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CHAPTERl 

INTRODUCTION 

1.1 Backgrounds 

Guava (Psidium guajava L.) is very popular in many tropical and subtropical 

countries. It has been cultivated and distributed by man and bird where the place of 

origin is uncertain but it is believed to be an area extending from southern Mexico into 

or through Central America (Morton, 1987). Guava fruit usually consumed as fresh 

where it contains high vitamin C and lycopene compared to fresh orange juice 

(Sciences, Akesowan, & Choonhahirun, 2013 ). 

Besides, it is rich in vitamin A, omega-3 and -6 polyunsaturated fatty acids, 

dietary fibre, potassium, magnesium and antioxidant pigments such as carotenoid and 

polyphenols (Sciences et al., 2013). Guava also being processed and preserved into 

puree, canned slices in syrup and juice. Due to its high nutritional values, the 

consumption of guava juice has been increased and also used as an alternative to other 

beverage such as coffee, tea and carbonated drinks. 
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However, fruit juices are naturally cloudy, high viscosity and turbidity due to 

the presence of polysaccharides (pectin, cellulose, hemicelluloses, lignin and starch), 

proteins and tannins (Sciences et al., 2013). This is because the conventional fruit juice 

processing was made by mechanical pressing of guava mash where the obtained juice 

is cloudy and low in ascorbic acid due to a high content of ascorbic acids remains in 

the pomace (Kuar et al., 2009). 

Generally, the traditional method of clarification of juice which contains pectin 

involves a number of steps, including centrifugation to remove suspended solid, 

hydrolysis of pectin with specific enzymes ( depectinization), flocculation of turbidity 

with clarifying agents, and finally filtration by the diatomaceous earth to remove the 

fining agents (P. Rai, 2015). Besides, the uses of enzymes such as pectinase (Kime, 

1985; Sciences et al., 2013 ), defecation, sulfitation, single carbonation and modified 

double carbonation (Saska, Zossi, & Liu, 2010) and uses of fining agents such as 

bentonite gelatin and silica sol (U�an, Akyildiz, & Erdal, 2014) also had been used in 

the juice clarification. Moreover, traditional methods of processing fruit juices are 

usually based on the use of high temperatures in order to destroy spoilage bacteria, 

inactivate enzymes and produce concentrated juices (A Cassano, Marchio, & Drioli, 

2007). Although, conventional thermal processing can ensures the safety and extends 

the shelf life of fruit juices but it leads to detrimental change in the sensoria and 

nutritional qualities of the product (A Cassano, Donato, & Drioli, 2007). 

Compared with traditional juice processing methods, membrane processes are 

low-cost and a thermal separation techniques which involve no phase change or 

chemical agents. These features are becoming very important factors in the production 

of new fruit juices with natural fresh taste and additive-free (A Cassano, 2004). For 

example, UF membranes have been shown to be of potential interest for clarification 
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clarification of guava juices was importance in order to increase its commercial value 

as a high content of Vitamin C juices. A conventional method used for clarification of 

juices such as using fining agents, addition of enzymes, centrifugation and heating 

process was still lack in a few aspects although the process can ensure a clarify juice 

can be obtained. Traditional technology cannot remove microorganisms and bacteria 

by using centrifugation filter only thus its limits the shelf life of the juices. Besides, 

although heating process can ensured to remove all the microorganisms and bacteria 

however, it will degrade the nutritional contents in the juices and traditional 

technology also cost a lot for its complex process. Membrane-based technology has 

been widely used to solve all the problems above as it does not involve any heating 

process and in the same time can retained all the nutritional values and prolong the 

shelf life of juices. Thus, studies conducted was to address these problems associated 

with guava juice were summarized in this paper. 

1.3 Objectives 

The objectives of this study are: 

1. To explored the potential of applying the membrane-based process using

ultrafiltration for the production of guava juice at different trans-membrane 

pressure (TMP) 

2. To determine the effect of membrane processing conditions on the

permeate flux behaviour and guava juice quality attributes. 

1.4 Scope of Study 

The main focus on this study is on the white seeded guava fruit which covers 

the clarification of the juice by membrane-based process. The effect of membrane 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Overview of guava 

2.1.1 World guava production 

Guava, Psidium guajava L., is one of the myrtle family (Myrtaceae) which is 

one of the most gregarious fruit tree which almost universally known by its common 

English name or its equivalent in other languages (Morton & Morton, 2004). 

Guava (Psidium guajava L.) is a tropical fruit that usually consumed as fresh 

(Lee & Yusof, 2006). The guava tree can be easily recognize due to its smooth, thin 

and copper-coloured bark that flake off, showing the greenish layer beneath. The 

colour of the inner flesh can be classified into white, deep pink and salmon red (Castro­

mu et al., 2017). 

Guava (Psidium guajava) was one of the most popular fruits of India as it was 

a New World introduction that arrived in India from the Philippines as a result of the 
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antioxidant potential when compared to other local fruits and an imported fruit such as 

orange. (Jhi, 2006). 

According to Wern, K.H., Haron, H., Keng (2016), consumption of fresh juices 

or commercial 100% fruit juices both good since there was no significant difference 

between TPC and antioxidant activities. 

Table 1: Comparison of antioxidant content and activities of extracts from tropical 
fruits 

TPC AAC ICso AEAC 
Fruits (mg (mg (mgGAF/lOOg) (mg/lOOg) (mg/mL) AA/lOOg) GAFJ�

Guava (seeded)1 138 ± 31a 144±60 1.71 ±0.61/ 218± 79 2.09± 0.18 

Guava(seedless)' 179±440 132±46 2.1 l±o.63/,g 176±54 1.65 ±0.06 

Banaoa(mas)' 51±7c 4 .9±0.6 13.4±2.5i 27.8 ± 5.5 0.18±0.06 

0ragonfmir 21±6" 8.0± 1.6 27.5±3.9j 13.5 ± 2.1 0.07 ±0.01 

Starfruit
7 131 ± S4a 5.2 ± 1.9 3.8±2.lg,h 98±55 0.83 ±0.02 

Sugar apple(brown)' 175 ± 36a 21.3 ±2.1 3.9±0.4g,h 82.1 ± 6.9 0.62±0.10 

Sugar apple(green)' 165± 18a 6.8 ± 0.8 4.6±0.Bh 71.4± 11.8 0.58 ±0.04 

Water apple4
35±4e 4.1 ± 2.1 12.0±3.8i 31±10 0.30±0.02 

Oranges 75 ± 10b 61±9 5.4 ± 1.3h 70±17 0.61 ± 0.05 

lbc supmcript IDUDtmS in 1hc hits column arc the rnvnbcr of samples studied. 
Values having the� superscript within the same column (I'PC, IC50) arc not significantly di1rmDt (p-0.0S). 

Where TPC-total phenolic content; AAC- ascorbic acid content; ICso, AEAC and 

FRAP are primary antioxidant properties. 

Guava that are rich in antioxidants help to reduce the incidence of degenerative 

diseases such as arthritis, arteriosclerosis, cancer, heart disease, inflammation and 

brain dysfunction as in many other fruits and vegetables ( Jhi, 2006). 

Ascorbic acid which mainly in the skin, secondly in the firm flesh, and little in 

the central pulp-varies from 56 to 600 mg. It may range up to 350-450 mg in nearly 

ripe fruit. When specimens of the same lot of fruits are fully ripe and soft, it may 
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2.1.5 Guava juice production 

There Based on the Figure 2, it showed the process flow of general juice 

production (Juices et al., n.d.). Firstly, for the preparation of raw material, the fruits 

were selected based on its matured and undamaged fruits. If there were mouldy or 

under-ripe fruits, it would be sorted and removed. Then, it will be cleaned using a 

water, peeled the fruits and removed stones or seeds. If necessary, the fruits will be 

chopped into pieces to fit into the liquidiser or pulper. 

preparation of 

raw mate ria I 

juice 

extraction 

filtering 

batch 
preparation 

pasteurization 

filling and 
bottling 

Figure 2: Process flow of juice processing 

Next, the extraction method involves several methods depending on the type 

of fruit used. For citrus fruits which are naturally juicy, the best option is to use a hand 
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Marchio, et al., 2007), kiwi fruit juice (A Cassano, Donato, et al., 2007), mandarin 

juices (Alfredo Cassano, Tasselli, Conidi, & Drioli, 2009), pineapple juice (Maria et 

al., 2010) and etc. However, permeates from UF membranes were reported by 

panellists as "light" and "sparkling clear" of apple juice while in MF membrane, the 

apple juice penneates were "dark" (Wu, Zall, & Tzeng, 1990). 

2.3 Membrane-based process 

Membrane processes gives a lot of advantages when compared to the 

traditional juice processing operations. This membrane process technology that has 

been widely used in dairy, food and beverage industries are microfiltration (MF) and 

ultrafiltration (UF) (Castro-mu et al., 2017). 

Most of the researchers had found out that the capability of this technology is 

better than the conventional separation method (A Cassano, Marchio, et al., 2007; 

Girard & Fukumoto, 1999; Laorlco, Li, Tongchitpakdee, Chantachum, & Youravong, 

2010; Maria et al., 2010; Nor & Vasiljevic, 2017; Fabrice Vaillant et al., 2005). The 

comparison between different type of membrane separation which includes 

microfiltration (MF), utrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) 

was tabulated in the Table 3. 

Advantages of the UF over conventional fruit juice processing are in tenns of 

increased juice yield, possibility of operating in a single step reducing working times, 

possibility of avoiding the use of gelatines, adsorbents and other filtration aids, 

reduction in enzyme utilization; easy cleaning and maintenance of the equipment; 

reduction of waste products and elimination of needs for pasteurization (A Cassano, 

Marchio, et al., 2007). 
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formed by a combination of suspended solids and adsorbed macromolecular impurities 

(A Cassano, Marchio, et al., 2007). 

4.3.3 Turbidity 

Table 11 : Turbidity at different operating pressure 

Operating Feed Permeate Retentate 
pressure 

(NTU) {NTU) (NTU) 
(bar) 

1.0 20.01±5.0378 0.99±0.5008 33.32±16.0518

1.5 56±9.5228b l .48±0.438b 85.80±21.9678

2.0 107.03±20.223
b

10.03±9.225
c 253.83±21.4498

2.5 35.13±6.8358 l .19±0.302b 52. 75±2.8058

• Different letters on the same row indicate the significant differences (p<0.05)

According to the Table 10, a positive change in terms of physical properties of 

turbidity was observed. The turbidity of guava juice for all samples at a pressure of 

1.0, 1.5, 2.0 and 2.5 bar was almost completely reduced when compared to permeate 

and the feed. 97% of turbidity was reduced in pressure of 1.5 bar while the other 

samples at a pressure of 1.0, 2.0 and 2.5 bar was also achieved at 90% and above. This 

indicated that the suspended solids in the guava juice were completely rejected by UF 

process and subsequently a higher level of clarity was achieved. A study had reported 

that clarified kiwifruit juice had a negligible turbidity as the suspended solids in the 

fresh kiwifruit juice was completely removed by UF (A Cassano, Donato, et al., 2007). 

Based on previous studies, retention of 87.50% in turbidity was achieved in the 

clarified of Xoconostle juice through membrane technology, which gives positive 
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value of total phenolic content as 69.34 mg GAE/I 00 ml using 0.2 µm membrane while 

the lowest value of total phenolic content was obtained by 30 kDa membrane size 

(Laorko, Li, Tongchitpakdee, Chantachum, & Youravong, 2010). Thus, the membrane 

pore size play an important role as it will affect the reduction of total phenolic 

compound. 

4.3.S Ascorbic acid 

Table 15: Ascorbic acid content at different operating pressure 

Operating 
pressure 

(bar) 

1.0 

1.5 

2.0 

2.5 

Ascorbic acid (mg) in 100 ml 

Feed 

28.9 l 7±0.0008b

30.524±0.7578

28.917±1.5158

33.201±1.5158b

Permeate 

22.491±1.515b

23. 562±3 .0298

23.562±1.5158

24.098±0.757b

Retentate 

31.595±0.7578

27 .846±0.0008

27.846±0.7578

29. 98 8± l.5 l 5ab

• Different letters on the same row indicate the significant differences (p<0.05)

Table 14 showed the ascorbic acid content in 100 ml at different operating 

pressure (OP). There was 22.22% reduction in ascorbic acid at 1 bar, 22.81 % reduction 

at 1.5 bar, 18.52% reduction at 2 bars and 27.42% at 2.5 bars when compared between 

feed and permeate. The small reduction in ascorbic acid content in guava juice showed 

that the UF does not highly affect the vitamin C content in guava juice. Also, it can be 

observed that at 2 bars, the reduction of ascorbic acid was only 18.52%, which give 

positive results as the high driving force can still manage to hold the vitamin C content 

of guava juice during UF process. 
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