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Pectinase brakes down pectin which is a polysaccharide that commonly found in 

plant cell wall. Mainly, enzymes are easily degraded with inappropriate method of

extraction. Hence, it is important to employ an inexpensive, simple and efficient 

method of extraction. In this study, pectinase was extracted from guava (Psidium

guajava) peel with ultrasound assisted extraction. The main effects namely

sonication time, ultrasound temperature, pH of buffer and buffer to sample (B/S) 

ratio for optimization of the extraction were investigated. The optimum extraction 

condition was achieved at 20 min sonication time, 40 °C ultrasound temperature, at 

pH 5.0, using a 4:1 mL/g buffer to sample ratio. Conventional methods of

purification are multistep, tedious and expensive. Therefore, the development of

cost-effective, highly efficient and environmental friendly procedure for the

purification of pectinase with desirable properties is considered essential. 

Subsequently, the potential application of aqueous two-phase system (ATPS) with

Triton X-100 and sorbitol in the purification of pectinase from guava peel was 

demonstrated at laboratory scale. In this study, the effect of the main important 

parameters such as Tie Line Length (TLL), crude loads and pH on purification of the 

enzyme were investigated. The experimental results indicated that the pectinase was 

partitioned into surfactant-rich top phase, and the impurities were partitioned into the

sorbitol-rich bottom phase with the novel method involving an ATPS composed of 

25.0% (w/w) Triton X-100 and 26.0% (w/w) sorbitol at 50.2% of the TLL, 20% 

(w/w) of crude load and at pH 6.0. Based on the results, the calculated purification 

factor for the pectinase was 15.2 and the yield obtained was 98.3% for purified 

pectinase from guava peel. It was demonstrated that the phase components, Tie Line

Length (TLL), crude loads and pH influenced the pectinase partitioning. This study

proved that ATPS can be exploited as a successful, inexpensive and effective method 

for purification and recovery of the enzyme from a low-cost source with potential 

industrial application and alternative to the traditional ATPS. Characterization of the

purified enzyme was performed to evaluate the stability of pectinase in different 

conditions. Characterization of the purified enzyme showed that pectinase extracted
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from guava peel was stable with the presence of some metal ions, inhibitors, 

surfactants and oxidizing agents. Metals ion such as K
+
, Ba

+
, Mg

2+
, Na

+
 and Mn

2+
 

enhanced pectinase activity. Meanwhile, pectinase showed extreme stability with 

regards to surfactant and inhibitor including Triton X-100, Tween-80 and EDTA
. 

The molecular weight of the pectinase was estimated to be 24.4 kDa based on SDS-

PAGE. Therefore, it can be concluded that the enzyme with unique characteristics 

could be obtained from natural and cost-effective source and potentially contributed 

in the industrial applications including food and beverages, textile, paper, waste 

water treatment and other biotechnological applications. 
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Pektinase menguraikan pektin yang merupakan polisakarida yang biasanya terdapat 

di dalam sel dinding tumbuhan. Proses pengekstrakan yang tidak sesuai boleh 

menyebabkan perencatan enzim. Oleh itu, adalah penting untuk mengambil kira 

kaedah  pengekstrakan yang murah, mudah dan berkesan. Dalam kajian ini, 

pektinase telah diekstrak daripada kulit jambu batu (Psidium guajava) dengan 

menggunakan teknik bantuan Ultrasonik. Antara faktor-faktor utama dalam 

mengoptimumkan pengekstrakan telah dikaji antaranya adalah suhu, masa 

pengekstrakan, pH larutan dapar dan nisbah larutan dapar kepada sampel (B/S). 

Pengekstrakan optimum telah dicapai pada 20 minit masa sonikasi, suhu 40 °C, pada 

pH 5.0, dan menggunakan nisbah 4:1 mL/g larutan buffer kepada sampel. Penulenan 

enzim secara konvensional merupakan proses yang langkah-berganda, rumit dan 

memakan kos. Oleh itu, pengunaan prosedur penulenan yang kos-efektif, efisien, dan 

mesra alam untuk ciri-ciri pektinase yang wajar adalah penting. Selepas itu, aplikasi 

yang berpotensi untuk penulenan pektinase daripada kulit jambu batu iaitu Sistem 

Dua Fasa Berakua (SDFB) telah digunakan bersama surfaktan (Triton X-100) dan 

sorbitol dalam skala makmal. Dalam kajian ini, kesan parameter utama dalam 

penulenan enzim seperti Panjang Garis Ikatan (PGI), muatan mentah dan pH telah 

disiasat. Dapatan eksperimen menunjukkan bahawa pektinase telah terbahagi kepada 

fasa kaya-surfaktan dan segala bendasing telah terbahagi ke fasa dibawah iaitu fasa 

kaya-sorbitol dengan kaedah novel melibatkan DFB terdiri daripada 25.0% (w/w) 

Triton X-100 dan 26.0% (w/w) sorbitol di 50.2% PGI, muatan mentah sebanyak 

20% (w/w) dan pada pH 6.0. Berdasarkan keputusan yang didapati, faktor penulenan 

yang diperoleh bagi pektinase tulen dari jambu batu adalah 15.2 dan kadar hasil 

adalah 98.3%. Ia telah menunjukkan bahawa Panjang Garis Ikatan (PGI), muatan 

mentah dan pH mempengaruhi pembahagian pektinase. Kajian ini membuktikan 

bahawa DFB boleh dieksploitasi sebagai kaedah yang berjaya, jimat, dan berkesan 

untuk penulenan dan pemulihan enzim yang berharga dari sumber yang ber-kos 

rendah yang mempunyai potensi untuk aplikasi industri dan juga alternatif kepada 

tradisional DFB. Pencirian enzim tulen telah dilakukan untuk menilai kestabilan 
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pektinase dalam keadaan yang berbeza. Melalui pencirian enzim tulen ini, didapati 

pektinase dari kulit jambu batu adalah stabil dengan kehadiran beberapa ion logam, 

perencat, surfaktan dan agen pengoksidaan. Ion  logam seperti K
+
, Ba

+
, Mg

2+
, Na

+
 

dan Mn
2+ 

meningkatkan lagi aktiviti enzim. Manakala, pektinase menunjukan 

kestabilan yang tinggi dengan kehadiran surfaktan dan perencat termasuk Triton X-

100, Tween-80 dan EDTA. Berat molekul pectinase dari jambu batu ini dianggarkan 

24.4 kDa melalui SDS-PAGE. Dapat disimpulkan bahawa enzim dengan ciri-ciri 

unik boleh diperolehi dari sumber semula jadi dan kos-efektif dan berpotensi 

menyumbang dalam aplikasi industri seperti industri makanan dan minuman, tekstil, 

kertas, rawatan sisa air dan juga aplikasi bioteknologi yang lain. 
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CHAPTER 1 

 

 

INTRODUCTION 
 

 

1.1 Background of Study 

 

Guava is well-known as one of the important tropical fruits in many countries 

worldwide. Belongs to Myrtaceae family, guava is native in tropical America, 

currently distributed in tropical and subtropical continents including South-east Asia 

(El-Ahmady et al., 2013; Martin, 1984). In Malaysia, guava has been cultivated 

commercially in Perak, Johor, Melaka, Selangor, Negeri Sembilan, Pahang, Perlis 

and Penang (Kwee & Chong, 1990). Noteworthy, the total crop acreage in 2006 is 

1992 hectares, with an average yield of 16.8 tons/hectare and the production is 

estimated to be RM33.6 million (Ariff & Lin, 2008).  

 

 

Pectinase are heterogeneous enzymes that catalyze pectin, the polysaccharides in 

plants into simpler molecules like polygalacturonic acid (Kumar et al., 2012). 

Pectinase has been one of the most forthcoming enzymes in the commercial sectors, 

biotechnologies, and industries (Kashyap et al., 2001). Previous report stated that the 

global food enzymes sales accounted to 25% for pectinase (Jayani et al., 2005). 

Pectinase has diverse applications including food and beverage industries (Sandri et 

al., 2011; Nur’ Alia et al., 2010; Abdullah et al., 2007), oil extraction and recovery 

(Demir, et al., 2001), coffee, tea and wine productions (Ibrahim et al., 2013), textile 

industries (Rajendran et al., 2011), paper and pulp industries (Reid & Richard, 

2000), production of animal feed and also being used in waste water treatment 

(Hoondal et al, 2000).  

 

 

Ultrasonic assisted extraction (UAE) has drawn increasing attention in numerous 

studies in the recent years as the methods for extraction of bioactive components in 

plant tissues (Rouhani et al., 2009; Djilani et al., 2006) and nowadays, ultrasound is 

widely acknowledged to stimulate various processes of extraction (Cares et al., 

2010). The recognition of UAE in the application of various industrial processes 

compared to other conventional methods of extraction such as maceration, reflux, 

decoction, infusion and others are due to its advantages in limiting the cost and 

consumption of time, chemicals, energy, reduces effluent and also minimizing the 

degradation (Bagherian et al., 2011; Rostagno et al., 2003).  

 

 

Aqueous two-phase system (ATPS) has been broadly used for extraction of protein, 

separation and purification of macromolecules, cells, and organelles. Aqueous two-

phase systems mainly are mixture of two immiscible solutions typically polymer and 

salt such as polyethyleneglycol and sulphate, phosphate or citrate salt (da Silva et al., 

2015; Goja et al., 2013), mixture of two different polymers with common polymers 

are polyethylene glycol with different molecular weight (Kulaguin-Chicaroux & 

Zeiner, 2014), salt and alcohol (Ooi et al., 2009), mixture of two electrolytes 

(Zafarani-Moattar & Hamzehzadeh, 2007) or polymer and electrolyte (de Lemos  et 
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al., 2011) in water above critical concentration. ATPS can be considered as a 

potential method to overcome the drawback in chromatography with numerous 

advantages including low of cost, toxicity and low interfacial tension, high water 

content, provide friendly environment for separation and purification, easily recycled 

and scaled up with good operational characteristics (da Silva et al., 2015; Rodrigues 

et al., 2013; Johansson et al., 2011; Asenjo & Andrews, 2011). 

 

 

1.2 Problem Statements 

 

Malaysia is still facing the major obstacle to produce and commercialize the 

enzymes for industrial applications due to the high production cost especially high 

capital investment (Ibrahim, 2013). However, the demand of the enzymes is 

subjected to increase annually (Li et al., 2012). Besides that, the industry now 

demands fast, economic upstream and downstream processes to extract and purify 

biomolecules with higher yield and purity (Dutra-Molino et al., 2014; Gupta et al., 

2002). 

 

 

Enzymes are subtle to changes in pH, ionic strength, temperature, substrate 

concentration, and nature of salts presents to the point that it can lead changes in 

their morphology and also denaturation (Scopes, 2002). Hence, it is important to 

screen through appropriate method of extraction that able to extract the targeted 

compounds, increase the selectivity of the analytical methods, increase sensitivity of 

the bioassay and the concentration of the targeted compounds in an environmental 

friendly manner, reduced time, labor and cost as well as better yield and quality.  

 

 

Expensive, time-consuming, difficult to scale up and higher cost with lower yield are 

the main problems associated with the conventional method for the recovery of the 

enzyme from fruits (Ooi et al. 2009). The steps include clarification and 

concentration, primary contaminant removal, intermediate purification, and finally 

polishing (Goja et al., 2013; Prince & Smith, 2004). In industrial processes, about 

70% of the final costs were spent in enzyme purification regardless that high purity 

of enzyme is not essential in industrial processes, contributed by the 

chromatographic separation techniques (Jaramillo et al., 2013). Although several 

chromatographic steps are typically used as purification schemes for protein, each 

step increases operational cost, processing time and also product losses. Therefore, 

the development of new separation technology that decrease enzyme purification 

costs and improve yield is an indispensable prerequisite to expand the market for 

industrial enzymes and proteins. 

 

 

1.3 Significance of Study 

 

Studies reported that guava peel has never been used commercially despite the 

presence of useful bioactive components and; it is still ended up as waste product 

(Marina & Noriham, 2014). According to Lee et al. (2010), currently, only the edible 

part of the guava is processed into many products while its peel, is not utilized 

commercially and discarded as waste material (Lee et al., 2010). Recent 
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investigation stated that guava peel can be an effective source of antioxidants 

(Contreras-Calderon et al., 2011; Jiménez-Escrig, 2001; Zulkifli, 2010). Besides 

that, there is also study indicated the presence of protease in guava peel (Chitturi et 

al., 2013) and according to Singh et al. (2014), guava peel contains significant 

amount of pectin. Until now, research on guava peel as a natural source of pectinase 

is still scarce.  

 

 

The aim of this study is to optimize the operational condition for extraction of 

pectinase from guava peel by optimizing the extraction conditions that prevent 

denaturation of the desired enzyme. Furthermore, the increase in demand for a quick 

and easy recovery method with improved yield and purity for purification of 

pectinase especially in industries as well as maintaining the pectinase activity and 

stability throughout the process are the fundamentals of this research. Enzymes are 

definitely unique based on their source, therefore identifying and characterizing the 

extracted pectinase properties will help in understanding its function and best 

condition for its future usage and novelty. 

 

 

1.4 Objectives 
 

The general objective of this study is to investigate the effect of extraction and 

purification of pectinase from guava (Psidium guajava) peel as well as to 

characterize the purified pectinase properties. The specific objectives of this study 

are: 

 

1. To optimize the ultrasound assisted extraction condition of pectinase from 

guava (Psidium guajava) peel; 

2. To develop and optimize the purification procedure of pectinase enzyme 

from guava (Psidium guajava) peel with Aqueous Two-Phase System 

(ATPS); 

3. To characterize the pectinase properties from the guava (Psidium guajava) 

peel. 
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Marín-Rodríguez, M. C. (2001). Investigation of the role of pectate lyase in banana 

fruit softening, PhD Thesis, University of Greenwich. 

 

Marques, C. F., Mourão, T., Neves, C. M., Lima, Á. S., Boal‐Palheiros, I., Coutinho, 

J. A., & Freire, M. G. (2013). Aqueous biphasic systems composed of ionic 

liquids and sodium carbonate as enhanced routes for the extraction of 

tetracycline. Biotechnology Progress, 29(3): 645-654. 

 

Martin, F. W. (1984). Handbook of Tropical Food Crops. Florida: CRC Press, 254-

256.  

 

 

 

Martínez-Maqueda, D., Hernández-Ledesma, B., Amigo, L., Miralles, B., & Gómez-

Ruiz, J. Á. (2013). Extraction/fractionation techniques for proteins and 

peptides and protein digestion. In Proteomics in foods:Principles and 

applications. New York: Springer Science and Business Media., 21-50. 

 

Martins, E. D. S., Leite, R. S. R., da Silva, R., & Gomes, E. (2013). Purification and 

properties of polygalacturonase produced by thermophilic fungus 

Thermoascus aurantiacus CBMAI-756 on solid-state fermentation. Enzyme 

Research, 2013: 1-7. 



@
COPYRIG

HT U
PM

 

92 

 

 

Martins, E. S., Silva, D., Da Silva, R., & Gomes, E. (2002). Solid state production of 

thermostable pectinases from thermophilic Thermoascus 

aurantiacus. Process Biochemistry, 37(9): 949-954. 

 

Medina-Escobar, N., Cárdenas, J., Moyano, E., Caballero, J. L., & Muñoz-Blanco, J. 

(1997). Cloning, molecular characterization and expression pattern of a 

strawberry ripening-specific cDNA with sequence homology to pectate lyase 

from higher plants. Plant Molecular Biology, 34(6): 867-877. 

 

Mehrnoush, A., Mustafa, S., Sarker, M. Z. I., & Yazid, A. M. M. (2012). 

Optimization of serine protease purification from mango (Mangifera indica 

cv. Chokanan) peel in polyethylene glycol/dextran aqueous two phase 

system. International Journal of Molecular Sciences, 13(3): 3636-3649. 

 

Mei, Y., Chen, Y., Zhai, R., & Liu, Y. (2013). Cloning, purification and biochemical 

properties of a thermostable pectinase from Bacillus halodurans 

M29. Journal of Molecular Catalysis B: Enzymatic, 94: 77-81. 

 

Merchuk, J. C., Andrews, B. A., & Asenjo, J. A. (1998). Aqueous two-phase 

systems for protein separation: studies on phase inversion. Journal of 

Chromatography B: Biomedical Sciences and Applications, 711(1), 285-293. 

 

Middelberg, A. P. (2000). Microbial cell disruption by high-pressure 

homogenization. In:  Downstream Processing of Proteins: Methods and 

Protocols. Desai, M. A. (Ed.), New Jersey: Humana Press, 11-21.  

 

Miller, G. L. (1959). Determination of reducing sugar by DNS method. Analytical 

Chemistry, 31: 426-428. 

 

Miranda, M. V., Fernandez-Lahore, H. M., Dobrecky, J., and Cascone, O. (1998). 

The extractive purification of peroxidase from plant raw materials in aqueous 

two-phase systems. Acta Biotechnologica, 18: 179-188. 

 

Mirhosseini, H., Tan, C. P., Hamid, N. S., & Yusof, S. (2008). Effect of Arabic gum, 

xanthan gum and orange oil contents on ζ-potential, conductivity, stability, 

size index and pH of orange beverage emulsion. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 315(1): 47-56. 

 

Mohamadi, H. S., Omidinia, E., & Dinarvand, R. (2007). Evaluation of recombinant 

phenylalanine dehydrogenase behavior in aqueous two-phase 

partitioning. Process Biochemistry, 42(9), 1296-1301. 

 

Mohammadi, H. S., & Omidinia, E. (2013). Process integration for the recovery and 

purification of recombinant Pseudomonas fluorescens proline dehydrogenase 

using aqueous two-phase systems. Journal of Chromatography B, 929: 11-

17. 

 



@
COPYRIG

HT U
PM

 

93 

 

Mohan, C. (1999). Buffers. A Guide for the Preparation and use of Buffers in 

Biological Systems. US, California:Calbiochem-Novabiochem Corporation, 

La Jolla.  

 

Montgomery, D. C. (2005). Design and Analysis of Experiments: Response surface 

method and designs. New Jersey: John Wiley and Sons, Inc. 

 

Montgomery, D. C. (2009). Design and analysis of experiments. New York: John 

Wiley & Sons Inc. 

 

Morton, J. F. (1987). Guava: Fruits of warm climates. Miami, 356-363.  

 

Moulton, K. J., & Wang, L. C. (1982). A Pilot‐Plant Study of Continuous Ultrasonic 

Extraction of Soybean Protein. Journal of Food Science, 47(4): 1127-1129. 

 

Murray, R. K., Granner, D. K., Mayes, P. A., & Rodwell, V. W. (2000). Harpers 

Biochemistry. US (Conneticut): Appleton and Lange. 

 

Mutalib, F. A. A., Jahim, J. M., Bakar, F. D. A., Mohammad, A. W., & Hassan, O. 

(2014). Characterisation of new aqueous two-phase systems comprising of 

Dehypon® LS54 and K4484® Dextrin for potential cutinase 

recovery. Separation and Purification Technology, 123: 183-189. 

 

Nagai, M., Katsuragi, T., Terashita, T., Yoshikawa, K., & SAKAI, T. (2000). 

Purification and characterization of an endo-polygalacturonase from 

Aspergillus awamori. Bioscience, Biotechnology, and Biochemistry, 64(8): 

1729-1732. 

 

Naganagouda, K., & Mulimani, V. H. (2008). Aqueous two-phase extraction 

(ATPE): an attractive and economically viable technology for downstream 

processing of Aspergillus oryzae α-galactosidase. Process Biochemistry, 

43(11): 1293-1299. 

 

Ng, H. S., Ooi, C. W., Mokhtar, M. N., Show, P. L., Ariff, A., Tan, J. S., Ng, E., & 

Ling, T. C. (2013). Extractive bioconversion of cyclodextrins by Bacillus 

cereus cyclodextrin glycosyltransferase in aqueous two-phase system. 

Bioresource Technology, 142: 723-726. 

 

Ng, H. S., Tan, C. P., Mokhtar, M. N., Ibrahim, S., Ariff, A., Ooi, C. W., & Ling, T. 

C. (2012). Recovery of Bacillus cereus cyclodextrin glycosyltransferase and 

recycling of phase components in an aqueous two-phase system using 

thermo-separating polymer. Separation and Purification Technology, 89: 9-

15. 

Ng, H. S., Tan, C. P., Mokhtar, M. N., Ibrahim, S., Ariff, A., Ooi, C. W., & Ling, T. 

C. (2012). Recovery of Bacillus cereus cyclodextrin glycosyltransferase and 

recycling of phase components in an aqueous two-phase system using 

thermo-separating polymer. Separation and Purification Technology, 89: 9-

15. 

 



@
COPYRIG

HT U
PM

 

94 

 

Ngo, L. T. A., Pham, T. L., & Le, V. V. M. (2008). Purification of 

Endopolygalacturonase from submerged culture of Aspergillus awamori L1 

using a two-step procedure: Enzyme precipitation and gel 

filtration.International Food Research Journal, 15(2): 135-140. 

 

Nielsen, J. E., & Christensen, T. M. (2002). Distribution of pectin methyl esterase 

and acetylesterase in the genus Citrus visualized by tissue prints and 

chromatography. Plant Science, 162(5): 799-807. 

 

Nitsawang, S., Hatti-Kaul, R., & Kanasawud, P. (2006). Purification of papain from 

Carica papaya latex: aqueous two-phase extraction versus two-step salt 

precipitation. Enzyme and Microbial Technology, 39(5): 1103-1107. 

 

Nogata, Y., Ohta, H., & Voragen, A. G. J. (1993). Polygalacturonase in strawberry 

fruit. Phytochemistry, 34(3): 617-620. 

 

Noorbatcha, I. A., Ismail, N. I., & Salleh, H. M. (2011). Computer Aided Design of 

Polygalacturonase II from Aspergillus niger. IIUM Engineering 

Journal, 12(4): 189-196. 

 

Nunan, K. J., Davies, C., Robinson, S. P., & Fincher, G. B. (2001). Expression 

patterns of cell wall-modifying enzymes during grape berry 

development. Planta, 214(2): 257-264. 

 

Nur‘Alia, A. R., Siti Mazlina, M. K.., & Taip, F. S. (2010). Impact of commercial 

pectolytic enzymes on selected properties of white dragon fruit juice. The 

Instituition of Engineers, Malaysia. 71(4): 25-31. 

 

Nwokoro, O., & Eze, I. C. (2016). Production of polygalacturonase by Aspergillus 

niger BC23 isolated from Irvingia gabonensis (African mango) 

fruit. Chemical Industry/Hemijska Industrija, 70(6): 717-724.  

 

Oancea, S., Grosu, C., Ketney, O., & Stoia, M. (2013). Conventional and ultrasound-

assisted extraction of anthocyanins from blackberry and sweet cherry 

cultivars. Acta Chimica Slovenica, 60(2): 383-389. 

 

Oliveira, R. D. Q., Junior, V., Lima, G., Uetanabaro, A. P. T., Koblitz, M. G. B., 

Góes-Neto, A., Rosa, C. A., & Assis, S. A. D. (2012). Influence of carbon 

source, pH, and temperature on the polygalacturonase activity of 

Kluyveromyces marxianus CCMB 322. Food Science and Technology 

(Campinas), 32(3): 499-505. 

 

Oliveira, R., Rodrigues, M. F., & Bernardo-Gil, M. G. (2002). Characterization and 

supercritical carbon dioxide extraction of walnut oil. Journal of the American 

Oil Chemists' Society, 79(3): 225-230. 

Ooi, C. W., Tey, B. T., Hii, S. L., Kamal, S. M. M., Lan, J. C. W., Ariff, A., & Ling, 

T. C. (2009). Purification of lipase derived from Burkholderia pseudomallei 

with alcohol/salt-based aqueous two-phase systems. Process 

Biochemistry, 44(10): 1083-1087. 

 



@
COPYRIG

HT U
PM

 

95 

 

Oslen, H.S. (2000). Enzymes at work- A concise guide to industrial enzymes and 

their use. Novozymes A/S Bagsvaerd, Denmark. 

 

Palomares, L. A., Estrada-Moncada, S., & Ramírez, O. T. (2004). Production of 

recombinant proteins: Challenges and solutions. In: Recombinant Gene 

Expression: Reviews and Protocols. Balbás, P., & Lorence, A. (Eds.). New 

Jersey: Humana Press Inc., 15-51. 

 

Park, S. H., Min, S. G., Jo, Y. J., & Chun, J. Y. (2015). Effect of high pressure 

homogenization on the physicochemical properties of natural plant-based 

model emulsion applicable for dairy products. Korean Journal for Food 

Science of Animal Resources, 35(5): 630-637.  

 

Pasha, K. M., Anuradha, P., & Subbarao, D. (2013). Applications of pectinases in 

industrial sector. International Journal of Pure and Applied Sciences and 

Technology, 16(1): 89. 

 

Pashkoulov, D., Giannetti, I., Benvenuto, E., & De Martinis, D. (2002). Biochemical 

characterization of polygalacturonases from five different isolates of Botrytis 

cinerea. Mycological Research, 106(07): 827-831. 

 

Pashova, S., Slokoska, L., Sheremetska, P., Krumova, E., Vasileva, L., & Angelova, 

M. (1999). Physiological aspects of immobilised Aspergillus niger cells 

producing polymethylgalacturonase. Process Biochemistry, 35(1), 15-19. 

 

Patel, R. K., Maiti, C. S., Deka, B. C., Deshmukh, N. A., Verma, V. K., & Nath, A. 

(2015). Physical and biochemical changes in guava (Psidium Guajava L.) 

during various stages of fruit growth and development. International Journal 

of Agriculture, Environment and Biotechnology, 8(1), 75. 

 

Pathak, N., Mishra, S., & Sanwal, G. G. (2000). Purification and characterization of 

polygalacturonase from banana fruit. Phytochemistry, 54(2): 147-152. 

 

Patil, V., Chauhan, A. K., & Singh, R. P. (2014). Optimization of the spray-drying 

process for developing guava powder using response surface 

methodology. Powder Technology, 253: 230-236. 

 

Paulus, A., Morhardt, C., Lehle, N., & Franzreb, M. (2014). Recovery of 

chymotrypsin using magnetic particles and aqueous micellar two-phase 

systems: influence of non-ionic surfactants on enzyme activity. Journal of 

Molecular Catalysis B: Enzymatic, 110: 165-170. 

 

Payasi, A., Misra, P. C., & Sanwal, G. G. (2006). Purification and characterization of 

pectate lyase from banana (Musa acuminata) fruits. Phytochemistry, 67(9): 

861-869. 

Pedrolli, D. B., Monteiro, A. C., Gomes, E., & Carmona, E. C. (2009). Pectin and 

pectinases: production, characterization and industrial application of 

microbial pectinolytic enzymes. Open Biotechnology Journal, 3:9-18. 

 



@
COPYRIG

HT U
PM

 

96 

 

Pereira, J. F., Ventura, S. P., e Silva, F. A., Shahriari, S., Freire, M. G., & Coutinho, 

J. A. (2013). Aqueous biphasic systems composed of ionic liquids and 

polymers: a platform for the purification of biomolecules. Separation and 

Purification Technology, 113: 83-89. 

 

Pereira, M., Wu, Y. T., Venâncio, A., & Teixeira, J. (2003). Aqueous two-phase 

extraction using thermoseparating polymer: a new system for the separation 

of endo-polygalacturonase. Biochemical Engineering Journal, 15(2): 131-

138. 

 

Pereira, M., Wu, Y. T., Venâncio, A., & Teixeira, J. (2003). Aqueous two-phase 

extraction using thermoseparating polymer: a new system for the separation 

of endo-polygalacturonase. Biochemical Engineering Journal, 15(2): 131-

138. 

 

Pérez-Fuentes, C., Ravanal, M. C., & Eyzaguirre, J. (2014). Heterologous expression 

of a Penicillium purpurogenum pectin lyase in Pichia pastoris and its 

characterization. Fungal biology, 118(5): 507-515. 

 

Peters, T.J. (2004). Partition of cell particles and macromolecules: Separation and 

purification of biomolecules, cell organelles, membranes and cells in aqueous 

polymer two phase systems and their use in biochemical analysis and 

biotechnology. In: Cell Biochemistry and Function, Albertsson, P. A. (Ed.), 

346, UK: John Wiley and Sons.  

 

Pham, T. P. T., Cho, C. W., & Yun, Y. S. (2010). Environmental fate and toxicity of 

ionic liquids: A review. Water Research, 44: 352-372. 

 

Prince, K., & Smith, M. (2004). Purification process scale-up. Protein Purification 

Protocols, 463-480. 

 

Rai, P., Majumdar, G. C., Dasgupta, S. D. E. S., & De, S. (2004). Optimizing 

pectinase usage in pretreatment of mosambi juice for clarification by 

response surface methodology. Journal of Food Engineering, 64(3): 397-

403. 

 

Raja, S. (2013). Aqueous two phase systems for the recovery of biomolecules from 

tannery wastewater. PhD Thesis, Manipal University, Department Of 

Biotechnology Manipal Institute of Technology.  

 

Raja, S., & Murty, V. R. (2013). Optimization of aqueous two-phase systems for the 

recovery of soluble proteins from tannery wastewater using response surface 

methodology. Journal of Engineering, 2013: 1-11.  

 

Raja, S., Murty, V. R., Thivaharan, V., Rajasekar, V., & Ramesh, V. (2011). 

Aqueous two phase systems for the recovery of biomolecules–a 

review.Science and Technology, 1(1): 7-16. 

 

Rajendran, R., Sundaram, S. K., Radhai, R., & Rajapriya, P. (2011). Bioscouring of 

cotton fabrics using pectinase enzyme its optimization and comparison with 



@
COPYRIG

HT U
PM

 

97 

 

conventional scouring process. Pakistan Journal of Biological Sciences: 

PJBS, 14(9): 519-525. 

 

Raju, E. V. N., & Divakar, G. (2013). Production of pectinase by using Bacillus 

circulans isolated from dump yards of vegetable wastes.International Journal 

of Pharmaceutical Sciences and Research, 4(7): 2615. 

 

Raju, E. V. N., & Divakar, G. (2013). Production of pectinase by using Bacillus 

circulans isolated from dump yards of vegetable wastes. International 

Journal of Pharmaceutical Sciences and Research, 4(7): 2615. 

 

Ramana, V. L., Regupathi, I., Rashmi, B. S., & Basavaraj, S. N. (2016). Partitioning 

of nitralase enzyme from pseudomonas putida in polymer/salt aqueous two 

phase system. In Biotechnology and Biochemical Engineering (pp. 93-100). 

Singapore: Springer Science and Business Media.  

 

Rashad, M. M., Abdou, H. M., Shousha, W. G., Ali, M. M., & El-Sayed, N. N. 

(2011). Purification and characterization of the pectin lyase produced by 

Pleurotus ostreatus grown on lemon pulp waste. Australian Journal of Basic 

Applied Science, 5(8): 1377-1384. 

 

Reid, I., & Ricard, M. (2000). Pectinase in papermaking: solving retention problems 

in mechanical pulps bleached with hydrogen peroxide. Enzyme and 

Microbial Technology, 26(2): 115-123. 

 

Reis, I. A. O., dos Santos, S. B., Nascimento, L. A. S., Oliveira, N., Ventura, S. P. 

M., & Coutinho, J. A. P. (2011). Extraction of ascorbic acid using 

alcohol/phosphate potassium salt-based aqueous two phase system. In Food 

process engineering in a changing world. Proceedings of the 11th 

International Congress on Engineering and Food, May 22-26, 1703-1704, 

Athens: Cosmosware. 

 

Rico-Castro, X., González-Amado, M., Soto, A., & Rodríguez, O. (2017). Aqueous 

two-phase systems with thermo-sensitive EOPO co-polymer (UCON) and 

sulfate salts: Effect of temperature and cation. The Journal of Chemical 

Thermodynamics. 

 

Rito-Palomares, M. (2004). Practical application of aqueous two-phase partition to 

process development for the recovery of biological products. Journal of 

Chromatography B, 807(1): 3-11. 

 

Rodrigues, G. D., de Lemos, L. R., da Silva, L. H. M., & da Silva, M. C. H. (2013). 

Application of hydrophobic extractant in aqueous two-phase systems for 

selective extraction of cobalt, nickel and cadmium. Journal of 

Chromatography A, 1279: 13-19. 

 

 

Rodríguez-Fernández, D. E., Rodríguez-León, J. A., De Carvalho, J. C., Sturm, W., 

& Soccol, C. R. (2011). The behavior of kinetic parameters in production of 



@
COPYRIG

HT U
PM

 

98 

 

pectinase and xylanase by solid-state fermentation.Bioresource 

Technology, 102(22): 10657-10662. 

 

Roldán, A., Palacios, V., Peñate, X., Benítez, T., & Pérez, L. (2006). Use of 

Trichoderma enzymatic extracts on vinification of Palomino fino grapes in 

the sherry region. Journal of food engineering, 75(3): 375-382. 

 

Roosdiana, A., Prasetyawan, S., Mahdi, C., & Sutrisno, S. (2013). Production and 

characterization of Bacillus firmus pectinase. The Journal of Pure and 

Applied Chemistry Research, 2(1): 35-41. 

 

Roque, A. C. A., Taipa, M. Â., & Lowe, C. R. (2005). An artificial protein L for the 

purification of immunoglobulins and Fab fragments by affinity 

chromatography. Journal of Chromatography A, 1064(2): 157-167. 

 

Rosa, P. A. J., Ferreira, I. F., Azevedo, A. M., & Aires-Barros, M. R. (2010). 

Aqueous two-phase systems: a viable platform in the manufacturing of 

biopharmaceuticals. Journal of Chromatography A, 1217(16): 2296-2305. 

 

Rose, A. H. (1980). Microbial enzymes and bioconversions (Vol. 5). London: 

Academic Press Ltd. 

 

Rostagno, M. A., Palma, M., & Barroso, C. G. (2003). Ultrasound-assisted 

extraction of soy isoflavones. Journal of Chromatography A, 1012:119–128. 

 

Rostagno, M. A., Palma, M., & Barroso, C. G. (2004). Pressurized liquid extraction 

of isoflavones from soybeans. Analytica Chimica Acta, 522(2): 169-177. 

 

Rothe, G. M. (2002). Enzymes Assays after gel electrophoresis. In: Enzyme Assays. 

Eisenthal, R. & Danson, M. J. (Eds.), United Kingdom: Oxford University 

Press.  

 

Rouhani, S., Alizadeh, N., Salimi, S., & Haji-Ghasemi, T. (2009). Ultrasonic 

Assisted Extraction of Natural Pigments from Rhizomes of Curcuma Longa 

L. Progress in Color, Colorants and Coatings, 2(2009): 103-113. 

 

Roy, I. P. S. I. T. A., & Gupta, M. N. (2002). Downstream processing of 

enzymes/proteins. Proceedings- Indian National Science Academy Part 

B, 68(2): 175-204. 

 

Sakiyama, C. C. H., Paula, E. M., Pereira, P. C., Borges, A. C., & Silva, D. O. 

(2001). Characterization of pectin lyase produced by an endophytic strain 

isolated from coffee cherries. Letters in Applied Microbiology, 33(2): 117-

121. 

 

Salabat, A., Far, M. R., & Moghadam, S. T. (2011). Partitioning of amino acids in 

surfactant based aqueous two-phase systems containing the non-ionic 

surfactant (Triton X-100) and salts. Journal of Solution Chemistry, 40(1): 61-

66. 



@
COPYRIG

HT U
PM

 

99 

 

Salabat, A., Moghadam, S. T., & Far, M. R. (2010). Liquid–liquid equilibria of 

aqueous two-phase systems composed of TritonX-100 and sodium citrate or 

magnesium sulfate salts. Calphad, 34(1): 81-83. 

 

Salazar, D. M., Melgarejo, P., Martínez, R., Martínez, J. J., Hernández, F., & 

Burguera, M. (2006). Phenological stages of the guava tree (Psidium guajava 

L.). Scientia Horticulturae, 108(2): 157-161. 

 

Šalić, A., Tušek, A., Fabek, D., Rukavina, I., & Zelić, B. (2011). Aqueous two-phase 

extraction of polyphenols using a microchannel system–process optimization 

and intensification. Food Technology and Biotechnology, 49(4): 495-501. 

 

Sanatan, P. T., Lomate, P. R., Giri, A. P., & Hivrale, V. K. (2013). Characterization 

of a chemostable serine alkaline protease from Periplaneta americana. BMC 

biochemistry, 14(1): 1. 

 

Sandri, I. G., Fontana, R. C., Barfknecht, D. M., & da Silveira, M. M. (2011). 

Clarification of fruit juices by fungal pectinases. LWT- Food Science and 

Technology, 44(10): 2217-2222. 

 

Sandri, I. G., Fontana, R. C., Barfknecht, D. M., & da Silveira, M. M. (2011). 

Clarification of fruit juices by fungal pectinases. LWT- Food Science and 

Technology, 44(10): 2217-2222. 

 

Saoudi, B., Habbeche, A., Kerouaz, B., Haberra, S., Romdhane, Z. B., Tichati, L., 

Boudelaa, M., Belghith, H., Gargouri, A., & Ladjama, A. (2015). Purification 

and characterization of a new thermoalkaliphilic pectate lyase from 

Actinomadura keratinilytica Cpt20. Process Biochemistry, 50(12): 2259-

2266. 

 

Saravanan, S., Rao, J. R., Nair, B. U., & Ramasami, T. (2008). Aqueous two-phase 

poly (ethylene glycol)–poly (acrylic acid) system for protein partitioning: 

Influence of molecular weight, pH and temperature. Process 

Biochemistry, 43(9): 905-911. 

 

Sarubbo, L. A., Oliveira, L. A. D., Porto, A. L. F., Campos-Takaki, G. M. D., & 

Tambourgi, E. B. (2004). Partition of proteins in aqueous two-phase systems 

based on cashew-nut tree gum and poly (ethylene glycol). Brazilian Archives 

of Biology and Technology, 47(5): 685-691. 

 

Sasidharan, S., Chen, Y., Saravanan, D., Sundram, K. M., & Latha, L. Y. (2011). 

Extraction, isolation and characterization of bioactive compounds from 

plants’ extracts. African Journal of Traditional, Complementary and 

Alternative Medicines, 8(1): 1-10.  

 

Sattayasai, N. (2012). Protein purification, Chemical Biology. Prof. Deniz Ekinci 

(Ed.), Khon Kaen University, Thailand, 3-18. 

 



@
COPYRIG

HT U
PM

 

100 

 

Schlemmer, A. F., Ware, C. F., & Keen, N. T. (1987). Purification and 

characterization of a pectin lyase produced by Pseudomonas fluorescens 

W51. Journal of Bacteriology, 169(10): 4493-4498. 

 

Schnitzhofer, W., Weber, H. J., Vršanská, M., Biely, P., Cavaco-Paulo, A., & 

Guebitz, G. M. (2007). Purification and mechanistic characterisation of two 

polygalacturonases from Sclerotium rolfsii. Enzyme and Microbial 

Technology, 40(7): 1739-1747. 

 

Scopes, R. K. (2002). Enzyme Activity and Assays. Encyclopedia of Life Sciences, 

New York: Macmillan Publishers Ltd, Nature Publishing Group. 

 

Seddon, A. M., Curnow, P., & Booth, P. J. (2004). Membrane proteins, lipids and 

detergents: not just a soap opera. Biochimica et Biophysica Acta (BBA)-

Biomembranes, 1666(1): 105-117. 

 

Shams, K. A., Abdel-Azim, N. S., Saleh, I. A., Hegazy, M. E. F., El-Missiry, M. M., 

& Hammouda, F. M. (2015). Green technology: Economically and 

environmentally innovative methods for extraction of medicinal & aromatic 

plants (MAP) in Egypt. Journal of Chemical and Pharmaceutical 

Research, 7(5): 1050-1074. 

 

Shanmugam, S. and Sathishkumar, T. (2009) Enzyme technology. New Delhi: I.K 

International Publishing House PVT. 

 

Shene, C., Monsalve, M. T., Vergara, D., Lienqueo, M. E., & Rubilar, M. (2016). 

High pressure homogenization of Nannochloropsis oculata for the extraction 

of intracellular components: Effect of process conditions and culture 

age. European Journal of Lipid Science and Technology, 118(4): 631-639. 

 

Show, P. L., Tan, C. P., Anuar, M. S., Ariff, A., Yusof, Y. A., Chen, S. K., & Ling, 

T. C. (2012). Primary recovery of lipase derived from Burkholderia 

cenocepacia strain ST8 and recycling of phase components in an aqueous 

two-phase system. Biochemical Engineering Journal, 60: 74-80. 

 

Shubakov, A. A., & Elkina, E. A. (2002). Production of polygalacturonases by 

filamentous fungi Aspergillus niger ACMF-1119 and Penicillium dierckxii 

ACIMF-152. Chemistry and Computational Simulation, 2(7): 65-68. 

 

Shukla, A. A., Etzel, M. R., & Gadam, S. (Eds.). (2006). Process scale 

bioseparations for the biopharmaceutical industry. Boca Raton: CRC Press. 

 

Shukla, A., Gupta, R. C., & Sharma, P. (2013). Comparative study of microwave 

assisted with conventional extraction of calcium sennosides from senna leaf. 

Reasearch Journal of Pharmaceutical Biological and Chemical Science, 

4(3): 103-109. 

 

Siddiqui, M. A., Pande, V., & Arif, M. (2012). Production, purification, and 

characterization of polygalacturonase from Rhizomucor pusillus isolated 

from decomposting orange peels. Enzyme Research, 2012: 1-8.  



@
COPYRIG

HT U
PM

 

101 

 

Sidhu, J. S. (2006). Tropical fruits: Guava, lychee, and papaya. Handbook of fruits 

and fruit processing, 597. 

 

Silvério, S. C., Rodríguez, O., Tavares, A. P., Teixeira, J. A., & Macedo, E. A. 

(2013). Laccase recovery with aqueous two-phase systems: enzyme 

partitioning and stability. Journal of Molecular Catalysis B: Enzymatic, 87: 

37-43. 

 

Silvério, S. C., Wegrzyn, A., Lladosa, E., Rodríguez, O., & Macedo, E. A. (2012). 

Effect of aqueous two-phase system constituents in different poly (ethylene 

glycol)–salt phase diagrams. Journal of Chemical and Engineering Data, 

57(4): 1203-1208. 

 

Singh, D., Singh, R., & Bhatt, F. (2014). Development, quality evaluation and shelf 

life studies of whey guava beverage. International Journal of Current 

Engineering and Technology, 4(3): 2171-2175. 

 

Singh, J., & Sharma, A. (2012). Application of response surface methodology to the 

modelling of cellulase purification by solvent extraction.Advances in 

Bioscience and Biotechnology, 3(04): 408-416.  

 

Singh, R., Gautam, N., Mishra, A., & Gupta, R. (2011). Heavy metals and living 

systems: An overview. Indian Journal of Pharmacology, 43(3): 246. 

 

Smith, A. M. (2015). Interaction of Metal Ions with Proteins as a Source of 

Inspiration for Biomimetic Materials. UK: Royal Society of Chemistry.  

 

Soares, M. M., Silva, R. D., & Gomes, E. (1999). Screening of bacterial strains for 

pectinolytic activity: characterization of the polygalacturonase produced by 

Bacillus sp. Revista de Microbiologia, 30(4): 299-303. 

 

Solís, S., Loeza, J., Segura, G., Tello, J., Reyes, N., Lappe, P., Guitérrez, L., Ríos, 

F., & Huitrón, C. (2009). Hydrolysis of orange peel by a pectin lyase-

overproducing hybrid obtained by protoplast fusion between mutant 

pectinolytic Aspergillus flavipes and Aspergillus niveus CH-Y-1043. Enzyme 

and Microbial Technology, 44(3): 123-128. 

 

Souza, R. L., Lima, R. A., Coutinho, J. A., Soares, C. M., & Lima, Á. S. (2015). 

Aqueous two-phase systems based on cholinium salts and tetrahydrofuran 

and their use for lipase purification. Separation and Purification 

Technology, 155: 118-126. 

 

Steinitz, B. (1999). Sugar alcohols display non-osmotic roles in regulating 

morphogenesis and metabolism in plants that do not produce polyols as 

primary photosynthetic products. Journal of Plant Physiology, 155(1): 1-8. 

 

Steinitz, B. (1999). Sugar alcohols display nonosmotic roles in regulating 

morphogenesis and metabolism in plants that do not produce polyols as 

primary photosynthetic products. Journal of Plant Physiology, 155(1): 1-8. 

 



@
COPYRIG

HT U
PM

 

102 

 

Stone, B. C., (1970). The flora of Guam. Micronesica 6: 454–455. 

Sun, H., Ge, X., Lv, Y., & Wang, A. (2012). Application of accelerated solvent 

extraction in the analysis of organic contaminants, bioactive and nutritional 

compounds in food and feed. Journal of Chromatography A, 1237: 1-23. 

 

Suresh, B., & Viruthagiri, T. (2010). Optimization and kinectics of pectinase enzyme 

using Aspergillus niger by solid-state fermentation. Indian Journal of Science 

and Technology, 3(8): 867-870. 

 

Szabo, O. E., Csiszar, E., Toth, K., Szakacs, G., & Koczka, B. (2015). Ultrasound-

assisted extraction and characterization of hydrolytic and oxidative enzymes 

produced by solid state fermentation. Ultrasonics Sonochemistry, 22: 249-

256. 

 

Tan, P. W., Tan, C. P., & Ho, C. W. (2011). Antioxidant properties: Effects of solid-

to-solvent ratio on antioxidant compounds and capacities of Pegaga (Centella 

asiatica). International Food Research Journal, 18(2): 557-562. 

 

Tan, S. C., & Yiap, B. C. (2009). DNA, RNA, and protein extraction: the past and 

the present. Journal of Biomedicine and Biotechnology, 2009: 574398-

574398. 

 

Tang, M. S., Show, P. L., Lin, Y. K., Woon, K. L., Tan, C. P., & Ling, T. C. (2014). 

Separation of single-walled carbon nanotubes using aqueous two-phase 

system. Separation and Purification Technology, 125: 136-141. 

 

Taylor, A. J., & Leach, R. M. (1995). Enzymes in the food industry. In: Enzymes in 

Food Processing, Tucker, G.A. and Woods, L.F.J, (Eds.), US: Springer, 26-

40. 

 

Teng, H. N., Wang, F., Sun, M. J., & Zhang, S. (2005). Influence of salts on aqueous 

two-phase system of cationic and anionic surfactant aqueous mixture. Acta 

Chimica Sinica Chinese Edition, 63(17): 1570-1574. 

 

Themmen, A. P., Tucker, G. A., & Grierson, D. (1982). Degradation of isolated 

tomato cell walls by purified polygalacturonase in vitro. Plant 

Physiology, 69(1): 122-124. 

 

Torimiro, N., & Okonji, R. E. (2013). A comparative study of pectinolytic enzyme 

production by Bacillus species. African Journal of Biotechnology, 12(46): 

6498-6503. 

 

Torimiro, N., & Okonji, R. E. (2013). A comparative study of pectinolytic enzyme 

production by Bacillus species. African Journal of Biotechnology, 12(46): 

6498-6503. 

 

Trindade, L. V., Desagiacomo, C., Polizeli, M. D. L. T. D. M., Damasio, A. R. D. L., 

Lima, A. M. F., Gomes, E., & Bonilla-Rodriguez, G. O. (2016). Biochemical 

characterization, thermal stability, and partial sequence of a novel exo-

polygalacturonase from the thermophilic fungusRhizomucor pusillus A13. 36 



@
COPYRIG

HT U
PM

 

103 

 

obtained by submerged cultivation. BioMed Research International, 2016: 1-

11. 

Ünal, M. Ü., & Şener, A. (2015). Extraction and characterization of pectin 

methylesterase from Alyanak apricot (Prunus armeniaca L). Journal of Food 

Science and Technology, 52(2): 1194-1199.  

 

Vardanega, R., Santos, D. T., & Meireles, M. A. (2014). Intensification of bioactive 

compounds extraction from medicinal plants using ultrasonic 

irradiation. Pharmacognosy Reviews, 8(16): 88-95. 

 

Verlent, I., Van Loey, A., Smout, C., Duvetter, T., & Hendrickx, M. E. (2004). 

Purified tomato polygalacturonase activity during thermal and high‐pressure 

treatment. Biotechnology and Bioengineering, 86(1): 63-71. 

 

Vilkhu, K., Mawson, R., Simons, L., & Bates, D. (2008). Applications and 

opportunities for ultrasound assisted extraction in the food industry—A 

review. Innovative Food Science & Emerging Technologies, 9(2): 161-169. 

 

Vinatoru, M. (2001). An overview of the ultrasonically assisted extraction of 

bioactive principles from herbs. Ultrasonics sonochemistry, 8(3): 303-313. 

 

Wagner, F., Kusserow, H., & Schäfer, W. (2000). Cloning and targeted disruption of 

two polygalacturonase genes in Penicillium olsonii. FEMS Microbiology 

Letters, 186(2): 293-299. 

 

Wallner, S. J., & Bloom, H. L. (1977). Characteristics of tomato cell wall 

degradation in vitro implications for the study of fruit-softening 

enzymes. Plant Physiology, 60(2): 207-210. 

 

Wang, K., Yin, H., Sha, W., Huang, J., & Fu, H. (2007). Temperature-sensitive 

aqueous surfactant two-phase system formation in cationic-anionic surfactant 

systems. TheJournal of Physical Chemistry B, 111(45): 12997-13005. 

 

Wang, L., & Weller, C. L. (2006). Recent advances in extraction of nutraceuticals 

from plants. Trends in Food Science & Technology, 17(6): 300-312. 

 

Wang, W. W., Yuan, X. Z., Zeng, G. M., Liang, Y. S., & Chao, Y. (2010). 

Enzymatic hydrolysis of cellulose in reverse micelles.Journal of 

Environmental Science, 31(9): 2202–2207. 

 

Ward, W. (2012). The art of protein purification. Protein Purification, Dr. Rizwan 

Ahmad (Ed.), USA: INTECH Open Access Publisher. 

 

Weschayanwiwat, P., Kunanupap, O., & Scamehorn, J. F. (2008). Benzene removal 

from waste water using aqueous surfactant two-phase extraction with cationic 

and anionic surfactant mixtures. Chemosphere, 72(7): 1043-1048. 

 

Wesslén, T., Albertsson, P. Å., & Philipson, L. (1959). Concentration of animal 

viruses using two-phase systems of aqueous polymer solutions. Archiv für 

die gesamte Virusforschung, 9(4): 510-520. 



@
COPYRIG

HT U
PM

 

104 

 

Wilson, K. J., Nessler, C. L., & Mahlberg, P. G. (1976). Pectinase in Asclepias latex 

and its possible role in laticifer growth and development. American Journal 

of Botany, 1140-1144. 

 

Wu, Y. T., Pereira, M., Venâncio, A., & Teixeira, J. (2000). Recovery of endo-

polygalacturonase using polyethylene glycol-salt aqueous two-phase 

extraction with polymer recycling. Bioseparation, 9(4): 247-254. 

 

Wu, Y. T., Pereira, M., Venâncio, A., & Teixeira, J. (2001). Separation of endo-

polygalacturonase using aqueous two-phase partitioning. Journal of 

Chromatography A, 929(1): 23-29. 

 

Xia, E. Q., Ai, X. X., Zang, S. Y., Guan, T. T., Xu, X. R., & Li, H. B. (2011). 

Ultrasound-assisted extraction of phillyrin from Forsythia 

suspensa.Ultrasonics Sonochemistry, 18(2): 549-552. 

 

Yadav, P. K., Singh, V. K., Yadav, S., Yadav, K. D. S., & Yadav, D. (2009). In 

silico analysis of pectin lyase and pectinase sequences. Biochemistry 

(Moscow), 74(9): 1049-1055. 

 

Yadav, S., & Shastri, N. V. (2005). Partial purification and characterization of a 

pectin lyase produced by Penicillium oxalicum in solid-state fermentation 

(SSF). Indian Journal of Biotechnology, 4(4): 501-505. 

 

Yau, Y. K., Ooi, C. W., Ng, E. P., Lan, J. C. W., Ling, T. C., & Show, P. L. (2015). 

Current applications of different type of aqueous two-phase 

systems.Bioresources and Bioprocessing, 1(2): 1-13. 

 

Yolmeh, M., Najafi, M. B. H., & Farhoosh, R. (2014). Optimisation of ultrasound-

assisted extraction of natural pigment from annatto seeds by response surface 

methodology (RSM). Food Chemistry, 155: 319-324. 

 

Yuan, P., Meng, K., Luo, H., Shi, P., Huang, H., Bai, Y., Yang, P., & Yao, B. 

(2011). A novel low-temperature active alkaline pectate lyase from 

Klebsiella sp. Y1 with potential in textile industry. Process 

Biochemistry, 46(10): 1921-1926. 

 

Yuan, P., Meng, K., Wang, Y., Luo, H., Shi, P., Huang, H., Tu, T., Yang, P., & Yao, 

B. (2012). A low-temperature-active alkaline pectate lyase from 

Xanthomonas campestris ACCC 10048 with high activity over a wide pH 

range. Applied Biochemistry and Biotechnology, 168(6): 1489-1500. 

 

Yücekan, İ., & Önal, S. (2011). Partitioning of invertase from tomato in poly 

(ethylene glycol)/sodium sulfate aqueous two-phase systems. Process 

Biochemistry, 46(1): 226-232. 

 

Zafarani-Moattar, M. T., & Hamzehzadeh, S. (2007). Liquid-liquid equilibria of 

aqueous two-phase systems containing 1-butyl-3-methylimidazolium 

bromide and potassium phosphate or dipotassium hydrogen phosphate at 

298.15 K. Journal of Chemical & Engineering Data, 52(5): 1686-1692. 



@
COPYRIG

HT U
PM

 

105 

 

Zhang, H. F., Yang, X. H., Zhao, L. D., & Wang, Y. (2009). Ultrasonic-assisted 

extraction of epimedin C from fresh leaves of Epimedium and extraction 

mechanism. Innovative Food Science & Emerging Technologies, 10(1): 54-

60. 

 

Zhang, J., Wang, Y., & Peng, Q. (2013). Phase behavior of aqueous two-phase 

systems of cationic and anionic surfactants and their application to theanine 

extraction. Korean Journal of Chemical Engineering, 30(6): 1284-1288. 

 

Zhang, S. Q., Bi, H. M., & Liu, C. J. (2007). Extraction of bio-active components 

from Rhodiola sachalinensis under ultrahigh hydrostatic pressure. Separation 

and Purification Technology, 57(2): 277-282. 

 

Zhang, S., Gao, Y., Dong, B., & Zheng, L. (2010). Interaction between the added 

long-chain ionic liquid 1-dodecyl-3-methylimidazolium tetrafluoroborate and 

Triton X-100 in aqueous solutions. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 372(1): 182-189. 

 

Zhang, Z. S., Wang, L. J., Li, D., Jiao, S. S., Chen, X. D., & Mao, Z. H. (2008). 

Ultrasound-assisted extraction of oil from flaxseed. Separation and 

Purification Technology, 62(1): 192-198. 

 

Zhao, Q., Yuan, S., Zhang, Y., Zhu, H., Dai, C., Yang, F., & Han, F. (2007). 

Expression, purification and characterization of pectate lyase A from 

Aspergillus nidulans in Escherichia coli. World Journal of Microbiology and 

Biotechnology, 23(8): 1057-1064. 

 

Zhao, X., Xie, X., & Yan, Y. (2011). Liquid–liquid equilibrium of aqueous two-

phase systems containing poly (propylene glycol) and salt ((NH4)
2
 SO4, 

MgSO4, KCl, and KAc): experiment and correlation. Thermochimica Acta, 

516(1): 46-51. 

 

Zohdi, N. M. (2014). Extraction, purification and characterization of amylase from 

red pitaya (hylocereus polyrhizus [weber] britton & rose) peel. Msc Thesis. 

Universiti Putra Malaysia.  

 

Zou, T. B., Wang, M., Gan, R. Y., & Ling, W. H. (2011). Optimization of 

ultrasound-assisted extraction of anthocyanins from mulberry, using response 

surface methodology. International Journal of Molecular Sciences,12(5): 

3006-3017. 

 

Zulkifli, M. B. (2010). Antioxidant properties of mango, guava and papaya peel 

extracts and their effects on the stability, physicochemical properties and 

acceptability of frozen beef burger, PhD Thesis, Universiti Teknologi 

MARA. 

  


	prem chapter 4.8
	fara 4.8



