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Abstract: The effect of post-harvest treatment of Maleic hydrazide (MH)
with and without waxing on the quality and shelf-life of ‘Baladi’ and
‘Ekostika I’ papaya fruits at 18 + 1°C and 85% — 90% relative humidity
was evaluated. Maleic hydrazide at 250 and 500 ppm significantly
delayed fruit ripening by two and three days in both papaya cultivars,
respectively, compared with untreated fruits. The higher the
concentration, the more was the delay in fruit ripening. The results also
showed that waxing in addition to MH resulted in a delay of two more
days in fruit ripening than treatment with MH alone. The effect of MH
and waxing treatments in delaying papaya fruits ripening was manifested
in retarded respiratory climacteric, reduced weight loss and delayed fruit
softening and increase in total soluble solids and ascorbic acid content.
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INTRODUCTION

Papaya (Carica papaya L.) is an important and widely distributed fruit
crop throughout the tropics. The ripe fruit is consumed fresh for dessert
and in fruit salad or processed. Papaya fruits are highly accepted
worldwide and the consumer demand for fresh papaya fruit is increasing
for its nutritional and medicinal value (Lobo and Cano 1998).

Although Sudan has great potential to produce high quality papaya fruit
for local markets and export, its production is still very low and is
consumed locally. This could be due to the delicate and perishable nature
of the fruit. Papaya fruits are subject to many postharvest losses due to its
thin skin, and it cannot tolerate low temperature that increases the
difficulties in handling and long distance transportation (Pimentel and
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Walder 2004). Therefore, proper handling techniques to minimize
physical damage, reduce water loss and control fruit ripening are crucial
for development of a sound papaya industry in Sudan.

Maleic hydrazide (MH) is known as a growth regulator that inhibits some
processes in fruits and vegetables. Several workers reported that MH
inhibits sprouting and reduces losses during storage of potato (Lekan
1965) and onion (Fadl er al. 2005). The effect of MH on the ripening
process varies with different types of fruits. It delayed fruit ripening in
mango (Krishnamurthy and Subramanyam 1970) and tomato (Ahmed and
Abu-Goukh 2003). MH applied on sapota fruit (Achras sapota L.),
however, hastened the ripening process (Lakshiminarayana and
Subramanyam 1967).

Waxing significantly reduces the permeability of the fruit skin to gases.
The commodity, through respiration, reduces oxygen (O,) and increases
carbon dioxide (CO,) in the internal atmosphere. Under such restricted
air-exchange, a modified atmospheric condition may be generated, and
some of the benefits of the modified atmosphere may be achieved (Kader
2002). Waxing delays fruit ripening and senescence and reduces water
loss; thus, it maintains quality and extends shelf-life of mangoes
(Mohamed and Abu-Goukh 2003), tomatoes (Ahmed and Abu-Goukh
2003), grapefruits (Abu-Goukh and Elshiekh 2008) and limes (Abdallah
and Abu-Goukh 2010).

This study was carried out to evaluate the effect of maleic hydrazide and
waxing on the quality and shelf-life of papaya fruits.

MATERIALS AND METHODS

Experimental Material

Mature-green papaya fruits of ‘Baladi’ and ‘Ekostika I’ cultivars were
harvested from the Demonstration Farm, Faculty of Agriculture,
University of Sennar, Abu-Naama (12° 44" N; 38° 08" E). The fruits were
selected for uniformity of size, maturity and freedom from blemishes;
they were then washed, air-dried to remove water from the surface and
transported in carton boxes to the laboratory for further treatments.
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Fruit Treatment

About 700 fruits from each cultivar were distributed among five
treatments in a completely randomized design with four replications. The
treatments were 0, 250 and 500 ppm MH without waxing and 250 and
500 ppm MH with waxing. The fruits were dipped for three minutes in
maleic hydrazide (Citachine N-IMZ “Deco-Pennwalt”) solutions at 250
and 500 ppm and then air-dried. Untreated fruits (control) of both
cultivars were dipped in distilled water for the same period and were air-
dried. Food—grade wax (Flucka AG, CH-9470 Buchs) was applied in a
thin layer by brushing over the surface of the fruit. The fruits were packed
in carton boxes (67x35x10 cm) and stored at 18 £1°C and 85%-90%
relative humidity.

Studied Parameters

Respiration rate (in mg CO, / kg-hr.) was determined in ten fruits, from
each treatment, every two days and later every day during the storage
period, using the total absorption method (Mohamed-Nour and Abu-
Goukh 2010). Weight loss in fruits was determined at two days intervals
and later every day in the same 10 fruits used for determination of
respiration rate, according to the formula: w;= [(wy — w¢)/wy] x 100,
where w; is the weight loss percentage at the designated time, wy is the
initial weight of fruits and w is the weight of fruits at the designated time.

Firmness of fruit flesh, total soluble solids (TSS) and ascorbic acid
content were determined at two days intervals and later every day in two
fruits picked randomly from each replication. Fruit firmness was
measured by Magness and Taylor firmness tester (D-Ballautf Meg. Co.)
equipped with an 8 mm-diameter plunger tip. Two readings were taken
from opposite sides of each fruit after the peel was removed and firmness
was expressed in kilogrammes per square centimetre. TSS was
determined directly from the fruit juice extracted by pressing the fruit
pulp in a garlic press, using a Kruss hand refractometer (Model HRN-32).
Two readings were taken from each fruit, and the mean values were
calculated and corrected according to the refractometer chart.

Thirty grammes of fruit pulp were homogenized in 100 ml of distilled
water for one minute in a Sanyo Solid State Blender (Model SM 228P)
and then centrifuged at 10 000 rpm for 10 minutes using a Gallenkamp
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portable centrifuge (CF-400). The volume of the supernatant, which
constituted the pulp extract, was determined. Ascorbic acid content in the
pulp extracts was determined, using the 2, 6 -dichlorophenol- indophenol
titration method of Ruck (1963), and expressed in mg /100 g fresh weight.

Statistical Analysis
Analysis of variance and Fisher's protected LSD test with a significance
level of P< 0.05 were performed on the data (Gomez and Gomez 1984).

RESULTS AND DISCUSSION

Maleic hydrazide (MH) treatments delayed fruit ripening in both papaya
cultivars. Similar results were reported in mango (Krishnamurthy and
Subramanyam 1970), tomato (Ahmed and Abu-Goukh 2003) and guava
(Mohamed-Nour 2007). The wax treatment resulted in more delay in
papaya ripening. Waxing was reported to delay fruit ripening, reduce
water loss and extend shelf-life of mango (Mohamed and Abu-Goukh
2003) and tomato (Ahmed and Abu-Goukh 2003). Waxing significantly
alters permeability of the skin to gases. The commodity, through
respiration, reduces oxygen (O,) and increases carbon dioxide (CO;) in
the internal atmosphere. Under such restricted air-exchange, a modified
atmospheric condition may be generated, and some of the benefits of the
modified atmosphere may be achieved (Kader 2002). The low O, and
high CO, depress the internal ethylene production (Beyer et al. 1984).
Ethylene has a stimulation role in the general metabolism of fruit (Gomez
et al. 1999) and is required to turn on ripening genes that affect colour
changes, TSS accumulation, aroma and degradation of cell walls that
result in tissue softening (Baldwin 2001). This delay in fruit ripening was
reflected in changes in respiration rate, water loss, flesh firmness, TSS
and ascorbic acid content.

Effect on Respiration Rate

The respiration curves of the two papaya cultivars exhibited a typical
climacteric pattern with climacteric peak at 80.0 and 90.0 mg CO,/kg-hr
for ‘Baladi’ and ‘Ekostika I’ cultivars, respectively (Fig. 1). MH and wax
treatments slightly decreased climacteric peak in both cultivars.
Duckworth (1966) reported that MH differs from most growth regulators
in depressing the rate of respiration.
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Fig. 1. Changes in respiration rate during storage of ‘Baladi' and ‘Ekostika I’
papaya fruits treated with maleic hydrazide at 250ppm (A) or 500
ppm (M ) without waxing ( ) or with waxing ( ......... ),
compared with untreated fruits (e) at 18+1°C and 85%-90% relative

humidity. Vertical bars represent LSD (5%).

The untreated fruits reached the climacteric peak after eight days in both
cultivars. The fruits treated with MH at 250 and 500 ppm without waxing
reached the climacteric peak two and three days later, respectively, than
the untreated fruits (Fig. 1). This is in agreement with previous reports
that MH delayed the onset of the climacteric peak in mango
(Krishnamurthy and Subramanyam 1970), tomato (Ahmed and Abu-
Goukh 2003) and guava (Mohamed-Nour 2007).

Papaya fruits treated with MH at 250 and 500 ppm with waxing reached
the climacteric peak four and five days later in both cultivars, compared
with the control (Fig. 1). Similar results were reported for mango
(Mohamed and Abu-Goukh 2003) and tomato (Ahmed and Abu-Goukh
2003). Waxing has been shown to influence respiration rate by decreasing
O, and increasing CO, content in the internal atmosphere of the fruit
(Irving and Warren 1960).
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Effect on Weight Loss

Weight loss progressively increased during the ripening period of the two
papaya cultivars irrespective of the treatment applied (Fig. 2-A). MH,
with or without waxing, reduced weight loss, and the higher the
concentration, the more was the reduction in weight loss. At the end of
the storage period (18 days), weight loss was 17.8 % and 18.1 % in the
untreated fruits of ‘Baladi’ and ‘Ekostika I’ cultivars, respectively.
Weight loss was reduced by an average of 6.2 % and 9.2 % in papaya
fruits treated with MH at 250 and 500 ppm without waxing, respectively,
compared with untreated fruits (Fig. 2-A). Similar results were reported
during storage of tomato (Ahmed and Abu-Goukh, 2003) and onion (Fadl
et al. 2005).

MH with waxing was more effective in reducing weight loss from papaya
fruit during storage. At the end of the 18 days storage, the reduction in
weight loss was an average of 17.2 % and 20.4 % in fruits treated with
250 and 500 ppm MH with waxing, respectively, compared with the
control (Fig, 2-A). This is in line with earlier reports that waxing reduced
weight loss in mango (Mohamed and Abu-Goukh 2003), tomato (Ahmed
and Abu-Goukh 2003), guava (Mohamed-Nour 2007), grapefruit (Abu-
Goukh and Elshiekh 2008) and lime (Abdallah and Abu-Goukh 2010).

Effect on Fruit Flesh Firmness

Fruit flesh firmness of the two papaya cultivars showed a continuous
decline throughout the ripening period irrespective of the treatment (Fig.
2-B). The untreated fruits reached the final soft stage (0.07 kg/cm?® share
resistance) after 14 days. MH, with or without waxing, delayed the drop
in flesh firmness during the ripening period. The papaya fruit treated with
250 and 500 ppm without waxing reached the final soft stage (0.07
kg/cm® share resistance) one and two days later, respectively, than
untreated fruit in both cultivars (Fig. 2-B). After 14 days in storage, when
the untreated fruits reached the final soft stage (0.07 kg/cm?), the fruits
treated with MH at 250 and 500 ppm without waxing were 1.6- and 2.1-
folds more firm in ‘Baladi’ and 1.4- and 2.0-folds more firm in ‘Ekostika
I’ cultivars, respectively, compared with the untreated fruits (Fig. 2-B).
This is in agreement with previous reports that MH treatment delayed
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fruit softening during ripening and storage of banana (Kaushik et al.
1991) and tomato (Ahmed and Abu-Goukh 2003). Crandall (1955) failed
to influence the ripening of apples treated with MH as foliar spray 1 to 6
weeks before harvest, but the treatment increased flesh firmness of the
fruits during storage.

MH with waxing was more effective in retarding fruit softening and
keeping fruits firmer. The fruits treated with 250 and 500 ppm MH with
waxing reached the final soft stage (0.07 kg/cm?) three and four days later
in both cultivars, than the control, respectively (Fig. 2-B). After 14 days
in storage, when the untreated fruits reached the final soft stage (0.07
kg/cm?), the fruits treated with 250 and 500 ppm MH with waxing were in
average of 3.1- and 3.9- folds more firm than the control. Similar results
were reported in mango (Mohamed and Abu-Goukh 2003), tomato
(Ahmed and Abu-Goukh 2003) and guava (Mohamed-Nour 2007). Park
et al. (1994) reported that surface coating reduces fruit softening and
extends the storage life of stored tomato fruit. Fruit softening is
characterized by changes in flesh firmness and has long been associated
with ripening (Dostal 1970). These changes in fruit flesh firmness
determine the shelf-life and quality of the commodity (Martin-Rodriguez
et al. 2002).

Effect on Total Soluble Solids

Total soluble solids (TSS) progressively increased in fruits of both papaya
cultivars with the advancement of storage period; from 6.8 % to 10.33 %
in ‘Baladi’ and from 7.5 % to 12.32 % in ‘Ekostika I’ in 13 days (Fig. 3-
A). MH-treated fruits at 250 and 500 ppm without waxing reached
maximum TSS value after two and three days later, respectively, than the
untreated fruits of both cultivars (Fig. 3-A). TSS values in the treated
fruits, with or without waxing, were lower throughout the storage period
in both cultivars. After 13 days in storage, when the untreated fruits
reached maximum TSS, the fruits treated with MH at 250 and 500 ppm
without waxing had on average 4.8 % and 8.6 % less TSS, while those
treated with 250 and 500 ppm with waxing had 12.3 % and 15.6 % less
TSS, respectively, compared with untreated fruits (Fig. 3-A). This is in
agreement with previous reports that MH decreased TSS during ripening
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Fig. 2. Changes in weight loss [A] and fruit flesh firmness [B] during storage of

‘Baladi' and ‘Ekostika I’ papaya fruits treated with maleic hydrazide at
250 ppm (A) or 500 ppm (M ) without waxing ( ) or with
waxing ( ........ ), compared with untreated fruits () at 18+1°C and
85%-90% relative humidity. Vertical bars represent LSD (5%).
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of mango (Parmar and Chandawat 1989), tomato (Ahmed and Abu-
Goukh, 2003) and guava (Mohamed-Nour 2007). The wax treatment
added to the delay of accumulation of TSS. Mohamed and Abu-Goukh
(2003) reported that waxing decreased TSS during ripening of ‘Dr.
Knight” and ‘Abu-Samaka’ mango fruits. Similar results were reported in
tomato (Ahmed and Abu-Goukh 2003), guava (Mohamed-Nour 2007),
grapefruit (Abu-Goukh and Elshiekh 2008) and lime (Abdallah and Abu-
Goukh 2010).

Effect on Ascorbic Acid Content

Ascorbic acid content or vitamin C in papaya fruit steadily increased in
both cultivars irrespective of the treatment. The increase was about 50 %
in both cultivars (Fig. 3-B). Similar trend was reported during ripening of
papayas (Arriola et al. 1975; Abu-Goukh et al. 2010) and tomatoes
(Ahmed and Abu-Goukh, 2003). The untreated fruits reached the
maximum value of ascorbic acid (42.8 in ‘Baladi’ and 43.2 mg/100g ft.
wt. in ‘Ekostika I’) after 13 days in both cultivars. MH delayed
accumulation of ascorbic acid. That maximum value of ascorbic acid was
reached after two and three days in fruit treated with 250 and 500 ppm
MH without waxing and after four and five days in fruit treated with MH
with waxing, respectively, compared to the control (Fig. 3-B).
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Fig. 3. Changes in total soluble solids (TSS) [A] and ascorbic acid content [B]
during storage of ‘Baladi' and ‘Ekostika I’ papaya fruits treated with maleic
hydrazide at 250 ppm (A) or 500 ppm (B ) without waxing ( ) or
with waxing (....... ), compared with untreated fruits (o) at 18+1°C and
85%-90% relative humidity. Vertical bars represent LSD (5%).

71



Maleic hydrazide and waxing on papaya fruits
REFERENCES

Abdallah, E.H. and Abu-Goukh, A.A. (2010). Effect of gibberellic acid
and waxing on quality and storability of lime fruits. University
of Khartoum Journal of Agricultural Sciences 18(3), 349-362.

Abu-Goukh, A.A. and Elshiekh, F.A. (2008). Effect of waxing and
fungicide treatment on quality and storability of grapefruits.
Gezira Journal of Agricultural Science 6(1), 31-42.

Abu-Goukh, A.A.; Shattir, A.E. and Mahdi, E.M. (2010). Physico-
chemical changes during growth and development of papaya
fruit. II. Chemical changes. Agriculture and Biology Journal of
North America 1(5), 871-877.

Ahmed, [.LH. and Abu-Goukh, A.A. (2003). Effect of maleic hydrazide
and waxing on ripening and quality of tomato fruit. Gezira
Journal of Agricultural Science 1(2), 59-72.

Arriola, M.C.; Madridnchu, M.C. and Rolz, C. (1975). Some physical and
chemical changes in papaya during its storage. Proceedings of
Tropical Research of the American Society of Horticultural
Science 19, 97-115.

Baldwin, E. (2001). New Coating Formulations for the Conservation of
Tropical Fruit. Département des production fruiters horticoles
catherine. sanchez@cirad.fr © Cirad 2001.

Beyer, J.E.M.; Morgan, P.W. Jr. and Yang, S.F. (1984). Ethylene. In:
Advanced Plant Physiology. pp. 111-126. M. B. Wilkins (Edt.).
Pitman Publishing Ltd., London, U.K.

Crandall, O.C. (1955). Relation of preharvest spray of maleic hydrazide to

the storage life of ‘Delicious’ apples. Proceedings of the
American Society for Horticultural Science 65, 71-78.

72



Abu-Bakr A. Abu-Goukh and Adil E. Shattir

Dostal, H.C. (1970). The biochemistry and physiology of ripening.
HortScience 5(1), 36-37.

Duckworth, R.B. (1966). Fruits and Vegetables. Pergamon Press Ltd.
London, England. 306 pp.

Fadl, S.K.E.; Abu-Goukh, A.A. and El-Balla, M.M.A. (2005). Effect of
maleic hydrazide on quality and storability of onions. Sudan
Journal of Scientific Research 9(1), 53-69.

Gomez, K.A. and Gomez, A.A. (1984). Statistical Procedures for
Agricultural Research. 2nd edition. John Wiley and Sons. Inc.
New York, U.S.A.

Gomez, M.L.P.A.; Lajolo, F.M. and Cordenunsi, B.R. (1999). Influence of
gamma radiation in carbohydrates metabolism during ripening of
papaya (Carica papaya L. cv. Solo). Ciénciae Tecnologia
Alimentos 19, 246-252.

Irving, L.E. and Warren, A.L. (1960). Effect of temperature, washing and
waxing on the internal atmosphere of orange fruit. Journal of
American Society of Horticultural Science 76, 220-228.

Kader, A.A. (2002). Postharvest Technology of Horticultural Crops. 31
edition. Cooperative Extension, University of California,
Division of Agriculture and Natural Resources, Publication
3311. Oakland, California, U.S.A.

Kaushik, R. A.; Ranjit, K. and Kumar, R. (1991). Effect of post-harvest
application of 2, 4, 5-trichlorophenoxy acetic acid, MH and
calcium nitrate on the storage behaviour of ‘Dashehari’ mango.
Hrayan Agricultural University Journal of Research 21, 287-291.

73



Maleic hydrazide and waxing on papaya fruits

Krishnamurthy, S. and Subramanyam, H. (1970). Respiratory climacteric
and chemical changes in mango fruit (Mangifera indica L.).
Journal of the American Society for Horticultural Science 95(3),
333-337.

Lakshiminarayana, S. and Subramanyam, H. (1967). Effect of preharvest
spray of maleic hydrazide and isopropyl n-phenyl crbamate on
sapota fruit (Achras sapota L.). Journal of Food Science and
Technology 4, 70-76.

Lekan, A.R.(1965). The influence of foliar sprays of maleic hydrazide on
the respiration of stored potato tubers. Journal of Horticultural
Science 40, 13-20.

Lobo, M.G. and Cano, M.P. (1998). Preservation of hermaphrodite and
female papaya fruit (Carica papaya L., cv. Sunrise, Solo group)
by freezing: physical, physico-chemical and sensorial aspects.
pp. 1-7. Department of Plant Science and Technology, Institudo
Del Frio. Consejo Superior de Investigaciones Cientfficas
(CSIC), Ciudad Universitaria, E-28040 Madrid, Spain.

Martin-Rodriguez, M.C.; Orchard, J. and Seymour, G.B. (2002). Pectate-
lyases cell wall degradation and fruit softening. Journal of
Experimental Botany 53, 2115-2119.

Mohamed, H.I. and Abu-Goukh, A.A. (2003). Effect of waxing and
fungicide treatment on quality and shelf-life of mango fruits.
University of Khartoum Journal of Agricultural Sciences 11(3),
322-338.

Mohamed-Nour, LA. (2007). Chemical Control of Ripening of Guava
Fruits. M. Sc. (Agric.) thesis. University of Khartoum, Sudan.

74



Abu-Bakr A. Abu-Goukh and Adil E. Shattir

Mohamed-Nour, [.LA. and Abu-Goukh, A.A. (2010). Effect of ethrel in
aqueous solution and ethylene released from ethrel on guava
fruit ripening. Agriculture and Biology Journal of North
America 1(3), 232-237.

Park, H.J.; Chinnan, M.S. and Shewtfelt, R.L. (1994). Edible coating
effect on storage life and quality of tomatoes. Journal of Food
Science 59(3), 568-570.

Parmar, P.B. and Chandawat, B.S. (1989). Effect of various postharvest
treatments on physiology of ‘Kesar’ mango. Acta Horticulturae
231, 679-684.

Pimentel, M.A. and Walder, J.M. (2004). Gamma radiation in papaya
harvested at three stages of maturation. Scientia Agricola
61(2), 970-996.

Ruck, J.A. (1963). Chemical Methods for Analysis of Fruits and

Vegetables. Canada Department of Agriculture. Publication
No. 1154.

75



22012 ¢ Js¥) aaall = cppiial) aladl s el 31 o slall o gl jal) daals dlas

S B3 o aadil) g a3 e llally Adaleal) il
(e gmdl) L jpas Jgbag gLt

Dhls culall dile 5 & ga sl e Sl

poh Al daals — Ao 30 A4S — yilend) anid
Sagadl - 13314 lad

sl dia e gLl L dldee Ll Al 0wl palidill
dshy 3o, o melilly aljme il dlaall 2y T Siis
-%85 5 e Aan 118 Boloa Ay A Aedl B jee 3 yd
ooue il Jlaer LU L Aldas Sl A A5k %90
Sl i (A gsime pal ) galdl (B e 3a 500 5250 5SS
o il A jle (Al e Ll e abl Ay aes Bl
e gl WS L) mmn Al LIS Sl o) LSy dlaladll
saad Jlaill i 5ali ) aioae el dldadl ) dila) L
o iy uloue bl b Aldaall Ll 4jie bl (e
ol Ll mamn Al 8 el y)oae LWL Al
Sy lemisd Ao pu iy Sl e g 8 i, ) 550

Led ey ) KUY Gmea g A0l KN dball o sal)

76



