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ABSTRACT

This study was conducted to determine combine effects of sodium alginate plus
vanillin coating on shelf life of Thai seedless guava fruits when stored under ambient
temperature of 28°C for twelve days. Total soluble solids, firmness of fruits, colour
changes, weight loss, disease severity and disease incidence of the fruits were assessed
every two days. Green chlorophyll loss, fruit softening, disease severity and disease
incidence of coated fruits were significantly reduced but total soluble solids were not
affected by any treatments. Only treatments SmM vanillin combined with 2 or 4%
sodium alginate were able to significantly reduced weight loss as compared to control.
The result of this study suggests that 4% sodium alginate combined with SmM
vanillin is the best treatment in extending shelf life of Thai seedless guava due to its
advantages over other treatments in retention of fruit firmness, reduced weight loss
and ability to maintain disease-free for an extended period of two days.

v
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ABSTRAK

Kajian ini dijalankan untuk mengkaji kesan kombinasi penyalutan natrium alginat dan
vanillin ke atas jangka hayat buah jambu tidak berbiji Thai yang disimpan pada suhu
bilik (28°C) selama dua belas hari. Kandungan pepejal terlarut, tekstur buah, kadar
kehilangan berat , perubahan warna buah, insiden penyakit dan tahap jangkitan buah
dinilai setiap dua hari. Kadar kehilangan klorofil, perlembutan buah, insiden penyakit
dan tahap jangkitan bagi buah dapat dikurangkan dengan penyalutan sodium alginat
dan vanillin tetapi kandungan pepejal terlarut tidak dipengaruhi oleh penyalutan.
Hanya rawatan 5SmM vanilin digabungkan dengan 2 atau 4% natrium alginat dapat
mengurangkan kadar kehilangan berat buah berbanding dengan kawalan. Keputusan
kajian ini mencadangkan bahawa kombinasi 4% sodium alginat dan 5mM vanilin
merupakan rawatan yang terbaik dalam pemanjangan tempoh penyimpanan buah
jambu tidak berbiji Thai kerana rawatan ini mempunyai kelebihan dalam mengekalkan
keteguhan buah, mengurangkan kadar kehilangan berat buah di samping melambatkan
insiden penyakit selama dua hari berbanding rawatan lain.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Guava (Psidium guajava 1.) is one of the most commercial fruit crops of the
dicotyledon family Myrtaceae. It was originated from Central America, but due to the
growing demand, today it is commercially grown in both tropical and subtropical
regions. According to Jagtiani et al. (1998), India is the major world producer of
guava, with an estimated production of 165,000 metric tonnes (MT) of fresh guava

fruits annually.

In Malaysia, commercial guava production had begun in the mid 80s. Guavas
are mainly produced for domestic use as well as export purposes. Currently, important
guava growing areas of Malaysia are located in the states of Perak, Johore, Selangor
and Negeri Sembilan, with Perak as the largest area for guava plantation (Kwee &
Chong, 1990). The main importing countries of Malaysia's guava fruits include
Singapore, Brunei, Hong Kong and Saudi Arabia with export value of RM 3 million in

the year 2000 (Milan, 2008).

Besides consuming it fresh, guava can be process into many other important
secondary products. In the processing line, a variety of produces such as pulp, puree,

jam, cheese, toffee, ketchup, juice, beverage, squash, syrup, nectar, concentrate, jelly,



wine, dehydrated as well as canned products can be produced. The content of the
processed products served as criteria for the selection of guava variety, as pulp, seeds,
sugar and pectin content, acids and tannins of the fruit varies among cultivars (Adsule

and Kadam, 1995).

Guava being a highly perishable fruit due to rapid ripening has a relatively
short postharvest life of a few days under ambient temperature (Singh and Pal, 2008b).
Besides restricted shelf-life of guavas, high susceptibility to mechanical damage and
post-harvest disease also greatly limits the commercialization of the fruit. Therefore
new post-harvest handlings techniques were continuously developed and adopted to
reduce post-harvest loses of the guava fruits. In Malaysia, common post-harvest

techniques applied include low temperature storage and application of fungicides.

Recently, edible coating is increasingly used as coating material for fresh or
minimally processed commodities due to its potential to form a semi-permeable
barrier to gasses, retard water loss and suppress physiological order. This causes a
modified atmosphere to be generated on coated fruits, thus extending the shelf life of
commodities. Alginate, a polysaccharide derived from various species of brown
seaweeds (Phaeophyceae) is increasingly used as an edible film that serves as a carrier
for various food additives including antibrowning agents, colorants, flavors, nutrients,

spices and various antimicrobials.



1.2 Problem statement

In Malaysia, common post-harvest techniques applied include low temperature
storage and application of fungicides. Although low temperature storage is effective to
delay ripening and fungal deterioration, tropical fruits such as guavas are very
susceptible to chilling injury. Chilling injury phenomena was reported to occur when
fruits are stored below 10 °C, causing severe symptoms such as skin and flesh
browning or discolouration, surface pitting (Gonzalez-Aguilar et al., 2004), abnormal
ripening, and increased incidence of decay, particularly anthracnose which is caused
by Colletrotrichum gloeosporiodes (Lim and Khoo, 1990). As for fungicides,
trifloxystrobin, tebuconazole and cyprodinil along with fludioxonil were widely used
to control the incidence of post-harvest disease. Though effective, it raises health

concerns among consumers.

1.3 Significance of study

Vanillin, a phenolic compounds derived from vanilla beans having eamed the
generally recognized as safe (GRAS) status is extensively used in food industry as its
organoleptic feature is well accepted by consumers. Extensive studies have shown that
vanillin are capable of exhibiting strong antimicrobial properties (Lopez-Malo et al.,
1995, Cerrutti and Alzamora, 1996, Lopez-Malo et al., 1997, Fitzgerald et al., 2003,
Moon et al.,2006). Hence it is increasingly used as a food additive to enhance
antimicrobial property of food (Lopez-Malo et al., 1995, Cerrutti and Alzamora, 1996,

Ngarmsak, 2007). With rising concerns on safety level of food being consumed,



incorporation of such antimicrobial properties into edible coating can serve as an

alternative to extend shelf life of fresh fruits.

The retailing of guava fruit can be carried out without refrigeration and
therefore, the preservation of fruit at room temperature is highly desirable. Increased
shelf-life period could help long-distance transportation and improve its
commercialization. Besides, rising concerns of widely used conventional fungicides
on postharvest commodities has also given an impetus for the development of edible
coatings as carriers of preservatives and antimicrobial properties. Therefore, this study
is necessary to evaluate the quality and shelf life of guavas coated with different

combinations of alginate and vanillin under ambient temperature.

1.4 Objective

The objective of this project was to determine the suitable concentration of sodium
alginate combined with vanillin on extending shelf life of guava fruit (Psidium

guajava L.).
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CHAPTER 2

LITERATURE REVIEW

2.1 Guava (Psidium guajava L.)

2.1.1 Botany and chemical composition

Guava (Psidium guajava L.) is a tropical fruit that consist of a fleshy pericarp
and seed cavity with fleshy pulp and numerous small seeds within it. The seeds are
kidney shaped and hard. For seedless varieties, they have a sandy granular pulp
containing very few seeds. These fruits have a distinctive sweet aromatic flavor and
emit a strong musky smell when overripe. In Malaysia, the skin colours of commonly
planted varieties were mainly green in colour, but some are yellow at the point of
maturity stage. Fruits are normally harvested before full maturity, which has skin
colour of slight dark green that gradually tumns to pale yellow-green color as it ripen.

The flesh can be white, yellowish, pink or red, depending upon the variety.

Guava fruits are mainly composed of carbohydrates with sugar constituting
about 6-11% of fresh weight of guava (Chan et al., 1974). Guava fruits are not only
rich in pectin but also have a good source of vitamin C. It has a relatively high dietary
antioxidant value as the fruit contains both major classes of antioxidant pigments,
which are carotenoids and polyphenols (Mahattanatawee et al., 2006, Hassimotto et al.,

2005 and Jiménez-Escrig et al., 2001).



In Malaysia, seedless varieties that were commercially planted are “Thai
seedless” and “Bangkok Apple”. Thai seedless clones possessed a round but
asymmetrical fruit shape. It has a green skin that is smooth and less thick compared to
seed varieties. The flesh of the fruit is white, sweet and crunchy. Within the fruit,
there is a hollow cavity that can reach one third the length of the fruit. The fruits
weigh between 150-300 g. Due to the high percentage of flowers and fruit drop (more
than 50%), Thai seedless have a very low yield of guavas of 20-25 t/ha/year (Milan,
2008). With the increasing high demand and low supply, seedless varieties are

generally sold at a higher price compared to seed varieties.

2.1.2 Post-harvest storage

Guava is a climacteric fruit (Akamine & Goo, 1979, Brown and Wills, 1983,
Bashir and Abu-Goukh, 2003) which exhibits respiratory and ethylene peaks during
ripening. However there are reports of some cultivars which behaved in a non-
climacteric fruit manner (Biale and Barcus, 1970 and Azzolini et al., 2005). The

nature of guava is thus suspected to vary among cultivars (Azzolini et al., 2005).

Guava has a relatively short shelf life of only 2-3 days at room temperature. For
guavas with a climacteric nature, an ethylene and carbon dioxide production peak
occurs after 5-6 days after harvest resulting in rapid ripening. Due to the highly
perishable nature of guavas, low temperature storage is commonly used to prolong

storage life of guavas.

Low temperature storage has been proven capable in delaying ripening and

suppressing fungal development (Reyes and Paull, 1995). However, most tropical
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fruits, such as guavas, are very susceptible to chilling injury. Little is known with
respect to the sensitivity and the responses of guava fruits toward low temperature.
But it is proposed that the critical temperature which induces chilling injury varied
among species. This is evident as there are several dissimilarities between the studies
on the exact temperature for chilling injury induction. According to Adsule and
Kadam (1995), 5°C is considered the optimum storage temperature of guavas as
chilling injury only occurred at 0°C. On the other hand, Gonzalez-Aguilar et al. (2004)
have reported that guavas stored under temperature below 10°C had manifested

chilling injury symptoms.

In responds to this problem, methyl jasmonate (MJ) treatment on guavas has been
proposed to reduce the chilling injury caused during low temperature storage of 8°C.
The effects of methyl jasmonate treatment on guavas under storage temperature of
5°C were assessed by Gonzalez-Aguilar et al. (2004). Methyl jasmonate was reported
to be able to decrease deterioration through the improvement of fruit defence
mechanism towards chilling injury. Improved fruit defence respond was evaluated
through the increase of sugar content and lipoxygenase (LOX) and phenylalanine-
ammonia lyase (PAL) activities. Methyl jasmonate treatment was also reported to
show no effects on the degradation of vitamin C, chlorophyll and total phenols,

implying that MJ can be used as a solution towards chilling injury occurrence.

Besides low temperature storage, the use of 1-methycyclopropene (MCP) had
been studied on its ability to extend guava storage life. Concentration of 1-MCP
ranging between 300 nLL™ and 900 nLL"" under a range of exposure length of 3 hours
to 24 hours were studied (Bassetto et al., 2005, Singh and Pal, 2008a). Best results

were shown in guavas treated with 300nLL™" for 12 hours for both Pedro Sato and



Allahabad Safeda guavas (Bassetto et al., 2005, Singh and Pal, 2008). High
concentration treatment of 1-MCP (900 nl 1"") under long hours of exposure (6 hr and
9 hrs) were reported to cause guava fruits unable to ripen (Bassetto et al., 2005).
According to Singh and Pal (2008a), a combination of 1-methycyclopropene (MCP)

and low storage temperature (10°C) were able to further extend the shelf life of guavas.

Controlled atmosphere which alters the atmosphere with elevated carbon dioxide
and reduced oxygen levels is also one of the alternatives to increase storage life of
guava fruits. In the studies of Singh and Pal (2008b), the effects of controlled
atmospheres (CA) on respiration, ethylene production, firmness, weight loss, quality,
chilling injury, and decay incidence of three guava cultivars were studied during
storage in atmospheres containing 2.5, 5, 8, and 10 kPa O, with 2.5, 5, and 10 kPa
CO, at 8 °C. It is reported, while, climacteric event can be delayed with greater
suppressing effect of increasingly low oxygen level (<5 kPa), an over elevated carbon
dioxide of more than S kPa can result in ascorbic acid degradation. Atmosphere with
oxygen level which is too low (2.5kPa) is also reported to reduce organoleptic
qualities of the fruit as it encourages the build up of fermentative metabolites. The
optimal atmosphere to improve storage quality of guavas varies among cultivars.
Controlled atmosphere is proven to be successful in reducing weight loss and fruit

firmness while retarding the biochemical changes of the fruit.

Using the latest technology to improve storage life of guavas, Singh and Pal (2009)
investigated on the potential of ionizing radiation to improve physiological responses,
quality, and storage time of fresh guavas. Although ionizing radiation treatment on
guavas with 0.25 kGy dose was able to maintain fruit quality, reduce decay incidence

and extend storage life of guava fruits by 3 to 4 days, it is reported that the positive



effects of ionizing radiation treatment were not long lasting, limiting to only 22 days
under cold storage of 10°C. Hence a combination of low temperature storage and
ionizing radiation treatment were unable to produce a synergistic effect in prolonging

shelf life and quality of guava fruits.

2.2 Edible Coating

Edible coating is increasingly used as coating material for fresh or minimally
processed commodities due to its edibility, biocompatibility, aesthetic appearance,
barrier properties, non-toxic and low cost. It has the potential to form a semi-
permeable barrier to gasses, retard water loss and suppress physiological order. This
causes a modified atmosphere to be generated on each coated fruit, which is able to

extend the shelf life of commodities.

Edible films are mainly derived from natural monomers such as protein or
polysaccharide due to their publicly recognized environmental compatibility and
biodegradable properties. Despite possessing good mechanical strength, their
hydrophilic nature makes them less effective in providing moisture barrier. As a result,
many studies were carried out to improve film properties through the incorporation of
hydrophobic components such as lipid (McHugh and Krochta, 1994 and Yang and
Paulson, 2000), blending with less hydrophilic polymer (Wang et al., 2003 and Dong
et al., 2006) and other methods including chemical modification and the use of various

plasticizer in films (Tong et al., 2008).

Edible films also serves as a carrier for various food additives including

antibrowning agents, colorants, flavors, nutrients, spices and various antimicrobials
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that can extend product shelf-life and reduce the risk of pathogen growth on food
surfaces (Rojas-Graii et al., 2007). The incorporation of antimicrobial compounds into
edible coatings provides a novel way to improve the safety and shelf-life of ready-to-

eat foods (Cagri et al., 2004).

2.2.1 Alginate

Alginate is a polysaccharide derived from various species of brown seaweeds
(Phaeophyceae). 1t appears in forms of flavourless gum when extracted from the cell
walls of brown algae. Alginate has several unique colloidal properties, which include
thickening, stabilizing, suspending, film forming, gel producing, and emulsion
stabilizing (Rhim, 2004). Also, due to alginate's biocompatibility and simple gelation
with divalent cations such as Ca*, strong and insoluble polymers can be produced.
This contributes to the food processing industry for producing restructured foods and

biotechnology industry for producing beads for immobilization of cells or enzymes

(Rhim, 2004).

Alginate is increasingly of interest as a potential coating component because it is
the only polysaccharide, which possesses various abilities for functional materials
(Rhim, 2004). However, most hydrophilic films (polysaccharide or protein based
films) have good mechanical properties and are excellent gas, aroma and lipid barriers
but poor moisture barriers which are not efficient in reducing weight loss of coated
produce. Hence, plasticizers like glycerol are required for polysaccharide and protein-
based edible films to bind water and also generally increase film permeability to

oxygen (McHugh and Krochta, 1994a and McHugh and Krochta, 1994b). The

10



incorporation of lipids, either in an emulsion or as a layer coating into the films

formulations, greatly improves their water vapour barrier properties (Garcia et al.,

2000, Yang & Paulson, 2000).

Several studies have been carried out using alginate and other polysaccharide-
based edible coating to maintain quality of fruits. In the studies of Maftoonazad et al.
(2006), sodium alginate and methyl cellulose edible coatings which was coated on
peaches were successful in extending its shelf life for six and nine days respectively as
compared to control under refrigeration storage of 15°C. The coating was reported to
act as a physical barrier for the gaseous exchange between the fruit and the
environment, retarding the respiration rate and reduces moisture loss as well as

changes in quality parameter.

In another study by Rojas-Grau et al. (2008), the application of alginate and gellan
edible coatings on fresh-cut apples were investigated. The study was found to
successfully retard the microbiological deterioration, surface browning and tissue
softening of the wedges. It effectively prolonged the fresh-cut apples shelf-life by two

weeks of storage compared to control which has a shelf life less than four days.

In an earlier study of Henriette et al. (2003), alginate had been used in a combined
method technology to extend shelf life of minimally processed mango cubes by
reduction of colour and moisture loss as well as preserving its’ flavour intensity.
However, the results were less desirable as fungus development on the alginate-coated
mango cubes were reported to increase with storage time despite remaining in the
region of acceptability. The alginate coated mango cubes also fail to reduce moisture

lost and retain fruit color.
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In one of the latest studies, the effects of calcium alginate coating on the shelf life
of strawberry under refrigeration condition of 5°C was investigated by Moayednia et
al. (2009). Coated strawberries were reported to enhance fruit preservation and
protection against fungal infection. However the calcium alginate coatings were not
able to significantly reduce weight loss or improve the physicochemical properties of

the coated swawberries.

Other than that, the effect of alginate serving as a carrier for antimicrobial agents
in prolonging shelf life of processed food was also investigated. Rojas-Grau et al.
(2007) has incorporated essential oil into apple puree-alginate coating in his studies on
extending the shelf life of fresh-cut apples. All antimicrobial coatings were found to
significantly inhibit growth of fungi, while lemongrass at concentration 1.0 and 1.5%
w/w and oregano oil at concentration 0.5% w/w are found to exhibit the strongest

antimicrobial activity against Listeria innocua.

One of the recent concepts being proposed was the incorporation of
microorganism into edible films being applied on fresh fruits to increase its storability
period. A study on the preservation of fresh strawberries quality using bio-films,
developed through the incorporation of Cryptococcus laurentii into sodium alginate
film was carried out by Fan et al. (2009). A positive result of reduced weight loss,

microbiological decay incidence and maintained texture of strawberries were reported.

12



2.3 Vanillin

Vanillin (4-hydroxy-3-methoxybenzaldehyde) is the major constituent of vanilla
beans which contributes to the principal flavor and aroma compound in vanilla. It is
produced naturally via a multi-step curing process, however due to the scarcity and
expense of natural vanilla extract, 90% of vanillin currently in use is synthetically
produced from lignin, eugenol or guaiacol (Hocking, 1997, Roa and Ravishankar,

2000).

Vanillin has been generally recognized as safe (GRAS) status and is used widely
as a flavouring compound in food industries such as ice cream, chocolate,
confectionaries and desserts etc. (Hocking, 1997, and Roa and Ravishankar, 2000) and
as an aroma compound in fragrance industries such as perfumes, livestock fodder and
cleaning products. Synthetic vanillin is also used as an intermediate in the chemical
and pharmaceutical industries for the synthesis of herbicides, antifoaming agents and

drugs (Walton et al. 2003).

Many natural compounds, including phenolic compounds derived from plants,
exhibit strong antimicrobial properties. However, only a limited number are applied to
food products as food preservatives (Fitzgerald, 2003). Vanillin is one of the low-
molecular weight phenolic compounds that has been used extensively in food industry
as its’ organoleptic feature is well accepted by consumers (Hocking, 1997,

Ramachandra Roa and Ravishankar, 2000).

With a futuristic view of commercially using vanillin as a natural preservative, it is
important to understand how vanillin functions as an antimicrobial compound. The

mode of action of most of the antimicrobials can be classed into any of the three

13



groups; cell membrane reaction, inactivation of essential enzymes, or destruction or
inactivation of genetic material (Davidson 1993). Phenolic antimicrobials are
generally regarded as membrane active compounds due to their hydrophobicity in
nature (Davidson, 1993, Davidson and Naidu, 2000). They primarily target the
cytoplasmic membrane. Interactions between both lipids and membrane embedded
proteins with the phenolic compound results in the destabilizing of the membrane and
loss of integrity (Sikkema et al., 1994, Sikkema et al., 1995, Weber and de Bont,

1996).

The destabilizing effect of vanillin on the membrane is at a sublethal level for
most of the microbial population. This provides an explanation for the inhibitory
action of vanillin at minimum inhibitory concentration to be bacteriostatic compared
to more potent phenolic antimicrobials such as carvacrol and thymol that are

bactericidal (Ultee et al. 1998, Friedmanet al. 2002).

Extensive studies have demonstrated that vanillin exhibits strong antimicrobial
activities against a number of yeast, moulds strains in laboratory media (Fitzgerald et
al., 2003), fruit-based agar systems fruit purees and fruit juices (Cerrutti and Alzamora,
1996, Lopez-Malo et al., 1995, Moon et al.,2006, Lopez-Malo et al., 1997). Besides,
vanillin was effectively used as preservative against yeast spoilage in fruit juice and

soft drinks which contained low lipid and protein content (Fitzgerald et al., 2004).

The antimicrobial activity of vanillin depends on the duration of exposure,
concentration (Cerrutti and Alzamora, 1996, Ngarmsak, 2007), the pH of the food
(Sangsuwan et al., 2008b, Lopez-malo et al., 1998, Matamoros-Leon et al.,1999) and
the target organism (Fitzgerald et al., 2004b, Rupasinghe et al., 2006, Sangsuwan et al.,

2009).
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Cerrutti and Alzamora (1996) reported that vanillin inhibited the growth of
Saccharomyces cerevisiae, Zygosaccharomyces bailii, Debaryomyces hansenii and
Zygosaccharomyces rouxii at a concentration of 13 mM in culture medium as well as
in apple puree for 40 days. However, a high level of 20 mM vanillin was insufficient
to inhibit the growth of Z. bailii in banana puree. According to Cerrutti and Alzamora
(1996), vanillin is less effective on commodity which contains higher level of fat and
protein, as these food components are known to bind and or solubilised phenolic

compounds hence reducing its’ antimicrobial activity.

In another study by Lopez-Malo et al. (1995), the incorporation of vanillin (3—
7 mM) into fruit-based agars (apple, banana, mango, papaya and pineapple) inhibited
the growth of Aspergillus flavus, Aspergillus niger, Aspergillus ochraceus and
Aspergillus parasiticus for 2 months. Besides, Voda et al. (2003) also performed a
study on the antifungal activities of 22 essential oil phenols, phenol ethers, and
aromatic aldehydes. It is reported that vanillin at MIC value of 10mM was sufficient

to inhibit wood-decaying fungi, Trametes versicolor and Coniophora putean.

Sykes and Hooper (1954) also found that phenolic compounds at acid pH values
have greater antimicrobial effect. This is due to the increased solubility and stability of
these phenolic compounds at low pH where they bind better to hydrophobic regions of
the membrane proteins and dissolve better in the lipid phase of the membrane. When
saturation of the sites of action occurs, there is gross damage and sudden collapse of

the integrity of the microbial cell (LLopez-Malo, 1997).

Besides, there were also many other studies done using different concentration of
vanillin as an antimicrobial property. Cerutti et al. (1997) found that strawberry puree

treated with 3000mg/L vanillin and 500 mg/L ascorbic acid combined with mild heat
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treatment were able to inhibit fungi growth and extend shelf life for sixty days under
ambient temperature. In another study, Penny et al. (2004) were able to use vanillin

concentration of 2000ppm to inhibit fungi development for yogurt for three weeks.

Furthermore, synergistic effects were observed when combination of essential
oil extracts (thyme, lavender and peppermint) with vanillin was used. A marked
antifungal activity for Botrytis cinerea, which causes gray mold rot in many
agricultural products was exhibited. (Rattanapitigorn et al., 2006). While in another
study, the combination of vanillin and potassium sorbate was examined by
Matamoros-Leén et al. (1999) established that a slight reduction in pH and water
activity (aw), 3 mM vanillin in combination with 2 mM potassium sorbate could
inhibit the growth of Penicillium digitatum, Penicillium glabrum and Penicillium

italicum for 1 month.

In one of the recent studies, Ngarmsak (2007) verifies that vanillin exhibits
antifungal activities against 18 fungi isolated from stored fresh-cut fruits in vitro in
laboratory media with minimum inhibitory concentration (MIC) of 5.0-15.8mM
depending on species. This MIC value range is in agreement with the previously
reported MIC values (6—-18 mM) for different microorganisms (Fitzgerald et al.,
2004b, Rupasinghe et al. 2006). It is also found that concentration 80 mM, vanillin
significantly delayed the growth of fungi populations in the fresh-cut fruits (Ngarmsak,
2007). Sangsuwan et al. (2008b) also found that vanillin incorporated into stretched
films (methyl cellulose and chitosan) were found more effective in reducing the

number of yeast in fresh-cut pineapple compared to stretched films.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

3.1.1 Fruit

Full sized and mature light green colour fruit (Browns and Wills, 1983) of
white-fleshed, Thai seedless variety guava were obtained from guava orchards in
Bidor, Perak. Fruits were selected for uniformity of size, colour and freedom from

blemishes.

3.1.2 Reagents

Vanillin (brand name ALDRICH) and Sodium Alginate (brand name
ALDRICH) was purchased from Sigma Chemical Company. Commercial grade
sodium hypochlorite and laboratory grade Calcium Chloride, Cacl, were purchased

from R&M chemicals, Essex, United Kingdom while glycerol were purchased from

Merck Schuchardt OHG, Hohenbrunn, Germany.



3.2 Methodology

3.2.1 Coating solution preparation

Film forming solution was prepared by dissolving sodium alginate (2 or 4%
w/v) powders in distilled water and heating at 70 °C while the solution was stirred
until the solution became clear. Glycerol was added as plasticizer at (3% w/w),
followed by vanillin at 5SmM or 15mM in the alginate solution. Calcium chloride (3%

w/v) was prepared separately for the cross-linking of carbohydrate polymers.

3.2.2 Sterilization of fruits

All fruits were washed several times in running water and sterilized
superficially by dipping in 2% Sodium hypochlorite for two minutes. Then, they were

washed twice in distilled water, and dried on sterilized trays and air-dried.

3.2.3 Coating Treatment

The guavas were first dipped into coating solution for two minutes. Residual
solutions of each polysaccharide were allowed to drip off for one minute, before
submerging the coated fruits for two minutes in the solution of calcium chloride and
drained. The treated fruits were dried for ten minutes to set a coat of the film on their
surface. They were then stored along with control samples on trays at ambient

temperature. This study comprises five treatments with three replicates. Each replicate
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has three fruits. A total amount of 375 fruits were used in this study. The five

treatments are listed in Table 3.1

Table 3.1 Coating treatments

Treatment Type of coating
To Control
T, 2 % Sodium alginate + SmM Vanillin
Ts 2 % Sodium alginate + 15mM Vanillin
Ts 4 % Sodium alginate + 5 mM Vanillin
Ts 4 % Sodium alginate + 15 mM Vanillin

3.2.4 Fruit Assessment

The maximum fruit shelf-life period was determined at the completely ripened
stage or at the limit of acceptability. Fruits were considered totally ripened when their
skins were completely yellow (4#° < 100). The limit of acceptability was determined by
fruit appearance with fruit showing visible wilting or fruit softening is considered
unsuitable for consumption. Fruits were evaluated every two days for ten days for the
parameter of total soluble solids, fruit firmness and fruit colour and twelve days for
the parameter of decay incidence and disease severity. Only weight loss parameter

was taken once, on the tenth day of storage.
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3.2.4.1 Total soluble solids

The total soluble solids (Brix value) were determined by direct reading of
blended juice samples in a handheld refractometer (Hand Refractometer Model 103)

with results expressed in percentage (%).

3.2.4.2 Fruit firmness

Fruit firmness was determined with a texture analyzer (Stable Macro System,
TA-XT Plus). Penetration was set at ten millimetre depth and three readings per fruit
were carried out on the sides along the equatorial region. The fruit firmness results are

expressed in force (g).

3.2.4.3 Fruit colour

Skin colour was determined with a chromameter (Minolta CR-300, Osaka,
Japan). Colour measurement was done in terms of the Commision Internationale de
L’Eclairage (CIE) ‘Lab” colour space coordinate where ‘L’ measures the degree of
lightness, ‘a’ from green to red and ‘b’ from blue to yellow. Hue angle is calculated
using the formula: #° = tan! (b*/a*). The results were expressed as hue color angle
(h°) for skin color. In addition to hue angle values, the total color change (AE) was
calculated as the root mean square of the differences in individual L*, a* and b*
values using the formula: AE= [(AL*+Aa*+Ab *2)”2]. Skin color was evaluated by

means of three readings on sides along the equatorial region of the fruit.
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3.2.4.4 Weight loss

Weight loss was determined by the difference between the initial and final
weights of each fruit. Initial weight of fruit was weigh at the beginning of the
experiment just after coating and air-dried while final weight was collected at the end

of storage. The formula below was used to calculate the percentage of weight loss:

Percentage of weight loss = (initial weight — final weight) x 100%

Initial weight

3.2.4.5 Decay incidence

Decay incidence was recorded throughout the twelve days storage period.
Fruits showing surface fungus spots were considered decayed. It is expressed as a

percentage of affected fruit. The formula bellow was used to calculate percentage of

decay incidence:

Percentage of affected fruit = Number of fruit with signs of decay x 100%

Initial number of fruit
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3.2.4.6 Disease severity

Pathogen disease severity was estimated by subjective method using a score of

0 to 6 based on percentage of fruit surface fungal (Reyes and Paull, 1995). The

parameters for evaluation of disease severity are listed in Table 3.2

Table 3.2 Evaluation of disease severity

Score Fruit surface fungal

0 0%

1 1-10 %

2 11-30 %

3 31-60 %

4 61-90 %

5 91-99 %

6 100 %

Source: Reyes and Paull (1995)

3.2.5 Statistical Analysis

The experiment was laid out in a complete randomized design (CRD). Data
were subjected to analysis of variance (one-way ANOVA), and the treatment means

were compared using Tukey test at a significant level of 5%.
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CHAPTER 4

RESULTS AND DISCUSSION

4.0  Effect of sodium alginate and vanillin on guava fruit

4.1 Effect on total soluble solids

Both treated fruit and non treated fruit showed an overall increasing trend of
total soluble solids during ten days of ambient temperature storage (Figure 4.1). All
fruit exhibited increased sugar content for the first six days of storage. This result is in
line with the findings of Singh and Pal (2008b) and Bashir and Abu-Goukh (2003).
This suggests that Thai seedless guava is a climacteric fruit that has typical climacteric
pattern during ripening. The increase of TSS is due to the hydrolysis of starch to sugar
through enzymes activities during fruit ripening. (Bashir and Abu-Goukh, 2003). The

sugar components are mainly made up of fructose and sucrose (Bulk et al., 1997).

Total soluble solids and total sugar is expected to increase along with
climacteric peak of respiration (Bashir and Abu-Goukh, 2003) and decline with
storage time in overripe fruits (Le-Riche, 1951). According to Browns and Wills
(1995), guavas exhibit climacteric peaks after four to six days after harvest. The
continuous increase observed in total sugar after the climacteric peak is probably due

to the increase activities in enzymes responsible for hydrolytic conversion of starch to



sugar and the decline of sugar breakdown through respiration (Bashir and Abu-Goukh,

2003).

For the first six days, guava fruits treated with 2% sodium alginate + SmM
vanillin, 2% sodium alginate + 15mM vanillin and 4% sodium alginate + SmM
vanillin had no significant difference in TSS values as compared to control, except on
day four (Appendix A). All treated fruits successfully maintained Brix value ranging

from 8 to 8.5 while untreated fruits had Brix value of 10 on day four.

Coating application indirectly creates a modified atmosphere around coated
fruits, with selective gas diffusion, reduction in respiration rate can be resulted (Perez-
Gago et al., 2003). However, this positive effect only lasted for one or two days,
implying that the sodium alginate combined with vanillin coating were not able to
significantly retard respiratory breakdown of substrate during the first six days of
storage. Due to unacceptable organoleptic qualities and rot infestation of the fruit,
untreated fruits were terminated on day six. No significant differences were observed

between coated treatments.
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Figure 4.1: Total soluble solids of guava (Psidium guajava L.) throughout ten days of
storage under ambient temperature after coated with combination of sodium alginate
(SA) and vanillin (VNL) of various concentrations.
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4.2 Effect on firmness

Firmness values of treated and non treated guava declines over storage time of
ten days under ambient temperature (Figure 4.2). All treated fruit were able to delay
fruit softening beginning on day four for six days as compared to untreated fruit.
According to Reyes and Paull (1995), ethylene is the primary promoter of postharvest
fruit softening which also indirectly induces the overall ripening of fruit. During
climacteric peaks, a maximum value of carbon dioxide and ethylene gases are
produced (Brown and Wills, 1983) and it is expected to cause a rapid decrease in fruit
firmness. Fruit firmness started at the value of 2017.7g, after six day, untreated fruit
exhibited a decrease in firmness to 269.4g while all treated fruits had firmness value

ranging from 522.4g to 772.9g (Appendix B).

The rapid softening of fruit is proposed to be caused by the increase in pectin
solubilization and disruption of the xyloglucan—cellulose microfibril networks of
guava fruit moderated by increased in the activities of exo-polygalacturonase (PG),
pectin methylesterase, B (1 — 4)-glucanase and B-galactosidase (Ali et al.,2004).
Other factors that influence firmness include strength of cell wall, cell to cell contact
and cellular turgor (Harker et al., 1997). Firmness retention of treated fruits can be
explained by the retardation of activities of the pectin solubilising enzymes through
low oxygen and high carbon dioxide concentrations which is created by the guava

fruit coatings (Maftoonazad et al., 2007).

Figure 4.2 presents the firmness value of guava (Psidium guajava L.) treated
with 2% sodium alginate + SmM vanillin, 2% sodium alginate + 15mM vanillin, 4%
sodium alginate + SmM vanillin, 4% sodium alginate + 15mM vanillin and untreated

fruit when stored under ambient temperature throughout ten days. Except the increase

26



in firmness value between day two and day four, both coated and uncoated fruits

showed an overall trend of fruit softening.

Initially (beginning day zero till day two), fruit softening was attributed to the
degradation of pectin and other cell wall components, such as hemicellulose, cellulose
and lignin which occurred throughout ripening (Jain et al., 2003). By the end of day
two, both treated and untreated fruit begin to increase abruptly in their firmness
texture. According to Jain et al. (2003), the increase in firmness is due to an increased

proportion of cell wall components with respect to moisture loss.

Moisture loss of fruit causes fruit to shrink in size, resulting in the compaction
of tissue and cell wall components, which contributes to the increase in fruit firmness.
A lesser increase in firmness of control compared to coated fruit is proposed to be due
to the effect of coatings, which creates a modified atmosphere in delaying the
degradation of cell wall components. In coated fruits, cell wall components degrade
much slower than the rate of moisture loss, resulting in the greater increase in

firmness as compared to control.

Assessment of untreated fruits was terminated after day six due to
unacceptable organoleptic qualities and rot infestation. Among treatments, 4% sodium
alginate + SmM vanillin has the best effect on preventing rapid softening of fruit.
Similarly, 2% sodium alginate + SmM vanillin and 4% sodium alginate + 15mM
vanillin also significantly help retain fruit firmness compared to treatment 2% sodium
alginate + 15SmM vanillin. Although all fruits softened during storage, softening of all
treated guavas were remarkably delayed for four days as compared to untreated fruits

on day six.
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The results of this study shared that coating application using a combination of
sodium alginate and vanillin can significantly reduce fruit softening. This agrees with
the conclusion drawn by Carrilo-Lopez et al. (2000) in the studies of the effect of
edible film coating on mango quality. Fruit softening which is initiated by ethylene
production of fruit can be delayed by the micro-atmosphere created through coating.
The other reason is the reduction of moisture loss by the film in preserving fruit

firmness. (Fan et al., 2009)
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Figure 4.2: Firmness changes of guava (Psidium guajava L.) throughout ten days of
storage under ambient temperature after coated with combination of sodium alginate
(SA) and vanillin (VNL) of various concentrations.
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4.3 Effect on color

Throughout ten days of storage, for all treated and untreated fruits, there were
a gradual loss of green color as the fruits ripen, turning gradually yellowish. This is in
agreement with the observations of Singh and Pal (2007) in air-stored guava fruits. As
the fruit gradually ripens, hue angle of the guava fruit decreases. This is due to green
chlorophyll pigment in the skin are gradually being degraded, unmasking the
carotenoids to give a green-yellowish color to the guava fruit (Aked, 2000).
Chlorophyll degradation during ripening is attributed to the increase in activities of
chlorophyll degrading enzymes such as chlorophyllase, chlorophyll oxidase, and
peroxidises (Jain et al, 2003). These changes in pigmentation aid the visual

differentiation of fruits at various maturity stages.

The slight yellowing and browning of skin color of untreated guavas was
visible on the fourth day after the beginning of the experiment compared to the treated
ones. Throughout ten days of storage, all treated fruits manage to retain hue angle
values that are higher than control beginning day four (Appendix C). This implies that
all treatments had significantly delayed green color loss for an extended period of six
days. However, further color retention might be possible if the fruits have been held
for a longer time. Treated fruits were able to delay yellowing of skin color could be
due to the low oxygen and high carbon dioxide concentration created by the coating,

retarding the degradation rate of green chlorophyll pigment (Maftoonazad et al.,2007).

The total color change (AE) which uses a combination of parameter L*, a* and
b* values to characterize the variation of color perception is also used to examine the
color changes of guava fruits for a storage period of ten days under ambient

temperature. Except guavas treated with 2% sodium alginate + 15mM have some
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fluctuations of color change values that are neglible, generally, all treated and

untreated fruits have an increasing pattern in total color change (Figure 4.3b).

Though no significant difference found between treatments, the observation of
lower total color change of all treated fruits compared to untreated fruits implies that
coating with a combination of sodium alginate and vanillin is able to reduce color

changes in guava fruits throughout storage period.
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Figure 4.3a: Color change (hue angle, £°) of guava (Psidium guajava L.) throughout
ten days of storage under ambient temperature after coated with combination of
sodium alginate (SA) and vanillin (VNL) of various concentrations.
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Figure 4.3b: Total color change of guava (Psidium guajava L.) throughout ten days of
storage under ambient temperature after coated with combination of sodium alginate
(SA) and vanillin (VNL) of various concentrations.
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4.4  Effect on weight loss

Weight losses of fruits are generally associated with respiratory activity during
fruit ripening and moisture evaporation to the atmosphere. As guava fruits are
composed largely of moisture (74-87%) with little dry matter (13-26%) (Adsule and
Kadam, 1995), moisture loss to the environment which results in wilting and
shriveling of the fruit can greatly reduce fruit quality as well as its marketability. This

is an important factor to be considered with respect to consumer acceptance.

Figure 4.7 presents the weight loss of guava (Psidium guajava L.) treated with
2% sodium alginate + SmM vanillin, 2% sodium alginate + 15mM vanillin, 4%
sodium alginate + SmM vanillin, 4% sodium alginate + 15mM vanillin and untreated
fruit when stored under ambient temperature after ten days. Guavas treated with 2%
sodium alginate + SmM vanillin and 4% sodium alginate + SmM vanillin were able to
significantly reduce weight loss (25.0% and 21.2% respectively) as compared to

control and other treatments (29.9% to 32.3%)).

In the study of Rhim (2004), sodium alginate films were proven to exhibit
water resistant properties, which is in agreement to the studies of Fan et al. (2009)
where sodium alginate coatings have effectively showed a reduction of moisture loss
in coated strawberries compared to control. However, in contrast to the previous
findings, guavas treated with 2% sodium alginate + 15mM vanillin and 4% sodium
alginate + 15mM vanillin had weight loss value that is comparable to control. This
implies that the effectiveness of a film in controlling weight loss is largely associated

with the composition in the film.,
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Greater weight loss is observed as concentration of vanillin increases from
5mM to 15mM. According to Sangsuwan et al. (2008a) in their studies of the effects
of vanillin and plasticizer on properties of chitosan-methyl cellulose based film, an
increase in vanillin exhibits film properties of increased oxygen barrier but not water
vapour barrier. Film flexibility was also reported to decrease with an increase of
vanillin concentration. The large molecule of vanillin has been proposed to be the
factor for the reduction of film crystallization. This implicates that by increasing
vanillin concentration, water vapour permeability of the film also increases because
poor film flexibility can result in microcracks to be formed in the film, resulting in

poorer water barrier properties (Silva and Taylor, 2004).

Statistical analysis has shown that at the tenth day storage at ambient
temperature, fruits treated with 2% sodium alginate + SmM vanillin and 4% sodium
alginate + SmM vanillin were able to reduce weight loss of guava fruits by 30% and

17% respectively as compared to control. (Appendix E).

Although there is no significant differences between guavas treated with 2%
sodium alginate + SmM vanillin and 4% sodium alginate + SmM vanillin, 4% sodium
alginate + 5SmM vanillin weatment showed better effect on moisture retention. It is
proposed that this slight difference is due to the increment of sodium alginate
concentration from 2% to 4%, resulting in increased water vapor barrier of the film
due to reduced film porosity. With no significant difference, 4% sodium alginate +
5mM vanillin treatment showed least loss of weight (21.2%), implying it is the most

effective concentration to retard moisture loss.
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Figure 4.5: Weight loss of guava (Psidium guajava L.) after ten days of storage under
ambient temperature after coated with combination of sodium alginate (SA) and
vanillin (VNL) of various concentrations.
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4.5 Effect on decay incidence and disease severity

Anthracnose and Rhizopus rot are common post-harvest disease of guavas that
occurs during storage and ripening (Singh and Pal, 2008b, Reyes and Paull, 1995). All
coated fruits have significantly lower decay incidence compared to untreated fruits
(Appendix G). This result agrees with the previously reported work of reduced decay

incidence in sodium alginate coated strawberries (Fan et al., 2009).

The early signs of fungal onset on untreated fruits appear after four days of
storage under ambient temperature. Guavas treated with 4% sodium alginate + SmM
vanillin and 4% sodium alginate + 15mM vanillin were able to maintain guavas being

disease-free for an extended period of four days compared to untreated fruits.

The numbers of infected fruits for guavas treated with 4% sodium alginate +
SmM vanillin and 4% sodium alginate + 15mM vanillin were comparable to guavas
treated with 2% sodium alginate + SmM vanillin and 2% sodium alginate + 15mM
vanillin at day 8, but with slight lower disease severity score (P>0.05). This implies
that the susceptibility of treated fruits towards fungal onset for all treatments were
comparably high although guavas treated with 4% sodium alginate + SmM vanillin
and 4% sodium alginate + 15mM vanillin were able to maintain guavas from being

disease-free for an extra of two days compared to other treatments.

The decay resistance of the treated fruits is dependent upon the ability of the
coating in preventing fungal onsets. The sodium alginate properties of the film is
suspected to be the main preventive agent as an increased in sodium alginate
concentration showed delayed fungal onsets on fruits (two to four days compared to

control). Addition of sodium alginate concentration was reported to improve film-
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forming ability (Wang et al., 2007), creating a more effective layer of micro-

atmosphere around the fruit in preventing the onsets of fungus.

Untreated fruits showed a marked increase of about three fold for both disease
severity as well as numbers of incidence from day four till day six. The rapid increase
in decay is proposed to be related to the loss of tissue integrity during ripening which
increase disease susceptibility of the fruits. By the end of ten days of storage, a
difference of approximately 20% or more was reduced in numbers of decay incidence
by treated fruits compared to control. Assessment of untreated fruit is terminated by

day ten due to severe mould development.

Figure 4.5b presents the disease severity of guava (Psidium guajava L.) treated
with 2% sodium alginate + SmM vanillin, 2% sodium alginate + 15mM vanillin, 4%
sodium alginate + SmM vanillin, 4% sodium alginate + 15mM vanillin and untreated
fruit throughout twelve days stored under ambient temperature. The severity of fungal
development for all treated fruits were significantly delayed as compared to control
(P<0.05). By day twelve, all treated fruits showed an average severity score of 2
which can be comparable to the disease score of control at day 6, which is 2.66. This
implies that the sodium alginate combined with vanillin coating had successfully slow
down the growth of the fungal disease and reduce its damage on the guava fruits for
an extended period of four days. Guava fruits with severity score between 2 to 3 are

considered unmarketable.

Observing the results obtained, vanillin is suspected to be effective in
exhibiting its antifungal property only under low concentration of sodium alginate
(2%). With no significant difference, a lower decay incidence and severity was

observed in guavas treated with 2% sodium alginate + 15mM as compared to 2%
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sodium alginate + SmM treated guavas throughout the first ten days of storage. This is
attributed to the increase in vanillin concentration which increases the inhibitory
action of vanillin. Phenolic compound such as vanillin is reported to retard microbial
activity through the destabilization and integrity loss of the cytoplasmic membrane of

targeted organism (Sikkema et al., 1994).

However, with an increase of sodium alginate from 2% to 4%, decay incidence
was significantly delayed by two days and disease severities were found to be lower
than 2% sodium alginate coated guavas. Sodium alginate coating is reported to
successfully create a layer of micro-atmosphere with reduced level of oxygen and
water vapour permeability (Wang et al., 2007) at the top of fruit skin. This
unfavorable condition is the reason which discourages the onset of fungus and reduces

disease severity of the guava fruits.

The different mode of fungal inhibition of sodium alginate and vanillin is
suggested to be the cause to the result obtained. Sodium alginate inhibits fungal onset
through creating an unfavorable condition for fungus to live in while vanillin inhibits
fungal development through the disruption of cytoplasmic membrane of
microorganism. Nonetheless, sodium alginate has a greater antifungal effect compared
to vanillin. This can be noted from the significant delayed disease incidence of 4%
sodium alginate coated fruits compared to 2% sodium alginate coated fruits, and the
insignificant reduction in disease severity or decay incidence with increased vanillin

concentration from 5mM to 15mM.,

Four percent sodium alginate + SmM vanillin is suggested to have the best
effect in reducing fungal onset and development because it has the lowest disease

severity as well as decay incidence among all treatments (P>0.05). As discussed above,
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a high concentration of sodium alginate is preferable to low concentration, while
higher vanillin concentration should be optimal compared to low concentration. In
contrast, 4% sodium alginate + 15mM showed higher disease severity and decay
incidence. This could be explained by the incr.ease in film porosity and water vapour
permeability due to high concentration of vanillin. The inhibitory action of vanillin is

insignificant to control disease development despite the high concentration of vanillin.
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Figure 4.5a: Decay incidence of guava (Psidium guajava L.) throughout twelve days
of storage under ambient temperature after coated with combination of sodium
alginate (SA) and vanillin (VNL) of various concentrations.
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Figure 4.5b: Disease severity (score) of guava (Psidium guajava L.) throughout
twelve days of storage under ambient temperature after coated with combination of
sodium alginate (SA) and vanillin (VNL) of various concentrations.
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CHAPTER 5

CONCLUSION AND SUGGESTION

5.1 Conclusion

Sodium alginate combined with vanillin coating is capable of extending shelf
life of Thai seedless guavas under ambient temperature for four to six days. All treated
fruits significantly delayed fruit softening, reduced colour change, disease severity and
disease incidence as compared to untreated fruits. However, total soluble solids of
fruits were not affected by any treatments. Treatment 15mM vanillin combined with 2
or 4% sodium alginate fails to reduce weight loss as compared to control. It is
proposed that the high concentration of vanillin at 15mM is the contributing factor to
the reduction of water barrier properties of the sodium alginate film. Disease
incidence is significantly delayed with increased concentration of sodium alginate but
not with increased concentration of vanillin. This implies that the antimicrobial
properties of the film are not significantly enhanced with higher concentration of
vanillin. 4% sodium alginate combined with SmM vanillin was found to exert the best
effect in extending shelf life of Thai seedless guava because this treatment has
advantages over other treatments in retention of fruit firmness, reduced weight loss

and maintained disease-free for an extended period of two days.



5.2 Suggestion for further study

A combination of sodium alginate and vanillin as an edible coating has a
potential to extend the shelf life of guavas held at ambient temperature, especially in
firmness retention of fruit and decay and moisture loss reduction. For further study,
the best concentration of vanillin incorporated into edible coating should be further
examined by using concentration less than 15mM. Coating fruits with edible coating
without any antimicrobial agents could also be considered as sodium alginate alone is
capable of modifying a micro-atmosphere which unfavor the growth of fungus.
Besides, sensory analysis is needed to determine the combine coating effect on the
organoleptic qualities of the fruits, in terms of crunchiness, juiciness, sweetness and

potential development of off-flavor.
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