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Abstract : Acid lime (Citrus aurantifolia swingle) is available year the round either to use as fresh, stored for a short duration  or
in the preparation of pickles or other value added products to be consumed for a longer period. It is highly rich in vitamin C as
antioxidant. It is infected by different fungal pathogens during transit and storage causing enormous loss both in quality and
quantity. Aspergillus niger, an wound pathogen infect lime during storage. Inoculum density of a pathogen is critical for any
successful infection and subsequent progression affecting fast deterioration in the quality of fruits. Eight different inoculum
densities from 101 to 108 per ml of spore suspension were tested. Inoculum density determined the incubation period as revealed
by 72 hours at 101 conc. and 48 hours at 102 conc. however, no discernible symptom appeared before 48 hours of incubation.
Therefore, critical threshold limits for infection is below 101 spore conc. per ml.  The loss in physical weight, vitamin C content,
Titrable acidity and TSS of fruit juice reduced along with increased conc. of in inoculums load with maximum at 106 but with an
obvious pH increase.
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INTRODUCTION

Lime is a good source of vitamin C and has positive
health values, especially bioactive substances and
phenolic compounds. Among different citrus fruits, lime
is much sour in taste as juice is too acidic, may be
consumed as undiluted form (Berry, 2003). The distinctive
natural volatile aroma of lime is also used in different
other industries (Chisholm et al., 2003).  In case of Tahiti
lime, vitamin C content of ranges from 39-62 mg per
100ml of juice (Ziena, 2000) while in Brazil in the early

phase of storage it contains 31 mg per 100 ml of juice
(Kluge et al., 2003a). Postharvest decay is considered
as the limiting factor for long period storage (Schirra et
al., 2000) particularly fungal diseases (Davis and Albrigo,
1994). Fresh and healthy (Nurulhuda et al., 2009) fruits
have special appeal to consumers but diseased units are
unmarketable. Due to their higher water content and
nutrient composition, citrus fruits become much
susceptible to infection by microbial pathogens during
the period between harvest and consumption (Tripathi
and Dubey, 2003). Under high humid conditions,
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postharvest diseases accounts for about 50 per cent of
losses in stored fruits (Agrios, 2005 and FAO, 2002).

Among different species of Aspergillus, A. niger
is the most dominant species under important tropical
postharvest storage pathogen of lime, although rarely
found in the field. Aspergillus species dominate in the
tropics, whereas Penicillium species are more common
in temperate zones (Hocking, 2006). Both relatively high
temperature of 25–40°C and high relative humidity favour
the growth of these organisms but optimum temperature
for rapid decay and spread noticed at 30–35°C (Milind,
2008). Aspergillus niger is considered as polyphagus
pathogen with wide host diversities like apples, pears,
peaches, citrus, figs, strawberries, mangoes and melons
grapes etc. (Dasgupta and Mandal, 1989 and Snowdon,
1991). A. niger is a wound pathogen but can also infect
at the weak pedicel point (Dasgupta and Mandal, 1989)
under higher density of spore load (Valero and Serrano,
2010). Inoculum potential of A. alternata on harvested
apple  fruit was determined  and  found to be 106 conidia
per ml (Verma, 2004) but a lower density, from a 5-7
days old culture on PDA, 105 per ml conidial suspension
can cause successful infection on citrus leaves (Kakvan
et al., 2012). Eden et al. (1996)  highlighted the practical
importance of reducing the inoculum level to minimize
infection and for postharvest caused by wound
pathogens. Inoculums as spore density seems has not
been investigated under tropical condition, therefore, the
present investigation was conducted.

MATERIAL  AND  METHODS

The fruit:
Fresh and apparently healthy lime (Citrus

aurantifolia) fruits were collected from local Sriniketan
market, Bolpur, West Bengal with uniform, size, shape
and maturity. Fruits were surface sterilized with 0.1 per
cent Mercuric chloride for 1 minute followed by three
times washing with sterile distilled water in order to
remove the mercuric chloride residue.

The pathogen and isolation:
The pathogen Aspergillus niger was previously

isolated on standard PDA medium from the naturally
infected fruit. Identified pathogen was purified as pure
cultures through single spore culture technique. The
pathogen was maintained on PDA as pure culture in slants
at 4ºC for future studies. Ten days old culture was used
for this experiment.

Preparation of spore suspension:
 The spores of A. niger, was used as inoculm, were

collected from 10 days old cultures grown on the PDA
media as described above for the experiment. Mycelial
mats containing spores was taken within a culture tube
containing sterile distilled water and thoroughly shaken
along with tween 20 for even distribution in the water
and followed by a passage through a thin glass wool
filter to remove hyphal growth. Initially a suspension of
higher spore density was prepared and further diluted
by serial dilution technique for obtaining lower spore
concentrations (101 to 107 spores/ml ). Each conc. was
standardized  by checking  with a haemacytometer. Fresh
spore suspensions were used for inoculation.

Inoculation and incubation of lime fruits:
Surface sterilized apparently healthy lime fruits

were artificially injured with the help of sterile scalpel  in
the equatorial region of the fruit with a size of about
3mm. Spore suspension of different concentrations were
taken in separate sterile syringes with wide pore needle
and  individual fruits were inoculated by placing one drop
of spore suspension on the injured site. Immediately after
inoculation fruits were placed within a sterile
polypropylene bag alongwith sterile water soaked cotton
swab to maintain the high humidity. All activities were
conducted in front of a laminar flow chamber to avoid
contamination. Inoculated fruits were incubated at 27
±1oC for upto 10 days, although after 24 hours of
incubation polypropylene bags were perforated.

Different treatments were as follows:
 T

1
 = Control without injury, T

2
= Control with injury,

T
3
= Spore concentration of 101, T

4
= Spore concentration

of 102, T
5
=Spore concentration of 103, T

6
= Spore

concentration of 104, T
7
=Spore concentration of 105, T

8
=

Spore concentration of 106, T
9
= Spore concentration of

107, T
10

=Spore concentration of 108.

PDI (% disease index) calculation:
0-9 scale of disease have been adopted for

calculating the PDI . The scale is as follows:
Disease    Per cent
grade of fruit surface infection
0 : No symptom/infection
1 : >5 % infection
2 : 5-10% of infection
3 : 10-15% of infection
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4 : 15-25% of infection
5 : 25-40% of infection
6 : 40-60% of infection
7 : 60-80% of infection
8 : 80-99% of infection
9 : 100% of infection.

100x 
grade disease Maximumx  nobservatio of No.

ratings disease All
PDI



Determination of quality of fruit:
Physiological weight loss per cent:

Physiological weight loss per cent of infected fruit
was assessed at 10th days and losses in weight were
calculated by the following formula:

100x 
W

WW
% loss wt. calPhysiologi

1

21

where, W
1
 = Weight of the fruit recorded at the

time of inoculation
W

2
 = Weight of fruit recorded at 10th days of

inoculation.

Estimation of vitamin C content:
Vitamin C content in fruit juices was estimated by

volumetric method (Thimmaiah, 1999). Five ml of
standard ascorbic acid (100 g/ml.) was taken in a
conical flask containing 10 ml of 4 per cent oxalic acid
and was titrated against the 2,6- dichlorophenol
indophenols dye. The appearance and persistence of pink
colour was taken as end point. The amount of dye
consumed (V

1
 ml) is equivalent to the amount of ascorbic

acid. Five ml of sample (prepared by taking 5ml of juice
in 100 ml 4% oxalic acid) was taken in a conical flask
having 10 ml of 4 per cent oxalic acid and titrated against

the dye (V
2
 ml). The amount of ascorbic acid was

calculated using the following formula:

100x 
sample of wt.

ml 100
x

ml 15

mlV
x

mlV

mg 0.5
(mg/100g) acid Ascorbic 2

1


TSS:
ATAGO digital pocket refractometer was

standardized and TSS of samples was recorded using
this refractometer.

Titrable acidity:
Titrable acidity of juice was estimated by titration

with 0.1 N NaOH following AOAC (1990) method using
the formula:

1000x  sample of vol.or Weight 

100x  (0.1) NaOH of Normalityx  acid of wt. Eq.
acidity Titrable 

pH estimation:
Samples of juice were collected by squeezing the

fruit and passing through muslin cloth in order to remove
the seeds and pulp particles. The pH of the sample was
determined by the digital pH meter with its electrode
after standardization. Average value of pH of three
replications was considered for the treatment.

Statistical analysis:
All experiments were conducted in a Completely

Randomized Design with three repetitions, for each
treatment. The statistical analysis of the results was
conducted by analysis of variance (ANOVA) in MS excel
sheet.

RESULTS  AND  DISCUSSION

The Table 1 indicated that infection progressed only

Table 1 : Progress of infection* of A.niger  under different spore load on lime fruits   
PDI 

Treatments 
48hrs 72hrs 96hrs 120hrs 144hrs 168hrs 192hrs 216hrs 240hrs 

T1 0 0 0 0 0 0 0 0 0 

T2 0 0 0 0 0 0 0 0 0 

T3 0 7.41 7.41 11.11 29.63 51.85 59.26 62.96 74.07 

T4 3.7 7.41 7.41 14.81 37.04 59.26 70.37 83.33 92.59 

T5 3.7 11.11 11.11 14.81 29.63 55.56 62.96 81.48 85.19 

T6 3.7 11.11 12.11 22.22 55.56 72.22 92.59 100 100 

T7 7.41 11.11 22.22 44.44 59.26 70.19 82.19 88.19 92.59 

T8 11.11 11.11 18.52 37.04 55.56 66.67 74.67 85.19 96.3 

T9 11.11 11.11 22.22 59.26 66.67 81.48 88.89 96.3 96.3 

T10 11.11 14.81 25.93 55.56 66.67 85.19 96.3 100 100 
*PDI values                                                        # No visible infection detected after 24 hours of incubation 
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in the presence of inoculum, suggests the fruits were
free from the A. niger. There were steady progresses
of infection of all the treatments as reflected in the PDI
values, although sometimes in the early phase progress
of the disease could not be noticed. Probably all the
spores were not germinated at a time or pathogen took
some time to overcome the host resistance barrier.
Gandon and Michalakis (2000) showed that once
quantitative plant resistance is eroded, pathogens
exhibited greater virulence not only on the resistant host,
but also on fully susceptible hosts. Fruits were totally
infected within a period of 9- 10 days of incubation. Self
inhibition of infection was not noticed even in  T

10
 having

highest concentration of inoculum .When the PDI values
of all the treatments were compared after 168hs of
incubation maximum rotting was found in both T

7
 and

T
10

 with PDI value 85.19. There was practically no
difference between T

9
 and T

10
. Treatment T

3
, T

4
 and T

5

can be considered as same as there were almost no
difference among treatments. This experiment of
infectivity titration may help to determine the shelf-life
of the naturally infected fruit. More over for any other
experiment inoculums dose of T

4
 –T

6
 may be considered

optimum.
The behaviour of infection A. niger is similar to

that of Rhizopus stolonifer on tomato  as both of them
can infect mature and mature-green fruits of acid lime
and tomatoes, respectively, even at the lowest
concentration of 101 spores per ml (Silvia Bautista et
al., 2008). Similarly, spore conc. at 104 spores ml-1 and
106 spores ml-1 of C. gloeosporioides have similar
effects on infection but M. fructicola behaved
differently. Lesion size too was relatively larger at 106 in

M. fructicola  as compared to 104 concentration (Plate
1).

Fig. 1 : Per cent physical weight loss in different spore load
of A. niger (10DAI)
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Plate 1 : Spore load of A. niger on lime at 5th day of incubation
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Table 2 : Effect of fruit quality due to spore load of A.niger on lime at 7 day of incubation 
Treatments pH Titrable acidity (%) Vitamin- C (mg/100ml) TSS(0Brix) 

T1 2.29 6.87 25.58 7.32 

T2 2.32 6.85 23.56 7.25 

T3 2.33 6.76 21.18 6.86 

T4 2.34 6.68 21.65 6.88 

T5 2.35 6.34 19.48 7.01 

T6 2.38 6.11 15.61 5.94 

T7 2.41 6.23 14.03 6.03 

T8 2.56 5.83 13.30 5.89 

T9 2.49 6.14 13.53 5.78 

T10 2.51 6.05 12.50 5.51 

S.E.± 0.03 0.20 0.87 0.08 

C.D. (P=0.05) 0.10 0.59 2.56 0.24 

Post-infectional changes pertaining to physical,
biochemical and nutritional aspects caused due to major
post-harvest microbial pathogens have been extensively
compiled (Dasgupta and Mandal, 1989). The weight
losses in fruits over a period of time may be due to loss
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in moisture content by evaporation and in infected fruits
by hydrolysis of tissues followed by either leaking or both
leaking of juice and evaporation. It was found that
treatments T

1
 to T

5
 almost have no impact on moisture

loss but it sprang up suddenly at T
6
 treatment and

gradually declined to some extent   in other concentrations
(Fig.1). The correlation studies between PDI and
moisture loss showed positive relationship with r value =
0.60 .

Table 2 indicated that pH gradually increased with
the increase of inoculums density and thus, favouring
the quick growth and multiplication of the pathogen. This
high acidic condition  of lime juice is known to be due to
5-6 p.c citric acid conc. There was no statistical
difference among the treat of T

1
 to T

6
. Similarly,

excepting treatment T
8
, other treatment have statistically

similar values. Our findings corroborate with the findings
referred by Mandal and Dasgupta, 1989 in case of
infected orange with Alternaria citri, Geotrichum
candidum and Penicillium digitatum.

Titrable acidity p.c. have been found to be declined
along with higher spore density but such decline is not
statistically significant excepting T

8
. Treatment T

8

showed the critical point where pH increase and acidity
decrease significantly. Damaram 2013 also observed that
acidity content of inoculated tomato fruits with F.
pallidoroseum progressively decreased in relation to
incubation period. Mandal and Dasgupta, 1989 compiled
the data  on reduction in TSS  in lemon, sweet orange,
infected with different fungi. In lime – A. niger also
similar results were reported (Reddy and Laxminarayana,
1984).

The concentration of vitamin C gradually decreases
over time but become faster with infection. The vitamin
C content decreased along with increase of inoculum
density. Ascorbic is the precursor of vitamin C. Similar
trend of the results was reported in different host –
pathogen systems like Papaya- A. flavus and F.
moniliforme (Singh et al., 2010), mango and papaya- A.
niger (Ghosh et al., 1966 ), tomato - A. niger, A. flavus,
Alternaria alternata, A. solani and Fusarium
oxysporium (Ogaraku et al., 2010). Kinnow- Alternaria
alternata, Botryodiplodia theobromae, G. candidum,
Penicillium digitatum and P. italicum (Sharma et al.,
2011). The decline of ascorbic acid content in many other
host - pathogen systems has also been compiled by
Dasgupta and Mandal (1989).

There was a declining trend of TSS content in

relation to increasing concentration of spore load. The
correlation co-efficient value r = -0.75. The results
revealed significant decrease in fruit acidity and ascorbic
acid content as compare to uninoculated healthy fruits.
Tandon, 1970 found that ascorbic acid of mango pulp
was decreased due to A. niger. Similar result observed
by citrus (Agrawal and Ghosh, 1979), musambi (Singh
and Sinha, 1982).

Conclusion:
The critical threshold limits for infection of A.niger

to acid lime is below 101 spore conc. per ml.  The loss in
physical weight, vitamin C content, Titrable acidity and
TSS of fruit juice reduced along with increased conc. of
in inoculums load with maximum at 106 but with an
obvious pH increase.
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