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AB STRACT: The pres ent ex per i ment en ti tled, “Stud ies on the ef fect of ethrel on post har vest
changes in pa paya (Carica pa paya L.) fruits was car ried out to in ves ti gate the ef fect of ethrel on
bio-chem i cal changes oc curred dur ing its post har vest life. The ob jec tive of this work was to
eval u ate the ef fects of var i ous con cen tra tions of Ethrel (500 ppm, 750 ppm, 1000 ppm and 1500
ppm) on shelf life of pa paya fruits when stored un der am bi ent con di tions. The treated fruits were
assessed for phys i o log i cal changes such as per cent age of rip en ing, loss of fruit weight (kg), 
bio chem i cal as pects such as TSS (°Brix), titratable acid ity (%), to tal sug ars (%), re duc ing sugar
(%), ascor bic acid con tent (mg/100g), to tal ca rot en oids (mg/100g) along with organoleptic
eval u a tion. The ob ser va tions were re corded at 3, 6 and 9 days af ter stor age and the ex per i ment
was laid down us ing Com pletely Ran dom ized De sign. From the ex per i ment it was clear that  the
over all per for mance of the above char ac ter is tics was found the best when the fruits were treated

with 1500 ppm ethrel fol lowed by 1000 ppm ethrel. 
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Pa paya (Carica pa paya L.) is one of the ma jor
fruit crops cul ti vated in trop i cal and sub trop i cal
zones of the world. In dia is the larg est pro ducer of
pa paya in the world con trib ut ing about 37% of the
pa paya pro duced in the world with a cul ti vated area 
of about  106 thou sand hect are  and the pro duc tiv ity 
of 39.6 met ric tonnes per hect are. The lat est
pro duc tion of pa paya in In dia dur ing the year
2010-2011 was 4196 thou sand met ric tonnes
(Anon., 2). It is an abun dant source of car o tene
(2020 I.U./100g), pre cur sor of vi ta min A. Pa paya
fruits are used for the treat ment of piles, dys pep sia
of spleen and liver, di ges tive dis or ders, diph the ria
and skin blem ishes. Ethrel (2, chloroethyl
phosphonic acid) is one of the eth yl ene re leas ing
sub stances, known mainly for its abil ity to in duce
fruit rip en ing. Aque ous so lu tion of ethrel is sta ble
be low pH 3.5. Above pH 3.5, the hy dro ly sis of
ethrel be gins with the re lease of free eth yl ene along
with chlo ride and phos phate ions. On dip ping the
ma ture fruits in ethrel, it en ters into the fruit cells,
re leases eth yl ene and has tens the rip en ing pro cess.
Ethrel has been found very ef fec tive growth
reg u la tor in rip en ing and im prov ing fruit qual ity in
many cli mac teric fruits such as ba nana (Guerra et

al., 3), mango (Sampaio, 16), ap ple (Unreth, 20)
and guava (Singh et al., 19). How ever, very lit tle
work has been done so far to study the  ef fect of
ethrel on rip en ing and qual ity of pa paya fruits. 

Keep ing in view the use ful ness of ethrel
treat ments in fruits as re vealed by var i ous
sci en tists, the pres ent study was aimed to eval u ate
the ef fec tive ness of postharvest im mer sion in
dif fer ent ethrel con cen tra tions on the postharvest
qual ity at trib utes of pa paya fruit kept at am bi ent
tem per a tures.

MA TE RI ALS AND METH ODS

The pres ent in ves ti ga tion en ti tled “Ef fect of
ethrel on post har vest changes in pa paya (Carica
pa paya L.) fruits” was car ried out at Lab o ra tory of
the De part ment of Ap plied Plant Sci ence
(Hor ti cul ture), Babasaheb Bhimrao Ambedkar
Uni ver sity, Lucknow dur ing the year 2010 and
2011. The fruits of pa paya cv. Pusa De li cious which 
were phys i o log i cally ma ture and have at tained the
full size, light green with tinge of yel low at api cal
end were used for the study. The fruits were
se lected on the ba sis of uni for mity, ma tu rity, size
and shape. The ex per i ment was laid out in

HortFlora Research Spectrum, 1(3): 225-230 (2012)                                     ISSN : 2250-2823

Received : 16.6.2012                                  Acceptance : 27.6.2012                    



226 Singh et al.

Com pletely Ran dom ized De sign (CRD) with five
treat ments and three rep li ca tions. 

The fruits were washed with clean wa ter,
dipped for 30 sec onds in 0.01% Bavistin and dried
with mus lin cloth be fore use.The fruits were dipped 
for five min utes in the fol low ing con cen tra tions of
Ethrel so lu tion. i.e. con trol (T0), 500 ppm (T1), 750
ppm (T2), 1000 ppm (T3) and 1500 ppm (T4).

Af ter each treat ment, the fruits were air dried
at am bi ent tem per a ture for 30 min utes in an at tempt 
to re duce pos si ble chem i cal in jury. The con trol
fruits were dipped for five min utes in the dis tilled
wa ter with out us ing the ethrel so lu tion. The num ber 
of fruits treated un der each treat ment were twelve,
out of which nine fruits were ex am ined for their
chem i cal com po si tion in three rep li ca tions at the
in ter val of 3 days, 6 days and 9 days af ter stor age.
The re main ing three fruits were tested for phys i cal
char ac ters for the same in ter vals.

The fruits sam pled were as sessed for
per cent age of rip en ing, weight loss, TSS, titratable
acid ity, to tal sugar, re duc ing sugar, ascor bic acid
and to tal ca rot en oids and also eval u ated by 
organoleptic test. Per cent age of rip en ing (%) was
cal cu lated as per the for mula : Rip en ing (%) = The
num ber of ripe fruit/to tal num ber of fruit) x 100 and 
ex pressed as a per cent age. Weight loss (%)was
de ter mined by weigh ing the fruit in each treat ment
at dif fer ent in ter vals of stor age and was ex pressed
as per cent age de vi a tion in weight on the ba sis of
ini tial weight. Titratable acid ity, TSS, sugar and
ascor bic acid were de ter mined fol low ing the
method de scribed by Ranganna (13). To tal
ca rot en oids  was mea sured by tak ing 5 grams of the
sam ple, grounded with ac e tone and an hy drous
so dium sul phate in a pes tle and mor tar (Ranganna,
13). Organoleptic eval u a tion of five treat ment
com bi na tions were judged by a trained panel of ten
mem bers us ing a Nine Point Hedonic Scale (‘9’
Like Ex tremely and ‘1’ Dis like ex tremely)
fol low ing the method of Murray et al. (9) for skin
col our, fla vour, tex ture, aroma and over all
ac cept abil ity and the ex per i ment was de signed
un der Com pletely Ran dom ized De sign (CRD) for

nec es sary data col lec tion and sta tis ti cal anal y sis.
Com par i son of treat ment means were made with
the help of Crit i cal Dif fer ences. Duncan Mul ti ple
Range Test (DMRT) was used to group the
treat ment means on the ba sis of C.D. The val ues
were marked with Eng lish al pha bets. The al pha bet
‘a’ de noted the max i mum value and sub se quent
lower val ues in de creas ing or der were marked
al pha bet i - cally. The val ues marked with same
al pha bet(s) in di cated that they were sta tis ti cally at
par.

RE SULTS AND DIS CUS SION

Ef fect on Rip en ing : Pres ent in ves ti ga - tion
(Ta ble 1) re vealed that ethrel ap pli ca tion en hanced
the on set of rip en ing in pa paya and the re sponse
var ied ac cord ing to the con cen tra tion. 100%
rip en ing was found when the fruits were treated
with ethrel @ 1500 ppm as early as three days af ter
stor age. Al though it was found that in crease in
ethrel con cen tra tion has tened the rip en ing pro cess
but the ef fects of ethrel @ 500 ppm, 750 ppm and
1000 ppm were sta tis ti cally sim i lar with con trol.
All the fruits were rip ened at 6 DAS. The mode of
ac tion of eth yl ene on rip en ing of fruits is not clearly 
un der stood. How ever it was ex plained by Holl (5)
that eth yl ene prob a bly brings about the cli mac teric, 
since in many fruits the rise in res pi ra tion is di rectly 
pre ceded by an el e va tion in the eth yl ene
con cen tra tion. This re spi ra tory cli mac teric can be
in duced by eth yl ene treat ment with out a
si mul ta neous change in tis sue per me abil ity. It has
also been re ported that eth yl ene al ters the
pro por tion of in di vid ual trans fer RNA spe cies. This 
ef fect of eth yl ene may in flu ence the trans fer of m
RNA and thus ini ti ate rip en ing.

Ef fect on weight loss : Ta ble 1 in di cated that
the phys i o log i cal loss in weight was sig nif i cantly
in creased with the in crease of ethrel con cen tra tions. 
The max i mum weight loss (24.49%) was ob served
at 1500 ppm where as it was only 14.30% in con trol 
at 9 DAS. Sim i lar type of de crease in fruit weight
dur ing stor age was also ob served by Sharma and
Singh (18) in dates and Gupta et al. (4) in cit rus
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Ta ble 1: Ef fect of Ethrel on per cent age of Rip en ing, Loss in weight , Titratable Acid ity and T.S.S. of Pa paya fruit dur ing stor age.

Treatments

Ripening(%) Loss in weight (%) Titratable Acid (%) TSS (°Brix)

3DAS* 6 DAS 9DAS 3DAS 6 DAS 9DAS 3 DAS 6 DAS 9 DAS 3 DAS 6 DAS 9 DAS

Control 44.44a 100.00 N.A. 9.27e 12.60d 14.30d 0.400a 0.172a 0.111a 6.93d 11.73c 10.43c

Ethrel @ 500 ppm 44.44a 100.00 N.A. 10.28d 13.76cd 15.99cd 0.313b 0.157b 0.090b 7.07cd 11.90c 10.90b

Ethrel @ 750ppm 55.55a 100.00 N.A. 11.77c 14.75bc 16.80bc 0.267c 0.127c 0.080c 7.37bc 12.37b 11.07b

Ethrel @1000 ppm 61.11a 100.00 N.A. 13.09b 15.44b 18.47b 0.160d 0.104d 0.068d 7.60b 12.67a 11.47a

Ethrel @1500ppm 100.00b N.A. N.A. 14.47a 19.17a 24.49a 0.085e 0.064e 0.054e 11.70a 11.07d 8.30d

Mean 61.11 80.00 11.775 15.145 18.010 0.245 0.125 0.080 8.13 11.95 10.43

C.V. 25.39 5.747 6.798 9.202 7.268 1.880 3.199 3.225 1.582 2.052

C.D. (P=0.05) 28.594 0.805 1.261 1.900 0.021 0.003 0.003 0.312 0.225 0.255

*DAS-Days After Storage.
N.A. - not avail able for the study.
The Tables represent the pooled values of two years data.

Ta ble 2: Ef fect of Ethrel on Per  cent re duc ing and to tal sugar, Ascor bic Acid and To tal Ca rot en oids of Pa paya fruit dur ing stor age.

Treatments Per cent reducing

Sugar (%)

Total sugar (%) Ascorbic Acid(mg/100g) Total carotenoids
(mg/100g)

3DAS 6 DAS 9DAS 3DAS 6 DAS 9DAS 3 DAS 6 DAS 9 DAS 3 DAS 6 DAS 9 DAS

Control 3.55e 5.75c 3.77c 3.55e 5.75c 3.77c 27.20d 42.37c 29.63d 2.34e 2.89c 1.99d

Ethrel  @ 500 ppm 4.08d 6.75b 4.19bc 4.08d 6.75b 4.19bc 28.00d 44.59b 36.15c 2.48d 2.91c 2.12c

Ethrel @ 750ppm 4.34c 7.04ab 4.30b 4.34c 7.04ab 4.30b 29.78c 46.22ab 39.70b 2.66c 2.98b 2.21b

Ethrel @1000 ppm 5.40b 7.25a 5.16a 5.40b 7.25a 5.16a 33.33b 47.67a 44.74a 2.75b 3.117a 2.38a

Ethrel @1500ppm 6.36a 5.70c 4.03bc 6.36a 5.70c 4.03bc 44.44a 39.41d 27.56d 2.88a 2.780d 1.86c

Mean 4.75 6.50 4.29 4.75 6.50 4.29 32.55 44.05 35.566 2.622 2.935 2.11

C.V. 3.779 5.983 8.609 3.779 5.983 8.609 4.416 3.296 4.933 1.171 0.886 1.785

C.D. (P=0.05) 0.213 0.462 0.439 0.213 0.462 0.439 1.709 1.727 2.085 0.037 0.031 0.045

Ta ble 3: Ef fect of Ethrel on Sen sory Eval u a tion on Pa paya fruit dur ing stor age.

Treat-

ment

Colour Flavour Texture Aroma Overall Acceptability

3

DAS

6

DAS

9

DAS

3

DAS

6

DAS

9

DAS

3

DAS

6

DAS

9

DAS

3

DAS

6

DAS

9

DAS

3

DAS

6

DAS

9

DAS

Control

3.83d 6.90c 4.83 4.40d 7.43c 5.57c 4.37c 7.43b 5.43c 4.33c 7.40c 5.47a

b

4.13d 6.83d 5.30c

Ethrel  @

500 ppm

3.97c

d

7.17b

c

5.03 4.57d 7.63b

c

5.83b 4.60c 7.60a

b

5.67c 4.50c 7.53b

c

5.63a 4.27c

d

7.13b

c

5.70b

Ethrel @

750ppm

4.50b

c

7.40a

b

5.33 4.93c 7.83a

b

6.10a 5.10b 7.83a

b

6.03b 4.60b

c

7.70b 5.87a 4.43c 7.30b 5.80b

Ethrel @

1000 ppm

4.93b 7.84a 5.50 5.27b 8.00a 6.27a 5.33b 8.03a 6.33a 4.83b 8.03a 6.00a 4.70b 7.67a 6.17a

Ethrel @

1500ppm

8.20a 7.37b 4.80 8.17a 7.13d 5.30d 7.80a 6.80c 5.47c 8.03a 6.97d 5.00b 8.00a 7.00c

d

5.20c

Mean 5.09 7.33 5.10 5.47 7.61 5.81 5.44 7.54 5.79 5.26 7.53 5.59 5.11 7.19 5.63

C.V. 9.187 5.117 15.339 3.895 2.967 3.077 5.584 4.934 3.765 4.840 2.286 8.075 3.757 3.476 3.466

C.D.

(P=0.05)

0.556 0.446 NS 0.087 0.092 0.213 0.361 0.442 0.259 0.303 0.205 0.537 0.228 0.297 0.232



fruits when dipped in 250-500 ppm ethrel for 5
min utes.

Ef fect on Titratable Acid ity : It is ob vi ous
from the pres ent find ing (Ta ble 1) that acid ity of the 
pa paya fruit was de creased by post har vest
ap pli ca tion of ethrel and the re sponse var ied within
the con cen tra tions. Max i mum de crease (0.054%) in 
to tal acid ity was found in fruits treated with 1500
ppm ethrel af ter 9 days of the treat ment.Sim i lar
find ing was also noted in guava (Singh et al., 19)
and in date (Sharma and Singh, 18). Riberau-Gayon 
(14) sug gested that trans for ma tion of or ganic ac ids
into sug ars was one of the rea sons for de ceas ing
or ganic ac ids dur ing fruit rip en ing. There fore,
an other pos si bil ity seemed that ethrel might
en hance the con ver sion of or ganic ac ids to sug ars
since pres ent find ings re vealed that sugar con tent
was in creased and acid ity was de creased fol low ing  
ethrel ap pli ca tion.

Ef fect on To tal Sol u ble Sol ids : The
max i mum T.S.S. (11.87°Brix) was ob served in
1500 ppm af ter 3 days of the treat ment which was at 
par with in 1000 ppm treated fruits (12.67%) af ter 6 
days of the treat ment. Sim i larly, in creased to tal
sol u ble sol ids due to post har vest ap pli ca tion of
ethrel was also re ported by Singh et al. (19) in
guava, Sharma and Singh (18) in date, Sandhu and
Singh (15) in peaches and Abbas et al. (1) in
or ange. De clin ing trend was noted there af ter
ir re spec tive of the treat ments. A much re duced
T.S.S. was noted on nine days af ter stor age. The
ini tial in creased rate of T.S.S. might be due to rapid
loss of wa ter from the fruits and the con ver sion of
starch in to sugar at a faster rate (Pool et al., 12).
The de creased T.S.S. con tent at later stage of
stor age might be due to ex haus tion of sub strate of
con ver sion i.e. starch (Leopold, 8).

Ef fect on Re duc ing sug ars and To tal

sug ars: The pres ent in ves ti ga tion re vealed that the
to tal sug ars and re duc ing sugar in creased with
in creas ing ethrel con cen tra tion (Ta ble 2).The
max i mum to tal sugar (8.11%) and re duc ing sugar
(6.36%) was ob served in 1500 ppm treated fruits as
early as three days af ter stor age. The val ues of

sugar con tent in creased upto 6 days af ter stor age
and de clined there af ter ex cept in 1500 ppm treated
fruits where the value de creased on 6 days af ter
stor age. In the pres ent ex per i ment, ethrel en hanced
the rate of ac cu mu la tion of re duc ing sugar in
pa paya fruits. Sim i larly, high per cent age of
re duc ing sugar with ethrel ap pli ca tion in dates was
ob served by Sharma and Singh (18). The find ing is
cor rob o rated with the result of Kumar and Singh (7) 
who ob served that higher per cent age of sugar in
ethrel (750 and 500 ppm) treated mango fruits over
con trol).

Ef fect on Ascor bic Acid : the ascor bic acid
(Ta ble 2) in creased sig nif i cantly up to 6 days af ter
stor age for all the treat ment (ex cept 1500 ppm) and
de clined there af ter but the max i mum ascor bic acid
was ob served in 1500 ppm (44.44mg per 100g) as
early as 3 days af ter stor age. The fruits dur ing
stor age, in gen eral showed a de clin ing trend in
ascor bic acid con tent sig nif i cantly ir re spec tive of
the treat ments ap plied but the value was in creased
with cor re spond ing in crease in the con cen tra tion of
ethrel. A re duc tion in ascor bic acid con tent with the 
sub se quent pro lon ga tion of stor age might be due to
rapid ox i da tion phe nom e non of or ganic acid in later 
stor age of stor age (Orzolek and Argel, 11). 

Ef fect on To tal Ca rot en oids : A sig nif i cant
in crease in to tal ca rot en oids (Ta ble 3) was ob served  
upto six days af ter stor age in all the treat ment and
de clined there af ter ex cept in 1500 ppm where
de cline in to tal ca rot en oids oc curs on 6 days  af ter
stor age. The max i mum to tal ca rot en oids was
ob served in 6 DAS in 1000ppm (3.12 mg per 100g)
while 2.88 mg per 100g of to tal ca rot en oids was
ob served   in 1500ppm treated fruits an early as 3
days af ter stor age.Eth yl ene might in crease the
carotenoid through its syn the sis. This fact was
es tab lished by Young and Jahn (21) while work ing
in cit rus. 

Ef fect on the Organoleptic eval u a tion :
Pres ent in ves ti ga tion (Ta ble 3) re vealed that ethrel
ap pli ca tion had sig nif i cantly in flu enced the sen sory 
eval u a tion scores for flesh col our, fla vour, tex ture,
aroma and over all ac cept abil ity scores. In sup port

228 Singh et al.



of the pres ent study, the col our de vel op ment in
pa paya fruits was re mark ably af fected by
post-har vest ap pli ca tion of ethrel. Out of all the
con cen tra tions of ethrel tried, 1500 ppm gave the
most at trac tive and deep col oured fruits. The
find ings of Shanmugavelu et al. (17) in mango and
pa paya sup port the con ten tion that ethrel treated
fruits de velop at trac tive col our. How ever, the
spe cific mode of ac tion of ethrel in ac cel er at ing
col our de vel op ment is not clearly un der stood. Nour 
and Goukh (10) ob served that peel col our score
pro gres sively in creased dur ing rip en ing of guava
fruits. They ob served that fruits treated with ethrel
(250-1000 ppm) reached the full yel low stage 3, 4
and 6 days ear lier than un treated fruits re spec tively. 
They also re ported ethrel treated fruits had reached
the soft stage 2-6 days ear lier than the con trol. The
study was also sup ported by Jayawickrama et al.
(6) ob served that sen sory eval u a tion scores
re corded for flesh col our, aroma ,taste and over all
ac cept abil ity were sig nif i cantly higher in ethrel
treated pa paya fruits as com pared to con trol.

CON CLU SION

It can be con cluded from the pres ent
in ves ti ga tion that use of ethrel had a sig nif i cant
im pact on the shelf life of the pa paya fruits be cause
the ethrel treated fruit could re tain the char ac ters
like T.S.S., acid ity, sugar, ascor bic acid, to tal
ca rot en oids and organoleptic char ac ters for a lon ger 
du ra tion than con trol. Among the treat ments ethrel
ap pli ca tion @1000 ppm was the best for re tain ing
the var i ous phys i cal, chem i cal and sen sory
at trib utes fol lowed by ethrel ap pli ca tion @ 750
ppm till the end of stor age stud ies whereas  ethrel
@ 1500 ppm was the best for in duc ing the ear li ness
of rip en ing in fruits and pre serv ing ef fi ciently
var i ous phys i cal, chem i cal and sen sory at trib utes
till 6 DAS. 
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