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ABSTRACT

Sodium carbonate and three commercial disinfectants were
evaluated as safe alternatives to fungicides to control banana finger
rots incited by Botryodiplodia theobromae and Botrytis cinerea
compared with the fungicide Tecto. The tested disinfectants, i.e. Bafry
(hydrogen peroxide/silver ions), Sanosil Super 25 (hydrogen
peroxide/silver ions) and Max Guard (sodium dichloroisocynurate)
and Sodium carbonate were investigated in vitro against mycelial
growth of B. theobromae and B. cinerea. All tested alternative
materials completely inhibited the growth of B. cinerea at the rate of
0.3 %. Meanwhile, Max Guard, Sanosil Super 25 Bafry and sodium
carbonate reduced colony diameter of B. theobromae by 100, 86.7,
33.3 and 33.3%, respectively, at the rate of 0.3%. Postharvest
treatment of banana fruits with Bafry, Sanosil Super 25 and Max
Guard and Sodium carbonate at the rates 0of 0.1, 0.2 and 0.3% revealed
high successive efficacy against tested fungi. During season 2007, all
investigated treatments at 0.3% gave 100% efficacy against finger rots
except for Bafry which gave 81.1% efficacy under natural infection
conditions. Next season, in 2008, only Max Guard at 0.3% gave 100%
efficacy, while the efficacy of Sanosil Super 25 and Sodium carbonate
and Bafry was 93.3, 93.3 and 87.7%, respectively. The disinfectants
and sodium carbonate tested against B. cinerea and B. theobromae on
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artificially infected bananas achieved high efficiency during seasons
2007 and 2008. All tested materials at 0.3% were highly effective
against B. cinerea in both seasons except for sodium carbonate only in
season 2007 which achieved less efficacy, 43.6%, comparing with the
other treatments. On the other hand, sodium carbonate at 0.3% was
the most suppressive treatment on B. theobromae in both seasons,
while efficacy of Max Guard was relatively the least. However,
Sanosil Super 25 and Bafry at 0.3% achieved good control of B.
theobromae comparing with the control. fungicide Tecto which
recorded the highest effect its efficiency percentage was 93.3 % .
Generally, all tested disinfectants and sodium carbonate achieved less
efficacy than tecto in seasons 2007 and 2008, but they achieved high
control on both diseases comparing with the control fruits.

On the other hand all the safe compounds studded extended the
shelf-life of banana fruits by decreasing weight loss percentage, color
transmition and maintaining higher values for TSS, acidity and starch
at the end of storage maintained fruit quality.

INTRODUCTION

Banana (Musa sp.) is considered one of the most important
commercial fruit crops in most producing countries. It is highly
subjected to the infection with fungi causing postharvest diseases
during storage, transit and marketing. Some of these diseases, such as
finger rot incited by Botryodiplodia theobromae, develop and reduce
quality and quantity of banana fruits (El-Goorani and Sommer, 1981,
and Boruah et al., 2003 and 2004). B. theobromae is an important as a
postharvest pathogen because the environmental conditions in storage
favor the pathogen development (Abdel- Sattar, 1978). Many attempts
were made to protect banana fruits against certain postharvest
pathogens during marketing and storage. Grey mold disease caused by
Botrytis cinerae was inhibited by several salts such as calcium
chloride (Wasna et al. 1999 and Younis, 2002). Potassium
bicarbonate, ammonium bicarbonate and sodium bicarbonate had a
good inhibitory effect on growth of B. cinerea, affected the
germination of conidia and reduced Botrytis fruit rot incidence and
severity (Palmer et al., 1994 a & b, Palmer, 1996, and Khafagi, 2002).
Sanosol-25, a disinfectant containing 48% hydrogen peroxide and
silver salts as stabilizing agents, inhibited the mycelial growth of the
two main melon decay fungi, Alternaria alternata and Fusarium
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solani, in vitro. However, in vivo experiments, Sanosil-25 markedly
decreased decay at a concentration of 5000 ppm (Aharoni et al.,
1994). Soltan (2002) reported inhibitory effects of potassium chloride,
potassium sorbate and sodium chloride on spore germination of B.
cinerea. These salts at different concentrations gave satisfactorily
results in controlling grey mold decay on stored apricots. Soltan et al.
(2006) stated that among 7 salts tested, calcium nitrate and calcium
chloride at a concentration of 0.2% were the best effective treatments
in controlling snap bean pod rots caused by B. cinerea with efficacy of
90% and 77%, respectively. Carlos and Garner (2007) recorded that
dipping of ‘Wonderful’ pomegranates in 3% solution of potassium
sorbate at 21 °C for 3 min was the most effective against artificial
infection of grey mold comparing to sodium bicarbonate, sodium
carbonate. (Conway et al., 1991) stated that calcium salts had been
reported to play an important role in the inhibition of postharvest
decay of apples. These findings referred to the significance of using
salts to control postharvest diseases of fruits.

The effects of wax emulsion coating, ethylene absorbent,
fungicide, and growth regulators alone and in various combinations,
on physical characters and shelf-life of bananas held under ambient
conditions were investigated. Of the different combinations, fungicide
(450 ppm Bavistin [carbendazim]) with ethylene absorbent was better
at minimizing physiological weight loss and decay loss at 20 days
after storage and this treatment was the best, extending shelf-life of
bananas by maintaining higher values for TSS, sugars, acidity and
starch to 22 days (Rao and Chundawat (1991). The same trends were
illustrated by (Patil and Hulamani (1998)).

The effects of various concentrations of ethanol or acetaldehyde
vapour on weight loss, firmness, total soluble solids (TSS) and
titratable acidity (TA) of mature green Cavendish bananas were
investigated. Whereas ethanol had a negligible effect on fruit ripening,
acetaldehyde (1 or 4 ml/kg fruit added to a 3-litre sealed container)
was effective at maintaining fruit firmness and preventing increases in
TSS and titratable acidity levels (Hewage et al., (1995)).

Cool chamber storage significantly slowed down the rate of
increase in physiological weight loss and decrease in firmness of
banana cv. Dwarf Cavendish fruits compared with rapid changes in
fruits stored in ambient conditions (AC). The rate of increase in
titratable acidity and total sugars and decrease in starch were slow in
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fruits stored in cool chamber compared with those stored in AC.
Irrespective of the storage conditions (Nagaraju and Reddy, (1995)). -

The change from the unripe stage was characterized by
decreasing starch content, increasing total sugar, total soluble solids
and titratable acidity. Titratable acidity increased until colour index 3
(more green than yellow) and then declined as the fruit turned yellow
in colour (Munasque and Mendoza (1990)).

This study aimed to evaluate the effectiveness of salt and
disinfectant treatments against banana finger diseases, in comparison
with fungicide Tecto as standard to introduce safe alternatives to
fungicidal control and to maintain fruit quality during cold storage.

MATERIALS AND METHODS

Pathological studies

Pure and aggressive isolates of Botryodiplodia theobromae and
Botrytis cinerea previously isolated from decayed bananas were used.
Sodium carbonate and three commercial disinfectants were evaluated
throughout this investigation compared with tecto as a standard
fungicide. The commercial disinfectants were Bafry (D-50/500,
hydrogen peroxide-silver ions, Hess Products, Germany), Sanosil
Super 25 (50% hydrogen peroxide/silver ions, MF Trade Company,
Egypt) and Max Guard (3.3 gm sodium dichloroisocynurate, Kanza
Group for Projects Development and Services, Egypt) (safe
treatments).

In vitro studies:

The effect of sodium carbonate, hydrogen peroxide/silver ions
(Bafry and Sanosil) and sodium dichloroisocynurate (Max Guard) at
different concentrations on mycelial growth of B. theobromae and B.
cinerea was tested in vitro. Each salt or disinfectant was amended in
PDA medium at concentrations of 0.1, 0.2 or 0.3%. Treated or
untreated medium was poured into five Petri dishes (replicates) per
each treatment. After solidification, the medium was inoculated with
5-mm discs of 7-day-old culture of each fungus, incubated at 20 + 2°C
and daily observed until the dishes of the control treatment were
completely covered with the fungal growth. Mean diameters of linear
growth were recorded and reduction percentages in colonies diameters
caused by the tested treatments were calculated using the formula
suggested by Fokemma (1973) as follows:
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(de - di)
de
Where; de = maximum linear growth in control set.
di = maximum linear growth in treatment set.

Reduction percentage = x 100

Store experiments:
Source of banana:

Mature green bunches of Williams banana cultivar were
obtained from El-Ebor market, Egypt and used for such study during
seasons 2007 and 2008. Banana fruits were sorted to eliminate the
damaged fruit and to obtain the samples of uniform maturation.

Effect of postharvest fungicide alternatives on the severity of
finger rots on banana during cold storage:
A- Natural infection:

Freshly harvested banana fruits were dipped in solutions of
sodium carbonate, Bafry, Sanosil and Max Guard (safe treatments) at
the rate of 0.1, 0.2 or 0.3%. and Tecto at the rate of 1ml/L for three
Minutes, then air dried in room temperature to remove excess water
and placed in carton boxes. Each treatment contained three replicates,
6 hands of banana fruits each, and each hand consisted of 5 fingers.
Three replicates left without treatment as a control. All treatments
were stored at 13°C and 95% RH for 45 days. After cold storage,
disease severity was calculated as a percentage of diseased area in
proportion to the total area of the fingers according to Fallik et al.
(1993).

B- Artificial inoculation:

Other group of freshly harvested banana fruits were artificially
inoculated with pathogenic isolates of B. theobromae and B. cinerea.
Fingers were wounded at the peel by scratching the surface up to place
3-mm discs of 7 days old cultures from B. theobromae and B. cinerea
entirely, then it was replaced. Banana fruits were left in room
temperature for 24 hr to allow establishment of fungal infection. The
inoculated banana fruits were dipped in solutions of sodium carbonate,
Bafry, Sanosil and Max Guard (safe treatments) at the rate of 0.1, 0.2
or 0.3%. and Tecto at the rate of 1ml/L for three minutes, then left to
dry in room temperature and placed in carton boxes. Replication was
adopted as in the natural infection. Three replicates left without
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treatment as control. All treatments were stored at 13° C and 95% RH
for 45 days. Then disease severity was calculated.

Quality studies:

Effect of different treatments used as alternatives to fungicides
on fruit quality was evaluated. Tested quality parameters were as
follows:

Weight loss percentage:

Three replicates each had ten fingers were weighed at each
examination period and weight loss percentage was calculated during
storage period

Fruit color:

Three replicate each had ten fingers were used to evaluate
external skin color objectively, on opposite sides of every fruit, by a
Hunter colorimeter, Color space a* and b* parameters were used to
calculate the hue angle according to McGuire, 1992).

Total soluble solids contents were determined by abb'e
rafractometer according to (A.O.A.C., 1980).

Total acidity:
Total acidity percentage was determined by titration and
calculated as citric acid according to (A.O.A.C., 1980). '

Statistical design and analysis:

A complete randomized design was used for such experiment
and obtained data were analyzed using analysis of variance (ANOVA)
according to Gomez and Gomez (1983).

RESULTS

Pathological studies

The results illustrated in Table (1) indicate that all tested
disinfectant treatments Max Guard, Sodium carbonate, Sanosil Super
25 and Bafry completely inhibited the growth of Botrytis cinerea (100
% Reduction of colony diameter) at the rate of 0.3 %. On the other
hand, only max Guard completely inhibited the growth of B. cinerea
at the rate of 0.1 , 0.2 and 0.3%. Similar finding was found for max
Guard, where it completely inhibited the growth of Botryodiplodia
theobromae at the rate of 0.1, 0.2 and 0.3%. Meanwhile, sodium
carbonate, Sanosil Super 25 and Bafry reduced colony diameter of B.
theobromae by 33.3, 86.7and 33.3%, respectively at the rate of 0.3%.
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Table (1) Effect of sodium carbonate or three disinfectants on
reduction of colony diameter of Botrytis cinerea and
Botryodiplodia theobrome grown on PDA medium and incubated
at 20+2°C for 7 days.

Reduction of colony dizmeter %
Treatment B. cinerea B. theobrome
Concentration Concentration
6.1% 102% | 03% 0.1% 0.2% 0.3%
Max Guard 160 166 160 100 100 100
Bafry 122 44 160 0.0 244 333
Sanasil Super 23 81.1 87.8 100 0.0 333 86.7
Sodium carbonate 4.0 244 140 0.0 189 333
LSD. at3% for T 1.44 1.36
C 1.258 1.35
TXC .50 2.7

The efficacy of tested materials including sodium carbonate and
some disinfectants on banana fruit rots under natural infection
determined in seasons 2007/2008 is demonstrated in Table 2. The
alternatives substances to fungicides provided protection against fruit
rot infection on banana during storage period and could be comparable
with the efficacy of the fungicide Tecto which recorded the highest
effect. Max Guard and sodium carbonate proved to be the most
effective treatments at the rate of 0.1% with efficacy of 80.1% in both
treatments. Other tested treatments, Sanosil Super 25 and Bafry at the
same rate, 0.1%, showed effectiveness of 59.9% and 50%,
respectively. On the other hand, all tested disinfectant materials at the
rate of 0.3% gave 100% efficacies except for Bafry which gave 81.1%
efficacy, during season 2007, while the results in season 2008
indicated that Sanosil Super 25 and sodium carbonate proved to be the
most effective at the rate of 0.1% with efficacy of 75.6% in both
treatments. The other treatments, Max Guard and Bafry at the rate of
0.1%, showed effectiveness 72.0% and 55%, respectively. On the
other hand, Max Guard at the rate of 0.3% gave 100% efficacy while
Sanosil Super 25 and sodium carbonate gave 93.3% efficacy and
Bafry gave 87.7% efficacy.
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Table (2) Effect of sodium carbonate or three disinfectants
comparing with tecto on reduction of disease severity of natural

infection during storage period season 2007/2008 after 45 days
from storage.

Disease severity %
Treatuments Natural infection 2007 Natural infection 2008

Cont |0.1% | E% |0.2% | E% | 0.3% | E% |Cont | 0.1% | E% |0.2% | E% |03% | E%
Max Guard 22144 | 801 22|90 | 00 (100 I8 | 49 | 720 22 | 877 00 | 100
Sanosil Super 23 222189 |99 | 44 {801 | 00 | 100 | 18 | 44 | 756 | 44 | 756 11 | 939
Bafry 227101 [ 500 44 [ 801 | 44 (301 13 | 81 (550 49 | M0 | 22 | 817
Sodium carhonate 220 44 | 801 ) 44 1881 00 100 ) IB | 44 | 786 | 22 | 877 L1 | 938
Tecto 2100 (100 | 00 [ 106 ] G0 [ 100 ) 15 | 00 | 100 | 00 | 160 | 00 | 108

LSD. at5%for T 136 1.2

° 122 113

TX¢ BRE 153

Cont™: control treatment
E = efficacy (Yo) was calculated relative to control treatment.

Data in table (3) showed that all disinfected material gave
protection on banana fruit during storage period under artificial
infection by B. cinerea during season 2007 when used at the rate of
0.1, 0.2 and 0.3 % as compared with fungicide Tecto which recorded
the highest effect, 89.7 %. Meanwhile, efficiency of Max Guard,
Sanosil Super 25, Bafry and sodium carbonate at the rate of 0.3% was
76.9, 74.4, 71.7 and 43.6%, respectively. Furthermore, all tested
disinfectant treatments decreased decay development on banana fruits
artificially inoculated with B. theobromae during storage period.
However, it was obtained that sodium carbonate was the most
effective treatment to control fruit rots when used at the rate of 0.3 %
achieving efficacy of 69.3% followed by Sanosil Super 25 and Bafry
with efficacy of 57.8 % at the same rate comparing with fungicide
Tecto which recorded efficacy of 94.4 %
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Table (3) Effect of sodium carbonate or three disinfectants
comparing with tecto on reduction of disease severity of artificial
inoculation by B. cinerea and B. theobromae during storage period
season 2007, after 45 days from storage.

Disease severity % seasan 2007
?"eat‘”mfs B. cenirae B. theabromae

Cont* | 0.1% | E% | 0.2% | E% | 03% | E% | Cont* | 0.1% | E% | 0.2% | E% | 0.3% | E%
Max Guard 86.7 | 289 [66.7] 245 | 717|200 | 769 | 799 | 53.3 | 333 533 |333| 489 |88
Sanosil Super 25 86.7 | 511 |41.1| 489 |43.6| 222 | 744 | 799 | 645 |19.2| 57.8 |27.7| 333 |578
Bafry $6.7 | 39.9 /539289 {667 245 [TLT| 799 | 60.0 [249]| 445 [443] 333 | 578
Sodinm carbonate 867 | 555|359 | 5L1 [41.1| 48.9 | 436 799 | 60.0 | 24.9| 40.0 |499| 145 | 693
Tecto 86.7 | 89 (89.7] 89 (897 89 [89.7| 799 | 45 |944| 45 |944) 45 (944

L.SD. 3t 3% for '{C 144 152

L

Cont*: control treatment

E = efficacy (%) was calculated relative to control treatment.

Data in table (4) indicated that rate of 0.3% of all disinfectant
materials gave highest efficacy compared with other rates, 0.1 and 0.2
%. Under artificial infection by B. cinerea, Max Guard and sodium
carbonate gave the highest efficacy to reduce disease severity, 72.7%,
followed by Sanosil Super 25 and Bafry achieving efficacy of 69.8%
and 64.4%, respectively, comparing with 90.0 % efficacy of Tecto.
- Meanwhile, Max Guard, Sanosil Super 25, Bafry and sodium
carbonate at the rate of 0.3% reduced banana fruit rots of artificial
infected by B. theobromae with efficacy of 54.7, 66.7, 66.7 and
69.8%, respectively with 93.3 % efficacy of Tecto.
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Table (4) Effect of sodium carbonate or three disinfectants
comparing with tecto on reduction of disease severity of

B.theobromae and B. cinerea on artificially inoculated banana
fruits stored at 13°C and 95% RH during season 2008.

Disease severity % season 2008

Treatments B. ceniraz B. theobremae

Cont. | 0.0% | E% | 0.0% | £% | 03% | £% | Cont. | 0.0% | % | 0.0% | E% | 03% | %
Max Guard 812 | 399 507 | 245 [698] 222 | 727] 736 | 555 | 24.6| 489 | 336] 333 [547
Sanosil Super 25 812 | 489 398 | 289 | 64| 245 | 608 ] 736 | 533 [27.6] 445 |395] 245 [ 667
Bafry 812 | 289 (644 | 245 [e08] 222 [ 727 ] 736 | 489 [33.6] 445 [395] 245 [667
Sodium carbonate | 812 | 515 |241| 48.9 | 308 | 289 | 64.4 | 736 | 555 | 246 | 511 [206] 222 |98
Tecto 8121 81 1900] 81 [900] 81 | 90 | 736 | 49 |933] 49 |933] 49 |033
L.S.D.at 5% for ’fc 156 161
. 148 144
TXC 130 3

Cont*: control reatment
E = efficacy (%) was calculated relative to control treatment

Quality studies:
Weight loss percentage:

Data presented in table (5) clearly indicated that weight loss
percentage of Bananas stored at 13°C for 45 days was increased
gradually and significantly with prolonging of storage period. All post
harvest treated banana fruits with the examined compounds had
significantly less weight loss percentage than both treated fruits with
tecto (the standards treatment) and untreated fruit (control). On the
other hand, the effect of post harvest treatments to reduce fruit weight
loss was slightly increased with the increasing of the used
concentrations. :
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Table (5): Effect of some postharvest treatments on banana fruit
weight loss percentage during cold storage at 13°C and 95% RH.

Treatments
St. peried Max, Gard Sanosil Super25 Batry Sodium carbonate
Tecto | Means
0% | 0.1% | 0.2% [ 0.3% | Means [ 0.1% [ 0.2% | 0.3% | Means | 0.1% | 0.2% | 0.3% | Means | 0.4% | 0.2% | 0.3% | Means
1st season
] poo| 6 | 0 | 0 | 000 ¢ 0 | 0 | O {600 | O | O |0 [000| 0 |0 | O | 000 00| 0D
18 |122)| 069|071 (092 088 1067 (082080 | 083 | 083|071 (082| 090 | 085 (111|063 | 098 [ 141 | 102
30 (293|184 0225|182 223 (172|188 (188 | 213 | 207 | 478|180 | 2456 (214 | 2161180 226 | 3.09 | 237
45 | 4542981378 | 282 | 388 (277 |285(3.00 | 333 | 331287 | 278 340 1333 321|292 352 [ 477 | N
Means [220]1.38 | 169 | 144 | 167 ;129 ) 141|148 | 160 | 155 | 1341135 161 | 160 162|135 168 | 232 | 178
Ind season
0 600, 0 (0 [ 0 [ 000 0 | O (0 |GOO} O O | O J000) Q| 0 | O | 000000 000
% |4411060 (062077 078 | 059 079|075 | €81 [ 083 )04 | 082 0.87 | 083 | 096058 | 087 | 131 | 033
30 |265(160 (494161 | 195 | 151|162 (467 1.86 (181 (156|182 188 |4.87 {187 (453 198 | 282 ;1 210
45 14261260 326245 344 |242(246 258 | 293 | 290|243 234 300 | 28112771247 340 | 440 | IM
Means 200|120 | €45 | 1.20 | 147 | 143 | 1221425 140 | 438 | 419 [ 117 | 144 | 140 | 140 [ 145 149 | 243 [ 1.59
Conc. Means
0.0% 0.1% 0.2% 0.3%
1t season 2.2 1.63 168 1.88
2nd season 2.00 145 148 138
L 3D values at 5% level.
Factor Treat. (a) Cone. (b} 8¢, Periods {¢} arb axc bxe axbxe
18t season 0.134 0474 0.474 0.388 0.388 0.348 078
2nd season 0.1 0.162 {.162 0.362 0.362 0.328 673

Banana fruit Color:

Color data represented in table (6) indicate that banana fruit
color changed from green (hue angel more than 90) to yellow (hue
angel less than 90) with prolonging of storage period. Data also
indicated that all post harvest treatments with the examined
compounds significantly decreased the rate of changes in color
transmission compared with untreated fruits and treated ones with
tecto. Increasing the concentration of used such chemicals did not
show obvious trend of effect on fruit color development during the
two seasons, that means the high and the low concentrations of
disinfectants had nearly the same effect during storage. On the other
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hand, there was a significant interaction within treatments and used
concentrations.

Total soluble solids:

Data represented in table (7) show that total soluble solids
contents of banana fruits were increased gradually and significantly
with prolonging of storage period during the two seasons in this study.
Moreover, data revealed that all examined compounds significantly
decreased the increasing rate of TSS during storage in the two seasons
in this work compared with either treated or untreated fruits. However
data represented that, fruits treated with the highest concentrations had
the lowest TSS contents during the two seasons of this work. On the
other hand, there was an interaction among the examined
concentrations and storage period affecting increasing of the total
soluble solids contents in banana fruits in this work.

Total acidity contents: ' ,

Data represented in table (8) cleared that total acidity contents of
banana fruits decreased gradually and significantly with the extension
of storage period during storage. Moreover, data obtained indicated
that all examined compounds significantly decreased the increasing
rate of banana fruits total acidity contents during storage compared to
untreated fruits. On the other hand, total acidity contents of banana
fruits treated with tecto still had titratable acidity contents higher than
those treated with the tested compounds. Data also indicated that the
reduction of decreasing rate of the titratable acidity of banana fruit
significantly increased with the increasing of the used concentration
during the two seasons of this work. Also, there was a significant
interaction among treatments and the used concentrations.
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Table (6): Effect of some postharvest treatments on banana fruit
color represented as hue angle during cold storage at 13°C and

95% RH.
Treatments
$.period Wax Gard Sanosil Super 23 Baby Sodium carbonate
T [0 | 0% | 0% | Heans | 0.0% | 020 | 0% | Meams | 0% | 02% | 0.0% [oans | 0% ] 02% | 0% | Weams | oo | veens
{5t season
] 116, [ 16, | 16 | 1188 | 116 | 1168|1168 | 1163 M6 | 116 | W& | V6. | 116 | 116 | 116 [ 116 | 18 | 118 | 116,
B 923023 | 981 [958 [ 948 | 491 [ 923 (W | 955 [958 | 951 | G2 | 45 | O81 [958 |00 963 | W4 | 93
3 | BRI ) 7085 | T95 | TEE ) TAS | BT MO 704 | TAS [TES I SL7 3| MO | To4 | TSR | @12 TRM | M4 | T2
4 (517|563 ) 677 | 628 | 603 | 683 | 517 | €75 ) 649 | 627|706 | 568 | 603 | 675 528 | 697 | 634 | 643 | 623
Means [ 828 | 841 | 505 [ 8T8 | 863 | M4 [ 044 | 904 | 873 [B77 | 92% | G40 | 866 | 904 [ 878 ) 917 | 882 | B4 | 413
2nd seasen
§ 1663 (1083|1083 (1083 | 1063 (1063 | 106.3 | 1083 | 1063 | 1063 | 108.3 | 106.3 | 1063 {1063 | 1063 | 106.3 | 1063 | 1063 | 1063
15 [ 728 | 740 | 824 | 860 | 7e8 | B05 | BDT [ 7TH6 | 842 [ 889 | MG | TAO [ &N | 705 [ 860 | M5 T2 | 123 | T6B
W | 5331620 [ 7TH (560 | 834 | TN0 | 583 | TTA | 643 (589 | T8 | 54D f BT (7B (688 | 714 | 618 | B33 ) 68
45 | 827 | 557 | 628 {553 ) B4 | 637 | 507|526 524 (552 | 692|555 | 581 | 614 [ 430 {683 | §78 | 827 | %50
Means | 713 | 745 | 708 768 | 756 [ 804 | 738 | 7RN | 74 | 766 | 7R8[ 728 | VRN (780 (775 [ TR4 | 768 [ VA3 | TEO
Conc. Means
0% 1% 92% 0.3%
1st season $2.78 8856 83.78 8361
2nd season nu 784 7045 7581
L350 values at 5% level ‘
Facter Treat, {a} Cone. (b} 5% Periods (¢} axb axe bxe axbxe
1st seagen ki 1) 347 341 114 174 6.94 1850
2nd season 4 kE ] 368 82 2 13 1647
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Table (7): Effect of some postharvest treatments on banana fruit

TSS contents (%) during cold storage at 13°C and 95% RH.

Treatments
St period Max Gard Sanosil Super 25 Bafry Sodium carbonate Means
% [04% ] 02% ] 03%  Weans | 0.4% | 0% 0% Weans | 0% | 0.2 | 0.% | Means | 0% | 0.2% | 0.3% [ Weans | "°°°
’ 1stseason
O |70\ 7047|470 [ 170 (170 (170 (170 ) 470 (1701170 ) 170 ) 470 1101170470 170 | 170 | 170
15 (184 180 176175 183 | 181|188 | 184 | 188 (195 (219 | 179 | 194 189 | 1951841 ) 189 | 187 | 188
30 (232081195182 | 198 [105) 201 134 197 | 185208 | 187 | 408 | 202|199 188 195 | 203 | 198
4§ |22|01|22|22) 24 | H4A 22\ U8 U7 (B0 ({0107 N7 | MG H2|HI) HE | B0 ] 1S
Means |19.7{ 200 | 19.4) 190 ) 194 1190195 ) 189 | 493 | 190 189 (186 | 193 (135 [ 194 | 189 ( 194 | 188 | 194
2nd season
0 [158]168 | 158|168 | 168 | 158 (158|168 | 158 | 158|158 [ 158 | 168 | 168158158 | 168 | 168 | 158
15 |15 BT 115|171 ) 188 (174174 162 | 474 1163|157 | 158 | 166 (178 [ 168 (183 | 173 [ 190 | 177
30 [15.00219 188182 195 | 1791 184 | 183 [ 183 | 193 [ 208|166 189 | (73|85 175 181 | 199 | 189
45 (1871220195186 200 [ 190|190 (187 [ 190 | 1940 (195 (172( 189 (189 (188 {165 186 | 203} 194
feans (1831968 [ 179 [ 1741 183 [ 175|176 {173 ) 477 (476 180 |64 | 175 | 176 [ 174|166 174 | 87 { 179
Conc. Means '

0.0% 0.4% 0.2% 0.3%

15t season 19,66 194 1954 1852

2nd sezson 18.26 18.1 1792 1121

1.8D values at 5% level.
Factor Treat. {a) Cone. (b} 8t. Periods (c) axb axe bxe axbxe
{st season 0.5 0.2 0.25 0.56 0.5 050 112
2nd season 0.24 7, 0.22 048 0.48 043 087




J. Biol. Chem. Environ. Sci., 2009, 4(1), 223-243

237

Table (8): Effect of some postharvest treatments on banana fruit
Total acidity contents (%) during cold storage at 13°C and 95%

RH.
Treatments
8t period Max Gard Sanosil Super 25 Balry Sodium carbonate
T T04% ] 02 | 0% [ Weams | 04% ] 0% | 0% | Means | 0% | 0. | 0.5% | Means | 0.0 | 0% | 0.5% | Meas | oo | e
_ 1t season
0 [030[690|050)030) 050 1080090090 050 )050)090(030( 050 (050090 (0301 090 | 030 030
16 |045) 085|075 ) 0BG 071 [ 060 | 0651060 | 058 | 045|065 070 056 | 065|065 085( 065 | 075 | 065
30 {0.36) 068064 )07 ) 060 (05205205 ) 048 | 037056058 | 046 | 085 (064|073 | 055 | 084 | 054
45 (029/054)054)050 ) 049 [044)042|043) 040 | 031|048 |045) 038 | 047 | 045|063 | 046 | 054 | 045
Means |0.50) 074 071 | 076 | 068 | 061 | 062|061 | 050 | 051 | 065(085| 058 | 064|083 | 078| 084 | 071 | 084
2nd season
O |685/085)085)085 085 |0.85) 085|085 | 085 | 0851035 |085| 065 | 085085035 085 | 085 | 085
15 1035075055 (0.8 ) 063 047|057 047 046 | 044 | 059062 050 | 057|064 | 0486 | 056 | 065 | 0.56
30 {035 053 | 056 055) 060 | 045 | 0.51 | 0.50 | 045 | 034 | 044 | 055 042 | 054 042|064 049 | 05 | 048
45 (025053053052 046 |043)032(038) 035 | 024 |047(0351 033 [041|041) 051 042 | 043 | 040
Means |0.45) 067 | 0.63 | 669 | 061 | 0.55) 056 ) 055 ) 0.53 | 047 | 0.59 | 058 | 052 | 055|058 069 | 058 | 083 | OF
Cong. Means
0.0% 0.1% 0.2% 0.3%
1sf season 0.50 .64 0.68 070
2nd season 0.45 0.5 040 0.63
L8D values at §% level.
Factor Treat. {a) Conc. (b} 8t Periods {¢) axh axe bxe axhxe
{at season 0.012 0.014 0.0 0.024 0024 0.022 0.05
2nd season 0.009 0.008 0.008 0.048 0013 0.016 0.04
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DISCUSSION

Fresh bananas are important source of vitamins and minerals
which are essential elements for human health. Economic losses
caused by postharvest diseases are among the most important
concerns of growers. Postharvest fruit decay has typically been
controlled by application of synthetic fungicides. However, important
problems associated with the massive use of these chemicals, such as
proliferation of resistant strains of the pathogens and concerns about
public health and environmental contamination have increased the
need for alternatives (Crisosto, 2006).

The most serious postharvest diseases attack banana fingers are
Botrytis cinerea and Botryodiplodia theobromae (El-Goorani and
Sommer, 1981, Boruah et al.,, 2003 and 2004 and Abdel- Sattar,1978).
Investigating the effect of certain disinfectants containing hydrogen
peroxide/silver ions and sodium dichloroisocynurate as well as sodium
carbonate on B. cinerea and B. theobromae in vitro revealed a
promising effect to be tested in vivo. This finding emphasized
investigating the impact of these materials to suppress fungal attack on
banana fingers during cold storage. The rate of 0.3% of such
mentioned chemicals completely inhibited the growth of B. cinerea.
On the other hand, sodium dichloroisocynurate at 0.3% only
completely suppressed in vitro growth of B. theobrome. Different salts
were also used to protect fresh fruits and vegetables from certain
postharvest pathogens during marketing and storage Palmer et al.
(1997) found that at concentrations as low as 20 mM of sodium
bicarbonate inhibited colony growth of B. cinerea. Current work
revealed that sodium carbonate was found to be effective against B.
cinerea and B. theobromae on banana fingers in vitro and in vivo
during cold storage. This finding was in harmony with that obtained
by Palou et al. (2001 and 2002) who mentioned that sodium carbonate
and sodium bicarbonate had inhibitory action against fruit postharvest
pathogens and are more fungistatic than fungicidal and not very
persistent. Venditti et al. (2005) and Palou et al. (2007) suggested that
potassium sorbate, sodium bicarbonate and sodium carbonate combine
a week direct toxic effect to the fungal pathogen with indirect effects
related to non-permenant modifications of the conditions within the
site of infection (pH, physical change or induction of antifungal
compounds.
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Hydrogen peroxide was tested combined with silver ions in two
commercial disinfectants and sodium dichloroisocynurate proved to
be effective against B. cinerea and B. theobromae. However, different
commercial formulations of hydrogen peroxide/silver ions showed
varied effectiveness. Aharoni et al. (1994) found that Sanosol-25, a
disinfectant containing 48% hydrogen peroxide and silver salts as
stabilizing agents, inhibited the mycelial growth of the two main
melon decay fungi, Alternaria alternata and Fusarium solani in vitro.
However, in vivo experiments, Sanosil-25 markedly decreased decay
at a concentration of 5000 ppm. The silver ion combined in hydrogen
peroxide seems to have positive effect to control fungal pathogens
including B. cinerea. This expected effect of silver could be clarified
by De Capdeville et al. (2003) who found that silver thiosulfate
affected severity of B. cinerea and extended vase life of rose buds.

Tested chemical treatments maintained banana fruit quality
during the cold storage at 13°C and 95% RH for up to 45 days. Weight
loss is considered the most critical factor reducing banana postharvest
shelf life. Many investigators handled reducing the weight loss of
bananas during the cold storage. Findings in current study referring to
high effectiveness of commercial disinfectants and sodium carbonate
to reduce weight loss are supported by Rao and Chundawat (1991)
and Patil and Hulamani (1998). They cleared the positive effects of
Bavistin [carbendazim] on minimizing physiological weight loss and
decay of banana during storage. Observed effectiveness of such tested
disinfectants and sodium carbonate on total soluble solids, titratable
acidity and development of fruit color indicated slow development of
fruit toward ripeness. The tested chemicals suppressed decay
development which reflected unaccelration of fruit respiration. So,
keeping bananas longer in cold storage with proper quality depends on
treatments that eliminate or reduce development of fungal decay. This
finding was also demonstrated by Munasque and Mendoza (1990)
who mentioned that the change from the unripe stage was
characterized by increasing total soluble solids and titratable acidity
and the fruit color turned from more green than yellow to yellow.

Generally, it was found that all tested alternative for fungicides
including Bafry (hydrogen peroxide/silver ions), Sanosil Super 25
(hydrogen peroxide/silver ions) and Max Guard (sodium
dichloroisocynurate) and Sodium carbonate at rate of 0.3% proved to
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be highly effective against fungal rots of banana fingers and achieved
good control during cold storage at 13°C for 45 days.
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