycophenolic acid [1]. 

 

      

Fig -1 : Structure of Mycophenolic acid    

Mycophenolic acid is produced as a secondary metabolite 
as a result of fermentation by Penicillium brevicompactum. 
The crude product MPA is further processed by 
downstream processing to produce pure crystals of MPA 
which can be further utilized to synthesize APIs.  

Downstream processing is an important aspect of all 
biotechnological processes and has significant 
implications on quality and yield of the final product. 
Purification and isolation are technical measures that are 
comprised in almost any production process of 
compounds of interest (COI's), since production processes 
only very rarely produce the desired COI in the required 
purity and/or physical state without these measures. The 
requirement for purification and isolation is particularly 
pronounced for bio-molecules that are produced in 
fermentation processes based on complex microorganisms 
or plants and the like. During the process a lot of 
unwanted components are released during fermentation 
and downstream processing. These components can vary 
widely in nature, ranging from relatively simple chemical 
structures such as amino acids to complex structures such 
as cell wall debris. The production of COI's in 
microorganisms is becoming increasingly important as it 
usually presents an environmentally safe alternative to 
chemical synthesis. The downstream processing 
operations are divided into four groups which are applied 
in order to bring a product from its natural state as a 
component of a cell through progressive improvements in 
purity and concentration. Fig. 2 shows the various steps 
carried out for the isolation of MPA [2].  
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Fig -1:  Steps for isolation of MPA 

Although, strategies of purification depend on desired use 
of the final product and in most cases several different 
processes like cell separation, solvent extraction, 
decolorization, chromatographic purification etc. are 
involved in purification of fermentation products. All these 
processes have significant effect on the cost of the final 
product and may even account for more than 60% of total 
cost for production [3]. Therefore, development of a 
simplified and cost effective downstream process for 
microbial fermentation products is a major challenge for 
their commercialization.  

Classical one point optimization techniques may prove to 
be a tedious and time consuming task while optimizing 
mycophenolic acid (MPA) recovery from fermentation 
broth and this also may not be able to explain the effect of 
interaction among different solvents on MPA recovery. 
Statistical experimental design techniques are very useful 
tools when more than one factor is studied at a time. 
These statistical models help in understanding the 
interactions among the different variables at various levels 
and in calculating the optimal level of each variable [4].  

The current study deals with the optimization of the 
various process parameters involved in the isolation of 
mycophenolic acid at the various stages of the 
downstream processing of MPA using the statistical 
approach. 

2. MATERIAL AND METHODS 
The fermentation process for the production of 
Mycophenolic acid was carried out using the 
microorganism, Penicillium brevicompactum. The 
harvested fermentation broth was then further processed 
for downstream purification to get crude MPA. 

2.1 Procedure 

The harvested fermenter broth was stirred for 30 minutes 
and the pH was monitored. The desired pH was adjusted 
by addition 7.0 % with dilute HCl. All the above procedure 
was carried out at ambient temperature. After the 
adjustment of the pH the solution was cooled to 25-30°C 
and stirred for one and a half to two hours. The broth was 
filtered using Buchner funnel with cloth (mesh size - 800) 
and the activity of the cake and the filtered volume was 
analyzed through HPLC.  

Then in the 10L round bottom flask with an overhead 
stirrer, thermometer pocket and re-flux condenser was 
charged with 2.5 kg of the filtered cake. A specific amount 
of solvent was added to the flask and the stirring and 
heating was started. The required temperature was 
maintained for one and a half to two hours. The mixture 
was filtered and the cake extraction was repeated twice. 
The activity of the cake was checked using HPLC.  

The aqueous layer was separated from the filtrate. The 
distillation process was started using reduced pressure 
and the volume was concentrated to 4-5 litres. Vacuum 
applied was 720 to 730 mm. The concentrated mass was 
in the slurry form. The temperature of the mass was 90-
100°C and maintained for 30 minutes. The reaction 
mixture was then cooled to 0-5°C and maintained for one 
and a half to two hours. The reaction mass was filtered 
and washed with 200*2 ml chilled toluene. It was then 
dried in vacuum oven at temperature 60°C and vacuum 
was 720-730 mm. The assay purity of product was 
checked by HPLC. 

 

2.3 Quantification of the product by HPLC 

Mycophenolic acid produced was determined by HPLC. 
The culture broth of 2.5 gm was taken in 20 ml volumetric 
flask with 20 ml methanol and sonicated for 20 minutes 
and the volume was made up with methanol. The resulting 
extracted solution was injected into the HPLC (Waters 
2496) having C-18 column (Hypersil ODS, 5u C18 (250 
mm X 4.6 mm) for the estimation of mycophenolic acid. 
Concentration of MPA was calculated by comparison of 
peak areas with those standard mycophenolic acid and 
subsequently MPA activity was calculated. 
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2.4 Experiments 

In the current study, the solvent was first optimized using 
the classical method of One variable at a time experiment. 
Solvents play an important role in the product extraction 
and isolation step of the downstream processing. It is 
involved in the removal of the related impurities that vary 
markedly from the product.  

The solvents used for the study were methanol, ethyl 
acetate, isopropyl alcohol, isobutanol, acetone and toluene. 
All the solvents were utilized as per the procedure stated 
above. Once the solvent was finalized with OVAT then 
finalize solvent was used to optimize other parameters. 

 

2.4.1 Full Factorial Design 

The two level factorial design is considered to be a 
multivariable sequential search technique in which the 
effects of two or more factors are studied simultaneously 
and the responses are analyzed statistically to arrive at a 
decision [5, 6]. A two level three factorial design was 
carried out on the basis of the results obtained from OVAT. 

The parameters taken into consideration were 

1. Initial pH of the broth before study  

2. Solvent wash study 

3. Extraction process temperature 

The initial pH of the broth was measured after the 
harvested broth was stirred for 30 minutes. The pH under 
study was initially i.e 6.5 and was adjusted to 3.5with 
dilute hydrochloric acid. The second parameter for the 
study was the temperature at which the solvent wash is 
carried out. The solvent was added and the temperature 
was maintained at either 30°C or 65°C. This step was 
repeated twice to extract the compound of interest. The 
last parameter for the study was the solvent volume and 
the number of washes to be carried out for the maximum 
extraction of MPA. For the experiment the volume of 
solvent used was 3 times the volume of cake and 2 washes 
of solvent and 4 times volume of cake and 2 washes was 
taken into consideration. The design of the experiment is 
depicted in table 1. Experiment was designed using Design 
expert software (Stat-Ease Inc., Version 8.0.7.1) 

 

 

 

 

 

 

 

 

Table -1: Experimental design for full factorial for 3 
variables 

 

3. RESULT AND DISCUSSION 

Mycophenolic acid (MPA) and its derivatives such as 
mycophenolate mofetil (MMF), have diverse biological 
properties such as antineoplastic,immunosuppressive, 
antifungal anti-inflammatory, antiviral, and antipsoriasis 
activity[7]. MPA has inhibitory effect on inosine 
monophosphate dehydrogenase enzyme “IMPDH”. This is 
the rate-limiting enzyme in denovo biosynthetic pathway 
of purine nucleotides. MPA stops the biosynthesis of DNA 
and RNA and cell reproductivity [8].  

MPA is a secondary metabolite commercially derived from 
fermentation. The fermented broth is then subjected to 
downstream processing includes various treatments to 
produce a pure product which is free from the impurities.  

The filtered cake from the harvested fermenter broth was 
mixed with the solvent and stirred for one and a half to 
two hours. The cake was washed a number of times to get 
maximum extraction. The results of the assay and the 
percentage recovery using each solvent is represented in 
table 2. 

Table -2: Solvent study along with the assay percentage 
and percentage recovery at crude 
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Among the solvents analyzed it was observed that assay 
and recovery of toluene extraction mass was the highest. 
The lowest assay and recovery is with isopropyl alcohol 
(IPA) whereas ethyl acetate does not show any recovery. 
As the assay purity for toluene is maximum the 
purification of the product will be easier and the yield will 
be higher at the later stages. One possible reason for 
toluene to give maximum recovery is that it is highly non-
polar solvent as compared to the other solvents used. As 
the polarity of the other solvents is higher the number of 
impurities in the other solvents is more as compared to 
toluene. 

 

3.1 Full Factorial Experiment 

The full factorial experiment was performed using toluene 
as the solvent after optimizing it with the OVAT. The other 
factors taken into consideration in the experiment are pH, 
temperature of extraction and solvent volume. The 
experimental run along with the yield is represented in 
table 3. 

Table -3: Experimental design for full factorial experiment 
for 3 variables with yield. 

 

The result was analyzed using the half normal plot and 
pareto chart is represented in fig. 3 and 4 respectively. 
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Fig -3: Half normal plot for screening through full factorial 
design 

The plot shows that the factor C has a negative impact on 
the MPA yield and the factor A has a positive effect on the 
MPA yield. This implies that decreasing the pH below the 
lower value i.e 3.5 will give better yield whereas 
increasing the temperature above 65°C would give better 
yield of MPA.  

Design-Expert® Software
R1
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Fig -4: Pareto chart for screening through full factorial 
design.  

In the Pareto chart, the bars are arranged in descending 
order of height from left to right. This means the 
categories represented by the tall bars on the left are 
relatively more significant than those on the right [9]. 
According to the pareto chart components C and A are 
more significant as compared to the other parameters and 
interactions. Further decreasing the pH whereas 
increasing the extraction temperature would increase the 
MPA yield.  
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3.2 Verification of the significant factors 

ANOVA was used to verify the significant factors obtained 
through the above analysis. It is depicted in table 4. 

Table -4: ANOVA analysis 

 

In this analysis, the outstanding effects are incorporated 
into the “model” and the smaller effects are pooled 
together to estimate the error called “residual”. “Cor total” 
values are the total sum of squares corrected for the mean. 
It represents the total system variation using the average 
response as a baseline [10] 

Abbreviations: df: degree of freedom 

R-squared - 0.9303 .         Adj R-squared- 0.8373 

 Pred R-Squared 0.5043   Adeq Precision 8.545                        

The variables which scored a Probability (P) value less 
than 0.05 were considered as influential factors affecting 
the response. Values greater 0.100 indicate that the factors 
are not significant. The model F value of 10.01 implies that 
the model is significant. There is only a 4.41% chance that 
a ‘Model F value” this large could occur due to noise.“Adeq 
Precision” measures the signal to noise ratio. A ratio 
greater than 4 is desirable. The obtained ratio of 8.545 
indicates an adequate signal. This model can be used to 
navigate the design space. Analysis of the three factors and 
their interactions indicate that the factor C is the most 
significant factor impacting the yield of MPA. 

4. CONCLUSION 

Solvent selection through OVAT showed that toluene is the 
best solvent giving the maximum yield of mycophenolic 
acid. The less polar nature of this solvent makes it the 
most suitable solvent among the other solvents studied. 
Full factorial run using the three factors namely, 
extraction temperature, solvent volume and the pH for 
extraction was carried out. The maximum yield of MPA 
was 9.85 g/l obtained in run 2. The analysis through 
pareto and half normal plot showed that the pH of 
extraction and the extraction temperature are the most 

significant factors having the maximum impact on the 
yield. Since the pH of the solvent is on the negative scale 
reducing the pH below 3.5 would show better results. The 
extraction temperature needs to be raised above 65°C to 
improve the yield since this factor is on the positive side of 
the scale. According to ANOVA, pH is the most significant 
factor. A statistical approach to design the extraction 
process and to optimize the parameters for the process is 
a very easy and time saving process.It helps in screening a 
large number of factors involved in the process with 
maximum output.  
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