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ABSTRACT

The effect of different pre- and post-harvest treatments on the quality and shelf 
life of guava (Psidium guajava) varities Horana W hite, Kanthi, Horana Red and Pubudu 
was evaluated. Fruit growth curves were drawn to identify the correct time o f applying 
pre-harvest treatments. Fruit maturity indices were determ ined. Fruits at commercial 
maturity were subjected to four different post-harvest treatments nam ely, storage at 
ambient tem perature (27±3°C), low-density polyethelene (LDPE) packaging at am bient 
temperature, wax coating (2% ) at ambient tem perature and refrigerated storage (6- 
10°C), The pre-harvest treatment consisted o f sprayings, 4%  o f calcium nitrate against 
water (control). Physico-chemical parameters measured included fruit firm ness, skin 
colour, total soluble soilds (TSS), titratable acidity (TAA), length, width, weight and age. 
Guava showed a double-sigmoid growth and exponential growth phase for different 
varieties, during which pre-harvest treatment to be applied. Rapid ripening and high 
rate of senescence were observed with fruits kept at the am bient tem perature and more 
controlled ripening occurred in the refrigerated fruits. The LDPE packaging and wax 
coating at am bient tem perature showed a prolonged shelf life o f fruits kept at room  
temperature. The LDPE packaging was successful in guava var. Pubudu with acceptable 
flavor and texture. Pre-harvest Ca spraying resulted in greater fruit firm ness and 
beneficial effects that increased with duration o f storage. The Ca treatm ent did not have 
a signficant (p>0.05) effect on normal ripening o f guava varieties considered.

KEY W ORDS: Guava, LDPE, Wax coating, Refrigeration, Calcium nitrate 
treatment

INTRODUCTION

Guava {Psidium guajava) has become a popular fruit in local markets 
o f  Sri Lanka. It has a good potential for further expansion with its high 
productivity hardiness and adaptability to different clim atic conditions, and 
high nutritive and medicinal value (Morton, 1987) beneficial to the producers 
and consumers. However, the quality o f  the fruit at the time it reaches the 
consumer is questionable, which is a major constraint in the market that may 
influence custom er acceptability. The short shelf life is the main factor o f  
quality deterioration in guava, caused by the adverse physiological changes 
such as loss o f  weight due to respiration and transpiration, rapid softening o f 
the flesh and its susceptibility to microbial attack (Tucker, 1993) resulting in 
high post-harvest loss.

In order to preserve the quality o f  the fruits after harvesting and to 
prolong the shelf life, various techniques and Treatments can be adopted. Cold
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storage or refrigera tion  is one com m on technique in bulk transport, w hich 
delays fru it quality  degradation  by reducing  its b io logical and chem ical 
activ ity  (T hom pson , 1985; H ernandez-M unoz et al., 2008). W axing and 
po ly thene packag ing  are m ore cost-effective  techniques, in w hich the 
a tm osphere  inside the  fruit is m odified  in o rder to extent the storage life (Liu, 
1988; H ernandez-M un oz  et al., 2008). H igher firm ness is considered  a 
va luab le  p aram eter in reducing  post-harvest dam ages w hen the fruit is going 
th rough  the m arketing  channels and w hen the consum er prefers crispiness. 
Sugars and o rgan ic  acids form  a m ajor con tribu tion  to the overall flavor o f  the 
fruit (B urton , 1982).

In add ition , som e pre-harvest trea tm en ts are also  effective  in delaying  
the ripeness, im proving  fruit quality  and yield. P roper supply  o f  nutrien ts is 
one w ay  o f  p re-harvest trea tm en ts (P rado et al., 2005). C alcium  is the m ost 
im portan t e lem en t de term in ing  the quality  o f  fru its (B akshi et al., 2005). 
A bou t 60%  o f  the to tal ce llu la r calcium  is located in the cell w all, w here it 
exerts  its stab iliz in g  function  (T obias et al., 1993; C onw ay  et al., 2002). 
Furtherm ore , C a  is found to be beneficial in reducing  e thy lene  and CO2 
production  and the incidence o f  postharvest d iseases (C onw ay  and Sam s, 
1987). H igh C a  fru its can be transported  better and rem ained in good 
con d itions longer (M iklos, 1989). C harnel (1989) show ed tha t C a can be 
applied  d irec tly  to  the  fruit su rface to  be effective. Singh et al. (1993) has 
show n th a t ce lls  o f  the fruits have high absorp tion  rate w hen they  grow  bigger 
in size. T herefo re , it is im portan t to identify  the  phase o r stage o f  fru it grow th, 
w here  the  ce lls  g row  bigger.

M aturity  a t harvest a lso  has an effect on the eating  and keep ing  quality . 
I f  the fru it is harvested  at over ripened stage, the  eating  qua lity  a ttribu tes o f  
the fru it is better, bu t the  keep ing  quality  is low er. I f  the fru it is harvested  at 
im m ature  stage, the  fru its w ill have low eating  quality , but longer sh e lf  life 
(L iu, 1988). F ru it m atu rity  a t harvest, required  by m arket (com m ercial 
m atu rity ) (W ills , 1989) is required  to be identified  and is determ ined  by the 
variety , the  stage at w hich  the fru its  are to  be eaten or p rocessed  (K ader, 1986) 
and the  d istance  to  the  m arket (L iu, 1988). H ence, the ob jec tive  o f  the  present 
study w as to  evaluate  the e ffec t o f  d ifferen t pre- and post-harvest trea tm en ts 
on the  qua lity  and sh e lf  life o f  guava. Furtherm ore, the fru it grow th and 
d ev elop m en t cu rves w ere  stud ied  and the co rrect harvesting  stage o f  four 
recom m ended  varie ties o f  guava nam ely , H orana W hite, H orana R ed, K anthi 
and Pubudu hav ing  high potential for com m ercial cu ltivation  w ere also  
identified .

M A T E R IA L S  A N D  M E T H O D S

T he research  w as conducted  in the Fruit C rops R esearch and 
D evelopm en t C en tre , H orana, Sri L anka during  2008 to 2011.
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Experiment 1: Determination of maturity indices

The correct harvesting maturity (commercial maturity) that extends the 
shelf life o f  guava fruits (Psidium guajava) with good organoleptic quality 
was determined separately for . var. Horana White (HW), Horana Red (HR), 
Kanthi (Ka) and Pubudu (Pu) . Twenty five fruits o f each variety at four 
maturity stages ranging from green to yellowish green were analyzed for both 
physico-chemical parameters namely, skin colour, weight, length, width and 
firmness, Total Soluble Solids (TSS) content and Tritratable Acidity (TAA). 
The skin colour was determined by using the colour charts o f  the Royal 
Horticultural Society, London, 2001. Fruit weight was measured by using a 
top loading balance. The length (axis between the insertion o f  the peduncle 
and the petiole scar) and the transverse diameter (axis perpendicular to the 
length in the middle part o f  the fruit) were also measured using a venire 
caliper. The firmness indicated in kg was determined with the aid o f  a 
Penetrometer (FT 327, EFFEGI, Italy) with a tip diameter o f 8 mm and from 
the opposite sides along the fruit equatorial region. The TSS content (°Brix) o f 
the pulp was determined by using a hand-held Reffactometer (ATAGO, 
Japan). TAA was determined by AO AC (1995) methods.

Experiment II: Determination of effect of post-harvest treatments on 
storage life

Four varieties o f guava harvested at commercial maturity with stalks, 
were subjected to simple, farmer convenient and consumer safe post-harvest 
treatments namely, (i) storage at ambient temperature (control; 27±3°C) (ii) 
packaging in low-density polyethelene (LDPE) bags (13 x 15 cm, 200 gauge) 
and storage at ambient temperature (iii) surface coating with 2 % edible 
gelatin wax and storage at ambient tem perature (iv) storage at 6-10 C without 
packaging. Fruits subjected to above treatm ents were positioned in a way that 
pedicle-end o f  the fruit is oriented vertically upwards. The treatm ents were 
arranged in a CRD with three replicates. The texture, TSS, TAA and colour o f  
the guava fruits o f the four varieties were analyzed in two-day intervals, until 
the fruits reached the fully decayed stage, where they lost the eating quality.

Experiment III: Developing fruit growth curves of four varieties of guava

Length and width o f  guava fruits were measured at weekly intervals 
from fruit set to fully ripen stage. A sample o f  100 fruits was used from each 
variety. The average length and width o f  fruits were calculated and plotted 
against time.
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Experiment IV: Determination of effect of Ca(N(>3 ) 2  on the quality and 
shelf life of Horana White, Horana Red and Kanthi varieties

Calcium  nitrate (CaN03>2 w as applied to  var. H W , H R  and K a 
separately during the  exponential grow th phase o f  the fruits, and w as sprayed 
at three concentrations (1, 2 and 4 % ) against the w ater-sprayed control 
treatm ent. Each concentration w as applied to three trees selected from  three 
plots in a R C BD . The treatm ent applications w ere done, at three tim es in 
three-day intervals and at rate o f  one L /plant at a  tim e. Fruits w ere harvested at 
com m ercial m aturity  as determ ined in E xperim ent I and stored at am bient 
conditions and fruit quality param eters (texture, TSS and TA A ) w ere analyzed 
at one and tw o-day intervals until the end o f  sh e lf  life.

Statistical analysis

D ata w ere subjected to  A nalysis o f  V ariance (A N O V A ) using SAS 
com puter softw are package and the  least significant difference (LSD) w as 
used to com pare the  treatm ent m eans at p=0.05.

R E SU LTS A N D  D ISC U SSIO N  

Determination o f commercial maturity indices

Fruit firm ness declined significantly  during  fruit ripening (Table 1). A t 
the early  m aturity (stage 1), fru its w ere green, hard  and a  significant decline in 
firm ness occurred a t the colour turn ing  stage (stage 2) in var. H R , H W  and Ka, 
and further reduced w ith early ripening (stage 3) and ripening (stage 4). The 
tex tural changes during  the ripening  o f  m ost fru its are found to be largely a 
resu lt o f  cell w all degradation o r d issolution o f  the pectin-rich m iddle lam ella 
region o f  the cell w all (Tucker, 1993). The var. Pu w as exceptional where it 
had acceptable be tter texture (crispiness) even at fully ripen stage, w hich is a 
good quality character, and h igher sh e lf  life.

The TSS conten t increased w ith the fru it ripening in all 4 varieties o f  
guava, but not significant in var. Pu (Table 1). R odriguez et al. (1971) also 
observed a gradual increase in TSS and to ta l sugars during fruit ripening. 
Starch and sucrose change into glucose during fruit ripening (W ills et al., 
1981).

Citric acid is the predom inant organic acid  in guava (Burton, 1982). 
T he TA A  o f  var. H W , K a and H R  show ed a significant decline (p<0.05 from  
early  m aturity  to co lour turn ing  point, and non significant decline thereafter 
(p>0.05; Table 1). O rganic acids contribute to  flavor o f  unripen fruits and their 
level reduces in ripened fruits. D ecrease in the  acidity  m ay be the result o f  
respiration (Burton, 1982). Thus, TSS/TA A , w h ich  increased during ripening,
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is 3T good indicator o f ripening that presents the balance between sweetness 
and acidity.

Tablet. Fruit maturity parameters o f different varieties o f guava

Variety Maturity
stage

Firmness
(kg)

TSS
(°Brix)

TAA
(%)

TSS/TAA Skin color Fruit length 
and width 

(cm)
HW 1 13.0a 8.5b 0.45a 18.8c YG144B 6.10±0.50

6.39±0.43
2 12.2b 10.5a 0.39b 27.2b YG145B 6.29±0.46

6.50±0.49
3: 4.1c 11.1a 0.38b 29.3b YGN144D 6.87±0.32

7.09±0.40
4- 2.6d 11.3a 0.31c 36.4a YGN144B 6.88±0.25

7.10±0.34
P

cv %
0.001

4.3
0.002

5.0
0.001

5.5
0.000

5.3
“

Ka 1 16.8a 7.8b 0.49a 16.0c YG144B 6.28±0.32
6.80±0.41

2r 9.8b 8.5b 0.36b 23.8b YG145A 7.10±0.32
7.42±0.24

3 4.0c 10.1a 0.36b 28.3a YGN144D 7.35±0.56
7.67±0.62

4 3.0c 9:7a 0.31b 31.1a YGN144B 7.34±0.43
7.69±0.24

P 0.000 . 0.002 0.006 0.000 - -

cv % 2.4 4.7 8.7 6.4 - -
HR 1 15.2a 6.7c 0.65a 10.4d YG144A 5.42±0.25

5.20±0.42
2 12.4b 8.5b 0.52b 15.4c YG144C 5.70±0.45

5.32±0.23
3 3.6c 10.3a 0.50b 20.5b YGN144B 5.82±0.23

5.41±0.12
4 2.3d 11.1a 0.46b 23.7a YG153D 5.80±0.23

5.42±0,34
P 0.000 0.000 0.002 0.000 - -

cv % 7.5 4.9 5.4 4.4 - -

Pu 1 15.7a 8.3a 0.43a 19.2c YG144C 10.34±0.56
7.31±0.43

2 13.0b 8.5a 0.34b 25.5b YG144D 11.08±0.09 
9.23±0.38

3 " 8.6c 8.6a 0.29c 29.0ab YGN144D 11.86±0.22 
9.15±0.24

4 7.3d 9.0a 0.28c 32.5a YG150C 11.91±0.44
9.30±0.34

P 0.001 0.81 . 0.000 0.005 - -
cv % 4.9 10.4 6.1 8.5 - -

Within each column, means followed by the same letter are not significantly different at p=0.05

The colour turning stage was selected as the ideal stage o f  harvesting 
o f guava var. HW, HR, Ka and Pu, where it has acceptable firm texture, and 
higher TSS compared to fruits at early maturity "'Acidity o f fruits at the colour
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turning stage reduced to a significantly lower level (p<0.05) than those at early 
maturity (Table 1) and remained the same from the colour turning stage to 
early ripening. Hence, the TSS/TAA showed a large and significant increment 
from stage 1 to 2 (Table 1). Once the maturity standards were developed, in 
terms of internal fruit quality parameters (texture, TSS and TAA), the skin 
colour, average weight and size (average length and width) o f  fruit were also 
identified as harvesting standards (Table 1). The colour is changing from dark 
green to whitish green at colour turning point followed by yellowish green and 
yellow, and is associated with the disappearance o f chlorophyll. This colour 
change is the most important criteria in deciding the harvest maturity. Use o f 
harvesting standards would be useful for guava growers as they can use them 
to prolong the keeping quality and retain eating quality. However, the fruit age 
varied depending on the fruiting season and variety together with the fruit size 
and weight. The climatic conditions may affect for these seasonal variations. 
Therefore, the fruit age at maturity cannot be considered as a harvesting 
indicator.

Comparison o f different postharvest treatments

Out o f  the four varieties studied, var. Pu had the highest shelf life 
followed by HW, HR and Ka (Table 2). Fruits stored at ambient temperature 
had a rapid ripening and higher rate o f  senescence than those stored at lower 
temperatures. Guava is a climacteric fruit (Morton, 1987; Azzolini et a l., 
2005). Those fruits displayed a characteristic peak o f respiratory activity and 
during ripening, substrates are used to produce energy to run cellular processes 
thus keeping the cells alive (Tucker, 1993). Once the available substrates are 
exhausted, the decaying might start thus, reducing the rate o f  respiration. This 
is an important consideration in extending the post-harvest quality. Factors 
within the fruits and as well as storage conditions determines the rate o f  
respiration, o f  which temperature, relative humidity and atmospheric 
composition are the important in postharvest storage (Brown, 1985).

Table 2. -Fruit shelf life and days with optim um  eating quality characteristics o f fruits 
subjected to four post-harvest treatments.

Variety Shelf life and (days with optimum eating quality)
Ambient

conditions
Packaging in 

LDPE
Wax coating Storing in co ld  

storage
Horana White 8 (4 ) 1 0 (6 ) 1 0 (6) 16(12)
Horana Red 8 (4 ) 1 0 (6 ) 1 0 (6) 14(12)
Kanthi 8 (5 ) 8 (4 ) 8 (6 ) 14 (10)
Pubudu 10 (8) 16(12) - -

When fruits were kept under ambient conditions (without controlling 
the environmental factors), the ripening and respiration o f  fruits may occur at 
a rate similar to natural conditions. As a result, fruits decayed quickly, and the
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fruit quality attributes deteriorated rapidly. Osman and Ayub (1997) reported 
that shelf life of guava fruits of the Kampuchea cultivar stored at room 
temperature (27±3 C) and 60-80 % RH was only one week. Pu was 
exceptional, where it had a shelf life of 10 days and optimum eating quality 
for 8 days.

The LDPE (gauge 200) is a semi-permeable plastic package that 
creates a modified atmosphere is created within once a fruit is sealed in such 
packing, depending on the rate of respiration and permeability of the film. 
Respiration rate as well as ethylene production can be controlled within the 
modified atmosphere (Kader et al., 1989). Mohamed and Kyi (1994) studied 
effect of various surface treatments on the storage life of guava and suggested 
that LDPE was the most effective in maintaining the fruit firmness. Reduction 
of fruit desiccation and shriveling are among other advantages in modified 
atmosphere packaging. The LDPE packaging could extend the shelf life for 
guava fruits by 2 additional days in var. HW and HR and 5 days in Pu without 
a significant loss in the texture of fruits. However, a marginal fermented taste 
was developed after 6 days in var. HW and HR, 4 days in Ka, and 12 days in 
Pu. Off-flavor development is a problem in modified atmosphere. If O2 levels 
fall too low (below 1-3%) anaerobic reactions can occur resulting in off- 
flaours, abnormal ripening and spoilage where the rates depend on the produce 
and storage temperature (Wills et al., 1981; Kader, 1986; Singh, 2010). Ben- 
Yehosuna et al. (1993) showed that poorly designed packaging becomes 
anaerobic or develops unacceptable levels of CO2 before equilibrium is 
achieved. Therefore, high technical assistance is recommended before packing 
guava in polythene.

Waxing is also a useful technique in generating modified atmosphere 
conditions inside the fruit, in order to extend the shelf life (Gallo et al., 1999; 
Hemandez-Munoz et al., 2008). Gelatine was used for the coat as it was 
readily available in the market and is water soluble forming a flexible, clear 
and oxygen-permeable film (Genadios et al., 1993). Eventhough geletine was 
effective in lengthening the storage life of var. HW and HR (Table 2), it was 
not effective in var. Ka. there was a difficulty in deciding on the ideal 
thickness of the coat to have an equilibrium in respiration and gas diffusion 
rates. However, waxing was effective in controlling the transpiration water 
loss (Liu, 1988) avoiding skin shriveling thus resulting in a glossiness of fruits 
after applying gelatin wax, which could increase the market value. The 
external appearance was improved in var. HR than in other varieties since it 
has a more uniform surface.

Refrigeration is one of the most effective ways in extending the post­
harvest storage life if economic conditions permit. Temperature management 
is the principle in reduction of rate of respiration, transpiration, enzymatic 
activity and growth and development micro-organisms (Brown and Wills,
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1983). Fruit quality attributes were maintained for a longer period with 
optimum eating quality compared to other methods (Table 2). Osman and 
Ayub (1997) reported that shelf life o f guava cultivar “Kampuchea” could be 
extended when stored at the optimum conditions o f  0-10°C. However, the 
major barriers in cold storage in addition to the cost factor is the water 
condensation on the surface o f  the fruit when the cold fruit is exposed to warm 
air, which may cause rapid deterioration o f fruits.

The fruit firmness o f  four varieties o f guava showed a significant and 
gradual decline from harvesting to end o f shelf life except those treated with 
gelatin wax (Table 3). Fruit penetration may have become difficult with the 
wax. Hardening o f  fruit surface could be the reason for the sudden increase in 
texture in wax-coated fruits. Fruits kept at cold conditions had a more 
controlled reduction in firmness, which is beneficial in the long run for bulk 
transportation and storage o f guava. Fruits stored at ambient temperature 
without any treatment (control) showed a gradual ripening up to the second to 
fourth day as indicated by the increase in TSS and fruit senescence thereafter. 
Fruits stored at refrigerated conditions also showed an increase in TSS with 
time, but ripening was more controlled than that o f  the untreated fruits (Table
3). The modified atmosphere has some negative impact on the ripening 
process as shown in fruits packaged in LDPE and coated with wax, where a 
gradual decrease in TSS occurred irrespective o f  the variety. Abnormal 
ripening due to low O2 levels may be the reason for poor ripening (Kader, 
1986 ; Singh, 2010). The titratable acidity o f  fruits showed a decline during 
storage (Table 3). The loss o f  acidity may accompany the ripening appears 
from the use o f organic acids as respiratory substrates via Krebs trycarboxylic 
cycle (Burton, 1982).

Fruit growth curves

The growth pattern o f the four guava varieties were similar and was 
double sigmoid. However, the time taken for completing the growth was 
different in the four varieties (Figure 1). The initial rapid growth, which 
started from flower opening, extended up to two to six weeks depending on 
the variety, and was followed by a short slow growth phase and minor growth 
peak. Therafter an exponential growth o f  length started at about 91 days in the 
var. HW  and Ka, 65 days in HR and 98 days in Pu and lasted until ripening. 
One special character in var. HW, Ka and HR was the increased rate o f  growth 
o f  the width o f the fruit than the length, during this phase (Figure 2). The cell 
size increases in this phase is particularly due to the increase o f  dry weight and 
sucrose concentration (Miura, 1990). Singh et al. (1993) showed that the cell 
has high absorption rate during the rapid increase in cell size. The cells 
expansion due to sink activity may be vital for absorbing Ca and this phase 
can be used for applying pre-harvest treatments.
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7 21 35 49 63' 77 91 105 119
Time (Days)

7 2 r  35 49 63 77 91 105 119
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Time (Days)

7 21 35  49  63 77  91  105 119 133
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Figure 1. Fruit growth curves of four varieties of guava



162 WELLALA et al.

Effect of pre-harvest chemical application on quality and shelf life of 
Horana White, Kanthi and Horana Red

The fruits treated with 4 %  C a(N 03)2 had significantly higher (p<0.05) 
shelf life followed by 2 and 1 %  C a(N 03)2 and the shelf life of untreated fruits 
were significantly low (p=<0.001; Figure 3). Firmness o f the fruit is important 
in extending the shelf life and Ca plays a special role in maintaining the cell 
wall structure o f fruits by interacting with pectic acid in the cell walls to form 
Ca pectate (Bakshi et al., 2005 Poovaiah (1986) has studied the role o f Ca in 
prolonging the storage life o f  fruits and vegetables and reported that it’s 
positive effects on retaining fruit firmness.

Figure 3. Shelf life o f guava fruits at different levels o f C a (N 0 3)2

The effect o f  pre-harvest spraying o f Ca on quality o f  guava fruits is 
shown in Table 4.

Fruit firmness was significantly reduced (p<0.05) from the harvested 
time (day 0) to the second day o f  storage, probably due to the conditions o f 
fruit storage specially at ambient temperature. This reduction o f  firmness 
would be attenuated under refrigerated storage conditions. However, Ca- 
treated fruits showed a better firmness even at fully ripen stage thus making 
post-harvest handling easy. The differences in fruit firmness between the 
control and the Ca-treated fruits increased with the duration at storage, (Table
4). Thus, these effects of C a(N 03)2 causing a greater fruit firmness can be 
explained by the role o f Ca in the rigidity o f rind tissues (Singh et al., 1993; 
Conway et al., 2002 ). Conway and Sams (1987) showed a remarkable 
decrease in the area o f  decay in apple fruits when treated with Ca. Application 
o f  lime to an acid Red Latasol before guava tree planting has provided greater 
firmness (Prado et al., 2005). However, plant uptake o f Ca can be affected by 
interactions with other soil elements, thus making soil application ineffective 
under some soil conditions.
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The TSS content has increased and then reduced, while TAA has a 
gradual but a significant reduction (p<0.05) with storage period, irrespective 
o f  the Ca treatment and variety. This indicates that the normal ripening in Ca- 
treated fruits is similar to that o f  the untreated control.

CONCLUSIONS

Fruit maturity at harvest has an impact on quality and shelf life o f  
guava. The colour turns from dark green to whitish green followed by 
yellowish green and yellow during ripening. The whitish green stage provides 
an adequate hard texture, optimum TSS and TAA, and thus can be identified 
as the commercial maturity stage.

The storage environment has an impact on shelf life o f  guava fruits. 
Fruits stored at refrigerated temperature resulted in a more controlled and 
gradual ripening than those stored at ambient temperature. The LDPE 
packaging and wax coating at ambient temperature resulted in an extended 
shelf life o f  guava fruits. The LDPE packaging was successful in var. Pubudu 
with acceptable flavor and texture. The gauava var Pubudu had a longest shelf 
life followed by Horana White, Kanthi and Horana Red.

Fruits showed a double-sigmoid growth pattern and time taken for 
exponential growth phase was determined, during which chemicals to be 
applied. Fruit shelf life o f Ca-treated guava was higher to that o f  the untreated 
control and had a better firmness. The beneficial effects o f  Ca treatment 
increased with the duration o f  storage. The Ca treatment did not have a 
singificant effect on normal ripening o f the tested guava varieties.

REFERENCE

AOAC, 1995. Official methods o f  analysis, vol. 2. Pp 69-8. Association o f  Official Analytical 
Chemist, Inc. Virginia.

Azzolini, M., A.P. Jacomino, I.U. Bron, R.A. Kluge and M.A. Schiavinato. 2005. Ripening o f  
“Pedro Sato” guava: study on its climacteric or non-climacteric nature. Brazil Journal 
o f Plant Physiology 17(3): 299-306.

Bakshi, P., M. Fa, C. Gs, and S. Ta. 2005. Role o f  calcium in post-harvest life o f  temperate 
fruits: A review. Journal o f  Food Science and Technology 42: 1—8.

Ben-Yehosuma, S., S. Fishman, D. Fang and V. Rodov. 1993. New developments in modified 
atmosphere packaging and surface coatings for fruits. In Postharvest Handling o f  
Tropical Fruits, Eds. B.R. Champ, E. Highley and G.I. Johnson. Pp 250-260. 
Proceedings o f  an International Conference held at Chiang Mai, Thailand, 19-23 July 
1993.



PRE AND POST-HARVEST TREATMENT OF GUAVA 165

Brown, B.l. 1985. Temperature management and chilling injury of tropical and subtropical 
fruits, [online] Available at: www.actahort.org/members/showpdf?booknrarnr=175 
50 [Accessed 12 Feb 2010].

Brown, B.l. and R.B.H. Wills. 1983. Postharvest changes in guava fruits of different maturity. 
Scientia Horticulturae 19:237-243.

Burton, W.G. 1982. Postharvest Physiology o f Food Crops. Longman Scientific and 
Technical, England. 198p.

Charnel, A.R. 1989. Permeability characteristics of isolated ‘Golden Delicious’ apple fruit 
cuticles, with regard to calcium. Journal of American Society Horticultural Science 
114:804-809.

Conway, W.S. and C.E. Sams. 1987. The effects o f post-harvest infiltration of calcium, 
magnesium or strontium on decay, firmness, respiration and ethelene production in 
apples. Journal o f American Society o f Horticultural Science 122: 300-303.

Conway W.S., C.E. Sams, and K.D. Hickey. 2002. Pre- and postharvest calcium treatment of 
apple fruit and its effect on quality. Acta Horticulturae 594: 413-419.

Gallo, J.A.Q., M.R.D. Amaro, D.M.B.G. Cabera, M.A.C. Alvarez, F. Debeaufort and A. 
Voilley. 1999. Applications of edible coatings to improve shelf life o f  Mexican 
guava. [online] Available at
http://www.actahort.org/members/showpdf?booknrami+599 76 [accessed 03 march
2010].

Genadios, A., A. H. Brandenbugg, C.L. Weller and R.F. Testin. 1993. Effects of pH on 
properties of wheat gluten and soy protein isolate films. Journal o f Agricultural Food 
Chemistry 41:18-3 5.

Hemandez-Munoz, P., E. Almenar, V.D. Valle, D. Velez and R. Gavara. 2008. Effect of 
chitosan coating combined with postharvest calcium treatment on strawberry 
(Fragaria ananassa) quality during refrigerated storage. Food Chemistry 110:428- 
435.

Kader, A.A. 1986. Biochemical and physiological basis for effects of controlled and modified 
atmospheres on fruits and vegetables. Food Technology 40:99.

Kader, A.A., D. Zagory and E.D. Kerbel. 1989. Modified atmosphere packaging on fruits and 
vegetables. Critical Reviews in Food Science and Nutrition 28:1-30.

Liu, F.W. 1988. Developing practical methods and facilities for handling fruits in order to 
maintain quality and reduce losses. In Postharvest Handling o f  Tropical and 
Subtropical Fruit Crops. Ed. F.W Liu. Pp 1-13. Food and Fertilizer Technology 
Center for the Asian and Pacific Region, Thaiwan, Republic of China.

Miklos, F. 1989. Nutrition o f fruit trees. In Physiology of Temperate Zone Fruit Trees. Pp 83- 
84. John Wiley and Sons, New York.

Miura, H, S. Imada and S. Yabuuchi, 1990, Double Sigmoid Growth Curve of Strawberry 
Fruit. Journal of Japan Society and Horticultural Science 59(3):527-531.



166 WELLALA et al.

Mohamed, S. and K.M.M. Kyi. 1994. Effects of various surface treatments on the 
storage life o f guava (Psidium guajava  L.) at 10°C. Journal o f Food Science 
and Technology 66(1): 9-11.

Morton, J.F. 1987. Fruits o f  warm climates. Creative Resource Systems. Inc., Wintemille, NC. 
356p.

Osman, A. and M.N.A. Ayub. 1997. Effects o f  different post harvest treatments on the 
respiration pattern o f  guava (.Psidium guajava  L.) [online] Available at 
http://www.actahort.org/ books/464/464/ 94.htm [Accessed 10 June 2010].

Poovaiah, B.W. 1986. Role o f calcium in prolonging storage life o f  fruits and vegetables. 
Food Technology 40:86-89.

Prado, R.D.M., W. Natale, and J.A.A. Silva. 2005. Liming and quality o f  guava fruit 
cultivated in Brazil. Scientia Horticulturae 106: 91-102.

Rodriguez, R., P.C. Agarwal and N.K. Saha. 1971. Biochemical changes during development 
of “Safeda” guava fruit. Indian Food Packer. 25:5-20.

Singh, R., O.P. Chaturvedi, G.S. Gaur and G. Singh. 1993. Effects o f pre harvest spray of 
Zink, Calcium, and boron on the storage behavior o f  guava (.Psidium guajava L.) 
fruits cv. Allahabad Safeda. ISHA Acta horhiculturae.

Singh, S.P. 2010. Prospective and retrospective approaches to postharvest quality management 
of fresh guava (Psidium guajava  L.) fruit in the supply chain. In New Trends in 
Postharvest Management o f  Fresh Produce II. Fresh Produce 4, Ed. D. Sivakumar. 
(Special Issue 1), 1-14.

Thompson, J.F. 1985. Storage systems. In Postharvest Technology o f  Horticultural Crops, Ed. 
A.A. Kader. Pp 49-53. University o f  California, USA.

Tobias, R.B., W.S. Conway and C.E. Sams. 1993. Cell wall composition o f calcium-treated 
apples inoculated with Botryisis cinera. Phytochemistry 32:35-39.

Tucker, G.A. 1993. Introduction. In Biochemistry on Fruit Ripening. Eds. G.B. Seymour, J.E. 
Taylor and G.A. Tucker. Pp 1-21. Chapman and Hall, London.

Wills, R.B.H. 1989. Fruit; vegetables; Postharvest Physiology: Postharvest Technology. Van 
Nostrand Reinhold, N ew  York. 174p.

Wills R.H.H., T.H. Lee, D. Graham, W.B. McGlassan and F.G. Hall. 1981. Postharvest: An 
Introduction to the Physiology and Handling o f Fruits and Vegetables. AVC 
Publishing Company, Westport, Connecticut.


