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ABSTRACT 

Hyaluronic Acid Generated by Streptococcus 
zooepidemicus is Recovered Utilising PEG-Citrate 

Aqueous Two Phase Systems 
Alok Kumar Srivastav1*, P.C. Suriyakala2 

1*Department of Biotechnology, Faculty of Science, Lincoln University College, Petaling Jaya, Selangor, Malaysia, MY 47301 
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Due to its biocompatibility, rheological, and physiological qualities, hyaluronic acid (HA) has gained significant attention as a 
biomaterial with several medical and aesthetic uses. In the last several decades, microbial fermentations have emerged as a 
significant source for the industrial production of HA. To maintain clinical and cosmetic-grade purity, microbial HA must undergo 
rigorous and time-consuming purifying procedures owing to its eventual usage. The use of Aqueous Two Phase Systems (ATPS) for 
the primary recovery of high value biomolecules has been shown to be an effective approach. Nonetheless, their use in HA post-
production has been mostly unexplored. In this study, polyethylene glycol (PEG)–citrate ATPS were employed for the first time in 
the main recovery of HA generated by a Streptococcus equi subsp. zooepidemicus designed strain. With a clarified fermentation 
broth as the feed material, the effects of PEG molecular weight (MW), tie-line length (TLL), volume ratio (VR), and sample load on 
HA recovery and purity were examined. HA was recovered from the salt rich bottom phase, and its recovery enhanced when a PEG 
molecular weight of 8000 g mol-1 was employed. Lower VR values (0.38), on the other hand, favored HA recovery, while a high VR 
increased purity (3.50). In the meanwhile, sample weight had a detrimental effect on both recovery and purity. The ATPS with the 
greatest performance consisted of PEG 8000 g mol-1, TLL 43% (w/w), and VR 3.50, with a HA recovery of 79.4% and a purity of 
74.5%. This work indicated for the first time that PEG–citrate ATPS has the potential to be a successful main recovery technique for 
the downstream processing of microbial HA. 

Keywords: Hyaluronic acid, Primary recovery, Aqueous Two Phase Systems, Downstream process, Streptococcus zooepidemicus. 

INTRODUCTION

In 2020, the worldwide hyaluronic acid (HA) market 
size was evaluated at USD 9.2 billion, and it is 
anticipated to expand primarily as a result of rising 
aesthetic awareness and ageing populations (Grand 
View Research, 2020). HA is a naturally occurring 
polysaccharide with a molecular weight between 105 
and 107 Da (Toole, 2002). It is a glycosaminoglycan 
composed of repeated units of d-glucuronic acid and d-
N-acetylglucosamine, connected by alternating β-1,4
and β-1,3 glycosidic linkages (Stick and Williams,
2009). HA is a primary constituent of the extracellular
matrix (ECM), making it a pervasive chemical.

However, it is present in high quantities in connective 
tissue, such as hyaline cartilage and skin dermis, as 
well as specialized bodily fluids, such as the vitreous 
humour of the eye and synovial fluid (Falcone et al. 
2006). HA serves several functions in the body,  

including cellular support, tissue hydration and 
healing, viscoelasticity, and cellular signaling 
(Cowman and Mat- suoka 2005). 

Due to its viscoelastic qualities, water retention 
capacity, bio-compatible, biodegradability, and non-
immunogenicity, HA has become an intriguing 
biomaterial with several uses in medicine, cosmetics, 
and food (Sudha et al. 2014).  
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Viscosupplementation for arthritis, ocular surgery, 
prevention of post-surgical adhesion, drug delivery 
systems, scaffolds for tissue engineering, wound 
healing, dermal fillers, and skin moisturizers are all 
applications of HA-based products in the medical and 
aesthetic fields (Bukhari et al. 2018; Huang and Huang 
2018). The ultimate use of HA depends on the 
molecular weight of the polymer, with high molecular 
weight HA (> 2 MDa) being favored in medicine and 
low molecular weight HA (0.8–800 kDa) being chosen 
in cosmetics (Ghodke et al. 2018).  

Extraction from animal sources, primarily rooster 
combs, bovine cartilage, synovial fluids, and vitreous 
humour, is used to produce HA on an industrial scale 
(Vázquez et al., 2010). However, HA obtained from 
these sources is susceptible to contamination by 
proteoglycans generated from the extracellular matrix 
(ECM), which might be allergens if not removed from 
the final HA product (Murado et al. 2012). In the past 
two decades, microbial fermentation has become a 
viable alternative for commercial production of HA 
due to immunogenicity issues, inconsistent product 
quality, and the high cost of HA obtained from animals 
(Sze et al. 2016). Furthermore, microbial fermentation 
may create HA with specified properties, such as a 
certain molecular weight (MW). Microorganisms that 
naturally produce HA, such as Streptococcus equi 
subsp. zooepidemicus, or heterologous expression 
systems, such as Bacillus subtilis, Pichia pastoris, 
Lactococcus lactis, and Corynebacterium glutamicum, 
have been genetically or metabolically engineered to 
create strains that produce high molecular weight HA 
and increased product yield (Cheng et al. 2019; Jeong 
et al. 2014; Jia et al. 2013; Kaur and Jayaraman 2016; 
Wang et al. 2020).  

HA, whether obtained from animals or 
microorganisms, must be subjected to stringent 
purification techniques in order to provide a highly 
pure product that fulfils the requirements for 
therapeutic and aesthetic purposes. For microbiological 
HA, the downstream process often includes alcohol 
precipitation, adsorption on silica gel, and/or activated 
charcoal and diafiltration stages (Patil et al. 2011). 
Proteins are the most prevalent contaminants in 
microbial HA (Cavalcanti et al., 2020), but endotoxins 
from pathogenic bacteria, such as S. zooepidemicus, 
can provide potential safety problems (Liu et al. 2011). 
Obtaining highly pure HA is difficult, and given its 
rising market demand, there is an urgent need to create 
a more effective purification procedure.  

Aqueous two-phase systems (ATPS) are a liquid-liquid 
extraction technique that is generated by combining 
two components beyond a critical concentration, 
resulting in two immiscible aqueous phases (González-
Valdez et al. 2018). Polymer-polymer and polymer salt 
combinations are the most prevalent kinds of ATPS. 
ATPS provide various benefits over traditional liquid-
liquid extraction techniques, including a high water 
content, cheap component costs, simplicity of scaling, 
process integration capability, and high yields of the 
target product (Gómez and Macedo 2019; Loureiro et 

al. 2017). When a solute is introduced into the ATPS, 
the partition between the two phases reacts to various 
factors, including the type and concentration of phase-
forming components, the molecular weight of 
polymers, the system pH, temperature, and the inherent 
physicochemical characteristics of the solute (Iqbal et 
al. 2016). Due to the amount of interactions between 
the aforementioned elements controlling partition 
behavior, the creation of an optimum ATPS extraction 
stage is a difficult process.  

ATPS, because of their aqueous environment and mild 
conditions, have been widely utilized for the recovery 
and separation of a wide variety of biomacromolecules, 
such as proteins, enzymes, antibodies, peptides, and 
genetic material (Sánchez-Trasvia et al. 2019), as well 
as low molecular weight compounds with biological 
activity (Enriquez-Ochoa et al. 2020). The 
implementation of ATPS in the downstream processing 
of polysaccharides from microbial fermentations is 
largely unexplored. To present, just one research has 
been published on the use of ATPS for the recovery of 
HA. (Rajendran et al. 2016) used ATPS as the first step 
in the downstream processing of HA (> 1.8 MDa) 
generated in recombinant L. lactis. An ATPS 
composed of 18% (w/w) PEG and 7% (w/w) potassium 
phosphate had a recovery of 97% and purity of 29.4%. 
Even though certain protein contaminants had been 
eliminated, more purification processes were needed to 
attain the desired purity.  

This is the first research to investigate the use of PEG-
citrate ATPS for the main recovery and partial 
purification of HA generated by S. zooepidemicus. 
Sodium citrate was chosen due to its biodegradable and 
non-toxic properties (Lu et al., 2010), which make 
citrate salts disposal on an industrial scale more 
environmentally friendly than phosphate salts. Initially, 
the effects of PEG MW, tie-line length (TLL), and 
volume ratio (VR) on the partition behavior and 
recovery of pure HA samples were examined. 
Afterwards, the PEG-citrate ATPS with the greatest 
recovery was chosen and tested directly from S. 
zooepidemicus fermentation broth, where TLL, VR, and 
sample load were evaluated. 

MATERIALS AND METHODS

Materials  

PEG with nominal molecular masses of 6000 
(PEG6000) and 8000 (PEG8000), Bovine Serum 
Albumin (BSA), Sodium Dodecyl Sulphate (SDS), 
Cetyltrimethylammonium Bromide (CTAB), Sodium 
Chloride, Acetic Acid, BCA Protein Assay Kit, 
Sodium Acetate Anhydride and Sodium Citrate 
Dihydrate. Chemico Especialidades Qumica cosmetic 
grade HA (0.8 MDa) was utilized as a reference for 
HA measurement. The remaining reagents were all of 
analytical grade. There was no further purification of 
any chemicals. All solutions were prepared using water 
of Milli Q quality. Two pure samples of S. 
zooepidemicuswith varying molecular weights: 1–2 
MDa (HA1.5) and 3–4 MDa (3.5HA), as well as a 
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repulsion, 500 kDa sulphated dextran partitioned 
mainly to the PEG-rich top phase in a PEG1000–
ammonium sulphate ATPS. When this top phase was 
recovered and another salt, such as sodium citrate, was 
introduced to stimulate the development of a second 
ATPS, sulphated dextran partitioned mostly to the salt-
rich bottom phase (Du et al. 2018). Both sulphated 
dextran and HA are examples of negatively charged 
polysaccharides with a high molecular weight.  

Polysaccharide partitioning in PEG-salt ATPS is a 
complicated process that is variably impacted by all 
system factors. TLL demonstrated opposing effects on 
HA recovery in PEG6000–citrate and PEG8000–citrate 
ATPS at VR 1.0, depending on the MW of the 
polysaccharide. In general, when TLL grew, the free 
volume in the top phase decreased (Sánchez-Trasvia et 
al. 2019); hence, as TLL increased, HA was compelled 
to move to the bottom phase. HA3.5, but not HA1.5, 
exhibited this characteristic. By analyzing the 
partitioning behavior of dextran with various MWs in 
PEG-ammonium sulphate ATPS at different TLLs, Du 
et al. (2018) found that neither TLL nor dextran MW 
had a discernible effect on the recovery of dextran in 
the bottom phase. Consequently, TLL and HA MW 
may not have a direct effect on HA recovery.  

Inversely, the volume exclusion effect may also 
explain the beneficial impact of PEG MW on HA 
recovery. When previously indicated, as the PEG MW 
grew, so did the volume filled by the polymer (Silva et 
al., 2018), forcing the migration of HA to the bottom 
phase. In addition, increasing the PEG MW improved 
the hydrophobicity of the top phase (Iqbal et al., 2016), 
which facilitated the migration of the highly water-
soluble HA towards the bottom phase. 

Low VR levels improved HA recovery. A VR 1 
indicated that the volume of the bottom phase was 
greater than that of the top phase; this meant that there 
was more space available to solubilise the same 
quantity of HA given to the system, hence overcoming 
phase saturation concerns (Gómez-Loredo et al., 
2014). Furthermore, only at VR 1.0 was HA recovery 
neither sensitive to TLL, but neither at VR 0.38 nor 
3.50 was recovery impacted by TLL. This is feasible 
because a high HA recovery may be achieved with an 
ATPS containing a minimal concentration of PEG and 
citrate provided VR is maintained at 0.38. ATPS at VR 
0.38 and 3.50 were more susceptible to disturbance 
than ATPS at VR 1.00, as shown by a minor cloudiness 
in the top phase during manual separation. Therefore, 
these systems need extra handling precautions to avoid 
re-mixing of phases and resulting recovery loss. This 
behavior may be due to the compositions of these 
systems being closer to the binodal curve of the 
PEG8000–citrate ATPS, which defines the border 
between the one- and two-phase zones. 

VR 0.38 demonstrated better HA recoveries while 
dealing with the crude extract than VR 3.50 did when 
working with pure samples. Overall, the HA recovery 
was reduced at both VRswhen compared to sample 
HA3.5, which had a molecular weight that was closer 
to that of the HA in the crude extract. The crude extract 

is the viscous, cell-free fermentation broth that is 
contaminated mostly with proteins. In fact, these 
systems exhibited a visible interface with suspended 
particles that grew in thickness as TLL rose. This thick 
interface enabled phase separation to be maintained 
throughout handling. However, the presence of 
proteins exceeding > 2 mg mL-1 impedes the recovery 
of HA through phase saturation (Benavides and Rito-
Palomares, 2008), which explains the disparity 
between the HA recoveries in pure samples and the 
crude extract. When the PEG/salt ratio (VR 3.50) was 
raised, much more protein was extracted from the 
bottom phase, lowering the protein concentration by 
half compared to VR 0.38. By increasing the amount of 
the PEG-rich phase, more proteins were able to 
migrate to the top phase. The HA recovered from 
PEG8000–citrate, TLL 43% (w/w), VR 3.50 ATPS was 
31% more pure than the HA in the crude extract. This 
increase in HA purity was larger than that seen in a 
prior study with PEG6000- phosphate systems 
(Rajendran et al. 2016). In contrast, the crude extract 
load of Rajendran et al. (2016) was much higher 
(between 64% and 80% w/w, depending on the 
PEG/salt mix) and nucleic acids were also measured as 
contaminants. 

Lastly, the resilience of the chosen ATPS (PEG8000– 
citrate TLL 43% w/w, VR 3.50) was evaluated by 
increasing the quantity of crude extract put into the 
system. Even at 14% (w/w) crude extract, this resulted 
in a significant loss of HA. Due to the limited volume 
of this system's bottom phase, phase saturation might 
be attained more quickly. Moreover, not only did the 
quantity of HA rise with increasing crude extract 
loading, but so did the number of impurities, which 
may have impeded the recovery of HA, as previously 
noted. In fact, protein recovery in the bottom phase 
remained consistent from 10% to 14% (w/w) crude 
extract, indicating that there are proteins in the 
combination with a stronger affinity for the salt-rich 
bottom phase than HA, therefore competing with the 
polysaccharide for the same area. 

Despite the benefits ATPS provide as an extraction 
method, their use in the post-extraction processing of 
high-value microbial polysaccharides has not been well 
investigated. This study was the first to evaluate the 
possibility of PEG–citrate ATPS for the main recovery 
and partial purification of HA generated by S. 
zooepidemicus. Screening various system parameters 
(PEG MW, TLL, VR, and sample load) revealed that 
PEG MW and system VR were critical variables that 
controlled the recovery of HA, which was improved 
with PEG of high MW (8000 g mol-1) and VR 0.38. 
Probably due to the high concentration of proteins, 
increasing the quantity of crude extract put into the 
system drastically decreased HA recovery and purity. 
Using PEG8000–citrate, TLL 43% (w/w), and VR 3.50 
ATPS, HA was recovered with a recovery rate of 
79.4% and purity of 74.5%; from the cell-free 
fermentation broth. Moreover, the low salt content of 
this system (6.85% w/w) was favourable in that fewer 
diafiltration stages would be required to desalt, if 
necessary, HA in downstream processes. It would be 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Issue 1 ¦ 2022 

Alok Kumar Srivastav, et al.: Hyaluronic Acid Generated By Streptococcus zooepidemicus Is Recovered Utilising PEG-Citrate Aqueous Two Phase Systems 

  107 

interesting to see whether PEG with a higher MW may 
enhance HA recovery beyond what was achieved in 
this work; however, PEG viscosity rises with MW, as 
does its cost; hence, technical and economic feasibility 
must be addressed for large-scale purification. In order 
to assess the total yield and purity of HA, more 
research should focus on integrating the ATPS phase 
into the downstream processes. In the context of the 
purification of microbial HA, PEG–citrate ATPS 
provide a viable, scalable option as an initial step to 
minimize or even replace alcohol precipitation. In 
addition, environmental issues about its disposal were 
addressed by employing sodium citrate as the phase-
forming salt. 

ACKNOWLEDGEMENTS

The authors significantly acknowledged the Lincoln 
University College, Petaling Jaya, Selangor, Malaysia 
for providing the learning and resource facilities for 
executing the present comprehensive research work. 

REFERENCES
1. Grand View Research (2020). Hyaluronic acid market size,

share & trends analysis report by application (dermal fillers,
osteoarthritis (single injection, three injection, five injection),
ophthalmic, vesicoureteral reflux), by region, and segment
forecasts, 2020–2027.

2. Toole BP (2002). Hyaluronan promotes the malignant
phenotype. Glycobiology, 12(3):37R–42R. 

3. Stick RV, Williams SJ (2009). Glycoproteins and proteoglycans.
Carbohydrates: the essential molecules of life, 2nd edn. Elsevier,
Oxford, pp 369–412. 

4. Das, P., & Janahiraman, V. (2019). Analytical Study on
Heterocyclic Anticancer Compounds. Research Review
International Journal of Multidisciplinary, 4(5), 172-175.

5. Falcone SJ, Palmeri D, Berg RA (2006). Biomedical
applications of hyaluronic acid. In: Marchessault RH, Ravenelle
F, Zhu XX (eds). Polysaccharides for drug delivery and
pharmaceutical applications, vol 934. American Chemical
Society, Washington, DC, pp 155–174. 

6. Cowman MK, Matsuoka S (2005). Experimental approaches to
hyaluronan structure. Carbohydr Res, 340(5):791–809.

7. Sudha PN, Rose MH, Kim SK (2014). Beneficial effects of
hyaluronic acid. In: Kim SK (ed) Advances in food and nutrition
research, vol 72. Academic Press, Waltham, pp 137–176. 

8. Das, P., & Janahiraman, V. (2019). Study on New Chalcones
and Nitrogen Containing Heterocyclics. International Journal of
Scientific Research And Review, 8(5), 1069-1080. 

9. Bukhari SNA, Roswandi NL, Waqas M, Habib H, Hussain F,
Khan S, Sohail M, Ramli NA, Thu HE, Hussain Z (2018).
Hyaluronic acid, a promising skin rejuvenating biomedicine: a
review of recent updates and pre‑clinical and clinical
investigations on cosmetic and nutricosmetic effects. Int J Biol
Macromol, 120:1682–1695. 

10. Huang G, Huang H (2018). Hyaluronic acid‑based
biopharmaceutical delivery and tumor‑targeted drug delivery
system. J Control Release, 278:122–126. 

11. Ghodke RS, Kakati JP, Tadi SRR, Mohan N, Sivaprakasam S
(2018). Kinetic modeling of hyaluronic acid production in
palmyra palm (Borassus flabellifer) based medium by
Streptococcus zooepidemicus MTCC 3523. Biochem Eng J,
137:284–293.

12. Das, P., & Srivastav, A. K. (2014). Phytochemical Extraction
and Characterization of the Leaves of Andrographis paniculata
for Its Anti-Bacterial, Anti-Oxidant, Anti-Pyretic and Anti-
Diabetic Activity. International Journal of Innovative Research
in Science Engineering and Technology, 3(8), 15176-15184.

13. Vázquez JA, Montemayor MI, Fraguas J, Murado MA (2010).
Hyaluronic acid production by Streptococcus zooepidemicus in
marine by‑products media from mussel processing wastewaters
and tuna peptone viscera. Microb Cell Factories, 9(1):46. 

14. Murado MA, Montemayor MI, Cabo ML, Vázquez JA,
González MP (2012). Optimization of extraction and
purification process of hyaluronic acid from fish eyeball. Food
Bioprod Process, 90(3):491–498. 

15. Sze JH, Brownlie JC, Love CA (2016). Biotechnological
production of hyaluronic acid: a mini review. 3 Biotech 6(1):67. 

16. Das, P., & Srivastav, A. K. (2015). A Comparative Study on
Nutritive Values of Several Vegetables from West Bengal,
Eastern India. International Journal of Pharmaceutical Research
and Bio-Science, 4(1), 381-390.

17. Cheng F, Yu H, Stephanopoulos G (2019). Engineering
Corynebacterium glutamicum for high‑titer biosynthesis of
hyaluronic acid. Metab Eng 55:276–289.

18. Jeong E, Shim WY, Kim JH (2014). Metabolic engineering of
Pichia pastoris for production of hyaluronic acid with high
molecular weight. J Biotechnol, 185:28–36.

19. Jia Y, Zhu J, Chen X, Tang D, Su D, Yao W, Gao X (2013).
Metabolic engineering of Bacillus subtilis for the efficient
biosynthesis of uniform hyaluronic acid with controlled
molecular weights. Bioresour Technol, 132:427–431. 

20. Das, P., & Srivastav, A. K. (2015). In-vitro Micropropagation of
The Miracle Plant Aloe vera - A Method of Rapid Production.
International Journal of Pure and Applied Research in
Engineering and Technology, 3(11), 12-27. 

21. Kaur M, Jayaraman G (2016). Hyaluronan production and
molecular weight is enhanced in pathway‑engineered strains of
lactate dehydrogenase‑deficient Lactococcus lactis. Metab Eng
Commun, 3:15–23. 

22. Wang Y, Hu L, Huang H, Wang H, Zhang T, Chen J, Du G,
Kang Z (2020). Eliminating the capsule‑like layer to promote
glucose uptake for hyaluronan production by engineered
Corynebacterium glutamicum. Nat Commun, 11:3120. 

23. Patil KP, Patil DK, Chaudhari BL, Chincholkar SB (2011).
Production of hyaluronic acid from Streptococcus 
zooepidemicus MTCC 3523 and its wound healing activity. J
Biosci Bioeng, 111(3):286–288. 

24. Das, P., & Srivastav, A. K. (2015). Phytochemical Extraction
And Characterization of the Leaves of Aloe vera barbadensis
For Its Anti- Bacterial And Anti-Oxidant Activity. International
Journal of Science and Research, 4(6), 658-661.

25. Cavalcanti ADD, Melo BAGd, Ferreira BAM, Santana MHA
(2020). Performance of the main downstream operations on
hyaluronic acid purification. Process Biochem, 99:160–170. 

26. Liu L, Liu Y, Li J, Du G, Chen J (2011). Microbial production
of hyaluronic acid: current state, challenges, and perspectives.
Microb Cell Factories, 10(1):99. 

27. González‑Valdez J, Mayolo‑Deloisa K, Rito‑Palomares M
(2018). Novel aspects and future trends in the use of aqueous
two‑phase systems as a bioen‑ gineering tool. J Chem Technol
Biotechnol, 93(7):1836–1844. 

28. Das, P., & Srivastav, A. K. (2015). To Study the Effect of
Activated Charcoal, Ascorbic Acid and Light Duration on In-
vitro Micropropagation of Aloe vera L. International Journal of
Innovative Research in Science Engineering and Technology,
4(5), 3131- 3138. 

29. Gómez E, Macedo EA (2019). Partitioning of DNP‑amino acids
in ionic liquid/ citrate salt based aqueous two‑phase system.
Fluid Phase Equilibria, 484:82–87.



102 Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Issue 1 ¦ 2022 

Alok Kumar Srivastav, et al.: Hyaluronic Acid Generated by Streptococcus zooepidemicus is Recovered Utilising PEG-Citrate Aqueous Two Phase Systems 

 108                                    

30. Loureiro DB, Braia M, Romanini D, Tubio G (2017).
Partitioning of xylanase from Thermomyces lanuginosus in 
PEG/NaCit aqueous two‑phase systems: structural and
functional approach. Protein Expr Purif, 129:25–30. 

31. Iqbal M, Tao Y, Xie S, Zhu Y, Chen D, Wang X, Huang L, Peng
D, Sattar A, Shabbir MAB, Hussain HI, Ahmed S, Yuan Z
(2016). Aqueous two‑phase system (ATPS): an overview and
advances in its applications. Biol Proced Online, 18(1):18. 

32. Das, P., & Srivastav, A. K. (2021). A Study on Molecular
Targeted Approaches To Cancer Therapy And The Role of
Chalcones In Chemoprevention. European Journal of Molecular
& Clinical Medicine, 8(3), 3254-3267.

33. Enriquez‑Ochoa D, Sánchez‑Trasviña C, Hernández‑Sedas B,
Mayolo‑Deloisa K, Zavala J, Rito‑Palomares M, Valdez‑García
JE (2020). Aqueous two‑phase extraction of phenolic
compounds from Sedum dendroideum with antioxidant activity
and anti‑proliferative properties against breast cancer cells. Sep
Purif Technol, 251:117341. 

34. Srivastav, A. K., & Das, P. (2014). Phytochemical Extraction
and Characterization of Roots of Withania somnifera for Its
Anti-Bacterial, Anti-Oxidant, Anti-Inflammation and Analgesic
Activity. International Journal of Innovative Research and
Development; 3(7), 22-33.

35. Rajendran V, Puvendran K, Guru BR, Jayaraman G (2016).
Design of aqueous two‑phase systems for purification of
hyaluronic acid produced by meta‑ bolically engineered
Lactococcus lactis. J Sep Sci, 39(4):655–662. 

36. Lu YM, Yang YZ, Zhao XD, Xia CB (2010). Bovine serum
albumin partitioning in polyethylene glycol (PEG)/potassium
citrate aqueous two‑phase systems. Food Bioprod Process,
88(1):40–46. 

37. Srivastav, A. K., & Das, P. (2014). To Study the Formulation of
Niosome of Ofloxacin and Its Evaluation for Efficacy of Anti-
Microbial Activity. International Journal of Innovative Research
in Science Engineering and Technology, 3(12), 17958-17965. 

38. Song JM, Im JH, Kang JH, Kang DJ (2009). A simple method
for hyaluronic acid quantification in culture broth. Carbohydr
Polym, 78(3):633–634. 

39. Ghaffari S, Rahbar‑Shahrouzi J, Towfighi F,
Baradar‑Khoshfetrat A (2019). Partitioning of cefazolin in
aqueous two‑phase systems containing poly (ethylene glycol)
and sodium salts (citrate, tartrate, and sulphate). Fluid Phase
Equilibria, 488:54–61. 

40. Srivastav, A. K., & Das, P. (2015). A Comparative Study of the
Effect of Ampicillin and Tetracyclin on Bacterial Culture by
Measuring the Zone of Inhibition. International Journal of
Pharmaceutical Research and Bio-Science, 4(1), 277-285.

41. Oueslati N, Leblanc P, Harscoat‑Schiavo C, Rondags E,
Meunier S, Kapel R, Marc I (2014). CTAB turbidimetric method
for assaying hyaluronic acid in complex environments and under
cross‑linked form. Carbohydr Polym, 112:102–108. 

42. Dosio F, Arpicco S, Stella B, Fattal E (2016). Hyaluronic acid
for anticancer drug and nucleic acid delivery. Adv Drug Deliv
Rev, 97:204–236. 

43. Srivastav, A. K., & Das, P. (2015). Phytochemical Extraction
and Characterization of Acorus calamus, Moringa oliefera,
Cucurbita maxima, Hibiscus rosa sinensis and Chrysanthemum
leucanthemum For Their Anti-Bacterial and Anti-Oxidant
Activity. International Journal of Pharmaceutical Research and
Bio-Science, 4(3), 356-377.

44. Yang L, Huo D, Hou C, He K, Lv F, Fa H, Luo X (2010).
Purification of plant‑ esterase in PEG1000/NaH2PO4 aqueous
two‑phase system by a two‑step extraction. Process Biochem,
45(10):1664–1671.

45. Herculano PN, Porto TS, Maciel MHC, Moreira KA,
Souza‑Motta CM, Porto ALF (2012). Partitioning and
purification of the cellulolytic complex produced by Aspergillus
japonicus URM5620 using PEG–citrate in an aqueous two‑ 
phase system. Fluid Phase Equilibria, 335:8–13. 

46. Srivastav, A. K., & Das, P. (2015). To Study the Production and
Standardization of Veterinary Vaccines. International Journal of
Science and Research, 4(6), 2331-2337.

47. Silva JdC, de França PRL, Porto TS (2018). Optimized
extraction of polygalac‑ turonase from Aspergillus aculeatus
URM4953 by aqueous two‑phase systems PEG/citrate. J Mol
Liq, 263:81–88. 

48. Gómez‑Loredo A, Benavides J, Rito‑Palomares M (2014).
Partition behavior of fucoxanthin in ethanol‑potassium 
phosphate two‑phase systems. J Chem Technol Biotechnol,
89(11):1637–1645.

49. Srivastav, A. K., & Janahiraman, V. (2019). Microbial Synthesis
of Hyaluronan and Its Biomedical Applications. International
Journal of Scientific Research And Review, 8(5), 852-863.

50. Srivastav, A. K., & Janahiraman, V. (2019). Study on Microbial
Production of Hyaluronic Acid. Research Review International
Journal of Multidisciplinary, 4(5), 231-233.

51. Benavides J, Rito‑Palomares M (2008). Practical experiences
from the development of aqueous two‑phase processes for the
recovery of high value biological products. J Chem Technol
Biotechnol, 83(2):133–142. 


