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ABSTRACT 

 

 

 

Pineapple (Ananas cosmosus) waste is known as a byproduct of the pineapple 

processing industry and typically consists of residual pulp, peels and skin.  The liquid 

pineapple waste used in this study consists of sucrose (76.8%), glucose (12.6%) and 

fructose (10.5%).  Through an enzymatic hydrolysis process, the sucrose in the waste 

can be converted into glucose and fructose.  In this study, the conversion of sucrose 

to glucose was performed with the help of invertase enzyme.  PVA-alginate-sulfate 

beads were used as an entrapment matrix to immobilize invertase using entrapment-

crosslinking method.  RSM comprising Box-Behnken design was successfully 

applied in this study as a tool to evaluate the interactive effects and to obtain the 

optimum operating conditions for the enzymatic hydrolysis.  Four parameters were 

varied which was pH (4-6), temperature (40-60
o
C), agitation rate (100-200 rpm) and 

amount of immobilized beads (3-6 g).  Results revealed that the highest sugar content 

in the liquid pineapple waste was sucrose which was 79.6 g/L.  While for the cations 

content, potassium had the highest composition which was 2195.0 mg/L whilst 

phosphorus was the highest anion content with the value of 79.23 mg/L.  Meanwhile, 

the pH of the pineapple waste was 4.0.  Hydrolysis of the liquid pineapple waste 

showed that 95% of sucrose content in the waste was hydrolyzed to glucose after 3 

hours of hydrolysis and the overall glucose generated from the hydrolysis was 

approximately 1131% of its original content.  The optimum operating conditions 

derived via RSM were: pH 4.74, temperature 50.11
o
C, agitation rate of 147.68 rpm 

and amount of immobilized beads used were 4.45 g.  The experimental yield of 

glucose was found to be 111.42 g/L (850.5%) and sucrose 25.70 g/L (32.3%) under 

optimum conditions, which correlated well with the maximum predicted value of 

glucose and sucrose 110.13 g/L (840.7%) and 25.93 g/L (32.6%) respectively. 
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ABSTRAK 

 

 

 

Sisa nanas yang dikenali sebagai hasil sampingan daripada industri 

pemprosesan nanas biasanya terdiri daripada pulpa kulit, sisa dan kulit.  Sisa nanas 

cecair yang digunakan dalam kajian ini terdiri daripada sukrosa (76.8%), glukosa 

(12.6%) dan fruktosa (10.5%).  Melalui proses hidrolisis enzim, sukrosa dalam 

buangan boleh ditukar menjadi glukosa dan fruktosa.  Dalam kajian ini, penukaran 

sukrosa kepada glukosa telah dilakukan dengan bantuan enzim invertase.  Manik 

PVA-alginat-sulfat telah digunakan sebagai matriks perangkap untuk menyekat 

gerak invertase dengan menggunakan kaedah perangkap-silang.  RSM yang terdiri 

daripada reka bentuk Box-Behnken telah berjaya digunakan dalam kajian ini sebagai 

alat untuk menilai kesan interaktif dan untuk mendapatkan keadaan optimum untuk 

hidrolisis enzim.  Empat parameter telah diubah, antaranya ialah pH (4-6), suhu (40-

60
o
C), kadar pergolakan (100-200 rpm) dan jumlah manik sekatgerak (3-6 g).  

Keputusan menunjukkan bahawa kandungan gula tertinggi dalam sisa nanas cecair 

adalah sukrosa dengan nilai 79.6 g/L.  Untuk kandungan kation, kalium mempunyai 

komposisi tertinggi iaitu 2195.0 mg/L manakala fosforus merupakan kandungan 

anion tertinggi dengan nilai 79.23 mg/L.  Sementara itu, pH sisa nanas adalah 4.0. 

Hidrolisis sisa nanas cecair menunjukkan bahawa 95% daripada kandungan sukrosa 

dalam buangan dihidrolisis kepada glukosa selepas 3 jam hidrolisis dan glukosa 

keseluruhan yang dijana daripada hidrolisis adalah kira-kira 1131% daripada 

kandungan asalnya.  Keadaan optimum yang diperolehi melalui RSM adalah: pH 

4.74, suhu 50.11
o
C, kadar pergolakan 147.68 rpm dan jumlah manik sekatgerak 

digunakan adalah 4.45 g.  Jumlah hasil glukosa yang diperolehi melalui eksperimen 

ialah 111.42 g/L (850.5%) dan sukrosa 25.70 g/L (32.3%) di bawah syarat-syarat 

optimum, yang juga berkait rapat dengan ramalan maksimum nilai glukosa dan 

sukrosa 110.13 g/L (840.7%) dan 25.93 g/L (32.6%) masing-masing. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

  

 

1.1 Research Background 

 

Pineapple waste is known as a byproduct of the pineapple processing industry 

and typically consists of residual pulp, peels and skin.  Based on Nigam (1999), the 

highest concentration of sugar in liquid pineapple waste was sucrose compared to 

glucose and fructose.  Sucrose is an organic compound which is better known as table 

sugar.  It is sometimes also called saccharose which is odorless, white, crystalline 

powder that has a sweet taste and plays an essential role in human nutrition.  The 

molecule is disaccharide which composes of fructose and glucose (Bryan, 1990).  

 

Invertase is a yeast derived enzyme which can convert sucrose to a mixture of 

monosaccharides that consist of fructose and glucose via hydrolysis reaction.  The 

official name for invertase is beta-fructofuranosidase (EC 3.2.1.26).  This enzyme is 

commonly used in artificial honey production and food (confectionary) (Sahmetlioglu et 

al., 2006).  Invertase hydrolyzes sucrose via the hydrolysis of the terminal nonreducing 

β-fructofuranoside residues in β-fructofuranosides.  Sucrose contains a beta-D-fructose 

molecule and an alpha-D-glucose molecule linked by an alpha-1, 4-glycosidic bond.  
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When this bond is cleaved in a hydrolysis reaction, an equimolar mixture of fructose and 

glucose is generated (Sanjay and Sugunan, 2006).  

 

 

Immobilization defines localization or confined so that it can be reused 

continuously.  The first ever attempt to immobilize a biocatalyst was conducted in the 

year 1953, while in 1969 an immobilized enzyme was used for the first time in an 

industrial process (Malcata and Hill, 1991).  Since then, this technique has gained more 

and more importance, and thus a wide variety of immobilized enzymes are now 

employed in the chemical, pharmaceutical and food industries (Malcata and Hill, 1991).  

Besides showing higher activity and good stability with repetitive use, enzymes 

immobilized in PVA also possess higher thermal stability, which contributes to the 

increasing of the economic viability of any biosynthetic processes (Szczęsna-Antczak 

and Galas, 2001). 

 

 

In this study, PVA-alginate-sulfate beads will be used as an entrapment matrix to 

immobilize invertase.  PVA is a synthetic polymer which is cheap, nontoxic to 

organism, and has been assigned for biocatalyst immobilization.  PVA was introduced as 

an alternative immobilization for over three decades ago (Hashimoto and Furukawa, 

1987).  PVA is beneficial in various applications especially in the biomedical and 

pharmaceutical field because of its desirable characteristics (Hassan and Peppas, 2000).  

Besides that, PVA has a simple chemical structure and certain modifications are made 

possible by simple chemical reactions (Bruno et al., 2005).  
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1.2  Problem Statement 

 

 

 The pineapple industry in Malaysia produces large quantities of solid and liquid 

wastes.  The untreated liquid pineapple waste is discharged as an effluent into the 

nearest stream, which eventually contributes to the decreasing of pH and BOD, causing 

bad odors, and consequently, the stream serves as an unsuitable place for aquatic lives.  

These circumstances would no doubt lead to the change in the stream ecosystem and 

undeniably pose serious environmental problems.  

 

  

   If the liquid pineapple waste could be transformed into products that would be 

beneficial to human lives as sugars and organic acid, this would definitely be 

advantageous towards sustainable technology.  Thus, to overcome this problem, glucose 

in the liquid pineapple waste will be optimized so that it could be beneficial in many 

ways.  Hence, with the help of immobilized invertase in PVA-alginate-sulfate beads, the 

conversion of sucrose into glucose and fructose can be achieved via hydrolysis process.  

Glucose is then optimized to serve as a useful product to human lives, environment and 

be advantageous towards sustainable technology. 

 

 

 

1.3 Objectives 

 

 

 This study aims to optimize the production of glucose by hydrolyzing sucrose in 

the liquid pineapple waste using immobilized invertase in PVA-alginate-sulfate beads.  

The overall objectives of this study are: 

 

a) To characterize the compositions of liquid pineapple waste and to pretreat 

the waste. 
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b) To immobilize invertase in PVA-alginate-sulfate beads (using 

entrapment-crosslinking method).  

c) To optimize the production of glucose during hydrolysis of sucrose using 

the immobilized invertase in PVA-alginate-sulfate beads.  

 

 

 

1.4  Significance of the Study 

 

 

 Pineapple waste was characterized as a waste that is rich with glucose, sucrose 

and fructose.  In the research conducted by Mohd Zain et al. (2010), immobilized 

invertase was used to hydrolyze sucrose in the pineapple waste. 

 

 

   This study will be further narrowed down to optimize the production of glucose 

during the hydrolysis process.  The significance of this study is to make glucose a 

beneficial product to human lives and environment and also be advantageous towards 

sustainable technology. 

 

 

Among the uses of glucose are it can be used as feed stock for farm livestock 

such as cows, goats, and sheep.  Glucose can also be purified and used as artificial 

flavoring in food and confectionary.  Besides that, it can also be used as a precursor to 

make vitamin C (L-ascorbic acid) in the Reichstein process.  Glucose can also be used as 

a feed production of citric acid, bioethanol, gluconic acid, sorbitol, and polylactic acid.  

It can also be used in medication therapy such as a constituent in intravenous (IV) drips.  

Production of glucose can act as an intermediate substrate to products with a higher 

market demand such as ethanol and lactic acid. 
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1.5 Scope of Study 

 

 

The scope of this study mainly covers the optimization of glucose production 

from liquid pineapple waste.  The experiments carried out in this study composed of 

three stages.  The first stage involved characterization of physical and chemical 

properties of the liquid pineapple waste and pretreatment of the waste.  The second stage 

was immobilization of invertase in PVA-alginate-sulfate beads to be used for hydrolysis 

of sucrose. 

 

 

 The last stage involved the optimization of glucose production from liquid 

pineapple waste using the immobilized invertase in PVA-alginate-sulfate beads.  This 

stage included the identification of significant factors that influenced glucose production 

and suggested optimal values for each variable.  The predicted glucose production from 

statistical analysis was compared to the actual production of glucose via Design-

Expert® 6.0.4 software.  

 

 

  Response Surface Methodology (RSM) comprising Box-Behnken design was 

successfully applied in this study as a tool to evaluate the interactive effects and to 

obtain the optimum operating conditions for enzymatic hydrolysis of liquid pineapple 

waste.  RSM is an effective statistical technique for the investigation of complex 

processes.   
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