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ABSTRACT Sweet pepper is one of the most important vegetable crops in the world, it has
excellent nutritive value but it is susceptible to relatively fast quality changes after harvest time.
The objective of the present research was to evaluate the effect of dipping pepper fruits in
hydrogen peroxide solutions on postharvest keeping quality during storage time. Whole pep-
per fruits were soaked for 30 min in a solutions of hydrogen peroxide (0, 1, 5 and 15 mM) then,
air dried and stored at room temperature (20°C) for 2 weeks and in fridge (10°C) for 4 weeks.
Hydrogen peroxide treatments significantly reduced weight loss, rot rate index and nitrate
content of fruits specially with 15 mM hydrogen peroxide as compared with control treatement
(0 mM hydrogen peroxide). Moreover, hydrogen peroxide treatments significantly increased
general appearance, ascorbic acid content and the activity of the antioxidant enzymes such as
ascorbate peroxidase and dehydroascorbate reductase. For dry matter and TSS%, there are no
significant differences among treatments. Therefore, the use of hydrogen peroxide in posthar-
vest treatments have a good potential strategy to improve the postharvest quality, extend shelf
life period and maintained some nutritional quality as well as inhibited decay development of
white peppers which natural infected under storage conditions.
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Sweet pepper (Capsicum annuum, L.) is one of the most
important commercial vegetable crops worldwide and a main
component of the traditional human diet. It is one of the
vegetables that has excellent nutritive value, higher content
of ascorbic acid, which required for human nutrient, and
there is now strong evidence to link dietary ascorbic acid
with protective effects against various oxidative stress-related
diseases (Davey et al. 2000). Nevertheless, it is a very perish-
able vegetable with a short shelf life and high susceptibility
to fungal diseases (Hardenburg et al.1990).

There are an increasingly demand from consumers side in
the market for products with excellent quality and extended
shelf life, so the preservation of the postharvest quality be-
came more and more important together with the optimiza-
tion of storage conditions. Pepper fruits after harvesting
commonly enourtered postharvest problems, such as strong
physiological activities, quality degradation, shrivelling
associated to rapid loss of weight, nutritive components as
well as fast physical decay and rapid senescence. Therefore,
maintaining freshness of pepper fruits has been a challenge
in keeping its postharvest quality such as reducing water loss,
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delaying softening and extending shelf life period (Gonzalez
et al. 1999 and Xie et al. 2004).

Postharvest treatments with hydrogen peroxide (H,0,)
have been proposed as alternative to chemical treatments. It
is a compound allowed for use in organic crop production
according to National Organic Program (NOP, 2003). The
USA considered H,0, as a GRAS (Generally Regarded As
Safe) as alternative postharvest treatment to replace currently
used chemicals for extending the storability and shelf life of
fruits and vegetables as well as it allowed as a water, surface
disinfectant and postharvest aides for organic crops (Suslow,
1997).

H,0, is an environment friendly compound whose activ-
ity is based on oxidation of fungi and bacteria, and it was
successfully used to control vegetable pathogens during stor
age (Afek et al. 1999). It is now clear that H,O, function as
signalling molecules in plants, it is a form of reactive oxygen
species (ROS) generated as a result of oxidative stress. Oxi-
dative stress arises from an imbalance in the generation and
metabolism of ROS, with more ROS (such as H,0,) being
produced than are metabolized. H,O, is generated via super-
oxide, presumablyin a non-controlled manner, during electron
transport processes such as photosynthesis and mitochondrial
respiration (Neill et al. 2002).
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Figure 1. General appearance in zero time (before storage) and affter storage time (10 and 20 days) as influenced by hydrogen peroxide treat-
ments under both room temperature (20 °C) and fridge (10 °C) conditions. Means designed by the same letter are not significantly difference

at the 5% level according to Duncan'’s test.

Washing fresh mushrooms with H,O, added to the wash
water has been investigated for enhancing the quality and
extending shelf life of postharvest mushrooms. The main
improvements in the quality compared to control occurred
after 9 days of chilled storage such as reduced bacterial popw
lations and better retention of whiteness as well as extended
shelf life period of whole mushrooms during storage time
(Brennan et al. 2000). Chikthimmah et al. (2005) examined
utilization of H,O, in irrigation water to reduce microbial
populations on fresh mushrooms and consequently enhance
fresh mushroom quality. They also indicated that H,O, in
irrigation water at the level of 0.5% improved point-of-sale
quality and increased shelf life period of fresh mushrooms
for 6 days during postharvest storage at 12°C compraed to
control (untreated with H,O,).

Therefore, use of H,O, as an alternative to chemical mate-
rials for disinfecting fresh-cut or whole fruits and vegetables
appeared to reduce microbial populations on fresh products
and extend the shelf life without leaving significant residues
or causing loss of quality (Sapers and Simmons 1998 and
Sapers et al. 2001). In this concern, Ukuku (2004) found that
H,0O, treatments of whole and fresh-cut cantaloup and honey-
dew melons resulted in significant improving general appear
ance of fruits, extended fruit shelf life and highly reduction of
Salmonella spp. population on surface of cantaloup and melon
fruits. Moreover, Bhagwat (2006) showed that, shelf life of
melon fruits (fresh-cut) treated with H,O, was extended by 4
to 5 days compared to that of chlorine-treated melons.

On fresh cut-tomato, Kim et al. (2007) investigated the
effect of H,O, treatments on nutritional quality during storage
in fridge. They found that vitamin C content was decreased

after 1 day from H,O, treatments, however it increased di-
rectly after 7 days specially with the rate of 0.2 and 0.4 M
H,0, compraed to control (untreated fruits).

Control of postharvest diseases of fruits is mostly de-
pendent on controlled atmosphere storage, refrigeration
and fungicides. Among these, fungicides are widely used to
reduce postharvest decay and extend the shelf life of fruit.
However, fungicides are becoming less effective because
of the development of pathogen resistance, along with con-
sumer concerns about possible risks associated with the use
of chemicals (Wilson et al. 1994). Among a number of new
strategies investigated to control postharvest decay without
the pollution of the environment and risk to public health,
induced resistance in harvested crops is promising (Terry
and Joyce 2004).

The objective of this work was to investigate the ef-
fects of H,O, treatments (0, 1, 5 and 15 mM) on the quality
maintenance of pepper fruits under two postharvest storage
conditions (10°C and 20°C).

Materials and Methods

This study was carried out at the Department of Vegetable
and Mushroom Growing, Faculty of Horticulture, Corvinus
University, Budapest, Hungary, using freshly pepper fruits
(Capsicum annuum, L. white type, “H6” hybrid) during 2007
season. Pepper fruits obtained from plants grown under un-
heated plastic houses in the Experimental Farm of Corvinus
University which produced conventionally. As an attempt
we try to improve postharvest quality of pepper fruits by the
application of hydrogen peroxide during storage time.
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Figure 2. Effect of hydrogen peroxide treatments on the general appearance and delaying senescence of pepper fruits. A- Fruits after 1 week
stored at 20°C, B- Fruits after 2 weeks stored at 20°C, C- Fruits after 2 weeks stored at 10°C and D- Fruits after 4 weeks stored at 10°C.

Treatments

Pepper fruits were harvested at mature white stage, all fruits
were selected for uniformity of shape, color and size while
any blemished or diseased fruits were discarded.

The treatments which applied to pepper fruits were as
follows: 1) Control: (0 mM H,0,), dipping pepper fruits in
normal tap water, 2) 1 mM HZOZ, 3) 5 mM HZOZ, 4) 15 mM

H,0,. All pepper fruits were dipped in the solutions of H,O,
in the four concentrations for 30 minutes after directly air-
dried at room temperature. All treated fruits were divided
into two groups, one stored at room temperature (20°C) for
14 days and the second one stored in fridge (10°C) for 28
days. All treatments were arranged in three replicates, each
one contain 12 fruits.
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Figure 3. Weight loss of pepper fruits as influenced by hydrogen peroxide treatments during storage time at both room temperature (20°C,
every 2 days) and fridge (10°C, every 4 days). Means designed by the same letter (at the same storage time) are not significantly difference at

the 5% level according to Duncan’s test.

The treatments were repeated after 1 week for fruits
stored at room temperature and after 2 weeks for which stored
at fridge by spraying the solutions on fruits.

Initial and stored quality measurements

1- General appearance (GA): It was evaluated subjectively
considering the fruit freshness, wilting and shriveling, accord-
ing to the following scale: 1= extremely poor, 2= poor, 3= fair,
4= good and 5= excellent (Troncoso et al. 2005).

2- Weight loss: It was measured every 2 days during
preservation for room temperature storage and every 4 days
for cooling storage. Ratio of weight loss = (peppers weight
before storage - peppers weight after storage) x peppers
weight before storage x 100 %.

3- Index of rot: It was determined according to Xiong et
al. (2003) where Index rot rate = [weight of rotten peppers
(moldy and rotten) / original weight of peppers] x 100%.

4- Biochemical assays of enzyme activities: For enzymatic
activity assay of ascorbate peroxidase (APX), 0.5 g pepper
fruits material was homogenized on ice in 3 ml 50 mM Tris
buffer (pH 7.8), containing 1 mM EDTA-Na, and 7.5% poly-
vinylpyrrolidone K-25. Homogenates were centrifuged (12
000 rpm, 20 min, 4°C) and total soluble enzyme activities
in the supernatant were measured spectrophotometrically.
After homogenized immediatly 10ul of 0.3 M ascorbic acid
was added. Activity of APX (E. C. 1.11.1.11) was determined
according to Asada (1992). For enzymatic activity assays
of dehydroascorbate reductase (DHAR), 0.5 g pepper fruits
material was homogenized as described before. Assays were
carried out at 25 uC, using a model UV-160A spectrophotont
eter (Shimadzu, Japan). Activities of DHAR (E. C. 1.8.5.1)
was determined according to Klapheck et al. (1990).

5- Ascorbic acid content (mg/100 g f.wt.): It was deter-
mined by colorimetric method according to HCISA (1971).

6- Dry matter %: It was determined by drying samples

10

at 105°C till constant weight according to AOAC (1990)
methods.

7- TSS (Brix): It was determined by digital hand-hold
refractometer, PAL-1 according to AOAC (1990) methods.

8- Nitrate content (ppm): It was determined by nitration
of disulphonic acid method using spectrophotometer at 420
nm according to Becker (1965).

All measurements were estimated immediately after
harvest and before use treatments, after 1 & 2 weeks for
room temperature storage and after 2 & 4 weeks for cooling
storage. Except for enzyme activities determined once after
10 days from treatments at 20°C. The whole experiment was
conducted twice and the results which included were the
average of the two experiments.

Statistical analysis

All experiments were conducted in a completely randomized
design with three replicates for each treatment. Data were
analyzed by one-way analysis of variance (Anova) using
statistical software SPSS 14.0 for windows. Duncan’s mul-
tiple range test was used for comparison among the treatment
means.

Results and Discussion

Effect of hydrogen peroxide treatments

General appearance

The effect of H,O, on general appearance (GA) of pepper
fruits under both storage conditions is shown in Figures
1 & 2. After 10 days, GA was significantly improved by
H,0,, however the control showed the worst values. The
differences among H,O, concentrations were not significant
in most cases. Similar results were obtained after 20 days in
the fridge condition, therefore H,O, treatments gave the best
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Figure 4. The role of hydrogen peroxide in reducing rot rate index of pepper fruits during storage time under both 20°C (room temperature)
and 10°C (fridge) conditions. Means designed by the same letter (at the same storage time) are not significantly difference at the 5% level

according to Duncan's test.

appearance at 5 and 15 mM concentrations. The keeping
quality of general appearance was improved by using H,O,
attributed to the effect of H,0, on the reduction of weight loss
and rot rate of pepper fruits (Figs. 3 & 4). H,O, treatments
have beneficial effects on fruit physiology such as delaying
ripening of peppers (Fig. 2) by the increasing antioxidants
content in fruits (Saltveit and Sharaf, 1992). In the same
time, ethylene production by fruits can be reduced by H,O,
and this reduction keeps the appearance of fruits in the best
state. In this concern, Gane (1937) stated that ethylene can be
removed or reduced by both of ozone and H,O, treatments on
banana fruits. Moreover, Gomez et al. (2008) stated that spin-
ach leaves received heat shock treatments showed an early
increase of H,O, production which improved the appearance
and extended the postharvest life of spinach leaves.

Weight loss %

Data presented in Figure 3 show that, H,O, treatments sig-
nificantly reduced fresh weight loss of pepper fruits during
storage time under room temperature and fridge conditions.
Therefore, the best reduction of weight loss was less than 25%
at 20°C after 2 weeks and about 9% at 10°C after 4 weeks
obtained by using 15 mM H,O,. Untreated fruits (control)
produced the highest values of weight loss under both stor-
age conditions (38 and 15%), respectively. In this concern,
Afek et al. (2000) mentioned that hydrogen peroxide reduce
the weight loss of potatoes during storage time by reducing
the sprouting rate.

The reduction of weight loss rate may be attributed to
reducing the respiration process rates during postharvest
storage, this agreement with Du et al. (2007). In this concern,
Gane (1937) observed that using both of ozone and H,O, for
banana postharvest treatment retarded the fruit ripening. This
retardation is probably due to decreasing the respiration rate
and plugging of the stomata of the fruit by the decomposition
products formed by the action of ozone and H,O,. Similarly,

Neil et al. (2002) and Desikan et al. (2004) demonstrated that
absicic acid (ABA) induced stomatal closure of guard cells in
Arabidopsis and it requires H,O, to induced stomatal closure.
Therefore, this reduction is important for peppers storage
and transports to consumer markets because H,O, treatments
reduced this loss by about 10%. It means that H,O, can save
about 10 tons per every 100 tons fruits during storage time
compared to control treatment (0 mM H,0,).

The rot rate index

When pepper fruits stored at 20°C the decay of the control
appeared on the 5™ day of storage time (about 10% rotted)
and the rot rate reached more than 40% after 2 weeks which
were significantly greater than those of peppers treated with
H,O, (Fig. 4). Similar results were obtained when pepper
fruits stored at 10 °C, the decay of untreated fruits (control)
appeared on the 10™ day of storage time (5% rotted), the
maximum rot rate was less than 25% after 4 weeks. The decay
of fruits treated with 1, 5 and 15 mM H,0O, was delayed and
less than those of the control. The differences among H,O,
treatments were not significant in both storage conditions.
The greatest inhibition of fruit rot rate was obtained by 15
mM H,O, treatment which was 5% after 2 weeks at20°C and
3.5% after 4 weeks at 10°C storage conditions.

In this study, it was found that H,O, treatments highly
decreased the extension of rot in pepper fruits and thereby ex-
tended their shelf life. Similar results were obtained by Sapers
and Simmons (1998), Chikthimmah et al. (2005) and Fan et
al. (2008), they showed that treatments of H,O, had been
reduce populations of Pseudomonas, Botrytis, Cladosporium
and others of pathogens populations as well as extended the
shelf life of whole and fresh-cut vegetables and mushrooms.
The reduction of rot rate by using H,O, attributed to that H,O,
as a reactive oxygen species (ROS) plays an important and
manifold role in plant disease reasistance to infection with
pathogens. Also, Malolepsza and Rozalska (2005) stated that
H,0, activate the disease resistance reaction of tomatoes to
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Figure 5. Activities of both ascorbate peroxidase and dehydroascorbate reductase in pepper fruits during postharvest storage time (at the 10®
day) as influenced by H,0, treatments at 20 °C (room temperature) condition. Means designed by the same letter are not significantly differ-

ence at the 5% level according to Duncan’s test.

infection with a pathogen (Botrytis cinerea) and may act as
a direct antimicrobial agent delaying B. cinerea spore germi-
nation and giving the plant time to mobilize further defence
reactions. These results agreed with Lu and Higgins (1999)
and Mellersh et al. (2002).

Enzyme activities

The relation between H,O, treatments and enzyme activiteis
of pepper fruits were shown in Figure 5. Both of ascorbate
peroxidase and dehydroascorbate reductase activities were
significantly increased in fruit treated with H,O, compared
to untreated fruits (control). Therefore, the higher values
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were resulted from fruits treated with the lower concentration
(ImM H,0,) comparing with the other two concentrations.
These results are agreement with Hafez and Kiraly (2003)
and Hafez et al. (2004), they stated that it is possibbe to
immunize tobacco leaves against the infection with Tobacco
mosaic virus, Pseudomonas syringae pv. phaseolicola and
Botrytis cinerea, when leaves pre-treated with H,O, at 5-7
mM which elevated the level and the activity of the antioxi-
dant enzymes. This increment may be also due to increasing
the fruit content from ascorbic acid (Fig. 5) which considered
important for nutritional value and antioxidants properties of
pepper fruits.
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Figure 6. Changes of ascorbic acid content in pepper fruits during postharvest storage time at both room temperature (20°C) and fridge (10°C)
conditions as influenced by H,0, treatments. Means designed by the same letter (at the same storage time) are not significantly difference at

the 5% level according to Duncan’s test.
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Figure 7. Effect of H,O, treatments on dry matter and TSS (%) of pepper fruits during storage time under room temperature (20°C) and fridge
(10°C) conditions. Means designed by the same letter (at the same storage time) are not significantly difference at the 5% level according to

Duncan'’s test.

Ascorbic acid content

Data presented in Figure 6 show that ascorbic acid content
was increased during storage time at both room temperature
and fridge in most cases. The differences between H,0, treat-
ments and control were highly significant. The highest values
were obtained from fruits treated with HZO2 at 15 mM, how-
ever the lowest value was resulted from untreated fruits with
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were not significant under both storage conditions. Raffo et al.
(2007) showed that ascorbic acid content was increased with
increasing storage time. The increment of ascorbic acid con-
tent by H,O, treatments may be due to increasing the enzyme
activities in fruits (Fig. 5). The stability of ascorbic acid di-
rectly increased in the presence of H,O, at low concentration
(0.5 ppm) during storage of orange, grape and pomegranate
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Figure 8. Effect of H,0O, treatments on nitrate content of pepper fruits during storage time under room temperature (20°C) and fridge (10°C)
conditions. Means designed by the same letter (at the same storage time) are not significantly difference at the 5% level according to Duncan’s

test.

13



Bayoumi

fruit juices (Ozkan et al. 2004). These increasing in ascorbic
acid content related to H,O, treatments because it can be
regenerated by two enzymes namely monodehydroascorbate
reductase and dehydroascorbate reductase (Nishikawa et al.
2003), which could explain the increase by H,O, treatments
during storage time.

Dry matter and TSS (%)

Data in Figure 7 show that, both of dry matter and TSS % of
pepper fruits were increased directly with increasing storage
time at both conditions, however the differences among treat
ments were not significant in most cases. The highest values
of dry matter and TSS % were resulted in untreated fruits with
H,0, (control) in most cases. This increment may be due to
the increasing of water loss of untreated fruits (control) as
shown in Figure 3. and these led to increasing both of dry
matter and TSS % (Troncoso et al. 2005). In this concern,
Sanchez et al. (2006) mentioned that, the association between
postharvest time and dry matter content of cassava roots was
significant and positive effect.

Nitrate content (ppm)

The content of nitrate was significantly influenced by H,O,
treatments as shown in Figure 8. The highest nitrate con-
tent was obtained from untreated fruits (control) compared
with the H O, treatments. The lowest values were produced
from fruits treated with H,O, at 15 mM and the differences
among H,O, concentrations were not significant under both
storage conditions. Changing in nitrate content under room
temperature storage was higher than under fridge storage,
the values were decreased with storage time. Similar results
were obtained by Lin and Yen (1980) and Rogozinska et al.
(2005), they observed that nitrate content was decreased in
potato tubers with storage time especially in the first two
months from storage period at 4°C. Increasing nitrate content
in untreated fruits (control) attributted to increasing water loss
(Fig. 3) and dry matter % (Fig. 7).

Conclusion

Results of the experiments indicate that using H,O, for
postharvest treatment is a practical strategy to reduce weight
loss, rot rate and nitrate content as well as improve both of
general appearance and fruit shelf life. That is means more
profitable for producers, marketers and finally consumers
alike. Moreover, it improved nutritional quality especially
antioxidants content which are playing an important role in
foods as health-protecting factor. It has been recognized as
being beneficial for prevention of widespread human diseases,
including cancer and cardiovascular diseases, when taken
daily in adequate amounts. In the same time, H O, considered
as a GRAS (Generally Regarded As Safe) and allowed for use
in organic agriculture system.

14

Acknowledgements

I would like to express my sincere thanks to all the staff
members of Vegetable and Mushroom Growing Department,
especially Prof. Terbe 1., Kappel Noemi and Pap Z. for giving
the opportunity to conduct my post doctoral research. Further
I would like to thank the HSB office for accepted me in thier
scholarship for 10 months during 2007/2008.

References

Afek U, Orenstein J, Nuriel E (1999) Fogging disinfectants inside storage
room against pathogens of potatoes and sweet potatoes. Crop Prot
18:111-114.

Afek U, Orenstein J, Nuriel E (2000) Using HPP (Hydrogen peroxide Plus) to
inhibit potato sprouting during storage. Amer J Potato Res 77:63-65.

AOAC (1990) Official Methods of Analysis, 15th Edn. Association of Official
Analytical Chemists, Washington D. C.

Asada K (1992) Ascorbate peroxidase—a hydrogen peroxide-scavenging
enzyme in plants. Journal of Physiologia Plantarum 85:235-241.

Becker KF (1965) Nitrate and Nitrate contents in Spinach. Bundes gesund-
heits-Blatt 8S:246-248 (in German).

Bhagwat AA (2006) Microbiological safety of fresh-cut produce: where are
we now? In Matthews KR, ed., Microbiology of fresh produce. Herndon,
Va.:ASM Press, pp. 121-166.

Brennan M, Le Port G, Gormley R (2000) Post-harvest Treatment with Citric
Acid or Hydrogen Peroxide to Extend the Shelf Life of Fresh Sliced
Mushrooms. Lebensm.-Wiss. u.-Technol., 33:285-289.

Chikthimmah N, Laborde LF, Beelman RB (2005) Hydrogen Peroxide and
Calcium Chloride Added to Irrigation Water as a Strategy to Reduce
Bacterial Populations and Improve Quality of Fresh Mushrooms.J Food
Sci 70(6):273-277.

Davey MW, Van Montagu M, Inz’e D, Sanmartin M, Kanellis A, Smirnoff
N, Benzie 1JJ, Strain JJ, Favell D, Fletcher J (2000) Plant L-ascorbic
acid: chemistry, function, metabolism, bioavailability and effects of
processing. J Sci Food Agric 80:825-860.

Desikan R, Cheung M, Bright J, Henson D, Hancock J, Neill S (2004) ABA,
hydrogen peroxide and nitric oxide signalling in stomatal guard cells. J
Exp Bot 55:(395), Special Issue:205-212.

DuJ, Fu M, Li M, Xia W (2007) Effects of chlorine dioxide gas on post-
harvest physiology and storage quality of green bell pepper (Capsicum
frutescens L. var. Longrum). Agricultural Sciences in China 6(2):214-
219.

Fan B, Shen L, Liu K, Zhao D, Yu M, Sheng J (2008) Interaction between
nitric oxide and hydrogen peroxide in postharvest tomato resistance
response to Rhizopus nigricans. J Sci Food Agric 88(7):1238-1244.

Gane R (1937) The Respiration of Bananas in Presence of Ethylene. New
Phytol 36(2):170-178.

Gomez F, Fernandez L, Gergoff G, Guiamet J, Chaves A, Bartoli C (2008)
Heat shock increases mitochondrial H,O, production and extends post-
harvest life of spinach leaves. Postharvest Biol Technol, doi:1016/j.
postharvbio.2008.02.012 (in press).

Gonzalez-Aguilar G, Cruz R, Baez R, Wang CY (1999) Storage quality of
bell peppers pretreated with hot water and polyethylene packaging. J
Food Qual 22 (3):287-299.

Hafez YM, Kirdly Z (2003) Role of hydrogen peroxide in symptom expres-
sion and in plant immunization. Proc. 3rd Int. Plant Protection Sympo-
sium at Debrecen University. (ed. by Kovics GJ), pp. 72-78.

Hafez YM, Kiraly L, Fodor J, Kirdly Z (2004) Immunization of tobacco
with hydrogen peroxide to oxidative stress caused by viral, bacterial
and fungal infections. 14" FESPB Int. Congress, Cracow, Poland. Acta
Physiol Plant Abstr. p. 126.

Hardenburg RE, Watada A, Wang CY (1990) The commercial storage of
fruits, vegetables, florist and nursey stocks. Washington, DC: US Depart-
ment of Agriculture, Agriculture Handbook No. 66. pp. 23-25.



HCISA (1971) Hungarian Catering Industry Scientific Association. The
Working Committee of Vitamin. Vitamin Munkabizottsdga, Budapest
(in Hungarian).

Kim HJ, Fonseca JM, Kubota C, Choi H (2007) Effect of Hydrogen Peroxide
on Quality of Fresh-Cut Tomato. J Food Sci 72(7):463-467.

Klapheck S, Zimmer I, Cosse H (1990) Scavenging of hydrogen peroxide
in the endosperm of Ricinus communis by ascorbate peroxidase. Plant
Cell Physiol 31:1005-1013.

Lin J K, Yen JY (1980) Changes in the nitrate and nitrite contents of fresh
vegetables during cultivation and post-harvest storage. Food Cosmet
Toxicol 18(6):597-603.

Lu H, Higgins VI (1999) The effect of hydrogen peroxide on the viability of
tomato cells and of the fungal pathogen Cladosporium fulvum. Physiol
Mol Plant Pathol 54(5-6):131-143.

Matolepsza U, Rézalska S (2005) Nitric oxide and hydrogen peroxide in
tomato resistance Nitric oxide modulates hydrogen peroxide level in
o-hydroxyethylorutin-induced resistance to Botrytis cinerea in tomato.
Plant Physiol Biochem 43:623-635.

Mellersh DG, Foulds IV, Higgins VJ, Heath MC (2002) H,O, plays different
roles in determining penetration failure in three diverse plant—fungal
interactions. Plant J 29:257-268.

Neill SJ, Desikan R, Clarke A, Hurst RD, Hancock J (2002) Hydrogen
peroxide and nitric oxide as signalling molecules in plants. J] Exp Bot
53(372):1237-1247.

Nishikawa F, Kato M, Hyodo H, IkomaY, Sugiura M, Yano M (2003) Ascor
bate metabolism in harvested broccoli. J Exp Bot54:2439-2448.

NOP (2003) National Organic Program, Federal Register / Vol. 68, No. 211
/ Friday, October 31, 2003 / Rules and Regulations.

Ozkan M, Krca A, Cemeroglu B (2004) Effects of hydrogen peroxide on
the stability of ascorbic acid during storage in various fruit juices. Food
Chem 88(4):591-597.

Raffo A, Baiamonte I, Nardo N, Paoletti F (2007) Internal quality and
antioxidants content of cold-stored red sweet peppers as affected by
polyethylene bag packaging and hot water treatment. Eur Food Res
Technol 225:395-405.

Rogozinska I, Pawelzik E, Poberezny J, Delgado E (2005) The effect of dif-

Postharvest quality of pepper fruits

ferent factors on the content of nitrate in some potato varieties. Potato
Research 48:167-180.

Saltveit ME, Sharaf AR (1992) Ethanol inhibitors ripening of tomato fruit
harvested at various degrees of ripeness without affecting subsequent
quality. J Am Soc Hort Sci 117:793-798.

Sanchez T, Chdvez AL, Ceballos H, Rodriguez-Amaya DB, Nestel P, Ishitami
M (2006) Reduction or delay of post-harvest physiological deteriora-
tion in cassava roots with higher carotenoid content. J Sci Food Agric
86(4):634-639.

Sapers GM, Miller RL, Pilizota V, Kamp F (2001) Shelf life extension of
fresh mushrooms (Agaricus bisporus) by application of hydrogen per-
oxide and browning inhibitors. J Food Sci 66:362-366.

Sapers GM, Simmons GF (1998) Hydrogen peroxide disinfections of mini-
mally processed fruits and vegetables. Food Technol 52(2):48-52.
Suslow T (1997) Postharvest chlorination: Basic properties and key points
for effective disinfection. Agricultural and Natural Resources Dept,

California Univ., Oakland, CA 94612-3560, (510):987-1096.

Terry LA, Joyce DC (2004) Elicitors of induced disease resistance in
harvested horticultural crops: a brief review. Postharvest Biol Technol
32:1-13.

Troncoso R, Espinoza C, Sdnchez-Estrada A, Tiznado ME, Hugo SG (2005)
Analysis of the isothiocyanates present in cabbage leaves extract and
their potential application to control Alternaria rot in bell peppers. Food
Res Inter 38:701-708.

Ukuku DU (2004) Effect of hydrogen peroxide treatment on microbial quak
ity and appearance of whole and fresh-cut melons contaminated with
Salmonella spp. Int. J Food Micro 95:137-146.

Wilson CL, EI-Ghaouth A, Chalutz E, Droby S, Stevens C, Lu JY, Khan
V, Arul J (1994) Potential of induced resistance to control postharvest
diseases of fruits and vegetables. Plant Dis 78:837-844.

Xie MH, Zhu JM, Xie JM (2004) Effect factors on storage of green pepper.
J Gansu Agric Univ 3:300-305.

Xiong HG, Wang P, Xing C, Wu XF (2003) Research the effect result of
special package film on keeping fresh of green peppers. Packing Engi-
neering 23:18-19. (in Chinese).

15



