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AB STRACT:Due to ris ing con sum ers’ con cern over chem i cal/pes ti cides res i due free eat ables
and in ter na tional food safety laws, it is felt world wide to find out an al ter na tive ap proach for
postharvest food loss re duc tion and qual ity re ten tion. To find out safe postharvest treat ment
al ter na tives, Kinnow man da rin fruits were treated in di vid u ally with 1-MCP (250 nl L-1),
Debaryomyces hansenii (109 cfu ml-1 for 2 min utes) and their com bi na tion (250 nl L-1 + 109 cfu
ml-1). Treated fruits were stored at 10°C tem per a ture and 85% RH. Their im pact on patho log i cal,
phys i cal and qual ity pa ram e ters was in ves ti gated af ter 45 days stor age. Fruits treated with
1-MCP (250 nl L-1) + Debaryomyces hansenii bioagent (109 cfu ml-1) re sulted in min i mum
in ci dence of moulds (green 3.61% and blue 2.05%) over all nat u ral de cay (7.25%) and higher
sen sory score (7.50). Higher fruit firm ness and lower PLW was re corded equally good with
1-MCP alone and in com bi na tion of Debaryomyces hansenii bioagent. Postharvest fruit qual ity
pa ram e ters viz TSS, acid ity, to tal sug ars and vi ta min C con tent were not af fected with the
1-MCP and Debaryomyces hansenii ei ther alone or in com bi na tion.
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Kinnow is hy brid man da rin be tween King and 
Wil low leaf man da rins, de vel oped by Dr. H.B.
Frost at Cal i for nia dur ing the year 1935. In In dia, it
was in tro duced dur ing mid six ties at Re gional Fruit
Re search Sta tion, Abohar (Punjab) for con duct ing
fea si bil ity tri als. Where other cit rus va ri et ies failed
to adopt, Kinnow con sis tently per formed well in
semi-arid and sub-moun tain ous tract of In dia.
Be sides In dia, Kinnow is now a well es tab lished
cit rus fruit in Pa ki stan and Af ghan i stan. Ba si cally,
char ac ters like pre coc ity and prolificacy in bear ing, 
at trac tive fruit col our, higher juice con tent, ab sence 
of gran u la tion dis or der and heavy re turns have
at tracted the grow ers to in ten sify its cul ti va tion in
In dia (Bindra, 6). Sev eral fac tors have been
re ported to be as so ci ated with postharvest losses of
Kinnow man da rin. Postharvest losses caused by
fun gal dis eases and phys i o log i cal ac tiv i ties
(res pi ra tion, eth yl ene lib er a tion and en zyme) are
the ma jor fac tors lim it ing the shelf life of the

Kinnow (Singh and Mandal, 23).

Pres ently, the con trol of the postharvest losses

re lies mainly on use of the syn thetic chem i cals.
Prac tis ing non-chem i cal con trol meth ods to re duce
postharvest losses is most im por tant and be com ing
pop u lar world over. Con sum ers are de mand ing
min i mal pes ti cide load on the fresh pro duce and
many spoil age caus ing patho gens are de vel op ing
re sis tance to sev eral syn thetic chem i cals (Conway
et al., 7). Most of the fun gi cides have been phased
out and rest are used with re stric tion due to the
health con cerns. There  fore, it is im per a tive to find
out the safer al ter na tive to mini mise en vi ron men tal
deg ra da tion and en sure con sumer safety.
Biocontrol strat egy has made much prog ress dur ing 
the last de cade. At pres ent, sev eral biocontrol
treat ments have been ap proved for com mer cial
ap pli ca tions, and now re search is fo cused on
im prov ing the bioefficacy of the an tag o nist. One of
the approaches has been the se lec tion of
com bi na tions of an tag o nists, which may work more 
ef fec tively (Barkai-Golan and Phillip, 5). It is a
very chal leng ing work, as mi cro or gan isms have
dif fer en tial growth hab its, re quire ments for

nu tri tion and cul tural con di tions.
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 Nat u rally oc cur ring mi cro or gan isms, which
are found to be ad hered on the fruits and veg e ta bles
sur face have been shown po ten tial to pro tect the
fresh pro duce against postharvest dis ease caus ing
patho gens. Dur ing last de cade sev eral prod ucts viz
Ser e nade (Ba cil lus subtilis based), Mes sen ger
(Erwinia amylovora based), Biosave
(Pseu do mo nas syringae strain 10 LP ), As pire
(Candida oleophila strain 1-18), AQ-10
bio-fun gi cide (Ampelomyces quisqualis) have been
iso lated and reg is tered in the United States and
Ger many (El-Neshawy et al., 9; Fravel, 10, Plaza et 
al., 19, Zhao et al., 31,). Use of some safe bioactive
com pounds have been proved ben e fi cial in
bring ing down the phys i o log i cal ac tiv i ties of fruits
dur ing trans por ta tion, stor age and min i miz ing the
over all qual i ta tive and quan ti ta tive losses (Porat et
al., 20). 1-methylecyclopropen (1-MCP) is a
syn thetic cy clic ole fin that in hibit eth yl ene by
block ing ac cess to the eth yl ene bid ing re cep tor
(Sisler et al., 24). Edu ar do and Kader (8)
in ves ti gated that 1-MCP bound at the eth yl ene
re cep tor in many fruits is still ca pa ble of in hib it ing
cell wall de grad ing en zymes such as PG se creted by 
patho gens and thus pre vent pathogenesis. The
yeast, Debaryomyces hansenii has ex hib ited a wide 
spec trum of bi o log i cal ac tiv ity against many
patho gens (Wil son and Chaulutz, 25); it re duces the 
in ci dence of the green mould de vel op ment by
com pet ing for space and nu tri ents at any in jury site
on the rind of the cit rus fruit and thus in hib it ing
mould de vel op ment. The bioefficacy of the
Debaryomyces hansenii has been re ported to be
en hanced by sev eral work ers when it was ap plied in 
com bi na tion with cal cium salts, so dium salts,
sal i cylic acid and waxes (Yu et al., 30, Singh and
Mandal, 23). How ever, there is no in for ma tion
con cern ing the com bi na tional ef fect of bio agent
and 1-MCP on postharvest dis eases and qual ity

at trib utes of the Kinnow man da rin fruits.

The ob jec tives of this study were to de ter mine
postharvest loss re duc tion and qual ity re ten tion of
the Kinnow man da rin fruits by com bined
ap pli ca tion of the Debaryomyces hansenii and

1-MCP.

MA TE RI ALS AND METH ODS

Kinnow man da rin fruits were man u ally
har vested at com mer cial ma tu rity stage from
10-year old or chard in Abohar (Punjab) dur ing
Jan u ary 2008. Af ter pre lim i nary se lec tion, fruit that 
had blem ishes or oth er wise ap peared over ma ture
were dis carded. Se lected fruit were washed with tap 
wa ter, air dried prior to treat ment with 1-MCP and
Debaryomyces hansenii. 1-MCP (3.3% pow der)

was ob tained from Rohm and Hass, It aly.

Freshly har vested fruits were treated for 2
min utes each with dis tilled wa ter, 1-MCP (500 nl
L-1), 1-MCP (500 nl L-1) + Debaryomyces hansenii
slurry (109 cfu ml-1) and Debaryomyces hansenii
slurry (109 cfu ml-1). Ten fruits were taken in each
treat ment and rep li cated thrice. Treated fruits were
packed into CFB boxes and placed into cold stor age 

(10°C; 85% RH) just af ter dry ing off sur face wa ter.

Weight of in di vid ual lot con tain ing 10 fruits
each was re corded at day 0 (A) and at the sched uled 
sam pling date (B). Phys i o log i cal loss in weight was 
cal cu lated as (A-B)/A x100 and ex pressed as

per cent age loss in orig i nal fresh weight.

Respiration rate was measured based on
‘closed system’ by using auto gas analyzer (Model:
Checkmate 9900 O2/CO2, PBI Dansensor,
Denmark) and expressed as ml CO2 kg-1 h-1. Known 
weight of whole Kinnow mandarin fruits were
trapped in two-liter airtight container having
twist-top lid fitted with a silicon rubber septum at
the centre of the lid. The containers were kept at
25°C for 2-3 hours for accumulation of respiratory
gases in the head space. After specified time, the
head space gas was sucked to the sensor of analyzer 
through the hypodermic hollow needle and the
displayed value of evolution rate of CO2

concentration (%) was recorded. Rate of respiration 
was calculated on the basis of rate of evolution of
CO2 from the sample per unit weight per unit time

(Asrey et al., 3). 

Total sugars were determined by the method
described by AOAC (2) by taking a known quantity 
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of homogenized pulp, using lead acetate to remove
excess of lead free aliquot were examined by
titrating against boiling Fehling’s solution, which
had previously been standardized using methylene
blue indicator. Total sugars were determined after
complete inversion of non-reducing sugars by acid
hydrolysis and aliquot of this lead free solution
were analyzed by similar method as described

earlier. The data were expressed in percentage. 

To tal sol u ble sol ids con tents were de ter mined
by mea sur ing re frac tive in dex of the juice sam ples
with hand refractometer and the re sults were

ex pressed in per cent ages (Larrigaudiere et al., 15).

By us ing 2,6-dichloroindophenol in di ca tor
titrimetric method, the ascor bic acid con tent of the
fruit juice was de ter mined. Re sults were ex pressed
as mil li grams of ascor bic acid per 100 g sam ple

(Ozden and Bayindirili, 18).

Pressed fruit juice acid ity was mea sured by
ti tra tion with 0.1N NaOH to pH 8.1, 4g of juice
di luted with 20 ml of dou ble dis tilled wa ter.
Titratable acid ity was cal cu lated and ex pressed as

per  cent mal ic acid (Wright and Kader, 29). 

The anti-ox i dant ca pac ity of the fruit pulp was 
de ter mined by the FRAP (fer ric re duc ing abil ity of
plasma) method.  Fruit hard ness was de ter mined
us ing a tex ture an a lyzer (model: TA+Di, Sta ble
Mi cro-sys tems, UK) us ing com pres sion. The
sam ple was com pressed us ing a cut ting and
hard ness was de fined as max i mum force (kgf)

dur ing com pres sion.

Ob tained data were sub jected to anal y sis of
the vari ance (ANOVA) us ing SAS pack age.
Sta tis ti cal sig nif i cance was as sessed at P=0.05 and
least sig nif i cant dif fer ence was used for pair-wise

com par i son of the means.

RE SULTS AND DIS CUS SION

1. Ef fect on dis ease con trol, phys i o log i cal and

phys i cal pa ram e ters

Ap pli ca tion of 1-MCP and Debaryomyces
hansenii in di vid u ally as well as in com bi na tion,
sig nif i cantly af fected the dis ease in ci dence,

phys i o log i cal and phys i cal pa ram e ters of stored
Kinnow man da rin fruits (Table1). Min i mum
in ci dence per cent age of both the moulds (3.61
green and 2.05 blue) was re corded in
Debaryomyces hansenii (109 cfu ml-1) + 1-MCP
(750 nl L-1) treated fruit af ter 45 days of cold
stor age (10°C tem per a ture and 85% RH).
Significnat vari a tion in in ci dence (P=0.05) was
found within the treat ments. The in ci dence
sup pres sion ef fi cacy of Debaryomyces hansenii
and 1-MCP was found higher against blue mould
rot over green mould rot. The de cay and
phys i o log i cal loss in weight was also found lower
with MCP + Debaryomyces hansenii treated fruits

(4.45 and 7.25%, re spec tively) (Fig. 1 and 2).

where,
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Fig. 1. Impact of 1-MCP and Debaryomyces hansenii on
PLW of Kinnow madarin after 45 days storage at 10°C and
85% RH. Each value is the mean of three replications.
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Fig. 2. Impact of 1-MCP and Debaryomyces hansenii on
decay of Kinnow madarin after 45 days storage at 10°C and
85% RH. Each value is the mean of three replications.



The fruit firm ness was de creased in all the
treat ments in due course of time dur ing stor age.
Firm ness of fruit was not sig nif i cantly changed due
to sole treat ment of Debaryomyces hansenii while
it was found af fected with 1-MCP and in
com bi na tion (1-MCP + Debaryomyces hansenii).
Max i mum firm ness (6.67 Kgf) was re corded in

1-MCP treated fruits.

Res pi ra tion rate of stored fruits was nei ther
sig nif i cantly changed due to sole ap pli ca tion of
Debaryomyces hansenii nor its com bined
ap pli ca tion with 1-MCP. In ter est ingly, fruit
treat ment with 1-MCP alone, re duced the
res pi ra tion rate (1.17 µL k-1 h-1) of stored Kinnow
man da rin fruit. In re spect to organoleptic rat ing of
the Kinnow man da rin fruits 45 days af ter stor age,
all the treat ment sig nif i cantly af fected the fruit
ac cept abil ity score. 1-MCP + Debaryomyces
hansenii ap pli ca tion fol lowed by 1-MCP alone
(250 nl L-1) re tained the higher organoleptic rat ing

of  7.50 and 6.58, re spec tively.

2. Ef fect on post har vest fruit qual ity pa ram e ters

Debaryomyces hansenii and 1-MCP nei ther
in di vid u ally nor in com bi na tion had af fected the
postharvest qual ity re lated chem i cal traits of the
treated Kinnow man da rin fruits. The dif fer ence in
the to tal sol u ble sol ids (TSS), titratable acid ity,
to tal sug ars, vi ta min C and to tal an ti ox i dant
ca pac ity of the fruit juice was found non sig nif i cant
in all the treat ments af ter 45 days stor age at 10°C

and 85% RH (Ta ble 2).

The fruit treated with Debaryomyces hansenii
were found least prone to blue mould and green
mould rot caused by the Penicillium digitatum and
Penicillium italicum. Furthermore, the blue and
green mould controlling efficiency of Debar-
yomyces hansenii was increased when it was used
along with 1-MCP (109 cfu ml-1 + 250 nl L-1). These 
findings indicate that Debaryomyces hansenii has
potential to supress the blue and green mould
causing pathogens in Kinnow mandarin. 1-MCP
has given synergistic strength to bioagent
(Debaryomyces hansenii) in sharpening its

antagonism against blue and green mould caused
by Penicillium italicum and Penicillium digitatum,
respectively. Debaryomyces hansenii exerts
antagonism through competition with pathogen for
space and nutrients (Singh and Mandal, 23). As the
1-MCP has ability to reduce respiration rate, cell
wall softening enzyme activities (Eduardo and
Kader, 8; Win et al., 28) and fruit firmness
retention; its application with Debaryomyces
hansenii might have reduced the nutrient
availability to the pathogen which intern resulted
into less incidence percentage of  moulds in stored
Kinnow mandarin fruits. These findings are in
agreement with the results of other work carried out 
on these aspects (Singh, 22; Wilson et al., 26). They 
found that the competition for nutrients and
growing space is the main mode of action of
antagonistic yeast to control postharvest storage
diseases of fruits. The bio-control of antagonistic
yeast encompasses several modes of action viz.
mycoparasitism, induced resistance, production of
lyetic enzymes (chitinase and glucanase), limiting
spore germination and elongation of germ tube
(Wilson et al., 27; Zheng et al., 32). 1-MCP is a
synthetic cyclic olefin that inhibits ethylene by
blocking access to the ethylene binding receptor,
lowers action of maturation associated genes
(PC-PG1 and PC-PG2) and enzymes (Sisler and
Serek, 24; Khan and Singh, 14, and Martinez et al.,
17). The combined application of 1-MCP and
Debaryomyces hansenii have been succeeded in
keeping over all fruit decay percentage at its
minimum level (7.25%), while their impact on fruit
firmness and respiration rate was at par with
1-MCP or bioagent treated fruits, respectively.
Minimum fruit decay loss by the combined
application of 1-MCP and Debaryomyces hansenii
may be attributed due to the higher fruit firmness
(1-MCP treatment retained higher fruit firmness),
which has likely prevented the pathogen invasion
in stored fruits. Aguayo et al. (1) also recorded less
decay loss in 1-MCP + CaCl2 treated strawberry

fruit kept at room temperature and cold storage.

Res pi ra tion rate, PLW and fruit firm ness of the 
stored fruits re mained un af fected with the bioagent
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(Debaryomyces hansenii) ap pli ca tion. As all above
pa ram e ters are in ter de pen dent and any change in an 
in di vid ual af fect the value of other one. These
re sults are in ex pected lines, be cause the
Debaryomyces hansenii treat ment was given to the
in tact fruits (no wound ing and ar ti fi cial
in oc u la tion). So, prac ti cally there will be no
dif fer ence in the phys i ol ogy of bioagent treated
healthy fruits and con trol fruits. When there is
in ter ac tion of patho gen, fruits and bioagent cells,
the phys i o log i cal ac tiv i ties will in crease ac cord ing
the se ver ity of patho ge nic ity level. These find ings
got sup port of Hiwasa et al. (12); Manganaris et al.

(16) and Singh and Mandal et al. (23).

The vari a tion in postharvest qual ity
pa ram e ters (TSS, acid ity, sugar, vi ta min C) of
stored Kinnow man da rin fruits were in sig nif i cant in 
all the treat ments, whereas an ti ox i dant ca pac ity of
the stored Kinnow fruit shown sig nif i cant
dif fer ence un der 1-MCP and 1-MCP +
Debaryomyces hansenii treated fruit juice. The
re sults are in con for mity of ear lier work ers (Bai et
al., 4; Gutierrez et al., 11; and Itai et al. 13,  and

Singh, 21).

In con clu sion, our find ings show that the
1-MCP and Debaryomyces hansenii are com pat i ble 
with each other. For con trol ling postharvest
de te ri o ra tion and dis eases, 1-MCP and
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Table 1: Impact of 1-MCP and Debaryomyces hansenii on quality attributes and mould rot control of Kinnow after 45

days storage at 10°C temperature and 85% R.H.

Treatment
Firmness

(Kgf)

Respiration

(ml CO2 k-1

h-1)

Green
mould

incidence
(%)

Blue
mould

incidence
(%)

Sensory
score 

Control 6.47b 1.23ab 8.32a 6.23a 5.58c

1-MCP (250 nl L-1) 6.67ab 1.17b 5.66b 3.78b 6.58b

1-MCP (250 nl L-1 + Debaryomyces hansenii

109 cfu ml-1)
6.52a 1.28b 3.61c 2.05c 7.50a

Debaryomyces hansenii (109 cfu ml-1) 6.46b 1.33a 4.20c 3.59b 5.83c

Initial value 7.01 1.16 0.00 0.00 7.60

CD (P=0.05) 0.17 0.12 1.30 0.96 0.70

Means with the same letter, do not differ significantly as per Duncan Multiple Range Test

Ta ble 2: Im pact of 1-MCP and Debaryomyces hansenii on qual ity at trib utes of Kinnow man da rin af ter 45 days stor age

at 10°C tem per a ture and 85% R.H.

Treatment TSS 

(%)

Acidity

(%)

Sugars 

(%)

Vitamin C

(mg 100

ml-1 juice)

Antioxidant

(mg Fe++

100 ml-1

juice)

Control 11.42a 1.07a 10.16a 19.61a 123.51b

1-MCP (250 nl L-1) 10.75a 1.09a 10.32a 20.21a 127.07a

1-MCP (250 nl L-1 + Debaryomyces

hansenii 109 cfu ml-1)
11.17a 1.07a 10.35a 20.23a 126.82a

Debaryomyces hansenii (109 cfu ml-1) 11.26a 1.09a 10.39a 20.23a 124.55b

Initial value 11.17 1.05 10.25 21.26 128.37

C.D. (P=0.05) NS NS NS NS 2.14

Means with the same letter, do not differ significantly as per Duncan Multiple Range Test.



Debaryomyces hansenii are uti lized in di vid u ally or
1-MCP with any fun gi cide. For evolv ing fur ther
more eco-friendly green postharvest treat ment
tech nol ogy, it is re quired to find out al ter na tives for
1-MCP with the use of bio-based for mu la tions.
Their re spec tive antifungal and antisenescense
po ten tial may be gain fully uti lized in postharvest
dis ease con trol and shelf life ex ten sion of Kinnow

fruits.
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